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    The Story of Gemini_Ex and ALTAR: A Path to Production

This document tells the story of why gemini_ex, a powerful Elixir client for Google's Gemini API, became the first project to integrate with the ALTAR Productivity Platform. It's a story about bridging the gap between rapid development and enterprise-grade production readiness, starting with a single, powerful concept: the seamless promotion path.
The Developer's Dilemma: Building for Today, Scaling for Tomorrow
The AI landscape is evolving at an incredible pace. Frameworks like LangChain, Semantic Kernel, and our own gemini_ex make it remarkably easy to build sophisticated AI agents and tools on a local machine. You can prototype, test, and innovate quickly.
But a local prototype is just the first step. The journey to a secure, scalable, and governed enterprise application is fraught with challenges:
	  Security: How do you prevent a compromised AI agent from accessing sensitive data or executing unauthorized actions?
	  Governance: How do you enforce access control, audit tool usage, and manage the lifecycle of your tools?
	  Scalability: How do you run tools written in different languages (like Python for data science and Elixir for backend logic) and scale them independently?
	  Operations: How do you manage deployments, monitor performance, and handle state for a distributed AI system?

Solving these problems often requires months of custom engineering work, building bespoke infrastructure that distracts from the core mission of delivering value with AI.
This is the exact problem ALTAR was designed to solve.
ALTAR's Vision: From Local Development to Enterprise Production, Seamlessly
ALTAR is a productivity platform designed to bridge this gap. It provides a seamless promotion path for your AI tools, allowing you to move from local development to a distributed, enterprise-grade production environment with a simple configuration change.
This is achieved through a three-layer architecture:
	 The ALTAR Data Model (ADM): The Universal Contract. A standardized, interoperable schema for defining tools. This is the foundation that makes everything else possible.
	 The LATER Protocol: The Frictionless On-Ramp. A protocol for local, in-process tool execution. It's designed for a best-in-class developer experience, allowing you to build and test tools with minimal overhead.
	 The GRID Protocol: The Secure Backend. A protocol for a distributed, secure, and governed production runtime. GRID handles the hard problems of security, governance, and scalability, so you don't have to.

Gemini_Ex: The Perfect First Step
When we built gemini_ex, we wanted to provide the most powerful and developer-friendly tool-calling system possible. We needed a way to define, register, and execute tools within the Elixir ecosystem.
We found our answer in ALTAR.
gemini_ex is the first project to implement the LATER protocol.
By adopting ALTAR's LATER protocol and its underlying ADM data model, we gained several key advantages:
	 A Standardized Contract: Instead of inventing our own tool definition format, we adopted the ADM. This industry-standard contract, based on patterns from Google and OpenAPI, ensures our tools are interoperable and future-proof.
	 A Clear Path Forward: The integration isn't just about local execution; it's about a vision for the future. Our users can build tools with gemini_ex today, knowing that there is a clear, defined path to deploying them in a secure, enterprise-grade environment using ALTAR's GRID protocol tomorrow.
	 Focus on Core Competency: Integrating with ALTAR allowed us to focus on what gemini_ex does best: providing a world-class Elixir interface to the Gemini API. We get a robust tool definition and execution model without having to build it from scratch.

How it Works Today: The LATER Implementation
Currently, gemini_ex leverages the LATER protocol for all its tool-calling capabilities. When you define and register a tool in gemini_ex, you are using the ALTAR Data Model. When the model decides to call a function, the execution is handled by our local LATER-compliant runtime.
# 1. You define a tool using the ALTAR Data Model (ADM)
{:ok, weather_declaration} = Altar.ADM.new_function_declaration(%{
  name: "get_weather",
  description: "Gets the current weather for a specified location.",
  parameters: %{
    type: "object",
    properties: %{location: %{type: "string"}}
  }
})

# 2. You register it with the local LATER-compliant registry
Gemini.Tools.register(weather_declaration, &MyApp.Tools.get_weather/1)

# 3. The LATER executor handles the local function call
{:ok, response} = Gemini.generate_content_with_auto_tools(
  "What's the weather like in Tokyo?",
  tools: [weather_declaration]
)
This provides a fantastic developer experience for building and testing AI agents. But it's just the beginning of the story.
The Roadmap: From LATER to GRID
The integration of the LATER protocol into gemini_ex is the first, crucial step in proving the ALTAR concept. The next phase of our roadmap is to complete the full build-out of the ALTAR platform, including the GRID protocol, and then integrate it into gemini_ex.
What does this mean for gemini_ex users?
Imagine a future where you can take the exact same tool you developed and tested locally with gemini_ex and deploy it to a secure, scalable production environment with a single configuration change.
# In development (config/dev.exs)
config :gemini_ex,
  tool_source: :later

# In production (config/prod.exs)
config :gemini_ex,
  tool_source: {:grid, [host: "grid.mycompany.com", port: 8080]}
With this change, your tool executions would no longer run in-process with your Elixir application. Instead, they would be securely dispatched to the ALTAR GRID, a managed environment that provides:
	  Centralized Governance: Enforce access control and audit every tool call.
	  Polyglot Runtimes: Run your Python data science tools alongside your Elixir backend tools, each in its own optimized environment.
	  Host-Centric Security: The GRID Host, not the runtime, is the source of truth for tool contracts, preventing a wide range of vulnerabilities.
	  Independent Scalability: Scale your AI tools independently of your main application, optimizing resource usage and cost.

This is the power of the "promotion path." You get the best of both worlds: the speed and agility of local development, and the security and scale of an enterprise-grade production environment, all without rewriting your code.
The journey has just begun, but by integrating LATER into gemini_ex, we've laid the foundation for a new era of AI productivity.
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    Automatic Tool Execution Implementation

This document describes the implementation of the automatic tool execution feature for the Gemini Elixir client, providing Python-SDK-like functionality that hides the complexity of multi-turn tool-calling from end users.
Overview
The automatic tool execution feature implements a high-level orchestration system that:
	Standard Mode: Automatically handles the tool-calling loop in blocking requests
	Streaming Mode: Manages complex multi-stage streaming with tool execution
	Error Handling: Provides robust error handling and turn limits
	Type Safety: Maintains full type safety throughout the process

Architecture
Core Components
1. Standard (Non-Streaming) Loop - Gemini.generate_content_with_auto_tools/2
Location: lib/gemini.ex
The standard automatic loop is implemented as a recursive state machine:
def generate_content_with_auto_tools(contents, opts \\ []) do
  turn_limit = Keyword.get(opts, :turn_limit, 10)
  chat = Chat.new(opts)
  initial_chat = case contents do
    text when is_binary(text) -> Chat.add_turn(chat, "user", text)
    content_list when is_list(content_list) -> %{chat | history: content_list}
  end
  orchestrate_tool_loop(initial_chat, turn_limit)
end
State Machine Flow:
	Make API call with current chat history
	Check response for function calls
	If no function calls → return final response (base case)
	If function calls found:	Add model's function call turn to history
	Execute tools using Gemini.Tools.execute_calls/1
	Add user's function response turn to history
	Recursively continue with decremented turn limit



2. Streaming Loop - Gemini.Streaming.ToolOrchestrator
Location: lib/gemini/streaming/tool_orchestrator.ex
The streaming implementation uses a dedicated GenServer to manage the complex multi-stage process:
Phases:
	:awaiting_model_call - Buffering first stream, looking for function calls
	:executing_tools - Running tool execution asynchronously
	:awaiting_final_response - Proxying second stream to subscriber

Process Flow:
	Start first HTTP stream to Gemini API
	Buffer incoming chunks and inspect for function calls
	When function calls detected:	Stop first stream
	Execute tools asynchronously
	Start second HTTP stream with complete history
	Proxy second stream events to original subscriber



3. UnifiedManager Integration
Location: lib/gemini/streaming/unified_manager.ex
The UnifiedManager was extended to detect automatic tool calling requests and delegate to the ToolOrchestrator:
case Keyword.get(opts, :auto_execute_tools, false) do
  true -> start_auto_tool_stream(stream_state)
  false -> start_stream_process(stream_state)
end
Data Flow
Standard Mode Data Flow
User Request
    ↓
Chat.new() + add_turn()
    ↓
orchestrate_tool_loop()
    ↓
API Call (generate_content)
    ↓
Response Analysis
    ↓
Function Calls? → No → Return Final Response
    ↓ Yes
Execute Tools
    ↓
Add Tool Results to History
    ↓
Recursive Call (turn_limit - 1)
Streaming Mode Data Flow
User Request
    ↓
ToolOrchestrator.start_link()
    ↓
Start First HTTP Stream
    ↓
Buffer & Analyze Chunks
    ↓
Function Calls Detected?
    ↓ Yes
Stop First Stream
    ↓
Execute Tools Async
    ↓
Start Second HTTP Stream
    ↓
Proxy Events to Subscriber
Key Implementation Details
1. Function Call Detection
Function calls are detected by examining the response structure:
defp extract_function_calls_from_response(%GenerateContentResponse{candidates: candidates}) do
  candidates
  |> Enum.flat_map(fn candidate ->
    case candidate do
      %{content: %{parts: parts}} ->
        parts
        |> Enum.filter(fn part -> part.function_call != nil end)
        |> Enum.map(fn part -> part.function_call end)
      _ -> []
    end
  end)
end
2. Chat History Management
The Gemini.Chat module was enhanced to handle different content types:
def add_turn(chat, "model", function_calls) when is_list(function_calls) do
  # Creates parts with function_call data
end

def add_turn(chat, "user", tool_results) when is_list(tool_results) do
  # Uses Content.from_tool_results/1 to create function_response parts
end
3. Tool Result Serialization
Tool results are converted to the proper API format:
def from_tool_results(results) when is_list(results) do
  parts = Enum.map(results, fn result ->
    %{
      function_response: %{
        name: result.call_id,
        response: %{content: result.content}
      }
    }
  end)
  %Content{role: "user", parts: parts}
end
4. Error Handling and Turn Limits
Both implementations include robust error handling:
	Turn Limits: Prevent infinite loops with configurable limits (default: 10)
	Tool Execution Errors: Captured and reported without crashing the system
	Stream Errors: Properly propagated to subscribers
	Process Cleanup: Streams are properly cleaned up on errors

API Usage
Standard Automatic Tool Execution
# Register tools first
{:ok, declaration} = Altar.ADM.new_function_declaration(%{
  name: "get_weather",
  description: "Gets weather for a location",
  parameters: %{
    type: "object",
    properties: %{location: %{type: "string"}},
    required: ["location"]
  }
})
:ok = Gemini.Tools.register(declaration, &MyApp.get_weather/1)

# Use automatic execution
{:ok, response} = Gemini.generate_content_with_auto_tools(
  "What's the weather in San Francisco?",
  tools: [declaration],
  model: "gemini-flash-lite-latest",
  turn_limit: 5
)

{:ok, text} = Gemini.extract_text(response)
Streaming Automatic Tool Execution
# Start streaming with automatic tool execution
{:ok, stream_id} = Gemini.stream_generate_with_auto_tools(
  "What's the weather in Tokyo?",
  tools: [declaration],
  model: "gemini-flash-lite-latest"
)

# Subscribe to receive only final text response
:ok = Gemini.subscribe_stream(stream_id)

# Handle events
receive do
  {:stream_event, ^stream_id, event} -> 
    # Only final text chunks, no function calls visible
  {:stream_complete, ^stream_id} -> 
    # Stream completed
  {:stream_error, ^stream_id, error} -> 
    # Handle errors
end
Testing
Unit Tests
Location: test/gemini_auto_tools_unit_test.exs
Tests cover:
	Chat structure creation and manipulation
	Function call and tool result handling
	Content serialization and deserialization
	Basic API structure validation

Integration Tests
Location: test/gemini_auto_tools_test.exs
Tests cover (require API key):
	End-to-end automatic tool execution
	Turn limit functionality
	Streaming automatic execution
	Multiple tool calls in sequence
	Error handling scenarios

Example Demonstrations
Location: examples/auto_tool_calling_demo.exs
Provides working examples of:
	Tool registration
	Standard automatic execution
	Streaming automatic execution
	Multiple tool types (weather, time, calculator)

Performance Considerations
Memory Usage
	Chat history grows with each turn but is bounded by turn limits
	Streaming buffers are cleared after function call detection
	Tool results are processed and released promptly

Concurrency
	Tool execution uses Task.async_stream for parallel execution
	Streaming orchestrator runs in dedicated GenServer
	Multiple streams can run concurrently

Error Recovery
	Individual tool failures don't crash the entire system
	Stream processes are supervised and cleaned up properly
	Turn limits prevent runaway execution

Future Enhancements
Potential Improvements
	Tool Result Caching: Cache tool results for identical calls
	Parallel Tool Execution: Execute independent tools in parallel
	Tool Dependency Management: Handle tool dependencies automatically
	Enhanced Error Recovery: Retry failed tool calls with backoff
	Metrics and Observability: Add telemetry for tool execution performance

Compatibility
	Maintains full backward compatibility with existing APIs
	Optional feature that doesn't affect non-tool-calling usage
	Follows existing patterns and conventions in the codebase

Conclusion
The automatic tool execution implementation provides a seamless, Python-SDK-like experience while maintaining the robustness and type safety expected in Elixir applications. The dual implementation (standard and streaming) ensures that users can choose the appropriate mode for their use case while getting the same high-level abstraction over the complex tool-calling protocol.
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    Gemini Embeddings Examples

This directory contains examples demonstrating the Gemini embedding API functionality.
Quick Start
Simple Embedding
The simplest way to generate an embedding (equivalent to the curl example):
alias Gemini.APIs.Coordinator
alias Gemini.Types.Response.EmbedContentResponse

{:ok, response} = Coordinator.embed_content("What is the meaning of life?")
values = EmbedContentResponse.get_values(response)
# => [0.123, -0.456, 0.789, ...]
Run: mix run examples/simple_embedding.exs
Full Demo
Comprehensive demonstration of all embedding features:
Run: mix run examples/embedding_demo.exs
This demo shows:
	Simple text embedding
	Semantic similarity comparison
	Batch embedding (efficient)
	Document retrieval embeddings
	Task type optimization

API Reference
Basic Embedding
# Simple embedding with default model (gemini-embedding-001)
{:ok, response} = Coordinator.embed_content("Your text here")

# With specific model
{:ok, response} = Coordinator.embed_content(
  "Your text here",
  model: "gemini-embedding-001"
)

# Get the embedding values
values = EmbedContentResponse.get_values(response)
# => [0.123, -0.456, ...]
Batch Embedding
More efficient when embedding multiple texts:
texts = [
  "First text",
  "Second text",
  "Third text"
]

{:ok, response} = Coordinator.batch_embed_contents(texts)
all_values = BatchEmbedContentsResponse.get_all_values(response)
# => [[0.1, 0.2, ...], [0.3, 0.4, ...], [0.5, 0.6, ...]]
Task Types
Optimize embeddings for specific use cases:
# For search queries
{:ok, query_emb} = Coordinator.embed_content(
  "How does AI work?",
  task_type: :retrieval_query
)

# For documents being searched
{:ok, doc_emb} = Coordinator.embed_content(
  "AI is the simulation of human intelligence...",
  task_type: :retrieval_document,
  title: "Introduction to AI"
)

# For semantic similarity
{:ok, emb} = Coordinator.embed_content(
  "Text to compare",
  task_type: :semantic_similarity
)

# For classification
{:ok, emb} = Coordinator.embed_content(
  "Text to classify",
  task_type: :classification
)

# For clustering
{:ok, emb} = Coordinator.embed_content(
  "Text to cluster",
  task_type: :clustering
)
Available Task Types
	:retrieval_query - Text is a search query
	:retrieval_document - Text is a document being searched
	:semantic_similarity - For semantic similarity tasks
	:classification - For classification tasks
	:clustering - For clustering tasks
	:question_answering - For Q&A tasks
	:fact_verification - For fact verification
	:code_retrieval_query - For code retrieval

Semantic Similarity
Compare embeddings to measure similarity:
alias Gemini.Types.Response.ContentEmbedding

# Get two embeddings
{:ok, resp1} = Coordinator.embed_content("The cat sat on the mat")
{:ok, resp2} = Coordinator.embed_content("A feline rested on the rug")

# Calculate cosine similarity
similarity = ContentEmbedding.cosine_similarity(
  resp1.embedding,
  resp2.embedding
)
# => 0.85 (high similarity)
Cosine similarity ranges from -1 to 1:
	1.0 = Identical meaning
	0.5-0.9 = Very similar
	0.0 = Unrelated
	-1.0 = Opposite meaning

Matryoshka Representation Learning (MRL) and Dimension Control
The gemini-embedding-001 model uses Matryoshka Representation Learning (MRL), a technique that creates high-dimensional embeddings where smaller prefixes are also useful. This allows flexible dimensionality with minimal quality loss.
Understanding MRL
MRL teaches the model to learn embeddings where the first N dimensions are independently useful. You can truncate embeddings to smaller sizes while maintaining most of the semantic information. This is different from traditional dimensionality reduction (like PCA) - MRL is built into the model's training.
Choosing the Right Dimension
# 768 dimensions - RECOMMENDED for most applications
{:ok, response} = Coordinator.embed_content(
  "Your text here",
  model: "gemini-embedding-001",
  output_dimensionality: 768
)
# • 25% storage of full embeddings
# • Only 0.26% quality loss vs 3072
# • Excellent balance of quality and efficiency

# 1536 dimensions - High quality
{:ok, response} = Coordinator.embed_content(
  "Your text here",
  model: "gemini-embedding-001",
  output_dimensionality: 1536
)
# • 50% storage of full embeddings
# • Same MTEB score as 3072 (68.17)

# 3072 dimensions - Maximum quality (default)
{:ok, response} = Coordinator.embed_content(
  "Your text here",
  model: "gemini-embedding-001"
)
# • Full embeddings (largest storage)
# • Pre-normalized by API
# • MTEB: 68.17
MTEB Benchmark Scores
The following table shows MTEB (Massive Text Embedding Benchmark) scores for different dimensions:
	Dimension	MTEB Score	Storage vs 3072	Quality Loss
	3072	68.17	100%	Baseline
	2048	68.16	67%	-0.01%
	1536	68.17	50%	Same
	768	67.99	25%	-0.26%
	512	67.55	17%	-0.91%
	256	66.19	8%	-2.90%
	128	63.31	4%	-7.12%

Key Insight: Performance is not strictly tied to dimension size - 1536 dimensions achieve the same score as 3072!
Critical: Normalization Requirements
IMPORTANT: Only 3072-dimensional embeddings are pre-normalized by the API. All other dimensions MUST be normalized before computing similarity metrics.
alias Gemini.Types.Response.ContentEmbedding

# Embed with 768 dimensions
{:ok, response} = Coordinator.embed_content(
  "Your text",
  output_dimensionality: 768
)

# MUST normalize for non-3072 dimensions
normalized = ContentEmbedding.normalize(response.embedding)

# Now safe to compute similarity
similarity = ContentEmbedding.cosine_similarity(normalized, other_normalized)
Why normalize? Cosine similarity focuses on vector direction (semantic meaning), not magnitude. Non-normalized embeddings have varying magnitudes that distort similarity calculations.
Normalization and Distance Metrics
alias Gemini.Types.Response.ContentEmbedding

# Normalize embeddings (required for non-3072 dimensions)
normalized_emb1 = ContentEmbedding.normalize(embedding1)
normalized_emb2 = ContentEmbedding.normalize(embedding2)

# Cosine similarity (higher = more similar, range: -1 to 1)
similarity = ContentEmbedding.cosine_similarity(normalized_emb1, normalized_emb2)

# Euclidean distance (lower = more similar, range: 0 to ∞)
distance = ContentEmbedding.euclidean_distance(normalized_emb1, normalized_emb2)

# Dot product (higher = more similar, equals cosine for normalized)
dot = ContentEmbedding.dot_product(normalized_emb1, normalized_emb2)

# Check if normalized (L2 norm should be 1.0)
norm = ContentEmbedding.norm(normalized_emb1)
# => ~1.0
Note: For normalized embeddings, cosine similarity equals dot product!
Available Models
Recommended Model
	gemini-embedding-001 (Stable, Recommended)	Output dimensions: 3072 (default), flexible from 128-3072
	Supports MRL (Matryoshka Representation Learning) for dimension reduction
	Supports all task types
	MTEB Score: 67.99 (768d) to 68.17 (1536d/3072d)
	3072-dimensional embeddings are pre-normalized; others require normalization
	Recommended dimensions: 768, 1536, or 3072



Deprecated Models
	embedding-001 - Deprecating October 2025
	embedding-gecko-001 - Deprecating October 2025
	gemini-embedding-exp-03-07 - Deprecating October 2025

Note: Migrate to gemini-embedding-001 before October 2025.
Use Cases
1. Semantic Search
# Embed your document corpus
documents = ["Doc 1 text", "Doc 2 text", "Doc 3 text"]
{:ok, doc_response} = Coordinator.batch_embed_contents(
  documents,
  task_type: :retrieval_document
)

# Embed the search query
{:ok, query_response} = Coordinator.embed_content(
  "search query",
  task_type: :retrieval_query
)

# Compare query with each document
doc_response.embeddings
|> Enum.zip(documents)
|> Enum.map(fn {doc_emb, doc_text} ->
  similarity = ContentEmbedding.cosine_similarity(
    query_response.embedding,
    doc_emb
  )
  {doc_text, similarity}
end)
|> Enum.sort_by(fn {_, sim} -> sim end, :desc)
# Returns documents sorted by relevance
2. Clustering
# Embed texts for clustering
texts = ["Text 1", "Text 2", "Text 3", ...]
{:ok, response} = Coordinator.batch_embed_contents(
  texts,
  task_type: :clustering
)

# Use embeddings with a clustering algorithm
# (e.g., K-means, hierarchical clustering)
embeddings = BatchEmbedContentsResponse.get_all_values(response)
3. Classification
# Embed training examples
{:ok, train_response} = Coordinator.batch_embed_contents(
  training_texts,
  task_type: :classification
)

# Embed new text to classify
{:ok, new_response} = Coordinator.embed_content(
  new_text,
  task_type: :classification
)

# Find nearest neighbors in training set
# Use their labels for classification
Authentication
Embeddings support both Gemini API and Vertex AI authentication:
# With Gemini API (default)
{:ok, response} = Coordinator.embed_content("Text", auth: :gemini)

# With Vertex AI
{:ok, response} = Coordinator.embed_content("Text", auth: :vertex_ai)
Error Handling
case Coordinator.embed_content(text) do
  {:ok, response} ->
    values = EmbedContentResponse.get_values(response)
    # Process embedding values

  {:error, reason} ->
    # Handle error
    Logger.error("Embedding failed: #{inspect(reason)}")
end
Performance Tips
	Use batch embedding when processing multiple texts - it's more efficient:
# Good: Single API call
Coordinator.batch_embed_contents(["text1", "text2", "text3"])

# Less efficient: Multiple API calls
Enum.map(["text1", "text2", "text3"], &Coordinator.embed_content/1)

	Use appropriate task types for better quality embeddings

	Consider dimension reduction for storage/memory constraints:
Coordinator.embed_content(text, output_dimensionality: 256)


Related Documentation
	Gemini API Embeddings Guide
	Text Embedding Models
	Semantic Retrieval

Advanced Use Case Examples
The use_cases/ directory contains complete, production-ready examples demonstrating real-world applications:
MRL and Normalization Demo
File: use_cases/mrl_normalization_demo.exs
Comprehensive demonstration of Matryoshka Representation Learning:
	Quality vs storage tradeoffs across dimensions (128-3072)
	MTEB benchmark comparison
	Normalization requirements and effects
	Distance metrics comparison (cosine, euclidean, dot product)
	Best practices for dimension selection

Run: mix run examples/use_cases/mrl_normalization_demo.exs
RAG (Retrieval-Augmented Generation) System
File: use_cases/rag_demo.exs
Complete RAG pipeline implementation:
	Build and index knowledge base with RETRIEVAL_DOCUMENT task type
	Embed queries with RETRIEVAL_QUERY task type
	Retrieve top-K relevant documents using semantic similarity
	Generate contextually-aware responses
	Compare RAG vs non-RAG generation quality

Run: mix run examples/use_cases/rag_demo.exs
Key Features:
	Document title optimization for better embeddings
	Semantic similarity ranking
	Context-aware generation
	Side-by-side comparison with baseline

Search Reranking
File: use_cases/search_reranking.exs
Semantic reranking for improved search relevance:
	Start with keyword-based search results
	Rerank using semantic similarity
	Compare keyword vs semantic ranking
	Hybrid ranking strategy (keyword + semantic)
	Handle synonyms and conceptual relevance

Run: mix run examples/use_cases/search_reranking.exs
Key Features:
	E-commerce product search example
	Visual ranking comparison
	Hybrid scoring (0.3 × keyword + 0.7 × semantic)
	Intent understanding beyond keywords

K-NN Classification
File: use_cases/classification.exs
Text classification using K-Nearest Neighbors with embeddings:
	Few-shot learning with minimal training examples
	Customer support ticket categorization
	K-NN classification algorithm
	Confidence scoring and accuracy evaluation
	Dynamically add new categories without retraining

Run: mix run examples/use_cases/classification.exs
Key Features:
	Multi-category classification (technical_support, billing, account, product_inquiry)
	Accuracy evaluation and confidence analysis
	Dynamic category addition demonstration
	No model training required

Basic Examples
	simple_embedding.exs - Basic embedding (curl equivalent)
	embedding_demo.exs - Comprehensive feature demonstration

Async Batch Embedding API
For production-scale embedding with 50% cost savings, use the async batch API:
# Submit async batch job
{:ok, batch} = Gemini.async_batch_embed_contents(
  ["Text 1", "Text 2", "Text 3", ...],
  display_name: "My Knowledge Base",
  task_type: :retrieval_document,
  output_dimensionality: 768
)

# Wait for completion with progress tracking
{:ok, completed} = Gemini.await_batch_completion(batch.name,
  poll_interval: 5_000,
  on_progress: fn batch -> IO.puts("Progress: #{batch.state}") end
)

# Retrieve embeddings
{:ok, embeddings} = Gemini.get_batch_embeddings(completed)
Run: mix run examples/async_batch_embedding_demo.exs
See examples/ASYNC_BATCH_EMBEDDINGS.md for complete documentation.
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Complete guide to production-scale embedding generation with 50% cost savings
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Overview
The Async Batch Embedding API allows you to process large-scale embedding jobs asynchronously with 50% cost savings compared to the interactive embedding API. It's designed for production scenarios where you need to embed thousands to millions of texts for RAG systems, knowledge bases, and large-scale retrieval.
Key Features
	50% Cost Reduction: Half the cost per embedding vs interactive API
	Long-Running Operations (LRO): Submit job and retrieve results later
	Progress Tracking: Real-time statistics on success, failure, and pending requests
	Priority Support: Control processing order with priority field
	Multi-auth Compatible: Works with both Gemini API and Vertex AI
	Type-safe: Complete type annotations and error handling

Architecture
Submit Batch → [PENDING] → [PROCESSING] → [COMPLETED]
                                       ↘ [FAILED]
                                       ↘ [CANCELLED]
The batch progresses through states, allowing you to track progress and retrieve results when complete.

When to Use
Use Async Batch API For:
✅ Large-scale indexing (1000s-millions of documents)
✅ RAG system setup (building knowledge base indices)
✅ Non-urgent embedding generation (background processing)
✅ Cost-sensitive workflows (50% savings adds up at scale)
✅ Batch data migration (moving to new embedding model)
Use Interactive API For:
❌ Real-time embedding (user-facing features)
❌ Small batches (<100 texts typically faster with interactive)
❌ Time-critical workflows (need immediate results)
❌ Interactive exploration (rapid iteration and testing)

Cost Analysis
Cost Comparison (Relative Units)
	Documents	Interactive API	Async Batch API	Savings
	1,000	1,000	500	500
	10,000	10,000	5,000	5,000
	100,000	100,000	50,000	50,000
	1,000,000	1,000,000	500,000	500,000

Break-even Analysis
For typical workflows:
	Setup time: ~2-5 minutes additional for batch workflow
	Cost savings: 50% per embedding
	Break-even: ~100-200 documents (depends on workflow)

Recommendation: Use async batch for any job >500 documents or when time is not critical.

Quick Start
Basic Example
# 1. Submit batch
{:ok, batch} = Gemini.async_batch_embed_contents(
  ["Text 1", "Text 2", "Text 3"],
  display_name: "My Batch",
  task_type: :retrieval_document,
  output_dimensionality: 768
)

# 2. Wait for completion
{:ok, completed_batch} = Gemini.await_batch_completion(batch.name)

# 3. Retrieve embeddings
{:ok, embeddings} = Gemini.get_batch_embeddings(completed_batch)
Run Demo
# Set API key
export GEMINI_API_KEY='your-key-here'

# Run comprehensive demo
mix run examples/async_batch_embedding_demo.exs

# Run production patterns demo
mix run examples/async_batch_production_demo.exs


Complete Workflow
Step 1: Submit Batch Job
{:ok, batch} = Gemini.async_batch_embed_contents(
  texts,
  display_name: "Knowledge Base Index - #{timestamp}",
  task_type: :retrieval_document,
  output_dimensionality: 768,
  priority: 5  # Higher = more urgent
)

# Save batch.name for later retrieval
batch_id = batch.name
# => "batches/abc123def456..."
Key Points:
	display_name is required - use descriptive names for tracking
	task_type optimizes embeddings for specific use cases
	output_dimensionality defaults to model default (typically 3072)
	priority controls processing order (default: 0)

Step 2: Poll for Status
Option A: Active Polling with Progress
{:ok, completed_batch} = Gemini.await_batch_completion(
  batch_id,
  poll_interval: 10_000,  # Poll every 10 seconds
  timeout: 1_800_000,     # 30 minute timeout
  on_progress: fn updated_batch ->
    stats = updated_batch.batch_stats
    progress = EmbedContentBatchStats.progress_percentage(stats)
    IO.puts("Progress: #{Float.round(progress, 1)}%")
  end
)
Option B: Manual Status Check
{:ok, status} = Gemini.get_batch_status(batch_id)

case status.state do
  :completed ->
    # Batch is done, retrieve embeddings
    {:ok, embeddings} = Gemini.get_batch_embeddings(status)

  :processing ->
    # Still working, check again later
    if status.batch_stats do
      progress = EmbedContentBatchStats.progress_percentage(status.batch_stats)
      IO.puts("Still processing: #{progress}%")
    end

  :failed ->
    # Batch failed, check stats for details
    IO.puts("Batch failed")

  :pending ->
    # Batch queued, not yet started
    IO.puts("Waiting to start...")
end
Step 3: Retrieve Embeddings
{:ok, completed_batch} = Gemini.get_batch_status(batch_id)

case completed_batch.state do
  :completed ->
    {:ok, embeddings} = Gemini.get_batch_embeddings(completed_batch)

    # IMPORTANT: Normalize if not using 3072 dimensions
    normalized_embeddings = Enum.map(embeddings, &ContentEmbedding.normalize/1)

    # Now safe to use for similarity calculations
    similarity = ContentEmbedding.cosine_similarity(
      Enum.at(normalized_embeddings, 0),
      Enum.at(normalized_embeddings, 1)
    )

  _ ->
    IO.puts("Batch not yet completed")
end

Production Patterns
Pattern 1: Non-blocking Submission
Best for: Web applications, user-facing workflows
defmodule MyApp.EmbeddingService do
  def index_documents_async(documents, user_id) do
    # 1. Submit batch
    {:ok, batch} = Gemini.async_batch_embed_contents(
      documents,
      display_name: "User #{user_id} - #{DateTime.utc_now()}"
    )

    # 2. Store batch ID in database
    {:ok, job} = MyApp.Repo.insert(%EmbeddingJob{
      batch_id: batch.name,
      user_id: user_id,
      status: "pending",
      document_count: length(documents)
    })

    # 3. Return immediately
    {:ok, job}
  end
end
Pattern 2: Background Worker
Best for: Scheduled jobs, cron tasks
defmodule MyApp.EmbeddingWorker do
  use Oban.Worker, queue: :embeddings

  @impl Oban.Worker
  def perform(%Oban.Job{args: %{"batch_id" => batch_id}}) do
    case Gemini.get_batch_status(batch_id) do
      {:ok, %{state: :completed} = batch} ->
        # Process completed batch
        {:ok, embeddings} = Gemini.get_batch_embeddings(batch)
        store_embeddings(embeddings)
        :ok

      {:ok, %{state: state}} when state in [:pending, :processing] ->
        # Reschedule to check later
        {:snooze, 60}  # Check again in 60 seconds

      {:ok, %{state: :failed}} ->
        # Handle failure
        notify_failure(batch_id)
        {:error, :batch_failed}

      {:error, reason} ->
        {:error, reason}
    end
  end
end
Pattern 3: Real-time Progress Dashboard
Best for: Admin interfaces, monitoring
defmodule MyAppWeb.BatchLive do
  use Phoenix.LiveView

  def mount(%{"batch_id" => batch_id}, _session, socket) do
    # Poll every 5 seconds
    if connected?(socket), do: :timer.send_interval(5000, self(), :update)

    {:ok, assign(socket, batch_id: batch_id, batch: nil)}
  end

  def handle_info(:update, socket) do
    case Gemini.get_batch_status(socket.assigns.batch_id) do
      {:ok, batch} ->
        {:noreply, assign(socket, batch: batch)}
      {:error, _} ->
        {:noreply, socket}
    end
  end

  def render(assigns) do
    ~H"""
    <div>
      <h2>Batch Status: <%= @batch.state %></h2>
      <%= if @batch.batch_stats do %>
        <div>Progress: <%= progress_percentage(@batch.batch_stats) %>%</div>
        <div>Success: <%= @batch.batch_stats.successful_request_count %></div>
        <div>Failed: <%= @batch.batch_stats.failed_request_count %></div>
      <% end %>
    </div>
    """
  end
end

API Reference
async_batch_embed_contents/2
Submit an async batch embedding job.
@spec async_batch_embed_contents([String.t()], keyword()) ::
  {:ok, EmbedContentBatch.t()} | {:error, term()}
Parameters:
	texts: List of strings to embed
	opts: Keyword list of options

Options:
	:display_name (required) - Human-readable batch name
	:model - Model to use (default: "gemini-embedding-001")
	:task_type - Optimization hint (:retrieval_document, :retrieval_query, etc.)
	:output_dimensionality - Output dimensions (128-3072)
	:priority - Processing priority (default: 0, higher = more urgent)
	:auth - Auth strategy (:gemini or :vertex_ai)

Returns:
	{:ok, batch} with batch.name for polling
	{:error, reason} if submission fails

Example:
{:ok, batch} = Gemini.async_batch_embed_contents(
  ["text1", "text2"],
  display_name: "My Batch",
  task_type: :retrieval_document,
  output_dimensionality: 768,
  priority: 10
)

get_batch_status/2
Check the status of a batch job.
@spec get_batch_status(String.t(), keyword()) ::
  {:ok, EmbedContentBatch.t()} | {:error, term()}
Parameters:
	batch_id: Batch identifier (format: "batches/{batchId}")
	opts: Options (primarily :auth)

Returns:
	{:ok, batch} with current state and stats
	{:error, reason} if status check fails

Example:
{:ok, batch} = Gemini.get_batch_status("batches/abc123")

IO.puts("State: #{batch.state}")
IO.puts("Progress: #{EmbedContentBatchStats.progress_percentage(batch.batch_stats)}%")

get_batch_embeddings/1
Retrieve embeddings from a completed batch.
@spec get_batch_embeddings(EmbedContentBatch.t()) ::
  {:ok, [ContentEmbedding.t()]} | {:error, term()}
Parameters:
	batch: Completed EmbedContentBatch struct

Returns:
	{:ok, embeddings} - List of ContentEmbedding structs
	{:error, reason} if batch not complete or file-based

Example:
{:ok, batch} = Gemini.get_batch_status(batch_id)

if batch.state == :completed do
  {:ok, embeddings} = Gemini.get_batch_embeddings(batch)
  IO.puts("Retrieved #{length(embeddings)} embeddings")
end

await_batch_completion/2
Convenience function to poll until completion.
@spec await_batch_completion(String.t(), keyword()) ::
  {:ok, EmbedContentBatch.t()} | {:error, term()}
Parameters:
	batch_id: Batch identifier
	opts: Polling options

Options:
	:poll_interval - Milliseconds between polls (default: 5000)
	:timeout - Max wait time in milliseconds (default: 600000 = 10min)
	:on_progress - Callback function called on each poll
	:auth - Auth strategy

Returns:
	{:ok, batch} when complete
	{:error, :timeout} if timeout exceeded
	{:error, reason} for other errors

Example:
{:ok, batch} = Gemini.await_batch_completion(
  batch_id,
  poll_interval: 10_000,
  timeout: 30 * 60 * 1000,  # 30 minutes
  on_progress: fn b ->
    progress = EmbedContentBatchStats.progress_percentage(b.batch_stats)
    IO.puts("Progress: #{progress}%")
  end
)

Error Handling
Common Errors
1. Argument Error
{:error, %ArgumentError{message: "display_name is required..."}}
Solution: Always provide display_name option:
Gemini.async_batch_embed_contents(texts, display_name: "My Batch")
2. Batch Not Complete
{:error, "Batch not yet completed (current state: processing)"}
Solution: Check state before retrieving embeddings:
case batch.state do
  :completed -> Gemini.get_batch_embeddings(batch)
  _ -> {:error, :not_ready}
end
3. Timeout
{:error, :timeout}
Solution: Increase timeout or poll asynchronously:
await_batch_completion(batch_id, timeout: 30 * 60 * 1000)
4. Failed Requests in Batch
Some requests may fail while others succeed. Check stats:
if batch.batch_stats.failed_request_count > 0 do
  # Get failed request details
  failed = InlinedEmbedContentResponses.failed_responses(batch.output.inlined_responses)

  # Retry failed requests
  retry_texts = Enum.map(failed, fn {idx, _error} -> Enum.at(original_texts, idx) end)
  {:ok, retry_batch} = Gemini.async_batch_embed_contents(retry_texts, ...)
end
Retry Strategy
defmodule MyApp.EmbeddingRetry do
  def submit_with_retry(texts, opts, max_retries \\ 3) do
    case Gemini.async_batch_embed_contents(texts, opts) do
      {:ok, batch} -> {:ok, batch}
      {:error, reason} when max_retries > 0 ->
        # Exponential backoff
        :timer.sleep(1000 * (4 - max_retries))
        submit_with_retry(texts, opts, max_retries - 1)
      {:error, reason} ->
        {:error, reason}
    end
  end
end

Performance Tuning
Optimal Batch Sizes
	Batch Size	Recommended Poll Interval	Typical Completion Time
	10-100	2-5 seconds	30s - 2min
	100-1,000	5-10 seconds	2-10min
	1,000-10,000	10-30 seconds	10-30min
	10,000+	30-60 seconds	30min - 2hr

Dimension Selection
Trade-off between storage and quality:
	Dimensions	Storage	MTEB Score	Use Case
	128	12.5%	67.04	Extreme efficiency
	256	25%	67.75	High efficiency
	768	75%	67.99	Recommended
	1536	50%	68.17	High quality
	3072	100%	68.17	Maximum quality

Recommendation: Use 768d for best balance (75% storage savings, <0.3% quality loss).
Polling Strategy
# Calculate adaptive poll interval based on batch size
def calculate_poll_interval(batch_size) do
  cond do
    batch_size < 100 -> 2_000      # 2 seconds
    batch_size < 1000 -> 5_000     # 5 seconds
    batch_size < 10_000 -> 10_000  # 10 seconds
    true -> 30_000                  # 30 seconds
  end
end

# Calculate timeout based on batch size
def calculate_timeout(batch_size) do
  # Estimate: ~1 second per document + 2 minute buffer
  (batch_size * 1000) + (2 * 60 * 1000)
end

Best Practices
1. Always Normalize Non-3072d Embeddings
# ❌ WRONG - Similarity will be incorrect
similarity = ContentEmbedding.cosine_similarity(embedding1, embedding2)

# ✅ CORRECT - Normalize first
normalized1 = ContentEmbedding.normalize(embedding1)
normalized2 = ContentEmbedding.normalize(embedding2)
similarity = ContentEmbedding.cosine_similarity(normalized1, normalized2)
2. Use Descriptive Batch Names
# ❌ WRONG - Hard to track
display_name: "Batch 1"

# ✅ CORRECT - Descriptive and timestamped
display_name: "Product Catalog Index - #{DateTime.utc_now() |> DateTime.to_unix()}"
3. Store Batch IDs in Database
# Create tracking record
{:ok, batch} = Gemini.async_batch_embed_contents(texts, display_name: name)

{:ok, _job} = Repo.insert(%EmbeddingJob{
  batch_id: batch.name,
  status: to_string(batch.state),
  created_at: DateTime.utc_now()
})
4. Monitor Batch Statistics
def monitor_batch(batch_id) do
  {:ok, batch} = Gemini.get_batch_status(batch_id)

  stats = batch.batch_stats
  success_rate = EmbedContentBatchStats.success_rate(stats)

  # Alert if success rate drops below threshold
  if success_rate < 95.0 do
    notify_ops_team("Batch #{batch_id} has #{success_rate}% success rate")
  end
end
5. Implement Exponential Backoff
def poll_with_backoff(batch_id, attempt \\ 1, max_attempts \\ 10) do
  case Gemini.get_batch_status(batch_id) do
    {:ok, %{state: :completed} = batch} ->
      {:ok, batch}

    {:ok, batch} when attempt < max_attempts ->
      # Exponential backoff: 2^attempt * 1000ms
      :timer.sleep(:math.pow(2, attempt) * 1000)
      poll_with_backoff(batch_id, attempt + 1, max_attempts)

    {:error, reason} ->
      {:error, reason}
  end
end
6. Use Task Types for Better Quality
# For indexing documents
Gemini.async_batch_embed_contents(
  documents,
  task_type: :retrieval_document,
  display_name: "Document Index"
)

# For embedding queries
Gemini.embed_content(
  query,
  task_type: :retrieval_query
)
7. Batch Size Optimization
# Split large datasets into manageable batches
def process_large_dataset(texts, batch_size \\ 10_000) do
  texts
  |> Enum.chunk_every(batch_size)
  |> Enum.map(fn chunk ->
    {:ok, batch} = Gemini.async_batch_embed_contents(
      chunk,
      display_name: "Chunk #{System.unique_integer([:positive])}"
    )
    batch.name
  end)
end

Summary
The Async Batch Embedding API is your go-to solution for production-scale embedding generation:
	50% cost savings for large-scale indexing
	Non-blocking workflow for better user experience
	Progress tracking for monitoring and alerting
	Production-ready with comprehensive error handling

Start with the demos, adapt the patterns to your workflow, and scale to millions of embeddings efficiently!
Related Resources
	Live Demos: examples/async_batch_embedding_demo.exs
	Production Patterns: examples/async_batch_production_demo.exs
	API Specification: oldDocs/docs/spec/GEMINI-API-07-EMBEDDINGS_20251014.md
	Sync Embeddings Guide: examples/EMBEDDINGS.md
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    Structured Outputs Guide

Overview
Structured outputs allow you to get JSON responses from Gemini models that strictly adhere to a predefined JSON Schema. This feature is essential for:
	Building reliable APIs that return predictable data structures
	Extracting structured information from unstructured text
	Ensuring type safety in downstream processing
	Integrating with typed languages and strict validation systems

Quick Start
alias Gemini.Types.GenerationConfig

# Define your schema
schema = %{
  "type" => "object",
  "properties" => %{
    "answer" => %{"type" => "string"},
    "confidence" => %{"type" => "number"}
  },
  "required" => ["answer"]
}

# Use the convenient helper
config = GenerationConfig.structured_json(schema)

{:ok, response} = Gemini.generate(
  "What is the capital of France?",
  model: "gemini-2.5-flash",
  generation_config: config
)

{:ok, text} = Gemini.extract_text(response)
{:ok, data} = Jason.decode(text)
# => %{"answer" => "Paris", "confidence" => 0.95}
New Features (November 2025)
The November 2025 Gemini API update added support for advanced JSON Schema keywords:
1. Union Types with anyOf
schema = %{
  "type" => "object",
  "properties" => %{
    "status" => %{
      "anyOf" => [
        %{
          "type" => "object",
          "properties" => %{"success" => %{"type" => "string"}}
        },
        %{
          "type" => "object",
          "properties" => %{"error" => %{"type" => "string"}}
        }
      ]
    }
  }
}
2. Recursive Schemas with $ref
schema = %{
  "$defs" => %{
    "Node" => %{
      "type" => "object",
      "properties" => %{
        "value" => %{"type" => "string"},
        "children" => %{
          "type" => "array",
          "items" => %{"$ref" => "#/$defs/Node"}
        }
      }
    }
  },
  "type" => "object",
  "properties" => %{
    "tree" => %{"$ref" => "#/$defs/Node"}
  }
}
3. Numeric Constraints
schema = %{
  "type" => "object",
  "properties" => %{
    "score" => %{
      "type" => "number",
      "minimum" => 0.0,
      "maximum" => 100.0
    },
    "age" => %{
      "type" => "integer",
      "minimum" => 0,
      "maximum" => 150
    }
  }
}
4. Control Over Additional Properties
# Strict mode - no extra properties allowed
schema = %{
  "type" => "object",
  "properties" => %{
    "name" => %{"type" => "string"}
  },
  "additionalProperties" => false,
  "required" => ["name"]
}

# Allow extra properties with specific type
schema = %{
  "type" => "object",
  "properties" => %{
    "name" => %{"type" => "string"}
  },
  "additionalProperties" => %{"type" => "string"}
}
5. Nullable Fields
schema = %{
  "type" => "object",
  "properties" => %{
    "middleName" => %{
      "type" => ["string", "null"]
    }
  }
}
6. Tuple-like Arrays with prefixItems
# Define a 2D point as [x, y]
schema = %{
  "type" => "object",
  "properties" => %{
    "coordinates" => %{
      "type" => "array",
      "prefixItems" => [
        %{"type" => "number"},
        %{"type" => "number"}
      ],
      "items" => false  # No additional items allowed
    }
  }
}
Model-Specific Considerations
Gemini 2.5+ Models (Recommended)
These models automatically preserve the order of properties in your schema:
schema = %{
  "type" => "object",
  "properties" => %{
    "firstName" => %{"type" => "string"},
    "lastName" => %{"type" => "string"},
    "age" => %{"type" => "integer"}
  }
}

config = GenerationConfig.structured_json(schema)
# Output will have properties in order: firstName, lastName, age
Gemini 2.0 Models
These models require explicit property ordering:
schema = %{
  "type" => "object",
  "properties" => %{
    "firstName" => %{"type" => "string"},
    "lastName" => %{"type" => "string"},
    "age" => %{"type" => "integer"}
  }
}

config =
  GenerationConfig.structured_json(schema)
  |> GenerationConfig.property_ordering(["firstName", "lastName", "age"])
Common Patterns
Extract Multiple Entities
schema = %{
  "type" => "object",
  "properties" => %{
    "people" => %{
      "type" => "array",
      "items" => %{
        "type" => "object",
        "properties" => %{
          "name" => %{"type" => "string"},
          "role" => %{"type" => "string"}
        }
      }
    }
  }
}

config = GenerationConfig.structured_json(schema)

{:ok, response} = Gemini.generate(
  "Extract all people mentioned: John is the CEO and Sarah is the CTO.",
  model: "gemini-2.5-flash",
  generation_config: config
)
Sentiment Analysis
schema = %{
  "type" => "object",
  "properties" => %{
    "sentiment" => %{
      "type" => "string",
      "enum" => ["positive", "negative", "neutral"]
    },
    "confidence" => %{
      "type" => "number",
      "minimum" => 0.0,
      "maximum" => 1.0
    },
    "keywords" => %{
      "type" => "array",
      "items" => %{"type" => "string"}
    }
  },
  "required" => ["sentiment", "confidence"]
}
Data Validation and Classification
schema = %{
  "type" => "object",
  "properties" => %{
    "isValid" => %{"type" => "boolean"},
    "category" => %{
      "type" => "string",
      "enum" => ["bug", "feature", "question", "documentation"]
    },
    "priority" => %{
      "type" => "string",
      "enum" => ["low", "medium", "high", "critical"]
    }
  },
  "required" => ["isValid", "category", "priority"]
}
Best Practices
1. Use Required Fields
Always specify which fields are required to ensure complete responses:
schema = %{
  "type" => "object",
  "properties" => %{
    "answer" => %{"type" => "string"},
    "sources" => %{"type" => "array", "items" => %{"type" => "string"}}
  },
  "required" => ["answer"]  # sources is optional
}
2. Add Descriptions for Complex Schemas
Help the model understand your schema intent:
schema = %{
  "type" => "object",
  "description" => "Product information extracted from text",
  "properties" => %{
    "name" => %{
      "type" => "string",
      "description" => "The product name"
    },
    "price" => %{
      "type" => "number",
      "description" => "Price in USD",
      "minimum" => 0
    }
  }
}
3. Use Enums for Classification
Constrain outputs to known values:
schema = %{
  "type" => "object",
  "properties" => %{
    "language" => %{
      "type" => "string",
      "enum" => ["elixir", "python", "javascript", "rust", "go"]
    }
  }
}
4. Combine with Other Generation Config Options
config =
  GenerationConfig.structured_json(schema)
  |> GenerationConfig.temperature(0.1)  # Lower temperature for consistency
  |> GenerationConfig.max_tokens(1000)
Streaming Support
Structured outputs work with streaming responses. Each chunk will contain valid partial JSON:
schema = %{
  "type" => "object",
  "properties" => %{
    "story" => %{"type" => "string"}
  }
}

config = GenerationConfig.structured_json(schema)

{:ok, stream} = Gemini.stream_generate(
  "Write a short story",
  model: "gemini-2.5-flash",
  generation_config: config
)

full_text =
  stream
  |> Enum.map(fn resp ->
    {:ok, text} = Gemini.extract_text(resp)
    text
  end)
  |> Enum.join()

{:ok, data} = Jason.decode(full_text)
Troubleshooting
Schema Validation Errors
If you get schema validation errors, ensure:
	All required JSON Schema fields are present
	Types are correctly specified
	Enums contain at least one value
	References ($ref) point to valid definitions

Empty or Malformed Responses
If responses don't match your schema:
	Check that your prompt clearly describes what you want
	Simplify complex schemas for testing
	Verify the model supports the schema keywords you're using
	Try lowering the temperature for more consistent results

Property Ordering Issues (Gemini 2.0)
If property order is incorrect on Gemini 2.0 models:
	Use property_ordering/2 to explicitly set the order
	Ensure the ordering list matches all properties in your schema
	Upgrade to Gemini 2.5+ for automatic ordering

Examples
See the examples/ directory for working code:
	structured_outputs_basic.exs - Simple structured output example
	structured_outputs_standalone.exs - Standalone example with Mix.install

Further Reading
	JSON Schema Specification
	Gemini API Documentation
	GenerationConfig API Reference
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GeminiEx includes an automatic rate limiting system that is enabled by default. This system helps you stay within Gemini API quotas and handles rate limit errors gracefully.
Overview
The rate limiter provides:
	Automatic rate limit enforcement - Waits when rate limited (429 responses)
	Concurrency gating - Limits concurrent requests per model (default: 4)
	Token budgeting - Tracks usage to preemptively avoid rate limits
	Adaptive mode - Optionally adjusts concurrency based on 429 responses
	Structured errors - Returns {:error, {:rate_limited, retry_at, details}}
	Telemetry events - Observable rate limit wait/error events

Default Behavior
When you make requests through the Gemini API, they automatically:
	Check against the shared retry window (from previous 429s) with jittered release
	Atomically reserve token budget for the estimated request size (optional safety multiplier)
	Get gated by concurrency permits (default 4 per model)
	Retry with backoff on transient failures

# Rate limiting is automatic - no changes needed!
{:ok, response} = Gemini.generate("Hello")

# This works even under heavy load
results = 1..100
  |> Task.async_stream(fn _ -> Gemini.generate("Hello") end)
  |> Enum.to_list()
Configuration
Application Config
Configure globally via application environment:
config :gemini_ex, :rate_limiter,
  max_concurrency_per_model: 4,    # nil or 0 disables concurrency gating
  permit_timeout_ms: :infinity,     # default: no cap on queue wait; set a number to cap
  max_attempts: 3,                  # Retry attempts for transient errors
  base_backoff_ms: 1000,           # Base backoff duration
  jitter_factor: 0.25,             # Jitter range (±25%)
  adaptive_concurrency: false,      # Enable adaptive mode
  adaptive_ceiling: 8,              # Max concurrency in adaptive mode
  profile: :prod                    # :dev, :prod, or :custom
# Reserve with a safety multiplier (optional, default 1.0)
# budget_safety_multiplier: 1.2
Per-Request Options
Override behavior on individual requests:
# Bypass rate limiting entirely
{:ok, response} = Gemini.generate("Hello", disable_rate_limiter: true)

# Return immediately if rate limited
case Gemini.generate("Hello", non_blocking: true) do
  {:ok, response} ->
    handle_response(response)

  {:error, {:rate_limited, retry_at, details}} ->
    # Schedule retry for later
    schedule_retry(retry_at)
end

# Override concurrency limit
{:ok, response} = Gemini.generate("Hello", max_concurrency_per_model: 8)

# Override permit wait timeout (defaults to :infinity)
{:ok, response} = Gemini.generate("Hello", permit_timeout_ms: 600_000)

# Partition the concurrency gate (e.g., by tenant/location)
{:ok, response} = Gemini.generate("Hello", concurrency_key: "tenant_a")

# Fail fast instead of waiting
{:error, {:rate_limited, nil, %{reason: :no_permit_available}}} =
  Gemini.generate("Hello", non_blocking: true)
Quick Start
Choose a profile matching your Google Cloud tier:
	Profile	Best For	RPM	TPM	Token Budget
	:free_tier	Development, testing	15	1M	32,000
	:paid_tier_1	Standard production	500	4M	1,000,000
	:paid_tier_2	High throughput	1000	8M	2,000,000

# Select your tier
config :gemini_ex, :rate_limiter, profile: :paid_tier_1
Default behavior: If you don’t choose a profile, :prod is used (token_budget_per_window: 500_000, window_duration_ms: 60_000). The base fallback defaults are 32,000/60s and are used by :custom unless overridden. Set token_budget_per_window: nil if you need the pre-0.6.1 “unlimited” budgeting behavior.

Profiles
The rate limiter supports tier-based configuration profiles that automatically set
appropriate limits for your Google Cloud plan.
Tier Profiles
Free Tier (:free_tier)
Conservative settings for Google's free tier (15 RPM / 1M TPM):
config :gemini_ex, :rate_limiter, profile: :free_tier

# Equivalent to:
# max_concurrency_per_model: 2
# max_attempts: 5
# base_backoff_ms: 2000
# token_budget_per_window: 32_000
# adaptive_concurrency: true
# adaptive_ceiling: 4
Paid Tier 1 (:paid_tier_1)
Standard production settings for Tier 1 plans (500 RPM / 4M TPM):
config :gemini_ex, :rate_limiter, profile: :paid_tier_1

# Equivalent to:
# max_concurrency_per_model: 10
# max_attempts: 3
# base_backoff_ms: 500
# token_budget_per_window: 1_000_000
# adaptive_concurrency: true
# adaptive_ceiling: 15
Paid Tier 2 (:paid_tier_2)
High throughput settings for Tier 2 plans (1000 RPM / 8M TPM):
config :gemini_ex, :rate_limiter, profile: :paid_tier_2

# Equivalent to:
# max_concurrency_per_model: 20
# max_attempts: 2
# base_backoff_ms: 250
# token_budget_per_window: 2_000_000
# adaptive_concurrency: true
# adaptive_ceiling: 30
Legacy Profiles
Development Profile (:dev)
Lower concurrency, longer backoff, ideal for local development:
config :gemini_ex, :rate_limiter, profile: :dev

# Equivalent to:
# max_concurrency_per_model: 2
# max_attempts: 5
# base_backoff_ms: 2000
# token_budget_per_window: 16_000
# adaptive_ceiling: 4
Production Profile (:prod)
Balanced settings for typical production usage (default):
config :gemini_ex, :rate_limiter, profile: :prod

# Equivalent to:
# max_concurrency_per_model: 4
# max_attempts: 3
# base_backoff_ms: 1000
# token_budget_per_window: 500_000
# adaptive_ceiling: 8
Fine-Tuning
Concurrency vs Token Budget
	Concurrency limits parallel requests (affects RPM)
	Token Budget limits total tokens per window (affects TPM)

For most applications, start with a profile and adjust:
	Seeing 429s? Lower both concurrency and budget
	Underutilizing quota? Raise budget, enable adaptive concurrency

Concurrency semantics
The concurrency gate is per model by default (all callers to the same model share a queue). Use concurrency_key: to partition by tenant/location. permit_timeout_ms defaults to :infinity; a waiter only errors if you explicitly set a finite cap and it expires. Use non_blocking: true to fail fast instead of queueing.
Structured Errors
Rate limit errors include retry information:
case Gemini.generate("Hello") do
  {:ok, response} ->
    # Handle success

  {:error, {:rate_limited, retry_at, details}} ->
    # retry_at is a DateTime when you can retry
    # details contains quota information
    IO.puts("Rate limited until #{retry_at}")
    IO.puts("Quota: #{details.quota_metric}")

  {:error, {:transient_failure, attempts, original_error}} ->
    # Transient error after max retry attempts
    IO.puts("Failed after #{attempts} attempts")

  {:error, reason} ->
    # Other errors
    IO.puts("Error: #{inspect(reason)}")
end
Non-Blocking Mode
For applications that need to handle rate limits without waiting:
defmodule MyApp.GeminiWorker do
  def generate_with_queue(prompt) do
    case Gemini.generate(prompt, non_blocking: true) do
      {:ok, response} ->
        {:ok, response}

      {:error, {:rate_limited, retry_at, _details}} ->
        # Queue for later
        schedule_retry(prompt, retry_at)
        {:queued, retry_at}
    end
  end

  defp schedule_retry(prompt, retry_at) do
    delay_ms = DateTime.diff(retry_at, DateTime.utc_now(), :millisecond)
    Process.send_after(self(), {:retry, prompt}, max(0, delay_ms))
  end
end
Adaptive Concurrency Mode
Adaptive mode starts with lower concurrency and adjusts based on API responses:
config :gemini_ex, :rate_limiter,
  adaptive_concurrency: true,
  adaptive_ceiling: 8  # Maximum concurrency to reach
In adaptive mode:
	Starts at the configured max_concurrency_per_model
	Increases by 1 on each success (up to adaptive_ceiling)
	Decreases by 25% on each 429 response

This is useful when you're unsure of your quota limits.
Token Budgeting
Token budgeting helps you stay within TPM (tokens per minute) limits by tracking
token usage and preemptively blocking requests that would exceed your budget.
Atomic reservations (v0.7.1)
	Reservations happen before dispatch using try_reserve_budget/3 to avoid thundering-herd launches.
	A safety multiplier (default 1.0, configurable via budget_safety_multiplier) can over-reserve for extra safety.
	After responses, the limiter reconciles the reservation: surplus tokens are returned, and shortfalls are charged.
	Over-budget calls fail fast (or wait once in blocking mode) with {:error, {:rate_limited, retry_at, %{reason: :over_budget}}} before hitting the network.

Automatic Token Estimation
By default, the rate limiter automatically estimates input tokens for each request
before it's sent. This estimation happens on the original input (string or Content list)
and is used for proactive budget checking.
# Token estimation happens automatically - no code changes needed!
{:ok, response} = Gemini.generate("Hello world")

# The estimated tokens are passed to the rate limiter internally
# If the estimate would exceed your budget, the request is blocked locally
Default Token Budgets
Each profile includes a default token budget:
	:free_tier - 32,000 tokens per minute (~3% of 1M TPM)
	:paid_tier_1 - 1,000,000 tokens per minute (25% of 4M TPM)
	:paid_tier_2 - 2,000,000 tokens per minute (25% of 8M TPM)
	:prod - 500,000 tokens per minute
	:dev - 16,000 tokens per minute

Cached context tokens
Cached contexts still consume tokens (returned as cachedContentTokenCount in responses) and are counted toward the budget. The rate limiter records these tokens automatically on success. If you pre-compute cache size and want proactive blocking before first use, supply both:
Gemini.generate("Run on cached context",
  cached_content: cache_name,
  estimated_input_tokens: 200,      # prompt size
  estimated_cached_tokens: 50_000,  # precomputed cache size
  token_budget_per_window: 1_000_000
)
Over-budget behavior
	Request too large: If estimated_input_tokens + estimated_cached_tokens exceeds the budget (after applying the safety multiplier), the limiter returns {:error, {:rate_limited, nil, %{reason: :over_budget, request_too_large: true}}} immediately (no retries).
	Window full: If the current window is full but the request fits the budget, blocking mode waits once (respecting max_budget_wait_ms) then retries the reservation; non-blocking mode returns retry_at set to that window end.

Limiting wait time
Blocking calls can cap their wait with max_budget_wait_ms (default: nil = no cap). If the cap is reached and the window is still full, the limiter returns {:error, {:rate_limited, retry_at, details}} where retry_at is the actual window end:
Gemini.generate("...", [
  token_budget_per_window: 500_000,
  estimated_input_tokens: 20_000,
  max_budget_wait_ms: 5_000  # block at most 5 seconds on budget waits
])
Manual Token Estimation
You can override the automatic estimate if you have a more accurate count:
# Use your own token estimate (e.g., from countTokens API)
{:ok, token_count} = Gemini.count_tokens("Your long prompt here...")

opts = [
  estimated_input_tokens: token_count.total_tokens,
  token_budget_per_window: 500_000
]

case Gemini.generate("Your long prompt here...", opts) do
  {:ok, response} ->
    # Success

  {:error, {:rate_limited, _, %{reason: :over_budget}}} ->
    # Would exceed budget, wait for window to reset
end
Disabling Token Budgeting
To disable token budget checking:
# Disable for a single request
{:ok, response} = Gemini.generate("Hello", token_budget_per_window: nil)

# Disable globally
config :gemini_ex, :rate_limiter,
  token_budget_per_window: nil
Telemetry Events
The rate limiter emits telemetry events for monitoring:
:telemetry.attach_many(
  "rate-limit-monitor",
  [
    [:gemini, :rate_limit, :request, :start],
    [:gemini, :rate_limit, :request, :stop],
    [:gemini, :rate_limit, :wait],
    [:gemini, :rate_limit, :error],
    [:gemini, :rate_limit, :budget, :reserved],
    [:gemini, :rate_limit, :budget, :rejected],
    [:gemini, :rate_limit, :retry_window, :set],
    [:gemini, :rate_limit, :retry_window, :hit],
    [:gemini, :rate_limit, :retry_window, :release]
  ],
  fn event, measurements, metadata, _config ->
    IO.puts("Event: #{inspect(event)}")
    IO.puts("Model: #{metadata.model}")
    IO.puts("Duration: #{measurements[:duration]}ms")
  end,
  nil
)
Available Events
	Event	Description
	[:gemini, :rate_limit, :request, :start]	Request submitted to rate limiter
	[:gemini, :rate_limit, :request, :stop]	Request completed
	[:gemini, :rate_limit, :wait]	Waiting for retry window
	[:gemini, :rate_limit, :error]	Rate limit error occurred
	[:gemini, :rate_limit, :budget, :reserved]	Budget reservation made pre-flight
	[:gemini, :rate_limit, :budget, :rejected]	Reservation rejected as over-budget
	[:gemini, :rate_limit, :retry_window, :set]	Retry window set from a 429
	[:gemini, :rate_limit, :retry_window, :hit]	Incoming request hit an active retry window
	[:gemini, :rate_limit, :retry_window, :release]	Retry window released after jittered wait
	[:gemini, :rate_limit, :stream, :started]	Streaming request acquired a permit/reservation
	[:gemini, :rate_limit, :stream, :completed]	Streaming request released permit on completion
	[:gemini, :rate_limit, :stream, :error]	Streaming request released permit on error
	[:gemini, :rate_limit, :stream, :stopped]	Streaming request released permit on manual stop

Streaming
Streaming requests now go through the same rate limiter:
	Concurrency permits are held for the entire stream duration.
	Budget reservations are made up-front (on estimated input) and reconciled when the stream finishes.
	Non-blocking mode returns {:error, {:rate_limited, retry_at, details}} when a stream cannot acquire a permit or budget.

Model Aliases
Use the built-in use-case aliases to avoid scattering model strings:
	Use Case	Model Key	Recommended Token Budget
	:cache_context	:flash_2_5	32,000
	:report_section	:pro_2_5	16,000
	:fast_path	:flash_2_5_lite	8,000

Gemini.Config.model_for_use_case(:cache_context)
#=> "gemini-2.5-flash"

Gemini.Config.resolved_use_case_models()
#=> %{cache_context: "gemini-2.5-flash", report_section: "gemini-2.5-pro", fast_path: "gemini-2.5-flash-lite"}
Checking Status
You can check rate limit status before making requests:
case Gemini.RateLimiter.check_status("gemini-flash-lite-latest") do
  :ok ->
    IO.puts("Ready to make requests")

  {:rate_limited, retry_at, details} ->
    IO.puts("Rate limited until #{retry_at}")

  {:over_budget, usage} ->
    IO.puts("Over token budget: #{inspect(usage)}")

  {:no_permits, 0} ->
    IO.puts("No concurrency permits available")
end
Disabling Rate Limiting
While not recommended, you can disable rate limiting:
# Per-request
{:ok, response} = Gemini.generate("Hello", disable_rate_limiter: true)

# Globally (not recommended)
config :gemini_ex, :rate_limiter, disable_rate_limiter: true
Best Practices
	Use default settings in production - They're tuned for typical usage patterns
	Use adaptive mode when unsure of quotas - It will find the right concurrency
	Handle rate limit errors gracefully - Use non_blocking: true with queuing for high-throughput apps
	Monitor telemetry events - Track rate limit events to optimize your usage
	Set token budgets for predictable costs - Prevents unexpected overages
	Use the :dev profile during development - Lower concurrency helps avoid rate limits while testing

Streaming
The rate limiter only gates request submission. Once a stream is opened, it is not interrupted. This ensures streaming responses complete even if you hit rate limits during the stream.
# Rate limiter gates this initial request
{:ok, stream} = Gemini.stream_generate("Tell me a long story")

# Once streaming starts, it continues uninterrupted
Enum.each(stream, fn chunk ->
  IO.write(chunk.text)
end)
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The Files API allows you to upload, manage, and use files with Gemini models for multimodal content generation.
Overview
Files uploaded to the Gemini API can be:
	Used in content generation requests (images, audio, video, documents)
	Referenced by URI in multimodal prompts
	Managed with list, get, and delete operations

Important Notes:
	Files expire after 48 hours
	Maximum file size is 2GB for most file types
	Large files (especially video) may take time to process

Quick Start
# Upload an image
{:ok, file} = Gemini.APIs.Files.upload("path/to/image.png")

# Wait for processing (for video files)
{:ok, ready_file} = Gemini.APIs.Files.wait_for_processing(file.name)

# Use in content generation
{:ok, response} = Gemini.generate([
  "What's in this image?",
  %{file_uri: ready_file.uri, mime_type: ready_file.mime_type}
])

# Clean up when done
:ok = Gemini.APIs.Files.delete(file.name)
Uploading Files
From File Path
# Simple upload
{:ok, file} = Gemini.APIs.Files.upload("document.pdf")

# With options
{:ok, file} = Gemini.APIs.Files.upload("video.mp4",
  display_name: "My Video",
  mime_type: "video/mp4"
)
From Binary Data
When you have file content in memory:
image_data = File.read!("image.png")

{:ok, file} = Gemini.APIs.Files.upload_data(image_data,
  mime_type: "image/png",
  display_name: "In-Memory Image"
)
With Progress Tracking
For large files, track upload progress:
{:ok, file} = Gemini.APIs.Files.upload("large_video.mp4",
  on_progress: fn uploaded, total ->
    percent = Float.round(uploaded / total * 100, 1)
    IO.puts("Uploaded: #{percent}%")
  end
)
File States
After upload, files go through processing states:
	State	Description
	:processing	File is being processed
	:active	Ready for use
	:failed	Processing failed

Waiting for Processing
For video and large files that need processing:
{:ok, file} = Gemini.APIs.Files.upload("video.mp4")

# Wait with default settings (5 min timeout)
{:ok, ready} = Gemini.APIs.Files.wait_for_processing(file.name)

# Or with custom options
{:ok, ready} = Gemini.APIs.Files.wait_for_processing(file.name,
  poll_interval: 5000,      # Check every 5 seconds
  timeout: 600_000,         # 10 minute timeout
  on_status: fn f -> IO.puts("State: #{f.state}") end
)
Listing Files
List with Pagination
{:ok, response} = Gemini.APIs.Files.list()

Enum.each(response.files, fn file ->
  IO.puts("#{file.name}: #{file.mime_type} (#{file.state})")
end)

# With pagination options
{:ok, response} = Gemini.APIs.Files.list(page_size: 10)

if Gemini.Types.ListFilesResponse.has_more_pages?(response) do
  {:ok, page2} = Gemini.APIs.Files.list(page_token: response.next_page_token)
end
List All Files
Automatically handles pagination:
{:ok, all_files} = Gemini.APIs.Files.list_all()
IO.puts("Total files: #{length(all_files)}")

# Filter active files
active = Enum.filter(all_files, &Gemini.Types.File.active?/1)
Getting File Metadata
{:ok, file} = Gemini.APIs.Files.get("files/abc123")

IO.puts("Name: #{file.display_name}")
IO.puts("MIME type: #{file.mime_type}")
IO.puts("Size: #{file.size_bytes} bytes")
IO.puts("State: #{file.state}")
IO.puts("URI: #{file.uri}")
Deleting Files
:ok = Gemini.APIs.Files.delete("files/abc123")
Using Files in Generation
Once a file is active, use it in content generation:
{:ok, file} = Gemini.APIs.Files.upload("photo.jpg")
{:ok, ready} = Gemini.APIs.Files.wait_for_processing(file.name)

{:ok, response} = Gemini.generate([
  "Describe this image in detail",
  %{file_uri: ready.uri, mime_type: ready.mime_type}
])
Supported MIME Types
Images
	image/png, image/jpeg, image/gif, image/webp, image/heic, image/heif

Videos
	video/mp4, video/mpeg, video/mov, video/avi, video/webm, video/wmv, video/flv, video/mkv

Audio
	audio/wav, audio/mp3, audio/aiff, audio/aac, audio/ogg, audio/flac, audio/m4a

Documents
	application/pdf, text/plain, text/html, text/css, text/javascript, application/json, text/csv, text/markdown

File Helper Functions
alias Gemini.Types.File

# Check file state
File.active?(file)      # Ready for use?
File.processing?(file)  # Still processing?
File.failed?(file)      # Processing failed?

# Get file ID from name
File.get_id(file)  # "abc123" from "files/abc123"

# Check if downloadable (for generated files)
File.downloadable?(file)
Error Handling
case Gemini.APIs.Files.upload("file.pdf") do
  {:ok, file} ->
    IO.puts("Uploaded: #{file.name}")

  {:error, {:file_not_found, path}} ->
    IO.puts("File not found: #{path}")

  {:error, {:http_error, status, body}} ->
    IO.puts("HTTP error #{status}: #{inspect(body)}")

  {:error, reason} ->
    IO.puts("Upload failed: #{inspect(reason)}")
end
Best Practices
	Clean up files - Delete files when no longer needed to avoid hitting storage limits
	Wait for processing - Always wait for video/audio files to become active before using
	Track progress - Use on_progress callback for large file uploads
	Handle expiration - Files expire after 48 hours; re-upload if needed
	Use appropriate MIME types - Let auto-detection work, or specify explicitly

API Reference
	Gemini.APIs.Files.upload/2 - Upload a file from path
	Gemini.APIs.Files.upload_data/2 - Upload binary data
	Gemini.APIs.Files.get/2 - Get file metadata
	Gemini.APIs.Files.list/1 - List files with pagination
	Gemini.APIs.Files.list_all/1 - List all files
	Gemini.APIs.Files.delete/2 - Delete a file
	Gemini.APIs.Files.wait_for_processing/2 - Wait for file to become active
	Gemini.APIs.Files.download/2 - Download generated file content
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The Batches API allows you to submit large numbers of requests at once with 50% cost savings compared to interactive API calls.
Overview
Batch processing is ideal for:
	Processing large document collections for embeddings
	Bulk content generation for content pipelines
	Overnight processing of accumulated requests
	Cost optimization for high-volume workloads

Quick Start
alias Gemini.APIs.{Files, Batches}
alias Gemini.Types.BatchJob

# 1. Prepare input file (JSONL format)
# Each line: {"contents": [{"parts": [{"text": "..."}]}]}

# 2. Upload the input file
{:ok, input_file} = Files.upload("input.jsonl")

# 3. Create batch job
{:ok, batch} = Batches.create("gemini-2.0-flash",
  file_name: input_file.name,
  display_name: "My Batch Job"
)

# 4. Wait for completion
{:ok, completed} = Batches.wait(batch.name,
  poll_interval: 30_000,
  timeout: 3_600_000
)

# 5. Process results
if BatchJob.succeeded?(completed) do
  IO.puts("Completed #{completed.completion_stats.success_count} requests")
end
Input Format
JSONL File Format
For file-based batch processing, create a JSONL file where each line is a JSON object:
{"contents": [{"parts": [{"text": "Summarize: First document content here"}]}]}
{"contents": [{"parts": [{"text": "Summarize: Second document content here"}]}]}
{"contents": [{"parts": [{"text": "Summarize: Third document content here"}]}]}
Inlined Requests
For small batches, you can pass requests directly:
{:ok, batch} = Batches.create("gemini-2.0-flash",
  inlined_requests: [
    %{contents: [%{parts: [%{text: "Request 1"}]}]},
    %{contents: [%{parts: [%{text: "Request 2"}]}]},
    %{contents: [%{parts: [%{text: "Request 3"}]}]}
  ],
  display_name: "Small Batch"
)
Creating Batch Jobs
Content Generation Batch
{:ok, batch} = Batches.create("gemini-2.0-flash",
  file_name: "files/input123",
  display_name: "Content Generation Batch",
  generation_config: %{
    temperature: 0.7,
    maxOutputTokens: 1000
  }
)
Embedding Batch
{:ok, batch} = Batches.create_embeddings("text-embedding-004",
  file_name: "files/embeddings-input",
  display_name: "Embedding Batch"
)
With System Instruction
{:ok, batch} = Batches.create("gemini-2.0-flash",
  file_name: "files/input123",
  system_instruction: %{
    parts: [%{text: "You are a helpful assistant that summarizes documents concisely."}]
  }
)
Batch Job States
	State	Description
	:queued	Job is queued for processing
	:pending	Job is preparing to run
	:running	Job is actively processing
	:succeeded	Job completed successfully
	:failed	Job failed
	:cancelling	Job is being cancelled
	:cancelled	Job was cancelled
	:expired	Job expired
	:partially_succeeded	Some requests succeeded, some failed

Monitoring Batch Jobs
Get Job Status
{:ok, batch} = Batches.get("batches/abc123")

IO.puts("State: #{batch.state}")

if batch.completion_stats do
  stats = batch.completion_stats
  IO.puts("Total: #{stats.total_count}")
  IO.puts("Success: #{stats.success_count}")
  IO.puts("Failed: #{stats.failure_count}")
end
Wait for Completion
{:ok, completed} = Batches.wait("batches/abc123",
  poll_interval: 60_000,   # Check every minute
  timeout: 7_200_000,      # Wait up to 2 hours
  on_progress: fn batch ->
    if progress = BatchJob.get_progress(batch) do
      IO.puts("Progress: #{Float.round(progress, 1)}%")
    end
  end
)

cond do
  BatchJob.succeeded?(completed) ->
    IO.puts("Success!")

  BatchJob.failed?(completed) ->
    IO.puts("Failed: #{completed.error.message}")

  BatchJob.cancelled?(completed) ->
    IO.puts("Job was cancelled")
end
Listing Batch Jobs
List with Pagination
{:ok, response} = Batches.list()

Enum.each(response.batch_jobs, fn job ->
  IO.puts("#{job.name}: #{job.state}")
end)

# With pagination
{:ok, response} = Batches.list(page_size: 10)
if ListBatchJobsResponse.has_more_pages?(response) do
  {:ok, page2} = Batches.list(page_token: response.next_page_token)
end
List All Jobs
{:ok, all_jobs} = Batches.list_all()
running = Enum.filter(all_jobs, &BatchJob.running?/1)
IO.puts("Running jobs: #{length(running)}")
Cancelling and Deleting
Cancel a Running Job
:ok = Batches.cancel("batches/abc123")
Delete a Completed Job
:ok = Batches.delete("batches/abc123")
Getting Results
Inlined Responses
For batches with inline response output:
{:ok, batch} = Batches.get("batches/abc123")

if BatchJob.succeeded?(batch) do
  case Batches.get_responses(batch) do
    {:ok, responses} ->
      Enum.each(responses, fn response ->
        IO.inspect(response)
      end)

    {:error, {:file_output, file_name}} ->
      IO.puts("Results in file: #{file_name}")

    {:error, {:gcs_output, gcs_uri}} ->
      IO.puts("Results in GCS: #{gcs_uri}")
  end
end
Batch Job Helper Functions
alias Gemini.Types.BatchJob

# Check job state
BatchJob.complete?(batch)     # Terminal state?
BatchJob.succeeded?(batch)    # Completed successfully?
BatchJob.failed?(batch)       # Failed?
BatchJob.running?(batch)      # Still processing?
BatchJob.cancelled?(batch)    # Was cancelled?

# Get progress percentage
BatchJob.get_progress(batch)  # 75.5 or nil

# Get job ID
BatchJob.get_id(batch)        # "abc123" from "batches/abc123"
GCS and BigQuery Integration
GCS Source (Vertex AI)
{:ok, batch} = Batches.create("gemini-2.0-flash",
  gcs_uri: ["gs://my-bucket/input.jsonl"],
  auth: :vertex_ai
)
BigQuery Source (Vertex AI)
{:ok, batch} = Batches.create("gemini-2.0-flash",
  bigquery_uri: "bq://project.dataset.table",
  auth: :vertex_ai
)
Error Handling
case Batches.create("gemini-2.0-flash", file_name: "files/input") do
  {:ok, batch} ->
    IO.puts("Created: #{batch.name}")

  {:error, {:http_error, 400, body}} ->
    IO.puts("Invalid request: #{inspect(body)}")

  {:error, {:http_error, 429, _}} ->
    IO.puts("Rate limited, try again later")

  {:error, reason} ->
    IO.puts("Failed: #{inspect(reason)}")
end
Best Practices
	Use files for large batches - Inlined requests are limited in size
	Monitor progress - Use the on_progress callback for long-running jobs
	Handle failures gracefully - Check completion_stats for partial failures
	Clean up completed jobs - Delete jobs when results are processed
	Set appropriate timeouts - Batch jobs can take hours for large inputs

Cost Savings
Batch processing offers 50% cost savings compared to interactive API calls:
	Interactive: Full price per request
	Batch: 50% discount, processed during off-peak times

API Reference
	Gemini.APIs.Batches.create/2 - Create content generation batch
	Gemini.APIs.Batches.create_embeddings/2 - Create embedding batch
	Gemini.APIs.Batches.get/2 - Get batch job status
	Gemini.APIs.Batches.list/1 - List batch jobs
	Gemini.APIs.Batches.list_all/1 - List all batch jobs
	Gemini.APIs.Batches.cancel/2 - Cancel a running batch
	Gemini.APIs.Batches.delete/2 - Delete a batch job
	Gemini.APIs.Batches.wait/2 - Wait for batch completion
	Gemini.APIs.Batches.get_responses/1 - Get inlined responses
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The Operations API provides tracking and management for long-running operations like video generation, file imports, and model tuning.
Overview
Long-running operations are used when:
	Generating video content
	Importing large files
	Tuning custom models
	Any API call that may take significant time

The Operations API allows you to:
	Check operation status and progress
	Wait for completion with configurable polling
	Cancel running operations
	List and manage active operations

Quick Start
alias Gemini.APIs.Operations
alias Gemini.Types.Operation

# Get operation status
{:ok, op} = Operations.get("operations/abc123")
IO.puts("Done: #{op.done}")

# Wait for completion
{:ok, completed} = Operations.wait("operations/abc123")

if Operation.succeeded?(completed) do
  IO.puts("Operation completed successfully!")
  IO.inspect(completed.response)
else
  IO.puts("Operation failed: #{completed.error.message}")
end
Operation States
Operations have a simple state model:
	Field	Description
	done: false	Operation is still running
	done: true, error: nil	Operation succeeded
	done: true, error: %{...}	Operation failed

Getting Operation Status
{:ok, op} = Operations.get("operations/abc123")

IO.puts("Name: #{op.name}")
IO.puts("Done: #{op.done}")

# Check for progress in metadata
if progress = Operation.get_progress(op) do
  IO.puts("Progress: #{progress}%")
end

# Check result
cond do
  Operation.running?(op) ->
    IO.puts("Still running...")

  Operation.succeeded?(op) ->
    IO.puts("Success!")
    IO.inspect(op.response)

  Operation.failed?(op) ->
    IO.puts("Failed: #{op.error.message}")
end
Waiting for Completion
Simple Wait
{:ok, completed} = Operations.wait("operations/abc123")
With Options
{:ok, completed} = Operations.wait("operations/abc123",
  poll_interval: 10_000,  # Check every 10 seconds
  timeout: 600_000,       # 10 minute timeout
  on_progress: fn op ->
    if progress = Operation.get_progress(op) do
      IO.puts("Progress: #{Float.round(progress, 1)}%")
    else
      IO.puts("Running... done=#{op.done}")
    end
  end
)
With Exponential Backoff
For long-running operations, use backoff to reduce API calls:
{:ok, completed} = Operations.wait_with_backoff("operations/abc123",
  initial_delay: 1_000,    # Start at 1 second
  max_delay: 60_000,       # Cap at 1 minute
  multiplier: 2.0,         # Double each time
  timeout: 3_600_000,      # 1 hour timeout
  on_progress: fn op ->
    IO.puts("Checking... done=#{op.done}")
  end
)
Listing Operations
List with Pagination
{:ok, response} = Operations.list()

Enum.each(response.operations, fn op ->
  status = if op.done, do: "done", else: "running"
  IO.puts("#{op.name}: #{status}")
end)

# With options
{:ok, response} = Operations.list(page_size: 10)

if ListOperationsResponse.has_more_pages?(response) do
  {:ok, page2} = Operations.list(page_token: response.next_page_token)
end
List All Operations
{:ok, all_ops} = Operations.list_all()
running = Enum.filter(all_ops, &Operation.running?/1)
IO.puts("Running operations: #{length(running)}")
Cancelling Operations
case Operations.cancel("operations/abc123") do
  :ok -> IO.puts("Operation cancelled")
  {:error, reason} -> IO.puts("Failed to cancel: #{inspect(reason)}")
end
Deleting Operations
Clean up completed operations:
:ok = Operations.delete("operations/abc123")
Operation Helper Functions
alias Gemini.Types.Operation

# Check state
Operation.complete?(op)    # Done (success or failure)?
Operation.succeeded?(op)   # Completed successfully?
Operation.failed?(op)      # Completed with error?
Operation.running?(op)     # Still in progress?

# Get progress percentage (from metadata)
Operation.get_progress(op) # 75.5 or nil

# Get operation ID
Operation.get_id(op)       # "abc123" from "operations/abc123"
Progress Tracking
Operations may include progress information in their metadata:
{:ok, op} = Operations.get("operations/abc123")

# The get_progress function checks multiple common fields
progress = Operation.get_progress(op)
# Checks: metadata["progress"], metadata["progressPercent"],
#         metadata["completionPercentage"]

if progress do
  IO.puts("Progress: #{Float.round(progress, 1)}%")
end
Error Handling
Operation Errors
{:ok, op} = Operations.get("operations/abc123")

if Operation.failed?(op) do
  error = op.error
  IO.puts("Error code: #{error.code}")
  IO.puts("Message: #{error.message}")

  if error.details do
    Enum.each(error.details, fn detail ->
      IO.puts("Detail: #{inspect(detail)}")
    end)
  end
end
API Errors
case Operations.get("operations/abc123") do
  {:ok, op} ->
    IO.inspect(op)

  {:error, {:http_error, 404, _}} ->
    IO.puts("Operation not found")

  {:error, {:http_error, status, body}} ->
    IO.puts("HTTP error #{status}: #{inspect(body)}")

  {:error, :timeout} ->
    IO.puts("Request timed out")

  {:error, reason} ->
    IO.puts("Failed: #{inspect(reason)}")
end
Common Use Cases
Video Generation
# Start video generation (returns operation)
{:ok, op} = start_video_generation(prompt)

# Wait for completion with progress
{:ok, completed} = Operations.wait(op.name,
  poll_interval: 30_000,
  on_progress: fn op ->
    if progress = Operation.get_progress(op) do
      IO.puts("Video generation: #{progress}%")
    end
  end
)

# Get the generated video URI from response
video_uri = completed.response["generatedVideo"]["uri"]
Model Tuning
# Start tuning job (returns operation)
{:ok, op} = start_tuning_job(config)

# Wait with exponential backoff (tuning can take hours)
{:ok, completed} = Operations.wait_with_backoff(op.name,
  initial_delay: 60_000,   # Start at 1 minute
  max_delay: 300_000,      # Cap at 5 minutes
  timeout: 86_400_000,     # 24 hour timeout
  on_progress: fn op ->
    IO.puts("Tuning in progress...")
  end
)
Best Practices
	Use appropriate polling intervals - Don't poll too frequently for long operations
	Implement progress callbacks - Keep users informed of progress
	Handle timeouts gracefully - Operations can exceed expected duration
	Use exponential backoff - For very long operations to reduce API calls
	Clean up completed operations - Delete when results are processed
	Store operation names - In case you need to resume monitoring later

API Reference
	Gemini.APIs.Operations.get/2 - Get operation status
	Gemini.APIs.Operations.list/1 - List operations
	Gemini.APIs.Operations.list_all/1 - List all operations
	Gemini.APIs.Operations.cancel/2 - Cancel an operation
	Gemini.APIs.Operations.delete/2 - Delete an operation
	Gemini.APIs.Operations.wait/2 - Wait for completion
	Gemini.APIs.Operations.wait_with_backoff/2 - Wait with exponential backoff
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Function calling enables Gemini to interact with external systems by generating structured function calls that your application executes.
Overview
Function calling works in three steps:
	Declare functions - Tell Gemini what functions are available
	Receive calls - Gemini generates function calls in its response
	Return results - Execute functions and return results to continue the conversation

Quick Start
alias Altar.ADM.FunctionDeclaration
alias Gemini.Tools.Executor
alias Gemini.APIs.Coordinator

# 1. Declare your function
{:ok, weather_fn} = FunctionDeclaration.new(
  name: "get_weather",
  description: "Get the current weather for a location",
  parameters: %{
    type: "object",
    properties: %{
      "location" => %{type: "string", description: "City name or coordinates"}
    },
    required: ["location"]
  }
)

# 2. Create a function registry
registry = Executor.create_registry(
  get_weather: fn args ->
    location = args["location"]
    # Your actual weather API call here
    "Sunny, 72°F in #{location}"
  end
)

# 3. Generate with tools
{:ok, response} = Coordinator.generate_content(
  "What's the weather in San Francisco?",
  tools: [weather_fn]
)

# 4. Check for function calls
if Coordinator.has_function_calls?(response) do
  calls = Coordinator.extract_function_calls(response)
  results = Executor.execute_all(calls, registry)
  IO.inspect(results)
end
Defining Functions
Using FunctionDeclaration
The Altar.ADM.FunctionDeclaration struct defines a function's contract:
{:ok, fn_decl} = FunctionDeclaration.new(
  name: "search_database",
  description: "Search the product database",
  parameters: %{
    type: "object",
    properties: %{
      "query" => %{
        type: "string",
        description: "Search query"
      },
      "limit" => %{
        type: "integer",
        description: "Maximum results to return"
      },
      "category" => %{
        type: "string",
        description: "Filter by category",
        enum: ["electronics", "clothing", "home"]
      }
    },
    required: ["query"]
  }
)
Using Schema Type
For more complex schemas, use Gemini.Types.Schema:
alias Gemini.Types.Schema

# Simple string parameter
name_schema = Schema.string("Person's full name")

# Object with nested properties
address_schema = Schema.object(%{
  "street" => Schema.string("Street address"),
  "city" => Schema.string("City name"),
  "zip" => Schema.string("ZIP code")
}, required: ["city"])

# Array of items
tags_schema = Schema.array(
  Schema.string("Tag name"),
  "List of tags"
)

# Complex nested schema
person_schema = Schema.object(%{
  "name" => name_schema,
  "address" => address_schema,
  "tags" => tags_schema
}, required: ["name"])

# Convert to API format for function parameters
params = Schema.to_api_map(person_schema)
Executing Function Calls
Manual Execution
alias Gemini.Tools.Executor

# Create registry
registry = %{
  "get_weather" => fn args -> fetch_weather(args["location"]) end,
  "search" => fn args -> search_database(args["query"]) end
}

# Execute calls
{:ok, response} = Coordinator.generate_content("...", tools: tools)
calls = Coordinator.extract_function_calls(response)

for call <- calls do
  case Executor.execute(call, registry) do
    {:ok, result} ->
      IO.puts("#{call.name}: #{inspect(result)}")
    {:error, reason} ->
      IO.puts("Error in #{call.name}: #{inspect(reason)}")
  end
end
Batch Execution
# Sequential execution
results = Executor.execute_all(calls, registry)

# Parallel execution (for I/O-bound operations)
results = Executor.execute_all_parallel(calls, registry)
Building Responses
After executing functions, build responses for the next API call:
responses = Executor.build_responses(calls, results)

# responses is a list of FunctionResponse structs
# Use these to continue the conversation
Automatic Function Calling (AFC)
AFC automatically handles the execute-and-continue loop:
alias Gemini.Tools.AutomaticFunctionCalling, as: AFC

# Configure AFC
config = AFC.config(
  max_calls: 10,           # Maximum function calls before stopping
  parallel_execution: true  # Execute calls in parallel
)

# Define generate function
generate_fn = fn contents, opts ->
  Coordinator.generate_content(contents, opts)
end

# Initial request
{:ok, response} = Coordinator.generate_content(
  "What's the weather in NYC and LA?",
  tools: tools
)

# Run AFC loop
{final_response, call_count, history} = AFC.loop(
  response,
  [%{role: "user", parts: [%{text: "What's the weather in NYC and LA?"}]}],
  registry,
  config,
  0,    # initial call count
  [],   # initial history
  generate_fn,
  [tools: tools]  # opts for generate_fn
)

IO.puts("Made #{call_count} function calls")
IO.puts("Final response: #{inspect(final_response)}")
Multi-Turn Conversations
Function calling naturally fits into multi-turn conversations:
# Turn 1: User asks a question
{:ok, response1} = Coordinator.generate_content(
  "What's the weather like?",
  tools: tools
)

# Turn 2: Execute function calls and continue
if Coordinator.has_function_calls?(response1) do
  calls = Coordinator.extract_function_calls(response1)
  results = Executor.execute_all(calls, registry)

  # Build conversation history
  user_content = %{role: "user", parts: [%{text: "What's the weather like?"}]}
  model_content = %{role: "model", parts: response1.candidates |> hd() |> Map.get(:content) |> Map.get(:parts)}
  function_content = AFC.build_function_response_content(calls, results)

  # Continue conversation
  {:ok, response2} = Coordinator.generate_content(
    [user_content, model_content, function_content],
    tools: tools
  )
end
Error Handling
Unknown Functions
case Executor.execute(call, registry) do
  {:ok, result} ->
    # Success
    result

  {:error, {:unknown_function, name}} ->
    # Function not in registry
    Logger.error("Unknown function: #{name}")

  {:error, {:execution_error, exception}} ->
    # Function raised an exception
    Logger.error("Execution error: #{Exception.message(exception)}")
end
AFC Limits
config = AFC.config(max_calls: 5)

{response, call_count, _} = AFC.loop(...)

if call_count >= 5 do
  Logger.warn("AFC loop reached maximum calls")
end
Best Practices
1. Keep Functions Focused
Each function should do one thing well:
# Good: Focused functions
{:ok, _} = FunctionDeclaration.new(
  name: "get_user",
  description: "Get a user by ID",
  parameters: %{type: "object", properties: %{"user_id" => %{type: "string"}}}
)

# Avoid: Functions that do too much
# "manage_user" that creates, updates, and deletes
2. Write Clear Descriptions
Gemini uses descriptions to understand when to call functions:
# Good: Clear, specific description
{:ok, _} = FunctionDeclaration.new(
  name: "search_orders",
  description: "Search customer orders by date range, status, or order ID. Returns order summaries including total, items, and shipping status.",
  parameters: %{...}
)

# Avoid: Vague descriptions
# description: "Search stuff"
3. Validate Parameters
The Schema type enforces constraints:
# Use enum for known values
status_schema = Schema.string("Order status", enum: ["pending", "shipped", "delivered"])

# Use minimum/maximum for ranges
count_schema = Schema.integer("Item count", minimum: 1, maximum: 100)
4. Handle Errors Gracefully
Always handle execution errors in responses:
# The Executor automatically builds error responses
responses = Executor.build_responses(calls, results)
# Error results become: %{error: "Error message"}
Complete Example
Here's a complete example with a calculator agent:
defmodule CalculatorAgent do
  alias Altar.ADM.FunctionDeclaration
  alias Gemini.Tools.{Executor, AutomaticFunctionCalling}
  alias Gemini.APIs.Coordinator

  def run(question) do
    tools = build_tools()
    registry = build_registry()
    config = AutomaticFunctionCalling.config(max_calls: 5)

    {:ok, response} = Coordinator.generate_content(
      question,
      tools: tools
    )

    generate_fn = fn contents, opts ->
      Coordinator.generate_content(contents, opts)
    end

    {final_response, _, _} = AutomaticFunctionCalling.loop(
      response,
      [%{role: "user", parts: [%{text: question}]}],
      registry,
      config,
      0,
      [],
      generate_fn,
      [tools: tools]
    )

    case Coordinator.extract_text(final_response) do
      {:ok, text} -> text
      _ -> "Unable to get response"
    end
  end

  defp build_tools do
    [
      elem(FunctionDeclaration.new(
        name: "add",
        description: "Add two numbers",
        parameters: %{
          type: "object",
          properties: %{
            "a" => %{type: "number"},
            "b" => %{type: "number"}
          },
          required: ["a", "b"]
        }
      ), 1),
      elem(FunctionDeclaration.new(
        name: "multiply",
        description: "Multiply two numbers",
        parameters: %{
          type: "object",
          properties: %{
            "a" => %{type: "number"},
            "b" => %{type: "number"}
          },
          required: ["a", "b"]
        }
      ), 1)
    ]
  end

  defp build_registry do
    Executor.create_registry(
      add: fn args -> args["a"] + args["b"] end,
      multiply: fn args -> args["a"] * args["b"] end
    )
  end
end

# Usage
result = CalculatorAgent.run("What is 5 + 3 multiplied by 2?")
IO.puts(result)
See Also
	System Instructions Guide - Setting persistent system prompts
	Structured Outputs Guide - Getting structured JSON responses
	Streaming Guide - Real-time streaming responses
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System instructions allow you to set persistent context that guides the model's behavior across all interactions in a session.
Overview
System instructions are different from user messages:
	Persistent: Applied to every request without repeating in conversation history
	Higher priority: Model treats system instructions as authoritative context
	Token efficient: Only sent once per request, not duplicated in history
	Structured: Can include complex formatting, rules, and examples

Quick Start
alias Gemini.APIs.Coordinator

# Simple string system instruction
{:ok, response} = Coordinator.generate_content(
  "Explain photosynthesis",
  system_instruction: "You are a biology teacher for 8th grade students. Use simple language and real-world examples."
)

{:ok, text} = Coordinator.extract_text(response)
IO.puts(text)
System Instruction Formats
String Format
The simplest form - just a text string:
{:ok, response} = Coordinator.generate_content(
  "Write a poem about the ocean",
  system_instruction: "You are a poet who writes in the style of Emily Dickinson."
)
Content Struct Format
For more complex instructions with multiple parts:
alias Gemini.Types.Content

system_content = %Content{
  role: "user",
  parts: [
    %Gemini.Types.Part{text: "You are a helpful coding assistant."},
    %Gemini.Types.Part{text: "Always include code examples in your responses."},
    %Gemini.Types.Part{text: "Use TypeScript for all examples unless asked otherwise."}
  ]
}

{:ok, response} = Coordinator.generate_content(
  "How do I sort an array?",
  system_instruction: system_content
)
Map Format
For structured instructions:
{:ok, response} = Coordinator.generate_content(
  "Summarize this document",
  system_instruction: %{
    parts: [
      %{text: """
      You are a document summarizer with these rules:
      1. Keep summaries under 200 words
      2. Use bullet points for key facts
      3. Include a "Key Takeaway" at the end
      """}
    ]
  }
)
Use Cases
Persona Setting
Define how the model should behave:
# Customer service agent
{:ok, _} = Coordinator.generate_content(
  "I can't find my order",
  system_instruction: """
  You are a friendly customer service agent for ShopMart.
  - Always greet customers warmly
  - Ask for order number if not provided
  - Offer solutions, not excuses
  - End with "Is there anything else I can help with?"
  """
)
Response Format Control
Ensure consistent output format:
# JSON response format
{:ok, response} = Coordinator.generate_content(
  "List 3 fruits",
  system_instruction: """
  Always respond with valid JSON in this format:
  {
    "items": ["item1", "item2", ...],
    "count": <number>
  }
  Do not include any text outside the JSON.
  """,
  response_mime_type: "application/json"
)
Domain Expertise
Set up domain-specific knowledge:
# Legal assistant
{:ok, _} = Coordinator.generate_content(
  "What is a tort?",
  system_instruction: """
  You are a legal research assistant specializing in U.S. law.

  When explaining legal concepts:
  1. Start with a plain English definition
  2. Provide the formal legal definition
  3. Give an example case
  4. Note any relevant statutes

  Always include a disclaimer that this is not legal advice.
  """
)
Safety and Boundaries
Set appropriate boundaries:
# Child-safe content
{:ok, _} = Coordinator.generate_content(
  "Tell me a story",
  system_instruction: """
  You create content for children ages 5-8.

  Rules:
  - Use age-appropriate language
  - Avoid scary or violent themes
  - Include positive messages
  - Keep stories under 300 words
  """
)
Multi-Turn Conversations
System instructions persist across the conversation:
alias Gemini.Chat

# Start chat with system instruction
{:ok, chat} = Chat.start_chat(
  system_instruction: "You are a math tutor. Walk through problems step by step."
)

# All messages inherit the system instruction
{:ok, response1} = Chat.send_message(chat, "What is 15% of 80?")
# Model responds with step-by-step explanation

{:ok, response2} = Chat.send_message(chat, "Now what is 20% of the same number?")
# Model continues with consistent tutoring style
Combining with Other Features
With Tools
System instructions can guide tool usage:
{:ok, response} = Coordinator.generate_content(
  "What's the weather like for a picnic?",
  system_instruction: """
  You are a helpful assistant with access to weather data.

  When asked about weather:
  1. Always check the current weather first
  2. Provide practical advice based on conditions
  3. Suggest alternatives if weather is bad
  """,
  tools: [weather_function]
)
With Generation Config
Combine with generation parameters:
{:ok, response} = Coordinator.generate_content(
  "Write a tagline",
  system_instruction: "You are a marketing copywriter. Be creative and punchy.",
  temperature: 0.9,
  max_output_tokens: 50
)
With Structured Output
Enforce both behavior and format:
{:ok, response} = Coordinator.generate_content(
  "Analyze this product review",
  system_instruction: """
  You are a sentiment analysis expert.
  Analyze reviews for:
  - Overall sentiment (positive/negative/neutral)
  - Key themes mentioned
  - Suggested improvements
  """,
  response_mime_type: "application/json",
  response_schema: %{
    "type" => "object",
    "properties" => %{
      "sentiment" => %{"type" => "string", "enum" => ["positive", "negative", "neutral"]},
      "themes" => %{"type" => "array", "items" => %{"type" => "string"}},
      "improvements" => %{"type" => "array", "items" => %{"type" => "string"}}
    }
  }
)
Best Practices
1. Be Specific
# Good: Specific instructions
system_instruction: """
You are a technical writer for software documentation.
- Use present tense
- Write in second person ("you")
- Include code examples for every concept
- Keep sentences under 25 words
"""

# Avoid: Vague instructions
system_instruction: "Be helpful and write well."
2. Use Structure
# Good: Organized sections
system_instruction: """
## Role
You are a financial advisor.

## Guidelines
- Always ask about risk tolerance
- Explain fees clearly
- Never guarantee returns

## Response Format
1. Summary of advice
2. Detailed explanation
3. Next steps
"""
3. Include Examples
system_instruction: """
Format responses as haiku (5-7-5 syllables).

Example:
User: What is spring?
Assistant:
Cherry blossoms fall
Gentle rain awakens earth
New life emerges
"""
4. Keep it Focused
Don't overload with too many instructions. Focus on the key behaviors you need.
5. Test Variations
Different phrasings can produce different results. Test your system instructions with various inputs.
Limitations
	System instructions count toward the context window
	Very long instructions may reduce space for conversation
	Model may occasionally deviate from instructions
	Some instructions may conflict with safety guidelines

Token Efficiency
System instructions are more token-efficient than repeating context:
# Efficient: System instruction (sent once per request)
{:ok, _} = Coordinator.generate_content(
  "Question here",
  system_instruction: "You are an expert..."
)

# Less efficient: Context in every message
{:ok, _} = Coordinator.generate_content([
  %{role: "user", parts: [%{text: "Context: You are an expert... Question here"}]}
])
See Also
	Function Calling Guide - Integrating external tools
	Structured Outputs Guide - Getting JSON responses
	Chat Module - Multi-turn conversations
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The Gemini Live API enables real-time, bidirectional streaming communication with Gemini models through WebSocket connections. This allows for interactive conversations with low latency, supporting text, audio, and video inputs.
Overview
The Live API is ideal for:
	Interactive chatbots and virtual assistants
	Real-time voice conversations
	Live video analysis
	Multi-turn conversations with tool calling
	Low-latency applications requiring immediate responses

Key Features
	Bidirectional Streaming: Send and receive messages in real-time
	Multi-Modal Support: Text, audio, and video inputs
	Tool Calling: Execute functions during conversations
	Automatic Reconnection: Built-in reconnection logic with exponential backoff
	Event-Driven: Callback-based architecture for handling responses

Getting Started
Basic Setup
alias Gemini.Live.Session

# Start a session
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",
  on_message: fn message ->
    IO.inspect(message, label: "Received")
  end
)

# Connect to the Live API
:ok = Session.connect(session)

# Send a message
:ok = Session.send(session, "Hello! How are you?")

# Close when done
Session.close(session)
With Callbacks
The session supports several callbacks for handling different events:
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",

  # Called when successfully connected
  on_connect: fn ->
    IO.puts("🟢 Connected to Live API")
  end,

  # Called when a message is received
  on_message: fn message ->
    case message do
      %{server_content: content} ->
        handle_model_response(content)

      %{tool_call: calls} ->
        handle_function_calls(calls)

      %{setup_complete: _} ->
        IO.puts("✅ Setup complete")
    end
  end,

  # Called when disconnected
  on_disconnect: fn reason ->
    IO.puts("🔴 Disconnected: #{inspect(reason)}")
  end,

  # Called on errors
  on_error: fn error ->
    IO.puts("❌ Error: #{inspect(error)}")
  end
)

Session.connect(session)
Sending Messages
Simple Text Messages
# Send a simple text message
Session.send(session, "What is the capital of France?")
Structured Content
# Send structured content with multiple turns
Session.send_client_content(session, [
  %{role: "user", parts: [%{text: "I'm going to tell you a story."}]},
  %{role: "user", parts: [%{text: "Once upon a time..."}]}
], true) # true = turn_complete
Real-Time Audio Input
# Send audio chunks for real-time transcription
audio_data = File.read!("audio.pcm")

Session.send_realtime_input(session, [
  %{
    data: Base.encode64(audio_data),
    mime_type: "audio/pcm"
  }
])
Receiving Messages
Messages are received through the on_message callback. The message structure depends on the type:
Setup Complete
%Gemini.Live.Message.ServerMessage{
  setup_complete: %{message: "Setup complete"}
}
Model Response
%Gemini.Live.Message.ServerMessage{
  server_content: %{
    model_turn: %{
      role: "model",
      parts: [%{text: "Paris is the capital of France."}]
    },
    turn_complete: true
  }
}
Tool/Function Call
%Gemini.Live.Message.ServerMessage{
  tool_call: %{
    function_calls: [
      %{
        name: "get_weather",
        args: %{location: "San Francisco"}
      }
    ]
  }
}
Function Calling
The Live API supports tool calling during conversations:
# Define tools
tools = [
  %{
    function_declarations: [
      %{
        name: "get_weather",
        description: "Get current weather for a location",
        parameters: %{
          type: "object",
          properties: %{
            location: %{
              type: "string",
              description: "City name"
            }
          },
          required: ["location"]
        }
      }
    ]
  }
]

# Start session with tools
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",
  tools: tools,
  on_message: &handle_message/1
)

Session.connect(session)
Session.send(session, "What's the weather in Tokyo?")

# In your message handler, respond to tool calls
def handle_message(%{tool_call: %{function_calls: calls}}) do
  # Execute the function
  results = Enum.map(calls, fn call ->
    case call["name"] do
      "get_weather" ->
        location = call["args"]["location"]
        weather = get_weather_data(location)

        %{
          name: call["name"],
          response: weather
        }
    end
  end)

  # Send the results back
  Session.send_tool_response(session, results)
end
Configuration Options
Generation Config
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",
  generation_config: %{
    temperature: 0.8,
    top_p: 0.95,
    top_k: 40,
    max_output_tokens: 1024
  }
)
System Instructions
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",
  system_instruction: "You are a helpful travel assistant. Always provide concise recommendations."
)
Safety Settings
alias Gemini.Types.SafetySetting

{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",
  safety_settings: [
    %SafetySetting{
      category: :harassment,
      threshold: :block_medium_and_above
    }
  ]
)
Advanced Usage
Streaming Audio Conversations
defmodule VoiceAssistant do
  alias Gemini.Live.Session

  def start do
    {:ok, session} = Session.start_link(
      model: "gemini-2.0-flash-exp",
      generation_config: %{
        response_modalities: ["AUDIO"],
        speech_config: %{
          voice_config: %{
            prebuilt_voice_config: %{
              voice_name: "Kore"
            }
          }
        }
      },
      on_message: &handle_audio_response/1
    )

    Session.connect(session)

    # Start capturing audio from microphone
    stream_audio_input(session)
  end

  defp stream_audio_input(session) do
    # Continuously stream audio chunks
    audio_stream = capture_microphone()

    Enum.each(audio_stream, fn chunk ->
      Session.send_realtime_input(session, [
        %{data: Base.encode64(chunk), mime_type: "audio/pcm"}
      ])
    end)
  end

  defp handle_audio_response(%{server_content: content}) do
    # Extract and play audio response
    case content do
      %{model_turn: %{parts: parts}} ->
        Enum.each(parts, fn part ->
          if part["inlineData"] do
            audio_data = Base.decode64!(part["inlineData"]["data"])
            play_audio(audio_data)
          end
        end)
    end
  end
end
Multi-Turn Conversations with Context
defmodule ConversationManager do
  alias Gemini.Live.Session

  def start_conversation do
    {:ok, session} = Session.start_link(
      model: "gemini-2.0-flash-exp",
      system_instruction: "You are a math tutor helping students learn algebra.",
      on_message: &handle_response/1
    )

    Session.connect(session)

    # Multi-turn conversation
    Session.send(session, "I'm having trouble with quadratic equations.")

    # Wait for response, then continue
    receive do
      {:response, _} ->
        Session.send(session, "Can you give me an example?")
    end

    session
  end

  defp handle_response(message) do
    case message do
      %{server_content: %{model_turn: turn}} ->
        send(self(), {:response, turn})
    end
  end
end
Handling Reconnection
The session automatically handles reconnection with exponential backoff:
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",

  on_connect: fn ->
    IO.puts("Connected - ready to send messages")
  end,

  on_disconnect: fn reason ->
    IO.puts("Disconnected: #{inspect(reason)}")
    IO.puts("Automatic reconnection will be attempted...")
  end
)

# Connection is automatically restored on network issues
# Messages sent during disconnection are queued
Error Handling
Common Errors
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",

  on_error: fn error ->
    case error do
      {:authentication_failed, _} ->
        IO.puts("Check your API key configuration")

      {:rate_limit_exceeded, _} ->
        IO.puts("Rate limit hit - backing off...")

      {:invalid_message, _} ->
        IO.puts("Message format error")

      other ->
        IO.puts("Unexpected error: #{inspect(other)}")
    end
  end
)
Timeouts and Retries
defmodule ResilientChat do
  alias Gemini.Live.Session

  def send_with_retry(session, message, retries \\ 3) do
    case Session.send(session, message) do
      :ok ->
        :ok

      {:error, :not_connected} when retries > 0 ->
        # Wait for reconnection
        Process.sleep(1000)
        send_with_retry(session, message, retries - 1)

      error ->
        error
    end
  end
end
Best Practices
1. Always Handle Callbacks
# Good: Handle all message types
on_message: fn message ->
  case message do
    %{setup_complete: _} -> handle_setup()
    %{server_content: content} -> handle_content(content)
    %{tool_call: calls} -> handle_tools(calls)
    _ -> Logger.warn("Unhandled message: #{inspect(message)}")
  end
end
2. Manage Session Lifecycle
defmodule MyApp.ChatServer do
  use GenServer
  alias Gemini.Live.Session

  def start_link(opts) do
    GenServer.start_link(__MODULE__, opts)
  end

  def init(_opts) do
    {:ok, session} = Session.start_link(
      model: "gemini-2.0-flash-exp",
      on_message: fn msg -> send(self(), {:live_message, msg}) end
    )

    Session.connect(session)

    {:ok, %{session: session}}
  end

  def terminate(_reason, state) do
    Session.close(state.session)
    :ok
  end
end
3. Use Structured Logging
require Logger

{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",

  on_connect: fn ->
    Logger.info("Live API session connected")
  end,

  on_message: fn message ->
    Logger.debug("Received message", message: inspect(message))
  end,

  on_error: fn error ->
    Logger.error("Live API error", error: inspect(error))
  end
)
4. Rate Limiting Awareness
defmodule RateLimitedChat do
  use GenServer
  alias Gemini.Live.Session

  @max_messages_per_minute 60

  def send_message(pid, message) do
    GenServer.call(pid, {:send, message})
  end

  def handle_call({:send, message}, _from, state) do
    if can_send?(state) do
      Session.send(state.session, message)
      {:reply, :ok, update_rate_limit(state)}
    else
      {:reply, {:error, :rate_limited}, state}
    end
  end

  defp can_send?(state) do
    length(state.recent_messages) < @max_messages_per_minute
  end
end
API Reference
For detailed API documentation, see:
	Gemini.Live.Session - Main session management
	Gemini.Live.Message - Message types and serialization
	Gemini.Types.Live - Configuration types

Troubleshooting
Connection Issues
# Check authentication
config = Application.get_env(:gemini_ex, :api_key)
IO.inspect(config, label: "API Key configured?")

# Enable debug logging
Logger.configure(level: :debug)

# Test basic connectivity
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",
  on_error: fn error -> IO.inspect(error, label: "Error") end
)
Message Not Received
# Ensure callbacks are configured
{:ok, session} = Session.start_link(
  model: "gemini-2.0-flash-exp",
  on_message: fn msg ->
    IO.inspect(msg, label: "Message received", limit: :infinity)
  end
)

# Check session status
Session.status(session)
# => :connected (or :disconnected, :connecting, :error)
Tool Calls Not Working
# Verify tool declaration format
tools = [
  %{
    function_declarations: [
      %{
        name: "my_function",
        description: "Clear description here",
        parameters: %{
          type: "object",
          properties: %{
            param: %{type: "string"}
          },
          required: ["param"]
        }
      }
    ]
  }
]

# Ensure you're responding to tool calls
on_message: fn
  %{tool_call: calls} ->
    # Execute and respond
    Session.send_tool_response(session, results)

  _ ->
    :ok
end
Examples
See the examples directory for complete working examples:
	examples/live_chat.exs - Interactive chat session
	examples/live_voice.exs - Voice conversation
	examples/live_tools.exs - Function calling with Live API

Related Documentation
	Function Calling Guide
	Authentication System
	Streaming Architecture
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    Model Fine-Tuning Guide

This guide covers fine-tuning Gemini models using supervised learning on Vertex AI.
Overview
Fine-tuning allows you to adapt Gemini models to your specific use case by training them on your custom datasets. This improves model performance for domain-specific tasks like customer support, code generation, content moderation, or specialized Q&A.
Key Benefits:
	Improved accuracy for domain-specific tasks
	Consistent output formatting and style
	Better understanding of domain terminology
	Reduced need for extensive prompting

Prerequisites
Required Setup
	Vertex AI Authentication - Tuning is only available on Vertex AI
	Google Cloud Project - Active GCP project with billing enabled
	Vertex AI API - Enable the Vertex AI API in your project
	Cloud Storage - GCS bucket for training data
	Permissions - Vertex AI User or Vertex AI Admin role

Supported Models
The following Gemini models support fine-tuning on Vertex AI:
	gemini-2.5-pro-001 - Best quality, higher cost
	gemini-2.5-flash-001 - Balanced quality and speed
	gemini-2.5-flash-lite-001 - Fastest, most cost-effective

Cost Considerations
Fine-tuning incurs costs based on:
	Training time (typically 1-4 hours)
	Base model size
	Number of training examples
	Number of epochs

Estimate costs using the Google Cloud Pricing Calculator.
Quick Start
1. Prepare Training Data
Create a JSONL file with your training examples:
{"contents": [{"role": "user", "parts": [{"text": "What is your refund policy?"}]}, {"role": "model", "parts": [{"text": "We offer full refunds within 30 days of purchase with proof of receipt."}]}]}
{"contents": [{"role": "user", "parts": [{"text": "How do I track my order?"}]}, {"role": "model", "parts": [{"text": "Visit our tracking page at example.com/track and enter your order number."}]}]}
{"contents": [{"role": "user", "parts": [{"text": "Do you ship internationally?"}]}, {"role": "model", "parts": [{"text": "Yes, we ship to over 50 countries. Shipping times vary by destination."}]}]}
Best Practices:
	Minimum 100 examples recommended (more is better)
	Maximum 10,000 examples per job
	Balance your dataset across different topics
	Include diverse input phrasings
	Ensure consistent output quality

2. Upload to Cloud Storage
Upload your training data to GCS:
gsutil cp training-data.jsonl gs://my-bucket/tuning/training-data.jsonl

Optionally, create validation data:
gsutil cp validation-data.jsonl gs://my-bucket/tuning/validation-data.jsonl

3. Configure Authentication
Set up Vertex AI credentials:
# Using environment variables
System.put_env("VERTEX_PROJECT_ID", "my-project-id")
System.put_env("VERTEX_LOCATION", "us-central1")
System.put_env("VERTEX_ACCESS_TOKEN", "ya29....")

# Or using application config
config :gemini, :vertex_ai,
  project_id: "my-project-id",
  location: "us-central1",
  access_token: "ya29...."
4. Create a Tuning Job
alias Gemini.Types.Tuning.CreateTuningJobConfig
alias Gemini.APIs.Tunings

# Create job configuration
config = %CreateTuningJobConfig{
  base_model: "gemini-2.5-flash-001",
  tuned_model_display_name: "customer-support-model",
  training_dataset_uri: "gs://my-bucket/tuning/training-data.jsonl",
  validation_dataset_uri: "gs://my-bucket/tuning/validation-data.jsonl",
  epoch_count: 10,
  learning_rate_multiplier: 1.0
}

# Start tuning
{:ok, job} = Tunings.tune(config, auth: :vertex_ai)

IO.puts("Job created: #{job.name}")
IO.puts("State: #{job.state}")
5. Monitor Progress
Poll the job status periodically:
# Manual polling
{:ok, job} = Tunings.get(job_name, auth: :vertex_ai)

case job.state do
  :job_state_succeeded ->
    IO.puts("Training complete!")
    IO.puts("Tuned model: #{job.tuned_model}")

  :job_state_running ->
    IO.puts("Still training...")

  :job_state_failed ->
    IO.puts("Training failed: #{job.error.message}")

  _ ->
    IO.puts("Current state: #{job.state}")
end

# Or use automatic waiting
{:ok, completed_job} = Tunings.wait_for_completion(
  job.name,
  poll_interval: 60_000,    # Check every minute
  timeout: 7_200_000,       # Wait up to 2 hours
  on_status: fn j ->
    IO.puts("State: #{j.state}")
  end,
  auth: :vertex_ai
)
6. Use the Tuned Model
Once training succeeds, use your tuned model:
{:ok, response} = Gemini.generate(
  "What is your shipping policy?",
  model: completed_job.tuned_model,
  auth: :vertex_ai
)

IO.puts(response.text)
Training Data Format
Required Structure
Each line in your JSONL file must be a complete conversation:
{
  "contents": [
    {
      "role": "user",
      "parts": [{"text": "input text"}]
    },
    {
      "role": "model",
      "parts": [{"text": "expected output"}]
    }
  ]
}
Multi-Turn Conversations
For multi-turn examples:
{
  "contents": [
    {"role": "user", "parts": [{"text": "Hello"}]},
    {"role": "model", "parts": [{"text": "Hi! How can I help you?"}]},
    {"role": "user", "parts": [{"text": "I need help with my order"}]},
    {"role": "model", "parts": [{"text": "I'd be happy to help. What's your order number?"}]}
  ]
}
Validation Data
Create a separate validation set (10-20% of total data):
config = %CreateTuningJobConfig{
  base_model: "gemini-2.5-flash-001",
  tuned_model_display_name: "my-model",
  training_dataset_uri: "gs://bucket/training.jsonl",
  validation_dataset_uri: "gs://bucket/validation.jsonl"  # Optional but recommended
}
Hyperparameter Tuning
Epoch Count
Number of times the model trains on the full dataset:
config = %CreateTuningJobConfig{
  # ... other fields
  epoch_count: 15  # Default: 10, Range: 1-100
}
Guidelines:
	More epochs = better learning but risk overfitting
	Start with default (10) and adjust based on validation metrics
	Use validation data to detect overfitting

Learning Rate Multiplier
Controls how quickly the model adapts:
config = %CreateTuningJobConfig{
  # ... other fields
  learning_rate_multiplier: 0.5  # Default: 1.0, Range: 0.1-2.0
}
Guidelines:
	Lower (0.3-0.7) = more stable, slower convergence
	Higher (1.5-2.0) = faster convergence, risk of instability
	Start with 1.0 and adjust if needed

Adapter Size
Model capacity for fine-tuning:
config = %CreateTuningJobConfig{
  # ... other fields
  adapter_size: "ADAPTER_SIZE_FOUR"
}
Options:
	"ADAPTER_SIZE_ONE" - Smallest, fastest, least capacity
	"ADAPTER_SIZE_FOUR" - Balanced (default)
	"ADAPTER_SIZE_EIGHT" - Larger capacity
	"ADAPTER_SIZE_SIXTEEN" - Maximum capacity

Guidelines:
	Use larger adapters for complex tasks
	Start with default and increase if underfitting

Managing Tuning Jobs
List All Jobs
# List recent jobs
{:ok, response} = Tunings.list(auth: :vertex_ai)

Enum.each(response.tuning_jobs, fn job ->
  IO.puts("#{job.tuned_model_display_name}: #{job.state}")
end)

# With pagination
{:ok, response} = Tunings.list(
  page_size: 50,
  page_token: response.next_page_token,
  auth: :vertex_ai
)

# Get all jobs automatically
{:ok, all_jobs} = Tunings.list_all(auth: :vertex_ai)
Filter Jobs
# Filter by state
{:ok, succeeded} = Tunings.list(
  filter: "state=JOB_STATE_SUCCEEDED",
  auth: :vertex_ai
)

# Filter by label
{:ok, production} = Tunings.list(
  filter: "labels.environment=production",
  auth: :vertex_ai
)
Cancel Running Jobs
{:ok, job} = Tunings.cancel(job_name, auth: :vertex_ai)

# Verify cancellation
{:ok, updated} = Tunings.get(job_name, auth: :vertex_ai)
assert updated.state in [:job_state_cancelling, :job_state_cancelled]
Best Practices
Data Quality
	Curate High-Quality Examples
	Review and validate each example
	Remove duplicates and errors
	Ensure consistent formatting


	Balance Your Dataset
	Equal representation of different topics
	Diverse input phrasings
	Consistent output style


	Use Validation Data
	Hold out 10-20% for validation
	Helps detect overfitting
	Provides performance metrics



Training Strategy
	Start Simple
# Initial training
config = %CreateTuningJobConfig{
  base_model: "gemini-2.5-flash-001",
  tuned_model_display_name: "model-v1",
  training_dataset_uri: "gs://bucket/data.jsonl",
  epoch_count: 10,
  learning_rate_multiplier: 1.0
}

	Iterate and Improve
	Test the tuned model
	Collect failure cases
	Add to training data
	Retrain with updated data


	Monitor Metrics
{:ok, job} = Tunings.get(job_name, auth: :vertex_ai)

if job.tuning_data_stats do
  IO.inspect(job.tuning_data_stats, label: "Training Statistics")
end


Production Deployment
	Version Your Models
tuned_model_display_name: "support-model-v2-#{Date.utc_today()}"

	Label Your Jobs
config = %CreateTuningJobConfig{
  # ... other fields
  labels: %{
    "environment" => "production",
    "version" => "v2",
    "team" => "ml-ops"
  }
}

	Test Before Deployment
	Validate on held-out test set
	Compare with base model
	A/B test in production



Troubleshooting
Common Issues
"Training data not found"
	Verify GCS URI is correct
	Check bucket permissions
	Ensure file is in JSONL format

"Invalid training data format"
	Validate each line is valid JSON
	Check contents structure
	Ensure proper role and parts fields

"Insufficient training data"
	Minimum 100 examples recommended
	Add more diverse examples
	Check for duplicates

"Job failed during training"
	Check error message in job.error
	Verify data quality
	Try reducing learning rate

Getting Help
# Check job error details
{:ok, job} = Tunings.get(job_name, auth: :vertex_ai)

if job.state == :job_state_failed do
  IO.puts("Error: #{job.error.message}")
  IO.puts("Code: #{job.error.code}")
  IO.inspect(job.error.details, label: "Details")
end
Complete Example
defmodule MyApp.ModelTuning do
  alias Gemini.Types.Tuning.CreateTuningJobConfig
  alias Gemini.APIs.Tunings

  def train_customer_support_model do
    # 1. Create configuration
    config = %CreateTuningJobConfig{
      base_model: "gemini-2.5-flash-001",
      tuned_model_display_name: "support-v1-#{Date.utc_today()}",
      training_dataset_uri: "gs://my-bucket/support-training.jsonl",
      validation_dataset_uri: "gs://my-bucket/support-validation.jsonl",
      epoch_count: 15,
      learning_rate_multiplier: 0.8,
      labels: %{"team" => "support", "version" => "v1"}
    }

    # 2. Start tuning
    {:ok, job} = Tunings.tune(config, auth: :vertex_ai)
    IO.puts("Started job: #{job.name}")

    # 3. Wait for completion
    {:ok, completed} = Tunings.wait_for_completion(
      job.name,
      poll_interval: 120_000,  # 2 minutes
      on_status: &log_progress/1,
      auth: :vertex_ai
    )

    # 4. Handle result
    case completed.state do
      :job_state_succeeded ->
        IO.puts("Success! Model: #{completed.tuned_model}")
        test_model(completed.tuned_model)

      :job_state_failed ->
        IO.puts("Failed: #{completed.error.message}")

      _ ->
        IO.puts("Unexpected state: #{completed.state}")
    end
  end

  defp log_progress(job) do
    IO.puts("[#{DateTime.utc_now()}] State: #{job.state}")

    if job.tuning_data_stats do
      IO.inspect(job.tuning_data_stats, label: "Stats")
    end
  end

  defp test_model(model_name) do
    test_prompts = [
      "What is your refund policy?",
      "How do I track my order?",
      "Do you ship internationally?"
    ]

    Enum.each(test_prompts, fn prompt ->
      {:ok, response} = Gemini.generate(prompt,
        model: model_name,
        auth: :vertex_ai
      )

      IO.puts("Q: #{prompt}")
      IO.puts("A: #{response.text}\n")
    end)
  end
end
Additional Resources
	Vertex AI Tuning Documentation
	Training Data Best Practices
	Pricing Calculator
	Gemini Model Garden

Next Steps
	Review Rate Limiting & Cached Contexts to reduce costs with tuned models
	Explore Function Calling for enhanced capabilities
	Check Streaming Guide for real-time responses
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    File Search Stores Guide

Complete guide to using File Search Stores for semantic search and retrieval-augmented generation (RAG) in the Gemini Elixir client.
Table of Contents
	Overview
	Prerequisites
	Quick Start
	Creating Stores
	Managing Documents
	Querying Stores
	Best Practices
	Advanced Usage
	Error Handling
	API Reference

Overview
File Search Stores enable semantic search over your documents using vector embeddings. They are part of Google's RAG (Retrieval-Augmented Generation) system and allow you to:
	Store and index documents for semantic search
	Ground AI responses with your own data
	Build knowledge bases from your document collections
	Search across documents using natural language queries

Key Features
	Automatic Indexing: Documents are automatically chunked and indexed
	Semantic Search: Find relevant content using natural language
	Vector Embeddings: Powered by Google's text-embedding models
	RAG Integration: Use directly in generation requests for grounded responses
	Document Management: Full CRUD operations on stores and documents

Important Notes
	Vertex AI Only: File Search Stores are only available through Vertex AI authentication
	Asynchronous Processing: Store creation and document indexing happen asynchronously
	Automatic Chunking: Documents are split into chunks optimized for retrieval

Prerequisites
Required Setup
	Google Cloud Project: You need an active GCP project
	Vertex AI API: Must be enabled in your project
	Authentication: Valid service account credentials

Environment Variables
export GOOGLE_CLOUD_PROJECT="your-project-id"
export GOOGLE_APPLICATION_CREDENTIALS="/path/to/service-account-key.json"

Elixir Configuration
# config/config.exs
config :gemini_ex,
  auth: %{
    type: :vertex_ai,
    credentials: %{
      project_id: System.get_env("GOOGLE_CLOUD_PROJECT"),
      location: "us-central1"  # Choose your region
    }
  }
Quick Start
Here's a complete example of creating a store, adding documents, and using it for search:
alias Gemini.APIs.FileSearchStores
alias Gemini.Types.CreateFileSearchStoreConfig

# 1. Create a store
config = %CreateFileSearchStoreConfig{
  display_name: "Product Documentation",
  description: "Technical documentation for all our products"
}

{:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)

# 2. Wait for the store to be ready
{:ok, ready_store} = FileSearchStores.wait_for_active(store.name)
IO.puts("Store ready: #{ready_store.name}")

# 3. Upload and import documents
{:ok, doc1} = FileSearchStores.upload_to_store(
  store.name,
  "/path/to/product-manual.pdf",
  display_name: "Product Manual v2.0"
)

{:ok, doc2} = FileSearchStores.upload_to_store(
  store.name,
  "/path/to/api-reference.md",
  display_name: "API Reference"
)

# 4. Wait for documents to be processed
{:ok, _} = FileSearchStores.wait_for_document(doc1.name)
{:ok, _} = FileSearchStores.wait_for_document(doc2.name)

# 5. Use in generation for grounded responses
{:ok, response} = Gemini.generate_content(
  "What are the safety features in the product?",
  tools: [
    %{file_search_stores: [store.name]}
  ]
)

IO.puts(Gemini.extract_text!(response))
Creating Stores
Basic Store Creation
Create a store with just a name:
config = %CreateFileSearchStoreConfig{
  display_name: "My Knowledge Base"
}

{:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)
Store with Description
Add a description for better organization:
config = %CreateFileSearchStoreConfig{
  display_name: "Customer Support KB",
  description: "Knowledge base for customer support team with FAQs and troubleshooting guides"
}

{:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)
Store with Custom Vector Config
Specify embedding model and dimensions:
config = %CreateFileSearchStoreConfig{
  display_name: "Technical Docs",
  vector_config: %{
    embedding_model: "text-embedding-004",
    dimensions: 768
  }
}

{:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)
Waiting for Store Activation
Stores are created asynchronously. Always wait for activation before adding documents:
{:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)

# Wait with default settings (2 second intervals, 5 minute timeout)
{:ok, active_store} = FileSearchStores.wait_for_active(store.name)

# Or customize polling
{:ok, active_store} = FileSearchStores.wait_for_active(
  store.name,
  poll_interval: 5000,      # Check every 5 seconds
  timeout: 600_000,         # 10 minute timeout
  on_status: fn s ->
    IO.puts("Store state: #{s.state}")
  end
)
Managing Documents
Importing Already-Uploaded Files
If you've already uploaded a file using the Files API:
# Upload a file first
{:ok, file} = Gemini.upload_file("/path/to/document.pdf")

# Import it into the store
{:ok, doc} = FileSearchStores.import_file(
  store.name,
  file.name,
  auth: :vertex_ai
)

# Wait for processing
{:ok, ready_doc} = FileSearchStores.wait_for_document(doc.name)
IO.puts("Document ready with #{ready_doc.chunk_count} chunks")
Direct Upload to Store
Upload and import in one step:
{:ok, doc} = FileSearchStores.upload_to_store(
  store.name,
  "/path/to/document.pdf",
  display_name: "Product Manual",
  mime_type: "application/pdf"  # Optional, auto-detected
)
Batch Upload
Upload multiple documents efficiently:
files = [
  "/path/to/doc1.pdf",
  "/path/to/doc2.md",
  "/path/to/doc3.txt"
]

# Upload all files
documents =
  Enum.map(files, fn file_path ->
    {:ok, doc} = FileSearchStores.upload_to_store(
      store.name,
      file_path,
      display_name: Path.basename(file_path)
    )
    doc
  end)

# Wait for all to be processed
Enum.each(documents, fn doc ->
  {:ok, _} = FileSearchStores.wait_for_document(doc.name)
end)

IO.puts("All #{length(documents)} documents are ready!")
Checking Document Status
Get detailed document information:
{:ok, doc} = FileSearchStores.get_document(
  "fileSearchStores/store123/documents/doc456"
)

case doc.state do
  :active ->
    IO.puts("✓ Document ready with #{doc.chunk_count} chunks")
    IO.puts("  Size: #{doc.size_bytes} bytes")
    IO.puts("  Type: #{doc.mime_type}")

  :processing ->
    IO.puts("⏳ Still processing...")

  :failed ->
    IO.puts("✗ Processing failed: #{inspect(doc.error)}")
end
Querying Stores
Using Stores in Generation
The primary way to use File Search Stores is through generation requests:
{:ok, response} = Gemini.generate_content(
  "What are the main features of the product?",
  tools: [
    %{file_search_stores: [store.name]}
  ]
)

text = Gemini.extract_text!(response)
IO.puts(text)
Multiple Stores
Query across multiple knowledge bases:
{:ok, response} = Gemini.generate_content(
  "Compare the pricing models",
  tools: [
    %{file_search_stores: [
      "fileSearchStores/product-docs",
      "fileSearchStores/pricing-info"
    ]}
  ]
)
With Generation Config
Combine with other generation options:
{:ok, response} = Gemini.generate_content(
  "Summarize the safety guidelines",
  tools: [%{file_search_stores: [store.name]}],
  temperature: 0.3,
  max_output_tokens: 500,
  model: "gemini-1.5-pro-002"
)
Accessing Source Citations
Check if the response includes grounding metadata:
{:ok, response} = Gemini.generate_content(
  "What are the warranty terms?",
  tools: [%{file_search_stores: [store.name]}]
)

# The response may include grounding metadata showing
# which documents were used for the answer
IO.inspect(response, label: "Full Response")
Best Practices
1. Descriptive Naming
Use clear, descriptive names for stores and documents:
# Good
config = %CreateFileSearchStoreConfig{
  display_name: "Customer Support FAQ - 2024",
  description: "Frequently asked questions for customer support team"
}

# Less helpful
config = %CreateFileSearchStoreConfig{
  display_name: "Store 1"
}
2. Wait for Processing
Always wait for stores and documents to be active:
# Create store
{:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)

# Wait for store
{:ok, store} = FileSearchStores.wait_for_active(store.name)

# Upload document
{:ok, doc} = FileSearchStores.upload_to_store(store.name, path)

# Wait for document
{:ok, doc} = FileSearchStores.wait_for_document(doc.name)

# Now ready to use!
3. Batch Operations
Upload multiple documents before waiting:
# Upload all documents
docs = Enum.map(file_paths, fn path ->
  {:ok, doc} = FileSearchStores.upload_to_store(store.name, path)
  doc
end)

# Then wait for all
Enum.each(docs, fn doc ->
  {:ok, _} = FileSearchStores.wait_for_document(doc.name)
end)
4. Monitor Store Size
Keep track of document count and total size:
{:ok, store} = FileSearchStores.get(store_name)

IO.puts("Documents: #{store.document_count}")
IO.puts("Total size: #{store.total_size_bytes} bytes")

# Set alerts for size limits
if store.total_size_bytes > 10_000_000_000 do
  IO.warn("Store approaching size limit")
end
5. Organize by Purpose
Create separate stores for different use cases:
# Product documentation
{:ok, product_store} = create_store("Product Documentation")

# Customer support
{:ok, support_store} = create_store("Support Knowledge Base")

# Internal policies
{:ok, policy_store} = create_store("Company Policies")
6. Clean Up Unused Stores
Delete stores you no longer need:
# List all stores
{:ok, all_stores} = FileSearchStores.list_all()

# Find old or unused stores
old_stores = Enum.filter(all_stores, fn store ->
  store.document_count == 0 or
  is_older_than_90_days?(store.create_time)
end)

# Delete them
Enum.each(old_stores, fn store ->
  FileSearchStores.delete(store.name, force: true)
end)
Advanced Usage
Custom Polling Logic
Implement custom waiting logic with callbacks:
defmodule StoreManager do
  def create_and_monitor(config) do
    {:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)

    {:ok, ready_store} = FileSearchStores.wait_for_active(
      store.name,
      poll_interval: 3000,
      timeout: 600_000,
      on_status: fn s ->
        Logger.info("Store #{s.name} state: #{s.state}")

        if s.state == :creating do
          notify_slack("Store creation in progress...")
        end
      end
    )

    Logger.info("Store ready!")
    {:ok, ready_store}
  end
end
Parallel Store Creation
Create multiple stores in parallel:
store_configs = [
  %CreateFileSearchStoreConfig{display_name: "Store 1"},
  %CreateFileSearchStoreConfig{display_name: "Store 2"},
  %CreateFileSearchStoreConfig{display_name: "Store 3"}
]

# Create all in parallel
tasks = Enum.map(store_configs, fn config ->
  Task.async(fn ->
    {:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)
    {:ok, ready} = FileSearchStores.wait_for_active(store.name)
    ready
  end)
end)

# Wait for all
stores = Enum.map(tasks, &Task.await(&1, 600_000))
IO.puts("Created #{length(stores)} stores!")
Conditional Document Import
Only import documents that meet certain criteria:
defmodule DocumentImporter do
  def import_if_valid(store_name, file_path) do
    cond do
      not File.exists?(file_path) ->
        {:error, :file_not_found}

      File.stat!(file_path).size > 50_000_000 ->
        {:error, :file_too_large}

      not valid_mime_type?(file_path) ->
        {:error, :unsupported_type}

      true ->
        FileSearchStores.upload_to_store(
          store_name,
          file_path,
          auth: :vertex_ai
        )
    end
  end

  defp valid_mime_type?(path) do
    ext = Path.extname(path)
    ext in [".pdf", ".txt", ".md", ".html"]
  end
end
Pagination Helper
List all stores with automatic pagination:
defmodule StoreUtils do
  def list_all_with_details do
    {:ok, stores} = FileSearchStores.list_all(auth: :vertex_ai)

    Enum.map(stores, fn store ->
      %{
        name: store.name,
        display_name: store.display_name,
        documents: store.document_count,
        size_mb: div(store.total_size_bytes || 0, 1_000_000),
        state: store.state
      }
    end)
  end
end
Error Handling
Common Errors
case FileSearchStores.create(config, auth: :vertex_ai) do
  {:ok, store} ->
    IO.puts("Created: #{store.name}")

  {:error, %{status: 403}} ->
    IO.puts("Permission denied - check IAM roles")

  {:error, %{status: 429}} ->
    IO.puts("Rate limited - retry with backoff")

  {:error, %{status: 404}} ->
    IO.puts("Project not found - check configuration")

  {:error, reason} ->
    IO.puts("Error: #{inspect(reason)}")
end
Timeout Handling
Handle timeouts gracefully:
case FileSearchStores.wait_for_active(store.name, timeout: 60_000) do
  {:ok, store} ->
    IO.puts("Store ready!")

  {:error, :timeout} ->
    IO.puts("Store creation is taking longer than expected")
    IO.puts("Check status manually with FileSearchStores.get/2")

  {:error, :store_creation_failed} ->
    IO.puts("Store creation failed - check logs")
end
Retry Logic
Implement retry with exponential backoff:
defmodule RetryHelper do
  def create_store_with_retry(config, max_attempts \\ 3) do
    do_create(config, 1, max_attempts)
  end

  defp do_create(config, attempt, max_attempts) do
    case FileSearchStores.create(config, auth: :vertex_ai) do
      {:ok, store} ->
        {:ok, store}

      {:error, %{status: 429}} when attempt < max_attempts ->
        wait_ms = :math.pow(2, attempt) * 1000 |> round()
        IO.puts("Rate limited, waiting #{wait_ms}ms...")
        Process.sleep(wait_ms)
        do_create(config, attempt + 1, max_attempts)

      {:error, reason} ->
        {:error, reason}
    end
  end
end
API Reference
FileSearchStores Functions
create/2
@spec create(CreateFileSearchStoreConfig.t(), create_opts()) ::
  {:ok, FileSearchStore.t()} | {:error, term()}
Create a new file search store.
get/2
@spec get(String.t(), store_opts()) ::
  {:ok, FileSearchStore.t()} | {:error, term()}
Retrieve a store by name.
delete/2
@spec delete(String.t(), delete_opts()) :: :ok | {:error, term()}
Delete a store. Use force: true to delete stores with documents.
list/1
@spec list(list_opts()) ::
  {:ok, ListFileSearchStoresResponse.t()} | {:error, term()}
List stores with optional pagination.
list_all/1
@spec list_all(list_opts()) :: {:ok, [FileSearchStore.t()]} | {:error, term()}
Retrieve all stores across all pages.
import_file/3
@spec import_file(String.t(), String.t(), import_opts()) ::
  {:ok, FileSearchDocument.t()} | {:error, term()}
Import an already-uploaded file into a store.
upload_to_store/3
@spec upload_to_store(String.t(), String.t(), upload_opts()) ::
  {:ok, FileSearchDocument.t()} | {:error, term()}
Upload a file and import it into a store in one operation.
wait_for_active/2
@spec wait_for_active(String.t(), wait_opts()) ::
  {:ok, FileSearchStore.t()} | {:error, term()}
Poll until store reaches :active state.
wait_for_document/2
@spec wait_for_document(String.t(), wait_doc_opts()) ::
  {:ok, FileSearchDocument.t()} | {:error, term()}
Poll until document reaches :active state.
get_document/2
@spec get_document(String.t(), store_opts()) ::
  {:ok, FileSearchDocument.t()} | {:error, term()}
Retrieve document metadata.
Type Specifications
FileSearchStore
%FileSearchStore{
  name: String.t(),
  display_name: String.t(),
  description: String.t(),
  state: :state_unspecified | :creating | :active | :deleting | :failed,
  create_time: String.t(),
  update_time: String.t(),
  document_count: integer(),
  total_size_bytes: integer(),
  vector_config: map()
}
FileSearchDocument
%FileSearchDocument{
  name: String.t(),
  display_name: String.t(),
  state: :state_unspecified | :processing | :active | :failed,
  create_time: String.t(),
  update_time: String.t(),
  size_bytes: integer(),
  mime_type: String.t(),
  chunk_count: integer(),
  error: map()
}
See Also
	Files API Guide - For uploading files before importing
	RAG Concepts - General retrieval-augmented generation patterns
	Vertex AI Documentation - Official Google Cloud docs
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    Application Default Credentials (ADC) Guide

This guide explains how to use Application Default Credentials (ADC) with the Gemini Elixir client for Google Cloud authentication.
Overview
Application Default Credentials (ADC) is a strategy used by Google Cloud client libraries to automatically find credentials based on the application environment. ADC provides a simple and consistent way to authenticate with Google Cloud APIs without hardcoding credentials in your application.
How ADC Works
ADC searches for credentials in the following order:
	Environment Variable: GOOGLE_APPLICATION_CREDENTIALS pointing to a service account JSON file
	User Credentials: ~/.config/gcloud/application_default_credentials.json (created via gcloud auth application-default login)
	GCP Metadata Server: Automatic credentials for code running on Google Cloud Platform infrastructure

Benefits
	Environment-aware authentication: Automatically uses the right credentials based on where your code runs
	Simplified deployment: No need to manage credentials differently for development vs. production
	Secure: Avoids hardcoding credentials in source code
	Standardized: Follows Google Cloud's recommended authentication practices
	Automatic token refresh: Handles token expiration and renewal automatically
	Token caching: Reduces API calls by caching access tokens with automatic expiration

Setting Up ADC
Option 1: Service Account Key File (Development & CI/CD)
Best for: Local development, testing, CI/CD pipelines
	Create a service account in Google Cloud Console
	Download the JSON key file
	Set the environment variable:

export GOOGLE_APPLICATION_CREDENTIALS="/path/to/service-account-key.json"

Example usage:
# ADC will automatically find and use the service account
{:ok, creds} = Gemini.Auth.ADC.load_credentials()
{:ok, token} = Gemini.Auth.ADC.get_access_token(creds)

# Use with Vertex AI
{:ok, project_id} = Gemini.Auth.ADC.get_project_id(creds)

config = %{
  project_id: project_id,
  location: "us-central1"
}

{:ok, response} = Gemini.generate("Hello!", auth: :vertex_ai)
Security Note: Never commit service account keys to version control. Use environment variables or secret management systems.
Option 2: User Credentials (Development)
Best for: Local development with personal Google account
	Install and configure the gcloud CLI
	Run the ADC login command:

gcloud auth application-default login

This creates a credentials file at ~/.config/gcloud/application_default_credentials.json.
Example usage:
# ADC will automatically find and use your user credentials
{:ok, creds} = Gemini.Auth.ADC.load_credentials()
{:ok, token} = Gemini.Auth.ADC.get_access_token(creds)

# User credentials may include quota_project_id
case Gemini.Auth.ADC.get_project_id(creds) do
  {:ok, project_id} ->
    IO.puts("Using project: #{project_id}")
  {:error, _} ->
    # Set project ID explicitly if not in user credentials
    config = %{project_id: "my-project-id", location: "us-central1"}
end
Revoke access when done:
gcloud auth application-default revoke

Option 3: GCP Metadata Server (Production)
Best for: Production deployments on Google Cloud Platform
Works automatically on:
	Compute Engine VMs
	Google Kubernetes Engine (GKE) pods
	Cloud Run services
	Cloud Functions
	App Engine applications

No setup required! Just deploy your application to GCP.
Example usage:
# On GCP, ADC automatically uses the metadata server
{:ok, creds} = Gemini.Auth.ADC.load_credentials()

# Automatically retrieves project ID from metadata
{:ok, project_id} = Gemini.Auth.ADC.get_project_id(creds)

# Token is fetched from metadata server
{:ok, token} = Gemini.Auth.ADC.get_access_token(creds)

# Ready to use with Vertex AI
{:ok, response} = Gemini.generate("Hello from Cloud Run!", auth: :vertex_ai)
Service Account Permissions: Ensure the Compute Engine default service account or your custom service account has the necessary permissions (e.g., Vertex AI User role).
Using ADC in Your Application
Basic Usage
defmodule MyApp.GeminiClient do
  alias Gemini.Auth.ADC

  def call_gemini(prompt) do
    with {:ok, creds} <- ADC.load_credentials(),
         {:ok, token} <- ADC.get_access_token(creds),
         {:ok, project_id} <- ADC.get_project_id(creds) do

      # Use credentials with Vertex AI
      Gemini.generate(
        prompt,
        auth: :vertex_ai,
        project_id: project_id,
        location: "us-central1"
      )
    else
      {:error, reason} ->
        {:error, "Authentication failed: #{reason}"}
    end
  end
end
Integration with Vertex AI Strategy
The Vertex AI authentication strategy automatically falls back to ADC when no explicit credentials are provided:
# If you provide project_id and location but no credentials,
# VertexStrategy will automatically try ADC
config = %{
  project_id: "my-project",
  location: "us-central1"
}

{:ok, response} = Gemini.generate("Hello!", auth: :vertex_ai)
Checking ADC Availability
if Gemini.Auth.ADC.available?() do
  IO.puts("ADC credentials are available")
  {:ok, creds} = Gemini.Auth.ADC.load_credentials()
  # Use credentials...
else
  IO.puts("No ADC credentials found")
  # Fall back to explicit credentials or show error
end
Getting Project Information
{:ok, creds} = Gemini.Auth.ADC.load_credentials()

case Gemini.Auth.ADC.get_project_id(creds) do
  {:ok, project_id} ->
    IO.puts("Project ID: #{project_id}")

  {:error, _} ->
    # Some credential types don't include project ID
    # Use environment variable or prompt user
    project_id = System.get_env("VERTEX_PROJECT_ID") || "default-project"
end
Token Caching
ADC automatically caches access tokens to reduce API calls and improve performance.
How Caching Works
	Automatic caching: Tokens are cached after generation
	Expiration handling: Tokens are refreshed before they expire
	Refresh buffer: Tokens are refreshed 5 minutes before expiration (configurable)
	Thread-safe: Uses ETS for concurrent access

Cache Behavior
{:ok, creds} = Gemini.Auth.ADC.load_credentials()

# First call generates and caches token
{:ok, token1} = Gemini.Auth.ADC.get_access_token(creds)

# Second call uses cached token (no API call)
{:ok, token2} = Gemini.Auth.ADC.get_access_token(creds)

# Tokens are the same
token1 == token2  # => true
Force Token Refresh
{:ok, creds} = Gemini.Auth.ADC.load_credentials()

# Force a fresh token (bypasses cache)
{:ok, fresh_token} = Gemini.Auth.ADC.refresh_token(creds)

# Or use the force_refresh option
{:ok, fresh_token} = Gemini.Auth.ADC.get_access_token(creds, force_refresh: true)
Custom Cache Keys
# Use custom cache key for separate token pools
{:ok, creds} = Gemini.Auth.ADC.load_credentials()

{:ok, token} = Gemini.Auth.ADC.get_access_token(
  creds,
  cache_key: "my_app_vertex_ai"
)
Troubleshooting
No Credentials Found
Error: "No credentials found via ADC"
Solutions:
	Set GOOGLE_APPLICATION_CREDENTIALS:
export GOOGLE_APPLICATION_CREDENTIALS="/path/to/key.json"


	Run gcloud auth:
gcloud auth application-default login


	Check if on GCP:
Gemini.Auth.MetadataServer.available?()


Invalid Service Account File
Error: "Failed to parse JSON" or "Invalid service account file format"
Solutions:
	Verify the file is valid JSON
	Ensure it's a service account key (has "type": "service_account")
	Download a fresh key from Google Cloud Console
	Check file permissions (must be readable)

Token Generation Fails
Error: "Failed to generate access token"
Solutions:
	Service Account: Verify the service account has necessary permissions
	User Credentials: Re-authenticate with gcloud auth application-default login
	Metadata Server: Check if running on GCP and service account is properly configured

Project ID Not Available
Error: "No project ID available in credentials"
Solutions:
	Explicitly set project ID:
config = %{
  project_id: "my-project-id",
  location: "us-central1"
}

	Use environment variable:
export VERTEX_PROJECT_ID="my-project-id"


	For user credentials: Specify quota_project_id during gcloud auth


Metadata Server Timeout
Error: "Failed to contact metadata server"
Solutions:
	Verify you're running on GCP infrastructure
	Check network connectivity
	Ensure metadata server is not blocked by firewall
	Verify service account is attached to the instance

Best Practices
1. Environment-Specific Credentials
Use different credential sources for different environments:
defmodule MyApp.Config do
  def get_credentials do
    case Mix.env() do
      :prod ->
        # Production: Use metadata server on GCP
        if Gemini.Auth.MetadataServer.available?() do
          Gemini.Auth.ADC.load_credentials()
        else
          {:error, "Production must run on GCP"}
        end

      :dev ->
        # Development: Use service account or user credentials
        Gemini.Auth.ADC.load_credentials()

      :test ->
        # Test: Use test credentials or mocks
        {:ok, {:service_account, test_credentials()}}
    end
  end
end
2. Credential Validation at Startup
Validate credentials when your application starts:
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    # Initialize token cache
    Gemini.Auth.TokenCache.init()

    # Validate ADC on startup
    case Gemini.Auth.ADC.load_credentials() do
      {:ok, creds} ->
        Logger.info("ADC credentials loaded successfully")

        case Gemini.Auth.ADC.get_access_token(creds) do
          {:ok, _token} ->
            Logger.info("Successfully authenticated with ADC")
          {:error, reason} ->
            Logger.warning("ADC token generation failed: #{reason}")
        end

      {:error, reason} ->
        Logger.warning("ADC not available: #{reason}")
    end

    # Start your application...
    children = [...]
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
3. Error Handling
Always handle credential errors gracefully:
defmodule MyApp.GeminiClient do
  def generate_with_retry(prompt, opts \\ []) do
    max_retries = Keyword.get(opts, :max_retries, 3)

    generate_with_retry_impl(prompt, opts, max_retries)
  end

  defp generate_with_retry_impl(prompt, opts, retries) when retries > 0 do
    case Gemini.generate(prompt, opts) do
      {:ok, response} ->
        {:ok, response}

      {:error, "Failed to get access token" <> _} when retries > 1 ->
        # Token might be expired, force refresh
        Logger.info("Refreshing ADC token and retrying...")

        with {:ok, creds} <- Gemini.Auth.ADC.load_credentials(),
             {:ok, _token} <- Gemini.Auth.ADC.refresh_token(creds) do
          generate_with_retry_impl(prompt, opts, retries - 1)
        else
          {:error, reason} -> {:error, reason}
        end

      {:error, reason} ->
        {:error, reason}
    end
  end

  defp generate_with_retry_impl(_prompt, _opts, 0) do
    {:error, "Max retries exceeded"}
  end
end
4. Secure Credential Storage
Never commit credentials to version control:
# .gitignore
*.json
!config/*.json.example
.env
.env.local

Use environment variables or secret management:
# .env.example (commit this)
GOOGLE_APPLICATION_CREDENTIALS=/path/to/your/service-account-key.json
VERTEX_PROJECT_ID=your-project-id
VERTEX_LOCATION=us-central1

5. Monitoring and Logging
Monitor ADC credential usage:
defmodule MyApp.Telemetry do
  require Logger

  def handle_event([:gemini, :auth, :adc, :token_cached], measurements, metadata, _config) do
    Logger.debug("ADC token cached",
      ttl: measurements.ttl,
      credential_type: metadata.credential_type
    )
  end

  def handle_event([:gemini, :auth, :adc, :token_refreshed], _measurements, metadata, _config) do
    Logger.info("ADC token refreshed",
      credential_type: metadata.credential_type,
      source: metadata.source
    )
  end
end
Examples
Complete Application Example
defmodule MyApp.VertexAI do
  @moduledoc """
  Vertex AI client using Application Default Credentials.
  """

  alias Gemini.Auth.ADC
  require Logger

  @default_location "us-central1"

  def generate(prompt, opts \\ []) do
    with {:ok, creds} <- get_credentials(),
         {:ok, token} <- ADC.get_access_token(creds),
         {:ok, project_id} <- get_project_id(creds) do

      location = Keyword.get(opts, :location, @default_location)
      model = Keyword.get(opts, :model, "gemini-2.0-flash-lite")

      Gemini.generate(
        prompt,
        auth: :vertex_ai,
        project_id: project_id,
        location: location,
        model: model
      )
    else
      {:error, reason} = error ->
        Logger.error("Vertex AI generation failed: #{reason}")
        error
    end
  end

  defp get_credentials do
    case ADC.load_credentials() do
      {:ok, creds} = success ->
        success

      {:error, reason} ->
        Logger.error("Failed to load ADC credentials: #{reason}")
        {:error, "Authentication required. Please set up Application Default Credentials."}
    end
  end

  defp get_project_id(creds) do
    case ADC.get_project_id(creds) do
      {:ok, project_id} ->
        {:ok, project_id}

      {:error, _} ->
        # Fall back to environment variable
        case System.get_env("VERTEX_PROJECT_ID") do
          nil ->
            {:error, "Project ID required. Set VERTEX_PROJECT_ID environment variable."}
          project_id ->
            {:ok, project_id}
        end
    end
  end
end

# Usage
MyApp.VertexAI.generate("What is machine learning?")
Testing with ADC
defmodule MyApp.VertexAITest do
  use ExUnit.Case, async: false

  alias MyApp.VertexAI

  @moduletag :live_api

  setup do
    # Ensure ADC is available for tests
    case Gemini.Auth.ADC.available?() do
      true ->
        :ok
      false ->
        {:skip, "ADC credentials not available"}
    end
  end

  test "generates content using ADC" do
    assert {:ok, response} = VertexAI.generate("Hello!")
    assert is_binary(response)
  end
end
Related Documentation
	Authentication System
	Rate Limiting Guide
	Tuning Guide

Additional Resources
	Google Cloud ADC Documentation
	Service Account Best Practices
	gcloud CLI Reference
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Generate, edit, and upscale images using Google's Imagen models through the Vertex AI API.
Overview
The Image Generation API (Imagen) allows you to:
	Generate high-quality images from text descriptions
	Edit existing images with inpainting and outpainting
	Upscale images to higher resolutions (2x or 4x)

Important Notes:
	Image generation requires Vertex AI authentication (not available on Gemini API)
	Each request can generate 1-8 images
	Generated images are returned as base64-encoded data
	Subject to Google's safety filters and Responsible AI policies

Quick Start
# Simple image generation
{:ok, images} = Gemini.APIs.Images.generate(
  "A serene mountain landscape at sunset"
)

image = hd(images)
IO.puts("Generated: #{byte_size(image.image_data)} bytes")

# Save the image
File.write!("output.png", Base.decode64!(image.image_data))
Generating Images
Basic Generation
alias Gemini.APIs.Images
alias Gemini.Types.Generation.Image.ImageGenerationConfig

# Default configuration (1:1 aspect ratio, PNG output)
{:ok, [image]} = Images.generate("A cute cat playing with yarn")
Custom Configuration
config = %ImageGenerationConfig{
  number_of_images: 4,
  aspect_ratio: "16:9",
  safety_filter_level: :block_some,
  person_generation: :allow_adult,
  output_mime_type: "image/jpeg",
  output_compression_quality: 90
}

{:ok, images} = Images.generate(
  "Professional headshot photo of a business person",
  config
)
Aspect Ratios
Supported aspect ratios:
	"1:1" - Square (1024x1024) - default
	"9:16" - Portrait, mobile (768x1344)
	"16:9" - Landscape, desktop (1344x768)
	"4:3" - Standard portrait (896x1152)
	"3:4" - Standard landscape (1152x896)

config = %ImageGenerationConfig{
  aspect_ratio: "16:9",
  number_of_images: 2
}

{:ok, images} = Images.generate("Cinematic landscape", config)
Negative Prompts
Specify what to avoid in generated images:
config = %ImageGenerationConfig{
  negative_prompt: "blurry, low quality, distorted, watermark",
  guidance_scale: 7.5
}

{:ok, images} = Images.generate("High quality portrait", config)
Reproducible Generation
Use seeds for consistent results:
config = %ImageGenerationConfig{
  seed: 12345,
  number_of_images: 1
}

# Generate the same image multiple times
{:ok, images1} = Images.generate("A red car", config)
{:ok, images2} = Images.generate("A red car", config)
# images1 and images2 will be identical
Editing Images
Inpainting
Edit specific regions of an image using a mask:
alias Gemini.Types.Generation.Image.EditImageConfig

# Load your image and mask
image_data = File.read!("photo.png") |> Base.encode64()
mask_data = File.read!("mask.png") |> Base.encode64()

config = %EditImageConfig{
  edit_mode: :inpainting,
  guidance_scale: 15.0,
  number_of_images: 2
}

{:ok, edited} = Images.edit(
  "Replace the background with a beach scene",
  image_data,
  mask_data,
  config
)
Outpainting
Extend an image beyond its original boundaries:
config = %EditImageConfig{
  edit_mode: :outpainting,
  mask_dilation: 10
}

{:ok, extended} = Images.edit(
  "Continue the landscape to the right",
  image_data,
  mask_data,
  config
)
Product Image Editing
Specialized editing for product photography:
config = %EditImageConfig{
  edit_mode: :product_image,
  number_of_images: 4
}

{:ok, edited} = Images.edit(
  "Place product on white background",
  image_data,
  mask_data,
  config
)
Upscaling Images
2x Upscale
Double the resolution of an image:
alias Gemini.Types.Generation.Image.UpscaleImageConfig

image_data = File.read!("small_image.png") |> Base.encode64()

config = %UpscaleImageConfig{
  upscale_factor: :x2,
  output_mime_type: "image/png"
}

{:ok, [upscaled]} = Images.upscale(image_data, config)
4x Upscale
Quadruple the resolution for maximum quality:
config = %UpscaleImageConfig{
  upscale_factor: :x4,
  output_mime_type: "image/jpeg",
  output_compression_quality: 95
}

{:ok, [upscaled]} = Images.upscale(image_data, config)

# Save high-quality result
File.write!("upscaled_4x.jpg", Base.decode64!(upscaled.image_data))
Safety and Content Filtering
Safety Filter Levels
Control content filtering strictness:
# Strict filtering (recommended for public applications)
config = %ImageGenerationConfig{
  safety_filter_level: :block_most
}

# Moderate filtering (default)
config = %ImageGenerationConfig{
  safety_filter_level: :block_some
}

# Permissive filtering
config = %ImageGenerationConfig{
  safety_filter_level: :block_few
}

# No filtering (use with caution)
config = %ImageGenerationConfig{
  safety_filter_level: :block_none
}
Person Generation Policy
Control generation of people in images:
# Allow adult humans (18+)
config = %ImageGenerationConfig{
  person_generation: :allow_adult,
  safety_filter_level: :block_some
}

# Allow people of all ages
config = %ImageGenerationConfig{
  person_generation: :allow_all
}

# Don't generate recognizable people (default)
config = %ImageGenerationConfig{
  person_generation: :dont_allow
}
Working with Generated Images
Saving Images
{:ok, images} = Images.generate("A beautiful sunset")

images
|> Enum.with_index()
|> Enum.each(fn {image, index} ->
  # Decode base64 data
  binary_data = Base.decode64!(image.image_data)

  # Determine extension from MIME type
  ext = if image.mime_type == "image/jpeg", do: "jpg", else: "png"

  # Save to file
  File.write!("output_#{index}.#{ext}", binary_data)
end)
Image Metadata
{:ok, [image]} = Images.generate("A cat")

IO.inspect(image.mime_type)          # "image/png"
IO.inspect(image.image_size)         # %{"width" => 1024, "height" => 1024}
IO.inspect(image.safety_attributes)  # Safety classification results
IO.inspect(image.rai_info)           # Responsible AI info
Advanced Configuration
Output Formats
# PNG (lossless, larger file size)
config = %ImageGenerationConfig{
  output_mime_type: "image/png"
}

# JPEG (lossy, smaller file size)
config = %ImageGenerationConfig{
  output_mime_type: "image/jpeg",
  output_compression_quality: 90  # 0-100
}
Guidance Scale
Control how closely the model follows your prompt:
# Lower values = more creative/varied
config = %ImageGenerationConfig{
  guidance_scale: 3.0
}

# Default (balanced)
config = %ImageGenerationConfig{
  guidance_scale: 7.0
}

# Higher values = stricter adherence to prompt
config = %ImageGenerationConfig{
  guidance_scale: 15.0
}
Language-Specific Prompts
config = %ImageGenerationConfig{
  language: "es"  # Spanish prompt
}

{:ok, images} = Images.generate("Un gato jugando con una pelota", config)
Watermarking
# Disable watermark (default is true)
config = %ImageGenerationConfig{
  add_watermark: false
}
Error Handling
case Images.generate("A realistic image") do
  {:ok, images} ->
    IO.puts("Generated #{length(images)} images")

  {:error, %{type: :auth_error}} ->
    IO.puts("Authentication failed. Check Vertex AI credentials.")

  {:error, %{type: :api_error, message: msg}} ->
    IO.puts("API error: #{msg}")
    # May be blocked by safety filters

  {:error, reason} ->
    IO.puts("Error: #{inspect(reason)}")
end
Best Practices
1. Be Specific in Prompts
# Vague
"A landscape"

# Specific
"A serene mountain landscape at golden hour with snow-capped peaks, pine trees in the foreground, and a crystal-clear lake reflecting the scenery"
2. Use Negative Prompts
config = %ImageGenerationConfig{
  negative_prompt: "blurry, low quality, distorted, text, watermark, duplicated"
}
3. Batch Processing
prompts = [
  "A red car",
  "A blue house",
  "A green tree"
]

config = %ImageGenerationConfig{number_of_images: 2}

results = prompts
|> Task.async_stream(fn prompt ->
  Images.generate(prompt, config)
end, max_concurrency: 3)
|> Enum.to_list()
4. Handle Safety Filters
case Images.generate(prompt, config) do
  {:ok, images} when length(images) == 0 ->
    IO.puts("Content was blocked by safety filters")

  {:ok, images} ->
    Enum.each(images, fn image ->
      if image.rai_info["blocked_reason"] do
        IO.puts("Image blocked: #{image.rai_info["blocked_reason"]}")
      end
    end)

  {:error, _} = error -> error
end
Configuration Options
ImageGenerationConfig
	Field	Type	Default	Description
	number_of_images	1..8	1	Number of images to generate
	aspect_ratio	String.t()	"1:1"	Image aspect ratio
	safety_filter_level	atom()	:block_some	Content filtering level
	person_generation	atom()	:dont_allow	Person generation policy
	output_mime_type	String.t()	"image/png"	Output format
	output_compression_quality	0..100	nil	JPEG quality (JPEG only)
	negative_prompt	String.t()	nil	What to avoid
	seed	integer()	nil	Random seed for reproducibility
	guidance_scale	float()	nil	Prompt adherence (1.0-20.0)
	language	String.t()	nil	Prompt language code
	add_watermark	boolean()	true	Add watermark to images

EditImageConfig
	Field	Type	Default	Description
	prompt	String.t()	nil	Edit description
	edit_mode	atom()	:inpainting	Edit type
	mask_mode	atom()	:foreground	Mask interpretation
	mask_dilation	0..50	0	Expand mask by pixels
	guidance_scale	float()	nil	Prompt adherence
	number_of_images	1..8	1	Number of variations
	safety_filter_level	atom()	:block_some	Content filtering
	seed	integer()	nil	Random seed
	output_mime_type	String.t()	"image/png"	Output format

UpscaleImageConfig
	Field	Type	Default	Description
	upscale_factor	:x2 or :x4	:x2	Scale factor
	output_mime_type	String.t()	"image/png"	Output format
	output_compression_quality	0..100	nil	JPEG quality (JPEG only)

See Also
	Vertex AI Imagen Documentation
	Video Generation Guide
	Multimodal Content
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Generate high-quality videos from text descriptions using Google's Veo models through the Vertex AI API.
Overview
The Video Generation API (Veo) allows you to:
	Generate high-quality videos from text prompts
	Create videos with customizable duration, aspect ratio, and frame rate
	Monitor generation progress with long-running operations

Important Notes:
	Video generation requires Vertex AI authentication (not available on Gemini API)
	Generation is asynchronous and can take 2-5 minutes per video
	Videos are typically 4-8 seconds in duration
	Generated videos are stored in Google Cloud Storage (GCS)
	Subject to Google's safety filters and Responsible AI policies

Quick Start
alias Gemini.APIs.Videos
alias Gemini.Types.Generation.Video.VideoGenerationConfig

# Start video generation
{:ok, operation} = Videos.generate(
  "A cat playing piano in a cozy living room"
)

# Wait for completion (automatic polling)
{:ok, completed_op} = Videos.wait_for_completion(operation.name)

# Extract video URIs
{:ok, videos} = Gemini.Types.Generation.Video.extract_videos(completed_op)

# Get the GCS URI
video_uri = hd(videos).video_uri
IO.puts("Video ready: #{video_uri}")
Generating Videos
Basic Generation
# Default configuration (8 seconds, 16:9, 24fps)
{:ok, operation} = Videos.generate(
  "A serene mountain landscape with flowing river"
)
Custom Configuration
config = %VideoGenerationConfig{
  number_of_videos: 2,
  duration_seconds: 4,
  aspect_ratio: "9:16",  # Vertical for mobile
  fps: 30,
  compression_format: :h265
}

{:ok, operation} = Videos.generate(
  "Cinematic drone shot of a futuristic city at night",
  config
)
Video Durations
Supported durations:
	4 seconds - Shorter, faster generation
	8 seconds - Default, more content

config = %VideoGenerationConfig{
  duration_seconds: 4
}

{:ok, operation} = Videos.generate("Quick action sequence", config)
Aspect Ratios
Supported aspect ratios:
	"16:9" - Horizontal/desktop (1280x720) - default
	"9:16" - Vertical/mobile (720x1280)
	"1:1" - Square (1024x1024)

# Vertical video for social media
config = %VideoGenerationConfig{
  aspect_ratio: "9:16",
  duration_seconds: 4
}

{:ok, operation} = Videos.generate(
  "A person dancing in a vibrant street",
  config
)
Frame Rates
Supported frame rates:
	24 fps - Cinematic (default)
	25 fps - PAL standard
	30 fps - Smoother motion

config = %VideoGenerationConfig{
  fps: 30,
  duration_seconds: 8
}

{:ok, operation} = Videos.generate("Fast-paced sports action", config)
Waiting for Completion
Automatic Polling
The recommended way to wait for video generation:
{:ok, operation} = Videos.generate("A beautiful sunset over ocean")

# Wait with automatic polling
{:ok, completed} = Videos.wait_for_completion(
  operation.name,
  poll_interval: 10_000,  # Check every 10 seconds
  timeout: 300_000,       # Wait up to 5 minutes
  on_progress: fn op ->
    if progress = Gemini.Types.Operation.get_progress(op) do
      IO.puts("Progress: #{progress}%")
    end
  end
)

# Check if successful
if Gemini.Types.Operation.succeeded?(completed) do
  {:ok, videos} = Gemini.Types.Generation.Video.extract_videos(completed)
  IO.puts("Success! Video: #{hd(videos).video_uri}")
else
  IO.puts("Failed: #{completed.error.message}")
end
Manual Polling
For more control over the polling process:
{:ok, operation} = Videos.generate("A cat playing with toys")

# Poll manually in a loop
defmodule VideoPoller do
  def poll_until_complete(operation_name, max_attempts \\ 30) do
    poll_loop(operation_name, 0, max_attempts)
  end

  defp poll_loop(operation_name, attempt, max_attempts) when attempt < max_attempts do
    {:ok, op} = Videos.get_operation(operation_name)

    cond do
      Gemini.Types.Operation.succeeded?(op) ->
        {:ok, op}

      Gemini.Types.Operation.failed?(op) ->
        {:error, op.error}

      true ->
        # Still running, wait and try again
        Process.sleep(10_000)
        poll_loop(operation_name, attempt + 1, max_attempts)
    end
  end

  defp poll_loop(_operation_name, _attempt, _max_attempts) do
    {:error, "Timeout: Video generation took too long"}
  end
end

case VideoPoller.poll_until_complete(operation.name) do
  {:ok, completed} ->
    {:ok, videos} = Gemini.Types.Generation.Video.extract_videos(completed)
    IO.puts("Video ready!")

  {:error, reason} ->
    IO.puts("Error: #{inspect(reason)}")
end
Progress Tracking
Monitor generation progress:
{:ok, operation} = Videos.generate("An animated forest scene")

# Wrap operation for video-specific helpers
video_op = Videos.wrap_operation(operation)

IO.puts("Progress: #{video_op.progress_percent}%")
IO.puts("ETA: #{video_op.estimated_completion_time}")
Working with Generated Videos
Downloading Videos
Videos are stored in GCS and can be downloaded:
{:ok, completed} = Videos.wait_for_completion(operation.name)
{:ok, videos} = Gemini.Types.Generation.Video.extract_videos(completed)

video = hd(videos)

# GCS URI format: gs://bucket-name/path/to/video.mp4
gcs_uri = video.video_uri

# Download using Google Cloud Storage client or gsutil
# gsutil cp #{gcs_uri} ./my_video.mp4
Video Metadata
{:ok, videos} = Gemini.Types.Generation.Video.extract_videos(completed_op)
video = hd(videos)

IO.inspect(video.mime_type)          # "video/mp4"
IO.inspect(video.duration_seconds)   # 8.0
IO.inspect(video.resolution)         # %{"width" => 1280, "height" => 720}
IO.inspect(video.safety_attributes)  # Safety classification
IO.inspect(video.rai_info)           # Responsible AI info
Advanced Configuration
Compression Formats
# H.264 (widely compatible, default)
config = %VideoGenerationConfig{
  compression_format: :h264
}

# H.265 (better quality, smaller file size)
config = %VideoGenerationConfig{
  compression_format: :h265
}
Negative Prompts
Specify what to avoid in the video:
config = %VideoGenerationConfig{
  negative_prompt: "blurry, low quality, distorted, shaky camera",
  guidance_scale: 10.0
}

{:ok, operation} = Videos.generate("High quality cinematic shot", config)
Guidance Scale
Control how closely the model follows your prompt:
# Lower values = more creative/varied
config = %VideoGenerationConfig{
  guidance_scale: 5.0
}

# Higher values = stricter adherence to prompt
config = %VideoGenerationConfig{
  guidance_scale: 15.0
}
Reproducible Generation
Use seeds for consistent results:
config = %VideoGenerationConfig{
  seed: 12345,
  number_of_videos: 1
}

# Generate the same video multiple times
{:ok, op1} = Videos.generate("A red balloon floating", config)
{:ok, op2} = Videos.generate("A red balloon floating", config)
# Videos will be identical
Safety and Content Filtering
Safety Filter Levels
# Strict filtering (recommended for public applications)
config = %VideoGenerationConfig{
  safety_filter_level: :block_most
}

# Moderate filtering (default)
config = %VideoGenerationConfig{
  safety_filter_level: :block_some
}

# Permissive filtering
config = %VideoGenerationConfig{
  safety_filter_level: :block_few
}
Person Generation Policy
# Allow adult humans (18+)
config = %VideoGenerationConfig{
  person_generation: :allow_adult
}

# Allow people of all ages
config = %VideoGenerationConfig{
  person_generation: :allow_all
}

# Don't generate recognizable people (default)
config = %VideoGenerationConfig{
  person_generation: :dont_allow
}
Operation Management
Listing Operations
# List all video generation operations
{:ok, response} = Videos.list_operations()

Enum.each(response.operations, fn op ->
  IO.puts("#{op.name}: #{if op.done, do: "complete", else: "running"}")
end)

# List only completed operations
{:ok, response} = Videos.list_operations(filter: "done=true")

# Pagination
{:ok, response} = Videos.list_operations(page_size: 10)

if Gemini.Types.ListOperationsResponse.has_more_pages?(response) do
  {:ok, next_page} = Videos.list_operations(
    page_token: response.next_page_token
  )
end
Canceling Operations
{:ok, operation} = Videos.generate("A long video")

# Cancel if taking too long
:ok = Videos.cancel(operation.name)
Error Handling
case Videos.generate("A realistic video") do
  {:ok, operation} ->
    case Videos.wait_for_completion(operation.name) do
      {:ok, completed} ->
        if Gemini.Types.Operation.succeeded?(completed) do
          {:ok, videos} = Gemini.Types.Generation.Video.extract_videos(completed)
          IO.puts("Success! Generated #{length(videos)} videos")
        else
          IO.puts("Generation failed: #{completed.error.message}")
        end

      {:error, :timeout} ->
        IO.puts("Timeout: Video generation took too long")
        # Operation may still complete later
        Videos.cancel(operation.name)

      {:error, reason} ->
        IO.puts("Error: #{inspect(reason)}")
    end

  {:error, %{type: :auth_error}} ->
    IO.puts("Authentication failed. Check Vertex AI credentials.")

  {:error, %{type: :api_error, message: msg}} ->
    IO.puts("API error: #{msg}")

  {:error, reason} ->
    IO.puts("Error: #{inspect(reason)}")
end
Best Practices
1. Be Specific and Descriptive
# Vague
"A landscape"

# Specific
"Cinematic aerial drone shot slowly panning over a serene mountain lake at sunrise, with mist rising from the water and golden light illuminating snow-capped peaks in the background"
2. Specify Camera Movement
prompts = [
  "Static shot of a bustling city street",
  "Slow zoom in on a blooming flower",
  "Pan left across a vast desert landscape",
  "Dolly forward through a dark forest",
  "Orbital shot circling around a modern building"
]
3. Use Temporal Descriptions
"Time-lapse of clouds moving across the sky at sunset"
"Slow motion shot of water droplets splashing"
"Quick cut montage of city life"
4. Batch Processing
prompts = [
  "A red car driving down a highway",
  "A blue ocean with waves crashing",
  "A green forest with sunlight filtering through trees"
]

config = %VideoGenerationConfig{
  duration_seconds: 4,
  aspect_ratio: "16:9"
}

# Start all generations
operations = prompts
|> Enum.map(fn prompt ->
  {:ok, op} = Videos.generate(prompt, config)
  op
end)

# Wait for all to complete
results = operations
|> Task.async_stream(fn op ->
  Videos.wait_for_completion(op.name, timeout: 300_000)
end, timeout: 310_000)
|> Enum.to_list()
5. Handle Long-Running Operations
# Start generation
{:ok, operation} = Videos.generate("Epic cinematic scene")

# Store operation name for later
operation_id = operation.name

# Later, in another process/request
{:ok, current_status} = Videos.get_operation(operation_id)

if current_status.done do
  {:ok, videos} = Gemini.Types.Generation.Video.extract_videos(current_status)
  # Process videos
else
  IO.puts("Still generating... #{current_status.metadata}")
end
Performance Considerations
Generation Time
Typical generation times:
	4 seconds video: ~2-3 minutes
	8 seconds video: ~3-5 minutes

Factors affecting speed:
	Video duration (longer = slower)
	Complexity of the prompt
	Resolution and frame rate
	System load

Resource Management
# Limit concurrent video generations
max_concurrent = 3

prompts
|> Task.async_stream(
  fn prompt ->
    {:ok, op} = Videos.generate(prompt)
    Videos.wait_for_completion(op.name)
  end,
  max_concurrency: max_concurrent,
  timeout: 600_000  # 10 minutes per video
)
|> Enum.to_list()
Configuration Options
VideoGenerationConfig
	Field	Type	Default	Description
	number_of_videos	1..4	1	Number of videos to generate
	duration_seconds	4 or 8	8	Video duration
	aspect_ratio	String.t()	"16:9"	Video aspect ratio
	fps	24, 25, or 30	24	Frames per second
	compression_format	:h264 or :h265	:h264	Video compression
	safety_filter_level	atom()	:block_some	Content filtering level
	negative_prompt	String.t()	nil	What to avoid
	seed	integer()	nil	Random seed for reproducibility
	guidance_scale	float()	nil	Prompt adherence (1.0-20.0)
	person_generation	atom()	:dont_allow	Person generation policy

Troubleshooting
Operation Times Out
# Increase timeout
{:ok, completed} = Videos.wait_for_completion(
  operation.name,
  timeout: 600_000  # 10 minutes
)

# Or poll manually with longer intervals
{:ok, op} = Videos.get_operation(operation.name)
Content Blocked by Safety Filters
{:ok, completed} = Videos.wait_for_completion(operation.name)

if completed.error do
  IO.puts("Error: #{completed.error.message}")
  # Try with different prompt or safety settings
end
Downloading from GCS
# Use Google Cloud Storage client
# Or gsutil command line tool:
# gsutil cp gs://bucket/path/video.mp4 ./local_video.mp4

# With authentication
# gcloud auth application-default login
# gsutil cp #{video.video_uri} ./output.mp4
See Also
	Vertex AI Veo Documentation
	Image Generation Guide
	Operations API Guide
	Long-Running Operations
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This document provides a high-level overview of the Gemini Unified Client architecture based on the codebase in lib/gemini.
System Overview
The Gemini Unified Client is designed as a modular, extensible system that provides a unified interface for interacting with both Gemini API and Vertex AI services while maintaining backward compatibility and supporting advanced features like streaming, multi-authentication, and telemetry.
High-Level Architecture Diagram
graph LR
    subgraph "Application Layer"
        APP[Application Code]
        MAIN[Gemini Main Module]
    end

    subgraph "Coordination Layer"
        COORD[APIs.Coordinator]
        MAUTH[Auth.MultiAuthCoordinator]
    end

    subgraph "Client Layer"
        UC[Client.UnifiedClient]
        HTTP[Client.HTTP]
        STREAM[Client.HTTPStreaming]
    end

    subgraph "API Layer"
        GEN[APIs.Generate]
        EGEN[APIs.EnhancedGenerate]
        MOD[APIs.Models]
        EMOD[APIs.EnhancedModels]
        TOK[APIs.Tokens]
    end

    subgraph "Streaming System"
        UMAN[Streaming.UnifiedManager]
        MAN[Streaming.Manager]
        MANV2[Streaming.ManagerV2]
        SSE[SSE.Parser]
    end

    subgraph "Authentication System"
        AUTH[Auth]
        GMAUTH[Gemini API Auth]
        VAAUTH[Vertex AI Auth]
    end

    subgraph "Infrastructure"
        CONF[Config]
        ERR[Error]
        TEL[Telemetry]
        TYPES[Types/*]
        UTILS[Utils/*]
    end

    subgraph "Application Supervision"
        APPSUP[Application]
        SUP[Supervisor]
    end

    subgraph "External Services"
        GAPI[Gemini API]
        VAI[Vertex AI]
    end

    %% Application Flow
    APP --> MAIN
    MAIN --> COORD

    %% Coordination Layer
    COORD --> MAUTH
    COORD --> UC
    COORD --> UMAN

    %% Authentication Coordination
    MAUTH --> GMAUTH
    MAUTH --> VAAUTH

    %% Client Layer
    UC --> HTTP
    UC --> STREAM
    UC --> AUTH

    %% API Layer Routing
    COORD --> GEN
    COORD --> EGEN
    COORD --> MOD
    COORD --> EMOD
    COORD --> TOK

    %% Streaming Management
    UMAN --> MAN
    UMAN --> MANV2
    UMAN --> SSE
    UMAN --> STREAM

    %% Infrastructure Dependencies
    UC --> CONF
    UC --> ERR
    UC --> TEL
    COORD --> TYPES
    AUTH --> CONF
    UMAN --> TEL

    %% Supervision Tree
    APPSUP --> SUP
    SUP --> UMAN

    %% External Connections
    HTTP --> GAPI
    HTTP --> VAI
    STREAM --> GAPI
    STREAM --> VAI

    %% Styling
    classDef primary fill:#6B46C1,stroke:#4C1D95,stroke-width:3px,color:#FFFFFF
    classDef secondary fill:#9333EA,stroke:#6B21A8,stroke-width:2px,color:#FFFFFF
    classDef tertiary fill:#A855F7,stroke:#7C2D12,stroke-width:2px,color:#FFFFFF
    classDef api fill:#EF4444,stroke:#B91C1C,stroke-width:2px,color:#FFFFFF
    classDef coordinator fill:#10B981,stroke:#047857,stroke-width:2px,color:#FFFFFF
    classDef strategy fill:#F59E0B,stroke:#D97706,stroke-width:2px,color:#FFFFFF
    classDef config fill:#3B82F6,stroke:#1D4ED8,stroke-width:2px,color:#FFFFFF
    classDef behavior fill:#8B5CF6,stroke:#7C3AED,stroke-width:3px,color:#FFFFFF,stroke-dasharray: 5 5

    %% Apply classes
    class APP,MAIN primary
    class COORD,MAUTH coordinator
    class UC,HTTP,STREAM secondary
    class GEN,EGEN,MOD,EMOD,TOK tertiary
    class UMAN,MAN,MANV2,SSE secondary
    class AUTH behavior
    class GMAUTH,VAAUTH strategy
    class CONF,ERR,TEL,TYPES,UTILS config
    class APPSUP,SUP primary
    class GAPI,VAI api


Core Components
1. Application Layer
	Gemini Main Module: Primary entry point providing backward-compatible API
	Application Code: User-facing interface for all Gemini operations

2. Coordination Layer
	APIs.Coordinator: Central orchestrator that routes requests and manages unified API operations
	Auth.MultiAuthCoordinator: Manages multiple authentication strategies concurrently

3. Client Layer
	Client.UnifiedClient: Unified HTTP client with comprehensive error handling and response parsing
	Client.HTTP: Standard HTTP client for request/response operations
	Client.HTTPStreaming: Specialized client for streaming operations

4. API Layer
	APIs.Generate: Core content generation functionality
	APIs.EnhancedGenerate: Enhanced generation with additional features
	APIs.Models: Model listing and management
	APIs.EnhancedModels: Enhanced model operations
	APIs.Tokens: Token counting and management

5. Streaming System
	Streaming.UnifiedManager: Main streaming manager with multi-auth support
	Streaming.Manager: Base streaming manager
	Streaming.ManagerV2: Enhanced streaming manager
	SSE.Parser: Server-Sent Events parser for streaming responses

6. Authentication System
	Auth: Base authentication module
	Multi-Authentication Support: Concurrent support for both Gemini API and Vertex AI authentication

7. Infrastructure
	Config: Configuration management
	Error: Error handling and classification
	Telemetry: Instrumentation and monitoring
	Types: Type definitions and data structures
	Utils: Utility functions and helpers

Key Architectural Principles
1. Unified Interface
The system provides a single, consistent API that abstracts away the differences between Gemini API and Vertex AI, allowing users to switch authentication strategies without changing their code.
2. Multi-Authentication Support
The architecture supports concurrent usage of multiple authentication strategies within the same application, enabling flexible deployment scenarios.
3. Modular Design
Each layer has clearly defined responsibilities and interfaces, making the system maintainable and extensible.
4. Streaming-First Architecture
Streaming capabilities are built into the core architecture rather than being an afterthought, providing robust real-time functionality.
5. Comprehensive Error Handling
Error handling is centralized and consistent across all components, providing clear error classification and recovery strategies.
6. Telemetry Integration
Built-in telemetry support provides visibility into system performance and behavior across all operations.
Data Flow
	Request Initiation: Application code calls the main Gemini module
	Coordination: The Coordinator determines the appropriate authentication strategy and API endpoint
	Authentication: MultiAuthCoordinator handles authentication for the selected strategy
	Client Execution: UnifiedClient executes the HTTP request with proper authentication
	Response Processing: Responses are parsed, validated, and returned through the coordination layer
	Streaming Handling: For streaming requests, UnifiedManager manages the stream lifecycle
	Telemetry: All operations emit telemetry events for monitoring and observability

Supervision Strategy
The system uses OTP supervision principles with the Application module starting a supervisor that manages the UnifiedManager for streaming operations, ensuring fault tolerance and automatic recovery.
Configuration Management
The Config module provides centralized configuration management that supports both global settings and per-request overrides, enabling flexible deployment and testing scenarios.
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Of course. Here is a detailed technical documentation for the authentication system of the provided Elixir library, complete with a Mermaid diagram to visualize the architecture.

Technical Documentation: Gemini Elixir Library Authentication System
1. Overview
The authentication system in this Elixir library is a sophisticated, multi-layered architecture designed for maximum flexibility and robustness. It allows developers to seamlessly switch between different Google AI authentication schemes without changing their application code.
The system is built on two core principles:
	 Dual-Strategy Support: It natively supports both the simple Gemini API Key (:gemini) and the more complex Vertex AI OAuth/JWT (:vertex_ai) authentication methods.
	 Hierarchical Configuration: It provides a clear and predictable order of precedence for sourcing credentials, prioritizing per-request overrides, then environment variables, and finally Elixir application configuration.

This design makes the library easy to use for simple scripts while being powerful enough for complex, multi-tenant production applications.
2. Core Concepts: Authentication Strategies
The system revolves around two distinct, pluggable strategies:
	  :gemini Strategy:
	  Method: Uses a static API key.
	  Mechanism: Adds the key to the x-goog-api-key HTTP header.
	  Use Case: Ideal for quickstarts, personal projects, and scenarios where a simple, long-lived key is sufficient.


	  :vertex_ai Strategy:
	  Method: Uses Google Cloud's standard Identity and Access Management (IAM).
	  Mechanism: Generates short-lived OAuth2 Bearer tokens or self-signed JWTs from a service account.
	  Use Case: The standard for production Google Cloud Platform applications, providing more secure, auditable, and role-based access.



3. System Architecture
The authentication system is composed of several distinct layers, each with a clear responsibility. This separation of concerns is key to its flexibility.
Mermaid Diagram of the Authentication Architecture
graph TD
    subgraph S1 ["User-Facing API"]
        A["User Call<br/>e.g., Coordinator.stream_generate_content(..., opts)"]
    end

    subgraph S2 ["Coordination & Logic"]
        B["APIs.Coordinator"]
        C["Streaming.UnifiedManager"]
        D{"Auth.MultiAuthCoordinator"}
    end

    subgraph S3 ["Auth Implementation"]
        E["Config"]
        F["Auth.Strategy<br/>(Behavior)"]
        G(("GeminiStrategy"))
        H(("VertexStrategy"))
    end
    
    subgraph S4 ["HTTP Client"]
        I["Client.HTTP / HTTPStreaming"]
    end

    A --> B
    B --> C
    C -->|"1 Requests auth coordination<br/>(passes opts)"| D
    D -->|"2 Gets credentials for strategy"| E
    E -->|"Reads ENV & app config"| D
    D -->|"3 Selects strategy implementation"| F
    F --> G
    F --> H
    D -->|"4 Uses strategy to build headers"| G
    G -->|"Returns Gemini headers"| D
    D -->|"5 Returns final headers"| C
    C -->|"6 Makes request with final headers"| I

    %% Styling
    classDef primary fill:#6B46C1,stroke:#4C1D95,stroke-width:3px,color:#FFFFFF
    classDef secondary fill:#9333EA,stroke:#6B21A8,stroke-width:2px,color:#FFFFFF
    classDef tertiary fill:#A855F7,stroke:#7C2D12,stroke-width:2px,color:#FFFFFF
    classDef api fill:#EF4444,stroke:#B91C1C,stroke-width:2px,color:#FFFFFF
    classDef coordinator fill:#10B981,stroke:#047857,stroke-width:2px,color:#FFFFFF
    classDef strategy fill:#F59E0B,stroke:#D97706,stroke-width:2px,color:#FFFFFF
    classDef config fill:#3B82F6,stroke:#1D4ED8,stroke-width:2px,color:#FFFFFF
    classDef behavior fill:#8B5CF6,stroke:#7C3AED,stroke-width:3px,color:#FFFFFF,stroke-dasharray: 5 5
    
    %% Apply classes
    class A api
    class B,C primary
    class D coordinator
    class E config
    class F behavior
    class G,H strategy
    class I secondary
    
    %% Subgraph styling
    style S1 fill:#F9FAFB,stroke:#EF4444,stroke-width:3px
    style S2 fill:#FEFEFE,stroke:#6B46C1,stroke-width:3px
    style S3 fill:#F3F4F6,stroke:#10B981,stroke-width:3px
    style S4 fill:#F8FAFC,stroke:#9333EA,stroke-width:3px
Architectural Layers Explained
1. Configuration Layer (gemini/config.ex)
	  Purpose: To detect and load the default authentication credentials for the application.
	  Mechanism: The Gemini.Config.auth_config/0 function establishes a strict priority order for finding credentials:	 Environment Variables: Checks for GEMINI_API_KEY, VERTEX_SERVICE_ACCOUNT, etc. This is the highest priority.
	 Application Config: If no environment variables are found, it checks for :gemini, :auth or :gemini, :api_key in the Elixir application environment (e.g., config/runtime.exs).


	  Code Example (gemini/config.ex):def auth_config do
  cond do
    gemini_api_key() ->
      %{type: :gemini, credentials: %{api_key: gemini_api_key()}}
    # ... other checks for Vertex, etc.
    true ->
      Application.get_env(:gemini, :auth) # ...
  end
end


2. Abstraction Layer (gemini/auth.ex)
	  Purpose: To define a common interface for all authentication strategies.
	  Mechanism: It defines the Gemini.Auth.Strategy behavior. Any module that implements this behavior must define functions like headers/1 and base_url/1. This allows the rest of the system to interact with any authentication strategy in a uniform way.
	  Code Example (gemini/auth.ex):defmodule Strategy do
  @callback headers(credentials :: map()) :: [{String.t(), String.t()}]
  @callback base_url(credentials :: map()) :: String.t()
  # ...
end


3. Implementation Layer (gemini/auth/*_strategy.ex)
	  Purpose: To provide the concrete logic for each authentication strategy.
	  Mechanism:	  GeminiStrategy implements the Strategy behavior for API Key auth. Its headers/1 function creates the x-goog-api-key header.
	  VertexStrategy implements the same behavior for Vertex AI, handling the complexities of generating OAuth tokens.


	  Code Example (gemini/auth/gemini_strategy.ex):def headers(%{api_key: api_key}) do
  [
    {"Content-Type", "application/json"},
    {"x-goog-api-key", api_key}
  ]
end


4. Coordination Layer (gemini/auth/multi_auth_coordinator.ex)
	  Purpose: To be the central brain of the system, handling per-request logic and orchestrating the other layers. This is what enables a user to override the global configuration for a single API call.
	  Mechanism: The key function is get_credentials(strategy, opts). It first checks the opts keyword list (passed from the user's function call) for overriding credentials (like :api_key). If an override is not present, it falls back to the default credentials loaded by the Config layer.
	  Code Example (gemini/auth/multi_auth_coordinator.ex):def get_credentials(:gemini, opts) do
  base_config = Config.get_auth_config(:gemini)
  
  # Prioritize opts, then fall back to base_config
  api_key = Keyword.get(opts, :api_key, base_config[:api_key])
  
  # ... validation
end


4. End-to-End Authentication Flow
Let's trace a user's call to see how these layers interact.
Scenario: A user wants to make a single streaming call with a specific, temporary API key, overriding their global configuration.
	 User Call: The developer calls a high-level function in APIs.Coordinator, passing the :api_key in the opts.
Coordinator.stream_generate_content(
  "Tell me a story",
  auth: :gemini,
  api_key: "aiza-temporary-key-for-this-call"
)

	 Delegation: APIs.Coordinator delegates this call to the Streaming.UnifiedManager, passing along the opts unchanged.

	 Auth Coordination: The UnifiedManager needs to get HTTP headers. It calls MultiAuthCoordinator.coordinate_auth(:gemini, opts).

	 Credential Resolution: The MultiAuthCoordinator's get_credentials/2 function is executed.
	  It sees api_key: "aiza-temporary-key-for-this-call" inside the opts.
	  It uses this key and ignores whatever might be configured in environment variables or config/runtime.exs.


	 Header Generation: The MultiAuthCoordinator now has the correct credentials. It invokes the :gemini strategy (GeminiStrategy.headers/1) with these credentials.

	 Header Creation: GeminiStrategy creates the final list of headers: [{"x-goog-api-key", "aiza-temporary-key-for-this-call"}, ...].

	 HTTP Request: The headers are returned up to the UnifiedManager, which then passes them to the Client.HTTPStreaming module to make the final, correctly authenticated HTTP request.


5. Configuration Guide for Library Users
To use the library, configure your credentials using one of the following methods, listed in order of precedence (Method 1 overrides Method 2, which overrides Method 3).
Method 1: Per-Request Override
For functions that support it (primarily in the streaming API), you can provide the authentication details directly in the opts of the function call.
# This API key is used for this call only
opts = [
  auth: :gemini,
  api_key: "your_specific_api_key"
]
{:ok, stream_id} = Gemini.APIs.Coordinator.stream_generate_content("Hello", opts)
Method 2: Environment Variables (Recommended for Production)
This is the most secure and standard way to provide credentials in production, staging, and CI/CD environments.
	  For Gemini API Key:
export GEMINI_API_KEY="your-google-ai-api-key"


	  For Vertex AI (Service Account):
export VERTEX_SERVICE_ACCOUNT="/path/to/your/service-account.json"
export VERTEX_PROJECT_ID="your-gcp-project-id"
export VERTEX_LOCATION="us-central1"



The library will automatically detect and use these variables.
Method 3: Application Configuration (Standard Elixir Way)
Configure the library in your project's config/runtime.exs file. This is the canonical approach for managing secrets within an Elixir application.
	  For Gemini API Key:
# config/runtime.exs
import Config

# Best practice: Read from an environment variable
config :gemini_ex,
  api_key: System.fetch_env!("GEMINI_API_KEY")

	  For Vertex AI (Service Account):
# config/runtime.exs
import Config

config :gemini_ex, :auth,
  type: :vertex_ai,
  credentials: %{
    service_account_key: System.fetch_env!("VERTEX_SERVICE_ACCOUNT_PATH"),
    project_id: System.fetch_env!("GCP_PROJECT_ID"),
    location: "us-central1"
  }
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Technical Deep Dive: Server-Sent Events (SSE) Streaming Implementation

Table of Contents
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Executive Summary
This document details the complete redesign and implementation of streaming functionality for the Gemini Elixir client library. The original implementation was fundamentally broken due to misunderstanding of HTTP streaming protocols and improper state management. Our solution provides a production-ready streaming system with proper SSE parsing, resource management, and error recovery.
Key Achievements
	🔧 Fixed Core Issues: Proper SSE parsing with stateful chunk handling
	📈 Performance: Supports 100+ concurrent streams with automatic resource management
	🛡️ Reliability: Comprehensive error handling with automatic retries and fallback
	🔄 Scalability: GenServer-based architecture with subscriber pattern
	📊 Observability: Built-in metrics, logging, and monitoring capabilities


Problem Analysis
Original Implementation Issues
1. HTTP Streaming Misunderstanding
# ❌ BROKEN: Original implementation
req_opts = [
  into: :self,  # Wrong - this is for file downloads, not SSE
  # ...
]

case Req.post(req_opts) do
  {:ok, %Req.Response{body: body}} ->
    events = parse_sse_stream(body)  # Body is complete response, not streaming
Problem: The into: :self option in Req is designed for downloading large files, not for processing Server-Sent Events. SSE requires maintaining an open connection and processing data as it arrives in chunks.
2. SSE Parsing Assumptions
# ❌ BROKEN: Assumes complete SSE data
defp parse_sse_stream(data) when is_binary(data) do
  data
  |> String.split("\n\n")  # Assumes all events are complete
Problem: SSE events arrive incrementally. A single event might be split across multiple TCP packets, requiring stateful parsing with buffering.
3. GenServer Lifecycle Issues
# ❌ BROKEN: Process immediately exits
spawn_link(fn ->
  case HTTP.stream_post_raw(...) do
    {:ok, events} -> 
      # Send all events at once, then exit
      send(manager_pid, {:stream_complete, stream_id})
  end
end)
Problem: Real streaming requires persistent connections. The original implementation spawned processes that immediately terminated after receiving a complete HTTP response.
Impact Assessment
	Functionality: 0% - Streaming completely non-functional
	Resource Management: Critical memory leaks and race conditions
	Error Handling: No recovery mechanisms
	Production Readiness: Completely unsuitable


Architecture Overview
System Components
graph LR
    A[Client Application] --> B[Gemini.Streaming.ManagerV2]
    B --> C[Gemini.Client.HTTPStreaming]
    C --> D[Gemini.SSE.Parser]
    C --> E[Req HTTP Client]
    E --> F[Gemini API]
    
    B --> G[Subscriber 1]
    B --> H[Subscriber 2]
    B --> I[Subscriber N]
    
    D --> J[Event Buffer]
    D --> K[JSON Parser]
    
    subgraph S1 [" "]
        direction TB
        ST1[Stream State Management]
        B
        L[Process Monitors]
        M[Resource Cleanup]
        N[Statistics]
    end
    
    subgraph S2 [" "]
        direction TB
        ST2[HTTP Layer]
        C
        E
        O[Connection Pool]
        P[Retry Logic]
    end
    
    subgraph S3 [" "]
        direction TB
        ST3[SSE Processing]
        D
        J
        K
        Q[Event Validation]
    end

    %% Styling
    classDef primary fill:#6B46C1,stroke:#4C1D95,stroke-width:3px,color:#FFFFFF
    classDef secondary fill:#9333EA,stroke:#6B21A8,stroke-width:2px,color:#FFFFFF
    classDef tertiary fill:#A855F7,stroke:#7C2D12,stroke-width:2px,color:#FFFFFF
    classDef api fill:#EF4444,stroke:#B91C1C,stroke-width:2px,color:#FFFFFF
    classDef subscriber fill:#10B981,stroke:#047857,stroke-width:2px,color:#FFFFFF
    classDef subgraphTitle fill:#1E1B4B,stroke:#312E81,stroke-width:2px,color:#FFFFFF
    
    %% Apply classes
    class A primary
    class B primary
    class C,E secondary
    class D,J,K tertiary
    class F api
    class G,H,I subscriber
    class L,M,N,O,P,Q tertiary
    class ST1,ST2,ST3 subgraphTitle
    
    %% Subgraph styling
    style S1 fill:#F3F4F6,stroke:#6B46C1,stroke-width:3px
    style S2 fill:#F9FAFB,stroke:#9333EA,stroke-width:3px
    style S3 fill:#FEFEFE,stroke:#A855F7,stroke-width:3px
Data Flow
	Stream Initiation: Client requests stream via ManagerV2.start_stream/3
	Authentication: Manager builds authenticated request using unified auth system
	HTTP Streaming: HTTPStreaming establishes persistent SSE connection
	Chunk Processing: SSE.Parser processes incoming data chunks with state management
	Event Distribution: Manager notifies all subscribers of parsed events
	Lifecycle Management: Automatic cleanup when streams complete or subscribers disconnect


Technical Design Decisions
1. GenServer for Stream Management
Decision: Use GenServer for centralized stream management
Rationale:
State Management: GenServer provides reliable state management for complex stream lifecycle:
@type stream_state :: %{
  stream_id: stream_id(),
  stream_pid: pid() | nil,
  model: String.t(),
  status: :starting | :active | :completed | :error | :stopped,
  subscribers: [subscriber_ref()],
  events_count: non_neg_integer(),
  # ... additional metadata
}
Process Monitoring: GenServer can monitor multiple subscriber processes and clean up when they die:
def handle_info({:DOWN, monitor_ref, :process, pid, _reason}, state) do
  # Automatic cleanup of dead subscribers
  # Remove stream if no subscribers remain
end
Concurrency Control: Single GenServer provides serialized access to stream state, preventing race conditions:
# All operations go through GenServer calls/casts
def handle_call({:subscribe, stream_id, subscriber_pid}, _from, state)
OTP Supervision: GenServer integrates with OTP supervision trees for fault tolerance:
# Supervisor can restart manager if it crashes
children = [{Gemini.Streaming.ManagerV2, []}]
Supervisor.start_link(children, strategy: :one_for_one)
Alternatives Considered:
	Registry-based: Would require external coordination for cleanup
	Agent-based: No built-in monitoring capabilities
	Pure functional: Complex state management without GenServer benefits
	GenStage: Overkill for current requirements, planned for future enhancement

2. Stateful SSE Parser
Decision: Implement stateful parser with buffer management
Rationale:
Chunk Boundaries: SSE events can be split across TCP packets:
# Chunk 1: "data: {\"text\": \"hel"
# Chunk 2: "lo world\"}\n\n"
# Parser must buffer partial events
Memory Efficiency: Process events as they arrive rather than accumulating all data:
defstruct buffer: "", events: []

def parse_chunk(chunk, %__MODULE__{buffer: buffer} = state) do
  full_data = buffer <> chunk
  {events, remaining_buffer} = extract_events(full_data)
  # Process events immediately, keep only incomplete data
end
Error Isolation: Bad events don't corrupt the entire stream:
def parse_event(event_data) do
  case parse_json_data(data) do
    {:ok, parsed_data} -> build_event(parsed_data)
    {:error, _} -> nil  # Skip malformed events
  end
end
3. Callback-based HTTP Streaming
Decision: Use Req with streaming callbacks rather than complete response handling
Rationale:
Real-time Processing: Events processed as they arrive:
req_opts = [
  into: fn message, acc ->
    handle_stream_message(message, acc, callback)
  end
]
Memory Efficiency: No accumulation of large response bodies:
defp handle_stream_message({:data, chunk}, parser, callback) do
  case Parser.parse_chunk(chunk, parser) do
    {:ok, events, new_parser} ->
      Enum.each(events, &callback.(%{type: :data, data: &1.data}))
      new_parser
  end
end
Backpressure: Callback return values can control stream flow:
case callback.(stream_event) do
  :ok -> :continue
  :stop -> throw({:stop_stream, :requested})
end
4. Subscriber Pattern
Decision: Multiple subscribers per stream with individual monitoring
Rationale:
Resource Sharing: Multiple processes can receive the same stream data:
# Dashboard, logger, and analytics can all subscribe to same stream
:ok = ManagerV2.subscribe_stream(stream_id, dashboard_pid)
:ok = ManagerV2.subscribe_stream(stream_id, logger_pid)
:ok = ManagerV2.subscribe_stream(stream_id, analytics_pid)
Automatic Cleanup: Streams stop when all subscribers disconnect:
def handle_info({:DOWN, monitor_ref, :process, pid, _reason}, state) do
  # Remove dead subscriber
  # Stop stream if no subscribers remain
end
Process Isolation: Subscriber failures don't affect other subscribers or the stream:
# Each subscriber is monitored independently
monitor_ref = Process.monitor(subscriber_pid)
subscriber_ref = {subscriber_pid, monitor_ref}

Component Deep Dive
Gemini.SSE.Parser
Purpose: Stateful parsing of Server-Sent Events with proper chunk handling
Key Features:
defmodule Gemini.SSE.Parser do
  defstruct buffer: "", events: []
  
  # Core parsing with state management
  def parse_chunk(chunk, parser) do
    full_data = parser.buffer <> chunk
    {events, remaining_buffer} = extract_events(full_data)
    parsed_events = Enum.map(events, &parse_event/1) |> Enum.filter(&(&1 != nil))
    new_state = %{parser | buffer: remaining_buffer}
    {:ok, parsed_events, new_state}
  end
end
Technical Details:
Event Extraction:
defp extract_events(data) do
  parts = String.split(data, "\n\n")
  case parts do
    [single_part] -> {[], single_part}  # No complete events
    multiple_parts ->
      {complete_events, [remaining]} = Enum.split(multiple_parts, -1)
      {complete_events, remaining}
  end
end
JSON Parsing with Error Handling:
defp parse_json_data("[DONE]"), do: {:ok, %{done: true}}
defp parse_json_data(json_string) do
  case Jason.decode(json_string) do
    {:ok, data} -> {:ok, data}
    {:error, _} -> {:error, :invalid_json}
  end
end
Performance Optimizations:
	Early filtering of malformed events
	Minimal string operations
	Efficient buffer management
	Unicode-safe string handling

Gemini.Client.HTTPStreaming
Purpose: HTTP client for establishing and managing SSE connections
Key Features:
def stream_sse(url, headers, body, callback, opts \\ []) do
  timeout = Keyword.get(opts, :timeout, 30_000)
  max_retries = Keyword.get(opts, :max_retries, 3)
  stream_with_retries(url, headers, body, callback, timeout, max_retries, 0)
end
Connection Management:
Retry Logic with Exponential Backoff:
defp stream_with_retries(url, headers, body, callback, timeout, max_retries, attempt) do
  case do_stream(url, headers, body, callback, timeout) do
    {:ok, :completed} -> {:ok, :completed}
    {:error, error} when attempt < max_retries ->
      delay = min(1000 * :math.pow(2, attempt), 10_000) |> round()
      Process.sleep(delay)
      stream_with_retries(url, headers, body, callback, timeout, max_retries, attempt + 1)
    {:error, error} -> {:error, error}
  end
end
SSE-specific Headers:
defp add_sse_headers(headers) do
  sse_headers = [
    {"Accept", "text/event-stream"},
    {"Cache-Control", "no-cache"}
  ]
  # Merge without duplicates
  headers ++ filter_new_headers(sse_headers, headers)
end
Stream Processing:
req_opts = [
  method: :post,
  url: sse_url,
  headers: headers,
  json: body,
  into: fn message, acc ->
    handle_stream_message(message, acc, callback)
  end
]
Gemini.Streaming.ManagerV2
Purpose: Central GenServer for managing stream lifecycle and subscribers
State Structure:
@type manager_state :: %{
  streams: %{stream_id() => stream_state()},
  stream_counter: non_neg_integer(),
  max_streams: pos_integer(),
  default_timeout: pos_integer()
}

@type stream_state :: %{
  stream_id: stream_id(),
  stream_pid: pid() | nil,
  model: String.t(),
  request_body: map(),
  status: :starting | :active | :completed | :error | :stopped,
  error: term() | nil,
  started_at: DateTime.t(),
  subscribers: [subscriber_ref()],
  events_count: non_neg_integer(),
  last_event_at: DateTime.t() | nil,
  config: keyword()
}
Resource Management:
Stream Limits:
def handle_call({:start_stream, contents, opts, subscriber_pid}, _from, state) do
  if map_size(state.streams) >= state.max_streams do
    {:reply, {:error, :max_streams_exceeded}, state}
  else
    # Proceed with stream creation
  end
end
Automatic Cleanup:
def handle_info({:stream_complete, stream_id}, state) do
  # Update status and notify subscribers
  updated_stream = %{stream_state | status: :completed}
  notify_subscribers(updated_stream.subscribers, {:stream_complete, stream_id})
  
  # Schedule cleanup after delay
  Process.send_after(self(), {:cleanup_stream, stream_id}, 5_000)
  # ...
end
Subscriber Monitoring:
def handle_call({:subscribe, stream_id, subscriber_pid}, _from, state) do
  monitor_ref = Process.monitor(subscriber_pid)
  subscriber_ref = {subscriber_pid, monitor_ref}
  
  updated_stream = %{
    stream_state | 
    subscribers: [subscriber_ref | stream_state.subscribers]
  }
  # ...
end

Performance Characteristics
Benchmarks
Concurrent Streams
	Target: 100 concurrent streams
	Memory per stream: ~2KB baseline + event data
	CPU overhead: <1% per stream on modern hardware
	Network: Limited by API rate limits, not client

Event Processing
	Parser throughput: >10,000 events/second
	Latency: <1ms from chunk receipt to subscriber notification
	Memory efficiency: O(1) buffer size regardless of stream length

Resource Usage
# Example resource footprint
%{
  total_streams: 50,
  memory_per_stream: "~2KB",
  total_memory_overhead: "~100KB",
  cpu_usage: "<0.5%",
  network_connections: 50
}
Scaling Characteristics
Vertical Scaling
	Memory: Linear with number of active streams
	CPU: Negligible until >1000 concurrent streams
	Network: Limited by upstream API, not client

Horizontal Scaling
	Process distribution: GenServer can be distributed across nodes
	Load balancing: Multiple manager instances with consistent hashing
	State replication: Stream state can be replicated for fault tolerance

Performance Monitoring
def get_performance_stats() do
  %{
    streams_by_status: count_streams_by_status(),
    average_events_per_stream: calculate_average_events(),
    memory_usage: :erlang.system_info(:total_memory),
    process_count: :erlang.system_info(:process_count),
    uptime_seconds: uptime_in_seconds()
  }
end

Error Handling Strategy
Error Categories
1. Network Errors
# Connection failures, timeouts, DNS issues
{:error, %Req.TransportError{reason: :timeout}} ->
  # Automatic retry with exponential backoff
  retry_stream_with_backoff(url, headers, body, callback, attempt + 1)
2. API Errors
# HTTP 4xx/5xx responses
{:ok, %Req.Response{status: 429}} ->
  # Rate limiting - longer backoff
  {:error, Error.api_error(429, "Rate limited")}

{:ok, %Req.Response{status: 401}} ->
  # Auth failure - no retry
  {:error, Error.api_error(401, "Authentication failed")}
3. Parse Errors
# Malformed SSE events
defp parse_event(event_data) do
  case parse_json_data(data) do
    {:ok, parsed_data} -> build_event(parsed_data)
    {:error, _} -> nil  # Skip malformed events, continue stream
  end
end
4. Resource Errors
# Stream limits, memory pressure
def handle_call({:start_stream, _, _, _}, _from, state) do
  if map_size(state.streams) >= state.max_streams do
    {:reply, {:error, :max_streams_exceeded}, state}
  end
end
Recovery Strategies
Automatic Retry
defp stream_with_retries(url, headers, body, callback, timeout, max_retries, attempt) do
  case do_stream(url, headers, body, callback, timeout) do
    {:error, error} when attempt < max_retries ->
      delay = min(1000 * :math.pow(2, attempt), 10_000) |> round()
      Logger.warning("Stream retry #{attempt + 1}/#{max_retries}: #{inspect(error)}")
      Process.sleep(delay)
      stream_with_retries(url, headers, body, callback, timeout, max_retries, attempt + 1)
    
    result -> result
  end
end
Graceful Degradation
# Fallback to non-streaming when streaming fails
case ManagerV2.start_stream(contents, opts, self()) do
  {:error, _streaming_error} ->
    Logger.info("Streaming failed, falling back to regular generation")
    Gemini.generate(contents, opts)
end
Circuit Breaker Pattern
# Future enhancement - stop trying after repeated failures
defmodule CircuitBreaker do
  # Track failure rates and disable endpoints temporarily
  def should_attempt_stream?(endpoint) do
    failure_rate = get_failure_rate(endpoint)
    failure_rate < 0.5  # 50% threshold
  end
end
Error Propagation
Structured Error Types
defmodule Gemini.Error do
  @type t :: %__MODULE__{
    type: :network_error | :api_error | :parse_error | :resource_error,
    message: String.t(),
    http_status: integer() | nil,
    retryable: boolean(),
    details: map()
  }
end
Subscriber Notification
# Errors propagated to all subscribers
def handle_info({:stream_error, stream_id, error}, state) do
  notify_subscribers(stream_state.subscribers, {:stream_error, stream_id, error})
  updated_stream = %{stream_state | status: :error, error: error}
  # ...
end

Testing Strategy
Test Categories
1. Unit Tests
SSE Parser Tests:
describe "SSE Parser edge cases" do
  test "handles partial events across chunks" do
    parser = Parser.new()
    
    # First chunk - incomplete
    chunk1 = "data: {\"text\": \"hel"
    {:ok, events1, parser1} = Parser.parse_chunk(chunk1, parser)
    assert events1 == []
    
    # Second chunk - completes event
    chunk2 = "lo\"}\n\n"
    {:ok, events2, parser2} = Parser.parse_chunk(chunk2, parser1)
    assert length(events2) == 1
    assert hd(events2).data == %{"text" => "hello"}
  end
end
HTTP Streaming Tests:
describe "HTTP streaming with mocks" do
  test "handles connection failures with retry" do
    # Mock Req to fail first N attempts
    # Verify exponential backoff timing
    # Confirm eventual success
  end
end
Manager State Tests:
describe "Streaming Manager state management" do
  test "cleans up when subscribers die" do
    {:ok, stream_id} = ManagerV2.start_stream(contents, [], self())
    subscriber = spawn(fn -> :ok end)
    :ok = ManagerV2.subscribe_stream(stream_id, subscriber)
    
    Process.exit(subscriber, :kill)
    Process.sleep(50)  # Allow DOWN message processing
    
    # Verify cleanup
    assert {:error, :stream_not_found} = ManagerV2.get_stream_info(stream_id)
  end
end
2. Integration Tests
Real API Tests:
@tag :integration
test "end-to-end streaming with real API" do
  {:ok, stream_id} = ManagerV2.start_stream("Count from 1 to 5", [], self())
  
  events = collect_stream_events(stream_id, 10_000)
  
  assert length(events) > 0
  assert List.last(events).type in [:complete, :error]
end
Error Scenario Tests:
@tag :integration  
test "streaming with invalid model triggers error" do
  {:ok, stream_id} = ManagerV2.start_stream("Hello", [model: "invalid"], self())
  
  events = collect_stream_events(stream_id, 5_000)
  error_events = Enum.filter(events, &(&1.type == :error))
  
  assert length(error_events) > 0
end
3. Performance Tests
Load Testing:
test "handles 100 concurrent streams" do
  stream_ids = 
    1..100
    |> Enum.map(fn i ->
      {:ok, stream_id} = ManagerV2.start_stream("Test #{i}", [], self())
      stream_id
    end)
  
  stats = ManagerV2.get_stats()
  assert stats.total_streams == 100
  
  # Verify all streams eventually complete or error
  assert_all_streams_finish(stream_ids, 60_000)
end
Memory Testing:
test "memory usage remains stable during long streams" do
  initial_memory = :erlang.memory(:total)
  
  {:ok, stream_id} = ManagerV2.start_stream("Very long content...", [], self())
  
  # Process many events
  events = collect_stream_events(stream_id, 30_000)
  
  final_memory = :erlang.memory(:total)
  memory_growth = final_memory - initial_memory
  
  # Memory growth should be minimal (< 10MB for test)
  assert memory_growth < 10_000_000
end
4. Property-Based Testing
SSE Parser Properties:
property "parser handles arbitrary chunk boundaries" do
  check all event_data <- valid_sse_event(),
            chunk_sizes <- list_of(positive_integer()) do
    
    # Split event data at arbitrary boundaries
    chunks = split_into_chunks(event_data, chunk_sizes)
    
    # Parse incrementally
    {events, _parser} = parse_chunks_incrementally(chunks)
    
    # Should produce same result as parsing complete data
    {:ok, expected_events, _} = Parser.parse_chunk(event_data, Parser.new())
    assert events == expected_events
  end
end
Test Infrastructure
Mock Servers:
defmodule MockSSEServer do
  use Plug.Router
  
  plug :match
  plug :dispatch
  
  post "/stream" do
    conn
    |> put_resp_header("content-type", "text/event-stream")
    |> send_chunked(200)
    |> send_mock_events()
  end
  
  defp send_mock_events(conn) do
    events = [
      "data: {\"text\": \"Hello\"}\n\n",
      "data: {\"text\": \" world\"}\n\n",
      "data: [DONE]\n\n"
    ]
    
    Enum.reduce(events, conn, fn event, acc ->
      {:ok, acc} = chunk(acc, event)
      Process.sleep(100)  # Simulate streaming delay
      acc
    end)
  end
end

Production Considerations
Deployment Architecture
Process Supervision
defmodule Gemini.Application do
  use Application
  
  def start(_type, _args) do
    children = [
      # HTTP connection pool
      {Finch, name: GeminiHTTP, pools: %{default: [size: 100]}},
      
      # Streaming manager with config
      {Gemini.Streaming.ManagerV2, [
        max_streams: 500,
        default_timeout: 30_000,
        cleanup_interval: 60_000
      ]},
      
      # Metrics collector
      {Gemini.Metrics.Collector, []},
      
      # Health check endpoint
      {Gemini.HealthCheck, []}
    ]
    
    opts = [strategy: :one_for_one, name: Gemini.Supervisor]
    Supervisor.start_link(children, opts)
  end
end
Configuration Management
# config/prod.exs
config :gemini_ex,
  streaming: [
    max_concurrent_streams: 200,
    default_timeout: 45_000,
    max_retries: 5,
    retry_base_delay: 1000,
    max_retry_delay: 30_000,
    enable_metrics: true,
    log_level: :info
  ]
Monitoring and Observability
Metrics Collection
defmodule Gemini.Metrics do
  use GenServer
  
  # Track key metrics
  def record_stream_start(stream_id, model) do
    :telemetry.execute([:gemini, :stream, :start], %{count: 1}, %{
      stream_id: stream_id,
      model: model
    })
  end
  
  def record_event_processed(stream_id, event_size) do
    :telemetry.execute([:gemini, :stream, :event], %{
      count: 1,
      size: event_size
    }, %{stream_id: stream_id})
  end
end
Health Checks
defmodule Gemini.HealthCheck do
  def health_status do
    manager_stats = ManagerV2.get_stats()
    
    %{
      status: determine_health_status(manager_stats),
      streams: %{
        total: manager_stats.total_streams,
        active: manager_stats.streams_by_status[:active] || 0,
        max_allowed: manager_stats.max_streams
      },
      memory: %{
        total: :erlang.memory(:total),
        processes: :erlang.memory(:processes)
      },
      uptime_seconds: uptime_seconds()
    }
  end
  
  defp determine_health_status(stats) do
    utilization = stats.total_streams / stats.max_streams
    
    cond do
      utilization > 0.9 -> :degraded
      utilization > 0.7 -> :warning  
      true -> :healthy
    end
  end
end
Logging Strategy
# Structured logging with correlation IDs
Logger.info("Stream started", 
  stream_id: stream_id,
  model: model,
  subscriber_count: 1,
  correlation_id: correlation_id
)

Logger.warning("Stream retry attempt",
  stream_id: stream_id,
  attempt: attempt,
  error: inspect(error),
  correlation_id: correlation_id
)
Security Considerations
Rate Limiting
defmodule Gemini.RateLimit do
  def check_rate_limit(client_id) do
    key = "stream_limit:#{client_id}"
    current = :ets.update_counter(:rate_limits, key, 1, {key, 0})
    
    if current > max_streams_per_client() do
      {:error, :rate_limited}
    else
      :ok
    end
  end
end
Resource Protection
# Memory pressure handling
def handle_info(:check_memory_pressure, state) do
  total_memory = :erlang.memory(:total)
  
  if total_memory > memory_threshold() do
    Logger.warning("Memory pressure detected, stopping oldest streams")
    stop_oldest_streams(state, 10)
  end
  
  # Schedule next check
  Process.send_after(self(), :check_memory_pressure, 30_000)
  {:noreply, state}
end
Input Validation
def validate_stream_request(contents, opts) do
  with :ok <- validate_content_size(contents),
       :ok <- validate_model_name(opts[:model]),
       :ok <- validate_timeout(opts[:timeout]) do
    :ok
  else
    {:error, reason} -> {:error, {:validation_failed, reason}}
  end
end
Capacity Planning
Resource Requirements
# Estimated resource usage per stream
%{
  memory_baseline: "2KB",
  memory_per_event: "~500 bytes",
  cpu_per_stream: "<0.1%",
  network_connection: "1 HTTP/2 stream",
  file_descriptors: "1 per stream"
}
Scaling Guidelines
	Small deployment: 50-100 concurrent streams
	Medium deployment: 200-500 concurrent streams  
	Large deployment: 1000+ concurrent streams (requires clustering)

Bottleneck Analysis
	Memory: Primary constraint - linear with active streams
	Network: API rate limits before client limits
	CPU: Minimal until >1000 streams
	File descriptors: 1 per stream + overhead


Future Enhancements
Phase 1: Performance Optimization (Next 3 months)
GenStage Integration
defmodule Gemini.Streaming.Producer do
  use GenStage
  
  # Replace GenServer with GenStage for backpressure
  def handle_demand(demand, state) when demand > 0 do
    events = fetch_events(state, demand)
    {:noreply, events, state}
  end
end

defmodule Gemini.Streaming.Consumer do
  use GenStage
  
  # Consumer can control rate of event processing
  def handle_events(events, _from, state) do
    process_events_with_backpressure(events, state)
    {:noreply, [], state}
  end
end
Benefits:
	Automatic backpressure handling
	Better resource utilization
	Support for slow consumers
	Built-in buffering strategies

Connection Pooling
defmodule Gemini.ConnectionPool do
  use GenServer
  
  # Pool HTTP connections for better performance
  def get_connection(endpoint) do
    case :poolboy.checkout(pool_name(endpoint)) do
      :full -> {:error, :pool_exhausted}
      conn -> {:ok, conn}
    end
  end
  
  # HTTP/2 multiplexing for multiple streams per connection
  def multiplex_streams(connection, requests) do
    # Send multiple stream requests over single HTTP/2 connection
  end
end
Performance Impact:
	50% reduction in connection establishment time
	Support for 10x more concurrent streams
	Lower memory usage per stream

Event Batching
defmodule Gemini.EventBatcher do
  # Batch multiple events for efficient processing
  def handle_info(:flush_batch, %{batch: events} = state) when length(events) > 0 do
    notify_subscribers_batch(state.subscribers, events)
    schedule_next_flush()
    {:noreply, %{state | batch: []}}
  end
  
  def add_event(event, %{batch: batch} = state) do
    new_batch = [event | batch]
    
    if length(new_batch) >= batch_size() do
      notify_subscribers_batch(state.subscribers, Enum.reverse(new_batch))
      %{state | batch: []}
    else
      %{state | batch: new_batch}
    end
  end
end
Phase 2: Advanced Features (Next 6 months)
Circuit Breaker Pattern
defmodule Gemini.CircuitBreaker do
  use GenServer
  
  @type state :: :closed | :open | :half_open
  
  def check_availability(endpoint) do
    case get_state(endpoint) do
      :closed -> :available
      :open -> {:unavailable, get_retry_after(endpoint)}
      :half_open -> :probe_allowed
    end
  end
  
  def record_success(endpoint) do
    GenServer.cast(__MODULE__, {:success, endpoint})
  end
  
  def record_failure(endpoint, error) do
    GenServer.cast(__MODULE__, {:failure, endpoint, error})
  end
  
  # State transitions based on failure rates
  def handle_cast({:failure, endpoint, error}, state) do
    failure_count = increment_failure_count(endpoint)
    
    if failure_count >= failure_threshold() do
      transition_to_open(endpoint)
      schedule_half_open_probe(endpoint)
    end
    
    {:noreply, state}
  end
end
Stream Persistence and Replay
defmodule Gemini.StreamPersistence do
  # Persist stream events for replay capability
  def persist_event(stream_id, event) do
    :ets.insert(:stream_events, {{stream_id, event.sequence}, event})
  end
  
  def replay_stream(stream_id, from_sequence \\ 0) do
    :ets.select(:stream_events, [
      {{{stream_id, :"$1"}, :"$2"}, [{:>=, :"$1", from_sequence}], [:"$2"]}
    ])
    |> Enum.sort_by(& &1.sequence)
  end
  
  # Subscriber can request replay from specific point
  def subscribe_with_replay(stream_id, subscriber_pid, from_sequence \\ 0) do
    # Send historical events first
    historical_events = replay_stream(stream_id, from_sequence)
    Enum.each(historical_events, fn event ->
      send(subscriber_pid, {:stream_event, stream_id, event})
    end)
    
    # Then subscribe to live events
    ManagerV2.subscribe_stream(stream_id, subscriber_pid)
  end
end
Advanced Error Recovery
defmodule Gemini.ErrorRecovery do
  # Intelligent retry with different strategies
  def determine_retry_strategy(error) do
    case error do
      %{type: :network_error, details: %{reason: :timeout}} ->
        {:exponential_backoff, max_retries: 5}
      
      %{type: :api_error, http_status: 429} ->
        {:rate_limit_backoff, respect_retry_after: true}
      
      %{type: :api_error, http_status: 503} ->
        {:circuit_breaker, endpoint_cooldown: 300_000}
      
      %{type: :parse_error} ->
        {:skip_and_continue, log_level: :warning}
      
      _ ->
        {:fail_fast, notify_subscribers: true}
    end
  end
  
  # Fallback strategies
  def apply_fallback(original_request, error) do
    case determine_fallback_strategy(error) do
      :non_streaming ->
        Logger.info("Falling back to non-streaming generation")
        Gemini.generate(original_request.contents, original_request.opts)
      
      :different_model ->
        fallback_opts = Keyword.put(original_request.opts, :model, Config.default_model())
        Gemini.generate(original_request.contents, fallback_opts)
      
      :cached_response ->
        lookup_cached_response(original_request)
      
      :no_fallback ->
        {:error, error}
    end
  end
end
Phase 3: Enterprise Features (Next 12 months)
Multi-region Support
defmodule Gemini.MultiRegion do
  # Route requests to different regional endpoints
  def select_endpoint(opts) do
    preferred_region = Keyword.get(opts, :region, :auto)
    
    case preferred_region do
      :auto -> select_fastest_endpoint()
      region -> get_regional_endpoint(region)
    end
  end
  
  def select_fastest_endpoint do
    endpoints = [
      "us-central1-aiplatform.googleapis.com",
      "europe-west4-aiplatform.googleapis.com", 
      "asia-southeast1-aiplatform.googleapis.com"
    ]
    
    # Health check and latency testing
    endpoints
    |> Enum.map(&measure_latency/1)
    |> Enum.min_by(& &1.latency)
    |> Map.get(:endpoint)
  end
  
  # Automatic failover between regions
  def handle_regional_failure(failed_endpoint, request) do
    alternative_endpoints = get_alternative_endpoints(failed_endpoint)
    
    Enum.reduce_while(alternative_endpoints, {:error, :all_regions_failed}, fn endpoint, _acc ->
      case execute_request(request, endpoint) do
        {:ok, result} -> {:halt, {:ok, result}}
        {:error, _} -> {:cont, {:error, :region_failed}}
      end
    end)
  end
end
WebSocket Support
defmodule Gemini.WebSocket do
  use WebSockex
  
  # Bidirectional streaming over WebSocket
  def start_link(auth_config, opts \\ []) do
    ws_url = build_websocket_url(auth_config)
    WebSockex.start_link(ws_url, __MODULE__, %{auth: auth_config}, opts)
  end
  
  def handle_frame({:text, message}, state) do
    case Jason.decode(message) do
      {:ok, %{"type" => "stream_event", "data" => data}} ->
        notify_subscribers(state, data)
      
      {:ok, %{"type" => "control", "action" => "pause"}} ->
        # Handle flow control messages
        {:ok, %{state | paused: true}}
      
      {:error, _} ->
        Logger.warning("Invalid WebSocket message: #{message}")
    end
    
    {:ok, state}
  end
  
  # Send flow control messages
  def send_backpressure_signal(pid, signal) do
    message = Jason.encode!(%{type: "control", action: signal})
    WebSockex.send_frame(pid, {:text, message})
  end
end
Advanced Analytics
defmodule Gemini.Analytics do
  use GenServer
  
  # Track detailed stream analytics
  def record_stream_metrics(stream_id, metrics) do
    GenServer.cast(__MODULE__, {:record_metrics, stream_id, metrics})
  end
  
  def handle_cast({:record_metrics, stream_id, metrics}, state) do
    # Store in time-series database
    :telemetry.execute([:gemini, :stream, :detailed], metrics, %{
      stream_id: stream_id,
      timestamp: System.system_time(:millisecond)
    })
    
    # Update aggregated statistics
    updated_stats = update_aggregated_stats(state.stats, metrics)
    
    {:noreply, %{state | stats: updated_stats}}
  end
  
  # Generate insights
  def generate_usage_report(time_range) do
    %{
      total_streams: count_streams_in_range(time_range),
      success_rate: calculate_success_rate(time_range),
      average_duration: calculate_average_duration(time_range),
      peak_concurrent: find_peak_concurrent(time_range),
      error_breakdown: categorize_errors(time_range),
      cost_analysis: calculate_costs(time_range),
      recommendations: generate_recommendations()
    }
  end
  
  defp generate_recommendations do
    # AI-driven recommendations based on usage patterns
    [
      "Consider using batch requests for short responses",
      "Peak usage at 2-4 PM - consider scaling",
      "Model X has 15% higher error rate - investigate"
    ]
  end
end
Phase 4: Research and Innovation (Future)
Adaptive Streaming
defmodule Gemini.AdaptiveStreaming do
  # Automatically adjust streaming parameters based on network conditions
  def adapt_to_network_conditions(stream_state) do
    network_quality = measure_network_quality()
    
    case network_quality do
      :excellent -> 
        %{chunk_size: :large, buffer_size: :minimal, compression: :none}
      
      :good -> 
        %{chunk_size: :medium, buffer_size: :small, compression: :light}
      
      :poor -> 
        %{chunk_size: :small, buffer_size: :large, compression: :aggressive}
    end
  end
  
  # Predict and pre-buffer content
  def predictive_buffering(user_patterns, current_request) do
    likely_next_requests = predict_next_requests(user_patterns, current_request)
    
    Enum.each(likely_next_requests, fn request ->
      # Pre-start streams for predicted requests
      Task.start(fn -> pre_warm_stream(request) end)
    end)
  end
end
Edge Computing Integration
defmodule Gemini.EdgeComputing do
  # Process streams closer to users
  def find_edge_node(user_location) do
    edge_nodes = [
      %{location: "san_francisco", capacity: 0.3},
      %{location: "new_york", capacity: 0.7},
      %{location: "london", capacity: 0.5}
    ]
    
    edge_nodes
    |> Enum.filter(&(&1.capacity < 0.8))  # Available capacity
    |> Enum.min_by(&calculate_distance(user_location, &1.location))
  end
  
  # Intelligent request routing
  def route_request(request, user_context) do
    case determine_processing_location(request, user_context) do
      :cloud -> process_in_cloud(request)
      :edge -> process_at_edge(request, user_context.location)
      :hybrid -> process_hybrid(request, user_context)
    end
  end
end

Migration Guide
From Current Implementation to V2
Step 1: Parallel Deployment (Week 1-2)
# config/config.exs
config :gemini_ex,
  streaming_version: :v1,  # Keep existing for now
  enable_v2_preview: true  # Enable V2 for testing
Step 2: Feature Flag Migration (Week 3-4)
def start_stream(contents, opts, subscriber_pid) do
  case Application.get_env(:gemini, :streaming_version) do
    :v2 -> ManagerV2.start_stream(contents, opts, subscriber_pid)
    :v1 -> ManagerV1.start_stream(contents, opts, subscriber_pid)  # Fallback
  end
end
Step 3: Gradual Rollout (Week 5-8)
# Percentage-based rollout
def determine_streaming_version(user_id) do
  hash = :erlang.phash2(user_id, 100)
  rollout_percentage = Application.get_env(:gemini, :v2_rollout_percentage, 0)
  
  if hash < rollout_percentage do
    :v2
  else
    :v1
  end
end
Step 4: Full Migration (Week 9-10)
# Remove V1 code and feature flags
config :gemini_ex,
  streaming_version: :v2  # Default for all users
Breaking Changes
API Changes
# V1 (deprecated)
{:ok, events} = Gemini.stream_generate(contents, opts)

# V2 (new)
{:ok, stream_id} = Gemini.start_stream(contents, opts)
# Events arrive as messages: {:stream_event, stream_id, event}
Configuration Changes
# V1
config :gemini_ex, streaming_timeout: 30_000

# V2
config :gemini_ex,
  streaming: [
    max_concurrent_streams: 100,
    default_timeout: 30_000,
    max_retries: 3
  ]
Compatibility Layer
defmodule Gemini.Legacy do
  @moduledoc """
  Compatibility layer for V1 streaming API.
  Provides same interface but uses V2 implementation underneath.
  """
  
  def stream_generate(contents, opts \\ []) do
    case ManagerV2.start_stream(contents, opts, self()) do
      {:ok, stream_id} ->
        events = collect_all_events(stream_id)
        {:ok, events}
      
      {:error, reason} ->
        {:error, reason}
    end
  end
  
  defp collect_all_events(stream_id, acc \\ []) do
    receive do
      {:stream_event, ^stream_id, event} ->
        collect_all_events(stream_id, [event | acc])
      
      {:stream_complete, ^stream_id} ->
        Enum.reverse(acc)
      
      {:stream_error, ^stream_id, error} ->
        throw({:error, error})
    after
      30_000 -> throw({:error, :timeout})
    end
  end
end

Conclusion
This streaming implementation represents a complete architectural transformation from a fundamentally broken system to a production-ready, scalable solution. The key achievements include:
Technical Excellence
	Proper SSE Implementation: Stateful parsing with buffer management
	Resource Management: GenServer-based lifecycle with automatic cleanup
	Error Resilience: Comprehensive error handling with automatic recovery
	Performance: Support for 100+ concurrent streams with minimal overhead

Production Readiness
	Monitoring: Built-in metrics, health checks, and observability
	Security: Rate limiting, input validation, and resource protection
	Scalability: Horizontal scaling support with connection pooling
	Reliability: Circuit breakers, fallback strategies, and graceful degradation

Developer Experience
	Simple API: Easy-to-use streaming interface
	Comprehensive Testing: Unit, integration, and performance tests
	Clear Documentation: Technical guides and usage examples
	Migration Support: Backward compatibility and gradual rollout

Operational Benefits
	Reduced Latency: Real-time event processing vs. polling
	Better Resource Utilization: Efficient memory and CPU usage
	Improved Reliability: Automatic retry and fallback mechanisms
	Enhanced Observability: Detailed metrics and logging

The implementation is designed for long-term maintainability and extensibility, with clear upgrade paths for future enhancements like GenStage integration, multi-region support, and advanced analytics.
This architecture serves as a foundation for building sophisticated real-time applications with the Gemini API, supporting everything from simple chatbots to complex multi-user collaborative platforms.
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    Gemini Streaming Architecture

This document provides a comprehensive overview of the streaming architecture, identifies the current concurrency issue, and proposes solutions for true real-time streaming.
Current Architecture Overview
graph TD
    %% Client Layer
    CLI[CLI User] --> Demo[streaming_demo.exs]
    Demo --> |start_stream| GeminiAPI[Gemini API Module]
    
    %% Core Streaming Components
    GeminiAPI --> |start_stream| Manager[ManagerV2 GenServer]
    Manager --> |stream_to_process| HTTPClient[HTTPStreaming Client]
    HTTPClient --> |Req.request| ReqLib[Req HTTP Library]
    ReqLib --> |SSE Connection| API[Gemini API Endpoint]
    
    %% Response Processing Chain
    API --> |SSE Response| ReqLib
    ReqLib --> |Complete Body| HTTPClient
    HTTPClient --> |parse_chunk| Parser[SSE Parser]
    Parser --> |Events| HTTPClient
    HTTPClient --> |Callback| Manager
    Manager --> |notify_subscribers| Demo
    Demo --> |Text Output| CLI
    
    %% Detailed Internal Flow
    subgraph S1 [" "]
        direction TB
        ST1[HTTP Streaming Process]
        HTTPClient --> |spawn process| StreamProcess[Stream Process]
        StreamProcess --> |do_stream| DoStream[Execute HTTP Request]
        DoStream --> |Response Body| ParseBody[Parse Complete Body]
        ParseBody --> |send messages| Manager
    end
    
    subgraph S2 [" "]
        direction TB
        ST2[SSE Parser State]
        Parser --> Buffer[String Buffer]
        Parser --> Events[Parsed Events]
        Buffer --> |extract_events| EventList[Event List]
        EventList --> |parse_event| JSONParse[JSON Parsing]
    end
    
    subgraph S3 [" "]
        direction TB
        ST3[Manager State]
        Manager --> StreamMap[Stream State Map]
        Manager --> Subscribers[Subscriber List]
        StreamMap --> StreamState[Individual Stream State]
        StreamState --> Status[Status: starting/active/complete]
    end
    
    %% Styling
    classDef primary fill:#6B46C1,stroke:#4C1D95,stroke-width:3px,color:#FFFFFF
    classDef secondary fill:#9333EA,stroke:#6B21A8,stroke-width:2px,color:#FFFFFF
    classDef tertiary fill:#A855F7,stroke:#7C2D12,stroke-width:2px,color:#FFFFFF
    classDef api fill:#EF4444,stroke:#B91C1C,stroke-width:2px,color:#FFFFFF
    classDef subscriber fill:#10B981,stroke:#047857,stroke-width:2px,color:#FFFFFF
    classDef subgraphTitle fill:#1E1B4B,stroke:#312E81,stroke-width:2px,color:#FFFFFF
    classDef problem fill:#DC2626,stroke:#991B1B,stroke-width:3px,color:#FFFFFF
    classDef solution fill:#059669,stroke:#047857,stroke-width:2px,color:#FFFFFF
    classDef normal fill:#3B82F6,stroke:#1D4ED8,stroke-width:2px,color:#FFFFFF
    
    %% Apply classes
    class CLI,Demo primary
    class GeminiAPI,Manager primary
    class HTTPClient,ReqLib secondary
    class Parser,Buffer,Events,EventList,JSONParse tertiary
    class API api
    class StreamProcess normal
    class DoStream,ParseBody problem
    class StreamMap,Subscribers,StreamState,Status solution
    class ST1,ST2,ST3 subgraphTitle
    
    %% Subgraph styling
    style S1 fill:#F9FAFB,stroke:#9333EA,stroke-width:3px
    style S2 fill:#FEFEFE,stroke:#A855F7,stroke-width:3px
    style S3 fill:#F3F4F6,stroke:#059669,stroke-width:3px
The Core Concurrency Problem
Issue Identification
The current implementation has a fundamental concurrency flaw that prevents true real-time streaming:
	HTTP Request Blocking: The Req.request() call waits for the complete response body before returning
	Batch Event Processing: All SSE events are parsed after the HTTP response completes
	Delayed Notification: Events are sent to subscribers only after all data is received

Current Flow (Problematic)
sequenceDiagram
    participant CLI
    participant Manager
    participant HTTPClient
    participant Req
    participant API
    
    CLI->>Manager: start_stream("prompt")
    Manager->>HTTPClient: stream_to_process(url, headers, body)
    HTTPClient->>+Req: request(opts)
    
    Note over Req,API: HTTP Connection Established
    API->>Req: data: {"text": "Hello"}
    API->>Req: data: {"text": " world"}  
    API->>Req: data: {"text": "!"}
    API->>Req: Connection closes
    
    Req->>-HTTPClient: {:ok, %Response{body: "complete_sse_data"}}
    HTTPClient->>HTTPClient: parse_chunk(complete_body)
    HTTPClient->>Manager: callback(event1)
    HTTPClient->>Manager: callback(event2) 
    HTTPClient->>Manager: callback(event3)
    Manager->>CLI: stream_event(event1)
    Manager->>CLI: stream_event(event2)
    Manager->>CLI: stream_event(event3)
    Manager->>CLI: stream_complete
    
    Note over CLI: All text appears at once!
Solution: True Streaming Architecture
Proposed Real-Time Flow
sequenceDiagram
    participant CLI
    participant Manager
    participant HTTPClient
    participant StreamingReq[Streaming Req]
    participant API
    
    CLI->>Manager: start_stream("prompt")
    Manager->>HTTPClient: stream_to_process(url, headers, body)
    HTTPClient->>+StreamingReq: request with streaming callback
    
    Note over StreamingReq,API: HTTP Connection Established
    API->>StreamingReq: data: {"text": "Hello"}
    StreamingReq->>HTTPClient: handle_chunk("data: {\"text\": \"Hello\"}")
    HTTPClient->>Manager: callback(event1)
    Manager->>CLI: stream_event(event1)
    Note over CLI: "Hello" appears immediately
    
    API->>StreamingReq: data: {"text": " world"}
    StreamingReq->>HTTPClient: handle_chunk("data: {\"text\": \" world\"}")
    HTTPClient->>Manager: callback(event2)
    Manager->>CLI: stream_event(event2)
    Note over CLI: " world" appears immediately
    
    API->>StreamingReq: data: {"text": "!"}
    StreamingReq->>HTTPClient: handle_chunk("data: {\"text\": \"!\"}")
    HTTPClient->>Manager: callback(event3)
    Manager->>CLI: stream_event(event3)
    Note over CLI: "!" appears immediately
    
    API->>StreamingReq: Connection closes
    StreamingReq->>HTTPClient: handle_done()
    HTTPClient->>Manager: completion_callback()
    Manager->>CLI: stream_complete
Required Implementation Changes
1. Fix HTTP Streaming Layer
Current Implementation (Broken):
# lib/gemini/client/http_streaming.ex - CURRENT
case Req.request(req_opts) do
  {:ok, %Req.Response{status: status, body: body}} when status in 200..299 ->
    # Problem: body contains COMPLETE response
    case Parser.parse_chunk(body, parser) do
      {:ok, events, _final_parser} ->
        # All events processed at once!
Required Implementation (Real-Time):
# lib/gemini/client/http_streaming.ex - FIXED
req_opts = [
  method: :post,
  url: url,
  headers: add_sse_headers(headers),
  json: body,
  receive_timeout: timeout,
  # KEY CHANGE: Stream chunks as they arrive
  into: fn 
    {:status, status}, acc -> 
      %{acc | status: status}
    {:headers, headers}, acc -> 
      %{acc | headers: headers}
    {:data, chunk}, acc -> 
      # Process each chunk immediately!
      handle_streaming_chunk(chunk, acc, callback)
    :done, acc -> 
      finalize_stream(acc, callback)
  end
]
2. Implement Chunk-by-Chunk Processing
defp handle_streaming_chunk(chunk, %{parser: parser} = acc, callback) do
  case Parser.parse_chunk(chunk, parser) do
    {:ok, events, new_parser} ->
      # Send events immediately as they're parsed
      Enum.each(events, fn event ->
        stream_event = %{type: :data, data: event.data, error: nil}
        callback.(stream_event)
      end)
      
      %{acc | parser: new_parser}
      
    {:error, error} ->
      error_event = %{type: :error, data: nil, error: error}
      callback.(error_event)
      acc
  end
end
3. Enhanced SSE Parser for Streaming
The current parser already supports stateful chunk processing, but we need to ensure it handles partial events correctly:
# lib/gemini/sse/parser.ex - Verify this works correctly
defp extract_events(data) do
  # Handle both \r\n\r\n and \n\n patterns (FIXED)
  parts = String.split(data, ~r/\r?\n\r?\n/)
  
  case parts do
    [] -> {[], ""}
    [single_part] -> {[], single_part}  # No complete events
    multiple_parts ->
      {complete_events, [remaining]} = Enum.split(multiple_parts, -1)
      filtered_events = Enum.filter(complete_events, &(&1 != ""))
      trimmed_remaining = String.trim(remaining)
      {filtered_events, trimmed_remaining}
  end
end
4. Manager State Improvements
Ensure the manager can handle rapid event processing:
# lib/gemini/streaming/manager_v2.ex
def handle_info({:stream_event, stream_id, event}, state) do
  case Map.get(state.streams, stream_id) do
    nil ->
      Logger.warning("Received event for unknown stream: #{stream_id}")
      {:noreply, state}

    stream_state ->
      # Update stream state
      updated_stream = %{
        stream_state
        | events_count: stream_state.events_count + 1,
          last_event_at: DateTime.utc_now(),
          status: :active
      }

      # Notify subscribers IMMEDIATELY - no batching
      notify_subscribers_immediately(updated_stream.subscribers, {:stream_event, stream_id, event})

      new_state = put_in(state.streams[stream_id], updated_stream)
      {:noreply, new_state}
  end
end

# Ensure immediate notification
defp notify_subscribers_immediately(subscribers, message) do
  Enum.each(subscribers, fn {pid, _ref} ->
    send(pid, message)  # Immediate send, no batching
  end)
end
Testing the Fix
1. Update Demo to Show Timing
# streaming_demo.exs - Add timing information
defp listen_for_events do
  start_time = System.monotonic_time(:millisecond)
  
  receive do
    {:stream_event, _stream_id, %{type: :data, data: data}} ->
      current_time = System.monotonic_time(:millisecond)
      elapsed = current_time - start_time
      
      text_content = extract_text_from_stream_data(data)
      if text_content && text_content != "" do
        IO.write("[#{elapsed}ms] #{text_content}")  # Show timing
      end
      listen_for_events()
      
    {:stream_complete, _stream_id} ->
      IO.puts("\n\n✅ Stream completed!")
  after
    timeout ->
      IO.puts("\n⏰ Stream timeout after #{timeout / 1000} seconds (configurable)")
  end
end
2. Performance Verification
# Test script to verify real-time behavior
defmodule StreamingTest do
  def test_realtime_performance do
    start_time = System.monotonic_time(:millisecond)
    event_times = []
    
    {:ok, stream_id} = Gemini.start_stream("Count slowly from 1 to 10")
    :ok = Gemini.subscribe_stream(stream_id)
    
    receive_loop(start_time, event_times)
  end
  
  defp receive_loop(start_time, event_times) do
    receive do
      {:stream_event, _, %{type: :data}} ->
        event_time = System.monotonic_time(:millisecond) - start_time
        new_times = [event_time | event_times]
        receive_loop(start_time, new_times)
        
      {:stream_complete, _} ->
        final_times = Enum.reverse(event_times)
        analyze_timing(final_times)
    end
  end
  
  defp analyze_timing(times) do
    intervals = times |> Enum.chunk_every(2, 1, :discard) |> Enum.map(fn [a, b] -> b - a end)
    
    IO.puts("Event timing analysis:")
    IO.puts("First event: #{hd(times)}ms")
    IO.puts("Average interval: #{Enum.sum(intervals) / length(intervals)}ms")
    IO.puts("All events: #{inspect(times)}")
  end
end
Expected Behavior After Fix
	Immediate First Response: First token should appear within 500-1000ms
	Progressive Display: Each chunk should appear as it's generated, not all at once
	Low Latency: Gap between API generation and CLI display should be <50ms
	No Buffering: Text should stream continuously, not in large blocks

The current issue where "all text dumps out at the end" should be completely resolved with this streaming implementation.
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    Gemini Telemetry Implementation - Complete

🎉 Implementation Status: COMPLETE ✅
The Gemini library now includes comprehensive telemetry instrumentation that emits events for all API operations, enabling automatic observability and integration with Foundation's telemetry system.
📊 Implementation Summary
✅ Added Dependencies
	Added :telemetry, "~> 1.2" to mix.exs

✅ Telemetry Events Implemented
Request Events
	[:gemini, :request, :start] - Emitted when an API request begins
	[:gemini, :request, :stop] - Emitted when an API request completes successfully  
	[:gemini, :request, :exception] - Emitted when an API request fails

Streaming Events
	[:gemini, :stream, :start] - Emitted when a streaming request begins
	[:gemini, :stream, :chunk] - Emitted when a streaming chunk is received
	[:gemini, :stream, :stop] - Emitted when a streaming request completes
	[:gemini, :stream, :exception] - Emitted when a streaming request fails

✅ Files Modified/Created
New Files
	lib/gemini/telemetry.ex - Core telemetry helper module
	test/gemini/telemetry_test.exs - Comprehensive test suite
	telemetry_demo.exs - Demonstration script
	simple_telemetry_test.exs - Simple test script
	TELEMETRY_IMPLEMENTATION.md - This documentation

Modified Files
	mix.exs - Added telemetry dependency
	lib/gemini/config.ex - Added telemetry configuration support
	lib/gemini/client/http.ex - Instrumented HTTP requests
	lib/gemini/client/http_streaming.ex - Instrumented streaming requests  
	lib/gemini/generate.ex - Enhanced with telemetry metadata

✅ Key Features Implemented
1. Configurable Telemetry
# Enable/disable telemetry (default: enabled)
config :gemini_ex, telemetry_enabled: true

# Check status
Gemini.Config.telemetry_enabled?()
2. Rich Metadata
Every telemetry event includes:
	url - API endpoint URL
	method - HTTP method (:post, :get, etc.)
	model - Gemini model being used
	function - High-level function (:generate_content, :stream_generate, etc.)
	contents_type - Content type (:text, :multimodal, :unknown)
	stream_id - Unique ID for streaming requests
	system_time - System timestamp

3. Performance Measurements
	duration - Request duration in milliseconds
	status - HTTP status code
	chunk_size - Size of streaming chunks in bytes
	total_chunks - Total chunks in streaming requests
	total_duration - Total streaming duration

4. Error Tracking
	reason - Exception or error details for failed requests

5. Content Classification
	Automatically classifies content as :text, :multimodal, or :unknown
	Enables content-type specific analytics

🧪 Testing
Unit Tests
# Run telemetry-specific tests
mix test test/gemini/telemetry_test.exs

# All tests pass
mix test

Live API Testing
# Set up authentication
export GEMINI_API_KEY="your-api-key"

# Run live tests with telemetry events
mix test test/live_api_test.exs --include live_api

Interactive Testing
# Start IEx session
iex -S mix

# Test configuration
Gemini.Config.telemetry_enabled?()
# => true

# Test helper functions
Gemini.Telemetry.generate_stream_id()
# => "a1b2c3d4e5f6g7h8"

Gemini.Telemetry.classify_contents("Hello world")
# => :text

# Attach telemetry handler to see events
:telemetry.attach("demo", [:gemini, :request, :start], fn event, measurements, metadata, _ ->
  IO.inspect({event, measurements, metadata})
end, nil)

# Make API call (with valid key) to see telemetry events
Gemini.generate("Hello world")
🔗 Foundation Integration
With this implementation, the Foundation library's Foundation.Integrations.GeminiAdapter can now automatically capture all Gemini telemetry events:
Expected Telemetry Flow
	Gemini Library → Emits telemetry events
	Foundation Adapter → Captures events automatically  
	Foundation Events → Stores in event system
	Monitoring/Analytics → Process stored events

Example Event Output
# Foundation will capture events like:
[
  %Foundation.Event{
    type: :gemini_request_start, 
    data: %{
      model: "gemini-flash-lite-latest", 
      function: :generate_content,
      contents_type: :text,
      url: "https://generativelanguage.googleapis.com/...",
      system_time: 1704067200000
    }
  },
  %Foundation.Event{
    type: :gemini_request_stop,
    data: %{
      duration: 1250,
      status: 200,
      model: "gemini-flash-lite-latest"
    }
  }
]
📈 Benefits Achieved
1. Automatic Observability
	Zero-configuration telemetry for all API calls
	Request duration and performance tracking
	Error tracking and debugging support

2. Streaming Analytics
	Real-time chunk-level metrics
	Stream completion tracking  
	Streaming performance analysis

3. Content-Type Analytics
	Automatic classification of text vs multimodal content
	Usage pattern analysis
	Content-specific performance metrics

4. Foundation Integration
	Seamless integration with Foundation's event system
	Automatic event storage and processing
	No additional configuration required

5. Developer Experience
	Rich debugging information
	Performance bottleneck identification
	Production monitoring capabilities

🎯 Usage Examples
Basic Request Telemetry
# This call now emits telemetry events automatically
{:ok, response} = Gemini.generate("Explain quantum physics")

# Events emitted:
# 1. [:gemini, :request, :start] - with metadata
# 2. [:gemini, :request, :stop] - with duration and status
Streaming Telemetry
# Streaming calls emit additional events
Gemini.stream_generate("Write a story") do |chunk|
  # Events emitted for each chunk:
  # [:gemini, :stream, :chunk] - with chunk size
end

# Final event:
# [:gemini, :stream, :stop] - with total duration and chunk count
Error Telemetry
# Failed requests emit exception events
{:error, reason} = Gemini.generate("test", model: "invalid-model")

# Event emitted:
# [:gemini, :request, :exception] - with error details
🔧 Configuration Options
Enable/Disable Telemetry
# In config/config.exs
config :gemini_ex, telemetry_enabled: true  # default

# Or at runtime
Application.put_env(:gemini_ex, :telemetry_enabled, false)
Custom Telemetry Handlers
# Attach custom handlers for specific events
:telemetry.attach("my-handler", [:gemini, :request, :stop], fn _event, measurements, metadata, _config ->
  Logger.info("Request completed in #{measurements.duration}ms to #{metadata.model}")
end, nil)
✅ Verification Checklist
	[x] Dependencies: Telemetry dependency added to mix.exs
	[x] Configuration: Telemetry enable/disable support
	[x] HTTP Client: Request telemetry instrumentation 
	[x] Streaming Client: Streaming telemetry instrumentation
	[x] Generate Module: High-level API telemetry integration
	[x] Helper Module: Comprehensive telemetry utilities
	[x] Content Classification: Automatic text/multimodal detection
	[x] Error Handling: Exception telemetry support  
	[x] Metadata: Rich context in all events
	[x] Measurements: Performance metrics collection
	[x] Tests: Comprehensive test coverage
	[x] Documentation: Complete implementation docs
	[x] Compilation: No errors or warnings
	[x] Test Suite: All existing tests still pass

🚀 Ready for Foundation Integration
The Gemini library is now fully instrumented with telemetry and ready for integration with Foundation's Foundation.Integrations.GeminiAdapter. The adapter should automatically detect and capture all telemetry events without any additional configuration.
Next Steps for Foundation Integration:
	Deploy this version of gemini_ex
	Verify Foundation adapter detects telemetry events
	Test event storage in Foundation.Events
	Monitor telemetry in production


Implementation Complete ✅
All Requirements Met ✅
Ready for Production ✅


  

  
    
    Changelog - GeminiEx v0.8.0
    
    

    


  
  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[0.8.0] - 2025-12-06
🎉 Major Feature Release: Complete API Parity with Python SDK
This release brings the Elixir client to near-complete feature parity with the Python google-genai SDK, adding comprehensive support for Tunings (fine-tuning), FileSearchStores, Live/WebSocket API, Application Default Credentials (ADC), and Image/Video Generation APIs.
Added
🎛️ Tunings API - Model Fine-Tuning
	Gemini.APIs.Tunings.tune/2: Create fine-tuning jobs with supervised learning
	Gemini.APIs.Tunings.get/2: Get tuning job details and status
	Gemini.APIs.Tunings.list/1: List tuning jobs with pagination
	Gemini.APIs.Tunings.list_all/1: List all tuning jobs across pages
	Gemini.APIs.Tunings.cancel/2: Cancel running tuning jobs
	Gemini.APIs.Tunings.wait_for_completion/2: Wait for job completion with polling
	Complete type system: TuningJob, CreateTuningJobConfig, SupervisedTuningSpec, HyperParameters
	Hyperparameter support: epoch_count, learning_rate_multiplier, adapter_size

🔍 FileSearchStores API - Semantic Search
	Gemini.APIs.FileSearchStores.create/2: Create semantic search stores
	Gemini.APIs.FileSearchStores.get/2: Get store details and status
	Gemini.APIs.FileSearchStores.delete/2: Delete search stores
	Gemini.APIs.FileSearchStores.list/1: List stores with pagination
	Gemini.APIs.FileSearchStores.list_all/1: List all stores
	Gemini.APIs.FileSearchStores.import_file/3: Import files into stores
	Gemini.APIs.FileSearchStores.upload_to_store/3: Upload and index content
	Gemini.APIs.FileSearchStores.wait_for_active/2: Wait for store to become active

🌐 Live/WebSocket API - Real-time Communication
	Gemini.Live.Session: GenServer for WebSocket session management
	Gemini.Live.Session.connect/1: Establish WebSocket connections
	Gemini.Live.Session.send/2: Send messages over WebSocket
	Gemini.Live.Session.send_client_content/3: Send content with turn completion
	Gemini.Live.Session.send_realtime_input/3: Send audio/video input streams
	Gemini.Live.Session.send_tool_response/3: Send tool/function responses
	Gemini.Live.Session.close/1: Gracefully close sessions
	Gemini.Live.Message: Message parsing and building utilities
	Real-time streaming: Bidirectional communication for interactive applications
	Audio/video input: Support for real-time media streams

🔐 Application Default Credentials (ADC) - GCP Native Auth
	Gemini.Auth.ADC.load_credentials/0: Automatic credential discovery
	Gemini.Auth.ADC.get_access_token/2: Get OAuth2 tokens from various sources
	Gemini.Auth.ADC.refresh_token/1: Refresh expired credentials
	Gemini.Auth.ADC.get_project_id/1: Extract project ID from credentials
	Credential chain: GOOGLE_APPLICATION_CREDENTIALS → gcloud config → metadata server
	Gemini.Auth.MetadataServer: GCE/Cloud Run metadata server integration
	Gemini.Auth.TokenCache: ETS-based token caching with TTL and automatic refresh
	Zero-config GCP deployment: Just deploy and it works

🖼️ Image Generation API - Imagen Models
	Gemini.APIs.Images.generate/3: Generate images from text prompts
	Gemini.APIs.Images.edit/5: Edit images with inpainting and masks
	Gemini.APIs.Images.upscale/3: Upscale images (2x, 4x factors)
	ImageGenerationConfig: number_of_images, aspect_ratio, safety_filter_level, person_generation
	EditImageConfig: edit_mode, mask handling, reference images
	UpscaleImageConfig: upscale_factor, output settings
	Safety filtering: Configurable content safety levels
	Aspect ratios: 1:1, 16:9, 9:16, 4:3, 3:4

🎬 Video Generation API - Veo Models
	Gemini.APIs.Videos.generate/3: Generate videos from prompts/images
	Gemini.APIs.Videos.get_operation/2: Check video generation status
	Gemini.APIs.Videos.wait_for_completion/2: Wait for video completion
	Gemini.APIs.Videos.cancel/2: Cancel video generation
	Gemini.APIs.Videos.list_operations/1: List video operations
	VideoGenerationConfig: duration_seconds, number_of_videos, aspect_ratio
	Long-running operations: Proper handling of async video generation
	Source options: Text prompts, images, or existing videos

📖 New Documentation Guides
	docs/guides/tunings.md - Complete fine-tuning guide
	docs/guides/file_search_stores.md - Semantic search stores guide
	docs/guides/live_api.md - Real-time WebSocket guide
	docs/guides/adc.md - Application Default Credentials guide
	docs/guides/image_generation.md - Image generation guide
	docs/guides/video_generation.md - Video generation guide

Technical Implementation
🏛️ Architecture
	Vertex AI only: Tunings, FileSearchStores, Images, Videos are Vertex AI APIs
	WebSocket via :gun: HTTP/2 and WebSocket client for Live API
	ETS-based caching: Thread-safe token caching with automatic refresh
	Long-running operations: Proper polling with exponential backoff
	TypedStruct patterns: Consistent type definitions across all new modules

🧪 Testing
	200+ new tests for all new modules
	Live API tests: Tagged with @moduletag :live_api for integration testing
	Mox-based mocking: Proper HTTP mocking following supertester principles
	Zero Process.sleep: Proper OTP synchronization in all tests

📈 Quality
	Zero compilation warnings maintained
	Complete @spec annotations for all public functions
	Comprehensive @moduledoc and @doc documentation
	Follows CODE_QUALITY.md standards

Dependencies
	Added :gun ~> 2.1 for WebSocket support (Live API)

Migration Notes
For Existing Users
All changes are additive - existing code continues to work unchanged. New APIs are available immediately:
# Fine-tune a model
{:ok, job} = Gemini.APIs.Tunings.tune(%{
  base_model: "gemini-2.5-flash-001",
  tuned_model_display_name: "my-tuned-model",
  training_dataset_uri: "gs://bucket/training.jsonl"
}, auth: :vertex_ai)

# Create semantic search store
{:ok, store} = Gemini.APIs.FileSearchStores.create(%{
  display_name: "Knowledge Base"
}, auth: :vertex_ai)

# Start real-time session
{:ok, session} = Gemini.Live.Session.start_link(
  model: "gemini-2.0-flash-exp",
  auth: :vertex_ai
)

# Generate images
{:ok, images} = Gemini.APIs.Images.generate(
  "A sunset over mountains",
  %ImageGenerationConfig{aspect_ratio: "16:9"},
  auth: :vertex_ai
)

# Generate videos
{:ok, op} = Gemini.APIs.Videos.generate(
  "A cat playing piano",
  %VideoGenerationConfig{duration_seconds: 5},
  auth: :vertex_ai
)
ADC Auto-Discovery
With ADC support, credentials are automatically discovered:
# On GCE/Cloud Run - no configuration needed!
{:ok, response} = Gemini.generate("Hello", auth: :vertex_ai)

# Or with service account
export GOOGLE_APPLICATION_CREDENTIALS="/path/to/service-account.json"
{:ok, response} = Gemini.generate("Hello", auth: :vertex_ai)
Gap Analysis Update
This release addresses the critical gaps identified in the v0.7.3 gap analysis:
	✅ Tunings Module - 100% missing → Now implemented
	✅ FileSearchStores - 100% missing → Now implemented
	✅ Live/WebSocket API - 100% missing → Now implemented
	✅ ADC Support - Critical for GCP → Now implemented
	✅ Image Generation - Imagen models → Now implemented
	✅ Video Generation - Veo models → Now implemented

Estimated parity with Python SDK: ~95% (up from ~85% in v0.7.3)
0.7.3 - 2025-12-06
Added
System Instruction Support
	system_instruction option: Set persistent system prompts that guide model behavior across conversations
	Supports multiple formats: string, Content struct, or map with parts
	Reduces token usage compared to inline instructions in conversation history
	Works with all content generation operations

Enhanced Function Calling Framework
	Gemini.Types.Schema: Complete JSON Schema type for defining function parameters
	All standard types: string, integer, number, boolean, array, object
	Support for enum, format, minimum/maximum, pattern constraints
	Nested object and array schemas
	API format conversion with to_api_map/1 and from_api_map/1


	Gemini.Tools.Executor: Execute function calls from Gemini responses
	Function registry pattern for managing implementations
	Sequential execution with execute_all/2
	Parallel execution with execute_all_parallel/3 for I/O-bound operations
	Automatic response building with build_responses/2
	Comprehensive error handling


	Gemini.Tools.AutomaticFunctionCalling: Complete AFC loop implementation
	Configurable with max_calls, ignore_call_history, parallel_execution
	Extract function calls from responses with extract_function_calls/1
	Check for function calls with has_function_calls?/1
	Full AFC loop with loop/8 for autonomous multi-step execution
	Call history tracking


	Coordinator helpers: extract_function_calls/1 and has_function_calls?/1 convenience functions


Documentation
	New guide: docs/guides/function_calling.md - Complete function calling guide
	New guide: docs/guides/system_instructions.md - System instruction usage guide
	Added guides to Hex documentation

Comprehensive Gap Analysis
	Python SDK Comparison: Complete analysis of Python genai SDK (v1.53.0) vs Elixir gemini_ex implementation
	Executive Summary: High-level overview with severity classifications and recommendations
	Feature Parity Matrix: Detailed feature-by-feature comparison showing 55% current coverage
	Critical Gaps Document: In-depth analysis of 8 critical/high-priority gaps:	Live/Real-time API (WebSocket) - Not implemented
	Tools/Function Calling - Types only, no execution
	Automatic Function Calling (AFC) - Not implemented
	System Instruction - Missing from request building
	Model Tuning API - Not implemented
	Grounding/Retrieval - Not implemented
	Code Execution Tool - Not implemented
	Image/Video Generation - Not implemented


	Implementation Priorities: Tiered roadmap with code examples for closing gaps
	Implementation Prompt: Detailed TDD-based prompt for implementing identified gaps

Documentation
	New gap analysis documents in docs/20251206/gap_analysis/:
	README.md - Navigation index and methodology
	00_executive_summary.md - High-level overview
	01_critical_gaps.md - Detailed critical gaps
	02_feature_parity_matrix.md - Complete feature comparison
	03_implementation_priorities.md - Implementation roadmap
	IMPLEMENTATION_PROMPT.md - TDD implementation guide


	Added gap analysis documents to Hex documentation:
	New "Gap Analysis" group in documentation navigation
	All gap analysis docs included in package



Technical
	Analysis conducted using 21 parallel subagent deep-dive reports
	Covers all major Python SDK components:	Client structure, Models API, Chat sessions
	Authentication, Streaming, Files API
	Context caching, Batch processing
	Type definitions, Tools/Function calling
	Safety settings, Embeddings, Live API
	Multimodal, Grounding, Async patterns
	Model tuning, Permissions, Pagination
	Error handling, Request/Response transformation



Quantitative Findings
	Metric	Python SDK	Elixir Port	Coverage
	Total Lines (types)	18,205	~3,000	~16%
	API Modules	12	7	58%
	Type Definitions	200+	~50	~25%
	Overall Parity	-	-	55%

Recommended Priority Actions
	System Instruction (2-4 hours) - Quick win, high impact
	Function Calling Types (1 week) - Foundation for AI agents
	Function Execution (1 week) - Enable tool integration
	Automatic FC Loop (1 week) - Complete the agent loop
	Live API (3 weeks) - WebSocket for real-time apps

0.7.2 - 2025-12-06
Fixed
	Rate limiter race condition: Replaced :global.trans/2 with ETS-based spinlock using :ets.insert_new/2 for proper single-node mutex semantics in both ConcurrencyGate and State modules
	TOCTOU race in lock cleanup: Use :ets.delete_object/2 instead of :ets.delete/2 to atomically delete only if PID still matches, preventing lock theft
	ETS table options: Changed lock tables to use write_concurrency: true instead of read_concurrency: true for write-heavy workloads
	Test synchronization: Removed flaky Process.sleep from atomic reservation test; now awaits non-blocking task2 before releasing task1 for deterministic synchronization

Changed
	Lock acquisition retry sleep increased from 1ms to 5ms to reduce CPU usage under contention

0.7.1 - 2025-12-05
Added
	Atomic token budget reservation (try_reserve_budget/3) with safety multiplier, reconciliation, and telemetry events (budget_reserved, budget_rejected)
	Shared retry window gating with jittered release plus telemetry hooks (retry_window_set/hit/release)
	Model use-case aliases (cache_context, report_section, fast_path) resolved through Gemini.Config.model_for_use_case/2 with documented token minima
	Streaming now goes through the rate limiter (UnifiedManager): permits are held for the duration of the stream, budget is reserved up front, and telemetry is emitted for stream start/completion/error/stop

Fixed
	Concurrency gate TOCTOU race hardened with serialized permit acquisition; default non_blocking remains false for server workloads
	Rate limiter now pre-flight rejects over-budget bursts before dispatching requests and returns surplus budget after responses

0.7.0 - 2025-12-05
🎉 Major Feature Release: Complete API Parity
This release brings the Elixir client to near-complete feature parity with the Python google-genai SDK, adding comprehensive support for Files, Batches, Operations, and Documents APIs.
Added
📁 Files API - Complete File Management
	Gemini.APIs.Files.upload/2: Upload files with resumable protocol, progress tracking, and automatic MIME detection
	Gemini.APIs.Files.upload_data/2: Upload binary data directly (requires mime_type option)
	Gemini.APIs.Files.get/2: Retrieve file metadata by name
	Gemini.APIs.Files.list/1: List files with pagination support
	Gemini.APIs.Files.list_all/1: Automatically paginate through all files
	Gemini.APIs.Files.delete/2: Delete uploaded files
	Gemini.APIs.Files.wait_for_processing/2: Poll until file is ready for use
	Gemini.APIs.Files.download/2: Download generated file content

📦 Batches API - Bulk Processing with 50% Cost Savings
	Gemini.APIs.Batches.create/2: Create batch content generation jobs
	Gemini.APIs.Batches.create_embeddings/2: Create batch embedding jobs
	Gemini.APIs.Batches.get/2: Get batch job status
	Gemini.APIs.Batches.list/1: List batch jobs with pagination
	Gemini.APIs.Batches.list_all/1: List all batch jobs
	Gemini.APIs.Batches.cancel/2: Cancel running batch jobs
	Gemini.APIs.Batches.delete/2: Delete batch jobs
	Gemini.APIs.Batches.wait/2: Wait for batch completion with progress callback
	Gemini.APIs.Batches.get_responses/1: Extract inlined responses from completed batches
	Support for file-based, inlined, GCS, and BigQuery input sources

⏱️ Operations API - Long-Running Task Management
	Gemini.APIs.Operations.get/2: Get operation status
	Gemini.APIs.Operations.list/1: List operations with pagination
	Gemini.APIs.Operations.list_all/1: List all operations
	Gemini.APIs.Operations.cancel/2: Cancel running operations
	Gemini.APIs.Operations.delete/2: Delete completed operations
	Gemini.APIs.Operations.wait/2: Wait with configurable polling
	Gemini.APIs.Operations.wait_with_backoff/2: Wait with exponential backoff

📄 Documents API - RAG Store Document Management
	Gemini.APIs.Documents.get/2: Get document metadata
	Gemini.APIs.Documents.list/2: List documents in a RAG store
	Gemini.APIs.Documents.list_all/2: List all documents
	Gemini.APIs.Documents.delete/2: Delete documents
	Gemini.APIs.Documents.wait_for_processing/2: Wait for document processing
	Gemini.APIs.RagStores.get/2: Get RAG store metadata
	Gemini.APIs.RagStores.list/1: List RAG stores
	Gemini.APIs.RagStores.create/1: Create new RAG stores
	Gemini.APIs.RagStores.delete/2: Delete RAG stores

🏷️ Enhanced Enum Types - Comprehensive Type Safety
New enum modules in Gemini.Types.Enums with to_api/1 and from_api/1 converters:
	HarmCategory - 12 harm category values
	HarmBlockThreshold - 6 threshold levels
	HarmProbability - 5 probability levels
	BlockedReason - 7 block reasons
	FinishReason - 12 finish reasons
	TaskType - 9 embedding task types
	FunctionCallingMode - 3 function calling modes
	DynamicRetrievalMode - 3 retrieval modes
	ThinkingLevel - 3 thinking budget levels
	CodeExecutionOutcome - 4 execution outcomes
	ExecutableCodeLanguage - 2 code languages
	GroundingAttributionConfidence - 4 confidence levels
	AspectRatio - 4 image aspect ratios
	ImageSize - 3 image size options
	VoiceName - 6 voice options for TTS

📖 New Documentation Guides
	docs/guides/files.md - Complete Files API guide
	docs/guides/batches.md - Batch processing guide
	docs/guides/operations.md - Long-running operations guide

Technical Implementation
🏛️ Architecture
	Resumable upload protocol with 8MB chunks and automatic retry
	Consistent polling patterns with configurable timeouts and progress callbacks
	TypedStruct patterns with @derive Jason.Encoder for all new types
	Full multi-auth support (:gemini and :vertex_ai) across all new APIs

🧪 Testing
	94 new tests for Files, Operations, Batches, and Documents APIs
	Unit tests for all type parsing and helper functions
	Live API test infrastructure for integration testing
	Test fixtures for file uploads

📈 Quality
	Zero compilation warnings
	Complete @spec annotations for all public functions
	Comprehensive @moduledoc and @doc documentation
	Follows CODE_QUALITY.md standards

Changed
	Updated README.md with new API sections and examples
	Version bump from 0.6.4 to 0.7.0

Migration Notes
For Existing Users
All changes are additive - existing code continues to work unchanged. New APIs are available immediately:
# Upload and use a file
{:ok, file} = Gemini.APIs.Files.upload("image.png")
{:ok, ready} = Gemini.APIs.Files.wait_for_processing(file.name)
{:ok, response} = Gemini.generate([
  "Describe this image",
  %{file_uri: ready.uri, mime_type: ready.mime_type}
])

# Create a batch job
{:ok, batch} = Gemini.APIs.Batches.create("gemini-2.0-flash",
  file_name: "files/input123",
  display_name: "My Batch"
)
{:ok, completed} = Gemini.APIs.Batches.wait(batch.name)

# Track long-running operations
{:ok, op} = Gemini.APIs.Operations.get("operations/abc123")
{:ok, completed} = Gemini.APIs.Operations.wait_with_backoff(op.name)
0.6.4 - 2025-12-05
Added
Response Type Enhancements
	UsageMetadata now includes:
	thoughts_token_count - Token count for thinking models (Gemini 2.0+)
	tool_use_prompt_token_count - Tokens used in tool/function prompts
	prompt_tokens_details - Per-modality breakdown of prompt tokens
	cache_tokens_details - Per-modality breakdown of cached tokens
	response_tokens_details - Per-modality breakdown of response tokens
	tool_use_prompt_tokens_details - Per-modality breakdown of tool prompt tokens
	traffic_type - Billing traffic type (ON_DEMAND, PROVISIONED_THROUGHPUT)


	GenerateContentResponse now includes:
	response_id - Unique response identifier for tracking
	model_version - Actual model version used (e.g., "gemini-2.0-flash-exp-001")
	create_time - Response creation timestamp


	Candidate now includes:
	finish_message - Human-readable message explaining stop reason
	avg_logprobs - Average log probability score


	PromptFeedback now includes:
	block_reason_message - Human-readable block explanation


	Part now includes:
	file_data - URI-based file references (alternative to inline_data)
	function_response - Function call response data
	thought - Boolean flag for thinking model thought parts


	SafetyRating now includes:
	probability_score - Numeric harm probability (0.0-1.0)
	severity - Harm severity level
	severity_score - Numeric severity score



Request Type Enhancements
	GenerationConfig now includes:	seed - Deterministic generation seed for reproducible outputs
	response_modalities - Control output modalities (TEXT, IMAGE, AUDIO)
	speech_config - Audio output configuration with voice selection
	media_resolution - Input media resolution control (LOW, MEDIUM, HIGH)



New Types
	ModalityTokenCount - Per-modality token breakdown
	TrafficType - Billing traffic type enum
	Modality - Response modality enum (TEXT, IMAGE, AUDIO)
	MediaResolution - Input media resolution enum
	FileData - URI-based file data struct
	FunctionResponse - Function call response struct
	SpeechConfig, VoiceConfig, PrebuiltVoiceConfig - Audio output configuration

Changed
	Response parsing now handles all new fields from Gemini API
	GenerationConfig encoding includes new fields when present

Fixed
	Token usage now correctly reports thinking tokens separately from output tokens

0.6.3 - 2025-12-05
Added
	Concurrency gate is now partitionable via concurrency_key (e.g., per-tenant or per-location) instead of a single global queue per model.
	Concurrency permit wait is configurable via permit_timeout_ms; default is now :infinity (no queue drop). Per-call overrides supported.
	Per-request timeout overrides for HTTP and streaming; global default HTTP/stream timeout raised to 120_000ms.
	Streaming knobs: max_backoff_ms, connect_timeout, and configurable cleanup delay for ManagerV2 (config :gemini_ex, :streaming, cleanup_delay_ms: ...).
	Configurable context cache TTL defaults via config :gemini_ex, :context_cache, default_ttl_seconds: ....
	Configurable retry delay fallback via config :gemini_ex, :rate_limiter, default_retry_delay_ms: ....
	Permit leak protection: holders are monitored and reclaimed if the process dies without releasing.

Changed
	Default HTTP/stream timeout increased from 30_000ms to 120_000ms.
	Concurrency gate uses configurable permit_timeout_ms (default :infinity) instead of a fixed 60s timeout.

Fixed
	Streaming client no longer leaks :persistent_term state; SSE parse errors now surface instead of being silently dropped.
	Streaming backoff ceiling and connect timeout are tunable; SSE parsing failures return errors.

0.6.2 - 2025-12-05
Fixed
	Eliminated recursive retry loop on :over_budget blocking calls; blocking now waits once for the current window to end, then retries through the normal pipeline.
	Over-budget retry_at is now set to the window end in non-blocking mode instead of nil.
	Requests whose estimated tokens exceed the configured budget return immediately with request_too_large: true instead of hanging.

Added
	estimated_cached_tokens option for proactive budgeting with cached contexts; cached token usage (cachedContentTokenCount) is now included in recorded input tokens.
	Telemetry for over-budget waits/errors now includes token estimates and wait metadata.
	max_budget_wait_ms config/option to cap how long blocking over-budget calls will sleep before returning a rate_limited error with retry_at.

Documentation
	README and rate limiting guide updated with over-budget behavior, estimated_cached_tokens, and cached context budgeting notes.

0.6.1 - 2025-12-04
⚠️ Potentially breaking (upgrade note): Token estimation now runs automatically and budget checks fall back to profile defaults. Apps that never set :estimated_input_tokens or :token_budget_per_window can now receive local :over_budget errors. To preserve 0.6.0 behavior, set token_budget_per_window: nil (globally or per-call), or disable the rate limiter.

Added
Proactive Rate Limiting Enhancements (ADR Implementation)
	Auto Token Estimation (ADR-0001)
	Automatic input token estimation at the Coordinator boundary before request normalization
	Token estimates passed to rate limiter via :estimated_input_tokens option
	Safe handling of API maps (%{contents: [...]}) in Tokens.estimate/1 - returns 0 for unknown shapes instead of raising
	Supports both atom keys (:contents) and string keys ("contents")


	Token Budget Configuration (ADR-0002)
	New token_budget_per_window config field with conservative defaults
	New window_duration_ms config field (default: 60,000ms)
	Budget checking falls back to config.token_budget_per_window when not in per-request opts
	State.record_usage/4 now accepts configurable window duration via opts


	Enhanced 429 Propagation (ADR-0003)
	Retry state now captures quota_dimensions and quota_value from 429 responses
	Enhanced quota metric extraction from nested error details


	Tier-Based Rate Limit Profiles (ADR-0004)
	New :free_tier profile - Conservative for 15 RPM / 1M TPM (32,000 token budget)
	New :paid_tier_1 profile - Standard production 500 RPM / 4M TPM (1,000,000 token budget)
	New :paid_tier_2 profile - High throughput 1000 RPM / 8M TPM (2,000,000 token budget)
	Updated :dev and :prod profiles with token budgets
	Profile type expanded to include all tier options



Changed
	RateLimiter.Config struct now includes token_budget_per_window and window_duration_ms fields
	Manager.check_token_budget/3 now falls back to config defaults
	Manager.record_usage_from_response/3 passes window duration from config to State
	Updated docs/guides/rate_limiting.md with comprehensive tier documentation

Documentation
	Added Quick Start section with tier profile selection table
	Expanded Profiles section with all tier configurations
	Enhanced Token Budgeting section explaining automatic estimation
	Added Fine-Tuning section for concurrency vs token budget guidance

0.6.0 - 2025-12-04
Added
	Context Caching Enhancements
	Cache creation now supports system_instruction parameter for setting
system-level instructions that apply to all cached content usage
	Cache creation now supports tools parameter for caching function
declarations alongside content
	Cache creation now supports tool_config parameter for configuring
function calling behavior in cached contexts
	Cache creation now supports fileUri in content parts for caching
files stored in Google Cloud Storage (gs:// URIs)
	Cache creation now supports kms_key_name parameter for customer-
managed encryption keys (Vertex AI only)
	Resource name normalization for Vertex AI automatically expands short
cache names like "cachedContents/abc" to fully qualified paths like
"projects/{project}/locations/{location}/cachedContents/abc"
	Model name normalization for Vertex AI automatically expands model
names to full publisher paths
	Top-level cache API delegates added to main Gemini module:	Gemini.create_cache/2 - Create cached content
	Gemini.list_caches/1 - List all cached contents
	Gemini.get_cache/2 - Retrieve cached content by name
	Gemini.update_cache/2 - Update cache TTL or expiration
	Gemini.delete_cache/2 - Delete cached content


	CachedContentUsageMetadata struct expanded with Vertex AI specific
fields: audio_duration_seconds, image_count, text_count, and
video_duration_seconds
	Model validation warning when using models that may not support
explicit caching (models without version suffixes)
	Live test covering system_instruction with fileUri caching


	Auth-Aware Model Configuration System
	Model registry organized by API compatibility:	Universal models work identically in both Gemini API and Vertex AI
	Gemini API models include convenience aliases like -latest suffix
	Vertex AI models include EmbeddingGemma variants


	Config.default_model/0 automatically selects appropriate model based
on detected authentication:	Gemini API: gemini-flash-lite-latest
	Vertex AI: gemini-2.0-flash-lite


	Config.default_embedding_model/0 selects embedding model by auth:	Gemini API: gemini-embedding-001 (3072 dimensions)
	Vertex AI: embeddinggemma (768 dimensions)


	Config.default_model_for/1 and Config.default_embedding_model_for/1
for explicit API type selection
	Config.models_for/1 returns all models available for a specific API
	Config.model_available?/2 checks if a model key works with an API
	Config.model_api/1 returns the API compatibility of a model key
	Config.current_api_type/0 returns detected auth type
	Embedding configuration system with per-model settings:	Config.embedding_config/1 returns full config for embedding models
	Config.uses_prompt_prefix?/1 checks if model uses prompt prefixes
	Config.embedding_prompt_prefix/2 generates task-specific prefixes
	Config.default_embedding_dimensions/1 returns model default dims
	Config.needs_normalization?/2 checks if manual normalization needed


	EmbeddingGemma support with automatic prompt prefix formatting for
task types (retrieval_query becomes "task: search result | query: ")


	Test Infrastructure
	Gemini.Test.ModelHelpers module for centralized model references
	Gemini.Test.AuthHelpers module for shared auth detection logic
	Helper functions: auth_available?/0, gemini_api_available?/0,
vertex_api_available?/0, default_model/0, embedding_model/0,
thinking_model/0, caching_model/0, universal_model/0



Changed
	Auth.build_headers/2 now returns {:ok, headers} or {:error, reason}
instead of always returning headers, enabling proper error propagation
	Gemini.configure/2 now stores config under :gemini app environment
to align with Config.auth_config/0 which reads from both :gemini
and :gemini_ex namespaces
	EmbedContentRequest.new/2 automatically formats text with prompt
prefixes when using EmbeddingGemma models on Vertex AI
	All example scripts updated to use Config.default_model() instead of
hardcoded model strings
	All tests updated to use auth-aware model selection via ModelHelpers
	Config module default model comment updated to explain auto-detection

Fixed
	Vertex AI Cache Endpoints: Cache operations now build fully qualified
paths (projects/{project}/locations/{location}/cachedContents) instead
of calling /cachedContents directly, which was causing 404 errors
	Config Alignment: Gemini.configure/2 now properly feeds config to
Config.auth_config/0 by using the correct app environment key
	Service Account Auth: Removed placeholder tokens that masked real
authentication failures; errors now propagate properly with descriptive
messages
	JWT Token Exchange: Fixed OAuth2 JWT payload to include scope in the
JWT claims as required by Google's jwt-bearer grant type specification
	Content Formatting: Part formatting now handles function calls,
function responses, thought signatures, file data, and media resolution
correctly instead of leaving them in snake_case struct format
	Empty Env Vars: Environment variable reading now treats empty strings
as unset, preventing configuration issues with GEMINI_API_KEY=""
	ContextCache.create/2: Now accepts string content directly in
addition to lists, matching README documentation examples
	Model Prefix Handling: Model name normalization no longer double-
prefixes when callers pass models/... format

Documentation
	README updated with enhanced context caching examples showing
system_instruction, fileUri, and model selection
	README includes new Model Configuration System section explaining
auth-aware defaults and API differences
	README includes embedding model differences table
	Config module documentation expanded with model registry explanation
	Implementation plan documents added in docs/20251204/

0.5.2 - 2025-12-03
Fixed
	Fixed a regression where 429 responses lost their http_status, causing the rate limiter to misclassify them as permanent errors. API errors now preserve status and RetryInfo details so automatic backoff/RetryInfo delays are honored by default.

0.5.1 - 2025-12-03
Added
Gemini 3 Pro Support
Full support for Google's Gemini 3 model family with new API features:
	thinking_level Parameter - New thinking control for Gemini 3 models
	GenerationConfig.thinking_level(:low) - Fast responses, minimal reasoning
	GenerationConfig.thinking_level(:high) - Deep reasoning (default for Gemini 3)
	Note: :medium is not currently supported by the API
	Cannot be used with thinking_budget in the same request (API returns 400)


	gemini-3-pro-image-preview Model - Image generation support
	Generate images from text prompts
	Configurable aspect ratios: "16:9", "1:1", "4:3", "3:4", "9:16"
	Output resolutions: "2K" or "4K"
	GenerationConfig.image_config(aspect_ratio: "16:9", image_size: "4K")


	media_resolution Parameter - Fine-grained vision processing control
	:low - 280 tokens for images, 70 for video frames
	:medium - 560 tokens for images, 70 for video frames
	:high - 1120 tokens for images, 280 for video frames
	Part.inline_data_with_resolution(data, mime_type, :high)
	Part.with_resolution(existing_part, :high)


	thought_signature Field - Reasoning context preservation
	Maintains reasoning context across API calls
	Required for multi-turn function calling in Gemini 3
	Part.with_thought_signature(part, signature)
	SDK handles automatically in chat sessions
	NEW: Automatic extraction via Gemini.extract_thought_signatures/1
	NEW: Automatic echoing in Chat.add_model_response/2


	Context Caching API - Cache long context for improved performance
	Gemini.APIs.ContextCache.create/2 - Create cached content
	Gemini.APIs.ContextCache.list/1 - List cached contents
	Gemini.APIs.ContextCache.get/2 - Get specific cache
	Gemini.APIs.ContextCache.update/2 - Update cache TTL
	Gemini.APIs.ContextCache.delete/2 - Delete cache
	Use with cached_content: "cachedContents/id" in generate requests
	Minimum 4096 tokens required for caching


	New Example: examples/gemini_3_demo.exs - Comprehensive Gemini 3 features demonstration


Updated Validation
	Gemini.Validation.ThinkingConfig now validates Gemini 3's thinking_level
	Prevents combining thinking_level and thinking_budget (API constraint)
	Warns that :medium thinking level is not supported

Changed
Embeddings Documentation Updates
	Fixed EMBEDDINGS.md: Corrected code examples and removed outdated/confusing information
	Fixed incorrect module reference (Coordinator.EmbedContentResponse → EmbedContentResponse)
	Removed confusing legacy model section (there's only gemini-embedding-001 now)
	Updated model comparison to reflect current API (single model with MRL support)
	Updated async batch section with working code examples (was marked as "planned")
	Added deprecation notice for embedding-001, embedding-gecko-001, gemini-embedding-exp-03-07 (October 2025)


	Updated embed_content_request.ex: Removed deprecated model reference from documentation


Fixed
	Documentation now accurately reflects the current Gemini Embeddings API specification (June 2025)
	Clarified that gemini-embedding-001 is the only recommended model with full MRL support

Migration Notes
For Gemini 3 Users
# Use thinking_level instead of thinking_budget for Gemini 3
config = GenerationConfig.thinking_level(:low)  # Fast
config = GenerationConfig.thinking_level(:high) # Deep reasoning (default)

# Image generation
config = GenerationConfig.image_config(aspect_ratio: "16:9", image_size: "4K")
{:ok, response} = Coordinator.generate_content(
  "Generate an image of a sunset",
  model: "gemini-3-pro-image-preview",
  generation_config: config
)

# Media resolution for vision tasks
Part.inline_data_with_resolution(image_data, "image/jpeg", :high)
Temperature Recommendation
For Gemini 3, keep temperature at 1.0 (the default). Lower temperatures may cause
looping or degraded performance on complex reasoning tasks.
0.5.0 - 2025-12-03
Added
Rate Limiting System (Default ON)
A comprehensive rate limiting, retry, and concurrency management system that is enabled by default:
	RateLimitManager - Central coordinator that wraps all outbound requests
	ETS-based state tracking keyed by {model, location, metric}
	Tracks retry_until timestamps from 429 RetryInfo responses
	Token usage sliding windows for budget estimation
	Configurable via application config or per-request options


	ConcurrencyGate - Per-model concurrency limiting
	Default limit of 4 concurrent requests per model
	Configurable with max_concurrency_per_model (nil/0 disables)
	Optional adaptive mode: adjusts concurrency based on 429 responses
	Non-blocking mode returns immediately if no permits available


	RetryManager - Intelligent retry with backoff
	Honors 429 RetryInfo.retryDelay from API responses
	Exponential backoff with jitter for 5xx/transient errors
	Configurable max attempts (default: 3)
	Coordinates with rate limiter to avoid double retries


	TokenBudget - Preflight token estimation
	Track actual usage from responses
	Block/queue when over configured budget
	Sliding window tracking per model/location



Telemetry Events
New telemetry events for rate limit monitoring (consistent with existing [:gemini, ...] namespace):
	[:gemini, :rate_limit, :request, :start] - Request submitted
	[:gemini, :rate_limit, :request, :stop] - Request completed
	[:gemini, :rate_limit, :wait] - Waiting for retry window
	[:gemini, :rate_limit, :error] - Rate limit error

Structured Errors
New structured error types:
	{:error, {:rate_limited, retry_at, details}} - Rate limited with retry info
	{:error, {:transient_failure, attempts, original_error}} - Transient failure after retries

Configuration Options
config :gemini_ex, :rate_limiter,
  max_concurrency_per_model: 4,    # nil/0 disables
  max_attempts: 3,
  base_backoff_ms: 1000,
  jitter_factor: 0.25,
  non_blocking: false,
  disable_rate_limiter: false,
  adaptive_concurrency: false,
  adaptive_ceiling: 8,
  profile: :prod  # :dev | :prod | :custom
Per-Request Options
	disable_rate_limiter: true - Bypass all rate limiting
	non_blocking: true - Return immediately if rate limited
	max_concurrency_per_model: N - Override concurrency
	estimated_input_tokens: N - For budget checking
	token_budget_per_window: N - Max tokens per window

Documentation
	New rate limiting guide: docs/guides/rate_limiting.md
	Comprehensive module documentation for all rate limiter components
	Updated README with rate limiting section

Changed
	HTTP client now routes all requests through rate limiter by default
	Supervisor now starts RateLimitManager on application boot

Technical Notes
	Streaming Safe: Rate limiter only gates request submission; open streams are not interrupted
	Coordinate Retry Layers: Retry logic coordinates between rate limiter and HTTP client to avoid double retries
	Test Infrastructure: Added Bypass-based fake Gemini endpoint for testing rate limit behavior

Migration Guide
Rate limiting is enabled by default. To disable:
# Per-request
Gemini.generate("Hello", disable_rate_limiter: true)

# Globally (not recommended)
config :gemini_ex, :rate_limiter, disable_rate_limiter: true
The new structured errors are backward compatible - existing error handling will continue to work, but you can now pattern match on rate limit specifics:
case Gemini.generate("Hello") do
  {:ok, response} -> handle_success(response)
  {:error, {:rate_limited, retry_at, _}} -> schedule_retry(retry_at)
  {:error, other} -> handle_error(other)
end
0.4.0 - 2025-11-06
Added
	Structured Outputs Enhancement - Full support for Gemini API November 2025 updates	property_ordering field in GenerationConfig for Gemini 2.0 model support
	structured_json/2 convenience helper for structured output setup
	property_ordering/2 helper for explicit property ordering
	temperature/2 helper for setting temperature values
	Support for new JSON Schema keywords:	anyOf - Union types and conditional structures
	$ref - Recursive schema definitions
	minimum/maximum - Numeric value constraints
	additionalProperties - Control over extra properties
	type: "null" - Nullable field definitions
	prefixItems - Tuple-like array structures


	Comprehensive integration tests for structured outputs
	Working examples demonstrating all new features



Improved
	Enhanced documentation for structured outputs use cases
	Better code examples in README and API reference
	Expanded test coverage for generation config options

Notes
	Gemini 2.5+ models preserve schema key order automatically
	Gemini 2.0 models require explicit property_ordering field
	All changes are backward compatible - no breaking changes


0.3.1 - 2025-10-15
🎉 Major Feature: Async Batch Embedding API (Phase 4)
This release adds production-scale async batch embedding support with 50% cost savings compared to the interactive API. Process thousands to millions of embeddings asynchronously with Long-Running Operation (LRO) support, state tracking, and priority management.
Added
🚀 Async Batch Embedding API
	async_batch_embed_contents/2: Submit large batches asynchronously for background processing
	50% cost savings vs interactive embedding API
	Suitable for RAG system indexing, knowledge base building, and large-scale retrieval
	Returns immediately with batch ID for polling
	Support for inline requests with metadata tracking


	get_batch_status/1: Poll batch job status with progress tracking
	Real-time progress metrics via EmbedContentBatchStats
	State transitions: PENDING → PROCESSING → COMPLETED/FAILED
	Track successful, failed, and pending request counts


	get_batch_embeddings/1: Retrieve results from completed batch jobs
	Extract embeddings from inline responses
	Support for file-based output detection
	Automatic filtering of successful responses


	await_batch_completion/2: Convenience polling with configurable intervals
	Automatic polling until completion or timeout
	Progress callback support for monitoring
	Configurable poll interval and timeout



📊 Complete Type System
	BatchState: Job state enum (:unspecified, :pending, :processing, :completed, :failed, :cancelled)

	EmbedContentBatchStats: Request tracking with progress metrics
	progress_percentage/1: Calculate completion percentage
	success_rate/1 and failure_rate/1: Quality metrics
	is_complete?/1: Completion check


	Request Types:
	InlinedEmbedContentRequest: Single request with metadata
	InlinedEmbedContentRequests: Container for multiple requests
	InputEmbedContentConfig: Union type for file vs inline input
	EmbedContentBatch: Complete batch job request with priority


	Response Types:
	InlinedEmbedContentResponse: Single response with success/error
	InlinedEmbedContentResponses: Container with helper functions
	EmbedContentBatchOutput: Union type for file vs inline output
	EmbedContentBatch: Complete batch status with lifecycle tracking



🧪 Comprehensive Test Coverage
	41 new unit tests for batch types (BatchState, BatchStats)
	Full TDD approach with test-first implementation
	425 total tests passing (up from 384 in v0.3.0)
	Zero compilation warnings maintained

Technical Implementation
🎯 Production Features
	Long-Running Operations (LRO): Full async job lifecycle support
	Priority-based Processing: Control batch execution order with priority field
	Progress Tracking: Real-time stats on successful, failed, and pending requests
	Multi-auth Support: Works with both Gemini API and Vertex AI
	Type Safety: Complete @spec annotations for all new functions
	Error Handling: Comprehensive error messages and recovery paths

📈 Performance & Cost
	50% cost savings: Async batch API offers half the cost of interactive embedding
	Scalability: Process millions of embeddings efficiently
	Production-ready: Designed for large-scale RAG systems and knowledge bases
	Flexible polling: Configurable intervals (default 5s) with timeout (default 10min)

Usage Examples
# Submit async batch for background processing
{:ok, batch} = Gemini.async_batch_embed_contents(
  ["Text 1", "Text 2", "Text 3"],
  display_name: "My Knowledge Base",
  task_type: :retrieval_document,
  output_dimensionality: 768
)

# Poll for status
{:ok, updated_batch} = Gemini.get_batch_status(batch.name)

# Check progress
if updated_batch.batch_stats do
  progress = updated_batch.batch_stats |> EmbedContentBatchStats.progress_percentage()
  IO.puts("Progress: #{Float.round(progress, 1)}%")
end

# Wait for completion (convenience function)
{:ok, completed_batch} = Gemini.await_batch_completion(
  batch.name,
  poll_interval: 10_000,  # 10 seconds
  timeout: 1_800_000,     # 30 minutes
  on_progress: fn b ->
    progress = EmbedContentBatchStats.progress_percentage(b.batch_stats)
    IO.puts("Progress: #{Float.round(progress, 1)}%")
  end
)

# Retrieve embeddings
{:ok, embeddings} = Gemini.get_batch_embeddings(completed_batch)
IO.puts("Retrieved #{length(embeddings)} embeddings")
Changed
	Enhanced Coordinator module: Added async batch embedding functions alongside existing sync APIs
	Type system expansion: New types in Gemini.Types.Request and Gemini.Types.Response namespaces

Migration Notes
For v0.3.0 Users
	All existing synchronous embedding APIs remain unchanged and fully compatible

	New async batch API is additive - no breaking changes

	Use async batch API for:
	Large-scale embedding generation (1000s-millions of texts)
	Background processing with 50% cost savings
	RAG system indexing and knowledge base building
	Non-time-critical embedding workflows


	Continue using sync API (embed_content/2, batch_embed_contents/2) for:
	Real-time embedding needs
	Small batches (<100 texts)
	Interactive workflows requiring immediate results



Future Enhancements
	File-based batch input/output support (GCS integration)
	Batch cancellation and deletion APIs
	Enhanced progress monitoring with estimated completion times

Related Documentation
	API Specification: oldDocs/docs/spec/GEMINI-API-07-EMBEDDINGS_20251014.md (lines 129-442)
	Implementation Plan: EMBEDDING_IMPLEMENTATION_PLAN.md (Phase 4 section)

0.3.0 - 2025-10-14
🎉 Major Feature: Complete Embedding Support with MRL
This release adds comprehensive text embedding functionality with Matryoshka Representation Learning (MRL), enabling powerful semantic search, RAG systems, classification, and more.
Added
📊 Embedding API with Normalization & Distance Metrics
	ContentEmbedding.normalize/1: L2 normalization to unit length (required for non-3072 dimensions per API spec)
	ContentEmbedding.norm/1: Calculate L2 norm of embedding vectors
	ContentEmbedding.euclidean_distance/2: Euclidean distance metric for similarity
	ContentEmbedding.dot_product/2: Dot product similarity (equals cosine for normalized embeddings)
	Enhanced cosine_similarity/2: Improved documentation with normalization requirements

🔬 Production-Ready Use Case Examples
	examples/use_cases/mrl_normalization_demo.exs: Comprehensive MRL demonstration
	Quality vs storage tradeoffs across dimensions (128-3072)
	MTEB benchmark comparison table
	Normalization requirements and effects
	Distance metrics comparison (cosine, euclidean, dot product)
	Best practices for dimension selection


	examples/use_cases/rag_demo.exs: Complete RAG pipeline implementation
	Build and index knowledge base with RETRIEVAL_DOCUMENT task type
	Embed queries with RETRIEVAL_QUERY task type
	Retrieve top-K relevant documents using semantic similarity
	Generate contextually-aware responses
	Side-by-side comparison with non-RAG baseline


	examples/use_cases/search_reranking.exs: Semantic reranking for search
	E-commerce product search example
	Compare keyword vs semantic ranking
	Hybrid ranking strategy (keyword + semantic weighted)
	Handle synonyms and conceptual relevance


	examples/use_cases/classification.exs: K-NN classification
	Few-shot learning with minimal training examples
	Customer support ticket categorization
	Confidence scoring and accuracy evaluation
	Dynamic category addition without retraining



📚 Enhanced Documentation
	Complete MRL documentation in examples/EMBEDDINGS.md:
	Matryoshka Representation Learning explanation
	MTEB benchmark scores table (128d to 3072d)
	Normalization requirements and best practices
	Model comparison table (gemini-embedding-001 vs gemini-embedding-001)
	Critical normalization warnings
	Distance metrics usage guide


	README.md embeddings section:
	Quick start guide for embeddings
	MRL concepts and dimension selection
	Task types for better quality
	Batch embedding examples
	Links to advanced use case examples



🧪 Comprehensive Test Coverage
	26 unit tests for ContentEmbedding module:
	Normalization accuracy (L2 norm = 1.0)
	Distance metrics validation
	Edge cases and error handling
	Zero vector handling


	20 integration tests for embedding coordinator:
	Single and batch embedding workflows
	Task type variations
	Output dimensionality control
	Error scenarios



Technical Implementation
🎯 Key Features
	MRL Support: Flexible dimensions (128-3072) with minimal quality loss
	768d: 67.99 MTEB (25% storage, -0.26% loss) - RECOMMENDED
	1536d: 68.17 MTEB (50% storage, same as 3072d!)
	3072d: 68.17 MTEB (100% storage, pre-normalized)


	Critical Normalization: Only 3072-dimensional embeddings are pre-normalized by API
	All other dimensions MUST be normalized before computing similarity
	Cosine similarity focuses on direction (semantic meaning), not magnitude
	Non-normalized embeddings have varying magnitudes that distort calculations


	Production Quality: 384 tests passing (100% success rate)

	Type Safety: Complete @spec annotations for all new functions

	Code Quality: Zero compilation warnings maintained


📈 Performance Characteristics
	Storage Efficiency: 768d offers 75% storage savings with <0.3% quality loss
	Quality Benchmarks: MTEB scores prove minimal degradation across dimensions
	Real-time Processing: Efficient normalization and distance calculations

Changed
	Updated README.md: Added embeddings section in features list and comprehensive usage guide
	Enhanced EMBEDDINGS.md: Complete rewrite with MRL documentation and advanced examples
	Model Recommendations: Updated to highlight gemini-embedding-001 with MRL support

Migration Notes
For New Users
# Generate embedding with recommended 768 dimensions
{:ok, response} = Gemini.embed_content(
  "Your text",
  model: "gemini-embedding-001",
  output_dimensionality: 768
)

# IMPORTANT: Normalize before computing similarity!
alias Gemini.Types.Response.ContentEmbedding

normalized = ContentEmbedding.normalize(response.embedding)
similarity = ContentEmbedding.cosine_similarity(normalized, other_normalized)
Dimension Selection Guide
	768d: Best for most applications (storage/quality balance)
	1536d: High quality at 50% storage (same MTEB as 3072d)
	3072d: Maximum quality, pre-normalized (largest storage)
	512d or lower: Extreme efficiency (>1% quality loss)

Future Roadmap
v0.4.0 (Planned): Async Batch Embedding API
	Long-running operations (LRO) support
	50% cost savings vs interactive embedding
	Batch state tracking and priority support

Related Documentation
	Comprehensive Guide: examples/EMBEDDINGS.md
	MRL Demo: examples/use_cases/mrl_normalization_demo.exs
	RAG Example: examples/use_cases/rag_demo.exs
	API Specification: oldDocs/docs/spec/GEMINI-API-07-EMBEDDINGS_20251014.md

0.2.3 - 2025-10-08
Fixed
	CRITICAL: Double-encoding bug in multimodal content - Fixed confusing base64 encoding behavior (Issue #11 comment from @jaimeiniesta)	Problem: When users passed Base.encode64(image_data) with type: "base64", data was encoded AGAIN internally, causing double-encoding
	Symptom: Users had to pass raw (non-encoded) data despite specifying type: "base64", which was confusing and counterintuitive
	Root cause: Blob.new/2 always called Base.encode64(), even when data was already base64-encoded
	Fix: When source: %{type: "base64", data: ...} is specified, data is now treated as already base64-encoded
	Impact:	✅ Users can now pass Base.encode64(data) as expected (documentation examples now work correctly)
	✅ API behavior matches user expectations: type: "base64" means data IS base64-encoded
	✅ Applies to both Anthropic-style format (%{type: "image", source: %{type: "base64", ...}}) and Gemini SDK style (%{inline_data: %{data: ..., mime_type: ...}})
	⚠️  Breaking change for workarounds: If you were passing raw (non-encoded) data as a workaround, you must now pass properly base64-encoded data


	Special thanks to @jaimeiniesta for reporting this confusing behavior!



Changed
	Enhanced normalize_single_content/1 to preserve base64 data without re-encoding when type: "base64"
	Enhanced normalize_part/1 to preserve base64 data in inline_data maps
	Updated tests to verify correct base64 handling
	Added demonstration script: examples/fixed_double_encoding_demo.exs

0.2.2 - 2025-10-07
Added
	Flexible multimodal content input - Accept multiple intuitive input formats for images and text (Closes #11)
	Support Anthropic-style format: %{type: "text", text: "..."} and %{type: "image", source: %{type: "base64", data: "..."}}
	Support map format with explicit role and parts: %{role: "user", parts: [...]}
	Support simple string inputs: "What is this?"
	Support mixed formats in single request
	Automatic MIME type detection from image magic bytes (PNG, JPEG, GIF, WebP)
	Graceful fallback to explicit MIME type or JPEG default


	Thinking budget configuration - Control thinking token usage for cost optimization (Closes #9, Supersedes #10)
	GenerationConfig.thinking_budget/2 - Set thinking token budget (0 to disable, -1 for dynamic, or fixed amount)
	GenerationConfig.include_thoughts/2 - Enable thought summaries in responses
	GenerationConfig.thinking_config/3 - Set both budget and thoughts in one call
	Gemini.Validation.ThinkingConfig module - Model-aware budget validation
	Support for all Gemini 2.5 series models (Pro, Flash, Flash Lite)



Fixed
	Multimodal content handling - Users can now pass images and text in natural, intuitive formats
	Previously: Only accepted specific Content structs, causing FunctionClauseError
	Now: Accepts flexible formats and automatically normalizes them
	Backward compatible: All existing code continues to work


	CRITICAL: Thinking budget field names - Fixed PR #10's critical bug that prevented thinking budget from working
	Previously: Sent thinking_budget (snake_case) which API silently ignored, users still charged
	Now: Sends thinkingBudget (camelCase) as required by official API, actually disables thinking
	Added includeThoughts support that was missing from PR #10
	Added model-specific budget validation (Pro: 128-32K, Flash: 0-24K, Lite: 0 or 512-24K)
	Note: This supersedes PR #10 with a correct, fully-tested implementation



Changed
	Enhanced Coordinator.generate_content/2 to accept flexible content formats
	Added automatic content normalization layer
	Added convert_thinking_config_to_api/1 to properly convert field names to camelCase
	GenerationConfig.ThinkingConfig is now a typed struct (not plain map)

[Unreleased]
0.2.1 - 2025-08-08
Added
	ALTAR Integration Documentation: Added detailed documentation for the ALTAR protocol integration, explaining the architecture and benefits of the new type-safe, production-grade tool-calling foundation.
	ALTAR Version Update: Bumped ALTAR dependency to v0.1.2.

0.2.0 - 2025-08-07
🎉 Major Feature: Automatic Tool Calling
This release introduces a complete, production-grade tool-calling (function calling) feature set, providing a seamless, Python-SDK-like experience for building powerful AI agents. The implementation is architected on top of the robust, type-safe ALTAR protocol for maximum reliability and future scalability.
Added
🤖 Automatic Tool Execution Engine
	New Public API: Gemini.generate_content_with_auto_tools/2 orchestrates the entire multi-turn tool-calling loop. The library now automatically detects when a model wants to call a tool, executes it, sends the result back, and returns the final, synthesized text response.
	Recursive Orchestrator: A resilient, private orchestrator manages the conversation, preventing infinite loops with a configurable :turn_limit.
	Streaming Support: Gemini.stream_generate_with_auto_tools/2 provides a fully automated tool-calling experience for streaming. A new ToolOrchestrator GenServer manages the complex, multi-stage stream, ensuring the end-user only receives the final text chunks.

🔧 Manual Tool Calling Foundation (For Advanced Users)
	New Gemini.Tools Facade: Provides a clean, high-level API (register/2, execute_calls/1) for developers who need full control over the tool-calling loop.
	Parallel Execution: Gemini.Tools.execute_calls/1 uses Task.async_stream to execute multiple tool calls from the model in parallel, improving performance.
	Robust Error Handling: Individual tool failures are captured as a valid ToolResult and do not crash the calling process.

🏛️ Architectural Foundation (ALTAR Integration)
	ALTAR Dependency: The project now builds upon the altar library, using its robust Data Model (ADM) and Local Execution Runtime (LATER).
	Supervised Registry: gemini_ex now starts and supervises its own named Altar.LATER.Registry process (Gemini.Tools.Registry), providing a stable, application-wide endpoint for tool management.
	Formalized Gemini.Chat Module: The chat history management has been completely refactored into a new Gemini.Chat struct and module, providing immutable, type-safe handling of complex multi-turn histories that include function_call and function_response turns.

Changed
	Part Struct: The Gemini.Types.Part struct was updated to include a function_call field, enabling type-safe parsing of model responses.
	Response Parsing: The core response parser in Gemini.Generate has been significantly enhanced to safely deserialize functionCall parts from the API, validating them against the Altar.ADM contract.
	Chat History: The Gemini.send_message/2 function has been refactored to use the new, more powerful Gemini.Chat module.

Fixed
	CRITICAL: Tool Response Role: The role for functionResponse turns sent to the API is now correctly set to "tool" (was "user"), ensuring API compatibility.
	Architectural Consistency: Removed an erroneous function_response field from the Part struct. functionResponse parts are now correctly handled as raw maps, consistent with the library's design.
	Test Consistency: Updated all relevant tests to use camelCase string keys when asserting against API-formatted data structures, improving test accuracy.

📚 Documentation & Examples
	New Example (auto_tool_calling_demo.exs): A comprehensive script demonstrating how to register multiple tools and use the new automatic execution APIs for both standard and streaming requests.
	New Example (manual_tool_calling_demo.exs): A clear demonstration of the advanced, step-by-step manual tool-calling loop.

0.1.1 - 2025-08-03
🐛 Fixed
Generation Config Bug Fix
	Critical Fix: Fixed GenerationConfig options being dropped in Gemini.APIs.Coordinator module	Previously, only 4 basic options (temperature, max_output_tokens, top_p, top_k) were supported
	Now supports all 12 GenerationConfig fields including response_schema, response_mime_type, stop_sequences, etc.
	Fixed inconsistency between Gemini.Generate and Gemini.APIs.Coordinator modules
	Both modules now handle generation config options identically



Enhanced Generation Config Support
	Complete Field Coverage: Added support for all missing GenerationConfig fields:	response_schema - For structured JSON output
	response_mime_type - For controlling output format
	stop_sequences - For custom stop sequences
	candidate_count - For multiple response candidates
	presence_penalty - For controlling topic repetition
	frequency_penalty - For controlling word repetition
	response_logprobs - For response probability logging
	logprobs - For token probability information



Improved Request Building
	Struct Priority: GenerationConfig structs now take precedence over individual keyword options
	Key Conversion: Proper snake_case to camelCase conversion for all API fields
	Nil Filtering: Automatic filtering of nil values to reduce request payload size
	Backward Compatibility: Existing code using individual options continues to work unchanged

🧪 Testing
Comprehensive Test Coverage
	70 New Tests: Added extensive test suite covering all generation config scenarios
	Bug Reproduction: Tests that demonstrate the original bug and verify the fix
	Field Coverage: Individual tests for each of the 12 generation config fields
	Integration Testing: End-to-end tests with real API request structure validation
	Regression Prevention: Tests ensure the bug cannot reoccur in future versions

Test Categories Added
	Individual option handling tests
	GenerationConfig struct handling tests
	Mixed option scenarios (struct + individual options)
	Edge case handling (nil values, invalid types)
	API request structure validation
	Backward compatibility verification

🔧 Technical Improvements
Code Quality
	Helper Functions: Added convert_to_camel_case/1 and struct_to_api_map/1 utilities
	Error Handling: Improved validation and error messages for generation config
	Documentation: Enhanced inline documentation for generation config handling
	Type Safety: Maintained strict type checking while expanding functionality

Performance
	Request Optimization: Reduced API request payload size by filtering nil values
	Processing Efficiency: Streamlined generation config building process
	Memory Usage: More efficient handling of large GenerationConfig structs

📚 Documentation
Updated Examples
	Enhanced examples to demonstrate new generation config capabilities
	Added response schema examples for structured output
	Updated documentation to reflect consistent behavior across modules

Migration Notes
For Existing Users
No breaking changes - all existing code continues to work. However, you can now use previously unsupported options:
# These options now work in all modules:
{:ok, response} = Gemini.generate("Explain AI", [
  response_schema: %{"type" => "object", "properties" => %{"summary" => %{"type" => "string"}}},
  response_mime_type: "application/json",
  stop_sequences: ["END", "STOP"],
  presence_penalty: 0.5,
  frequency_penalty: 0.3
])

# GenerationConfig structs now work consistently:
config = %Gemini.Types.GenerationConfig{
  temperature: 0.7,
  response_schema: %{"type" => "object"},
  max_output_tokens: 1000
}
{:ok, response} = Gemini.generate("Hello", generation_config: config)
0.1.0 - 2025-07-20
🎉 Major Release - Production Ready Multi-Auth Implementation
This is a significant milestone release featuring a complete unified implementation with concurrent multi-authentication support, enhanced examples, and production-ready telemetry system.
Added
🔐 Multi-Authentication Coordinator
	Concurrent Auth Support: Enable simultaneous usage of Gemini API and Vertex AI authentication strategies
	Per-request Auth Selection: Choose authentication method on a per-request basis
	Authentication Strategy Routing: Automatic credential resolution and header generation
	Enhanced Configuration: Improved config system with better environment variable detection

🌊 Unified Streaming Manager
	Multi-auth Streaming: Streaming support across both authentication strategies
	Advanced Stream Management: Preserve excellent SSE parsing while adding auth routing
	Stream Lifecycle Control: Complete stream state management (start, pause, resume, stop)
	Event Subscription System: Enhanced event handling with proper filtering

🎯 Comprehensive Examples Suite
	telemetry_showcase.exs: Complete telemetry system demonstration with 7 event types
	Enhanced demo.exs: Updated with better chat sessions and API key masking
	Enhanced streaming_demo.exs: Real-time streaming with authentication detection
	Enhanced multi_auth_demo.exs: Concurrent authentication strategies with proper error handling
	Enhanced demo_unified.exs: Multi-auth architecture showcase
	Enhanced live_api_test.exs: Comprehensive API testing for both auth methods

📊 Advanced Telemetry System
	7 Event Types: request start/stop/exception, stream start/chunk/stop/exception  
	Helper Functions: Stream ID generation, content classification, metadata building
	Performance Monitoring: Live measurement and analysis capabilities
	Configuration Management: Telemetry enable/disable controls

🔧 API Enhancements
	Backward Compatibility Functions: Added missing functions (model_exists?, stream_generate, start_link)
	Response Normalization: Proper key conversion (totalTokens → total_tokens, displayName → display_name)
	Enhanced Error Handling: Better error formatting and recovery
	Content Extraction: Support for both struct and raw streaming data formats

Changed
🏗️ Architecture Improvements
	Type System: Resolved module conflicts and compilation warnings
	Configuration: Updated default model to gemini-flash-lite-latest 
	Code Quality: Zero compilation warnings achieved across entire codebase
	Documentation: Updated model references and improved examples

🔄 Example Organization
	Removed Legacy Examples: Cleaned up simple_test.exs, simple_telemetry_test.exs, telemetry_demo.exs
	Consistent Execution Pattern: All examples use mix run examples/[name].exs
	Better Error Handling: Graceful credential failure handling with informative messages
	Security: API key masking in output for better security

📝 Documentation Updates
	README Enhancement: Added comprehensive examples section with detailed descriptions
	Model Updates: Updated references to the latest Gemini models (Gemini 3 Pro Preview, 2.5 Flash/Flash-Lite) and new defaults
	Configuration Examples: Improved auth setup documentation
	Usage Patterns: Better code examples and patterns

Fixed
🐛 Critical Fixes
	Type Module Conflicts: Resolved duplicate module definitions preventing compilation
	Chat Session Context: Fixed send_message to properly handle [Content.t()] arrays
	Streaming Debug: Fixed undefined variables in demo scripts
	Response Parsing: Enhanced build_generate_request to support multiple content formats

🔧 Minor Improvements
	Function Coverage: Implemented all missing backward compatibility functions
	Token Counting: Fixed response key normalization for proper token count extraction
	Stream Management: Improved stream event collection and display
	Error Messages: Better error formatting and user-friendly messages

Technical Implementation
🏛️ Production Architecture
	154 Tests Passing: Complete test coverage with zero failures
	Multi-auth Foundation: Robust concurrent authentication system
	Advanced Streaming: Real-time SSE with 30-117ms performance
	Type Safety: Complete @spec annotations and proper error handling
	Zero Warnings: Clean compilation across entire codebase

📦 Dependencies
	Maintained stable dependency versions for production reliability
	Enhanced configuration system compatibility
	Improved telemetry integration

Migration Guide
For Existing Users
# Old single-auth pattern (still works)
{:ok, response} = Gemini.generate("Hello")

# New multi-auth capability
{:ok, gemini_response} = Gemini.generate("Hello", auth: :gemini)
{:ok, vertex_response} = Gemini.generate("Hello", auth: :vertex_ai)
Configuration Updates
# Enhanced configuration with auto-detection
config :gemini_ex,
  default_model: "gemini-flash-lite-latest",  # Updated default
  timeout: 30_000,
  telemetry_enabled: true  # New telemetry controls
Performance
	Real-time Streaming: 30-117ms chunk delivery performance
	Concurrent Authentication: Simultaneous multi-strategy usage
	Zero Compilation Warnings: Optimized build performance
	Memory Efficient: Enhanced streaming with proper backpressure

Security
	Credential Masking: API keys masked in all output for security
	Multi-auth Isolation: Secure credential separation between strategies
	Error Handling: No sensitive data in error messages

0.0.3 - 2025-07-07
Fixed
	API Response Parsing: Fixed issue where usage_metadata was always nil on successful Gemini.generate/2 calls (#3)	The Gemini API returns camelCase keys like "usageMetadata" which were not being converted to snake_case atoms
	Updated atomize_key function in coordinator to properly convert camelCase strings to snake_case atoms
	Now properly populates usage_metadata with token count information


	Chat Sessions: Fixed conversation context not being maintained between messages	The send_message function was only sending the new message, not the full conversation history
	Now builds complete conversation history with proper role assignments before each API call
	Ensures AI maintains context and remembers information from previous messages



0.0.2 - 2025-06-09
Fixed
	Documentation Rendering: Fixed mermaid diagram rendering errors on hex docs by removing emoji characters from diagram labels
	Package Links: Removed redundant "Documentation" link in hex package configuration, keeping only "Online documentation"
	Configuration References: Updated TELEMETRY_IMPLEMENTATION.md to reference :gemini_ex instead of :gemini for correct application configuration

Changed
	Improved hex docs compatibility for better rendering of documentation diagrams
	Enhanced documentation consistency across all markdown files

0.0.1 - 2025-06-09
Added
Core Features
	Dual Authentication System: Support for both Gemini API keys and Vertex AI OAuth/Service Accounts
	Advanced Streaming: Production-grade Server-Sent Events (SSE) streaming with real-time processing
	Comprehensive API Coverage: Full support for Gemini API endpoints including content generation, model listing, and token counting
	Type Safety: Complete TypeScript-style type definitions with runtime validation
	Error Handling: Detailed error types with recovery suggestions and proper HTTP status code mapping
	Built-in Telemetry: Comprehensive observability with metrics and event tracking
	Chat Sessions: Multi-turn conversation management with state persistence
	Multimodal Support: Text, image, audio, and video content processing

Authentication
	Multi-strategy authentication coordinator with automatic strategy selection
	Environment variable and application configuration support
	Per-request authentication override capabilities
	Secure credential management with validation
	Support for Google Cloud Service Account JSON files
	OAuth2 Bearer token generation for Vertex AI

Streaming Architecture
	Unified streaming manager with state management
	Real-time SSE parsing with event dispatching
	Configurable buffer management and backpressure handling
	Stream lifecycle management (start, pause, resume, stop)
	Event subscription system with filtering capabilities
	Comprehensive error recovery and retry mechanisms

HTTP Client
	Dual HTTP client system (standard and streaming)
	Request/response interceptors for middleware support
	Automatic retry logic with exponential backoff
	Connection pooling and timeout management
	Request validation and response parsing
	Content-Type negotiation and encoding support

Type System
	Comprehensive type definitions for all API structures
	Runtime type validation with descriptive error messages
	Request and response schema validation
	Content type definitions for multimodal inputs
	Model capability and configuration types
	Error type hierarchy with actionable information

Configuration
	Hierarchical configuration system (runtime > environment > application)
	Environment variable detection and parsing
	Application configuration validation
	Default value management
	Configuration hot-reloading support

Utilities
	Content extraction helpers
	Response transformation utilities
	Validation helpers
	Debugging and logging utilities
	Performance monitoring tools

Technical Implementation
Architecture
	Layered architecture with clear separation of concerns
	Behavior-driven design for pluggable components
	GenServer-based application supervision tree
	Concurrent request processing with actor model
	Event-driven streaming with backpressure management

Dependencies
	req ~> 0.4.0 for HTTP client functionality
	jason ~> 1.4 for JSON encoding/decoding
	typed_struct ~> 0.3.0 for type definitions
	joken ~> 2.6 for JWT handling in Vertex AI authentication
	telemetry ~> 1.2 for observability and metrics

Development Tools
	ex_doc for comprehensive documentation generation
	credo for code quality analysis
	dialyxir for static type analysis

Documentation
	Complete API reference documentation
	Architecture documentation with Mermaid diagrams
	Authentication system technical specification
	Getting started guide with examples
	Advanced usage patterns and best practices
	Error handling and troubleshooting guide

Security
	Secure credential storage and transmission
	Input validation and sanitization
	Rate limiting and throttling support
	SSL/TLS enforcement for all communications
	No sensitive data logging

Performance
	Optimized for high-throughput scenarios
	Memory-efficient streaming implementation
	Connection reuse and pooling
	Minimal latency overhead
	Concurrent request processing
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Batches API for batch processing of content generation and embedding requests.
Batch processing allows you to submit large numbers of requests at once,
with 50% cost savings compared to interactive API calls.
Use Cases
	Processing large document collections for embeddings
	Bulk content generation for content pipelines
	Overnight processing of accumulated requests
	Cost optimization for high-volume workloads

Batch Sources
Gemini API:
	file_name - Reference to an uploaded file (JSONL format)
	inlined_requests - Direct inline requests (limited size)

Vertex AI:
	gcs_uri - Google Cloud Storage URIs (JSONL files)
	bigquery_uri - BigQuery table URI

Batch Destinations
Gemini API:
	Results returned in inlined_responses
	Or written to a file

Vertex AI:
	gcs_uri - GCS output prefix
	bigquery_uri - BigQuery output table

Example Workflow
# 1. Prepare input file (JSONL format)
#    Each line: {"contents": [{"parts": [{"text": "..."}]}]}

# 2. Upload the input file
{:ok, input_file} = Gemini.APIs.Files.upload("input.jsonl")

# 3. Create batch job
{:ok, batch} = Gemini.APIs.Batches.create("gemini-2.0-flash",
  file_name: input_file.name,
  display_name: "My Batch Job"
)

# 4. Wait for completion
{:ok, completed} = Gemini.APIs.Batches.wait(batch.name,
  poll_interval: 30_000,
  timeout: 3_600_000  # 1 hour
)

# 5. Process results
if BatchJob.succeeded?(completed) do
  IO.puts("Completed #{completed.completion_stats.success_count} requests")
end
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    Functions
  


    
      
        cancel(name, opts \\ [])

      


        Cancel a running batch job.



    


    
      
        create(model, opts \\ [])

      


        Create a new batch generation job.



    


    
      
        create_embeddings(model, opts \\ [])

      


        Create a new batch embedding job.



    


    
      
        delete(name, opts \\ [])

      


        Delete a batch job.



    


    
      
        get(name, opts \\ [])

      


        Get the status of a batch job.



    


    
      
        get_responses(batch)

      


        Get inlined responses from a completed batch job.



    


    
      
        list(opts \\ [])

      


        List batch jobs.



    


    
      
        list_all(opts \\ [])

      


        List all batch jobs across all pages.



    


    
      
        wait(name, opts \\ [])

      


        Wait for a batch job to complete.
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          @type batch_opts() :: [{:auth, :gemini | :vertex_ai}]


      



  



  
    
      
    
    
      create_opts()



        
          
        

    

  


  

      

          @type create_opts() :: [
  display_name: String.t(),
  file_name: String.t(),
  inlined_requests: [map()],
  gcs_uri: [String.t()],
  bigquery_uri: String.t(),
  generation_config: map(),
  system_instruction: map(),
  auth: :gemini | :vertex_ai
]


      



  



  
    
      
    
    
      list_opts()



        
          
        

    

  


  

      

          @type list_opts() :: [
  page_size: pos_integer(),
  page_token: String.t(),
  filter: String.t(),
  auth: :gemini | :vertex_ai
]


      



  



  
    
      
    
    
      wait_opts()



        
          
        

    

  


  

      

          @type wait_opts() :: [
  poll_interval: pos_integer(),
  timeout: pos_integer(),
  on_progress: (Gemini.Types.BatchJob.t() -> any()),
  auth: :gemini | :vertex_ai
]
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      cancel(name, opts \\ [])



        
          
        

    

  


  

      

          @spec cancel(String.t(), batch_opts()) :: :ok | {:error, term()}


      


Cancel a running batch job.
Can only cancel jobs that are in queued or running state.
Parameters
	name - Batch job name
	opts - Options

Examples
:ok = Gemini.APIs.Batches.cancel("batches/abc123")

  



    

  
    
      
    
    
      create(model, opts \\ [])



        
          
        

    

  


  

      

          @spec create(String.t(), create_opts()) ::
  {:ok, Gemini.Types.BatchJob.t()} | {:error, term()}


      


Create a new batch generation job.
Parameters
	model - Model to use for generation (e.g., "gemini-2.0-flash")
	opts - Batch creation options

Options
	:display_name - Human-readable name for the batch
	:file_name - Input file name (for Gemini API)
	:inlined_requests - Inline requests (for small batches)
	:gcs_uri - GCS input URIs (for Vertex AI)
	:bigquery_uri - BigQuery input URI (for Vertex AI)
	:generation_config - Generation configuration for all requests
	:system_instruction - System instruction for all requests
	:auth - Authentication strategy

Input File Format (JSONL)
For file-based input, each line should be a JSON object:
{"contents": [{"parts": [{"text": "First request"}]}]}
{"contents": [{"parts": [{"text": "Second request"}]}]}
Examples
# Using uploaded file
{:ok, batch} = Gemini.APIs.Batches.create("gemini-2.0-flash",
  file_name: "files/abc123",
  display_name: "My Batch"
)

# Using inline requests (small batches only)
{:ok, batch} = Gemini.APIs.Batches.create("gemini-2.0-flash",
  inlined_requests: [
    %{contents: [%{parts: [%{text: "Request 1"}]}]},
    %{contents: [%{parts: [%{text: "Request 2"}]}]}
  ],
  display_name: "Small Batch"
)

# With generation config
{:ok, batch} = Gemini.APIs.Batches.create("gemini-2.0-flash",
  file_name: "files/abc123",
  generation_config: %{
    temperature: 0.7,
    maxOutputTokens: 1000
  }
)

  



    

  
    
      
    
    
      create_embeddings(model, opts \\ [])



        
          
        

    

  


  

      

          @spec create_embeddings(String.t(), create_opts()) ::
  {:ok, Gemini.Types.BatchJob.t()} | {:error, term()}


      


Create a new batch embedding job.
Similar to create/2 but for embedding requests.
Parameters
	model - Embedding model to use
	opts - Batch creation options

Input File Format (JSONL)
For embeddings, each line should contain text to embed:
{"content": {"parts": [{"text": "Text to embed"}]}}
{"content": {"parts": [{"text": "Another text"}]}}
Examples
{:ok, batch} = Gemini.APIs.Batches.create_embeddings("text-embedding-004",
  file_name: "files/embeddings-input",
  display_name: "Embedding Batch"
)

  



    

  
    
      
    
    
      delete(name, opts \\ [])



        
          
        

    

  


  

      

          @spec delete(String.t(), batch_opts()) :: :ok | {:error, term()}


      


Delete a batch job.
Typically used to clean up completed jobs.
Parameters
	name - Batch job name
	opts - Options

Examples
:ok = Gemini.APIs.Batches.delete("batches/abc123")

  



    

  
    
      
    
    
      get(name, opts \\ [])



        
          
        

    

  


  

      

          @spec get(String.t(), batch_opts()) ::
  {:ok, Gemini.Types.BatchJob.t()} | {:error, term()}


      


Get the status of a batch job.
Parameters
	name - Batch job name (e.g., "batches/abc123")
	opts - Options

Examples
{:ok, batch} = Gemini.APIs.Batches.get("batches/abc123")
IO.puts("State: #{batch.state}")

if batch.completion_stats do
  IO.puts("Progress: #{batch.completion_stats.success_count}/#{batch.completion_stats.total_count}")
end

  



  
    
      
    
    
      get_responses(batch)



        
          
        

    

  


  

      

          @spec get_responses(Gemini.Types.BatchJob.t()) :: {:ok, [map()]} | {:error, term()}


      


Get inlined responses from a completed batch job.
Only works for batches with inline response output.
Parameters
	batch - Completed BatchJob with inlined responses
	opts - Options

Examples
{:ok, batch} = Gemini.APIs.Batches.get("batches/abc123")
if BatchJob.succeeded?(batch) do
  {:ok, responses} = Gemini.APIs.Batches.get_responses(batch)
  Enum.each(responses, &process_response/1)
end

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

          @spec list(list_opts()) ::
  {:ok, Gemini.Types.ListBatchJobsResponse.t()} | {:error, term()}


      


List batch jobs.
Parameters
	opts - List options

Options
	:page_size - Number of jobs per page (default: 100)
	:page_token - Token from previous response for pagination
	:filter - Filter string
	:auth - Authentication strategy

Examples
{:ok, response} = Gemini.APIs.Batches.list()

Enum.each(response.batch_jobs, fn job ->
  IO.puts("#{job.name}: #{job.state}")
end)

# With pagination
{:ok, response} = Gemini.APIs.Batches.list(page_size: 10)
if ListBatchJobsResponse.has_more_pages?(response) do
  {:ok, page2} = Gemini.APIs.Batches.list(page_token: response.next_page_token)
end

  



    

  
    
      
    
    
      list_all(opts \\ [])



        
          
        

    

  


  

      

          @spec list_all(list_opts()) :: {:ok, [Gemini.Types.BatchJob.t()]} | {:error, term()}


      


List all batch jobs across all pages.
Automatically handles pagination.
Examples
{:ok, all_jobs} = Gemini.APIs.Batches.list_all()
running = Enum.filter(all_jobs, &BatchJob.running?/1)
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          @spec wait(String.t(), wait_opts()) ::
  {:ok, Gemini.Types.BatchJob.t()} | {:error, term()}


      


Wait for a batch job to complete.
Polls the batch status until it reaches a terminal state (succeeded, failed, etc.)
or the timeout is reached.
Parameters
	name - Batch job name
	opts - Wait options

Options
	:poll_interval - Milliseconds between status checks (default: 30000)
	:timeout - Maximum wait time in milliseconds (default: 3600000 = 1 hour)
	:on_progress - Callback for status updates fn(BatchJob.t()) -> any()

Examples
{:ok, completed} = Gemini.APIs.Batches.wait("batches/abc123",
  poll_interval: 60_000,   # Check every minute
  timeout: 7_200_000,      # Wait up to 2 hours
  on_progress: fn batch ->
    if progress = BatchJob.get_progress(batch) do
      IO.puts("Progress: #{Float.round(progress, 1)}%")
    end
  end
)

cond do
  BatchJob.succeeded?(completed) ->
    IO.puts("Success!")
  BatchJob.failed?(completed) ->
    IO.puts("Failed: #{completed.error.message}")
end

  


        

      


  

  
    
    Gemini.APIs.ContextCache - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.APIs.ContextCache 
    



      
Context caching API for improved performance with long context.
Context caching allows you to cache large amounts of content (code, documents)
for reuse across multiple requests, reducing latency and cost.
Usage
# Create a cached context
{:ok, cache} = Gemini.APIs.ContextCache.create(
  [%Gemini.Types.Content{role: "user", parts: [%{text: large_content}]}],
  display_name: "My Codebase",
  model: "gemini-2.0-flash"
)

# Use cached context in requests
{:ok, response} = Gemini.generate("Analyze this code",
  cached_content: cache.name
)

# Delete when done
:ok = Gemini.APIs.ContextCache.delete(cache.name)
API Endpoints
	POST /cachedContents - Create cached content
	GET /cachedContents - List cached contents
	GET /cachedContents/{name} - Get specific cache
	PATCH /cachedContents/{name} - Update cache TTL
	DELETE /cachedContents/{name} - Delete cache
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    Functions
  


    
      
        create(contents, opts \\ [])

      


        Create a new cached content.



    


    
      
        delete(name, opts \\ [])

      


        Delete a cached content.



    


    
      
        get(name, opts \\ [])

      


        Get a specific cached content by name.



    


    
      
        list(opts \\ [])

      


        List all cached contents.



    


    
      
        update(name, opts \\ [])

      


        Update cache TTL.
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          @type cache_opts() :: [
  display_name: String.t(),
  model: String.t(),
  ttl: non_neg_integer(),
  expire_time: DateTime.t(),
  system_instruction: String.t() | Gemini.Types.Content.t(),
  tools: [Altar.ADM.FunctionDeclaration.t()],
  tool_config: Altar.ADM.ToolConfig.t(),
  kms_key_name: String.t(),
  auth: :gemini | :vertex_ai,
  project_id: String.t(),
  location: String.t()
]


      



  



  
    
      
    
    
      cached_content()



        
          
        

    

  


  

      

          @type cached_content() :: %{
  name: String.t(),
  display_name: String.t() | nil,
  model: String.t(),
  create_time: String.t() | nil,
  update_time: String.t() | nil,
  expire_time: String.t() | nil,
  usage_metadata: Gemini.Types.CachedContentUsageMetadata.t() | nil
}
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          @spec create([Gemini.Types.Content.t()] | [map()] | String.t(), cache_opts()) ::
  {:ok, cached_content()} | {:error, term()}


      


Create a new cached content.
Parameters
	contents: List of Content structs to cache
	opts: Options including:	:display_name - Human-readable name (required)
	:model - Model to use (default: default model)
	:ttl - Time to live in seconds (default: 3600)
	:expire_time - Specific expiration DateTime



Returns
	{:ok, cached_content} - Created cache metadata
	{:error, reason} - Failed to create cache

Examples
{:ok, cache} = ContextCache.create(
  [Content.text("Large document content...")],
  display_name: "My Document",
  model: "gemini-2.0-flash",
  ttl: 7200
)
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          @spec delete(
  String.t(),
  keyword()
) :: :ok | {:error, term()}


      


Delete a cached content.
Parameters
	name: Cache name to delete
	opts: Request options

Returns
	:ok - Successfully deleted
	{:error, reason} - Failed to delete
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          @spec get(
  String.t(),
  keyword()
) :: {:ok, cached_content()} | {:error, term()}


      


Get a specific cached content by name.
Parameters
	name: Cache name (format: "cachedContents/{id}")
	opts: Request options

Returns
	{:ok, cached_content} - Cache metadata
	{:error, reason} - Failed to get cache
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          @spec list(keyword()) :: {:ok, map()} | {:error, term()}


      


List all cached contents.
Parameters
	opts: Options including:	:page_size - Number of results per page
	:page_token - Pagination token



Returns
	{:ok, %{cached_contents: [cached_content()], next_page_token: String.t() | nil}}

	{:error, reason}
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          @spec update(
  String.t(),
  keyword()
) :: {:ok, cached_content()} | {:error, term()}


      


Update cache TTL.
Parameters
	name: Cache name
	opts: Options including:	:ttl - New TTL in seconds
	:expire_time - New expiration DateTime



Returns
	{:ok, cached_content} - Updated cache metadata
	{:error, reason} - Failed to update
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Documents API for RAG (Retrieval-Augmented Generation) document management.
Documents are stored in RAG stores and used for semantic search and
context augmentation in generation requests.
Overview
The Documents API allows you to:
	List documents in a RAG store
	Get document metadata
	Delete documents

Example Workflow
# List documents in a store
{:ok, response} = Gemini.APIs.Documents.list("ragStores/my-store")

Enum.each(response.documents, fn doc ->
  IO.puts("#{doc.name}: #{doc.state}")
end)

# Get specific document
{:ok, doc} = Gemini.APIs.Documents.get("ragStores/my-store/documents/doc123")

if Document.active?(doc) do
  IO.puts("Document ready: #{doc.chunk_count} chunks")
end

# Delete document
:ok = Gemini.APIs.Documents.delete("ragStores/my-store/documents/doc123")
RAG Store Integration
Documents are typically created by uploading files to a RAG store
via the FileSearchStores API. This API focuses on document management
after creation.
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          @spec delete(String.t(), document_opts()) :: :ok | {:error, term()}


      


Delete a document from a RAG store.
Parameters
	name - Document resource name
	opts - Options

Examples
:ok = Gemini.APIs.Documents.delete("ragStores/my-store/documents/doc123")
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          @spec get(String.t(), document_opts()) ::
  {:ok, Gemini.Types.Document.t()} | {:error, term()}


      


Get a document by name.
Parameters
	name - Document resource name (e.g., "ragStores/abc/documents/xyz")
	opts - Options

Examples
{:ok, doc} = Gemini.APIs.Documents.get("ragStores/my-store/documents/doc123")
IO.puts("State: #{doc.state}")
IO.puts("Size: #{doc.size_bytes} bytes")
IO.puts("Chunks: #{doc.chunk_count}")
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          @spec list(String.t(), list_opts()) ::
  {:ok, Gemini.Types.ListDocumentsResponse.t()} | {:error, term()}


      


List documents in a RAG store.
Parameters
	store_name - RAG store resource name (e.g., "ragStores/abc")
	opts - List options

Options
	:page_size - Number of documents per page (default: 100)
	:page_token - Token from previous response for pagination
	:filter - Filter expression
	:auth - Authentication strategy

Examples
# List all documents
{:ok, response} = Gemini.APIs.Documents.list("ragStores/my-store")

Enum.each(response.documents, fn doc ->
  IO.puts("#{doc.display_name}: #{doc.state}")
end)

# With pagination
{:ok, page1} = Gemini.APIs.Documents.list("ragStores/my-store", page_size: 10)
if ListDocumentsResponse.has_more_pages?(page1) do
  {:ok, page2} = Gemini.APIs.Documents.list("ragStores/my-store",
    page_token: page1.next_page_token
  )
end
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          @spec list_all(String.t(), list_opts()) ::
  {:ok, [Gemini.Types.Document.t()]} | {:error, term()}


      


List all documents across all pages.
Automatically handles pagination to retrieve all documents.
Parameters
	store_name - RAG store resource name
	opts - Options

Examples
{:ok, all_docs} = Gemini.APIs.Documents.list_all("ragStores/my-store")
active = Enum.filter(all_docs, &Document.active?/1)
IO.puts("Active documents: #{length(active)}")
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          @spec wait_for_processing(String.t(), wait_opts()) ::
  {:ok, Gemini.Types.Document.t()} | {:error, term()}


      


Wait for a document to finish processing.
Polls the document status until it reaches :active or :failed state.
Parameters
	name - Document resource name
	opts - Wait options

Options
	:poll_interval - Milliseconds between status checks (default: 2000)
	:timeout - Maximum wait time in milliseconds (default: 300000 = 5 min)
	:on_status - Callback for status updates fn(Document.t()) -> any()

Examples
{:ok, doc} = Gemini.APIs.Documents.wait_for_processing(
  "ragStores/my-store/documents/doc123",
  poll_interval: 5000,
  on_status: fn d -> IO.puts("State: #{d.state}") end
)

if Document.active?(doc) do
  IO.puts("Document ready with #{doc.chunk_count} chunks")
end
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File Search Stores API for semantic search and RAG (Retrieval-Augmented Generation).
File Search Stores enable semantic search over documents using vector embeddings.
They are part of the Vertex AI RAG system and provide powerful document search
capabilities for grounding generation responses.
Note: This API is only available through Vertex AI authentication.
Overview
The File Search Stores API allows you to:
	Create stores for organizing searchable documents
	Import files into stores for indexing
	Upload files directly to stores
	List and manage stores
	Delete stores when no longer needed

Workflow
	Create a Store: Set up a semantic search store
	Import Files: Add documents to the store
	Wait for Processing: Documents are indexed asynchronously
	Use in Generation: Reference the store for grounded responses

Example: Basic Store Creation
alias Gemini.APIs.FileSearchStores
alias Gemini.Types.CreateFileSearchStoreConfig

# Create a store
config = %CreateFileSearchStoreConfig{
  display_name: "Product Documentation",
  description: "Technical documentation for all products"
}

{:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)
IO.puts("Created: #{store.name}")

# Wait for store to be active
{:ok, ready_store} = FileSearchStores.wait_for_active(store.name)

# Import a file that was already uploaded
{:ok, doc} = FileSearchStores.import_file(
  store.name,
  "files/abc123"
)
Example: Upload and Import
# Upload a file directly to the store
{:ok, doc} = FileSearchStores.upload_to_store(
  store.name,
  "/path/to/document.pdf",
  display_name: "Product Manual"
)

# Wait for document to be processed
{:ok, ready_doc} = FileSearchStores.wait_for_document(doc.name)
Example: List and Cleanup
# List all stores
{:ok, response} = FileSearchStores.list()

Enum.each(response.file_search_stores, fn store ->
  IO.puts("#{store.display_name}: #{store.document_count} docs")
end)

# Delete a store (requires force: true if it has documents)
:ok = FileSearchStores.delete("fileSearchStores/abc123", force: true)
Grounding with File Search
Once documents are indexed, use the store for grounding in generation:
{:ok, response} = Gemini.generate_content(
  "What are the safety features?",
  tools: [
    %{file_search_stores: ["fileSearchStores/abc123"]}
  ]
)
Best Practices
	Descriptive Names: Use clear display names for stores
	Wait for Processing: Always wait for documents to reach :active state
	Batch Imports: Import multiple files before using the store
	Monitor Size: Check document_count and total_size_bytes
	Clean Up: Delete stores when no longer needed to avoid costs
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          @spec create(Gemini.Types.CreateFileSearchStoreConfig.t(), create_opts()) ::
  {:ok, Gemini.Types.FileSearchStore.t()} | {:error, term()}


      


Create a new file search store.
Creates a semantic search store for organizing and searching documents.
The store will be in :creating state initially and will transition to
:active once ready.
Parameters
	config - CreateFileSearchStoreConfig struct with store configuration
	opts - Options (must include auth: :vertex_ai)

Examples
config = %CreateFileSearchStoreConfig{
  display_name: "Product Docs",
  description: "All product documentation"
}

{:ok, store} = FileSearchStores.create(config, auth: :vertex_ai)

# Wait for it to be active
{:ok, active_store} = FileSearchStores.wait_for_active(store.name)
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          @spec delete(String.t(), delete_opts()) :: :ok | {:error, term()}


      


Delete a file search store.
By default, stores with documents cannot be deleted. Use force: true to
delete a store and all its documents.
Parameters
	name - Store resource name
	opts - Delete options

Options
	:force - Delete even if store contains documents (default: false)
	:auth - Authentication strategy

Examples
# Delete empty store
:ok = FileSearchStores.delete("fileSearchStores/abc123")

# Force delete store with documents
:ok = FileSearchStores.delete(
  "fileSearchStores/abc123",
  force: true
)
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          @spec get(String.t(), store_opts()) ::
  {:ok, Gemini.Types.FileSearchStore.t()} | {:error, term()}


      


Get a file search store by name.
Parameters
	name - Store resource name (e.g., "fileSearchStores/abc123")
	opts - Options

Examples
{:ok, store} = FileSearchStores.get("fileSearchStores/abc123")
IO.puts("State: #{store.state}")
IO.puts("Documents: #{store.document_count}")
IO.puts("Size: #{store.total_size_bytes} bytes")
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          @spec get_document(String.t(), store_opts()) ::
  {:ok, Gemini.Types.FileSearchDocument.t()} | {:error, term()}


      


Get a document from a file search store.
Parameters
	document_name - Document resource name
	opts - Options

Examples
{:ok, doc} = FileSearchStores.get_document(
  "fileSearchStores/abc/documents/xyz"
)
IO.puts("State: #{doc.state}")
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          @spec import_file(String.t(), String.t(), import_opts()) ::
  {:ok, Gemini.Types.FileSearchDocument.t()} | {:error, term()}


      


Import an already uploaded file into the store.
The file must have been previously uploaded using the Files API.
This creates a document in the store that will be indexed for search.
Parameters
	store_name - Store resource name
	file_name - File resource name (e.g., "files/abc123")
	opts - Options

Examples
# Upload a file first
{:ok, file} = Gemini.upload_file("/path/to/doc.pdf")

# Import it into the store
{:ok, doc} = FileSearchStores.import_file(
  "fileSearchStores/abc123",
  file.name
)

# Wait for processing
{:ok, ready_doc} = FileSearchStores.wait_for_document(doc.name)
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          @spec list(list_opts()) ::
  {:ok, Gemini.Types.ListFileSearchStoresResponse.t()} | {:error, term()}


      


List file search stores.
Parameters
	opts - List options

Options
	:page_size - Number of stores per page (default: 100)
	:page_token - Token from previous response for pagination
	:auth - Authentication strategy

Examples
# List all stores
{:ok, response} = FileSearchStores.list()

Enum.each(response.file_search_stores, fn store ->
  IO.puts("#{store.display_name}: #{store.state}")
end)

# With pagination
{:ok, page1} = FileSearchStores.list(page_size: 10)
if ListFileSearchStoresResponse.has_more_pages?(page1) do
  {:ok, page2} = FileSearchStores.list(
    page_token: page1.next_page_token
  )
end
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          @spec list_all(list_opts()) ::
  {:ok, [Gemini.Types.FileSearchStore.t()]} | {:error, term()}


      


List all file search stores across all pages.
Automatically handles pagination to retrieve all stores.
Parameters
	opts - Options

Examples
{:ok, all_stores} = FileSearchStores.list_all()
active = Enum.filter(all_stores, &FileSearchStore.active?/1)
IO.puts("Active stores: #{length(active)}")
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          @spec upload_to_store(String.t(), String.t(), upload_opts()) ::
  {:ok, Gemini.Types.FileSearchDocument.t()} | {:error, term()}


      


Upload a file directly to the store.
This is a convenience method that uploads a file and imports it into the
store in a single operation.
Parameters
	store_name - Store resource name
	file_path - Path to local file
	opts - Upload options

Options
	:display_name - Human-readable name for the document
	:mime_type - MIME type (auto-detected if not provided)
	:auth - Authentication strategy

Examples
{:ok, doc} = FileSearchStores.upload_to_store(
  "fileSearchStores/abc123",
  "/path/to/document.pdf",
  display_name: "Product Manual v2.0"
)

IO.puts("Uploaded: #{doc.name}")
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          @spec wait_for_active(String.t(), wait_opts()) ::
  {:ok, Gemini.Types.FileSearchStore.t()} | {:error, term()}


      


Wait for a store to become active.
Polls the store status until it reaches :active or :failed state.
Parameters
	name - Store resource name
	opts - Wait options

Options
	:poll_interval - Milliseconds between status checks (default: 2000)
	:timeout - Maximum wait time in milliseconds (default: 300000 = 5 min)
	:on_status - Callback for status updates fn(FileSearchStore.t()) -> any()
	:auth - Authentication strategy

Examples
{:ok, store} = FileSearchStores.wait_for_active(
  "fileSearchStores/abc123",
  poll_interval: 5000,
  on_status: fn s -> IO.puts("State: #{s.state}") end
)

if FileSearchStore.active?(store) do
  IO.puts("Store ready!")
end

  



    

  
    
      
    
    
      wait_for_document(document_name, opts \\ [])



        
          
        

    

  


  

      

          @spec wait_for_document(String.t(), wait_doc_opts()) ::
  {:ok, Gemini.Types.FileSearchDocument.t()} | {:error, term()}


      


Wait for a document to finish processing.
Polls the document status until it reaches :active or :failed state.
Parameters
	document_name - Document resource name
	opts - Wait options

Options
	:poll_interval - Milliseconds between status checks (default: 2000)
	:timeout - Maximum wait time in milliseconds (default: 300000 = 5 min)
	:on_status - Callback for status updates
	:auth - Authentication strategy

Examples
{:ok, doc} = FileSearchStores.wait_for_document(
  "fileSearchStores/abc/documents/xyz",
  on_status: fn d -> IO.puts("Chunks: #{d.chunk_count}") end
)

  


        

      


  

  
    
    Gemini.APIs.Files - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.APIs.Files 
    



      
Files API for uploading, managing, and using files with Gemini models.
The Files API allows you to upload files (images, videos, audio, documents)
that can be referenced in content generation requests. This is useful for
multimodal interactions where you want to include media files.
Important Notes
	Gemini API Only: File operations are only supported with the Gemini Developer API,
not Vertex AI. Using file operations with Vertex AI will return an error.
	File Expiration: Uploaded files expire after 48 hours
	Size Limits: Maximum file size is 2GB for most file types
	Processing Time: Large files (especially video) may take time to process

Quick Start
# Upload an image
{:ok, file} = Gemini.APIs.Files.upload("path/to/image.png")

# Wait for processing (for video files)
{:ok, ready_file} = Gemini.APIs.Files.wait_for_processing(file.name)

# Use in content generation
{:ok, response} = Gemini.generate([
  "What's in this image?",
  %{file_uri: ready_file.uri, mime_type: ready_file.mime_type}
])

# Clean up when done
:ok = Gemini.APIs.Files.delete(file.name)
Resumable Uploads
For large files (>10MB), the API uses resumable uploads automatically:
# Large file upload with progress tracking
{:ok, file} = Gemini.APIs.Files.upload("path/to/video.mp4",
  on_progress: fn uploaded, total ->
    percent = Float.round(uploaded / total * 100, 1)
    IO.puts("Uploaded: #{percent}%")
  end
)
Supported MIME Types
	Images: image/png, image/jpeg, image/gif, image/webp
	Videos: video/mp4, video/mpeg, video/mov, video/avi, video/webm
	Audio: audio/wav, audio/mp3, audio/aiff, audio/aac, audio/ogg, audio/flac
	Documents: application/pdf, text/plain, text/html, text/css, text/javascript
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          @spec delete(String.t(), file_opts()) :: :ok | {:error, term()}


      


Delete a file.
Parameters
	name - File resource name (e.g., "files/abc123")
	opts - Options

Examples
:ok = Gemini.APIs.Files.delete("files/abc123")
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          @spec download(Gemini.Types.File.t() | String.t(), file_opts()) ::
  {:ok, binary()} | {:error, term()}


      


Download a generated file's content.
Only works for files with source: :generated (e.g., from video generation).
Uploaded files cannot be downloaded - you already have the source.
Parameters
	file - File struct or file name
	opts - Options

Examples
{:ok, file} = Gemini.APIs.Files.get("files/generated-video-123")
{:ok, video_data} = Gemini.APIs.Files.download(file)
File.write!("output.mp4", video_data)
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          @spec get(String.t(), file_opts()) :: {:ok, Gemini.Types.File.t()} | {:error, term()}


      


Get file metadata by name.
Parameters
	name - File resource name (e.g., "files/abc123")
	opts - Options

Examples
{:ok, file} = Gemini.APIs.Files.get("files/abc123")
IO.puts("State: #{file.state}")
IO.puts("MIME type: #{file.mime_type}")
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          @spec list(list_opts()) ::
  {:ok, Gemini.Types.ListFilesResponse.t()} | {:error, term()}


      


List all uploaded files.
Parameters
	opts - List options

Options
	:page_size - Number of files per page (default: 100, max: 1000)
	:page_token - Token from previous response for pagination
	:auth - Authentication strategy

Examples
# List first page
{:ok, response} = Gemini.APIs.Files.list()
Enum.each(response.files, fn file ->
  IO.puts("#{file.name}: #{file.mime_type}")
end)

# Paginate through all files
{:ok, all_files} = Gemini.APIs.Files.list_all()
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          @spec list_all(list_opts()) :: {:ok, [Gemini.Types.File.t()]} | {:error, term()}


      


List all files across all pages.
Automatically handles pagination to retrieve all files.
Parameters
	opts - List options (:page_size can be set, default 100)

Examples
{:ok, all_files} = Gemini.APIs.Files.list_all()
IO.puts("Total files: #{length(all_files)}")
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          @spec upload(Path.t() | String.t(), upload_opts()) ::
  {:ok, Gemini.Types.File.t()} | {:error, term()}


      


Upload a file to be used with Gemini models.
Parameters
	file_path - Path to the file to upload (string or Path)
	opts - Upload options

Options
	:name - Custom file resource name (auto-generated if not provided)
	:display_name - Human-readable display name (max 512 characters)
	:mime_type - MIME type (auto-detected from extension if not provided)
	:on_progress - Callback function fn(uploaded_bytes, total_bytes) -> any() for progress updates
	:auth - Authentication strategy (must be :gemini)

Returns
	{:ok, File.t()} - Successfully uploaded file with metadata
	{:error, reason} - Upload failed

Examples
# Simple upload
{:ok, file} = Gemini.APIs.Files.upload("path/to/image.png")
IO.puts("Uploaded: #{file.uri}")

# With display name
{:ok, file} = Gemini.APIs.Files.upload("document.pdf",
  display_name: "Important Document"
)

# With progress tracking
{:ok, file} = Gemini.APIs.Files.upload("large_video.mp4",
  on_progress: fn uploaded, total ->
    IO.puts("Progress: #{div(uploaded * 100, total)}%")
  end
)
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          @spec upload_data(binary(), upload_opts()) ::
  {:ok, Gemini.Types.File.t()} | {:error, term()}


      


Upload a file from binary data.
Parameters
	data - Binary data to upload
	opts - Upload options (:mime_type is required)

Examples
image_data = File.read!("image.png")
{:ok, file} = Gemini.APIs.Files.upload_data(image_data,
  mime_type: "image/png",
  display_name: "My Image"
)

  



    

  
    
      
    
    
      wait_for_processing(name, opts \\ [])



        
          
        

    

  


  

      

          @spec wait_for_processing(
  String.t(),
  keyword()
) :: {:ok, Gemini.Types.File.t()} | {:error, term()}


      


Wait for a file to finish processing.
Polls the file status until it reaches :active or :failed state.
Parameters
	name - File resource name
	opts - Options

Options
	:poll_interval - Milliseconds between status checks (default: 2000)
	:timeout - Maximum wait time in milliseconds (default: 300000 = 5 min)
	:on_status - Callback for status updates fn(File.t()) -> any()

Examples
{:ok, file} = Gemini.APIs.Files.upload("video.mp4")

{:ok, ready_file} = Gemini.APIs.Files.wait_for_processing(file.name,
  poll_interval: 5000,
  on_status: fn f -> IO.puts("Status: #{f.state}") end
)
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API for image generation using Google's Imagen models.
Imagen is Google's family of text-to-image models that can generate, edit, and
upscale high-quality images from text descriptions. This module provides a unified
interface for all image generation operations.
Note: Image generation is currently only available through Vertex AI, not the
Gemini API. You must configure Vertex AI credentials to use these functions.
Supported Models
	imagegeneration@006 - Latest stable Imagen model (recommended)
	imagen-3.0-generate-001 - Imagen 3.0 generation model

Capabilities
	Text-to-Image: Generate images from text descriptions
	Image Editing: Modify existing images with inpainting/outpainting
	Image Upscaling: Enhance image resolution (2x or 4x)

Examples
# Generate an image
{:ok, images} = Gemini.APIs.Images.generate(
  "A serene mountain landscape at sunset",
  %ImageGenerationConfig{
    number_of_images: 2,
    aspect_ratio: "16:9"
  }
)

# Edit an image
{:ok, edited} = Gemini.APIs.Images.edit(
  "Replace the sky with a starry night",
  image_base64,
  mask_base64,
  %EditImageConfig{edit_mode: :inpainting}
)

# Upscale an image
{:ok, upscaled} = Gemini.APIs.Images.upscale(
  image_base64,
  %UpscaleImageConfig{upscale_factor: :x2}
)
Configuration Options
See Gemini.Types.Generation.Image for all available configuration options.
Safety and Responsible AI
All generated images are subject to Google's safety filters and Responsible AI
policies. You can configure the safety filter level, but some content will always
be blocked regardless of settings.

      


      
        Summary


  
    Types
  


    
      
        api_result(t)

      


    


    
      
        generation_opts()

      


    





  
    Functions
  


    
      
        edit(prompt, image_data, mask_data \\ nil, config \\ %EditImageConfig{}, opts \\ [])

      


        Edit an existing image using text prompts.



    


    
      
        generate(prompt, config \\ %ImageGenerationConfig{}, opts \\ [])

      


        Generate images from a text prompt.



    


    
      
        upscale(image_data, config \\ %UpscaleImageConfig{}, opts \\ [])

      


        Upscale an image to higher resolution.
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          @type api_result(t) :: {:ok, t} | {:error, term()}
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          @type generation_opts() :: [
  model: String.t(),
  project_id: String.t(),
  location: String.t()
]
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          @spec edit(
  String.t(),
  String.t(),
  String.t() | nil,
  Gemini.Types.Generation.Image.EditImageConfig.t(),
  generation_opts()
) :: api_result([Gemini.Types.Generation.Image.GeneratedImage.t()])


      


Edit an existing image using text prompts.
Supports inpainting (editing specific regions) and outpainting (extending the image).
Parameters
	prompt - Text description of the desired edits
	image_data - Base64-encoded source image
	mask_data - Base64-encoded mask image (nil for auto-masking)
	config - EditImageConfig struct (default: %EditImageConfig{})
	opts - Additional options (same as generate/3)

Returns
	{:ok, [GeneratedImage.t()]} - List of edited images
	{:error, term()} - Error if editing fails

Examples
# Inpainting - edit specific region
{:ok, edited} = Gemini.APIs.Images.edit(
  "Replace the background with a beach scene",
  image_base64,
  mask_base64,
  %EditImageConfig{edit_mode: :inpainting}
)

# Outpainting - extend image
{:ok, extended} = Gemini.APIs.Images.edit(
  "Continue the landscape to the right",
  image_base64,
  mask_base64,
  %EditImageConfig{edit_mode: :outpainting}
)
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          @spec generate(
  String.t(),
  Gemini.Types.Generation.Image.ImageGenerationConfig.t(),
  generation_opts()
) ::
  api_result([Gemini.Types.Generation.Image.GeneratedImage.t()])


      


Generate images from a text prompt.
Parameters
	prompt - Text description of the image to generate
	config - ImageGenerationConfig struct with generation parameters (default: %ImageGenerationConfig{})
	opts - Additional options:	:model - Model to use (default: "imagegeneration@006")
	:project_id - Vertex AI project ID (default: from config)
	:location - Vertex AI location (default: "us-central1")



Returns
	{:ok, [GeneratedImage.t()]} - List of generated images
	{:error, term()} - Error if generation fails

Examples
# Simple generation
{:ok, images} = Gemini.APIs.Images.generate(
  "A cat playing piano"
)

# With configuration
config = %ImageGenerationConfig{
  number_of_images: 4,
  aspect_ratio: "1:1",
  safety_filter_level: :block_some,
  person_generation: :allow_adult
}
{:ok, images} = Gemini.APIs.Images.generate(
  "Professional headshot photo",
  config
)

# Custom model and location
{:ok, images} = Gemini.APIs.Images.generate(
  "Futuristic cityscape",
  config,
  model: "imagen-3.0-generate-001",
  location: "europe-west4"
)
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          @spec upscale(
  String.t(),
  Gemini.Types.Generation.Image.UpscaleImageConfig.t(),
  generation_opts()
) ::
  api_result([Gemini.Types.Generation.Image.GeneratedImage.t()])


      


Upscale an image to higher resolution.
Parameters
	image_data - Base64-encoded source image
	config - UpscaleImageConfig struct (default: %UpscaleImageConfig{})
	opts - Additional options (same as generate/3)

Returns
	{:ok, [GeneratedImage.t()]} - List containing upscaled image
	{:error, term()} - Error if upscaling fails

Examples
# 2x upscale
{:ok, [upscaled]} = Gemini.APIs.Images.upscale(
  image_base64,
  %UpscaleImageConfig{upscale_factor: :x2}
)

# 4x upscale with JPEG output
{:ok, [upscaled]} = Gemini.APIs.Images.upscale(
  image_base64,
  %UpscaleImageConfig{
    upscale_factor: :x4,
    output_mime_type: "image/jpeg",
    output_compression_quality: 90
  }
)

  


        

      


  

  
    
    Gemini.APIs.Models - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.APIs.Models 
    



      
Complete Models API implementation following the unified architecture.
Provides comprehensive access to Gemini model information including:
	Listing available models with pagination
	Getting detailed model information
	Querying model capabilities and features
	Statistical analysis and filtering

Examples
# List all available models
{:ok, response} = Models.list()
models = response.models

# Get specific model information
{:ok, model} = Models.get("gemini-3-pro-preview")

# Check if model exists
{:ok, true} = Models.exists?("gemini-flash-lite-latest")

# Filter models by capabilities
{:ok, streaming_models} = Models.supporting_method("streamGenerateContent")
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        Check if a specific model exists and is available.



    


    
      
        filter(filter_opts \\ [])

      


        Get models filtered by capabilities or parameters.



    


    
      
        get(model_name)

      


        Get detailed information about a specific model.



    


    
      
        get_stats()

      


        Get comprehensive model statistics and summary.



    


    
      
        list(opts \\ [])

      


        List available Gemini models with optional pagination.
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        List all available model names as simple strings.
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        Get models that support a specific generation method.
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          @spec exists?(String.t()) :: {:ok, boolean()} | {:error, Gemini.Error.t()}


      


Check if a specific model exists and is available.
Parameters
	model_name - The model identifier to check

Returns
	{:ok, true} - Model exists and is available
	{:ok, false} - Model does not exist
	{:error, Error.t()} - Network or other API error

Examples
{:ok, true} = Models.exists?("gemini-flash-lite-latest")
{:ok, false} = Models.exists?("nonexistent-model")

# Use in conditional logic
case Models.exists?("gemini-flash-lite-latest") do
  {:ok, true} -> generate_with_model("gemini-flash-lite-latest")
  {:ok, false} -> use_fallback_model()
  {:error, _} -> handle_api_error()
end
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          @spec filter(keyword()) ::
  {:ok, [Gemini.Types.Response.Model.t()]} | {:error, Gemini.Error.t()}


      


Get models filtered by capabilities or parameters.
Parameters
	filter_opts - Keyword list of filter criteria:	:min_input_tokens - Minimum input token limit
	:min_output_tokens - Minimum output token limit
	:supports_methods - List of required methods
	:has_temperature - Boolean, requires temperature parameter
	:has_top_k - Boolean, requires top_k parameter
	:has_top_p - Boolean, requires top_p parameter
	:production_ready - Boolean, filter for production-ready models
	:model_family - String, filter by model family (e.g., "gemini")



Returns
	{:ok, [Model.t()]} - Filtered list of models
	{:error, Error.t()} - API error

Examples
# High-capacity models
{:ok, large_models} = Models.filter(min_input_tokens: 100_000)

# Models with advanced parameters
{:ok, tunable_models} = Models.filter(has_temperature: true, has_top_k: true)

# Multi-method support
{:ok, versatile_models} = Models.filter(
  supports_methods: ["generateContent", "streamGenerateContent"]
)

# Production-ready models only
{:ok, production_models} = Models.filter(production_ready: true)
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          @spec get(String.t()) ::
  {:ok, Gemini.Types.Response.Model.t()} | {:error, Gemini.Error.t()}


      


Get detailed information about a specific model.
Parameters
	model_name - The model identifier, with or without "models/" prefix
Examples: "gemini-flash-lite-latest", "models/gemini-3-pro-preview"

Returns
	{:ok, Model.t()} - Success with model details
	{:error, Error.t()} - Model not found, validation error, or API error

Examples
# Get model by base ID
{:ok, model} = Models.get("gemini-flash-lite-latest")

# Get model by full resource name
{:ok, model} = Models.get("models/gemini-2.5-pro")

# Handle not found cases properly in your application code
API Reference
Corresponds to: GET https://generativelanguage.googleapis.com/v1beta/{name=models/*}
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          @spec get_stats() :: {:ok, map()} | {:error, Gemini.Error.t()}


      


Get comprehensive model statistics and summary.
Returns
	{:ok, map()} - Statistics about available models
	{:error, Error.t()} - API error

Example Response
{:ok, stats} = Models.get_stats()
# =>
# %{
#   total_models: 5,
#   by_version: %{"1.5" => 3, "2.0" => 2},
#   by_method: %{
#     "generateContent" => 5,
#     "streamGenerateContent" => 4,
#     "countTokens" => 5
#   },
#   token_limits: %{
#     max_input: 2_000_000,
#     max_output: 8192,
#     avg_input: 800_000,
#     avg_output: 4096
#   },
#   capabilities: %{
#     with_temperature: 5,
#     with_top_k: 3,
#     with_top_p: 5,
#     production_ready: 4
#   },
#   by_family: %{"gemini" => 4, "text" => 1}
# }
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          @spec list(keyword()) ::
  {:ok, Gemini.Types.Response.ListModelsResponse.t()}
  | {:error, Gemini.Error.t()}


      


List available Gemini models with optional pagination.
Parameters
	opts - Keyword list of options:	:page_size - Maximum number of models per page (1-1000, default: 50)
	:page_token - Token for retrieving the next page of results



Returns
	{:ok, ListModelsResponse.t()} - Success with models and pagination info
	{:error, Error.t()} - Validation error, API error, or network failure

Examples
# List first 50 models (default)
{:ok, response} = Models.list()
models = response.models
next_token = response.next_page_token

# Custom page size
{:ok, response} = Models.list(page_size: 10)

# Pagination
{:ok, page1} = Models.list(page_size: 10)
{:ok, page2} = Models.list(page_size: 10, page_token: page1.next_page_token)
API Reference
Corresponds to: GET https://generativelanguage.googleapis.com/v1beta/models
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          @spec list_names() :: {:ok, [String.t()]} | {:error, Gemini.Error.t()}


      


List all available model names as simple strings.
This is a convenience function that extracts just the base model IDs
from the full models list response.
Returns
	{:ok, [String.t()]} - List of base model IDs
	{:error, Error.t()} - API error

Examples
{:ok, names} = Models.list_names()
# => ["gemini-flash-lite-latest", "gemini-2.5-pro", "gemini-2.5-flash"]

# Use with enum functions
{:ok, names} = Models.list_names()
flash_models = Enum.filter(names, &String.contains?(&1, "flash"))
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          @spec supporting_method(String.t()) ::
  {:ok, [Gemini.Types.Response.Model.t()]} | {:error, Gemini.Error.t()}


      


Get models that support a specific generation method.
Parameters
	method - The generation method to filter by
Examples: "generateContent", "streamGenerateContent", "countTokens"

Returns
	{:ok, [Model.t()]} - List of models supporting the method
	{:error, Error.t()} - API error

Examples
# Find streaming-capable models
{:ok, streaming_models} = Models.supporting_method("streamGenerateContent")

# Find models that support content generation
{:ok, generation_models} = Models.supporting_method("generateContent")

# Check capabilities
{:ok, models} = Models.supporting_method("countTokens")
token_counting_available = length(models) > 0
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Operations API for managing long-running operations.
Long-running operations are returned by asynchronous API calls that may take
significant time to complete, such as:
	Video generation
	File imports
	Model tuning
	Large batch processing

Polling Pattern
The typical pattern for handling long-running operations:
# Start a long-running operation
{:ok, operation} = some_async_api_call()

# Wait for completion with polling
{:ok, completed} = Gemini.APIs.Operations.wait(operation.name,
  poll_interval: 5000,      # Check every 5 seconds
  timeout: 600_000,         # Wait up to 10 minutes
  on_progress: fn op ->
    if progress = Gemini.Types.Operation.get_progress(op) do
      IO.puts("Progress: #{progress}%")
    end
  end
)

# Handle result
if Gemini.Types.Operation.succeeded?(completed) do
  result = completed.response
  # Process successful result
else
  error = completed.error
  # Handle error
end
Manual Polling
For more control, you can poll manually:
{:ok, op} = Gemini.APIs.Operations.get(operation_name)

cond do
  Operation.succeeded?(op) -> handle_success(op.response)
  Operation.failed?(op) -> handle_failure(op.error)
  Operation.running?(op) -> poll_again_later()
end
Cancellation
Some operations can be cancelled while in progress:
:ok = Gemini.APIs.Operations.cancel(operation_name)
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        Cancel a running operation.



    


    
      
        delete(name, opts \\ [])

      


        Delete an operation.



    


    
      
        get(name, opts \\ [])

      


        Get the current status of an operation.



    


    
      
        list(opts \\ [])

      


        List operations, optionally filtered.



    


    
      
        list_all(opts \\ [])

      


        List all operations across all pages.



    


    
      
        wait(name, opts \\ [])

      


        Wait for an operation to complete.



    


    
      
        wait_with_backoff(name, opts \\ [])

      


        Wait for an operation with exponential backoff.
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          @type list_opts() :: [
  page_size: pos_integer(),
  page_token: String.t(),
  filter: String.t(),
  auth: :gemini | :vertex_ai
]
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          @type operation_opts() :: [{:auth, :gemini | :vertex_ai}]
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          @type wait_opts() :: [
  poll_interval: pos_integer(),
  timeout: pos_integer(),
  on_progress: (Gemini.Types.Operation.t() -> any()),
  auth: :gemini | :vertex_ai
]


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      cancel(name, opts \\ [])



        
          
        

    

  


  

      

          @spec cancel(String.t(), operation_opts()) :: :ok | {:error, term()}


      


Cancel a running operation.
Not all operations support cancellation. If the operation doesn't support
cancellation or is already complete, this may return an error.
Parameters
	name - Operation name
	opts - Options

Examples
:ok = Gemini.APIs.Operations.cancel("operations/abc123")
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          @spec delete(String.t(), operation_opts()) :: :ok | {:error, term()}


      


Delete an operation.
Typically used to clean up completed operations.
Parameters
	name - Operation name
	opts - Options

Examples
:ok = Gemini.APIs.Operations.delete("operations/abc123")
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          @spec get(String.t(), operation_opts()) ::
  {:ok, Gemini.Types.Operation.t()} | {:error, term()}


      


Get the current status of an operation.
Parameters
	name - Operation name (e.g., "operations/abc123")
	opts - Options

Examples
{:ok, op} = Gemini.APIs.Operations.get("operations/abc123")

if op.done do
  IO.puts("Operation completed")
else
  IO.puts("Still running...")
end

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

          @spec list(list_opts()) ::
  {:ok, Gemini.Types.ListOperationsResponse.t()} | {:error, term()}


      


List operations, optionally filtered.
Parameters
	opts - List options

Options
	:page_size - Number of operations per page (default: 100)
	:page_token - Token from previous response for pagination
	:filter - Filter string (e.g., "done=true")
	:auth - Authentication strategy

Examples
# List all operations
{:ok, response} = Gemini.APIs.Operations.list()

# List only completed operations
{:ok, response} = Gemini.APIs.Operations.list(filter: "done=true")

# With pagination
{:ok, response} = Gemini.APIs.Operations.list(page_size: 10)
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          @spec list_all(list_opts()) :: {:ok, [Gemini.Types.Operation.t()]} | {:error, term()}


      


List all operations across all pages.
Automatically handles pagination to retrieve all operations.
Parameters
	opts - List options

Examples
{:ok, all_ops} = Gemini.APIs.Operations.list_all()
completed = Enum.filter(all_ops, &Operation.complete?/1)
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          @spec wait(String.t(), wait_opts()) ::
  {:ok, Gemini.Types.Operation.t()} | {:error, term()}


      


Wait for an operation to complete.
Polls the operation status until it reaches a terminal state (done = true),
or the timeout is reached.
Parameters
	name - Operation name
	opts - Wait options

Options
	:poll_interval - Milliseconds between status checks (default: 5000)
	:timeout - Maximum wait time in milliseconds (default: 600000 = 10 min)
	:on_progress - Callback for status updates fn(Operation.t()) -> any()

Returns
	{:ok, Operation.t()} - Completed operation (check done, error, response)
	{:error, :timeout} - Timed out waiting for completion
	{:error, reason} - Failed to poll status

Examples
# Simple wait
{:ok, completed} = Gemini.APIs.Operations.wait("operations/abc123")

# With progress tracking
{:ok, completed} = Gemini.APIs.Operations.wait("operations/abc123",
  poll_interval: 2000,
  timeout: 300_000,
  on_progress: fn op ->
    if progress = Operation.get_progress(op) do
      IO.puts("Progress: #{progress}%")
    end
  end
)

# Handle result
cond do
  Operation.succeeded?(completed) ->
    IO.puts("Success: #{inspect(completed.response)}")
  Operation.failed?(completed) ->
    IO.puts("Failed: #{completed.error.message}")
end
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          @spec wait_with_backoff(
  String.t(),
  keyword()
) :: {:ok, Gemini.Types.Operation.t()} | {:error, term()}


      


Wait for an operation with exponential backoff.
Similar to wait/2 but uses exponential backoff for polling intervals,
which is more efficient for operations that may take a long time.
Parameters
	name - Operation name
	opts - Wait options

Options
Same as wait/2 plus:
	:initial_delay - Initial delay in milliseconds (default: 1000)
	:max_delay - Maximum delay in milliseconds (default: 30000)
	:multiplier - Backoff multiplier (default: 2)

Examples
{:ok, completed} = Gemini.APIs.Operations.wait_with_backoff("operations/abc123",
  initial_delay: 1000,
  max_delay: 30_000,
  timeout: 600_000
)
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RAG Stores API for managing file search stores.
RAG (Retrieval-Augmented Generation) stores contain documents that
can be searched semantically and used for context augmentation.
Overview
The RAG Stores API allows you to:
	Create and manage RAG stores
	List stores
	Delete stores

Example Workflow
# List stores
{:ok, response} = Gemini.APIs.RagStores.list()

Enum.each(response.rag_stores, fn store ->
  IO.puts("#{store.display_name}: #{store.document_count} documents")
end)

# Get specific store
{:ok, store} = Gemini.APIs.RagStores.get("ragStores/my-store")

# Delete store
:ok = Gemini.APIs.RagStores.delete("ragStores/my-store")
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        create_opts()

      


    


    
      
        list_opts()

      


    


    
      
        store_opts()

      


    





  
    Functions
  


    
      
        create(opts)

      


        Create a new RAG store.



    


    
      
        delete(name, opts \\ [])

      


        Delete a RAG store.



    


    
      
        get(name, opts \\ [])

      


        Get a RAG store by name.



    


    
      
        list(opts \\ [])

      


        List all RAG stores.



    


    
      
        list_all(opts \\ [])

      


        List all RAG stores across all pages.



    





      


      
        Types

        


  
    
      
    
    
      create_opts()



        
          
        

    

  


  

      

          @type create_opts() :: [
  display_name: String.t(),
  description: String.t(),
  vector_config: map(),
  auth: :gemini | :vertex_ai
]


      



  



  
    
      
    
    
      list_opts()



        
          
        

    

  


  

      

          @type list_opts() :: [
  page_size: pos_integer(),
  page_token: String.t(),
  auth: :gemini | :vertex_ai
]


      



  



  
    
      
    
    
      store_opts()



        
          
        

    

  


  

      

          @type store_opts() :: [{:auth, :gemini | :vertex_ai}]


      



  


        

      

      
        Functions

        


  
    
      
    
    
      create(opts)



        
          
        

    

  


  

      

          @spec create(create_opts()) :: {:ok, Gemini.Types.RagStore.t()} | {:error, term()}


      


Create a new RAG store.
Parameters
	opts - Creation options

Options
	:display_name - Human-readable name (required)
	:description - Store description
	:vector_config - Vector embedding configuration
	:auth - Authentication strategy

Examples
{:ok, store} = Gemini.APIs.RagStores.create(
  display_name: "My Knowledge Base",
  description: "Documents for customer support"
)

  



    

  
    
      
    
    
      delete(name, opts \\ [])



        
          
        

    

  


  

      

          @spec delete(String.t(), store_opts()) :: :ok | {:error, term()}


      


Delete a RAG store.
Parameters
	name - Store resource name
	opts - Options

Examples
:ok = Gemini.APIs.RagStores.delete("ragStores/my-store")

  



    

  
    
      
    
    
      get(name, opts \\ [])



        
          
        

    

  


  

      

          @spec get(String.t(), store_opts()) ::
  {:ok, Gemini.Types.RagStore.t()} | {:error, term()}


      


Get a RAG store by name.
Parameters
	name - Store resource name (e.g., "ragStores/abc123")
	opts - Options

Examples
{:ok, store} = Gemini.APIs.RagStores.get("ragStores/my-store")
IO.puts("Documents: #{store.document_count}")
IO.puts("Size: #{store.total_size_bytes} bytes")

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

          @spec list(list_opts()) ::
  {:ok, Gemini.Types.ListRagStoresResponse.t()} | {:error, term()}


      


List all RAG stores.
Parameters
	opts - List options

Options
	:page_size - Number of stores per page (default: 100)
	:page_token - Token from previous response for pagination
	:auth - Authentication strategy

Examples
{:ok, response} = Gemini.APIs.RagStores.list()

Enum.each(response.rag_stores, fn store ->
  IO.puts("#{store.display_name}: #{store.state}")
end)

  



    

  
    
      
    
    
      list_all(opts \\ [])



        
          
        

    

  


  

      

          @spec list_all(list_opts()) :: {:ok, [Gemini.Types.RagStore.t()]} | {:error, term()}


      


List all RAG stores across all pages.
Examples
{:ok, all_stores} = Gemini.APIs.RagStores.list_all()
active = Enum.filter(all_stores, &RagStore.active?/1)
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Token counting functionality for Gemini API.
Provides comprehensive token counting capabilities including:
	Counting tokens for simple text content
	Counting tokens for multimodal content (text + images)
	Counting tokens for complete GenerateContentRequest structures
	Batch token counting operations

Token counting helps with:
	Request planning and validation
	Cost estimation and budgeting
	Content chunking and splitting
	Model selection based on token limits

Examples
# Simple text counting
{:ok, response} = Tokens.count("Hello, world!")
total_tokens = response.total_tokens

# Multimodal content counting
contents = [
  Content.text("What's in this image?"),
  Content.image("path/to/image.jpg")
]
{:ok, response} = Tokens.count(contents)

# Count tokens for a complete generation request
{:ok, gen_request} = GenerateContentRequest.new("Hello", generation_config: config)
{:ok, response} = Tokens.count_for_request(gen_request)

# Batch counting for multiple inputs
inputs = ["Text 1", "Text 2", "Text 3"]
{:ok, results} = Tokens.count_batch(inputs)

      


      
        Summary


  
    Functions
  


    
      
        check_fit(content, model_name \\ nil, opts \\ [])

      


        Check if content fits within a model's token limit.



    


    
      
        count(contents, opts \\ [])

      


        Count tokens in the given content.



    


    
      
        count_batch(inputs, opts \\ [])

      


        Count tokens for multiple inputs in batch.



    


    
      
        count_for_request(generate_request, opts \\ [])

      


        Count tokens for a GenerateContentRequest.



    


    
      
        estimate(content, opts \\ [])

      


        Estimate tokens for content without making an API call.



    





      


      
        Functions

        


    

    

  
    
      
    
    
      check_fit(content, model_name \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec check_fit(String.t() | [Gemini.Types.Content.t()], String.t() | nil, keyword()) ::
  {:ok, map()} | {:error, Gemini.Error.t()}


      


Check if content fits within a model's token limit.
Parameters
	content - Content to check
	model_name - Model to check against (optional, uses default if not provided)
	opts - Options including:	:buffer - Safety buffer to subtract from limit (default: 100)
	:include_output - Reserve space for output tokens (default: 1000)



Returns
	{:ok, %{fits: boolean(), tokens: integer(), limit: integer()}} - Fit analysis
	{:error, Error.t()} - Error details

Examples
{:ok, analysis} = Tokens.check_fit("Hello world", "gemini-flash-lite-latest")
# => {:ok, %{fits: true, tokens: 3, limit: 1000000, remaining: 999997}}

# With output buffer
{:ok, analysis} = Tokens.check_fit(long_text, include_output: 2000)

  



    

  
    
      
    
    
      count(contents, opts \\ [])



        
          
        

    

  


  

      

          @spec count(
  String.t()
  | [Gemini.Types.Content.t()]
  | Gemini.Types.Request.GenerateContentRequest.t(),
  keyword()
) ::
  {:ok, Gemini.Types.Response.CountTokensResponse.t()}
  | {:error, Gemini.Error.t()}


      


Count tokens in the given content.
Parameters
	contents - Content to count (string, list of Content structs, or GenerateContentRequest)
	opts - Options:	:model - Model name (default: from config)
	:generate_content_request - Use full GenerateContentRequest for counting



Returns
	{:ok, CountTokensResponse.t()} - Success with token count
	{:error, Error.t()} - Validation error, API error, or network failure

Examples
# Simple text
{:ok, response} = Tokens.count("Hello, world!")
# => %CountTokensResponse{total_tokens: 3}

# Multiple contents
contents = [
  Content.text("Hello"),
  Content.text("World")
]
{:ok, response} = Tokens.count(contents)

# With specific model
{:ok, response} = Tokens.count("Hello", model: "gemini-2.5-pro")

# Using GenerateContentRequest
{:ok, gen_request} = GenerateContentRequest.new("Hello", generation_config: config)
{:ok, response} = Tokens.count(gen_request)

  



    

  
    
      
    
    
      count_batch(inputs, opts \\ [])



        
          
        

    

  


  

      

          @spec count_batch(
  [String.t() | [Gemini.Types.Content.t()]],
  keyword()
) ::
  {:ok, [Gemini.Types.Response.CountTokensResponse.t()]}
  | {:error, Gemini.Error.t()}


      


Count tokens for multiple inputs in batch.
Efficiently counts tokens for multiple separate inputs, returning
results in the same order as the inputs.
Parameters
	inputs - List of content inputs (strings or Content lists)
	opts - Options applied to all requests

Returns
	{:ok, [CountTokensResponse.t()]} - List of token counts
	{:error, Error.t()} - Error details

Examples
inputs = [
  "Hello world",
  "How are you?",
  "Tell me a story about dragons"
]

{:ok, results} = Tokens.count_batch(inputs)

# Process results in your application code

# With options
{:ok, results} = Tokens.count_batch(inputs, model: "gemini-2.5-pro")

  



    

  
    
      
    
    
      count_for_request(generate_request, opts \\ [])



        
          
        

    

  


  

      

          @spec count_for_request(
  Gemini.Types.Request.GenerateContentRequest.t(),
  keyword()
) ::
  {:ok, Gemini.Types.Response.CountTokensResponse.t()}
  | {:error, Gemini.Error.t()}


      


Count tokens for a GenerateContentRequest.
This is useful when you want to know the token count for a complete
generation request including all parameters, system instructions, etc.
Parameters
	generate_request - A GenerateContentRequest struct
	opts - Options (model, etc.)

Returns
	{:ok, CountTokensResponse.t()} - Token count for the complete request
	{:error, Error.t()} - Error details

Examples
# Create a generation request
{:ok, gen_request} = GenerateContentRequest.new(
  "Explain quantum physics",
  generation_config: GenerationConfig.creative(),
  system_instruction: "You are a physics professor"
)

# Count tokens and use in your application code

  



    

  
    
      
    
    
      estimate(content, opts \\ [])



        
          
        

    

  


  

      

          @spec estimate(
  String.t() | [Gemini.Types.Content.t()] | map(),
  keyword()
) :: {:ok, integer()} | {:error, Gemini.Error.t()}


      


Estimate tokens for content without making an API call.
Provides a rough estimate of token count using heuristics.
Useful for quick validation and pre-filtering before actual counting.
Parameters
	content - Content to estimate (string, Content list, or API map with :contents key)
	opts - Options (currently unused, for future expansion)

Returns
	{:ok, integer()} - Estimated token count
	{:error, Error.t()} - Error if content is invalid

Examples
{:ok, estimate} = Tokens.estimate("Hello, world!")
# => {:ok, 3}

# For longer text
text = "This is a longer piece of text that we want to estimate..."
{:ok, estimate} = Tokens.estimate(text)

# Also handles API maps (ADR-0001)
{:ok, estimate} = Tokens.estimate(%{contents: [%{parts: [%{text: "Hello"}]}]})
Note
This is a heuristic estimate and may not match the actual token count
from the API. Use count/2 for accurate token counting.
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API module for model tuning (fine-tuning) operations.
The Tunings API allows you to create, manage, and monitor fine-tuning jobs
for Gemini models. This is a Vertex AI only feature.
Prerequisites
	Vertex AI authentication configured
	Project with Vertex AI API enabled
	Training data in JSONL format uploaded to GCS

Example
# Create a tuning job
config = %Gemini.Types.Tuning.CreateTuningJobConfig{
  base_model: "gemini-2.5-flash-001",
  tuned_model_display_name: "my-tuned-model",
  training_dataset_uri: "gs://bucket/training.jsonl"
}

{:ok, job} = Gemini.APIs.Tunings.tune(config, auth: :vertex_ai)

# Wait for completion
{:ok, completed} = Gemini.APIs.Tunings.wait_for_completion(job.name)
Training Data Format
Training data should be in JSONL format with the following structure:
{"contents": [{"role": "user", "parts": [{"text": "..."}]}, {"role": "model", "parts": [{"text": "..."}]}]}
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    Functions
  


    
      
        cancel(name, opts \\ [])

      


        Cancels a running tuning job.



    


    
      
        get(name, opts \\ [])

      


        Gets details of a tuning job.



    


    
      
        list(opts \\ [])

      


        Lists tuning jobs with pagination.



    


    
      
        list_all(opts \\ [])

      


        Lists all tuning jobs, automatically handling pagination.



    


    
      
        tune(config, opts \\ [])

      


        Creates a new model tuning job.



    


    
      
        wait_for_completion(name, opts \\ [])

      


        Waits for a tuning job to complete.



    





      


      
        Functions

        


    

  
    
      
    
    
      cancel(name, opts \\ [])



        
          
        

    

  


  

      

          @spec cancel(
  String.t(),
  keyword()
) :: {:ok, Gemini.Types.Tuning.TuningJob.t()} | {:error, term()}


      


Cancels a running tuning job.
Parameters
	name - Full resource name of the tuning job
	opts - Keyword list of options

Example
:ok = Gemini.APIs.Tunings.cancel(
  "projects/123/locations/us-central1/tuningJobs/456",
  auth: :vertex_ai
)

  



    

  
    
      
    
    
      get(name, opts \\ [])



        
          
        

    

  


  

      

          @spec get(
  String.t(),
  keyword()
) :: {:ok, Gemini.Types.Tuning.TuningJob.t()} | {:error, term()}


      


Gets details of a tuning job.
Parameters
	name - Full resource name of the tuning job
	opts - Keyword list of options:	:auth - Authentication strategy



Example
{:ok, job} = Gemini.APIs.Tunings.get(
  "projects/123/locations/us-central1/tuningJobs/456",
  auth: :vertex_ai
)

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

          @spec list(keyword()) ::
  {:ok, Gemini.Types.Tuning.ListTuningJobsResponse.t()} | {:error, term()}


      


Lists tuning jobs with pagination.
Parameters
	opts - Keyword list of options:	:auth - Authentication strategy
	:project_id - GCP project ID
	:location - GCP location
	:page_size - Number of results per page
	:page_token - Token for next page
	:filter - Filter expression



Example
{:ok, response} = Gemini.APIs.Tunings.list(
  auth: :vertex_ai,
  page_size: 10
)

  



    

  
    
      
    
    
      list_all(opts \\ [])



        
          
        

    

  


  

      

          @spec list_all(keyword()) ::
  {:ok, [Gemini.Types.Tuning.TuningJob.t()]} | {:error, term()}


      


Lists all tuning jobs, automatically handling pagination.
Parameters
	opts - Same as list/1

Example
{:ok, all_jobs} = Gemini.APIs.Tunings.list_all(auth: :vertex_ai)

  



    

  
    
      
    
    
      tune(config, opts \\ [])



        
          
        

    

  


  

      

          @spec tune(
  Gemini.Types.Tuning.CreateTuningJobConfig.t() | map(),
  keyword()
) :: {:ok, Gemini.Types.Tuning.TuningJob.t()} | {:error, term()}


      


Creates a new model tuning job.
Parameters
	config - CreateTuningJobConfig struct with tuning configuration
	opts - Keyword list of options:	:auth - Authentication strategy (:vertex_ai required)
	:project_id - GCP project ID (optional, uses config default)
	:location - GCP location (optional, defaults to "us-central1")



Example
config = %CreateTuningJobConfig{
  base_model: "gemini-2.5-flash-001",
  tuned_model_display_name: "custom-model",
  training_dataset_uri: "gs://bucket/data.jsonl",
  epoch_count: 10
}

{:ok, job} = Gemini.APIs.Tunings.tune(config, auth: :vertex_ai)

  



    

  
    
      
    
    
      wait_for_completion(name, opts \\ [])



        
          
        

    

  


  

      

          @spec wait_for_completion(
  String.t(),
  keyword()
) :: {:ok, Gemini.Types.Tuning.TuningJob.t()} | {:error, term()}


      


Waits for a tuning job to complete.
Polls the job status at regular intervals until it reaches a terminal state
(succeeded, failed, cancelled, or expired).
Parameters
	name - Full resource name of the tuning job
	opts - Keyword list of options:	:poll_interval - Milliseconds between polls (default: 5000)
	:timeout - Maximum wait time in milliseconds (default: 3600000 = 1 hour)
	:on_progress - Callback function called with job on each poll



Example
{:ok, completed} = Gemini.APIs.Tunings.wait_for_completion(
  "projects/123/locations/us-central1/tuningJobs/456",
  auth: :vertex_ai,
  poll_interval: 10_000,
  on_progress: fn job -> IO.puts("State: #{job.state}") end
)
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API for video generation using Google's Veo models.
Veo is Google's advanced text-to-video generation model that creates high-quality
videos from text descriptions. Video generation is a long-running operation that
can take several minutes to complete.
Note: Video generation is currently only available through Vertex AI, not the
Gemini API. You must configure Vertex AI credentials to use these functions.
Supported Models
	veo-2.0-generate-001 - Veo 2.0 video generation model (recommended)

Video Generation Workflow
Video generation is asynchronous and follows a long-running operation pattern:
	Initiate: Start video generation with generate/3
	Poll: Check operation status with get_operation/2
	Wait: Use wait_for_completion/2 for automatic polling
	Download: Retrieve generated videos from GCS URIs

Examples
# Start video generation
{:ok, operation} = Gemini.APIs.Videos.generate(
  "A cat playing piano in a cozy living room",
  %VideoGenerationConfig{
    duration_seconds: 8,
    aspect_ratio: "16:9"
  }
)

# Wait for completion (automatic polling)
{:ok, completed_op} = Gemini.APIs.Videos.wait_for_completion(
  operation.name,
  poll_interval: 10_000,  # Check every 10 seconds
  timeout: 300_000        # Wait up to 5 minutes
)

# Extract video URIs
{:ok, videos} = Gemini.Types.Generation.Video.extract_videos(completed_op)
video_uri = hd(videos).video_uri

# Manual polling
{:ok, op} = Gemini.APIs.Videos.get_operation(operation.name)
if op.done do
  {:ok, videos} = Gemini.Types.Generation.Video.extract_videos(op)
end
Performance Considerations
	Video generation typically takes 2-5 minutes per video
	Longer videos (8s) take more time than shorter videos (4s)
	Higher resolution/FPS increases generation time
	Use webhook callbacks for production systems instead of polling

Configuration Options
See Gemini.Types.Generation.Video for all available configuration options.
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        api_result(t)

      


    


    
      
        generation_opts()

      


    


    
      
        wait_opts()

      


    





  
    Functions
  


    
      
        cancel(operation_name, opts \\ [])

      


        Cancel a running video generation operation.



    


    
      
        generate(prompt, config \\ %VideoGenerationConfig{}, opts \\ [])

      


        Generate a video from a text prompt.



    


    
      
        get_operation(operation_name, opts \\ [])

      


        Get the current status of a video generation operation.



    


    
      
        list_operations(opts \\ [])

      


        List video generation operations.



    


    
      
        wait_for_completion(operation_name, opts \\ [])

      


        Wait for a video generation operation to complete with automatic polling.



    


    
      
        wrap_operation(operation)

      


        Wrap an operation with video-specific metadata.
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      api_result(t)



        
          
        

    

  


  

      

          @type api_result(t) :: {:ok, t} | {:error, term()}


      



  



  
    
      
    
    
      generation_opts()



        
          
        

    

  


  

      

          @type generation_opts() :: [
  model: String.t(),
  project_id: String.t(),
  location: String.t()
]


      



  



  
    
      
    
    
      wait_opts()



        
          
        

    

  


  

      

          @type wait_opts() :: [
  poll_interval: pos_integer(),
  timeout: pos_integer(),
  on_progress: (Gemini.Types.Operation.t() -> any())
]


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      cancel(operation_name, opts \\ [])



        
          
        

    

  


  

      

          @spec cancel(
  String.t(),
  keyword()
) :: :ok | {:error, term()}


      


Cancel a running video generation operation.
Parameters
	operation_name - Operation name to cancel
	opts - Additional options

Returns
	:ok - Operation cancelled successfully
	{:error, term()} - Error if cancellation fails

Examples
{:ok, operation} = Gemini.APIs.Videos.generate("A cat playing piano")

# Cancel if taking too long
:ok = Gemini.APIs.Videos.cancel(operation.name)

  



    

    

  
    
      
    
    
      generate(prompt, config \\ %VideoGenerationConfig{}, opts \\ [])



        
          
        

    

  


  

      

          @spec generate(
  String.t(),
  Gemini.Types.Generation.Video.VideoGenerationConfig.t(),
  generation_opts()
) ::
  api_result(Gemini.Types.Operation.t())


      


Generate a video from a text prompt.
This starts a long-running operation. Use get_operation/2 or wait_for_completion/2
to check the status and retrieve the generated video.
Parameters
	prompt - Text description of the video to generate
	config - VideoGenerationConfig struct (default: %VideoGenerationConfig{})
	opts - Additional options:	:model - Model to use (default: "veo-2.0-generate-001")
	:project_id - Vertex AI project ID (default: from config)
	:location - Vertex AI location (default: "us-central1")



Returns
	{:ok, Operation.t()} - Long-running operation
	{:error, term()} - Error if generation fails to start

Examples
# Simple generation
{:ok, operation} = Gemini.APIs.Videos.generate(
  "A cat playing piano"
)

# With configuration
config = %VideoGenerationConfig{
  number_of_videos: 2,
  duration_seconds: 8,
  aspect_ratio: "16:9",
  fps: 30
}
{:ok, operation} = Gemini.APIs.Videos.generate(
  "Cinematic shot of a futuristic city",
  config
)

# Custom location
{:ok, operation} = Gemini.APIs.Videos.generate(
  "Aerial view of mountains",
  config,
  location: "europe-west4"
)

  



    

  
    
      
    
    
      get_operation(operation_name, opts \\ [])



        
          
        

    

  


  

      

          @spec get_operation(
  String.t(),
  keyword()
) :: api_result(Gemini.Types.Operation.t())


      


Get the current status of a video generation operation.
Parameters
	operation_name - Operation name from generate/3 response
	opts - Additional options

Returns
	{:ok, Operation.t()} - Current operation status
	{:error, term()} - Error if operation cannot be retrieved

Examples
{:ok, operation} = Gemini.APIs.Videos.generate("A cat playing piano")

# Later, check status
{:ok, current_op} = Gemini.APIs.Videos.get_operation(operation.name)

cond do
  current_op.done and is_nil(current_op.error) ->
    {:ok, videos} = Gemini.Types.Generation.Video.extract_videos(current_op)
    IO.puts("Video ready: #{hd(videos).video_uri}")

  current_op.done ->
    IO.puts("Failed: #{current_op.error.message}")

  true ->
    IO.puts("Still generating...")
end

  



    

  
    
      
    
    
      list_operations(opts \\ [])



        
          
        

    

  


  

      

          @spec list_operations(keyword()) ::
  api_result(Gemini.Types.ListOperationsResponse.t())


      


List video generation operations.
Parameters
	opts - List options:	:page_size - Number of operations per page
	:page_token - Token for pagination
	:filter - Filter string (e.g., "done=true")



Returns
	{:ok, ListOperationsResponse.t()} - List of operations
	{:error, term()} - Error if listing fails

Examples
# List all video operations
{:ok, response} = Gemini.APIs.Videos.list_operations()

# List only completed operations
{:ok, response} = Gemini.APIs.Videos.list_operations(filter: "done=true")

  



    

  
    
      
    
    
      wait_for_completion(operation_name, opts \\ [])



        
          
        

    

  


  

      

          @spec wait_for_completion(String.t(), wait_opts()) ::
  api_result(Gemini.Types.Operation.t())


      


Wait for a video generation operation to complete with automatic polling.
This function polls the operation status at regular intervals until it completes
or times out. Useful for synchronous workflows.
Parameters
	operation_name - Operation name from generate/3 response
	opts - Wait options:	:poll_interval - Milliseconds between polls (default: 10,000)
	:timeout - Maximum time to wait in milliseconds (default: 300,000)
	:on_progress - Callback function called on each poll with Operation.t()



Returns
	{:ok, Operation.t()} - Completed operation
	{:error, :timeout} - Operation did not complete within timeout
	{:error, term()} - Other errors

Examples
{:ok, operation} = Gemini.APIs.Videos.generate("A cat playing piano")

# Wait with defaults (5 minutes)
{:ok, completed} = Gemini.APIs.Videos.wait_for_completion(operation.name)

# Custom polling and timeout
{:ok, completed} = Gemini.APIs.Videos.wait_for_completion(
  operation.name,
  poll_interval: 5_000,   # Poll every 5 seconds
  timeout: 600_000,       # Wait up to 10 minutes
  on_progress: fn op ->
    if progress = Gemini.Types.Operation.get_progress(op) do
      IO.puts("Progress: #{progress}%")
    end
  end
)

# Extract videos
{:ok, videos} = Gemini.Types.Generation.Video.extract_videos(completed)
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          @spec wrap_operation(Gemini.Types.Operation.t()) ::
  Gemini.Types.Generation.Video.VideoOperation.t()


      


Wrap an operation with video-specific metadata.
Adds video generation progress tracking and estimation.
Examples
{:ok, op} = Gemini.APIs.Videos.get_operation(operation_name)
video_op = Gemini.APIs.Videos.wrap_operation(op)

IO.puts("Progress: #{video_op.progress_percent}%")
IO.puts("ETA: #{video_op.estimated_completion_time}")
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Application Default Credentials (ADC) for Google Cloud authentication.
This module implements Google's Application Default Credentials (ADC) strategy,
which provides a standardized way to obtain credentials for Google Cloud APIs
without hardcoding authentication details in your application.
ADC Credential Search Order
ADC searches for credentials in the following order:
	Environment Variable: GOOGLE_APPLICATION_CREDENTIALS pointing to a
service account JSON file
	User Credentials: ~/.config/gcloud/application_default_credentials.json
(created via gcloud auth application-default login)
	GCP Metadata Server: Automatic credentials for code running on GCP
infrastructure (Compute Engine, GKE, Cloud Run, Cloud Functions, App Engine)

Features
	Automatic credential discovery following Google's ADC standard
	Token caching with automatic refresh
	Support for service account and user credentials
	Metadata server authentication for GCP workloads
	Thread-safe token management

Usage
# Load credentials using ADC
case ADC.load_credentials() do
  {:ok, credentials} ->
    # Get an access token
    case ADC.get_access_token(credentials) do
      {:ok, token} ->
        # Use token for API calls
        make_api_call(token)

      {:error, reason} ->
        Logger.error("Failed to get token: #{reason}")
    end

  {:error, reason} ->
    Logger.error("No credentials found: #{reason}")
end
Setting Up ADC
Option 1: Service Account Key (Development)
export GOOGLE_APPLICATION_CREDENTIALS="/path/to/service-account-key.json"
Option 2: User Credentials (Development)
gcloud auth application-default login
Option 3: Metadata Server (Production on GCP)
# No setup required - automatically works on GCP infrastructure
Token Caching
Access tokens are automatically cached with a 5-minute refresh buffer.
This means a token with a 1-hour TTL will be refreshed after 55 minutes,
ensuring your application never uses an expired token.
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    Functions
  


    
      
        available?()

      


        Check if ADC credentials are available.



    


    
      
        get_access_token(credentials, opts \\ [])

      


        Get an access token from loaded credentials.



    


    
      
        get_project_id(arg1)

      


        Get project ID from credentials if available.



    


    
      
        load_credentials()

      


        Load credentials following the ADC chain.



    


    
      
        refresh_token(credentials)

      


        Refresh an access token.
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          @type access_token() :: String.t()


      



  



  
    
      
    
    
      credentials()



        
          
        

    

  


  

      

          @type credentials() ::
  {:service_account, service_account_credentials()}
  | {:user, user_credentials()}
  | {:metadata_server, metadata_server_credentials()}
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          @type error_reason() :: String.t()


      



  



  
    
      
    
    
      metadata_server_credentials()



        
          
        

    

  


  

      

          @type metadata_server_credentials() :: %{
  source: :metadata_server,
  project_id: String.t() | nil
}


      



  



  
    
      
    
    
      service_account_credentials()



        
          
        

    

  


  

      

          @type service_account_credentials() :: %{
  type: String.t(),
  project_id: String.t(),
  private_key_id: String.t(),
  private_key: String.t(),
  client_email: String.t(),
  client_id: String.t(),
  auth_uri: String.t(),
  token_uri: String.t(),
  auth_provider_x509_cert_url: String.t(),
  client_x509_cert_url: String.t()
}


      



  



  
    
      
    
    
      user_credentials()



        
          
        

    

  


  

      

          @type user_credentials() :: %{
  type: String.t(),
  client_id: String.t(),
  client_secret: String.t(),
  refresh_token: String.t(),
  quota_project_id: String.t() | nil
}


      



  


        

      

      
        Functions
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          @spec available?() :: boolean()


      


Check if ADC credentials are available.
Performs a quick check to see if any credentials can be found via ADC,
without actually loading them.
Returns
	true - Credentials are available
	false - No credentials found

Examples
if ADC.available?() do
  Logger.info("ADC credentials available")
else
  Logger.warning("No ADC credentials found")
end

  



    

  
    
      
    
    
      get_access_token(credentials, opts \\ [])



        
          
        

    

  


  

      

          @spec get_access_token(
  credentials(),
  keyword()
) :: {:ok, access_token()} | {:error, error_reason()}


      


Get an access token from loaded credentials.
Attempts to retrieve a cached token first. If no cached token exists
or the cached token is expired, generates a new token and caches it.
Parameters
	credentials: Credentials tuple from load_credentials/0
	opts: Optional keyword list	:force_refresh - Skip cache and force token refresh (default: false)
	:cache_key - Custom cache key (default: auto-generated)



Returns
	{:ok, access_token} - Access token retrieved successfully
	{:error, reason} - Failed to get access token

Examples
{:ok, creds} = ADC.load_credentials()

# Get token (uses cache if available)
{:ok, token} = ADC.get_access_token(creds)

# Force refresh
{:ok, fresh_token} = ADC.get_access_token(creds, force_refresh: true)

  



  
    
      
    
    
      get_project_id(arg1)



        
          
        

    

  


  

      

          @spec get_project_id(credentials()) :: {:ok, String.t()} | {:error, error_reason()}


      


Get project ID from credentials if available.
Extracts the project ID from the loaded credentials. Useful for
configuring Vertex AI which requires a project ID.
Parameters
	credentials: Credentials tuple from load_credentials/0

Returns
	{:ok, project_id} - Project ID extracted successfully
	{:error, reason} - No project ID available in credentials

Examples
{:ok, creds} = ADC.load_credentials()

case ADC.get_project_id(creds) do
  {:ok, project_id} ->
    # Use for Vertex AI
    %{project_id: project_id, location: "us-central1"}

  {:error, _} ->
    # Prompt user or use environment variable
    System.get_env("VERTEX_PROJECT_ID")
end

  



  
    
      
    
    
      load_credentials()



        
          
        

    

  


  

      

          @spec load_credentials() :: {:ok, credentials()} | {:error, error_reason()}


      


Load credentials following the ADC chain.
Searches for credentials in the standard ADC order:
	GOOGLE_APPLICATION_CREDENTIALS environment variable
	User credentials file (~/.config/gcloud/application_default_credentials.json)
	GCP metadata server

Returns
	{:ok, credentials} - Credentials found and loaded
	{:error, reason} - No credentials found or loading failed

Examples
case ADC.load_credentials() do
  {:ok, {:service_account, creds}} ->
    Logger.info("Using service account: #{creds.client_email}")

  {:ok, {:user, creds}} ->
    Logger.info("Using user credentials")

  {:ok, {:metadata_server, creds}} ->
    Logger.info("Using metadata server")

  {:error, reason} ->
    Logger.error("No credentials found: #{reason}")
end
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          @spec refresh_token(credentials()) :: {:ok, access_token()} | {:error, error_reason()}


      


Refresh an access token.
Forces a token refresh regardless of whether a cached token exists.
This is equivalent to calling get_access_token/2 with force_refresh: true.
Parameters
	credentials: Credentials tuple from load_credentials/0

Returns
	{:ok, access_token} - New access token generated successfully
	{:error, reason} - Failed to refresh token

Examples
{:ok, creds} = ADC.load_credentials()
{:ok, fresh_token} = ADC.refresh_token(creds)
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JWT token generation and management for Google Cloud service accounts.
This module handles JWT creation and signing for Vertex AI authentication
based on the documentation in v1.md. It supports both service account key files
and the Google Cloud IAM signJwt API.
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    Functions
  


    
      
        create_payload(service_account_email, audience, opts \\ [])

      


        Create a JWT payload for Vertex AI authentication.



    


    
      
        create_signed_token(service_account_email, audience, opts \\ [])

      


        Create a signed JWT token using the most appropriate method.



    


    
      
        get_service_account_email(map)

      


        Extract service account email from a service account key.



    


    
      
        load_service_account_key(file_path)

      


        Load and parse a service account key file.



    


    
      
        sign_with_iam_api(payload, service_account_email, access_token)

      


        Sign a JWT payload using Google Cloud IAM signJwt API.



    


    
      
        sign_with_key(payload, map)

      


        Sign a JWT payload using a service account private key.



    


    
      
        validate_payload(arg1)

      


        Validate a JWT payload has all required fields.
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      jwt_payload()



        
          
        

    

  


  

      

          @type jwt_payload() :: %{
  :iss => String.t(),
  :aud => String.t(),
  :sub => String.t(),
  :iat => integer(),
  :exp => integer(),
  optional(:scope) => String.t(),
  optional(atom()) => any()
}


      



  



  
    
      
    
    
      service_account_key()



        
          
        

    

  


  

      

          @type service_account_key() :: %{
  type: String.t(),
  project_id: String.t(),
  private_key_id: String.t(),
  private_key: String.t(),
  client_email: String.t(),
  client_id: String.t(),
  auth_uri: String.t(),
  token_uri: String.t(),
  auth_provider_x509_cert_url: String.t(),
  client_x509_cert_url: String.t()
}
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          @spec create_payload(String.t(), String.t(), keyword()) :: jwt_payload()


      


Create a JWT payload for Vertex AI authentication.
Parameters
	service_account_email: The email of the service account (issuer)
	audience: The audience for the JWT (must match deployment config)
	opts: Optional parameters	:lifetime - Token lifetime in seconds (default: 3600)
	:issued_at - Custom issued at time (default: current time)



Examples
iex> payload = Gemini.Auth.JWT.create_payload(
...>   "my-service@project.iam.gserviceaccount.com",
...>   "my-app-audience"
...> )
iex> payload.iss
"my-service@project.iam.gserviceaccount.com"

  



    

  
    
      
    
    
      create_signed_token(service_account_email, audience, opts \\ [])



        
          
        

    

  


  

      

          @spec create_signed_token(String.t(), String.t(), keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Create a signed JWT token using the most appropriate method.
This function automatically chooses between local signing (if private key is available)
or IAM API signing (if access token is provided).
Examples
# Using service account key file
iex> {:ok, token} = Gemini.Auth.JWT.create_signed_token(
...>   "my-service@project.iam.gserviceaccount.com",
...>   "my-app-audience",
...>   service_account_key: "/path/to/key.json"
...> )

# Using IAM API
iex> {:ok, token} = Gemini.Auth.JWT.create_signed_token(
...>   "my-service@project.iam.gserviceaccount.com",
...>   "my-app-audience",
...>   access_token: "ya29.access-token"
...> )

  



  
    
      
    
    
      get_service_account_email(map)



        
          
        

    

  


  

      

          @spec get_service_account_email(service_account_key()) :: String.t()


      


Extract service account email from a service account key.
Examples
iex> key = %{client_email: "my-service@project.iam.gserviceaccount.com"}
iex> Gemini.Auth.JWT.get_service_account_email(key)
"my-service@project.iam.gserviceaccount.com"

  



  
    
      
    
    
      load_service_account_key(file_path)



        
          
        

    

  


  

      

          @spec load_service_account_key(String.t()) ::
  {:ok, service_account_key()} | {:error, term()}


      


Load and parse a service account key file.
Examples
iex> {:ok, key} = Gemini.Auth.JWT.load_service_account_key("/path/to/key.json")
iex> key.client_email
"my-service@project.iam.gserviceaccount.com"

  



  
    
      
    
    
      sign_with_iam_api(payload, service_account_email, access_token)



        
          
        

    

  


  

      

          @spec sign_with_iam_api(jwt_payload(), String.t(), String.t()) ::
  {:ok, String.t()} | {:error, term()}


      


Sign a JWT payload using Google Cloud IAM signJwt API.
This method uses the Google Cloud IAM service to sign the JWT, which requires
the caller to have the roles/iam.serviceAccountTokenCreator role.
Parameters
	payload: The JWT payload to sign
	service_account_email: The service account email
	access_token: A valid access token for authentication

Examples
iex> payload = %{iss: "...", aud: "...", sub: "...", iat: 123, exp: 456}
iex> {:ok, token} = Gemini.Auth.JWT.sign_with_iam_api(
...>   payload,
...>   "my-service@project.iam.gserviceaccount.com",
...>   "ya29.access-token"
...> )

  



  
    
      
    
    
      sign_with_key(payload, map)



        
          
        

    

  


  

      

          @spec sign_with_key(jwt_payload(), service_account_key()) ::
  {:ok, String.t()} | {:error, term()}


      


Sign a JWT payload using a service account private key.
This method signs the JWT locally using the private key from the service account JSON file.
Examples
iex> key = %{private_key: "-----BEGIN PRIVATE KEY-----...", client_email: "..."}
iex> payload = %{iss: "...", aud: "...", sub: "...", iat: 123, exp: 456}
iex> {:ok, token} = Gemini.Auth.JWT.sign_with_key(payload, key)
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          @spec validate_payload(jwt_payload()) :: :ok | {:error, String.t()}


      


Validate a JWT payload has all required fields.
Examples
iex> payload = %{iss: "test", aud: "test", sub: "test", iat: 123, exp: 456}
iex> Gemini.Auth.JWT.validate_payload(payload)
:ok
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Authentication via GCP metadata server for workloads running on Google Cloud Platform.
This module provides authentication for workloads running on:
	Google Compute Engine
	Google Kubernetes Engine (GKE)
	Cloud Run
	Cloud Functions
	App Engine

The metadata server provides automatic authentication without requiring
explicit credentials files, making it ideal for production deployments
on GCP infrastructure.
Metadata Server Endpoint
The metadata server is available at http://metadata.google.internal/computeMetadata/v1/
and requires the Metadata-Flavor: Google header on all requests.
Features
	Automatic token retrieval from GCP metadata server
	Project ID detection
	Availability checking (determines if running on GCP)
	Service account information retrieval

Usage
# Check if running on GCP
if MetadataServer.available?() do
  # Get access token
  {:ok, token} = MetadataServer.get_access_token()

  # Get project ID
  {:ok, project_id} = MetadataServer.get_project_id()
end
Timeout Configuration
Metadata server checks use a short timeout (1 second) to quickly determine
if the code is running on GCP. If the metadata server is not available,
the check will fail fast.
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        Check if the GCP metadata server is available.



    


    
      
        get_access_token()

      


        Get an access token from the GCP metadata server.
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        Get all metadata for the instance.
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        Get the GCP project ID from the metadata server.
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        Get the service account email from the metadata server.
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          @type error_reason() :: String.t()
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          @spec available?() :: boolean()


      


Check if the GCP metadata server is available.
This function performs a quick check to determine if the code is running
on Google Cloud Platform infrastructure with access to the metadata server.
Uses a 1-second timeout for fast failure in non-GCP environments.
Returns
	true - Running on GCP with metadata server access
	false - Not running on GCP or metadata server unavailable

Examples
if MetadataServer.available?() do
  # Running on GCP, can use metadata server
  {:ok, token} = MetadataServer.get_access_token()
else
  # Not on GCP, use other authentication method
  use_service_account_file()
end

  



  
    
      
    
    
      get_access_token()



        
          
        

    

  


  

      

          @spec get_access_token() ::
  {:ok, %{token: String.t(), expires_in: pos_integer()}}
  | {:error, error_reason()}


      


Get an access token from the GCP metadata server.
Retrieves a fresh access token for the default service account
associated with the GCP resource (VM, Cloud Run instance, etc.).
The token will have the scopes assigned to the service account,
which typically includes https://www.googleapis.com/auth/cloud-platform.
Returns
	{:ok, %{token: token, expires_in: seconds}} - Successfully retrieved token
	{:error, reason} - Failed to retrieve token

Examples
case MetadataServer.get_access_token() do
  {:ok, %{token: token, expires_in: ttl}} ->
    # Use token for API calls
    # Cache with TTL
    TokenCache.put("metadata_server", token, ttl)

  {:error, reason} ->
    Logger.error("Failed to get token: #{reason}")
end
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          @spec get_instance_metadata() :: {:ok, map()} | {:error, error_reason()}


      


Get all metadata for the instance.
Retrieves comprehensive metadata about the GCP instance, including
service account information, project details, and instance attributes.
Returns
	{:ok, metadata} - Map containing instance metadata
	{:error, reason} - Failed to retrieve metadata

Examples
case MetadataServer.get_instance_metadata() do
  {:ok, metadata} ->
    IO.inspect(metadata, label: "Instance Metadata")

  {:error, reason} ->
    Logger.error("Failed to get metadata: #{reason}")
end
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          @spec get_project_id() :: {:ok, String.t()} | {:error, error_reason()}


      


Get the GCP project ID from the metadata server.
Retrieves the project ID for the GCP project in which the code is running.
This is useful when you need the project ID for Vertex AI or other
GCP services but don't want to hardcode it.
Returns
	{:ok, project_id} - Successfully retrieved project ID
	{:error, reason} - Failed to retrieve project ID

Examples
case MetadataServer.get_project_id() do
  {:ok, project_id} ->
    # Use project_id for Vertex AI configuration
    %{project_id: project_id, location: "us-central1"}

  {:error, reason} ->
    Logger.error("Failed to get project ID: #{reason}")
end
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          @spec get_service_account_email() :: {:ok, String.t()} | {:error, error_reason()}


      


Get the service account email from the metadata server.
Retrieves the email address of the default service account
associated with the GCP resource.
Returns
	{:ok, email} - Successfully retrieved service account email
	{:error, reason} - Failed to retrieve email

Examples
case MetadataServer.get_service_account_email() do
  {:ok, email} ->
    Logger.info("Running as service account: #{email}")

  {:error, reason} ->
    Logger.error("Failed to get service account: #{reason}")
end
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Behavior for authentication strategies.

      


      
        Summary


  
    Callbacks
  


    
      
        base_url(credentials)

      


    


    
      
        build_path(model, endpoint, credentials)

      


    


    
      
        headers(credentials)

      


    


    
      
        refresh_credentials(credentials)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      base_url(credentials)



        
          
        

    

  


  

      

          @callback base_url(credentials :: map()) :: String.t()


      



  



  
    
      
    
    
      build_path(model, endpoint, credentials)



        
          
        

    

  


  

      

          @callback build_path(model :: String.t(), endpoint :: String.t(), credentials :: map()) ::
  String.t()


      



  



  
    
      
    
    
      headers(credentials)



        
          
        

    

  


  

      

          @callback headers(credentials :: map()) ::
  {:ok, [{String.t(), String.t()}]} | {:error, term()}
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          @callback refresh_credentials(credentials :: map()) :: {:ok, map()} | {:error, term()}
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ETS-based token caching with automatic expiration handling.
Provides thread-safe token caching to reduce API calls for token refresh.
Tokens are automatically considered expired based on their TTL, with a
configurable refresh buffer to ensure tokens are refreshed before expiration.
Features
	Thread-safe ETS-based storage
	Automatic expiration handling
	Refresh buffer (default 5 minutes before expiry)
	Multiple cache key support for different credentials

Usage
# Initialize the cache (called automatically on application start)
TokenCache.init()

# Cache a token with 3600 second TTL
TokenCache.put("my_key", "access_token_here", 3600)

# Retrieve cached token (returns nil if expired)
case TokenCache.get("my_key") do
  {:ok, token} -> {:ok, token}
  :error -> # Token expired or not found, refresh needed
end

# Invalidate a cached token
TokenCache.invalidate("my_key")
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        clear()

      


        Clear all cached tokens.



    


    
      
        get(key)

      


        Retrieve a cached token if it exists and has not expired.



    


    
      
        init()

      


        Initialize the token cache table.



    


    
      
        invalidate(key)

      


        Invalidate (remove) a cached token.



    


    
      
        put(key, token, ttl, opts \\ [])

      


        Cache a token with the specified time-to-live (TTL).



    


    
      
        stats()

      


        Get statistics about the token cache.
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          @type cache_entry() :: {cache_key(), token(), expiry_time :: integer()}


      



  



  
    
      
    
    
      cache_key()



        
          
        

    

  


  

      

          @type cache_key() :: String.t() | atom()
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          @type token() :: String.t()
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          @type ttl() :: pos_integer()
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          @spec clear() :: :ok


      


Clear all cached tokens.
Removes all entries from the cache. Useful for testing or when
you need to force refresh all tokens.
Examples
TokenCache.clear()
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          @spec get(cache_key()) :: {:ok, token()} | :error


      


Retrieve a cached token if it exists and has not expired.
Returns {:ok, token} if the token is cached and still valid,
or :error if the token is expired or not found.
Parameters
	key: The cache key used when storing the token

Returns
	{:ok, token} - Token is cached and still valid
	:error - Token is expired, not found, or cache not initialized

Examples
case TokenCache.get("my_key") do
  {:ok, token} ->
    # Use the cached token
    {:ok, token}

  :error ->
    # Token expired or not found, need to refresh
    refresh_token()
end
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          @spec init() :: :ok


      


Initialize the token cache table.
Creates an ETS table for storing tokens. This is called automatically
when the application starts, but can be called manually if needed.
Safe to call multiple times - if the table already exists, it will
not create a new one.
Examples
iex> Gemini.Auth.TokenCache.init()
:ok

  



  
    
      
    
    
      invalidate(key)



        
          
        

    

  


  

      

          @spec invalidate(cache_key()) :: :ok


      


Invalidate (remove) a cached token.
Useful when you know a token is no longer valid and want to force
a refresh on the next request.
Parameters
	key: The cache key to invalidate

Examples
TokenCache.invalidate("my_key")

  



    

  
    
      
    
    
      put(key, token, ttl, opts \\ [])



        
          
        

    

  


  

      

          @spec put(cache_key(), token(), ttl(), keyword()) :: :ok


      


Cache a token with the specified time-to-live (TTL).
The token will be considered expired after ttl seconds, minus the
refresh buffer (default 5 minutes). This ensures tokens are refreshed
before they actually expire.
Parameters
	key: Unique identifier for this token (string or atom)
	token: The access token to cache
	ttl: Time-to-live in seconds

Options
	:refresh_buffer - Seconds before expiry to consider token expired
(default: 300 seconds / 5 minutes)

Examples
# Cache token for 1 hour
TokenCache.put("vertex_ai_token", "ya29.abc123", 3600)

# Cache with custom refresh buffer (refresh 10 minutes early)
TokenCache.put("my_token", "token123", 3600, refresh_buffer: 600)

  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @spec stats() :: %{size: non_neg_integer(), keys: [cache_key()]}


      


Get statistics about the token cache.
Returns information about the cache including number of entries
and which tokens are cached.
Returns
Map with cache statistics:
	:size - Number of cached tokens
	:keys - List of cache keys

Examples
TokenCache.stats()
#=> %{size: 2, keys: ["vertex_ai_token", "another_token"]}
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Gemini.Chat 
    



      
Formalized chat session management with immutable history updates.
This module provides a robust, immutable approach to managing multi-turn
conversations with the Gemini API, including proper handling of tool-calling
turns with function calls and responses.
Usage
# Create a new chat session
chat = Gemini.Chat.new(model: "gemini-flash-lite-latest", temperature: 0.7)

# Add turns to the conversation
chat = chat
|> Gemini.Chat.add_turn("user", "What's the weather like?")
|> Gemini.Chat.add_turn("model", [%Altar.ADM.FunctionCall{...}])
|> Gemini.Chat.add_turn("user", [%Altar.ADM.ToolResult{...}])
|> Gemini.Chat.add_turn("model", "Based on the weather data...")

# Generate content with the chat history
{:ok, response} = Gemini.generate_content(chat.history, chat.opts)

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A chat session containing conversation history and configuration options.



    





  
    Functions
  


    
      
        add_model_response(chat, response)

      


        Add a model response to the chat history, extracting any thought signatures.



    


    
      
        add_turn(chat, role, message)

      


        Add a turn to the chat history.



    


    
      
        new(opts \\ [])

      


        Create a new chat session with optional configuration.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Chat{
  history: [Gemini.Types.Content.t()],
  last_signatures: [String.t()],
  opts: keyword()
}


      


A chat session containing conversation history and configuration options.

  


        

      

      
        Functions

        


  
    
      
    
    
      add_model_response(chat, response)



        
          
        

    

  


  

      

          @spec add_model_response(t(), Gemini.Types.Response.GenerateContentResponse.t()) ::
  t()


      


Add a model response to the chat history, extracting any thought signatures.
This function automatically extracts thought signatures from the response
and stores them for echoing in the next user message.
Parameters
	chat: Current chat session
	response: GenerateContentResponse from the API

Returns
Updated chat with the model's response added and signatures stored.
Examples
{:ok, response} = Gemini.generate("Hello", model: "gemini-3-pro-preview")
chat = Chat.add_model_response(chat, response)
# chat.last_signatures contains any signatures from the response

  



  
    
      
    
    
      add_turn(chat, role, message)



        
          
        

    

  


  

      

          @spec add_turn(
  t(),
  String.t(),
  String.t()
  | [map()]
  | [Altar.ADM.FunctionCall.t()]
  | [Altar.ADM.ToolResult.t()]
) :: t()


      


Add a turn to the chat history.
This function handles different types of content based on the role and message type:
	User text messages: add_turn(chat, "user", "Hello")
	Model text responses: add_turn(chat, "model", "Hi there!")
	Model function calls: add_turn(chat, "model", [%FunctionCall{...}])
	User function responses: add_turn(chat, "user", [%ToolResult{...}])

For user messages, if there are stored thought signatures from the previous
model response, they will be automatically attached to the user's message part.
Returns a new chat struct with the updated history, preserving immutability.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Create a new chat session with optional configuration.
Options
All standard Gemini API options are supported:
	:model - Model name (defaults to configured default)
	:temperature - Generation temperature (0.0-1.0)
	:max_output_tokens - Maximum tokens to generate
	:generation_config - Full GenerationConfig struct
	:safety_settings - List of SafetySetting structs
	:system_instruction - System instruction content
	And more...

Examples
chat = Gemini.Chat.new()
chat = Gemini.Chat.new(model: "gemini-2.5-pro", temperature: 0.3)
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Gemini.Generate 
    



      
API for generating content with Gemini models.
See Gemini.options/0 in Gemini for the canonical list of options.

      


      
        Summary


  
    Types
  


    
      
        chat_options()

      


        Options for chat sessions.



    





  
    Functions
  


    
      
        build_generate_request(contents, opts)

      


        Build a generate content request structure.



    


    
      
        chat(opts \\ [])

      


        Start a chat session for multi-turn conversations.



    


    
      
        content(contents, opts \\ [])

      


        Generate content using a Gemini model.



    


    
      
        count_tokens(contents, opts \\ [])

      


        Count tokens in the given content.



    


    
      
        send_message(chat, message)

      


        Send a message in a chat session.



    


    
      
        stream_content(contents, opts \\ [])

      


        Generate content with streaming support.



    


    
      
        text(contents, opts \\ [])

      


        Generate content and return only the text from the first candidate.



    





      


      
        Types

        


  
    
      
    
    
      chat_options()



        
          
        

    

  


  

      

          @type chat_options() :: Gemini.options() | [{:history, [Gemini.Types.Content.t()]}]


      


Options for chat sessions.
All options from Gemini.options/0, plus:
	:history - Chat history as a list of Content structs


  


        

      

      
        Functions

        


  
    
      
    
    
      build_generate_request(contents, opts)



        
          
        

    

  


  

Build a generate content request structure.
This function is exposed publicly to allow the streaming manager and other
components to construct requests using the same validation and normalization
logic as the main content generation functions.
Parameters
	contents - List of Content structs or strings
	opts - Options including generation_config, safety_settings, etc.

Returns
	Map representing the request structure ready for JSON encoding


  



    

  
    
      
    
    
      chat(opts \\ [])



        
          
        

    

  


  

      

          @spec chat(chat_options()) :: {:ok, map()}


      


Start a chat session for multi-turn conversations.
All options from Gemini.options/0, plus:
	:history - Chat history as a list of Content structs

Parameters
	opts - Options including:	:model - Model name (default: from config)
	:history - Chat history as list of Content structs
	:generation_config - GenerationConfig struct
	:safety_settings - List of SafetySetting structs
	:system_instruction - System instruction



Examples
iex> {:ok, chat} = Gemini.Generate.chat()
iex> Gemini.Generate.send_message(chat, "Hello!")
{:ok, response, updated_chat}

  



    

  
    
      
    
    
      content(contents, opts \\ [])



        
          
        

    

  


  

      

          @spec content(String.t() | [Gemini.Types.Content.t()], Gemini.options()) ::
  {:ok, Gemini.Types.Response.GenerateContentResponse.t()}
  | {:error, Gemini.Error.t()}


      


Generate content using a Gemini model.
See Gemini.options/0 for available options.
Parameters
	contents - List of Content structs or strings
	opts - Options including:	:model - Model name (default: from config)
	:generation_config - GenerationConfig struct
	:safety_settings - List of SafetySetting structs
	:system_instruction - System instruction as Content or string
	:tools - List of tool definitions
	:tool_config - Tool configuration



Examples
iex> Gemini.Generate.content("Hello, world!")
{:ok, %GenerateContentResponse{candidates: [%Candidate{...}]}}

iex> contents = [Content.text("Explain quantum physics")]
iex> config = GenerationConfig.creative()
iex> Gemini.Generate.content(contents, generation_config: config)
{:ok, %GenerateContentResponse{...}}

  



    

  
    
      
    
    
      count_tokens(contents, opts \\ [])



        
          
        

    

  


  

      

          @spec count_tokens(String.t() | [Gemini.Types.Content.t()], Gemini.options()) ::
  {:ok, Gemini.Types.Response.CountTokensResponse.t()}
  | {:error, Gemini.Error.t()}


      


Count tokens in the given content.
See Gemini.options/0 for available options.
Parameters
	contents - List of Content structs or strings
	opts - Options including:	:model - Model name (default: from config)



Examples
iex> Gemini.Generate.count_tokens("Hello, world!")
{:ok, %CountTokensResponse{total_tokens: 3}}

  



  
    
      
    
    
      send_message(chat, message)



        
          
        

    

  


  

      

          @spec send_message(map(), String.t() | Gemini.Types.Content.t()) ::
  {:ok, Gemini.Types.Response.GenerateContentResponse.t(), map()}
  | {:error, Gemini.Error.t()}


      


Send a message in a chat session.
Uses options from the chat session (see Gemini.Generate.chat_options/0).
Parameters
	chat - Chat session from chat/1
	message - Message content as string or Content struct

Returns
	{:ok, response, updated_chat} on success
	{:error, error} on failure


  



    

  
    
      
    
    
      stream_content(contents, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_content(String.t() | [Gemini.Types.Content.t()], Gemini.options()) ::
  {:ok, [Gemini.Types.Response.GenerateContentResponse.t()]}
  | {:error, Gemini.Error.t()}


      


Generate content with streaming support.
See Gemini.options/0 for available options.
Returns a stream of partial responses as they become available.
Parameters
	contents - List of Content structs or strings
	opts - Same options as content/2

Examples
iex> Gemini.Generate.stream_content("Write a story")
{:ok, [%GenerateContentResponse{...}, ...]}

  



    

  
    
      
    
    
      text(contents, opts \\ [])



        
          
        

    

  


  

      

          @spec text(String.t() | [Gemini.Types.Content.t()], Gemini.options()) ::
  {:ok, String.t()} | {:error, Gemini.Error.t()}


      


Generate content and return only the text from the first candidate.
See Gemini.options/0 for available options.
This is a convenience function for simple text generation.
Examples
iex> Gemini.Generate.text("What is the capital of France?")
{:ok, "The capital of France is Paris."}
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Gemini.Live.Message 
    



      
Message types for Gemini Live API WebSocket communication.
This module defines the structure of messages sent to and received from
the Gemini Live API WebSocket endpoint.
Message Flow
	Client sends setup message to configure the session
	Server responds with setupComplete
	Client sends content via clientContent or realtimeInput
	Server responds with serverContent containing model responses
	Client can send toolResponse to respond to function calls

Example
# Setup message
setup = %ClientMessage{
  setup: %LiveClientSetup{
    model: "gemini-2.0-flash-exp",
    generation_config: %{temperature: 0.8}
  }
}

# Client content message
content = %ClientMessage{
  client_content: %{
    turns: [%{role: "user", parts: [%{text: "Hello!"}]}],
    turn_complete: true
  }
}

      


      
        Summary


  
    Functions
  


    
      
        from_api_map(data)

      


        Convert API map to ServerMessage struct.



    


    
      
        from_json(json)

      


        Parse JSON from WebSocket into ServerMessage.



    


    
      
        to_api_map(client_message)

      


        Convert ClientMessage to API map format.



    


    
      
        to_json(message)

      


        Convert ClientMessage to JSON for WebSocket transmission.



    





      


      
        Functions

        


  
    
      
    
    
      from_api_map(data)



        
          
        

    

  


  

      

          @spec from_api_map(map()) :: Gemini.Live.Message.ServerMessage.t()


      


Convert API map to ServerMessage struct.

  



  
    
      
    
    
      from_json(json)



        
          
        

    

  


  

      

          @spec from_json(String.t()) ::
  {:ok, Gemini.Live.Message.ServerMessage.t()} | {:error, term()}


      


Parse JSON from WebSocket into ServerMessage.

  



  
    
      
    
    
      to_api_map(client_message)



        
          
        

    

  


  

      

          @spec to_api_map(Gemini.Live.Message.ClientMessage.t()) :: map()


      


Convert ClientMessage to API map format.

  



  
    
      
    
    
      to_json(message)



        
          
        

    

  


  

      

          @spec to_json(Gemini.Live.Message.ClientMessage.t()) ::
  {:ok, String.t()} | {:error, term()}


      


Convert ClientMessage to JSON for WebSocket transmission.
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Gemini.Live.Message.ClientContent 
    



      
Content message sent by client.
Fields
	turns: List of conversation turns
	turn_complete: Whether the turn is complete


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.ClientContent{
  turn_complete: boolean(),
  turns: [Gemini.Types.Content.t() | map()]
}
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Gemini.Live.Message.ClientMessage 
    



      
Union type for all client-to-server messages.
Exactly one field should be set.
Fields
	setup: Session setup message
	client_content: Content message
	realtime_input: Real-time media input
	tool_response: Tool/function response


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.ClientMessage{
  client_content: (Gemini.Live.Message.ClientContent.t() | map()) | nil,
  realtime_input: (Gemini.Live.Message.RealtimeInput.t() | map()) | nil,
  setup: Gemini.Live.Message.LiveClientSetup.t() | nil,
  tool_response: (Gemini.Live.Message.ToolResponse.t() | map()) | nil
}
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Gemini.Live.Message.LiveClientSetup 
    



      
Setup message sent by client to initialize the session.
Fields
	model: Model identifier (required)
	generation_config: Generation parameters
	system_instruction: System instruction
	tools: Available tools/functions
	tool_config: Tool configuration


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.LiveClientSetup{
  generation_config: (Gemini.Types.GenerationConfig.t() | map()) | nil,
  model: String.t(),
  system_instruction: (String.t() | Gemini.Types.Content.t() | map()) | nil,
  tool_config: map() | nil,
  tools: [map()] | nil
}
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Gemini.Live.Message.RealtimeInput 
    



      
Real-time input (audio/video) sent by client.
Fields
	media_chunks: List of media chunks (audio/video data)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.RealtimeInput{media_chunks: [map()]}
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Gemini.Live.Message.ServerContent 
    



      
Content response from server.
Fields
	model_turn: Model's response turn
	turn_complete: Whether the turn is complete
	grounding_metadata: Grounding metadata if applicable


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.ServerContent{
  grounding_metadata: map() | nil,
  model_turn: (Gemini.Types.Content.t() | map()) | nil,
  turn_complete: boolean()
}
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Gemini.Live.Message.ServerMessage 
    



      
Union type for all server-to-client messages.
Fields
	setup_complete: Setup confirmation
	server_content: Content response
	tool_call: Function call request
	tool_call_cancellation: Function call cancellation


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.ServerMessage{
  server_content: (Gemini.Live.Message.ServerContent.t() | map()) | nil,
  setup_complete: (Gemini.Live.Message.SetupComplete.t() | map()) | nil,
  tool_call: (Gemini.Live.Message.ToolCall.t() | map()) | nil,
  tool_call_cancellation:
    (Gemini.Live.Message.ToolCallCancellation.t() | map()) | nil
}
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Gemini.Live.Message.SetupComplete 
    



      
Setup completion confirmation from server.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.SetupComplete{message: String.t()}
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Gemini.Live.Message.ToolCall 
    



      
Tool/function call request from server.
Fields
	function_calls: List of function calls to execute


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.ToolCall{function_calls: [map()]}
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Gemini.Live.Message.ToolCallCancellation 
    



      
Tool call cancellation from server.
Fields
	ids: List of function call IDs to cancel


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.ToolCallCancellation{ids: [String.t()]}
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Gemini.Live.Message.ToolResponse 
    



      
Tool/function response sent by client.
Fields
	function_responses: List of function call responses


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Message.ToolResponse{function_responses: [map()]}
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Gemini.Live.Session 
    



      
GenServer for managing WebSocket connections to the Gemini Live API.
The Live API provides bidirectional streaming communication with Gemini models,
supporting real-time text, audio, and video interactions.
Features
	WebSocket-based real-time communication
	Automatic reconnection with exponential backoff
	Message queuing during connection setup
	Callback-based event handling
	Graceful connection lifecycle management

Usage
# Start a session
{:ok, session} = LiveSession.start_link(
  model: "gemini-2.0-flash-exp",
  generation_config: %{temperature: 0.8},
  on_message: fn message -> IO.inspect(message, label: "Received") end
)

# Connect to the Live API
:ok = LiveSession.connect(session)

# Send a text message
:ok = LiveSession.send(session, "Hello, how are you?")

# Send client content with tools
:ok = LiveSession.send_client_content(session, [
  %{role: "user", parts: [%{text: "What's the weather?"}]}
])

# Send tool response
:ok = LiveSession.send_tool_response(session, [
  %{name: "get_weather", response: %{temperature: 72, condition: "sunny"}}
])

# Close the session
:ok = LiveSession.close(session)
Callbacks
The session supports several callbacks for handling events:
	:on_message - Called when a message is received from the server
	:on_connect - Called when successfully connected
	:on_disconnect - Called when disconnected
	:on_error - Called when an error occurs

Example with Callbacks
LiveSession.start_link(
  model: "gemini-2.0-flash-exp",
  on_message: fn message ->
    case message do
      %{server_content: content} ->
        IO.puts("Model: #{inspect(content)}")
      %{tool_call: calls} ->
        IO.puts("Function calls: #{inspect(calls)}")
      _ ->
        IO.puts("Other: #{inspect(message)}")
    end
  end,
  on_connect: fn -> IO.puts("Connected!") end,
  on_error: fn error -> IO.puts("Error: #{inspect(error)}") end
)

      


      
        Summary


  
    Types
  


    
      
        callback()

      


    


    
      
        message()

      


    


    
      
        session()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(session)

      


        Close the Live API session.



    


    
      
        connect(session)

      


        Connect to the Live API WebSocket endpoint.



    


    
      
        send(session, text)

      


        Send a text message to the model.



    


    
      
        send_client_content(session, turns, turn_complete \\ true)

      


        Send client content (turns) to the model.



    


    
      
        send_realtime_input(session, media_chunks, opts \\ [])

      


        Send real-time input (audio/video) to the model.



    


    
      
        send_tool_response(session, function_responses, opts \\ [])

      


        Send tool/function response to the model.



    


    
      
        start_link(opts)

      


        Start a Live API session.



    


    
      
        status(session)

      


        Get the current status of the session.



    





      


      
        Types

        


  
    
      
    
    
      callback()



        
          
        

    

  


  

      

          @type callback() :: (term() -> any())


      



  



  
    
      
    
    
      message()



        
          
        

    

  


  

      

          @type message() :: String.t() | map()


      



  



  
    
      
    
    
      session()



        
          
        

    

  


  

      

          @type session() :: pid() | atom()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Live.Session{
  auth_headers: [{String.t(), String.t()}] | nil,
  auth_strategy: :gemini | :vertex_ai,
  config: map(),
  conn_pid: pid() | nil,
  message_queue: [map()],
  model: String.t(),
  on_connect: callback() | nil,
  on_disconnect: callback() | nil,
  on_error: callback() | nil,
  on_message: callback() | nil,
  ping_timer: reference() | nil,
  reconnect_delay: non_neg_integer(),
  reconnect_timer: reference() | nil,
  setup_complete: boolean(),
  setup_sent: boolean(),
  status: :disconnected | :connecting | :connected | :error,
  stream_ref: reference() | nil,
  websocket_url: String.t() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      close(session)



        
          
        

    

  


  

      

          @spec close(session()) :: :ok


      


Close the Live API session.
Examples
:ok = LiveSession.close(session)

  



  
    
      
    
    
      connect(session)



        
          
        

    

  


  

      

          @spec connect(session()) :: :ok | {:error, term()}


      


Connect to the Live API WebSocket endpoint.
This must be called after start_link to establish the connection.
Examples
{:ok, session} = LiveSession.start_link(model: "gemini-2.0-flash-exp")
:ok = LiveSession.connect(session)

  



  
    
      
    
    
      send(session, text)



        
          
        

    

  


  

      

          @spec send(session(), String.t()) :: :ok | {:error, term()}


      


Send a text message to the model.
Examples
:ok = LiveSession.send(session, "What is the weather today?")

  



    

  
    
      
    
    
      send_client_content(session, turns, turn_complete \\ true)



        
          
        

    

  


  

      

          @spec send_client_content(
  session(),
  [map()] | Gemini.Live.Message.ClientContent.t(),
  boolean()
) ::
  :ok | {:error, term()}


      


Send client content (turns) to the model.
Parameters
	session - Session PID or name
	turns - List of content turns or ClientContent struct
	turn_complete - Whether the turn is complete (default: true)

Examples
# Send simple content
:ok = LiveSession.send_client_content(session, [
  %{role: "user", parts: [%{text: "Hello"}]}
])

# Send ClientContent struct
content = %ClientContent{
  turns: [...],
  turn_complete: true
}
:ok = LiveSession.send_client_content(session, content)

  



    

  
    
      
    
    
      send_realtime_input(session, media_chunks, opts \\ [])



        
          
        

    

  


  

      

          @spec send_realtime_input(session(), [map()], keyword()) :: :ok | {:error, term()}


      


Send real-time input (audio/video) to the model.
Parameters
	session - Session PID or name
	media_chunks - List of media chunks
	opts - Additional options

Examples
# Send audio chunk
:ok = LiveSession.send_realtime_input(session, [
  %{data: audio_data, mime_type: "audio/pcm"}
])

  



    

  
    
      
    
    
      send_tool_response(session, function_responses, opts \\ [])



        
          
        

    

  


  

      

          @spec send_tool_response(session(), [map()], keyword()) :: :ok | {:error, term()}


      


Send tool/function response to the model.
Parameters
	session - Session PID or name
	function_responses - List of function responses
	opts - Additional options

Examples
:ok = LiveSession.send_tool_response(session, [
  %{
    name: "get_weather",
    response: %{temperature: 72, condition: "sunny"}
  }
])

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Start a Live API session.
Options
	:model - Model to use (required)
	:auth - Authentication strategy (:gemini or :vertex_ai, auto-detected if not provided)
	:generation_config - Generation configuration
	:system_instruction - System instruction
	:tools - Available tools/functions
	:tool_config - Tool configuration
	:on_message - Callback when message received
	:on_connect - Callback when connected
	:on_disconnect - Callback when disconnected
	:on_error - Callback when error occurs
	:name - Optional name for the GenServer

Examples
{:ok, session} = LiveSession.start_link(
  model: "gemini-2.0-flash-exp",
  on_message: &handle_message/1
)

  



  
    
      
    
    
      status(session)



        
          
        

    

  


  

      

          @spec status(session()) :: atom()


      


Get the current status of the session.
Returns one of: :disconnected, :connecting, :connected, :error
Examples
status = LiveSession.status(session)
# => :connected
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Gemini.Models 
    



      
API for managing and querying Gemini models.

      


      
        Summary


  
    Functions
  


    
      
        exists?(model_name)

      


        Check if a model exists and is available.



    


    
      
        get(model_name)

      


        Get information about a specific model.



    


    
      
        list(opts \\ [])

      


        List available Gemini models.



    


    
      
        list_names()

      


        List all available model names.



    


    
      
        supporting_method(method)

      


        Get models that support a specific generation method.



    





      


      
        Functions

        


  
    
      
    
    
      exists?(model_name)



        
          
        

    

  


  

Check if a model exists and is available.
Examples
iex> Gemini.Models.exists?("gemini-flash-lite-latest")
{:ok, true}

iex> Gemini.Models.exists?("invalid-model")
{:ok, false}

  



  
    
      
    
    
      get(model_name)



        
          
        

    

  


  

Get information about a specific model.
Parameters
	model_name - Name of the model (e.g., "gemini-flash-lite-latest")

Examples
iex> Gemini.Models.get("gemini-flash-lite-latest")
{:ok, %Model{name: "models/gemini-flash-lite-latest", ...}}

iex> Gemini.Models.get("invalid-model")
{:error, %Gemini.Error{type: :api_error, ...}}

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

List available Gemini models.
Options
	:page_size - Maximum number of models to return (default: 50)
	:page_token - Token for pagination

Examples
iex> Gemini.Models.list()
{:ok, %ListModelsResponse{models: [%Model{...}], next_page_token: nil}}

iex> Gemini.Models.list(page_size: 10)
{:ok, %ListModelsResponse{...}}

  



  
    
      
    
    
      list_names()



        
          
        

    

  


  

List all available model names.
Examples
iex> Gemini.Models.list_names()
{:ok, ["gemini-flash-lite-latest", "gemini-3-pro-preview", "gemini-2.5-flash"]}

  



  
    
      
    
    
      supporting_method(method)



        
          
        

    

  


  

Get models that support a specific generation method.
Parameters
	method - Generation method (e.g., "generateContent", "streamGenerateContent")

Examples
iex> Gemini.Models.supporting_method("generateContent")
{:ok, [%Model{...}, ...]}
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Gemini.RateLimiter 
    



      
Rate limiting, concurrency gating, and retry management for Gemini API requests.
This module provides automatic rate limit handling that is enabled by default.
All requests are paced to respect Gemini's quota limits, with automatic retries
and backoff when rate limits are encountered.
Features
	Automatic rate limit enforcement - Requests wait when rate limited (429 responses)
	Concurrency gating - Limits concurrent requests per model (default: 4)
	Token budgeting - Tracks usage to preemptively avoid rate limits
	Adaptive mode - Optionally adjusts concurrency based on 429 responses
	Structured errors - Returns {:error, {:rate_limited, retry_at, details}}
	Telemetry events - Observable rate limit wait/error events

Default Behavior
The rate limiter is ON by default. Requests are:
	Checked against the current retry window (from previous 429s)
	Gated by concurrency permits (default 4 per model)
	Optionally checked against token budget
	Retried with backoff on transient failures

Configuration
Configure globally via application environment:
config :gemini_ex, :rate_limiter,
  max_concurrency_per_model: 4,    # nil or 0 disables concurrency gating
  permit_timeout_ms: :infinity,     # :infinity (default) or a number to cap wait
  max_attempts: 3,                  # Retry attempts for transient errors
  base_backoff_ms: 1000,           # Base backoff duration
  jitter_factor: 0.25,             # Jitter range (±25%)
  adaptive_concurrency: false,      # Enable adaptive mode
  adaptive_ceiling: 8,              # Max concurrency in adaptive mode
  profile: :prod                    # :dev, :prod, or :custom
Per-Request Options
Override behavior on individual requests:
Gemini.generate("Hello", [
  disable_rate_limiter: true,       # Bypass all rate limiting
  non_blocking: true,               # Return immediately if rate limited
  max_concurrency_per_model: 8,     # Override concurrency limit
  permit_timeout_ms: :infinity,     # Per-call override for permit wait
  concurrency_key: "tenant_a"       # Optional partition key for concurrency gate
])
Non-Blocking Mode
When non_blocking: true, rate-limited requests return immediately:
case Gemini.generate("Hello", non_blocking: true) do
  {:ok, response} ->
    handle_response(response)

  {:error, {:rate_limited, retry_at, details}} ->
    # Schedule retry for later
    schedule_retry(retry_at)
end
Structured Errors
Rate limit errors include retry information:
{:error, {:rate_limited, ~U[2025-12-03 10:05:30Z], %{
  quota_metric: "TokensPerMinute",
  quota_id: "gemini-flash-lite-latest",
  attempt: 1
}}}

{:error, {:transient_failure, 3, original_error}}
Telemetry Events
The rate limiter emits telemetry events:
	[:gemini_ex, :rate_limit, :request, :start] - Request submitted
	[:gemini_ex, :rate_limit, :request, :stop] - Request completed
	[:gemini_ex, :rate_limit, :wait] - Waiting for retry window
	[:gemini_ex, :rate_limit, :error] - Rate limit error


      


      
        Summary


  
    Functions
  


    
      
        available_permits(model, opts \\ [])

      


        Get the number of available concurrency permits for a model.



    


    
      
        check_status(model, opts \\ [])

      


        Check if a request would be rate limited without executing.



    


    
      
        config(opts \\ [])

      


        Build a configuration struct from options.



    


    
      
        enabled?(opts \\ [])

      


        Check if rate limiting is enabled for the given options.



    


    
      
        execute(request_fn, model, opts \\ [])

      


        Execute a request through the rate limiter.



    


    
      
        execute_streaming(start_fn, model, opts \\ [])

      


        Execute a long-lived streaming request through the rate limiter.



    


    
      
        execute_with_usage_tracking(request_fn, model, opts \\ [])

      


        Execute a request and track token usage from the response.



    


    
      
        get_retry_state(model, opts \\ [])

      


        Get the current retry state for a model.



    


    
      
        get_usage(model, opts \\ [])

      


        Get current token usage for a model within the sliding window.



    


    
      
        reset_all()

      


        Reset all rate limiter state.



    





      


      
        Functions

        


    

  
    
      
    
    
      available_permits(model, opts \\ [])



        
          
        

    

  


  

      

          @spec available_permits(
  String.t(),
  keyword()
) :: non_neg_integer()


      


Get the number of available concurrency permits for a model.

  



    

  
    
      
    
    
      check_status(model, opts \\ [])



        
          
        

    

  


  

      

          @spec check_status(
  String.t(),
  keyword()
) ::
  :ok
  | {:rate_limited, DateTime.t(), map()}
  | {:over_budget, map()}
  | {:no_permits, non_neg_integer()}


      


Check if a request would be rate limited without executing.
Useful for preflight checks before submitting requests.
Returns
	:ok - Request can proceed
	{:rate_limited, retry_at, details} - Currently rate limited
	{:over_budget, usage} - Would exceed token budget
	{:no_permits, 0} - No concurrency permits available


  



    

  
    
      
    
    
      config(opts \\ [])



        
          
        

    

  


  

      

          @spec config(keyword()) :: Gemini.RateLimiter.Config.t()


      


Build a configuration struct from options.
Useful for inspecting the resolved configuration.

  



    

  
    
      
    
    
      enabled?(opts \\ [])



        
          
        

    

  


  

      

          @spec enabled?(keyword()) :: boolean()


      


Check if rate limiting is enabled for the given options.

  



    

  
    
      
    
    
      execute(request_fn, model, opts \\ [])



        
          
        

    

  


  

      

          @spec execute(
  (-> {:ok, term()} | {:error, term()}),
  String.t(),
  keyword()
) :: {:ok, term()} | {:error, term()}


      


Execute a request through the rate limiter.
This is the primary entry point for rate-limited requests. It handles:
	Rate limit state checking
	Concurrency permit acquisition
	Token budget verification
	Retry with backoff on failures

Parameters
	request_fn - Zero-arity function that makes the actual request
	model - Model name for rate limit tracking
	opts - Options (see module docs for full list)

Examples
# Basic usage
{:ok, response} = RateLimiter.execute(
  fn -> HTTP.post(path, body) end,
  "gemini-flash-lite-latest"
)

# With options
{:ok, response} = RateLimiter.execute(
  fn -> HTTP.post(path, body) end,
  "gemini-flash-lite-latest",
  non_blocking: true,
  max_concurrency_per_model: 8
)

  



    

  
    
      
    
    
      execute_streaming(start_fn, model, opts \\ [])



        
          
        

    

  


  

      

          @spec execute_streaming((-> {:ok, term()} | {:error, term()}), String.t(), keyword()) ::
  {:ok, {term(), (atom(), map() | nil -> :ok)}} | {:error, term()}


      


Execute a long-lived streaming request through the rate limiter.
Holds the concurrency permit and budget reservation until the returned
release_fn is invoked (typically on stream completion/error/stop).

  



    

  
    
      
    
    
      execute_with_usage_tracking(request_fn, model, opts \\ [])



        
          
        

    

  


  

      

          @spec execute_with_usage_tracking(
  (-> {:ok, term()} | {:error, term()}),
  String.t(),
  keyword()
) :: {:ok, term()} | {:error, term()}


      


Execute a request and track token usage from the response.
Similar to execute/3 but also records token usage from successful
responses for budget tracking.

  



    

  
    
      
    
    
      get_retry_state(model, opts \\ [])



        
          
        

    

  


  

      

          @spec get_retry_state(
  String.t(),
  keyword()
) :: Gemini.RateLimiter.State.retry_state() | nil


      


Get the current retry state for a model.
Returns information about the current rate limit window, if any.

  



    

  
    
      
    
    
      get_usage(model, opts \\ [])



        
          
        

    

  


  

      

          @spec get_usage(
  String.t(),
  keyword()
) :: Gemini.RateLimiter.State.usage_window() | nil


      


Get current token usage for a model within the sliding window.

  



  
    
      
    
    
      reset_all()



        
          
        

    

  


  

      

          @spec reset_all() :: :ok


      


Reset all rate limiter state.
Useful for testing or after configuration changes.
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Gemini.RateLimiter.ConcurrencyGate 
    



      
Per-model concurrency gating using semaphore-like permits.
Throttles request bursts by limiting concurrent requests per model.
Supports adaptive mode that adjusts concurrency based on 429 responses.
Features
	Configurable per-model concurrency limits
	Adaptive mode: starts low, raises until 429, then backs off
	Non-blocking mode support for immediate returns
	ETS-based permit tracking for cross-process visibility


      


      
        Summary


  
    Types
  


    
      
        model_key()

      


    


    
      
        permit_state()

      


    





  
    Functions
  


    
      
        acquire(model, config)

      


        Acquire a permit for the given model.



    


    
      
        available_permits(model, config)

      


        Get the number of available permits for a model.



    


    
      
        get_state(model)

      


        Get current permit state for a model.



    


    
      
        handle_holder_down(model, holder_pid)

      


    


    
      
        init()

      


        Initialize the ETS table for permit tracking.



    


    
      
        release(model)

      


        Release a permit for the given model.



    


    
      
        reset(model)

      


        Reset state for a model (useful for testing).



    


    
      
        reset_all()

      


        Reset all state (useful for testing).



    


    
      
        signal_429(model, config)

      


        Signal that a 429 was received for adaptive backoff.



    


    
      
        signal_success(model, config)

      


        Signal that a request succeeded for adaptive raise.



    





      


      
        Types

        


  
    
      
    
    
      model_key()



        
          
        

    

  


  

      

          @type model_key() :: String.t()


      



  



  
    
      
    
    
      permit_state()



        
          
        

    

  


  

      

          @type permit_state() :: %{
  current: non_neg_integer(),
  max: pos_integer(),
  adaptive_max: pos_integer() | nil,
  waiting: [pid()],
  holders: %{required(pid()) => {non_neg_integer(), pid()}}
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      acquire(model, config)



        
          
        

    

  


  

      

          @spec acquire(model_key(), Gemini.RateLimiter.Config.t()) :: :ok | {:error, atom()}


      


Acquire a permit for the given model.
Returns immediately if a permit is available. If no permit is available:
	In blocking mode: waits until a permit becomes available
	In non-blocking mode: returns {:error, :no_permit_available}

Parameters
	model - Model name
	config - Rate limiter configuration

Returns
	:ok - Permit acquired
	{:error, :no_permit_available} - No permit available (non-blocking mode)
	{:error, :concurrency_disabled} - Concurrency gating is disabled


  



  
    
      
    
    
      available_permits(model, config)



        
          
        

    

  


  

      

          @spec available_permits(model_key(), Gemini.RateLimiter.Config.t()) ::
  non_neg_integer()


      


Get the number of available permits for a model.

  



  
    
      
    
    
      get_state(model)



        
          
        

    

  


  

      

          @spec get_state(model_key()) :: permit_state() | nil


      


Get current permit state for a model.

  



  
    
      
    
    
      handle_holder_down(model, holder_pid)



        
          
        

    

  


  


  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          @spec init() :: :ok


      


Initialize the ETS table for permit tracking.
Called automatically when the RateLimitManager starts, but also
lazily initialized on first access to support direct calls without
the supervisor running.

  



  
    
      
    
    
      release(model)



        
          
        

    

  


  

      

          @spec release(model_key()) :: :ok


      


Release a permit for the given model.
Called after a request completes (success or failure).

  



  
    
      
    
    
      reset(model)



        
          
        

    

  


  

      

          @spec reset(model_key()) :: :ok


      


Reset state for a model (useful for testing).

  



  
    
      
    
    
      reset_all()



        
          
        

    

  


  

      

          @spec reset_all() :: :ok


      


Reset all state (useful for testing).

  



  
    
      
    
    
      signal_429(model, config)



        
          
        

    

  


  

      

          @spec signal_429(model_key(), Gemini.RateLimiter.Config.t()) :: :ok


      


Signal that a 429 was received for adaptive backoff.
In adaptive mode, reduces the effective max concurrency.

  



  
    
      
    
    
      signal_success(model, config)



        
          
        

    

  


  

      

          @spec signal_success(model_key(), Gemini.RateLimiter.Config.t()) :: :ok


      


Signal that a request succeeded for adaptive raise.
In adaptive mode, gradually increases concurrency up to the ceiling.
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Gemini.RateLimiter.Config 
    



      
Configuration management for the rate limiter.
Provides configuration defaults and profile-based settings for rate limiting,
concurrency gating, token budgeting, and retry behavior.
Configuration Options
	:max_concurrency_per_model - Maximum concurrent requests per model (default: 4, nil/0 disables)
	:max_attempts - Maximum retry attempts (default: 3)
	:base_backoff_ms - Base backoff duration in milliseconds (default: 1000)
	:jitter_factor - Jitter factor for backoff (default: 0.25)
	:non_blocking - Return immediately with retry_at instead of waiting (default: false)
	:disable_rate_limiter - Disable all rate limiting (default: false)
	:adaptive_concurrency - Enable adaptive concurrency (default: false)
	:adaptive_ceiling - Maximum concurrency when adaptive mode is enabled (default: 8)
	:token_budget_per_window - Maximum tokens per window (default: profile-dependent; base is 32_000, :prod profile sets 500_000; nil disables)
	:window_duration_ms - Duration of budget window in milliseconds (default: 60_000)
	:max_budget_wait_ms - Maximum time to block on over-budget windows before returning (default: nil = no cap)
	:budget_safety_multiplier - Multiplier applied to estimated tokens when reserving budget (default: 1.0)
	:permit_timeout_ms - Maximum time to wait for a concurrency permit before timing out (default: :infinity; set a number to cap wait)
	:profile - Configuration profile (see below)

Profiles
Choose a profile matching your Google Cloud tier:
	Profile	Best For	RPM	TPM	Token Budget
	:free_tier	Development, testing	15	1M	32,000
	:paid_tier_1	Standard production	500	4M	1,000,000
	:paid_tier_2	High throughput	1000	8M	2,000,000
	:dev	Local development	-	-	16,000
	:prod	Production (default)	-	-	500,000
	:custom	Explicit settings (inherits base defaults)	-	-	-

Defaults & precedence
	build/0 uses the :prod profile by default → token_budget_per_window is 500_000.
	The base struct default (32_000) is overridden by the selected profile.
	:custom uses the base defaults unless you explicitly override fields.
	Order of application: base defaults → profile → app config → per-call overrides.

Example Configuration
# Select a tier profile
config :gemini_ex, :rate_limiter, profile: :paid_tier_1

# Or customize specific settings
config :gemini_ex, :rate_limiter,
  profile: :prod,
  token_budget_per_window: 1_000_000,
  max_concurrency_per_model: 8

# Disable token budgeting (not recommended)
config :gemini_ex, :rate_limiter,
  token_budget_per_window: nil

      


      
        Summary


  
    Types
  


    
      
        profile()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        adaptive_enabled?(config)

      


        Check if adaptive concurrency is enabled.



    


    
      
        build(overrides \\ [])

      


        Build a configuration struct from application config and overrides.



    


    
      
        concurrency_enabled?(config)

      


        Check if concurrency gating is enabled.



    


    
      
        enabled?(config)

      


        Check if rate limiting is enabled.



    


    
      
        profile_config(profile)

      


        Get profile-specific configuration.



    





      


      
        Types

        


  
    
      
    
    
      profile()



        
          
        

    

  


  

      

          @type profile() :: :dev | :prod | :custom | :free_tier | :paid_tier_1 | :paid_tier_2


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.RateLimiter.Config{
  adaptive_ceiling: pos_integer(),
  adaptive_concurrency: boolean(),
  base_backoff_ms: pos_integer(),
  budget_safety_multiplier: float(),
  disable_rate_limiter: boolean(),
  jitter_factor: float(),
  max_attempts: pos_integer(),
  max_budget_wait_ms: pos_integer() | nil,
  max_concurrency_per_model: non_neg_integer() | nil,
  non_blocking: boolean(),
  permit_timeout_ms: pos_integer() | :infinity,
  profile: profile(),
  token_budget_per_window: non_neg_integer() | nil,
  window_duration_ms: pos_integer()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      adaptive_enabled?(config)



        
          
        

    

  


  

      

          @spec adaptive_enabled?(t()) :: boolean()


      


Check if adaptive concurrency is enabled.

  



    

  
    
      
    
    
      build(overrides \\ [])



        
          
        

    

  


  

      

          @spec build(keyword()) :: t()


      


Build a configuration struct from application config and overrides.
Parameters
	overrides - Keyword list of configuration overrides

Examples
config = Config.build(max_concurrency_per_model: 8, profile: :prod)

  



  
    
      
    
    
      concurrency_enabled?(config)



        
          
        

    

  


  

      

          @spec concurrency_enabled?(t()) :: boolean()


      


Check if concurrency gating is enabled.

  



  
    
      
    
    
      enabled?(config)



        
          
        

    

  


  

      

          @spec enabled?(t()) :: boolean()


      


Check if rate limiting is enabled.

  



  
    
      
    
    
      profile_config(profile)



        
          
        

    

  


  

      

          @spec profile_config(profile()) :: map()


      


Get profile-specific configuration.
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Gemini.RateLimiter.Manager 
    



      
Central rate limiter manager that coordinates request submission.
Wraps outbound requests with:
	Rate limit checking and enforcement
	Concurrency gating
	Token budgeting
	Retry handling with backoff

Enabled by default. Use disable_rate_limiter: true to opt out.
Features
	ETS-based state for cross-process visibility
	Per-model/location/metric tracking
	Configurable concurrency limits with adaptive mode
	Token budget estimation and tracking
	Telemetry event emission

Usage
# Execute a request through the rate limiter
{:ok, response} = Manager.execute(
  fn -> HTTP.post(path, body, opts) end,
  "gemini-flash-lite-latest",
  opts
)

# Non-blocking mode returns immediately if rate limited
case Manager.execute(fn -> ... end, model, non_blocking: true) do
  {:ok, response} -> handle_response(response)
  {:error, {:rate_limited, retry_at, details}} -> schedule_retry(retry_at)
end
Configuration
Configure via application environment or per-request options:
config :gemini_ex, :rate_limiter,
  max_concurrency_per_model: 4,
  max_attempts: 3,
  base_backoff_ms: 1000,
  profile: :prod
Per-request overrides:
Gemini.generate("Hello", [
  disable_rate_limiter: true,  # Bypass rate limiter
  non_blocking: true,          # Return immediately if rate limited
  max_concurrency_per_model: 8 # Override concurrency
])
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        execute_opts()

      


    


    
      
        request_fn()

      


    


    
      
        streaming_release_fn()

      


    





  
    Functions
  


    
      
        check_status(model, opts \\ [])

      


        Check if a request would be rate limited without executing it.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        execute(request_fn, model, opts \\ [])

      


        Execute a request through the rate limiter.



    


    
      
        execute_streaming(start_fn, model, opts \\ [])

      


        Execute a long-lived streaming request through the rate limiter.



    


    
      
        execute_with_usage_tracking(request_fn, model, opts \\ [])

      


        Execute a request, extracting and recording usage from the response.



    


    
      
        get_retry_state(model, opts \\ [])

      


        Get the current retry state for a model.



    


    
      
        get_usage(model, opts \\ [])

      


        Get current token usage for a model.



    


    
      
        reset_all()

      


        Reset all rate limiter state (useful for testing).



    


    
      
        start_link(opts \\ [])

      


        Start the rate limiter manager.



    





      


      
        Types

        


  
    
      
    
    
      execute_opts()



        
          
        

    

  


  

      

          @type execute_opts() :: keyword()


      



  



  
    
      
    
    
      request_fn()



        
          
        

    

  


  

      

          @type request_fn() :: (-> {:ok, term()} | {:error, term()})


      



  



  
    
      
    
    
      streaming_release_fn()



        
          
        

    

  


  

      

          @type streaming_release_fn() :: (atom(), map() | nil -> :ok)


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      check_status(model, opts \\ [])



        
          
        

    

  


  

      

          @spec check_status(String.t(), execute_opts()) ::
  :ok
  | {:rate_limited, DateTime.t(), map()}
  | {:over_budget, map()}
  | {:no_permits, non_neg_integer()}


      


Check if a request would be rate limited without executing it.
Returns
	:ok - Request can proceed
	{:rate_limited, retry_at, details} - Currently rate limited
	{:over_budget, usage} - Would exceed token budget
	{:no_permits, available} - No concurrency permits available


  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      execute(request_fn, model, opts \\ [])



        
          
        

    

  


  

      

          @spec execute(request_fn(), String.t(), execute_opts()) ::
  {:ok, term()} | {:error, term()}


      


Execute a request through the rate limiter.
Parameters
	request_fn - Zero-arity function that makes the actual HTTP request
	model - Model name for rate limit tracking
	opts - Options for rate limiting and the underlying request

Options
	:location - Location for rate limit tracking (default: "us-central1")
	:disable_rate_limiter - Bypass all rate limiting (default: false)
	:non_blocking - Return immediately if rate limited (default: false)
	:max_concurrency_per_model - Override concurrency limit
	:estimated_input_tokens - Estimated tokens for budget checking
	:estimated_cached_tokens - Estimated cached-context tokens for budget checking
	:token_budget_per_window - Maximum tokens per window (nil = no limit)

Returns
	{:ok, response} - Request succeeded
	{:error, {:rate_limited, retry_at, details}} - Rate limited
	{:error, {:transient_failure, attempts, last_error}} - Transient failure
	{:error, term()} - Other error


  



    

  
    
      
    
    
      execute_streaming(start_fn, model, opts \\ [])



        
          
        

    

  


  

      

          @spec execute_streaming(request_fn(), String.t(), execute_opts()) ::
  {:ok, {term(), streaming_release_fn()}} | {:error, term()}


      


Execute a long-lived streaming request through the rate limiter.
Returns the start result and a release function that must be called once
the stream completes, errors, or is stopped to reconcile budget and
release concurrency permits.

  



    

  
    
      
    
    
      execute_with_usage_tracking(request_fn, model, opts \\ [])



        
          
        

    

  


  

      

          @spec execute_with_usage_tracking(request_fn(), String.t(), execute_opts()) ::
  {:ok, term()} | {:error, term()}


      


Execute a request, extracting and recording usage from the response.
Similar to execute/3 but also records token usage from successful responses.

  



    

  
    
      
    
    
      get_retry_state(model, opts \\ [])



        
          
        

    

  


  

      

          @spec get_retry_state(
  String.t(),
  keyword()
) :: Gemini.RateLimiter.State.retry_state() | nil


      


Get the current retry state for a model.

  



    

  
    
      
    
    
      get_usage(model, opts \\ [])



        
          
        

    

  


  

      

          @spec get_usage(
  String.t(),
  keyword()
) :: Gemini.RateLimiter.State.usage_window() | nil


      


Get current token usage for a model.

  



  
    
      
    
    
      reset_all()



        
          
        

    

  


  

      

          @spec reset_all() :: :ok


      


Reset all rate limiter state (useful for testing).

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Start the rate limiter manager.

  


        

      


  

  
    
    Gemini.RateLimiter.RetryManager - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.RateLimiter.RetryManager 
    



      
Manages retry logic with backoff strategies.
Handles:
	429 rate limit responses with server-provided RetryInfo delay
	Transient 5xx errors with exponential backoff and jitter
	Network/transport errors with bounded retries

Coordinates with the rate limiter state to avoid double retries.
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    Types
  


    
      
        response_status()

      


    


    
      
        retry_result()

      


    





  
    Functions
  


    
      
        calculate_backoff(attempt, config)

      


        Calculate backoff duration for a given attempt.



    


    
      
        classify_response(arg)

      


        Classify a response to determine retry behavior.



    


    
      
        execute_with_retry(request_fn, state_key, config, opts \\ [])

      


        Execute a request function with retry handling.



    


    
      
        extract_retry_info(arg1)

      


        Extract retry delay from a 429 error response.
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      response_status()



        
          
        

    

  


  

      

          @type response_status() :: :success | :rate_limited | :transient | :permanent


      



  



  
    
      
    
    
      retry_result()



        
          
        

    

  


  

      

          @type retry_result() ::
  {:ok, term()}
  | {:error, {:rate_limited, DateTime.t(), map()}}
  | {:error, {:transient_failure, pos_integer(), term()}}
  | {:error, term()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      calculate_backoff(attempt, config)



        
          
        

    

  


  

      

          @spec calculate_backoff(pos_integer(), Gemini.RateLimiter.Config.t()) :: pos_integer()


      


Calculate backoff duration for a given attempt.
Uses exponential backoff with jitter: base  2^(attempt-1)  (1 ± jitter)

  



  
    
      
    
    
      classify_response(arg)



        
          
        

    

  


  

      

          @spec classify_response({:ok, term()} | {:error, term()}) :: response_status()


      


Classify a response to determine retry behavior.
Returns
	:success - Request succeeded
	:rate_limited - 429 response, should wait for RetryInfo delay
	:transient - Retryable error (5xx, network)
	:permanent - Non-retryable error (4xx except 429)


  



    

  
    
      
    
    
      execute_with_retry(request_fn, state_key, config, opts \\ [])



        
          
        

    

  


  

      

          @spec execute_with_retry(
  (-> {:ok, term()} | {:error, term()}),
  Gemini.RateLimiter.State.state_key(),
  Gemini.RateLimiter.Config.t(),
  keyword()
) :: retry_result()


      


Execute a request function with retry handling.
Parameters
	request_fn - Zero-arity function that makes the actual request
	state_key - Key for rate limit state tracking
	config - Rate limiter configuration
	opts - Additional options

Options
	:attempt - Current attempt number (internal use)

Returns
	{:ok, response} - Request succeeded
	{:error, {:rate_limited, retry_at, details}} - Rate limited, wait until retry_at
	{:error, {:transient_failure, attempts, last_error}} - Transient failure after max attempts
	{:error, reason} - Permanent failure


  



  
    
      
    
    
      extract_retry_info(arg1)



        
          
        

    

  


  

      

          @spec extract_retry_info({:error, term()}) :: map()


      


Extract retry delay from a 429 error response.

  


        

      


  

  
    
    Gemini.RateLimiter.State - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.RateLimiter.State 
    



      
ETS-based state management for rate limiting.
Tracks per-model/location/metric state including:
	retry_until timestamps derived from 429 RetryInfo
	Token usage sliding windows for budget estimation
	Concurrency permits for gating

State is keyed by {model, location, metric} tuples for fine-grained tracking.
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        retry_state()

      


    


    
      
        state_key()

      


    


    
      
        usage_window()

      


    





  
    Functions
  


    
      
        build_key(model, location, metric)

      


        Build a state key from model, location, and metric.



    


    
      
        clear_retry_state(key)

      


        Clear the retry state for a key (called after successful request).



    


    
      
        get_current_usage(key)

      


        Get current usage within the sliding window.



    


    
      
        get_retry_state(key)

      


        Get the current retry state details for a key.



    


    
      
        get_retry_until(key)

      


        Get the current retry_until timestamp for a given key.



    


    
      
        init()

      


        Initialize the ETS table for state storage.



    


    
      
        reconcile_reservation(key, reservation_ctx, usage_map, opts \\ [])

      


        Reconcile a reservation with actual usage, returning surplus or charging shortfall.



    


    
      
        record_usage(key, input_tokens, output_tokens, opts \\ [])

      


        Record token usage in the sliding window.



    


    
      
        release_reservation(key, reservation_ctx, opts \\ [])

      


        Remove a reservation without adding usage (e.g., when the request never executed).



    


    
      
        reset_all()

      


        Reset all state (useful for testing).



    


    
      
        set_retry_state(key, retry_info)

      


        Update the retry_until state from a 429 response with RetryInfo.



    


    
      
        try_reserve_budget(key, estimated_total_tokens, budget, opts \\ [])

      


        Atomically reserve tokens in the current window.



    


    
      
        would_exceed_budget?(key, estimated_input_tokens, token_budget_per_window)

      


        Estimate if a request would exceed budget based on current window usage.
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      reservation_ctx()



        
          
        

    

  


  

      

          @type reservation_ctx() :: %{
  reserved_tokens: non_neg_integer(),
  estimated_tokens: non_neg_integer(),
  window_start: DateTime.t() | nil,
  window_end: DateTime.t() | nil,
  budget: non_neg_integer() | nil
}


      



  



  
    
      
    
    
      retry_state()



        
          
        

    

  


  

      

          @type retry_state() :: %{
  retry_until: DateTime.t() | nil,
  quota_metric: String.t() | nil,
  quota_id: String.t() | nil,
  quota_dimensions: map() | nil,
  quota_value: term() | nil,
  last_429_at: DateTime.t() | nil
}


      



  



  
    
      
    
    
      state_key()



        
          
        

    

  


  

      

          @type state_key() :: {model :: String.t(), location :: String.t(), metric :: atom()}


      



  



  
    
      
    
    
      usage_window()



        
          
        

    

  


  

      

          @type usage_window() :: %{
  input_tokens: non_neg_integer(),
  output_tokens: non_neg_integer(),
  reserved_tokens: non_neg_integer(),
  window_start: DateTime.t(),
  window_duration_ms: pos_integer()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      build_key(model, location, metric)



        
          
        

    

  


  

      

          @spec build_key(String.t(), String.t() | nil, atom()) :: state_key()


      


Build a state key from model, location, and metric.

  



  
    
      
    
    
      clear_retry_state(key)



        
          
        

    

  


  

      

          @spec clear_retry_state(state_key()) :: :ok


      


Clear the retry state for a key (called after successful request).

  



  
    
      
    
    
      get_current_usage(key)



        
          
        

    

  


  

      

          @spec get_current_usage(state_key()) :: usage_window() | nil


      


Get current usage within the sliding window.

  



  
    
      
    
    
      get_retry_state(key)



        
          
        

    

  


  

      

          @spec get_retry_state(state_key()) :: retry_state() | nil


      


Get the current retry state details for a key.

  



  
    
      
    
    
      get_retry_until(key)



        
          
        

    

  


  

      

          @spec get_retry_until(state_key()) :: DateTime.t() | nil


      


Get the current retry_until timestamp for a given key.
Returns nil if no retry is needed or the timestamp has passed.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          @spec init() :: :ok


      


Initialize the ETS table for state storage.
Called automatically when the RateLimitManager starts, but also
lazily initialized on first access to support direct calls without
the supervisor running.

  



    

  
    
      
    
    
      reconcile_reservation(key, reservation_ctx, usage_map, opts \\ [])



        
          
        

    

  


  

      

          @spec reconcile_reservation(state_key(), reservation_ctx(), map() | nil, keyword()) ::
  usage_window()


      


Reconcile a reservation with actual usage, returning surplus or charging shortfall.

  



    

  
    
      
    
    
      record_usage(key, input_tokens, output_tokens, opts \\ [])



        
          
        

    

  


  

      

          @spec record_usage(state_key(), non_neg_integer(), non_neg_integer(), keyword()) ::
  :ok


      


Record token usage in the sliding window.
Parameters
	key - State key tuple
	input_tokens - Number of input tokens used
	output_tokens - Number of output tokens used
	opts - Options including:	:window_duration_ms - Custom window duration (default: 60_000)




  



    

  
    
      
    
    
      release_reservation(key, reservation_ctx, opts \\ [])



        
          
        

    

  


  

      

          @spec release_reservation(state_key(), reservation_ctx(), keyword()) :: usage_window()


      


Remove a reservation without adding usage (e.g., when the request never executed).

  



  
    
      
    
    
      reset_all()



        
          
        

    

  


  

      

          @spec reset_all() :: :ok


      


Reset all state (useful for testing).

  



  
    
      
    
    
      set_retry_state(key, retry_info)



        
          
        

    

  


  

      

          @spec set_retry_state(state_key(), map()) :: :ok


      


Update the retry_until state from a 429 response with RetryInfo.
Parameters
	key - State key tuple
	retry_info - Map containing retry delay and quota information

RetryInfo format from Gemini API
%{
  "retryDelay" => "60s",
  "quotaMetric" => "...",
  "quotaId" => "...",
  "quotaDimensions" => %{...}
}

  



    

  
    
      
    
    
      try_reserve_budget(key, estimated_total_tokens, budget, opts \\ [])



        
          
        

    

  


  

      

          @spec try_reserve_budget(
  state_key(),
  non_neg_integer(),
  non_neg_integer() | nil,
  keyword()
) ::
  {:ok, reservation_ctx()} | {:error, {:over_budget, map()}}


      


Atomically reserve tokens in the current window.
Returns {:ok, reservation_ctx} when the reservation fits, or
{:error, {:over_budget, details}} when it would exceed the configured budget.

  



  
    
      
    
    
      would_exceed_budget?(key, estimated_input_tokens, token_budget_per_window)



        
          
        

    

  


  

      

          @spec would_exceed_budget?(state_key(), non_neg_integer(), non_neg_integer() | nil) ::
  boolean()


      


Estimate if a request would exceed budget based on current window usage.
Parameters
	key - State key tuple
	estimated_input_tokens - Estimated input tokens for the request
	token_budget_per_window - Maximum tokens allowed per window (nil = no limit)
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Gemini.Streaming.Manager 
    



      
GenServer for managing streaming connections and state.
This GenServer handles:
	Managing multiple concurrent streaming sessions
	Buffering and parsing Server-Sent Events
	Maintaining connection state and metadata
	Automatic reconnection and error recovery
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    Types
  


    
      
        state()

      


    


    
      
        stream_id()

      


    


    
      
        stream_state()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_stream_info(stream_id)

      


        Get information about a specific stream.



    


    
      
        get_stream_status(stream_id)

      


        Get the current status of a stream.



    


    
      
        list_streams()

      


        List all active streams.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        start_stream(contents, opts, subscriber_pid)

      


        Start a new streaming session with contents and options.
(Alternative signature for compatibility)



    


    
      
        start_stream(auth_type, credentials, model, endpoint, request_body, opts \\ [])

      


        Start a new streaming session.



    


    
      
        stop_stream(stream_id)

      


        Stop a streaming session.



    


    
      
        subscribe(stream_id, subscriber_pid \\ self())

      


        Subscribe to events from a streaming session.



    


    
      
        subscribe_stream(stream_id, subscriber_pid \\ self())

      


        Subscribe to events from a streaming session.
(Alias for subscribe/2)



    


    
      
        unsubscribe(stream_id, subscriber_pid \\ self())

      


        Unsubscribe from a streaming session.
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      state()



        
          
        

    

  


  

      

          @type state() :: %{
  streams: %{required(stream_id()) => stream_state()},
  stream_counter: non_neg_integer()
}


      



  



  
    
      
    
    
      stream_id()



        
          
        

    

  


  

      

          @type stream_id() :: String.t()


      



  



  
    
      
    
    
      stream_state()



        
          
        

    

  


  

      

          @type stream_state() :: %{
  stream_id: stream_id(),
  pid: pid(),
  auth_type: atom(),
  credentials: map(),
  model: String.t(),
  endpoint: String.t(),
  request_body: map(),
  buffer: String.t(),
  status: :active | :completed | :error,
  error: term() | nil,
  events: [map()],
  subscribers: [pid()]
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      get_stream_info(stream_id)



        
          
        

    

  


  

Get information about a specific stream.

  



  
    
      
    
    
      get_stream_status(stream_id)



        
          
        

    

  


  

Get the current status of a stream.

  



  
    
      
    
    
      list_streams()



        
          
        

    

  


  

List all active streams.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      start_stream(contents, opts, subscriber_pid)



        
          
        

    

  


  

Start a new streaming session with contents and options.
(Alternative signature for compatibility)

  



    

  
    
      
    
    
      start_stream(auth_type, credentials, model, endpoint, request_body, opts \\ [])



        
          
        

    

  


  

Start a new streaming session.
Returns a stream ID that can be used to subscribe to events.

  



  
    
      
    
    
      stop_stream(stream_id)



        
          
        

    

  


  

Stop a streaming session.

  



    

  
    
      
    
    
      subscribe(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

Subscribe to events from a streaming session.

  



    

  
    
      
    
    
      subscribe_stream(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

Subscribe to events from a streaming session.
(Alias for subscribe/2)

  



    

  
    
      
    
    
      unsubscribe(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

Unsubscribe from a streaming session.
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Gemini.Streaming.ManagerV2 
    



      
Improved GenServer for managing streaming connections and state.
Features:
	Proper HTTP streaming with persistent connections
	Resource management and cleanup
	Subscriber pattern with backpressure
	Error handling and automatic retries
	Stream lifecycle management
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        manager_state()

      


    


    
      
        stream_id()

      


    


    
      
        stream_state()

      


    


    
      
        subscriber_ref()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_stats()

      


        Get manager statistics.



    


    
      
        get_stream_info(stream_id)

      


        Get information about a stream.



    


    
      
        list_streams()

      


        List all active streams.



    


    
      
        start_link(opts \\ [])

      


        Start the streaming manager.



    


    
      
        start_stream(contents, opts \\ [], subscriber_pid \\ self())

      


        Start a new streaming session.



    


    
      
        stop_stream(stream_id)

      


        Stop a streaming session.



    


    
      
        subscribe_stream(stream_id, subscriber_pid \\ self())

      


        Subscribe to events from an existing stream.



    


    
      
        unsubscribe_stream(stream_id, subscriber_pid \\ self())

      


        Unsubscribe from a stream.



    





      


      
        Types

        


  
    
      
    
    
      manager_state()



        
          
        

    

  


  

      

          @type manager_state() :: %{
  streams: %{required(stream_id()) => stream_state()},
  stream_counter: non_neg_integer(),
  max_streams: pos_integer(),
  default_timeout: pos_integer(),
  cleanup_delay_ms: pos_integer()
}


      



  



  
    
      
    
    
      stream_id()



        
          
        

    

  


  

      

          @type stream_id() :: String.t()


      



  



  
    
      
    
    
      stream_state()



        
          
        

    

  


  

      

          @type stream_state() :: %{
  stream_id: stream_id(),
  stream_pid: pid() | nil,
  model: String.t(),
  request_body: map(),
  status: :starting | :active | :completed | :error | :stopped,
  error: term() | nil,
  started_at: DateTime.t(),
  subscribers: [subscriber_ref()],
  events_count: non_neg_integer(),
  last_event_at: DateTime.t() | nil,
  config: keyword()
}


      



  



  
    
      
    
    
      subscriber_ref()



        
          
        

    

  


  

      

          @type subscriber_ref() :: {pid(), reference()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      get_stats()



        
          
        

    

  


  

      

          @spec get_stats() :: map()


      


Get manager statistics.

  



  
    
      
    
    
      get_stream_info(stream_id)



        
          
        

    

  


  

      

          @spec get_stream_info(stream_id()) :: {:ok, map()} | {:error, term()}


      


Get information about a stream.

  



  
    
      
    
    
      list_streams()



        
          
        

    

  


  

      

          @spec list_streams() :: [stream_id()]


      


List all active streams.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Start the streaming manager.

  



    

    

  
    
      
    
    
      start_stream(contents, opts \\ [], subscriber_pid \\ self())



        
          
        

    

  


  

      

          @spec start_stream(term(), keyword(), pid()) :: {:ok, stream_id()} | {:error, term()}


      


Start a new streaming session.
Parameters
	contents - Content to stream (string or list of Content structs)
	opts - Generation options (model, generation_config, etc.)
	subscriber_pid - Process to receive stream events (default: calling process)

Returns
	{:ok, stream_id} - Stream started successfully
	{:error, reason} - Failed to start stream

Events sent to subscriber:
	{:stream_event, stream_id, event_data} - New event received
	{:stream_complete, stream_id} - Stream completed successfully
	{:stream_error, stream_id, error} - Stream failed with error


  



  
    
      
    
    
      stop_stream(stream_id)



        
          
        

    

  


  

      

          @spec stop_stream(stream_id()) :: :ok | {:error, term()}


      


Stop a streaming session.

  



    

  
    
      
    
    
      subscribe_stream(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

      

          @spec subscribe_stream(stream_id(), pid()) :: :ok | {:error, term()}


      


Subscribe to events from an existing stream.

  



    

  
    
      
    
    
      unsubscribe_stream(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

      

          @spec unsubscribe_stream(stream_id(), pid()) :: :ok | {:error, term()}


      


Unsubscribe from a stream.
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Gemini.Streaming.ToolOrchestrator 
    



      
GenServer responsible for managing a single, stateful, automatic tool-calling stream.
This orchestrator handles the complex multi-stage streaming process:
	Starts the initial streaming HTTP request to the Gemini API
	Buffers and inspects incoming chunks for function calls
	When function calls are detected, stops the first stream and executes tools
	Starts a second streaming request with the complete history including tool results
	Proxies the final stream events to the original subscriber

The orchestrator maintains state throughout this process and handles errors gracefully.

      


      
        Summary


  
    Types
  


    
      
        orchestrator_state()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(stream_id, subscriber_pid, chat, auth_strategy, config)

      


        Start a new tool orchestrator for automatic streaming.



    


    
      
        stop(orchestrator_pid)

      


        Stop the orchestrator and all associated streams.



    


    
      
        subscribe(orchestrator_pid, subscriber_pid)

      


        Subscribe an additional process to receive stream events.



    





      


      
        Types

        


  
    
      
    
    
      orchestrator_state()



        
          
        

    

  


  

      

          @type orchestrator_state() :: %{
  stream_id: String.t(),
  subscriber_pid: pid(),
  chat: Gemini.Chat.t(),
  auth_strategy: :gemini | :vertex_ai,
  config: keyword(),
  phase: :awaiting_model_call | :executing_tools | :awaiting_final_response,
  first_stream_pid: pid() | nil,
  second_stream_pid: pid() | nil,
  buffered_chunks: [map()],
  turn_limit: non_neg_integer(),
  error: term() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      start_link(stream_id, subscriber_pid, chat, auth_strategy, config)



        
          
        

    

  


  

      

          @spec start_link(String.t(), pid(), Gemini.Chat.t(), :gemini | :vertex_ai, keyword()) ::
  GenServer.on_start()


      


Start a new tool orchestrator for automatic streaming.
Parameters
	stream_id: Unique identifier for this stream
	subscriber_pid: Process to receive final stream events
	chat: Initial chat state with history and options
	auth_strategy: Authentication strategy to use
	config: Additional configuration options

Returns
	{:ok, pid()}: Orchestrator started successfully
	{:error, reason}: Failed to start orchestrator


  



  
    
      
    
    
      stop(orchestrator_pid)



        
          
        

    

  


  

      

          @spec stop(pid()) :: :ok


      


Stop the orchestrator and all associated streams.

  



  
    
      
    
    
      subscribe(orchestrator_pid, subscriber_pid)



        
          
        

    

  


  

      

          @spec subscribe(pid(), pid()) :: :ok


      


Subscribe an additional process to receive stream events.
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Gemini.Supervisor 
    



      
Top-level supervisor for the Gemini application.
Manages the streaming infrastructure, tool execution runtime, and rate limiting,
providing a unified supervision tree for all Gemini components.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(init_arg \\ :ok)

      


        Start the Gemini supervisor.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      start_link(init_arg \\ :ok)



        
          
        

    

  


  

      

          @spec start_link(term()) :: Supervisor.on_start()


      


Start the Gemini supervisor.
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Gemini.Tools 
    



      
High-level facade for tool registration and execution in the Gemini client.
This module provides a convenient interface for developers to register tool
implementations and execute function calls returned by the Gemini API. It
integrates with the ALTAR LATER runtime for robust tool execution.
Usage
# Register a tool
{:ok, declaration} = Altar.ADM.new_function_declaration(%{
  name: "get_weather",
  description: "Gets weather for a location",
  parameters: %{}
})

:ok = Gemini.Tools.register(declaration, &MyApp.Tools.get_weather/1)

# Execute function calls from API response
function_calls = [%Altar.ADM.FunctionCall{...}]
{:ok, results} = Gemini.Tools.execute_calls(function_calls)

      


      
        Summary


  
    Functions
  


    
      
        execute_calls(function_calls)

      


        Execute a list of function calls in parallel using the LATER executor.



    


    
      
        register(declaration, fun)

      


        Register a tool implementation with the LATER registry.



    





      


      
        Functions

        


  
    
      
    
    
      execute_calls(function_calls)



        
          
        

    

  


  

      

          @spec execute_calls([Altar.ADM.FunctionCall.t()]) :: {:ok, [Altar.ADM.ToolResult.t()]}


      


Execute a list of function calls in parallel using the LATER executor.
Takes a list of %Altar.ADM.FunctionCall{} structs (typically from a
GenerateContentResponse) and executes them concurrently, returning a list
of %Altar.ADM.ToolResult{} structs.
Returns {:ok, [ToolResult.t()]} on success. Individual tool failures
are captured in the ToolResult's is_error field rather than causing
the entire operation to fail.

  



  
    
      
    
    
      register(declaration, fun)



        
          
        

    

  


  

      

          @spec register(Altar.ADM.FunctionDeclaration.t(), (map() -> any())) ::
  :ok | {:error, term()}


      


Register a tool implementation with the LATER registry.
	declaration is a validated %Altar.ADM.FunctionDeclaration{}
	fun is an arity-1 function that accepts a map of arguments

Returns :ok on success or {:error, reason} if registration fails.
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Gemini.Tools.AutomaticFunctionCalling 
    



      
Implements the Automatic Function Calling (AFC) loop for Gemini.
AFC automatically executes function calls from Gemini responses and continues
the conversation until no more function calls are needed or limits are reached.
How It Works
	Send initial request to Gemini with tools defined
	Check if response contains function calls
	If yes, execute function calls against the registry
	Build function response content
	Send new request with function results
	Repeat until no more function calls or max_calls reached

Configuration
Use config/1 to create an AFC configuration:
config = AFC.config(
  max_calls: 10,           # Maximum function calls before stopping
  ignore_call_history: false,  # Whether to track call history
  enabled: true            # Enable/disable AFC
)
Usage with Coordinator
AFC is typically used through the high-level API:
# Define tools
tools = [
  %FunctionDeclaration{
    name: "get_weather",
    description: "Get current weather",
    parameters: %{type: "object", properties: %{"location" => %{type: "string"}}}
  }
]

# Define registry
registry = %{
  "get_weather" => fn args -> WeatherService.get(args["location"]) end
}

# Generate with AFC
{:ok, response} = Gemini.generate(
  "What's the weather in NYC?",
  tools: tools,
  auto_execute_tools: true,
  tool_registry: registry
)
Manual AFC Loop
For more control, you can use the AFC functions directly:
response = initial_response
history = []
call_count = 0
config = AFC.config(max_calls: 5)

{final_response, call_count, history} =
  AFC.loop(response, contents, registry, config, call_count, history, generate_fn)

      


      
        Summary


  
    Types
  


    
      
        call_history()

      


    


    
      
        config()

      


    


    
      
        generate_fn()

      


    





  
    Functions
  


    
      
        build_function_response_content(calls, results)

      


        Build content containing function responses for the API.



    


    
      
        config(opts \\ [])

      


        Create an AFC configuration.



    


    
      
        extract_function_calls(response)

      


        Extract function calls from a Gemini API response.



    


    
      
        extract_model_content_for_api(response)

      


        Extract model content from a response in API-compatible format.



    


    
      
        has_function_calls?(response)

      


        Check if a response contains function calls.



    


    
      
        loop(response, contents, registry, config, call_count, history, generate_fn, opts \\ [])

      


        Execute the AFC loop.



    


    
      
        should_continue?(response, config, call_count)

      


        Determine if the AFC loop should continue.



    


    
      
        track_history(history, calls)

      


        Track function call history.



    





      


      
        Types

        


  
    
      
    
    
      call_history()



        
          
        

    

  


  

      

          @type call_history() :: [Altar.ADM.FunctionCall.t()]


      



  



  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: Gemini.Tools.AutomaticFunctionCalling.Config.t()


      



  



  
    
      
    
    
      generate_fn()



        
          
        

    

  


  

      

          @type generate_fn() :: (list(), keyword() -> {:ok, map()} | {:error, term()})


      



  


        

      

      
        Functions

        


  
    
      
    
    
      build_function_response_content(calls, results)



        
          
        

    

  


  

      

          @spec build_function_response_content([Altar.ADM.FunctionCall.t()], [
  Gemini.Tools.Executor.execution_result()
]) :: map()


      


Build content containing function responses for the API.
Parameters
	calls: List of executed FunctionCall structs
	results: List of execution results from Executor

Returns
A content map with role "function" and function response parts.

  



  
    
      
    
    
      config(opts \\ [])



        
          
        

    

  


  

      

          @spec config(keyword()) :: Gemini.Tools.AutomaticFunctionCalling.Config.t()


      


Create an AFC configuration.
Options
	:max_calls - Maximum number of function calls to execute (default: 10)
	:ignore_call_history - If true, don't track call history (default: false)
	:enabled - Enable or disable AFC (default: true)
	:parallel_execution - Execute multiple calls in parallel (default: false)

Examples
# Default configuration
config = AFC.config()

# Custom configuration
config = AFC.config(max_calls: 5, parallel_execution: true)

# Disable AFC
config = AFC.config(enabled: false)

  



  
    
      
    
    
      extract_function_calls(response)



        
          
        

    

  


  

      

          @spec extract_function_calls(map()) :: [Altar.ADM.FunctionCall.t()]


      


Extract function calls from a Gemini API response.
Parameters
	response: Raw API response map or GenerateContentResponse struct

Returns
List of FunctionCall structs.
Examples
calls = AFC.extract_function_calls(response)
[%FunctionCall{name: "get_weather", args: %{"location" => "NYC"}}] = calls

  



  
    
      
    
    
      extract_model_content_for_api(response)



        
          
        

    

  


  

      

          @spec extract_model_content_for_api(map()) :: map()


      


Extract model content from a response in API-compatible format.
This is useful for multi-turn conversations where you need to include
the model's response (including function calls) in the conversation history.
Parameters
	response: A GenerateContentResponse struct or raw API response map

Returns
A map with role: "model" and parts in API format (camelCase keys).
Examples
# Get model content for conversation history
model_content = AFC.extract_model_content_for_api(response)
contents = [user_content, model_content, function_response_content]

  



  
    
      
    
    
      has_function_calls?(response)



        
          
        

    

  


  

      

          @spec has_function_calls?(map()) :: boolean()


      


Check if a response contains function calls.
Examples
if AFC.has_function_calls?(response) do
  # Handle function calls
end

  



    

  
    
      
    
    
      loop(response, contents, registry, config, call_count, history, generate_fn, opts \\ [])



        
          
        

    

  


  

      

          @spec loop(
  map(),
  list(),
  Gemini.Tools.Executor.function_registry(),
  Gemini.Tools.AutomaticFunctionCalling.Config.t(),
  non_neg_integer(),
  call_history(),
  generate_fn(),
  keyword()
) :: {map(), non_neg_integer(), call_history()}


      


Execute the AFC loop.
This is the main entry point for automatic function calling. It:
	Checks if response contains function calls
	Executes them against the registry
	Builds function response content
	Calls the generate function with updated contents
	Repeats until done or limits reached

Parameters
	response: Initial Gemini response
	contents: Current conversation contents
	registry: Function registry map
	config: AFC configuration
	call_count: Current call count (usually 0)
	history: Call history (usually [])
	generate_fn: Function to call Gemini API

Returns
{final_response, final_call_count, final_history}
Examples
generate_fn = fn contents, opts ->
  Gemini.APIs.Coordinator.generate_content(contents, opts)
end

{response, call_count, history} =
  AFC.loop(initial_response, contents, registry, config, 0, [], generate_fn)

  



  
    
      
    
    
      should_continue?(response, config, call_count)



        
          
        

    

  


  

      

          @spec should_continue?(
  map(),
  Gemini.Tools.AutomaticFunctionCalling.Config.t(),
  non_neg_integer()
) ::
  boolean()


      


Determine if the AFC loop should continue.
Returns true if:
	AFC is enabled
	Response contains function calls
	Call count is below max_calls limit

Parameters
	response: The current Gemini response
	config: AFC configuration
	call_count: Current number of executed calls

Examples
if AFC.should_continue?(response, config, call_count) do
  # Continue AFC loop
end

  



  
    
      
    
    
      track_history(history, calls)



        
          
        

    

  


  

      

          @spec track_history(call_history(), [Altar.ADM.FunctionCall.t()]) :: call_history()


      


Track function call history.
Parameters
	history: Current call history
	calls: New calls to add

Returns
Updated history with new calls appended.
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Gemini.Tools.AutomaticFunctionCalling.Config 
    



      
Configuration for automatic function calling.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        AFC configuration



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Tools.AutomaticFunctionCalling.Config{
  enabled: boolean(),
  ignore_call_history: boolean(),
  max_calls: non_neg_integer(),
  parallel_execution: boolean()
}


      


AFC configuration
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Gemini.Tools.Executor 
    



      
Executes function calls from Gemini API responses against a registry of implementations.
This module provides the core function execution infrastructure for tool calling.
It handles:
	Executing single function calls against a function registry
	Batch execution of multiple calls (sequential or parallel)
	Building function responses for multi-turn conversations
	Error handling and recovery

Function Registry
A function registry is a map from function names to implementations:
registry = %{
  "get_weather" => fn args -> WeatherService.get(args["location"]) end,
  "search_database" => fn args -> Database.search(args["query"]) end
}
You can also use create_registry/1 for convenience:
registry = Executor.create_registry(
  get_weather: &WeatherService.get(&1["location"]),
  search_database: &Database.search(&1["query"])
)
Examples
# Single execution
{:ok, call} = FunctionCall.new(call_id: "1", name: "add", args: %{"a" => 1, "b" => 2})
registry = %{"add" => fn args -> args["a"] + args["b"] end}

{:ok, result} = Executor.execute(call, registry)
#=> {:ok, 3}

# Batch execution
calls = [call1, call2, call3]
results = Executor.execute_all(calls, registry)

# Parallel execution for I/O-bound functions
results = Executor.execute_all_parallel(calls, registry)

# Build responses for Gemini API
responses = Executor.build_responses(calls, results)

      


      
        Summary


  
    Types
  


    
      
        execution_result()

      


    


    
      
        function_impl()

      


    


    
      
        function_registry()

      


    





  
    Functions
  


    
      
        build_responses(calls, results)

      


        Build FunctionResponse structs from execution results.



    


    
      
        create_registry(functions)

      


        Create a function registry from a keyword list or map.



    


    
      
        execute(function_call, registry)

      


        Execute a single function call against the registry.



    


    
      
        execute_all(calls, registry)

      


        Execute multiple function calls sequentially.



    


    
      
        execute_all_parallel(calls, registry, opts \\ [])

      


        Execute multiple function calls in parallel.



    





      


      
        Types

        


  
    
      
    
    
      execution_result()



        
          
        

    

  


  

      

          @type execution_result() :: {:ok, term()} | {:error, term()}


      



  



  
    
      
    
    
      function_impl()



        
          
        

    

  


  

      

          @type function_impl() :: (map() -> term()) | {module(), atom(), list()}


      



  



  
    
      
    
    
      function_registry()



        
          
        

    

  


  

      

          @type function_registry() :: %{required(String.t()) => function_impl()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      build_responses(calls, results)



        
          
        

    

  


  

      

          @spec build_responses([Altar.ADM.FunctionCall.t()], [execution_result()]) :: [
  Gemini.Types.FunctionResponse.t()
]


      


Build FunctionResponse structs from execution results.
Creates responses suitable for sending back to the Gemini API
in multi-turn function calling conversations.
Parameters
	calls: Original function calls
	results: Execution results from execute_all/2 or execute_all_parallel/3

Returns
List of FunctionResponse structs.
Examples
calls = [call1, call2]
results = Executor.execute_all(calls, registry)
responses = Executor.build_responses(calls, results)

# Use responses in next Gemini API call
contents = [previous_response, %{role: "function", parts: responses}]

  



  
    
      
    
    
      create_registry(functions)



        
          
        

    

  


  

      

          @spec create_registry(keyword() | map()) :: function_registry()


      


Create a function registry from a keyword list or map.
Converts atom keys to strings for consistent lookup.
Examples
# From keyword list
registry = Executor.create_registry(
  add: fn args -> args["a"] + args["b"] end,
  multiply: fn args -> args["a"] * args["b"] end
)

# From map with string keys
registry = Executor.create_registry(%{
  "add" => fn args -> args["a"] + args["b"] end
})

  



  
    
      
    
    
      execute(function_call, registry)



        
          
        

    

  


  

      

          @spec execute(Altar.ADM.FunctionCall.t(), function_registry()) :: execution_result()


      


Execute a single function call against the registry.
Parameters
	call: A FunctionCall struct with name and args
	registry: Map from function names to implementations

Returns
	{:ok, result} - Function executed successfully
	{:error, {:unknown_function, name}} - Function not found in registry
	{:error, {:execution_error, exception}} - Function raised an exception

Examples
{:ok, call} = FunctionCall.new(call_id: "1", name: "double", args: %{"n" => 5})
registry = %{"double" => fn args -> args["n"] * 2 end}

{:ok, 10} = Executor.execute(call, registry)

  



  
    
      
    
    
      execute_all(calls, registry)



        
          
        

    

  


  

      

          @spec execute_all([Altar.ADM.FunctionCall.t()], function_registry()) :: [
  execution_result()
]


      


Execute multiple function calls sequentially.
Returns results in the same order as the input calls.
Parameters
	calls: List of FunctionCall structs
	registry: Function registry

Returns
List of execution results, one for each call.
Examples
results = Executor.execute_all([call1, call2], registry)
[{:ok, result1}, {:ok, result2}] = results

  



    

  
    
      
    
    
      execute_all_parallel(calls, registry, opts \\ [])



        
          
        

    

  


  

      

          @spec execute_all_parallel(
  [Altar.ADM.FunctionCall.t()],
  function_registry(),
  keyword()
) :: [
  execution_result()
]


      


Execute multiple function calls in parallel.
Uses Task.async_stream for concurrent execution. Best for I/O-bound
functions like HTTP requests or database queries.
Parameters
	calls: List of FunctionCall structs
	registry: Function registry
	opts: Options passed to Task.async_stream (default: max_concurrency: 10)

Returns
List of execution results, in the same order as input calls.
Examples
# Execute 3 slow operations in parallel
results = Executor.execute_all_parallel([call1, call2, call3], registry)
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Gemini.Types.BatchJob 
    



      
Type definitions for batch processing jobs.
Batch processing allows submitting large numbers of requests at once
with 50% cost savings compared to interactive API calls.
Batch Job States
	:job_state_unspecified - Initial/unknown state
	:queued - Job is queued for processing
	:pending - Job is preparing to run
	:running - Job is actively processing
	:succeeded - Job completed successfully
	:failed - Job failed
	:cancelling - Job is being cancelled
	:cancelled - Job was cancelled
	:paused - Job is paused (Vertex AI)
	:expired - Job expired
	:partially_succeeded - Some requests succeeded, some failed

Example
# Create a batch job
{:ok, batch} = Gemini.APIs.Batches.create(
  "gemini-2.0-flash",
  file_name: "files/input-12345"
)

# Poll for completion
{:ok, completed} = Gemini.APIs.Batches.wait(batch.name)

# Get results
if BatchJob.succeeded?(completed) do
  IO.puts("Processed #{completed.completion_stats.total_count} requests")
end

      


      
        Summary


  
    Types
  


    
      
        batch_destination()

      


        Batch job destination configuration.



    


    
      
        batch_source()

      


        Batch job source configuration.



    


    
      
        completion_stats()

      


        Completion statistics for a batch job.



    


    
      
        job_error()

      


        Batch job error details.



    


    
      
        job_state()

      


        Batch job state enumeration.



    


    
      
        t()

      


        Represents a batch processing job.



    





  
    Functions
  


    
      
        cancelled?(arg1)

      


        Checks if the batch job was cancelled.



    


    
      
        complete?(arg1)

      


        Checks if the batch job is complete (terminal state).



    


    
      
        failed?(arg1)

      


        Checks if the batch job failed.



    


    
      
        from_api_response(response)

      


        Creates a BatchJob from API response.



    


    
      
        get_id(batch_job)

      


        Extracts the batch ID from the full name.



    


    
      
        get_progress(batch_job)

      


        Gets the completion percentage if available.



    


    
      
        parse_state(arg1)

      


        Parses API state string to atom.



    


    
      
        running?(arg1)

      


        Checks if the batch job is still running.



    


    
      
        state_to_api(atom)

      


        Converts job state atom to API string format.



    


    
      
        succeeded?(arg1)

      


        Checks if the batch job succeeded.
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      batch_destination()



        
          
        

    

  


  

      

          @type batch_destination() :: %{
  optional(:file_name) => String.t(),
  optional(:gcs_uri) => String.t(),
  optional(:bigquery_uri) => String.t(),
  optional(:format) => String.t(),
  optional(:inlined_responses) => [map()]
}


      


Batch job destination configuration.

  



  
    
      
    
    
      batch_source()



        
          
        

    

  


  

      

          @type batch_source() :: %{
  optional(:file_name) => String.t(),
  optional(:gcs_uri) => [String.t()],
  optional(:bigquery_uri) => String.t(),
  optional(:format) => String.t(),
  optional(:inlined_requests) => [map()]
}


      


Batch job source configuration.

  



  
    
      
    
    
      completion_stats()



        
          
        

    

  


  

      

          @type completion_stats() :: %{
  optional(:total_count) => integer(),
  optional(:success_count) => integer(),
  optional(:failure_count) => integer()
}


      


Completion statistics for a batch job.

  



  
    
      
    
    
      job_error()



        
          
        

    

  


  

      

          @type job_error() :: %{
  optional(:code) => integer(),
  optional(:message) => String.t(),
  optional(:details) => [String.t()]
}


      


Batch job error details.

  



  
    
      
    
    
      job_state()



        
          
        

    

  


  

      

          @type job_state() ::
  :job_state_unspecified
  | :queued
  | :pending
  | :running
  | :succeeded
  | :failed
  | :cancelling
  | :cancelled
  | :paused
  | :expired
  | :partially_succeeded


      


Batch job state enumeration.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.BatchJob{
  completion_stats: completion_stats() | nil,
  create_time: String.t() | nil,
  dest: batch_destination() | nil,
  display_name: String.t() | nil,
  end_time: String.t() | nil,
  error: job_error() | nil,
  model: String.t() | nil,
  name: String.t() | nil,
  src: batch_source() | nil,
  start_time: String.t() | nil,
  state: job_state() | nil,
  update_time: String.t() | nil
}


      


Represents a batch processing job.
Fields
	name - Resource name (e.g., "batches/abc123" for Gemini, "batchPredictionJobs/123" for Vertex)
	display_name - Human-readable name
	state - Current job state
	model - Model used for processing
	src - Input source configuration
	dest - Output destination configuration
	create_time - When the job was created
	start_time - When the job started running
	end_time - When the job completed
	update_time - Last update timestamp
	error - Error details if failed
	completion_stats - Processing statistics


  


        

      

      
        Functions

        


  
    
      
    
    
      cancelled?(arg1)



        
          
        

    

  


  

      

          @spec cancelled?(t()) :: boolean()


      


Checks if the batch job was cancelled.

  



  
    
      
    
    
      complete?(arg1)



        
          
        

    

  


  

      

          @spec complete?(t()) :: boolean()


      


Checks if the batch job is complete (terminal state).

  



  
    
      
    
    
      failed?(arg1)



        
          
        

    

  


  

      

          @spec failed?(t()) :: boolean()


      


Checks if the batch job failed.

  



  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a BatchJob from API response.
Handles both Gemini API and Vertex AI response formats.

  



  
    
      
    
    
      get_id(batch_job)



        
          
        

    

  


  

      

          @spec get_id(t()) :: String.t() | nil


      


Extracts the batch ID from the full name.

  



  
    
      
    
    
      get_progress(batch_job)



        
          
        

    

  


  

      

          @spec get_progress(t()) :: float() | nil


      


Gets the completion percentage if available.

  



  
    
      
    
    
      parse_state(arg1)



        
          
        

    

  


  

      

          @spec parse_state(String.t() | nil) :: job_state() | nil


      


Parses API state string to atom.

  



  
    
      
    
    
      running?(arg1)



        
          
        

    

  


  

      

          @spec running?(t()) :: boolean()


      


Checks if the batch job is still running.

  



  
    
      
    
    
      state_to_api(atom)



        
          
        

    

  


  

      

          @spec state_to_api(job_state()) :: String.t()


      


Converts job state atom to API string format.

  



  
    
      
    
    
      succeeded?(arg1)



        
          
        

    

  


  

      

          @spec succeeded?(t()) :: boolean()


      


Checks if the batch job succeeded.

  


        

      


  

  
    
    Gemini.Types.Blob - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Blob 
    



      
Binary data with MIME type for Gemini API.

      


      
        Summary


  
    Types
  


    
      
        blob_data()

      


        Base64 encoded binary data.



    


    
      
        mime_type()

      


        MIME type of the data.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        from_file(file_path)

      


        Create a blob from a file path.



    


    
      
        new(data, mime_type)

      


        Create a new blob with base64 encoded data.



    





      


      
        Types

        


  
    
      
    
    
      blob_data()



        
          
        

    

  


  

      

          @type blob_data() :: String.t()


      


Base64 encoded binary data.

  



  
    
      
    
    
      mime_type()



        
          
        

    

  


  

      

          @type mime_type() :: String.t()


      


MIME type of the data.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Blob{data: String.t(), mime_type: String.t()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_file(file_path)



        
          
        

    

  


  

      

          @spec from_file(String.t()) :: {:ok, t()} | {:error, Gemini.Error.t()}


      


Create a blob from a file path.

  



  
    
      
    
    
      new(data, mime_type)



        
          
        

    

  


  

      

          @spec new(String.t(), String.t()) :: t()


      


Create a new blob with base64 encoded data.

  


        

      


  

  
    
    Gemini.Types.CachedContentUsageMetadata - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.CachedContentUsageMetadata 
    



      
Metadata describing cached content usage.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.CachedContentUsageMetadata{
  audio_duration_seconds: (integer() | nil) | nil,
  cached_content_token_count: (integer() | nil) | nil,
  image_count: (integer() | nil) | nil,
  text_count: (integer() | nil) | nil,
  total_token_count: (integer() | nil) | nil,
  video_duration_seconds: (integer() | nil) | nil
}


      



  


        

      


  

  
    
    Gemini.Types.CreateBatchJobConfig - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.CreateBatchJobConfig 
    



      
Configuration for creating a batch job.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Configuration for batch job creation.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.CreateBatchJobConfig{
  display_name: String.t() | nil,
  generation_config: map() | nil,
  model: String.t() | nil,
  system_instruction: map() | nil
}


      


Configuration for batch job creation.
	display_name - Human-readable name for the batch
	model - Model to use for processing
	generation_config - Generation configuration for content batches
	system_instruction - System instruction for content batches


  


        

      


  

  
    
    Gemini.Types.CreateFileSearchStoreConfig - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.CreateFileSearchStoreConfig 
    



      
Configuration for creating a new File Search Store.
Example
config = %CreateFileSearchStoreConfig{
  display_name: "Product Documentation",
  description: "Technical docs for all our products",
  vector_config: %{
    embedding_model: "text-embedding-004",
    dimensions: 768
  }
}

{:ok, store} = Gemini.APIs.FileSearchStores.create(config)

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Configuration for creating a file search store.



    





  
    Functions
  


    
      
        to_api_request(config)

      


        Converts the config to API request format.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.CreateFileSearchStoreConfig{
  description: String.t() | nil,
  display_name: String.t() | nil,
  vector_config: Gemini.Types.FileSearchStore.vector_config() | nil
}


      


Configuration for creating a file search store.
Fields
	display_name - Human-readable name for the store
	description - Description of the store's purpose
	vector_config - Optional vector embedding configuration


  


        

      

      
        Functions

        


  
    
      
    
    
      to_api_request(config)



        
          
        

    

  


  

      

          @spec to_api_request(t()) :: map()


      


Converts the config to API request format.

  


        

      


  

  
    
    Gemini.Types.DeleteFileResponse - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.DeleteFileResponse 
    



      
Response type for file deletion.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Response from deleting a file (empty on success).



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.DeleteFileResponse{success: boolean()}


      


Response from deleting a file (empty on success).

  


        

      


  

  
    
    Gemini.Types.Document - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Document 
    



      
Type definitions for RAG document management.
Documents are stored in RAG stores and used for semantic search and
retrieval-augmented generation (RAG) workflows.
Document Lifecycle
	Upload a file to a RAG store
	Document is created with metadata
	Document is indexed for search
	Use in generation with grounding

Example
# List documents in a store
{:ok, response} = Gemini.APIs.Documents.list("ragStores/my-store")

# Get document metadata
{:ok, doc} = Gemini.APIs.Documents.get("ragStores/my-store/documents/doc123")

# Delete when no longer needed
:ok = Gemini.APIs.Documents.delete(doc.name)

      


      
        Summary


  
    Types
  


    
      
        document_metadata()

      


        Document metadata for custom properties.



    


    
      
        document_state()

      


        Document state enumeration.



    


    
      
        t()

      


        Represents a document in a RAG store.



    





  
    Functions
  


    
      
        active?(arg1)

      


        Checks if the document is ready for use.



    


    
      
        failed?(arg1)

      


        Checks if the document processing failed.



    


    
      
        from_api_response(response)

      


        Creates a Document from API response.



    


    
      
        get_id(document)

      


        Extracts the document ID from the full resource name.



    


    
      
        get_store_id(document)

      


        Extracts the store ID from the document's full resource name.



    


    
      
        parse_state(arg1)

      


        Parses document state from API string.



    


    
      
        processing?(arg1)

      


        Checks if the document is still processing.



    


    
      
        state_to_api(atom)

      


        Converts state atom to API string.



    





      


      
        Types

        


  
    
      
    
    
      document_metadata()



        
          
        

    

  


  

      

          @type document_metadata() :: %{optional(String.t()) => String.t()}


      


Document metadata for custom properties.

  



  
    
      
    
    
      document_state()



        
          
        

    

  


  

      

          @type document_state() :: :state_unspecified | :processing | :active | :failed


      


Document state enumeration.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Document{
  chunk_count: integer() | nil,
  create_time: String.t() | nil,
  display_name: String.t() | nil,
  error: map() | nil,
  metadata: document_metadata() | nil,
  mime_type: String.t() | nil,
  name: String.t() | nil,
  size_bytes: integer() | nil,
  source_uri: String.t() | nil,
  state: document_state() | nil,
  update_time: String.t() | nil
}


      


Represents a document in a RAG store.
Fields
	name - Resource name (e.g., "ragStores/abc/documents/xyz")
	display_name - Human-readable name
	state - Processing state
	create_time - When the document was created
	update_time - Last update timestamp
	size_bytes - Document size in bytes
	source_uri - Original source URI (if applicable)
	mime_type - MIME type of the document
	metadata - Custom metadata key-value pairs
	error - Error details if processing failed
	chunk_count - Number of chunks the document was split into


  


        

      

      
        Functions

        


  
    
      
    
    
      active?(arg1)



        
          
        

    

  


  

      

          @spec active?(t()) :: boolean()


      


Checks if the document is ready for use.

  



  
    
      
    
    
      failed?(arg1)



        
          
        

    

  


  

      

          @spec failed?(t()) :: boolean()


      


Checks if the document processing failed.

  



  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a Document from API response.

  



  
    
      
    
    
      get_id(document)



        
          
        

    

  


  

      

          @spec get_id(t()) :: String.t() | nil


      


Extracts the document ID from the full resource name.

  



  
    
      
    
    
      get_store_id(document)



        
          
        

    

  


  

      

          @spec get_store_id(t()) :: String.t() | nil


      


Extracts the store ID from the document's full resource name.

  



  
    
      
    
    
      parse_state(arg1)



        
          
        

    

  


  

      

          @spec parse_state(String.t() | nil) :: document_state() | nil


      


Parses document state from API string.

  



  
    
      
    
    
      processing?(arg1)



        
          
        

    

  


  

      

          @spec processing?(t()) :: boolean()


      


Checks if the document is still processing.

  



  
    
      
    
    
      state_to_api(atom)



        
          
        

    

  


  

      

          @spec state_to_api(document_state()) :: String.t()


      


Converts state atom to API string.

  


        

      


  

  
    
    Gemini.Types.Enums - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums 
    



      
Comprehensive enumeration types for the Gemini API.
This module provides type-safe enums for all API enumeration values,
including safety settings, finish reasons, task types, and more.
Usage
alias Gemini.Types.Enums.{HarmCategory, HarmBlockThreshold, TaskType}

# Create safety settings
settings = [
  %{category: HarmCategory.to_api(:harassment), threshold: HarmBlockThreshold.to_api(:medium_and_above)}
]

# Use task types for embeddings
opts = [task_type: TaskType.to_api(:retrieval_document)]

      




  

  
    
    Gemini.Types.Enums.AspectRatio - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.AspectRatio 
    



      
Image aspect ratios for image generation.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :square | :portrait | :landscape | :landscape_16_9


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.BlockedReason - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.BlockedReason 
    



      
Reasons why content generation was blocked.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  :unspecified
  | :safety
  | :other
  | :blocklist
  | :prohibited_content
  | :spii
  | :image_safety


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.CodeExecutionOutcome - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.CodeExecutionOutcome 
    



      
Outcome of code execution.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :unspecified | :ok | :failed | :deadline_exceeded


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.DynamicRetrievalMode - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.DynamicRetrievalMode 
    



      
Dynamic retrieval configuration modes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :unspecified | :dynamic | :mode_off


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.ExecutableCodeLanguage - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.ExecutableCodeLanguage 
    



      
Supported languages for code execution.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :unspecified | :python


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.FinishReason - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.FinishReason 
    



      
Reasons why generation finished.
Values
	:unspecified - Default/unknown reason
	:stop - Natural stopping point (EOS token)
	:max_tokens - Maximum token limit reached
	:safety - Blocked due to safety concerns
	:recitation - Blocked due to recitation/copyright
	:language - Unsupported language
	:other - Other/unspecified reason
	:blocklist - Content matched a blocklist
	:prohibited_content - Prohibited content detected
	:spii - Sensitive PII detected
	:malformed_function_call - Invalid function call format
	:image_safety - Image safety issue


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  :unspecified
  | :stop
  | :max_tokens
  | :safety
  | :recitation
  | :language
  | :other
  | :blocklist
  | :prohibited_content
  | :spii
  | :malformed_function_call
  | :image_safety


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.FunctionCallingMode - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.FunctionCallingMode 
    



      
Function calling configuration modes.
Values
	:auto - Model decides when to call functions
	:any - Model must call at least one function
	:none - Model cannot call functions


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :auto | :any | :none


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.GroundingAttributionConfidence - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.GroundingAttributionConfidence 
    



      
Confidence levels for grounding attribution.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :unspecified | :low | :medium | :high


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.HarmBlockThreshold - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.HarmBlockThreshold 
    



      
Threshold levels for blocking harmful content.
Values
	:unspecified - Default/unknown threshold
	:block_low_and_above - Block content with low+ probability of harm
	:block_medium_and_above - Block content with medium+ probability
	:block_only_high - Only block high probability harmful content
	:block_none - Don't block any content (for research/testing)
	:off - Safety filter is completely off


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


    


    
      
        to_api(atom)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  :unspecified
  | :block_low_and_above
  | :block_medium_and_above
  | :block_only_high
  | :block_none
  | :off


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(atom)



        
          
        

    

  


  

      

          @spec to_api(t()) :: String.t()


      



  


        

      


  

  
    
    Gemini.Types.Enums.HarmCategory - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Enums.HarmCategory 
    



      
Categories of harmful content that can be filtered.
Values
	:unspecified - Default/unknown category
	:harassment - Harassment and bullying content
	:hate_speech - Hate speech targeting identity groups
	:sexually_explicit - Sexually explicit content
	:dangerous_content - Content promoting dangerous activities
	:civic_integrity - Content affecting civic integrity (elections, etc.)
	:derogatory - Derogatory content (deprecated)
	:toxicity - Toxic content (deprecated)
	:violence - Violent content (deprecated)
	:sexual - Sexual content (deprecated)
	:medical - Medical misinformation (deprecated)
	:dangerous - Dangerous content (deprecated)
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        from_api(arg1)

      


    


    
      
        to_api(atom)
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          @type t() ::
  :unspecified
  | :harassment
  | :hate_speech
  | :sexually_explicit
  | :dangerous_content
  | :civic_integrity
  | :derogatory
  | :toxicity
  | :violence
  | :sexual
  | :medical
  | :dangerous
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          @spec from_api(String.t() | nil) :: t() | nil
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Probability levels of harmful content.
Returned in SafetyRating to indicate likelihood of harm.
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Output image sizes for image generation.
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Task types for embedding generation.
Different task types optimize embeddings for specific use cases.
Values
	:unspecified - Default task type
	:retrieval_query - Text is a search query
	:retrieval_document - Text is a document being indexed
	:semantic_similarity - For similarity comparison
	:classification - For classification tasks
	:clustering - For clustering tasks
	:question_answering - For Q&A systems
	:fact_verification - For fact checking
	:code_retrieval_query - For code search queries
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    Functions
  


    
      
        all()

      


        Returns all task types for analysis.
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        retrieval_types()

      


        Returns task types optimized for retrieval/search.
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          @type t() ::
  :unspecified
  | :retrieval_query
  | :retrieval_document
  | :semantic_similarity
  | :classification
  | :clustering
  | :question_answering
  | :fact_verification
  | :code_retrieval_query
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          @spec all() :: [t()]


      


Returns all task types for analysis.
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          @spec from_api(String.t() | nil) :: t() | nil
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          @spec retrieval_types() :: [t()]


      


Returns task types optimized for retrieval/search.
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          @spec to_api(t()) :: String.t()
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Thinking configuration levels for Gemini 3 models.
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Available voice names for text-to-speech.
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          @type t() :: :aoede | :charon | :fenrir | :kore | :puck | :custom
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          @spec from_api(String.t() | nil) :: t() | nil
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Type definitions for file management operations.
The Files API allows uploading, downloading, and managing files that can be
used with Gemini models for multimodal content generation.
File States
Files go through several states during processing:
	:state_unspecified - Initial/unknown state
	:processing - File is being processed
	:active - File is ready to use
	:failed - Processing failed

File Sources
	:source_unspecified - Unknown source
	:uploaded - User uploaded the file
	:generated - API generated the file (e.g., from video generation)

Example
# Upload a file
{:ok, file} = Gemini.upload_file("path/to/image.png")

# Check file state
case file.state do
  :active -> IO.puts("File is ready: #{file.uri}")
  :processing -> IO.puts("Still processing...")
  :failed -> IO.puts("Failed: #{file.error}")
end

# Use in content generation
{:ok, response} = Gemini.generate([
  %{type: "text", text: "What's in this image?"},
  %{type: "file", uri: file.uri, mime_type: file.mime_type}
])
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    Types
  


    
      
        file_source()

      


        File source enumeration values.



    


    
      
        file_state()

      


        File state enumeration values.



    


    
      
        file_status()

      


        File status/error information.



    


    
      
        t()

      


        Represents a file in the Gemini API.



    


    
      
        video_metadata()

      


        Video metadata for video files.



    





  
    Functions
  


    
      
        active?(arg1)

      


        Checks if the file is ready to use.



    


    
      
        downloadable?(arg1)

      


        Checks if the file can be downloaded (only generated files).



    


    
      
        failed?(arg1)

      


        Checks if the file processing failed.



    


    
      
        from_api_response(response)

      


        Creates a new File struct from API response.



    


    
      
        get_id(file)

      


        Extracts the file ID from the file name.



    


    
      
        parse_source(arg1)

      


        Parses API source string to atom.



    


    
      
        parse_state(arg1)

      


        Parses API state string to atom.



    


    
      
        processing?(arg1)

      


        Checks if the file is still processing.



    


    
      
        source_to_api(atom)

      


        Converts file source atom to API string format.



    


    
      
        state_to_api(atom)

      


        Converts file state atom to API string format.



    





      


      
        Types

        


  
    
      
    
    
      file_source()



        
          
        

    

  


  

      

          @type file_source() :: :source_unspecified | :uploaded | :generated


      


File source enumeration values.
	:source_unspecified - Unknown source
	:uploaded - User uploaded the file
	:generated - API generated the file (e.g., video generation)


  



  
    
      
    
    
      file_state()



        
          
        

    

  


  

      

          @type file_state() :: :state_unspecified | :processing | :active | :failed


      


File state enumeration values.
	:state_unspecified - Initial/unknown state
	:processing - File is being processed by the API
	:active - File is ready to use in requests
	:failed - File processing failed (check error field)
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          @type file_status() :: %{
  optional(:message) => String.t(),
  optional(:code) => integer()
}


      


File status/error information.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.File{
  create_time: String.t() | nil,
  display_name: String.t() | nil,
  download_uri: String.t() | nil,
  error: file_status() | nil,
  expiration_time: String.t() | nil,
  mime_type: String.t() | nil,
  name: String.t() | nil,
  sha256_hash: String.t() | nil,
  size_bytes: integer() | nil,
  source: file_source() | nil,
  state: file_state() | nil,
  update_time: String.t() | nil,
  uri: String.t() | nil,
  video_metadata: video_metadata() | nil
}


      


Represents a file in the Gemini API.
Writable Fields (can be set on upload)
	name - Resource name (format: "files/{file_id}")
	display_name - Human-readable display name (max 512 characters)
	mime_type - MIME type (e.g., "image/png", "video/mp4")

Read-Only Fields (output only)
	size_bytes - File size in bytes
	create_time - Creation timestamp (ISO 8601)
	expiration_time - When the file expires (ISO 8601)
	update_time - Last update timestamp (ISO 8601)
	sha256_hash - Base64-encoded SHA256 hash
	uri - URI for using the file in content (e.g., "gs://...")
	download_uri - Download URI (only for generated files)
	state - Current processing state
	source - How the file was created
	video_metadata - Metadata for video files
	error - Error information if state is :failed


  



  
    
      
    
    
      video_metadata()



        
          
        

    

  


  

      

          @type video_metadata() :: %{
  optional(:video_duration) => String.t(),
  optional(:video_duration_seconds) => integer()
}


      


Video metadata for video files.

  


        

      

      
        Functions

        


  
    
      
    
    
      active?(arg1)



        
          
        

    

  


  

      

          @spec active?(t()) :: boolean()


      


Checks if the file is ready to use.

  



  
    
      
    
    
      downloadable?(arg1)



        
          
        

    

  


  

      

          @spec downloadable?(t()) :: boolean()


      


Checks if the file can be downloaded (only generated files).

  



  
    
      
    
    
      failed?(arg1)



        
          
        

    

  


  

      

          @spec failed?(t()) :: boolean()


      


Checks if the file processing failed.

  



  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a new File struct from API response.
Parameters
	response - Map from API response with string keys

Examples
response = %{
  "name" => "files/abc123",
  "displayName" => "my-image.png",
  "mimeType" => "image/png",
  "sizeBytes" => "1024",
  "state" => "ACTIVE"
}
file = Gemini.Types.File.from_api_response(response)

  



  
    
      
    
    
      get_id(file)



        
          
        

    

  


  

      

          @spec get_id(t()) :: String.t() | nil


      


Extracts the file ID from the file name.
Examples
file = %Gemini.Types.File{name: "files/abc123"}
Gemini.Types.File.get_id(file)
# => "abc123"
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          @spec parse_source(String.t() | nil) :: file_source() | nil


      


Parses API source string to atom.

  



  
    
      
    
    
      parse_state(arg1)



        
          
        

    

  


  

      

          @spec parse_state(String.t() | nil) :: file_state() | nil


      


Parses API state string to atom.
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          @spec processing?(t()) :: boolean()


      


Checks if the file is still processing.

  



  
    
      
    
    
      source_to_api(atom)



        
          
        

    

  


  

      

          @spec source_to_api(file_source()) :: String.t()


      


Converts file source atom to API string format.

  



  
    
      
    
    
      state_to_api(atom)



        
          
        

    

  


  

      

          @spec state_to_api(file_state()) :: String.t()


      


Converts file state atom to API string format.
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Gemini.Types.FileData 
    



      
URI-based file data reference used in parts and tool results.
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        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


        Parse file data from API response.



    


    
      
        to_api(file_data)

      


        Convert file data to API camelCase map.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.FileData{
  display_name: String.t() | nil,
  file_uri: String.t(),
  mime_type: String.t()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      


Parse file data from API response.

  



  
    
      
    
    
      to_api(file_data)



        
          
        

    

  


  

      

          @spec to_api(t() | nil) :: map() | nil


      


Convert file data to API camelCase map.
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Represents a document within a File Search Store.
This is similar to the regular Document type but specific to file search stores.
Documents are created when files are imported into the store.

      


      
        Summary


  
    Types
  


    
      
        document_state()

      


        Document state in the file search store.



    


    
      
        t()

      


        A document in a file search store.



    





  
    Functions
  


    
      
        active?(arg1)

      


        Checks if the document is active.



    


    
      
        from_api_response(response)

      


        Creates a FileSearchDocument from API response.



    


    
      
        parse_state(arg1)

      


        Parses document state from API string.
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      document_state()



        
          
        

    

  


  

      

          @type document_state() :: :state_unspecified | :processing | :active | :failed


      


Document state in the file search store.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.FileSearchDocument{
  chunk_count: integer() | nil,
  create_time: String.t() | nil,
  display_name: String.t() | nil,
  error: map() | nil,
  mime_type: String.t() | nil,
  name: String.t() | nil,
  size_bytes: integer() | nil,
  state: document_state() | nil,
  update_time: String.t() | nil
}


      


A document in a file search store.
Fields
	name - Resource name (e.g., "fileSearchStores/abc/documents/xyz")
	display_name - Human-readable name
	state - Processing state
	create_time - When the document was created
	update_time - Last update timestamp
	size_bytes - Document size in bytes
	mime_type - MIME type of the document
	chunk_count - Number of chunks for indexing
	error - Error details if processing failed


  


        

      

      
        Functions

        


  
    
      
    
    
      active?(arg1)



        
          
        

    

  


  

      

          @spec active?(t()) :: boolean()


      


Checks if the document is active.

  



  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a FileSearchDocument from API response.

  



  
    
      
    
    
      parse_state(arg1)



        
          
        

    

  


  

      

          @spec parse_state(String.t() | nil) :: document_state() | nil


      


Parses document state from API string.
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Type definitions for File Search Stores (semantic search stores).
File Search Stores enable semantic search over uploaded documents using
vector embeddings. They are part of the RAG (Retrieval-Augmented Generation)
system and are only available through Vertex AI.
Store States
Stores go through several states during their lifecycle:
	:state_unspecified - Initial/unknown state
	:creating - Store is being created
	:active - Store is ready to use
	:deleting - Store is being deleted
	:failed - Store creation/operation failed

Example
# Create a file search store
config = %CreateFileSearchStoreConfig{
  display_name: "Product Documentation",
  description: "Technical documentation for our products"
}
{:ok, store} = Gemini.APIs.FileSearchStores.create(config)

# Check store state
case store.state do
  :active -> IO.puts("Store ready: #{store.name}")
  :creating -> IO.puts("Still creating...")
  :failed -> IO.puts("Failed to create store")
end

# Import files
{:ok, _doc} = Gemini.APIs.FileSearchStores.import_file(
  store.name,
  "files/uploaded-doc-id"
)

      


      
        Summary


  
    Types
  


    
      
        file_search_store_state()

      


        File search store state enumeration.



    


    
      
        t()

      


        Represents a File Search Store for semantic search.



    


    
      
        vector_config()

      


        Vector embedding configuration for the store.



    





  
    Functions
  


    
      
        active?(arg1)

      


        Checks if the store is active and ready to use.



    


    
      
        creating?(arg1)

      


        Checks if the store is still being created.



    


    
      
        failed?(arg1)

      


        Checks if the store operation failed.



    


    
      
        from_api_response(response)

      


        Creates a FileSearchStore from API response.



    


    
      
        get_id(file_search_store)

      


        Extracts the store ID from the full resource name.



    


    
      
        parse_state(arg1)

      


        Parses store state from API string.



    


    
      
        state_to_api(atom)

      


        Converts state atom to API string format.



    





      


      
        Types

        


  
    
      
    
    
      file_search_store_state()



        
          
        

    

  


  

      

          @type file_search_store_state() ::
  :state_unspecified | :creating | :active | :deleting | :failed


      


File search store state enumeration.
	:state_unspecified - Initial/unknown state
	:creating - Store is being created
	:active - Store is ready for operations
	:deleting - Store is being deleted
	:failed - Operation failed


  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.FileSearchStore{
  create_time: String.t() | nil,
  description: String.t() | nil,
  display_name: String.t() | nil,
  document_count: integer() | nil,
  name: String.t() | nil,
  state: file_search_store_state() | nil,
  total_size_bytes: integer() | nil,
  update_time: String.t() | nil,
  vector_config: vector_config() | nil
}


      


Represents a File Search Store for semantic search.
Fields
	name - Resource name (format: "fileSearchStores/{store_id}")
	display_name - Human-readable name
	description - Store description
	state - Current state
	create_time - Creation timestamp (ISO 8601)
	update_time - Last update timestamp (ISO 8601)
	document_count - Number of documents in the store
	total_size_bytes - Total size of all documents
	vector_config - Vector embedding configuration


  



  
    
      
    
    
      vector_config()



        
          
        

    

  


  

      

          @type vector_config() :: %{
  optional(:embedding_model) => String.t(),
  optional(:dimensions) => pos_integer()
}


      


Vector embedding configuration for the store.

  


        

      

      
        Functions

        


  
    
      
    
    
      active?(arg1)



        
          
        

    

  


  

      

          @spec active?(t()) :: boolean()


      


Checks if the store is active and ready to use.

  



  
    
      
    
    
      creating?(arg1)



        
          
        

    

  


  

      

          @spec creating?(t()) :: boolean()


      


Checks if the store is still being created.

  



  
    
      
    
    
      failed?(arg1)



        
          
        

    

  


  

      

          @spec failed?(t()) :: boolean()


      


Checks if the store operation failed.

  



  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a FileSearchStore from API response.
Parameters
	response - Map from API response with string keys

Examples
response = %{
  "name" => "fileSearchStores/abc123",
  "displayName" => "My Store",
  "state" => "ACTIVE",
  "documentCount" => 42
}
store = FileSearchStore.from_api_response(response)

  



  
    
      
    
    
      get_id(file_search_store)



        
          
        

    

  


  

      

          @spec get_id(t()) :: String.t() | nil


      


Extracts the store ID from the full resource name.
Examples
store = %FileSearchStore{name: "fileSearchStores/abc123"}
FileSearchStore.get_id(store)
# => "abc123"

  



  
    
      
    
    
      parse_state(arg1)



        
          
        

    

  


  

      

          @spec parse_state(String.t() | nil) :: file_search_store_state() | nil


      


Parses store state from API string.

  



  
    
      
    
    
      state_to_api(atom)



        
          
        

    

  


  

      

          @spec state_to_api(file_search_store_state()) :: String.t()


      


Converts state atom to API string format.
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Result output of a function call.

      


      
        Summary


  
    Types
  


    
      
        scheduling()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


        Parse function response from API payload.



    


    
      
        to_api(data)

      


        Convert function response to API camelCase map.



    





      


      
        Types

        


  
    
      
    
    
      scheduling()



        
          
        

    

  


  

      

          @type scheduling() :: :scheduling_unspecified | :silent | :when_idle | :interrupt


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.FunctionResponse{
  id: String.t() | nil,
  name: String.t(),
  response: map(),
  scheduling: scheduling() | nil,
  will_continue: boolean() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      


Parse function response from API payload.

  



  
    
      
    
    
      to_api(data)



        
          
        

    

  


  

      

          @spec to_api(t() | nil) :: map() | nil


      


Convert function response to API camelCase map.
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Gemini.Types.Generation.Image 
    



      
Type definitions for image generation using Google's Imagen models.
Imagen is Google's text-to-image generation model that creates high-quality images
from text descriptions. These types support image generation, editing, and upscaling
operations through the Vertex AI API.
Supported Models
	imagegeneration@006 - Latest stable Imagen model
	imagen-3.0-generate-001 - Imagen 3.0 generation model

Example
config = %ImageGenerationConfig{
  number_of_images: 4,
  aspect_ratio: "1:1",
  safety_filter_level: :block_some,
  person_generation: :allow_adult
}

{:ok, images} = Gemini.APIs.Images.generate(
  "A serene mountain landscape at sunset",
  config
)
See Gemini.APIs.Images for API functions.

      


      
        Summary


  
    Types
  


    
      
        aspect_ratio()

      


        Aspect ratio for generated images.



    


    
      
        edit_mode()

      


        Edit mode for image editing operations.



    


    
      
        person_generation()

      


        Person generation policy.



    


    
      
        safety_filter_level()

      


        Safety filter levels for generated images.



    


    
      
        t()

      


    


    
      
        upscale_factor()

      


        Upscale factor for image enhancement.



    





  
    Functions
  


    
      
        build_edit_params(prompt, image_data, mask_data, config)

      


        Builds parameters map for image editing API request.



    


    
      
        build_generation_params(prompt, config)

      


        Builds parameters map for image generation API request.



    


    
      
        build_upscale_params(image_data, config)

      


        Builds parameters map for image upscaling API request.



    


    
      
        format_edit_mode(atom)

      


        Converts edit mode to API format.



    


    
      
        format_person_generation(atom)

      


        Converts person generation policy to API format.



    


    
      
        format_safety_filter_level(atom)

      


        Converts safety filter level atom to API format.



    


    
      
        format_upscale_factor(atom)

      


        Converts upscale factor to API format.



    


    
      
        parse_generated_image(data)

      


        Parses a generated image from API response.



    


    
      
        parse_safety_filter_level(level)

      


        Converts API-style safety filter level string to atom.



    





      


      
        Types

        


  
    
      
    
    
      aspect_ratio()



        
          
        

    

  


  

      

          @type aspect_ratio() :: String.t()


      


Aspect ratio for generated images.
Common aspect ratios:
	"1:1" - Square (1024x1024)
	"9:16" - Portrait, mobile (768x1344)
	"16:9" - Landscape, desktop (1344x768)
	"4:3" - Standard portrait (896x1152)
	"3:4" - Standard landscape (1152x896)


  



  
    
      
    
    
      edit_mode()



        
          
        

    

  


  

      

          @type edit_mode() :: :inpainting | :outpainting | :product_image


      


Edit mode for image editing operations.
	:inpainting - Edit specific regions (requires mask)
	:outpainting - Extend image beyond original boundaries (requires mask)
	:product_image - Product-focused editing


  



  
    
      
    
    
      person_generation()



        
          
        

    

  


  

      

          @type person_generation() :: :allow_adult | :allow_all | :dont_allow


      


Person generation policy.
	:allow_adult - Allow generation of adult humans
	:allow_all - Allow generation of humans of all ages
	:dont_allow - Do not generate recognizable people


  



  
    
      
    
    
      safety_filter_level()



        
          
        

    

  


  

      

          @type safety_filter_level() :: :block_most | :block_some | :block_few | :block_none


      


Safety filter levels for generated images.
	:block_most - Strictest filtering, blocks most potentially sensitive content
	:block_some - Moderate filtering (recommended for most use cases)
	:block_few - Permissive filtering, blocks only highly sensitive content
	:block_none - No safety filtering applied


  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: Gemini.Types.Generation.Image.ImageGenerationConfig.t()


      



  



  
    
      
    
    
      upscale_factor()



        
          
        

    

  


  

      

          @type upscale_factor() :: :x2 | :x4


      


Upscale factor for image enhancement.
	:x2 - 2x upscale (e.g., 1024x1024 -> 2048x2048)
	:x4 - 4x upscale (e.g., 1024x1024 -> 4096x4096)


  


        

      

      
        Functions

        


  
    
      
    
    
      build_edit_params(prompt, image_data, mask_data, config)



        
          
        

    

  


  

      

          @spec build_edit_params(
  String.t(),
  String.t(),
  String.t() | nil,
  Gemini.Types.Generation.Image.EditImageConfig.t()
) :: map()


      


Builds parameters map for image editing API request.

  



  
    
      
    
    
      build_generation_params(prompt, config)



        
          
        

    

  


  

      

          @spec build_generation_params(
  String.t(),
  Gemini.Types.Generation.Image.ImageGenerationConfig.t()
) ::
  map()


      


Builds parameters map for image generation API request.

  



  
    
      
    
    
      build_upscale_params(image_data, config)



        
          
        

    

  


  

      

          @spec build_upscale_params(
  String.t(),
  Gemini.Types.Generation.Image.UpscaleImageConfig.t()
) :: map()


      


Builds parameters map for image upscaling API request.

  



  
    
      
    
    
      format_edit_mode(atom)



        
          
        

    

  


  

      

          @spec format_edit_mode(edit_mode()) :: String.t()


      


Converts edit mode to API format.
Examples
iex> format_edit_mode(:inpainting)
"inpainting"

  



  
    
      
    
    
      format_person_generation(atom)



        
          
        

    

  


  

      

          @spec format_person_generation(person_generation()) :: String.t()


      


Converts person generation policy to API format.
Examples
iex> format_person_generation(:allow_adult)
"allowAdult"

  



  
    
      
    
    
      format_safety_filter_level(atom)



        
          
        

    

  


  

      

          @spec format_safety_filter_level(safety_filter_level()) :: String.t()


      


Converts safety filter level atom to API format.
Examples
iex> format_safety_filter_level(:block_some)
"blockSome"

  



  
    
      
    
    
      format_upscale_factor(atom)



        
          
        

    

  


  

      

          @spec format_upscale_factor(upscale_factor()) :: String.t()


      


Converts upscale factor to API format.
Examples
iex> format_upscale_factor(:x2)
"x2"

  



  
    
      
    
    
      parse_generated_image(data)



        
          
        

    

  


  

      

          @spec parse_generated_image(map()) :: Gemini.Types.Generation.Image.GeneratedImage.t()


      


Parses a generated image from API response.

  



  
    
      
    
    
      parse_safety_filter_level(level)



        
          
        

    

  


  

      

          @spec parse_safety_filter_level(String.t() | atom()) :: safety_filter_level()


      


Converts API-style safety filter level string to atom.
Examples
iex> parse_safety_filter_level("BLOCK_SOME")
:block_some

iex> parse_safety_filter_level(:block_most)
:block_most
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Gemini.Types.Generation.Image.EditImageConfig 
    



      
Configuration for image editing operations.
Fields
	prompt - Text description of desired edits
	edit_mode - Type of editing operation (default: :inpainting)
	mask_mode - How to interpret the mask (default: :foreground)
	mask_dilation - Expand mask by pixels (0-50, default: 0)
	guidance_scale - How closely to follow the prompt (default: ~15.0)
	number_of_images - Number of variations to generate (1-8, default: 1)
	safety_filter_level - Content safety filtering (default: :block_some)
	seed - Random seed for reproducibility
	output_mime_type - Output format (default: "image/png")


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Generation.Image.EditImageConfig{
  edit_mode: Gemini.Types.Generation.Image.edit_mode(),
  guidance_scale: float() | nil,
  mask_dilation: integer(),
  mask_mode: atom(),
  number_of_images: pos_integer(),
  output_mime_type: String.t(),
  prompt: String.t() | nil,
  safety_filter_level: Gemini.Types.Generation.Image.safety_filter_level(),
  seed: integer() | nil
}
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Gemini.Types.Generation.Image.GeneratedImage 
    



      
Represents a generated image result.
Fields
	image_data - Base64-encoded image data
	mime_type - MIME type of the image
	image_size - Size information (width, height in pixels)
	safety_attributes - Safety classification results
	rai_info - Responsible AI filtering information


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Generation.Image.GeneratedImage{
  image_data: String.t() | nil,
  image_size: map() | nil,
  mime_type: String.t() | nil,
  rai_info: map() | nil,
  safety_attributes: map() | nil
}
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Gemini.Types.Generation.Image.ImageGenerationConfig 
    



      
Configuration for image generation requests.
Fields
	number_of_images - Number of images to generate (1-8, default: 1)
	aspect_ratio - Image aspect ratio (default: "1:1")
	safety_filter_level - Content safety filtering (default: :block_some)
	person_generation - Person generation policy (default: :dont_allow)
	output_mime_type - Output format, "image/png" or "image/jpeg" (default: "image/png")
	output_compression_quality - JPEG quality 0-100 (default: 80, only for JPEG)
	negative_prompt - Text describing what to avoid in the image
	seed - Random seed for reproducibility
	guidance_scale - How closely to follow the prompt (1.0-20.0, default: ~7.0)
	language - Language code for prompt interpretation (e.g., "en", "es")
	add_watermark - Whether to add a watermark (default: true)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Generation.Image.ImageGenerationConfig{
  add_watermark: boolean(),
  aspect_ratio: String.t(),
  guidance_scale: float() | nil,
  language: String.t() | nil,
  negative_prompt: String.t() | nil,
  number_of_images: pos_integer(),
  output_compression_quality: integer() | nil,
  output_mime_type: String.t(),
  person_generation: Gemini.Types.Generation.Image.person_generation(),
  safety_filter_level: Gemini.Types.Generation.Image.safety_filter_level(),
  seed: integer() | nil
}
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Gemini.Types.Generation.Image.UpscaleImageConfig 
    



      
Configuration for image upscaling operations.
Fields
	upscale_factor - Scale factor for upscaling (default: :x2)
	output_mime_type - Output format (default: "image/png")
	output_compression_quality - JPEG quality 0-100 (only for JPEG)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Generation.Image.UpscaleImageConfig{
  output_compression_quality: integer() | nil,
  output_mime_type: String.t(),
  upscale_factor: Gemini.Types.Generation.Image.upscale_factor()
}
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Gemini.Types.Generation.Video 
    



      
Type definitions for video generation using Google's Veo models.
Veo is Google's advanced text-to-video generation model that creates high-quality
videos from text descriptions. Video generation is a long-running operation that
requires polling to check completion status.
Supported Models
	veo-2.0-generate-001 - Veo 2.0 video generation model

Example
config = %VideoGenerationConfig{
  number_of_videos: 1,
  duration_seconds: 8,
  aspect_ratio: "16:9"
}

{:ok, operation} = Gemini.APIs.Videos.generate(
  "A cat playing piano in a cozy living room",
  config
)

# Wait for completion
{:ok, completed} = Gemini.APIs.Operations.wait(operation.name)

# Get video URLs
videos = completed.response["generatedVideos"]
See Gemini.APIs.Videos for API functions.

      


      
        Summary


  
    Types
  


    
      
        aspect_ratio()

      


        Aspect ratio for generated videos.



    


    
      
        compression_format()

      


        Video compression format.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        build_generation_params(prompt, config)

      


        Builds parameters map for video generation API request.



    


    
      
        complete?(video_operation)

      


        Checks if a video operation is complete.



    


    
      
        extract_videos(operation)

      


        Extracts generated videos from a completed operation.



    


    
      
        failed?(video_operation)

      


        Checks if a video operation failed.



    


    
      
        format_compression_format(atom)

      


        Converts compression format to API format.



    


    
      
        format_person_generation(atom)

      


        Converts person generation policy to API format.



    


    
      
        format_safety_filter_level(atom)

      


        Converts safety filter level to API format.



    


    
      
        parse_generated_video(data)

      


        Parses a generated video from API response.



    


    
      
        succeeded?(video_operation)

      


        Checks if a video operation succeeded.



    


    
      
        wrap_operation(operation)

      


        Wraps an Operation with video-specific metadata.



    





      


      
        Types

        


  
    
      
    
    
      aspect_ratio()



        
          
        

    

  


  

      

          @type aspect_ratio() :: String.t()


      


Aspect ratio for generated videos.
Common aspect ratios:
	"9:16" - Vertical/mobile (e.g., 720x1280)
	"16:9" - Horizontal/desktop (e.g., 1280x720)
	"1:1" - Square (e.g., 1024x1024)


  



  
    
      
    
    
      compression_format()



        
          
        

    

  


  

      

          @type compression_format() :: :h264 | :h265


      


Video compression format.
	:h264 - H.264/AVC compression (default, widely compatible)
	:h265 - H.265/HEVC compression (better quality, smaller size)


  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: Gemini.Types.Generation.Video.VideoGenerationConfig.t()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      build_generation_params(prompt, config)



        
          
        

    

  


  

      

          @spec build_generation_params(
  String.t(),
  Gemini.Types.Generation.Video.VideoGenerationConfig.t()
) ::
  map()


      


Builds parameters map for video generation API request.

  



  
    
      
    
    
      complete?(video_operation)



        
          
        

    

  


  

      

          @spec complete?(Gemini.Types.Generation.Video.VideoOperation.t()) :: boolean()


      


Checks if a video operation is complete.

  



  
    
      
    
    
      extract_videos(operation)



        
          
        

    

  


  

      

          @spec extract_videos(Gemini.Types.Operation.t()) ::
  {:ok, [Gemini.Types.Generation.Video.GeneratedVideo.t()]} | {:error, term()}


      


Extracts generated videos from a completed operation.

  



  
    
      
    
    
      failed?(video_operation)



        
          
        

    

  


  

      

          @spec failed?(Gemini.Types.Generation.Video.VideoOperation.t()) :: boolean()


      


Checks if a video operation failed.

  



  
    
      
    
    
      format_compression_format(atom)



        
          
        

    

  


  

      

          @spec format_compression_format(compression_format()) :: String.t()


      


Converts compression format to API format.
Examples
iex> format_compression_format(:h264)
"h264"

  



  
    
      
    
    
      format_person_generation(atom)



        
          
        

    

  


  

      

          @spec format_person_generation(atom()) :: String.t()


      


Converts person generation policy to API format.

  



  
    
      
    
    
      format_safety_filter_level(atom)



        
          
        

    

  


  

      

          @spec format_safety_filter_level(atom()) :: String.t()


      


Converts safety filter level to API format.

  



  
    
      
    
    
      parse_generated_video(data)



        
          
        

    

  


  

      

          @spec parse_generated_video(map()) :: Gemini.Types.Generation.Video.GeneratedVideo.t()


      


Parses a generated video from API response.

  



  
    
      
    
    
      succeeded?(video_operation)



        
          
        

    

  


  

      

          @spec succeeded?(Gemini.Types.Generation.Video.VideoOperation.t()) :: boolean()


      


Checks if a video operation succeeded.

  



  
    
      
    
    
      wrap_operation(operation)



        
          
        

    

  


  

      

          @spec wrap_operation(Gemini.Types.Operation.t()) ::
  Gemini.Types.Generation.Video.VideoOperation.t()


      


Wraps an Operation with video-specific metadata.
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Gemini.Types.Generation.Video.GeneratedVideo 
    



      
Represents a generated video result.
Fields
	video_uri - GCS URI where the video is stored
	video_data - Base64-encoded video data (if requested inline)
	mime_type - MIME type of the video (e.g., "video/mp4")
	duration_seconds - Actual duration of the video
	resolution - Video resolution (width x height)
	safety_attributes - Safety classification results
	rai_info - Responsible AI filtering information


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Generation.Video.GeneratedVideo{
  duration_seconds: float() | nil,
  mime_type: String.t() | nil,
  rai_info: map() | nil,
  resolution: map() | nil,
  safety_attributes: map() | nil,
  video_data: String.t() | nil,
  video_uri: String.t() | nil
}
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Gemini.Types.Generation.Video.VideoGenerationConfig 
    



      
Configuration for video generation requests.
Fields
	number_of_videos - Number of videos to generate (1-4, default: 1)
	duration_seconds - Video duration in seconds (4-8, default: 8)
	aspect_ratio - Video aspect ratio (default: "16:9")
	fps - Frames per second (24, 25, or 30, default: 24)
	compression_format - Video compression format (default: :h264)
	safety_filter_level - Content safety filtering (default: :block_some)
	negative_prompt - Text describing what to avoid in the video
	seed - Random seed for reproducibility
	guidance_scale - How closely to follow the prompt (1.0-20.0)
	person_generation - Person generation policy (default: :dont_allow)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Generation.Video.VideoGenerationConfig{
  aspect_ratio: String.t(),
  compression_format: Gemini.Types.Generation.Video.compression_format(),
  duration_seconds: pos_integer(),
  fps: pos_integer(),
  guidance_scale: float() | nil,
  negative_prompt: String.t() | nil,
  number_of_videos: pos_integer(),
  person_generation: atom(),
  safety_filter_level: atom(),
  seed: integer() | nil
}
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Gemini.Types.Generation.Video.VideoOperation 
    



      
Represents a video generation operation with progress tracking.
Video generation is a long-running operation that can take several minutes.
This struct wraps the base Operation type with video-specific helpers.
Fields
	operation - Base Operation struct
	progress_percent - Estimated completion percentage (0-100)
	estimated_completion_time - Estimated time until completion


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Generation.Video.VideoOperation{
  estimated_completion_time: DateTime.t() | nil,
  operation: Gemini.Types.Operation.t() | nil,
  progress_percent: float() | nil
}
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Gemini.Types.GenerationConfig 
    



      
Configuration for content generation parameters.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        balanced(opts \\ [])

      


        Create a balanced generation config.



    


    
      
        creative(opts \\ [])

      


        Create a creative generation config (higher temperature).



    


    
      
        deterministic(opts \\ [])

      


        Create a deterministic generation config.



    


    
      
        image_config(config \\ %__MODULE__{}, opts)

      


        Configure image generation settings for Gemini 3 Pro Image.



    


    
      
        include_thoughts(config \\ %__MODULE__{}, include)

      


        Enable thought summaries in model response.



    


    
      
        json_response(config \\ %__MODULE__{})

      


        Set JSON response format.



    


    
      
        max_tokens(config \\ %__MODULE__{}, tokens)

      


        Set maximum output tokens.



    


    
      
        media_resolution(config \\ %__MODULE__{}, resolution)

      


        Set media resolution preference.



    


    
      
        new(opts \\ [])

      


        Create a new generation config with default values.



    


    
      
        precise(opts \\ [])

      


        Create a precise generation config (lower temperature).



    


    
      
        property_ordering(config \\ %__MODULE__{}, ordering)

      


        Set property ordering for Gemini 2.0 models.



    


    
      
        response_modalities(config \\ %__MODULE__{}, modalities)

      


        Set response modalities for the model output.



    


    
      
        seed(config \\ %__MODULE__{}, value)

      


        Set deterministic generation seed.



    


    
      
        speech_config(config \\ %__MODULE__{}, speech_config)

      


        Set speech generation configuration.



    


    
      
        stop_sequences(config \\ %__MODULE__{}, sequences)

      


        Add stop sequences.



    


    
      
        structured_json(config \\ %__MODULE__{}, schema)

      


        Configure structured JSON output with schema.



    


    
      
        temperature(config \\ %__MODULE__{}, temp)

      


        Set temperature for response generation.



    


    
      
        text_response(config \\ %__MODULE__{})

      


        Set plain text response format.



    


    
      
        thinking_budget(config \\ %__MODULE__{}, budget)

      


        Set thinking budget for Gemini 2.5 series models (legacy).



    


    
      
        thinking_config(config \\ %__MODULE__{}, budget, opts \\ [])

      


        Set complete thinking configuration (budget + thoughts).



    


    
      
        thinking_level(config \\ %__MODULE__{}, level)

      


        Set thinking level for Gemini 3 models.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.GenerationConfig{
  candidate_count: integer() | nil,
  frequency_penalty: float() | nil,
  image_config: Gemini.Types.GenerationConfig.ImageConfig.t() | nil,
  logprobs: integer() | nil,
  max_output_tokens: integer() | nil,
  media_resolution: Gemini.Types.MediaResolution.t() | nil,
  presence_penalty: float() | nil,
  property_ordering: [String.t()] | nil,
  response_logprobs: boolean() | nil,
  response_mime_type: String.t() | nil,
  response_modalities: [Gemini.Types.Modality.t()] | nil,
  response_schema: map() | nil,
  seed: integer() | nil,
  speech_config: Gemini.Types.SpeechConfig.t() | nil,
  stop_sequences: [String.t()],
  temperature: float() | nil,
  thinking_config: Gemini.Types.GenerationConfig.ThinkingConfig.t() | nil,
  top_k: integer() | nil,
  top_p: float() | nil
}
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Create a balanced generation config.
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Create a creative generation config (higher temperature).

  



    

  
    
      
    
    
      deterministic(opts \\ [])



        
          
        

    

  


  

Create a deterministic generation config.
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          @spec image_config(
  t(),
  keyword()
) :: t()


      


Configure image generation settings for Gemini 3 Pro Image.
Used with gemini-3-pro-image-preview model for generating images.
Parameters
	config: GenerationConfig struct (defaults to new config)
	opts: Keyword list of image options	:aspect_ratio - Output aspect ratio (e.g., "16:9", "1:1", "4:3", "3:4", "9:16")
	:image_size - Output resolution ("2K" or "4K")



Examples
# Generate 4K landscape image
config = GenerationConfig.image_config(aspect_ratio: "16:9", image_size: "4K")

# Generate square image at 2K
config = GenerationConfig.image_config(aspect_ratio: "1:1", image_size: "2K")

# Chain with other options
config =
  GenerationConfig.new()
  |> GenerationConfig.image_config(aspect_ratio: "16:9", image_size: "4K")
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          @spec include_thoughts(t(), boolean()) :: t()


      


Enable thought summaries in model response.
When enabled, the model includes a summary of its reasoning process.
Parameters
	config: GenerationConfig struct (defaults to new config)
	include: Boolean to enable/disable thought summaries

Examples
# Enable thought summaries
config = GenerationConfig.include_thoughts(true)

# Combine with thinking budget
config =
  GenerationConfig.new()
  |> GenerationConfig.thinking_budget(2048)
  |> GenerationConfig.include_thoughts(true)

  



    

  
    
      
    
    
      json_response(config \\ %__MODULE__{})



        
          
        

    

  


  

Set JSON response format.
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Set maximum output tokens.
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Set media resolution preference.
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Create a new generation config with default values.
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Create a precise generation config (lower temperature).
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          @spec property_ordering(t(), [String.t()]) :: t()


      


Set property ordering for Gemini 2.0 models.
Explicitly defines the order in which properties appear in the generated JSON.
Required for Gemini 2.0 Flash and Gemini 2.0 Flash-Lite when using structured outputs.
Not needed for Gemini 2.5+ models (they preserve schema key order automatically).
Parameters
	config: GenerationConfig struct (defaults to new config)
	ordering: List of property names in desired order

Examples
# For Gemini 2.0 models
config = GenerationConfig.property_ordering(["name", "age", "email"])

# Chain with other options
config =
  GenerationConfig.new()
  |> GenerationConfig.json_response()
  |> GenerationConfig.property_ordering(["firstName", "lastName"])
Model Compatibility
	Gemini 2.5+: Optional (implicit ordering from schema keys)
	Gemini 2.0: Required when using structured outputs
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          @spec response_modalities(t(), [Gemini.Types.Modality.t()]) :: t()


      


Set response modalities for the model output.
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          @spec seed(t(), integer()) :: t()


      


Set deterministic generation seed.
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          @spec speech_config(t(), Gemini.Types.SpeechConfig.t()) :: t()


      


Set speech generation configuration.
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Add stop sequences.
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          @spec structured_json(t(), map()) :: t()


      


Configure structured JSON output with schema.
Convenience helper that sets both response MIME type and schema in one call.
This is the recommended way to set up structured outputs.
Parameters
	config: GenerationConfig struct (defaults to new config)
	schema: JSON Schema map defining the output structure

Examples
# Basic structured output
config = GenerationConfig.structured_json(%{
  "type" => "object",
  "properties" => %{
    "answer" => %{"type" => "string"},
    "confidence" => %{"type" => "number"}
  }
})

# With property ordering for Gemini 2.0
config =
  GenerationConfig.structured_json(%{
    "type" => "object",
    "properties" => %{
      "name" => %{"type" => "string"},
      "age" => %{"type" => "integer"}
    }
  })
  |> GenerationConfig.property_ordering(["name", "age"])

# Complex schema with new keywords
config = GenerationConfig.structured_json(%{
  "type" => "object",
  "properties" => %{
    "score" => %{
      "type" => "number",
      "minimum" => 0,
      "maximum" => 100
    }
  }
})
Supported JSON Schema Keywords
	Basic types: string, number, integer, boolean, object, array
	Object: properties, required, additionalProperties
	Array: items, prefixItems, minItems, maxItems
	String: enum, format, pattern
	Number: minimum, maximum, enum
	Union types: anyOf
	References: $ref
	Nullable: type: ["string", "null"]

See docs/guides/structured_outputs.md for comprehensive examples.
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          @spec temperature(t(), float()) :: t()


      


Set temperature for response generation.
Controls randomness in the output. Higher values (e.g., 0.9) make output more random,
while lower values (e.g., 0.1) make it more focused and deterministic.
Parameters
	config: GenerationConfig struct (defaults to new config)
	temp: Temperature value (typically 0.0 to 1.0)

Examples
# Low temperature for focused output
config = GenerationConfig.temperature(0.2)

# High temperature for creative output
config = GenerationConfig.temperature(0.9)

# Chain with other options
config =
  GenerationConfig.new()
  |> GenerationConfig.temperature(0.7)
  |> GenerationConfig.max_tokens(1000)
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Set plain text response format.
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          @spec thinking_budget(t(), integer()) :: t()


      


Set thinking budget for Gemini 2.5 series models (legacy).
For Gemini 3 models, use thinking_level/2 instead.
Controls how many thinking tokens the model can use for internal reasoning.
Parameters
	config: GenerationConfig struct (defaults to new config)
	budget: Integer controlling thinking tokens	0: Disable thinking (Flash/Lite only, NOT Pro)
	-1: Dynamic thinking (model decides budget)
	Positive integer: Fixed budget	Flash: 0-24,576
	Pro: 128-32,768
	Lite: 512-24,576





Important
Cannot be used with thinking_level in the same request.
Examples
# Disable thinking (save costs)
config = GenerationConfig.thinking_budget(0)

# Dynamic thinking (model decides)
config = GenerationConfig.thinking_budget(-1)

# Fixed budget (balance cost/quality)
config = GenerationConfig.thinking_budget(1024)

# Chain with other options
config =
  GenerationConfig.new()
  |> GenerationConfig.temperature(0.7)
  |> GenerationConfig.thinking_budget(2048)
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          @spec thinking_config(t(), integer(), keyword()) :: t()


      


Set complete thinking configuration (budget + thoughts).
Convenience function to set both thinking budget and thought inclusion.
Parameters
	config: GenerationConfig struct (defaults to new config)
	budget: Thinking budget integer
	opts: Keyword list with optional :include_thoughts boolean

Examples
# Set budget and enable thoughts
config = GenerationConfig.thinking_config(1024, include_thoughts: true)

# Just budget (thoughts disabled)
config = GenerationConfig.thinking_config(512)
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          @spec thinking_level(
  t(),
  Gemini.Types.GenerationConfig.ThinkingConfig.thinking_level()
) :: t()


      


Set thinking level for Gemini 3 models.
Controls the depth of reasoning before the model responds.
Parameters
	config: GenerationConfig struct (defaults to new config)
	level: Thinking level atom	:low - Minimizes latency and cost. Best for simple instruction following.
	:high - Maximizes reasoning depth. Model may take longer for first token.



Note: :medium is not currently supported by the API.
Important
Cannot be used with thinking_budget in the same request.
Examples
# Fast responses for simple tasks
config = GenerationConfig.thinking_level(:low)

# Deep reasoning for complex tasks (default)
config = GenerationConfig.thinking_level(:high)

# Chain with other options
config =
  GenerationConfig.new()
  |> GenerationConfig.thinking_level(:low)
  |> GenerationConfig.max_tokens(1000)
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Gemini.Types.GenerationConfig.ImageConfig 
    



      
Configuration for image generation in Gemini 3 Pro Image.
Used with gemini-3-pro-image-preview model for generating and editing images.
Fields
	aspect_ratio - Output image aspect ratio (e.g., "16:9", "1:1", "4:3", "3:4", "9:16")
	image_size - Output resolution ("2K" or "4K")

Example
image_config = %ImageConfig{
  aspect_ratio: "16:9",
  image_size: "4K"
}
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          @type t() :: %Gemini.Types.GenerationConfig.ImageConfig{
  aspect_ratio: aspect_ratio() | nil,
  image_size: image_size() | nil
}


      


Image generation configuration
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Gemini.Types.GenerationConfig.ThinkingConfig 
    



      
Configuration for thinking/reasoning in Gemini models.
Gemini 3 (Recommended)
Use thinking_level for Gemini 3 models:
	:low - Minimizes latency and cost. Best for simple tasks.
	:high - Maximizes reasoning depth (default for Gemini 3).

Note: :medium is not currently supported.
Gemini 2.5 (Legacy)
Use thinking_budget for Gemini 2.5 models:
	0 - Disable thinking (Flash/Lite only)
	-1 - Dynamic thinking
	Positive integer - Fixed token budget

Important
You cannot use both thinking_level and thinking_budget in the same request.
Doing so will return a 400 error from the API.
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          @type t() :: %Gemini.Types.GenerationConfig.ThinkingConfig{
  include_thoughts: boolean() | nil,
  thinking_budget: integer() | nil,
  thinking_level: thinking_level() | nil
}


      


Thinking configuration for Gemini models
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Response type for listing batch jobs.
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  batch_jobs: [Gemini.Types.BatchJob.t()],
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}


      


Response from listing batch jobs.
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Creates a ListBatchJobsResponse from API response.
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          @spec has_more_pages?(t()) :: boolean()


      


Checks if there are more pages available.
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Response type for listing documents in a RAG store.
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        Checks if there are more pages available.
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          @type t() :: %Gemini.Types.ListDocumentsResponse{
  documents: [Gemini.Types.Document.t()],
  next_page_token: String.t() | nil
}


      


Response from listing documents.
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Creates a ListDocumentsResponse from API response.
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          @spec has_more_pages?(t()) :: boolean()


      


Checks if there are more pages available.
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Response type for listing file search stores.
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    Functions
  


    
      
        from_api_response(response)

      


        Creates a ListFileSearchStoresResponse from API response.
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          @type t() :: %Gemini.Types.ListFileSearchStoresResponse{
  file_search_stores: [Gemini.Types.FileSearchStore.t()],
  next_page_token: String.t() | nil
}


      


Response from listing file search stores.
	file_search_stores - List of FileSearchStore structs
	next_page_token - Token for fetching next page (nil if no more pages)
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Creates a ListFileSearchStoresResponse from API response.
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          @spec has_more_pages?(t()) :: boolean()


      


Checks if there are more pages available.
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Response type for listing files.
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        Creates a ListFilesResponse from API response.
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        Checks if there are more pages available.
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          @type t() :: %Gemini.Types.ListFilesResponse{
  files: [Gemini.Types.File.t()],
  next_page_token: String.t() | nil
}


      


Response from listing files.
	files - List of File structs
	next_page_token - Token for fetching next page (nil if no more pages)
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Creates a ListFilesResponse from API response.
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Checks if there are more pages available.
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Response type for listing operations.
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  next_page_token: String.t() | nil,
  operations: [Gemini.Types.Operation.t()]
}


      


Response from listing operations.
	operations - List of Operation structs
	next_page_token - Token for fetching next page (nil if no more pages)
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Checks if there are more pages available.
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Response type for listing RAG stores.
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  next_page_token: String.t() | nil,
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}


      


Response from listing RAG stores.
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Types for Gemini Live API (WebSocket-based real-time communication).
The Live API enables bidirectional streaming communication with Gemini models,
supporting real-time text, audio, and video interactions.
Features
	Real-time bidirectional streaming
	Audio transcription and generation
	Video/image processing
	Tool/function calling during conversation
	Low-latency responses

Example
config = %LiveConfig{
  model: "gemini-2.0-flash-exp",
  generation_config: %GenerationConfig{temperature: 0.8},
  system_instruction: "You are a helpful assistant"
}

{:ok, session} = LiveSession.start_link(config)
:ok = LiveSession.connect(session)
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        Convert LiveConfig to API format for session setup.
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Audio format for input/output
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Turn detection mode for automatic turn-taking
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Convert LiveConfig to API format for session setup.
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Configuration for automatic audio transcription.
Fields
	enabled: Enable transcription (default: false)
	language: Language code for transcription (e.g., "en-US")
	model: Transcription model to use
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          @type t() :: %Gemini.Types.Live.AudioTranscriptionConfig{
  enabled: boolean(),
  language: String.t() | nil,
  model: String.t() | nil
}
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Setup configuration for bidirectional content generation.
Fields
	model: Model identifier
	generation_config: Generation parameters
	system_instruction: System instruction
	tools: Available tools
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          @type t() :: %Gemini.Types.Live.BidiGenerateContentSetup{
  generation_config: Gemini.Types.GenerationConfig.t() | nil,
  model: String.t() | nil,
  system_instruction: (String.t() | Gemini.Types.Content.t()) | nil,
  tools: [map()] | nil
}
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Configuration for a Live API session.
Fields
	model: Model to use for the session (required)
	generation_config: Generation parameters (optional)
	system_instruction: System instruction for the model (optional)
	tools: Available tools/functions (optional)
	tool_config: Tool configuration (optional)
	safety_settings: Safety settings (optional)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Live.LiveConfig{
  generation_config: Gemini.Types.GenerationConfig.t() | nil,
  model: String.t(),
  safety_settings: [Gemini.Types.SafetySetting.t()] | nil,
  system_instruction: (String.t() | Gemini.Types.Content.t()) | nil,
  tool_config: map() | nil,
  tools: [map()] | nil
}
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Gemini.Types.Live.RealtimeInputConfig 
    



      
Configuration for real-time input (audio/video).
Fields
	audio_transcription: Audio transcription settings
	turn_detection: Turn detection mode


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Live.RealtimeInputConfig{
  audio_transcription: Gemini.Types.Live.AudioTranscriptionConfig.t() | nil,
  turn_detection: Gemini.Types.Live.turn_detection() | nil
}
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Gemini.Types.Live.SpeechConfig 
    



      
Configuration for speech generation.
Fields
	voice_config: Voice configuration for TTS
	audio_format: Output audio format


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Live.SpeechConfig{
  audio_format: Gemini.Types.Live.audio_format() | nil,
  voice_config: map() | nil
}
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Gemini.Types.MediaResolution 
    



      
Media resolution enum for controlling token allocation on media inputs.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(value)

      


        Convert API value to enum atom.



    


    
      
        to_api(value)

      


        Convert enum atom to API string.
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      t()



        
          
        

    

  


  

      

          @type t() ::
  :media_resolution_unspecified
  | :media_resolution_low
  | :media_resolution_medium
  | :media_resolution_high


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(value)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      


Convert API value to enum atom.

  



  
    
      
    
    
      to_api(value)



        
          
        

    

  


  

      

          @spec to_api(t() | atom() | nil) :: String.t() | nil


      


Convert enum atom to API string.
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Gemini.Types.Modality 
    



      
Response modality types for multimodal generation.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(value)

      


        Convert API modality string to atom.



    


    
      
        to_api(value)

      


        Convert modality atom to API string.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :modality_unspecified | :text | :image | :audio


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(value)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      


Convert API modality string to atom.

  



  
    
      
    
    
      to_api(value)



        
          
        

    

  


  

      

          @spec to_api(t() | nil) :: String.t() | nil


      


Convert modality atom to API string.
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Type definitions for long-running operations.
Long-running operations are used for tasks that may take significant time to complete,
such as video generation, file imports, model tuning, and batch processing.
Operation Lifecycle
	Initiated - Operation is created, done: false
	Running - Operation is processing, done: false
	Completed - Operation finished successfully, done: true, response populated
	Failed - Operation failed, done: true, error populated

Polling Pattern
{:ok, operation} = some_long_running_call()

# Poll until complete
{:ok, completed} = Gemini.APIs.Operations.wait(operation.name,
  poll_interval: 5000,
  timeout: 300_000
)

case completed do
  %{done: true, error: nil, response: response} ->
    IO.puts("Success: #{inspect(response)}")
  %{done: true, error: error} ->
    IO.puts("Failed: #{error.message}")
end
Example
# Video generation returns an operation
{:ok, op} = Gemini.generate_video("A cat playing piano")

# Wait for completion
{:ok, completed} = Gemini.APIs.Operations.wait(op.name)

# Get the result
video_uri = completed.response["generatedVideos"]

      


      
        Summary


  
    Types
  


    
      
        operation_error()

      


        Operation error details.



    


    
      
        t()

      


        Represents a long-running operation.



    





  
    Functions
  


    
      
        complete?(arg1)

      


        Checks if the operation is complete (successfully or failed).



    


    
      
        failed?(arg1)

      


        Checks if the operation failed.



    


    
      
        from_api_response(response)

      


        Creates an Operation from API response.



    


    
      
        get_id(operation)

      


        Extracts the operation ID from the full name.



    


    
      
        get_progress(operation)

      


        Gets the progress percentage from metadata, if available.



    


    
      
        running?(arg1)

      


        Checks if the operation is still running.



    


    
      
        succeeded?(arg1)

      


        Checks if the operation completed successfully.



    





      


      
        Types

        


  
    
      
    
    
      operation_error()



        
          
        

    

  


  

      

          @type operation_error() :: %{
  optional(:code) => integer(),
  optional(:message) => String.t(),
  optional(:details) => [map()]
}


      


Operation error details.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Operation{
  done: boolean(),
  error: operation_error() | nil,
  metadata: map() | nil,
  name: String.t() | nil,
  response: map() | nil
}


      


Represents a long-running operation.
Fields
	name - Server-assigned unique identifier (e.g., "operations/abc123")
	metadata - Service-specific metadata about the operation progress
	done - Whether the operation is complete (true = finished, false = in progress)
	error - Error result if the operation failed (mutually exclusive with response)
	response - Success result if the operation completed (mutually exclusive with error)


  


        

      

      
        Functions

        


  
    
      
    
    
      complete?(arg1)



        
          
        

    

  


  

      

          @spec complete?(t()) :: boolean()


      


Checks if the operation is complete (successfully or failed).

  



  
    
      
    
    
      failed?(arg1)



        
          
        

    

  


  

      

          @spec failed?(t()) :: boolean()


      


Checks if the operation failed.

  



  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates an Operation from API response.
Parameters
	response - Map from API response with string keys

Examples
response = %{
  "name" => "operations/abc123",
  "done" => false,
  "metadata" => %{"@type" => "...", "progress" => 50}
}
op = Gemini.Types.Operation.from_api_response(response)

  



  
    
      
    
    
      get_id(operation)



        
          
        

    

  


  

      

          @spec get_id(t()) :: String.t() | nil


      


Extracts the operation ID from the full name.
Examples
op = %Operation{name: "operations/abc123"}
Operation.get_id(op)
# => "abc123"

  



  
    
      
    
    
      get_progress(operation)



        
          
        

    

  


  

      

          @spec get_progress(t()) :: float() | nil


      


Gets the progress percentage from metadata, if available.
Returns nil if progress information is not available in metadata.

  



  
    
      
    
    
      running?(arg1)



        
          
        

    

  


  

      

          @spec running?(t()) :: boolean()


      


Checks if the operation is still running.

  



  
    
      
    
    
      succeeded?(arg1)



        
          
        

    

  


  

      

          @spec succeeded?(t()) :: boolean()


      


Checks if the operation completed successfully.
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Gemini.Types.Part 
    



      
Part type for content in Gemini API.
Gemini 3 Features
Media Resolution
Control token allocation for media processing with media_resolution:
	:low - 280 tokens for images, 70 for video
	:medium - 560 tokens for images, 70 for video
	:high - 1120 tokens for images, 280 for video

Thought Signature
Gemini 3 returns thought_signature fields that must be echoed back
in subsequent turns to maintain reasoning context. The SDK handles
this automatically in chat sessions.

      


      
        Summary


  
    Types
  


    
      
        inline_data()

      


        Inline data (base64 encoded).



    


    
      
        t()

      


    


    
      
        text_content()

      


        Text content.



    





  
    Functions
  


    
      
        blob(data, mime_type)

      


        Create a blob part with raw data and MIME type.



    


    
      
        file(path)

      


        Create a part from a file path.



    


    
      
        from_api(part)

      


        Parse a part from API payload.



    


    
      
        inline_data(data, mime_type)

      


        Create an inline data part with base64 encoded data.



    


    
      
        inline_data_with_resolution(data, mime_type, resolution)

      


        Create an inline data part with media resolution for Gemini 3.



    


    
      
        text(text)

      


        Create a text part.



    


    
      
        with_resolution(part, resolution)

      


        Set media resolution on an existing part.



    


    
      
        with_thought_signature(part, signature)

      


        Set thought signature on an existing part.



    





      


      
        Types

        


  
    
      
    
    
      inline_data()



        
          
        

    

  


  

      

          @type inline_data() :: Gemini.Types.Blob.t() | nil


      


Inline data (base64 encoded).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Part{
  file_data: Gemini.Types.FileData.t() | nil,
  function_call: Altar.ADM.FunctionCall.t() | nil,
  function_response: Gemini.Types.FunctionResponse.t() | nil,
  inline_data: Gemini.Types.Blob.t() | nil,
  media_resolution:
    Gemini.Types.MediaResolution.t()
    | Gemini.Types.Part.MediaResolution.t()
    | nil,
  text: String.t() | nil,
  thought: boolean() | nil,
  thought_signature: String.t() | nil
}


      



  



  
    
      
    
    
      text_content()



        
          
        

    

  


  

      

          @type text_content() :: String.t() | nil


      


Text content.

  


        

      

      
        Functions

        


  
    
      
    
    
      blob(data, mime_type)



        
          
        

    

  


  

      

          @spec blob(String.t(), String.t()) :: t()


      


Create a blob part with raw data and MIME type.

  



  
    
      
    
    
      file(path)



        
          
        

    

  


  

      

          @spec file(String.t()) :: t()


      


Create a part from a file path.

  



  
    
      
    
    
      from_api(part)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | map() | nil


      


Parse a part from API payload.

  



  
    
      
    
    
      inline_data(data, mime_type)



        
          
        

    

  


  

      

          @spec inline_data(String.t(), String.t()) :: t()


      


Create an inline data part with base64 encoded data.

  



  
    
      
    
    
      inline_data_with_resolution(data, mime_type, resolution)



        
          
        

    

  


  

      

          @spec inline_data_with_resolution(String.t(), String.t(), :low | :medium | :high) ::
  t()


      


Create an inline data part with media resolution for Gemini 3.
Parameters
	data: Base64 encoded data
	mime_type: MIME type of the data
	resolution: Media resolution level (:low, :medium, or :high)

Examples
# High resolution for detailed image analysis
Part.inline_data_with_resolution(image_data, "image/jpeg", :high)

# Low resolution for faster processing
Part.inline_data_with_resolution(video_frame, "image/png", :low)

  



  
    
      
    
    
      text(text)



        
          
        

    

  


  

      

          @spec text(String.t()) :: t()


      


Create a text part.

  



  
    
      
    
    
      with_resolution(part, resolution)



        
          
        

    

  


  

      

          @spec with_resolution(t(), :low | :medium | :high) :: t()


      


Set media resolution on an existing part.
Parameters
	part: Existing Part struct
	resolution: Resolution level (:low, :medium, or :high)

Examples
part = Part.inline_data(image_data, "image/jpeg")
|> Part.with_resolution(:high)

  



  
    
      
    
    
      with_thought_signature(part, signature)



        
          
        

    

  


  

      

          @spec with_thought_signature(t(), String.t()) :: t()


      


Set thought signature on an existing part.
Used to maintain reasoning context across API calls in Gemini 3.
The SDK handles this automatically in most cases.
Parameters
	part: Existing Part struct
	signature: Thought signature string from a previous response
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Gemini.Types.Part.MediaResolution 
    



      
Media resolution settings for Gemini 3 vision processing.
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      level()



        
          
        

    

  


  

      

          @type level() ::
  :media_resolution_low | :media_resolution_medium | :media_resolution_high


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Part.MediaResolution{level: level() | nil}
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Configuration for a prebuilt voice.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


    


    
      
        to_api(config)
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      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.PrebuiltVoiceConfig{voice_name: String.t() | nil}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(config)



        
          
        

    

  


  

      

          @spec to_api(t() | nil) :: map() | nil
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Gemini.Types.RagStore 
    



      
Type definitions for RAG stores (FileSearchStores).
RAG stores contain documents that can be searched semantically
and used for retrieval-augmented generation.

      


      
        Summary


  
    Types
  


    
      
        store_state()

      


        RAG store state enumeration.



    


    
      
        t()

      


        Represents a RAG store.



    





  
    Functions
  


    
      
        active?(arg1)

      


        Checks if the store is active.



    


    
      
        from_api_response(response)

      


        Creates a RagStore from API response.



    


    
      
        get_id(rag_store)

      


        Extracts the store ID from the full name.



    


    
      
        parse_state(arg1)

      


        Parses store state from API string.



    





      


      
        Types

        


  
    
      
    
    
      store_state()



        
          
        

    

  


  

      

          @type store_state() :: :state_unspecified | :creating | :active | :deleting | :failed


      


RAG store state enumeration.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.RagStore{
  create_time: String.t() | nil,
  description: String.t() | nil,
  display_name: String.t() | nil,
  document_count: integer() | nil,
  name: String.t() | nil,
  state: store_state() | nil,
  total_size_bytes: integer() | nil,
  update_time: String.t() | nil,
  vector_config: map() | nil
}


      


Represents a RAG store.
Fields
	name - Resource name (e.g., "ragStores/abc123")
	display_name - Human-readable name
	description - Store description
	state - Current state
	create_time - When the store was created
	update_time - Last update timestamp
	document_count - Number of documents in the store
	total_size_bytes - Total size of all documents
	vector_config - Vector embedding configuration


  


        

      

      
        Functions

        


  
    
      
    
    
      active?(arg1)



        
          
        

    

  


  

      

          @spec active?(t()) :: boolean()


      


Checks if the store is active.

  



  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a RagStore from API response.

  



  
    
      
    
    
      get_id(rag_store)



        
          
        

    

  


  

      

          @spec get_id(t()) :: String.t() | nil


      


Extracts the store ID from the full name.

  



  
    
      
    
    
      parse_state(arg1)



        
          
        

    

  


  

      

          @spec parse_state(String.t() | nil) :: store_state() | nil


      


Parses store state from API string.
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Gemini.Types.Request.BatchEmbedContentsRequest 
    



      
Request structure for batch embedding multiple content items.
Allows generating embeddings for multiple text inputs in a single API call,
which is more efficient than individual requests.
Fields
	requests: List of individual embed content requests

Examples
%BatchEmbedContentsRequest{
  requests: [
    %EmbedContentRequest{
      model: "models/gemini-embedding-001",
      content: %Content{parts: [%Part{text: "First text"}]}
    },
    %EmbedContentRequest{
      model: "models/gemini-embedding-001",
      content: %Content{parts: [%Part{text: "Second text"}]}
    }
  ]
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(texts, opts \\ [])

      


        Creates a new batch embedding request from a list of texts.



    


    
      
        to_api_map(batch_embed_contents_request)

      


        Converts the batch request to API-compatible map format.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.BatchEmbedContentsRequest{
  requests: [Gemini.Types.Request.EmbedContentRequest.t()]
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      new(texts, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  [String.t()],
  keyword()
) :: t()


      


Creates a new batch embedding request from a list of texts.
Uses auth-aware embedding model selection:
	Gemini API: gemini-embedding-001 with taskType parameter
	Vertex AI: embeddinggemma with prompt prefix formatting

Parameters
	texts: List of text strings to embed
	opts: Optional keyword list of options to apply to all requests	:model: Model to use (default: auto-detected based on auth)
	:task_type: Task type for optimized embeddings
	:output_dimensionality: Dimension reduction



Examples
BatchEmbedContentsRequest.new([
  "What is AI?",
  "How does machine learning work?",
  "Explain neural networks"
])

BatchEmbedContentsRequest.new(
  ["Doc 1", "Doc 2"],
  task_type: :retrieval_document,
  output_dimensionality: 256
)

  



  
    
      
    
    
      to_api_map(batch_embed_contents_request)



        
          
        

    

  


  

      

          @spec to_api_map(t()) :: map()


      


Converts the batch request to API-compatible map format.
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Gemini.Types.Request.CountTokensRequest 
    



      
Request structure for counting tokens.
Supports counting tokens for both simple contents and
full GenerateContentRequest structures.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(input, opts \\ [])

      


        Create a new CountTokensRequest.



    


    
      
        to_json_map(count_tokens_request)

      


        Convert request to map suitable for JSON encoding.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.CountTokensRequest{
  contents: [Gemini.Types.Content.t()] | nil,
  generate_content_request:
    Gemini.Types.Request.GenerateContentRequest.t() | nil
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      new(input, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  String.t()
  | [Gemini.Types.Content.t()]
  | Gemini.Types.Request.GenerateContentRequest.t(),
  keyword()
) :: {:ok, t()} | {:error, String.t()}


      


Create a new CountTokensRequest.
Parameters
	input - Either contents (string/list) or a GenerateContentRequest
	opts - Additional options

Examples
iex> CountTokensRequest.new("Hello world")
{:ok, %CountTokensRequest{contents: [%Content{...}]}}

iex> CountTokensRequest.new(generate_request)
{:ok, %CountTokensRequest{generate_content_request: generate_request}}

  



  
    
      
    
    
      to_json_map(count_tokens_request)



        
          
        

    

  


  

      

          @spec to_json_map(t()) :: map()


      


Convert request to map suitable for JSON encoding.
Only includes the non-nil field (either contents or generate_content_request).
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Gemini.Types.Request.EmbedContentBatch 
    



      
Async batch embedding job request.
Submit a large batch of embedding requests for asynchronous processing
at 50% cost compared to interactive API.
Fields
	model: Model to use (e.g., "models/gemini-embedding-001")
	name: Output only - assigned by API (format: "batches/{batchId}")
	display_name: Human-readable batch name (required)
	input_config: Input configuration (file or inline requests)
	priority: Processing priority (default 0, higher = more urgent)

Examples
# Create batch with inline requests
EmbedContentBatch.new(
  "models/gemini-embedding-001",
  input_config,
  display_name: "Knowledge Base Embeddings"
)

# With priority
EmbedContentBatch.new(
  "models/gemini-embedding-001",
  input_config,
  display_name: "Urgent Batch",
  priority: 10
)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(model, input_config, opts \\ [])

      


        Creates a new async batch embedding request.



    


    
      
        to_api_map(batch)

      


        Converts the batch request to API-compatible map format.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.EmbedContentBatch{
  display_name: String.t(),
  input_config: Gemini.Types.Request.InputEmbedContentConfig.t(),
  model: String.t(),
  name: String.t() | nil,
  priority: integer() | nil
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      new(model, input_config, opts \\ [])



        
          
        

    

  


  

      

          @spec new(String.t(), Gemini.Types.Request.InputEmbedContentConfig.t(), keyword()) ::
  t()


      


Creates a new async batch embedding request.
Parameters
	model: Model to use (e.g., "gemini-embedding-001" or full path)
	input_config: Input configuration (file or inline)
	opts: Optional keyword list	:display_name: Human-readable name (required)
	:priority: Processing priority (default: 0)
	:name: Batch identifier (output only, set by API)



Examples
EmbedContentBatch.new(
  "gemini-embedding-001",
  input_config,
  display_name: "My Batch"
)

  



  
    
      
    
    
      to_api_map(batch)



        
          
        

    

  


  

      

          @spec to_api_map(t()) :: map()


      


Converts the batch request to API-compatible map format.
The API expects all fields to be wrapped in a batch object.
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Gemini.Types.Request.EmbedContentRequest 
    



      
Request structure for embedding content using Gemini embedding models.
Represents a request to generate text embeddings from input content.
Embeddings are numerical representations of text that enable use cases
such as clustering, similarity measurement, and information retrieval.
API Differences
This module handles the differences between Gemini API and Vertex AI embedding models:
	Gemini API (gemini-embedding-001): Uses taskType parameter
	Vertex AI (embeddinggemma): Uses prompt prefixes like "task: search result | query: "


The new/2 function automatically detects the model type and formats accordingly.
Fields
	model: The embedding model to use (e.g., "gemini-embedding-001" or "embeddinggemma")
	content: The content to embed (only text parts will be processed)
	task_type: Optional task type for optimized embeddings
	title: Optional title for retrieval documents
	output_dimensionality: Optional dimension reduction for embeddings

Examples
# Simple embedding request (auto-detects model from auth)
EmbedContentRequest.new("What is the meaning of life?")

# With task type - automatically formats for model type
EmbedContentRequest.new("Document text here",
  task_type: :retrieval_document,
  title: "Important Document",
  output_dimensionality: 256
)

# For EmbeddingGemma, the text becomes:
# "title: Important Document | text: Document text here"

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        task_type()

      


    





  
    Functions
  


    
      
        format_for_embedding_gemma(text, task_type, opts \\ [])

      


        Format text with the appropriate prompt prefix for EmbeddingGemma models.



    


    
      
        new(text, opts \\ [])

      


        Creates a new embedding request from text content.



    


    
      
        new_for_api(text, api_type, opts \\ [])

      


        Creates an embedding request with explicit API type specification.



    


    
      
        to_api_map(request)

      


        Converts the request struct to API-compatible map format.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.EmbedContentRequest{
  content: Gemini.Types.Content.t(),
  model: String.t(),
  output_dimensionality: pos_integer() | nil,
  task_type: task_type() | nil,
  title: String.t() | nil
}


      



  



  
    
      
    
    
      task_type()



        
          
        

    

  


  

      

          @type task_type() ::
  :task_type_unspecified
  | :retrieval_query
  | :retrieval_document
  | :semantic_similarity
  | :classification
  | :clustering
  | :question_answering
  | :fact_verification
  | :code_retrieval_query


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      format_for_embedding_gemma(text, task_type, opts \\ [])



        
          
        

    

  


  

      

          @spec format_for_embedding_gemma(String.t(), task_type() | nil, keyword()) ::
  String.t()


      


Format text with the appropriate prompt prefix for EmbeddingGemma models.
This is exposed for cases where you need to manually format text for
EmbeddingGemma without going through the full request creation.
Parameters
	text: The original text
	task_type: Task type atom
	opts: Options including :title for retrieval_document

Examples
format_for_embedding_gemma("My query", :retrieval_query)
#=> "task: search result | query: My query"

format_for_embedding_gemma("My document", :retrieval_document, title: "Title")
#=> "title: Title | text: My document"

  



    

  
    
      
    
    
      new(text, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  String.t(),
  keyword()
) :: t()


      


Creates a new embedding request from text content.
Automatically handles model-specific formatting:
	For Gemini embedding models: Uses taskType parameter
	For EmbeddingGemma: Prepends prompt prefix to text content

Parameters
	text: The text to embed
	opts: Optional keyword list of options	:model: Model to use (default: auto-detected based on auth)
	:task_type: Task type for optimized embeddings
	:title: Title for retrieval documents (required for EmbeddingGemma with :retrieval_document)
	:output_dimensionality: Dimension reduction



Examples
# Basic usage (auto-detects model)
EmbedContentRequest.new("What is AI?")

# With task type (works with both APIs)
EmbedContentRequest.new("Document content",
  task_type: :retrieval_document,
  title: "AI Overview"
)

# Explicit model selection
EmbedContentRequest.new("Query text",
  model: "embeddinggemma",
  task_type: :retrieval_query
)
# Text becomes: "task: search result | query: Query text"

  



    

  
    
      
    
    
      new_for_api(text, api_type, opts \\ [])



        
          
        

    

  


  

      

          @spec new_for_api(String.t(), :gemini | :vertex_ai, keyword()) :: t()


      


Creates an embedding request with explicit API type specification.
Use this when you need to force a specific API's embedding model regardless
of the current authentication configuration.
Parameters
	text: The text to embed
	api_type: :gemini or :vertex_ai
	opts: Same options as new/2

Examples
# Force Gemini API embedding model
EmbedContentRequest.new_for_api("Query", :gemini, task_type: :retrieval_query)

# Force Vertex AI embedding model
EmbedContentRequest.new_for_api("Document", :vertex_ai, task_type: :retrieval_document)

  



  
    
      
    
    
      to_api_map(request)



        
          
        

    

  


  

      

          @spec to_api_map(t()) :: map()


      


Converts the request struct to API-compatible map format.
Converts snake_case field names to camelCase as required by the Gemini API.
For EmbeddingGemma models, the task type is already embedded in the text content.
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Gemini.Types.Request.GenerateContentRequest 
    



      
Request structure for content generation.
Supports all generation parameters including safety settings,
system instructions, tools, and generation configuration.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(contents, opts \\ [])

      


        Create a new GenerateContentRequest with validation.



    


    
      
        to_json_map(request)

      


        Convert request to map suitable for JSON encoding.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.GenerateContentRequest{
  contents: [Gemini.Types.Content.t()],
  generation_config: Gemini.Types.GenerationConfig.t() | nil,
  safety_settings: [Gemini.Types.SafetySetting.t()],
  system_instruction: Gemini.Types.Content.t() | nil,
  tool_config: map() | nil,
  tools: [map()]
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      new(contents, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  String.t() | [Gemini.Types.Content.t()],
  keyword()
) :: {:ok, t()} | {:error, String.t()}


      


Create a new GenerateContentRequest with validation.
Parameters
	contents - List of Content structs or single string
	opts - Keyword list of options:	:generation_config - GenerationConfig struct
	:safety_settings - List of SafetySetting structs
	:system_instruction - System instruction as Content or string
	:tools - List of tool definitions
	:tool_config - Tool configuration



Examples
iex> GenerateContentRequest.new("Hello world")
{:ok, %GenerateContentRequest{contents: [%Content{...}]}}

iex> GenerateContentRequest.new([Content.text("Hello")])
{:ok, %GenerateContentRequest{...}}

  



  
    
      
    
    
      to_json_map(request)



        
          
        

    

  


  

      

          @spec to_json_map(t()) :: map()


      


Convert request to map suitable for JSON encoding.
Removes nil fields to create clean JSON payload.
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Gemini.Types.Request.GetModelRequest 
    



      
Request structure for getting a specific model.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(model_name)

      


        Create a new GetModelRequest with name normalization.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.GetModelRequest{name: String.t()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      new(model_name)



        
          
        

    

  


  

      

          @spec new(String.t()) :: {:ok, t()} | {:error, String.t()}


      


Create a new GetModelRequest with name normalization.
Examples
iex> GetModelRequest.new("gemini-flash-lite-latest")
{:ok, %GetModelRequest{name: "models/gemini-flash-lite-latest"}}

iex> GetModelRequest.new("models/gemini-2.5-pro")
{:ok, %GetModelRequest{name: "models/gemini-2.5-pro"}}

iex> GetModelRequest.new("")
{:error, "Model name cannot be empty"}
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Gemini.Types.Request.InlinedEmbedContentRequest 
    



      
A single embedding request within an async batch, with optional metadata.
Used to submit individual embedding requests as part of an async batch operation.
Each request can include metadata for tracking purposes.
Fields
	request: The embedding request (EmbedContentRequest)
	metadata: Optional metadata (map) to track request identity

Examples
# Simple inlined request
%InlinedEmbedContentRequest{
  request: %EmbedContentRequest{
    model: "models/gemini-embedding-001",
    content: %Content{parts: [%Part{text: "Hello world"}]}
  }
}

# With metadata
%InlinedEmbedContentRequest{
  request: embed_request,
  metadata: %{"document_id" => "doc-123", "category" => "tech"}
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(request, opts \\ [])

      


        Creates a new inlined embed content request.



    


    
      
        to_api_map(inlined_request)

      


        Converts the inlined request to API-compatible map format.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.InlinedEmbedContentRequest{
  metadata: map() | nil,
  request: Gemini.Types.Request.EmbedContentRequest.t()
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      new(request, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  Gemini.Types.Request.EmbedContentRequest.t(),
  keyword()
) :: t()


      


Creates a new inlined embed content request.
Parameters
	request: The EmbedContentRequest to include
	opts: Optional keyword list	:metadata: Metadata map for tracking



Examples
InlinedEmbedContentRequest.new(embed_request)

InlinedEmbedContentRequest.new(embed_request,
  metadata: %{"id" => "123"}
)

  



  
    
      
    
    
      to_api_map(inlined_request)



        
          
        

    

  


  

      

          @spec to_api_map(t()) :: map()


      


Converts the inlined request to API-compatible map format.
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Gemini.Types.Request.InlinedEmbedContentRequests 
    



      
Container for multiple inlined embedding requests in a batch.
Wraps a list of InlinedEmbedContentRequest structs for submission
as part of an async batch embedding job.
Fields
	requests: List of InlinedEmbedContentRequest structs

Examples
%InlinedEmbedContentRequests{
  requests: [
    %InlinedEmbedContentRequest{request: embed_req1},
    %InlinedEmbedContentRequest{request: embed_req2}
  ]
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(requests)

      


        Creates a new container for inlined requests.



    


    
      
        to_api_map(inlined_embed_content_requests)

      


        Converts the inlined requests container to API-compatible map format.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.InlinedEmbedContentRequests{
  requests: [Gemini.Types.Request.InlinedEmbedContentRequest.t()]
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      new(requests)



        
          
        

    

  


  

      

          @spec new([Gemini.Types.Request.InlinedEmbedContentRequest.t()]) :: t()


      


Creates a new container for inlined requests.
Parameters
	requests: List of InlinedEmbedContentRequest structs

Examples
InlinedEmbedContentRequests.new([req1, req2, req3])

  



  
    
      
    
    
      to_api_map(inlined_embed_content_requests)



        
          
        

    

  


  

      

          @spec to_api_map(t()) :: map()


      


Converts the inlined requests container to API-compatible map format.
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Gemini.Types.Request.InputEmbedContentConfig 
    



      
Input configuration for async batch embedding.
Specifies where to read batch embedding requests from. This is a union type -
exactly ONE of the fields must be set.
Union Type - Choose ONE:
	file_name: Google Cloud Storage URI (e.g., "gs://bucket/inputs.jsonl")
	requests: InlinedEmbedContentRequests for inline processing

Per spec: Cannot specify both. One must be nil.
Examples
# File-based input
InputEmbedContentConfig.new_from_file("gs://my-bucket/embeddings/batch-001.jsonl")

# Inline requests
InputEmbedContentConfig.new_from_requests(inlined_requests)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new_from_file(file_name)

      


        Creates input config from a Google Cloud Storage file.



    


    
      
        new_from_requests(requests)

      


        Creates input config from inline requests.



    


    
      
        to_api_map(input_embed_content_config)

      


        Converts the input config to API-compatible map format.



    


    
      
        validate(arg1)

      


        Validates that exactly one input source is specified.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.InputEmbedContentConfig{
  file_name: String.t() | nil,
  requests: Gemini.Types.Request.InlinedEmbedContentRequests.t() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      new_from_file(file_name)



        
          
        

    

  


  

      

          @spec new_from_file(String.t()) :: t()


      


Creates input config from a Google Cloud Storage file.
Parameters
	file_name: GCS URI (e.g., "gs://bucket/inputs.jsonl")

Examples
InputEmbedContentConfig.new_from_file("gs://my-bucket/batch.jsonl")

  



  
    
      
    
    
      new_from_requests(requests)



        
          
        

    

  


  

      

          @spec new_from_requests(Gemini.Types.Request.InlinedEmbedContentRequests.t()) :: t()


      


Creates input config from inline requests.
Parameters
	requests: InlinedEmbedContentRequests container

Examples
InputEmbedContentConfig.new_from_requests(inlined_requests)

  



  
    
      
    
    
      to_api_map(input_embed_content_config)



        
          
        

    

  


  

      

          @spec to_api_map(t()) :: map()


      


Converts the input config to API-compatible map format.
For file-based: {"fileName": "gs://..."}
For inline: {"requests": {"requests": [...]}}

  



  
    
      
    
    
      validate(arg1)



        
          
        

    

  


  

      

          @spec validate(t()) :: :ok | {:error, String.t()}


      


Validates that exactly one input source is specified.
Returns
	:ok if valid
	{:error, reason} if invalid

Examples
InputEmbedContentConfig.validate(config)
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Gemini.Types.Request.ListModelsRequest 
    



      
Request structure for listing models with pagination support.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(opts \\ [])

      


        Create a new ListModelsRequest with validation.



    


    
      
        to_query_params(list_models_request)

      


        Build query parameters string from request.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Request.ListModelsRequest{
  page_size: integer() | nil,
  page_token: String.t() | nil
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, t()} | {:error, String.t()}


      


Create a new ListModelsRequest with validation.
Parameters
	opts - Keyword list of options:	:page_size - Number of models per page (1-1000)
	:page_token - Token for pagination



Examples
iex> ListModelsRequest.new(page_size: 50)
{:ok, %ListModelsRequest{page_size: 50}}

iex> ListModelsRequest.new(page_size: 2000)
{:error, "Page size must be between 1 and 1000"}

  



  
    
      
    
    
      to_query_params(list_models_request)



        
          
        

    

  


  

      

          @spec to_query_params(t()) :: String.t()


      


Build query parameters string from request.
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Gemini.Types.Response.BatchEmbedContentsResponse 
    



      
Response structure for batch embedding requests.
Contains embeddings for multiple content items in the same order as
the input requests.
Fields
	embeddings: List of content embeddings

Examples
%BatchEmbedContentsResponse{
  embeddings: [
    %ContentEmbedding{values: [0.1, 0.2, ...]},
    %ContentEmbedding{values: [0.3, 0.4, ...]},
    %ContentEmbedding{values: [0.5, 0.6, ...]}
  ]
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api_response(map)

      


        Creates a new batch embedding response from API response data.



    


    
      
        get_all_values(batch_embed_contents_response)

      


        Gets all embedding values as a list of lists.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.BatchEmbedContentsResponse{
  embeddings: [Gemini.Types.Response.ContentEmbedding.t()]
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api_response(map)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a new batch embedding response from API response data.
Parameters
	data: Map containing the API response

Examples
BatchEmbedContentsResponse.from_api_response(%{
  "embeddings" => [
    %{"values" => [0.1, 0.2]},
    %{"values" => [0.3, 0.4]}
  ]
})

  



  
    
      
    
    
      get_all_values(batch_embed_contents_response)



        
          
        

    

  


  

      

          @spec get_all_values(t()) :: [[float()]]


      


Gets all embedding values as a list of lists.
Examples
response = %BatchEmbedContentsResponse{...}
all_values = BatchEmbedContentsResponse.get_all_values(response)
# => [[0.1, 0.2, ...], [0.3, 0.4, ...], ...]
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Gemini.Types.Response.BatchState 
    



      
Represents the state of an async batch embedding job.
States
	:unspecified - State not specified
	:pending - Job queued, not yet processing
	:processing - Currently being processed
	:completed - Successfully completed
	:failed - Processing failed
	:cancelled - Job was cancelled

Examples
# Convert from API response
BatchState.from_string("PROCESSING")
# => :processing

# Convert to API format
BatchState.to_string(:completed)
# => "COMPLETED"

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_string(state_string)

      


        Converts a string state from the API to an atom.



    


    
      
        to_string(state)

      


        Converts an atom state to the API string format.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :unspecified | :pending | :processing | :completed | :failed | :cancelled


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_string(state_string)



        
          
        

    

  


  

      

          @spec from_string(String.t()) :: t()


      


Converts a string state from the API to an atom.
Handles both uppercase API format (e.g., "PENDING") and lowercase format.
Unknown states default to :unspecified.
Parameters
	state_string: The state string from the API

Returns
The corresponding atom state
Examples
BatchState.from_string("PROCESSING")
# => :processing

BatchState.from_string("pending")
# => :pending

BatchState.from_string("UNKNOWN")
# => :unspecified

  



  
    
      
    
    
      to_string(state)



        
          
        

    

  


  

      

          @spec to_string(t()) :: String.t()


      


Converts an atom state to the API string format.
Parameters
	state: The state atom

Returns
The API string representation
Examples
BatchState.to_string(:processing)
# => "PROCESSING"

BatchState.to_string(:completed)
# => "COMPLETED"
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Gemini.Types.Response.Candidate 
    



      
Content candidate in response.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


        Parse candidate from API payload.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.Candidate{
  avg_logprobs: float() | nil,
  citation_metadata: Gemini.Types.Response.CitationMetadata.t() | nil,
  content: Gemini.Types.Content.t() | nil,
  finish_message: String.t() | nil,
  finish_reason: String.t() | nil,
  grounding_attributions: [Gemini.Types.Response.GroundingAttribution.t()],
  index: integer() | nil,
  safety_ratings: [Gemini.Types.Response.SafetyRating.t()],
  token_count: integer() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      


Parse candidate from API payload.
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Gemini.Types.Response.CitationMetadata 
    



      
Citation metadata for generated content.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.CitationMetadata{
  citation_sources: [Gemini.Types.Response.CitationSource.t()]
}
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Gemini.Types.Response.CitationSource 
    



      
Citation source information.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.CitationSource{
  end_index: integer() | nil,
  license: String.t() | nil,
  start_index: integer() | nil,
  uri: String.t() | nil
}
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Gemini.Types.Response.ContentEmbedding 
    



      
A list of floats representing an embedding.
Embeddings are numerical representations of text that can be used for
various purposes such as similarity comparison, clustering, and retrieval.
Fields
	values: List of float values representing the embedding vector

Examples
%ContentEmbedding{
  values: [0.123, -0.456, 0.789, 0.234, ...]
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        cosine_similarity(content_embedding1, content_embedding2)

      


        Calculates cosine similarity between two embeddings.



    


    
      
        dimensionality(content_embedding)

      


        Gets the dimensionality of the embedding.



    


    
      
        dot_product(content_embedding1, content_embedding2)

      


        Calculates the dot product between two embeddings.



    


    
      
        euclidean_distance(content_embedding1, content_embedding2)

      


        Calculates Euclidean distance between two embeddings.



    


    
      
        from_api_response(map)

      


        Creates a new content embedding from API response data.



    


    
      
        get_values(content_embedding)

      


        Gets the embedding values.



    


    
      
        norm(content_embedding)

      


        Calculates the L2 norm (Euclidean magnitude) of the embedding.



    


    
      
        normalize(embedding)

      


        Normalizes the embedding to unit length (L2 norm = 1).
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      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.ContentEmbedding{values: [float()]}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      cosine_similarity(content_embedding1, content_embedding2)



        
          
        

    

  


  

      

          @spec cosine_similarity(t(), t()) :: float() | {:error, String.t()}


      


Calculates cosine similarity between two embeddings.
Cosine similarity measures the cosine of the angle between two vectors,
ranging from -1 (opposite) to 1 (identical).
This metric focuses on direction rather than magnitude, making it ideal
for semantic similarity. For best results with dimensions other than 3072,
normalize embeddings first using normalize/1.
Parameters
	embedding1: First embedding
	embedding2: Second embedding

Returns
	Float value between -1.0 and 1.0, or
	{:error, reason} if embeddings have different dimensions

Examples
emb1 = %ContentEmbedding{values: [1.0, 0.0, 0.0]}
emb2 = %ContentEmbedding{values: [0.0, 1.0, 0.0]}
ContentEmbedding.cosine_similarity(emb1, emb2)
# => 0.0

# For best results with non-3072 dimensions, normalize first
norm1 = ContentEmbedding.normalize(emb1)
norm2 = ContentEmbedding.normalize(emb2)
ContentEmbedding.cosine_similarity(norm1, norm2)

  



  
    
      
    
    
      dimensionality(content_embedding)



        
          
        

    

  


  

      

          @spec dimensionality(t()) :: non_neg_integer()


      


Gets the dimensionality of the embedding.
Examples
embedding = %ContentEmbedding{values: [0.1, 0.2, 0.3]}
ContentEmbedding.dimensionality(embedding)
# => 3

  



  
    
      
    
    
      dot_product(content_embedding1, content_embedding2)



        
          
        

    

  


  

      

          @spec dot_product(t(), t()) :: float() | {:error, String.t()}


      


Calculates the dot product between two embeddings.
The dot product is a fundamental vector operation used in many similarity
metrics. For normalized vectors, the dot product equals the cosine similarity.
Parameters
	embedding1: First embedding
	embedding2: Second embedding

Returns
	Float value, or
	{:error, reason} if embeddings have different dimensions

Examples
emb1 = %ContentEmbedding{values: [1.0, 2.0, 3.0]}
emb2 = %ContentEmbedding{values: [4.0, 5.0, 6.0]}
ContentEmbedding.dot_product(emb1, emb2)
# => 32.0 (1*4 + 2*5 + 3*6)

  



  
    
      
    
    
      euclidean_distance(content_embedding1, content_embedding2)



        
          
        

    

  


  

      

          @spec euclidean_distance(t(), t()) :: float() | {:error, String.t()}


      


Calculates Euclidean distance between two embeddings.
Euclidean distance represents the straight-line distance between two points
in multidimensional space. Unlike cosine similarity, it considers both
direction and magnitude.
Parameters
	embedding1: First embedding
	embedding2: Second embedding

Returns
	Float value >= 0, or
	{:error, reason} if embeddings have different dimensions

Examples
emb1 = %ContentEmbedding{values: [0.0, 0.0]}
emb2 = %ContentEmbedding{values: [3.0, 4.0]}
ContentEmbedding.euclidean_distance(emb1, emb2)
# => 5.0

  



  
    
      
    
    
      from_api_response(map)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a new content embedding from API response data.
Parameters
	data: Map containing the embedding values

Examples
ContentEmbedding.from_api_response(%{"values" => [0.1, 0.2, 0.3]})

  



  
    
      
    
    
      get_values(content_embedding)



        
          
        

    

  


  

      

          @spec get_values(t()) :: [float()]


      


Gets the embedding values.
Examples
embedding = %ContentEmbedding{values: [0.1, 0.2, 0.3]}
ContentEmbedding.get_values(embedding)
# => [0.1, 0.2, 0.3]

  



  
    
      
    
    
      norm(content_embedding)



        
          
        

    

  


  

      

          @spec norm(t()) :: float()


      


Calculates the L2 norm (Euclidean magnitude) of the embedding.
The norm represents the length of the vector in multidimensional space.
For normalized embeddings, the norm should be 1.0.
Examples
embedding = %ContentEmbedding{values: [3.0, 4.0]}
ContentEmbedding.norm(embedding)
# => 5.0

normalized = ContentEmbedding.normalize(embedding)
ContentEmbedding.norm(normalized)
# => 1.0

  



  
    
      
    
    
      normalize(embedding)



        
          
        

    

  


  

      

          @spec normalize(t()) :: t()


      


Normalizes the embedding to unit length (L2 norm = 1).
Per the Gemini API specification, embeddings with dimensions other than 3072
should be normalized for accurate semantic similarity comparison.
The 3072-dimensional embeddings are already normalized by the API, but
embeddings with other dimensions (768, 1536, etc.) need explicit normalization.
Examples
embedding = %ContentEmbedding{values: [3.0, 4.0]}
normalized = ContentEmbedding.normalize(embedding)
# => %ContentEmbedding{values: [0.6, 0.8]}

ContentEmbedding.norm(normalized)
# => 1.0
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Response from counting tokens.
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          @type t() :: %Gemini.Types.Response.CountTokensResponse{total_tokens: integer()}
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Complete async batch embedding job status and results.
Returned by get_batch_status and get_batch_result operations.
Represents the full state of an async batch embedding job including
progress, timing, and results.
Fields
	model: Model used for embeddings
	name: Batch identifier (format: "batches/{batchId}")
	display_name: Human-readable batch name
	input_config: Input configuration (file or inline)
	output: Output containing results (when complete)
	create_time: When batch was created
	end_time: When batch completed/failed
	update_time: Last update timestamp
	batch_stats: Progress and completion statistics
	state: Current batch state
	priority: Processing priority

Examples
%EmbedContentBatch{
  model: "models/gemini-embedding-001",
  name: "batches/abc123def456",
  display_name: "Knowledge Base Embeddings",
  state: :processing,
  batch_stats: %EmbedContentBatchStats{
    request_count: 1000,
    successful_request_count: 750,
    failed_request_count: 50,
    pending_request_count: 200
  },
  create_time: ~U[2025-10-14 17:00:00Z],
  ...
}
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        from_api_response(data)

      


        Creates a batch from API response data.



    


    
      
        is_complete?(arg1)

      


        Checks if the batch is complete (either succeeded or failed).



    


    
      
        is_failed?(arg1)

      


        Checks if the batch failed.



    


    
      
        is_processing?(arg1)

      


        Checks if the batch is currently processing.



    


    
      
        progress_percentage(embed_content_batch)

      


        Calculates the progress percentage of the batch.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.EmbedContentBatch{
  batch_stats: Gemini.Types.Response.EmbedContentBatchStats.t() | nil,
  create_time: DateTime.t() | nil,
  display_name: String.t(),
  end_time: DateTime.t() | nil,
  input_config: Gemini.Types.Request.InputEmbedContentConfig.t() | nil,
  model: String.t(),
  name: String.t(),
  output: Gemini.Types.Response.EmbedContentBatchOutput.t() | nil,
  priority: integer() | nil,
  state: Gemini.Types.Response.BatchState.t(),
  update_time: DateTime.t() | nil
}
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      from_api_response(data)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a batch from API response data.
Parameters
	data: Map containing the API response

Examples
EmbedContentBatch.from_api_response(%{
  "model" => "models/gemini-embedding-001",
  "name" => "batches/abc123",
  "displayName" => "My Batch",
  "state" => "PROCESSING",
  ...
})

  



  
    
      
    
    
      is_complete?(arg1)



        
          
        

    

  


  

      

          @spec is_complete?(t()) :: boolean()


      


Checks if the batch is complete (either succeeded or failed).
Examples
EmbedContentBatch.is_complete?(batch)
# => true

  



  
    
      
    
    
      is_failed?(arg1)



        
          
        

    

  


  

      

          @spec is_failed?(t()) :: boolean()


      


Checks if the batch failed.
Examples
EmbedContentBatch.is_failed?(batch)
# => false

  



  
    
      
    
    
      is_processing?(arg1)



        
          
        

    

  


  

      

          @spec is_processing?(t()) :: boolean()


      


Checks if the batch is currently processing.
Examples
EmbedContentBatch.is_processing?(batch)
# => true

  



  
    
      
    
    
      progress_percentage(embed_content_batch)



        
          
        

    

  


  

      

          @spec progress_percentage(t()) :: float() | nil


      


Calculates the progress percentage of the batch.
Returns nil if batch stats are not available.
Examples
EmbedContentBatch.progress_percentage(batch)
# => 75.5
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Output of an async batch embedding job.
This is a union type - exactly ONE of the fields will be set.
Union Type - ONE will be set:
	responses_file: File ID containing JSONL responses (for file-based output)
	inlined_responses: Direct inline responses (for inline output)

Fields
	responses_file: GCS file containing batch results
	inlined_responses: Container with inline response data

Examples
# File-based output
%EmbedContentBatchOutput{
  responses_file: "gs://bucket/outputs/batch-001-results.jsonl",
  inlined_responses: nil
}

# Inline output
%EmbedContentBatchOutput{
  responses_file: nil,
  inlined_responses: %InlinedEmbedContentResponses{...}
}
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        from_api_response(data)

      


        Creates batch output from API response data.



    


    
      
        is_file_based?(arg1)

      


        Checks if the output is file-based.



    


    
      
        is_inline?(arg1)

      


        Checks if the output is inline.
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          @type t() :: %Gemini.Types.Response.EmbedContentBatchOutput{
  inlined_responses:
    Gemini.Types.Response.InlinedEmbedContentResponses.t() | nil,
  responses_file: String.t() | nil
}
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      from_api_response(data)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates batch output from API response data.
Parameters
	data: Map containing the API response

Examples
EmbedContentBatchOutput.from_api_response(%{
  "responsesFile" => "gs://bucket/results.jsonl"
})

  



  
    
      
    
    
      is_file_based?(arg1)



        
          
        

    

  


  

      

          @spec is_file_based?(t()) :: boolean()


      


Checks if the output is file-based.
Examples
EmbedContentBatchOutput.is_file_based?(output)
# => true

  



  
    
      
    
    
      is_inline?(arg1)



        
          
        

    

  


  

      

          @spec is_inline?(t()) :: boolean()


      


Checks if the output is inline.
Examples
EmbedContentBatchOutput.is_inline?(output)
# => false
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Statistics about an async embedding batch job.
Tracks the progress and status of requests within a batch.
Fields
	request_count: Total number of requests in the batch (required)
	successful_request_count: Number of successfully completed requests
	failed_request_count: Number of failed requests
	pending_request_count: Number of requests still pending

Examples
# From API response
stats = EmbedContentBatchStats.from_api_response(%{
  "requestCount" => "100",
  "successfulRequestCount" => "75",
  "failedRequestCount" => "5",
  "pendingRequestCount" => "20"
})

# Check progress
EmbedContentBatchStats.progress_percentage(stats)
# => 80.0

# Check if complete
EmbedContentBatchStats.is_complete?(stats)
# => false
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        failure_rate(stats)

      


        Calculates the failure rate of completed requests.



    


    
      
        from_api_response(data)

      


        Creates stats from an API response map.



    


    
      
        is_complete?(embed_content_batch_stats)

      


        Checks if the batch is complete (no pending requests).



    


    
      
        progress_percentage(stats)

      


        Calculates the progress percentage of the batch.



    


    
      
        success_rate(stats)

      


        Calculates the success rate of completed requests.
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          @type t() :: %Gemini.Types.Response.EmbedContentBatchStats{
  failed_request_count: non_neg_integer() | nil,
  pending_request_count: non_neg_integer() | nil,
  request_count: non_neg_integer(),
  successful_request_count: non_neg_integer() | nil
}
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          @spec failure_rate(t()) :: float()


      


Calculates the failure rate of completed requests.
Parameters
	stats: The batch statistics

Returns
Failure rate as a float percentage (0.0 to 100.0)
Examples
stats = %EmbedContentBatchStats{
  request_count: 100,
  successful_request_count: 80,
  failed_request_count: 20,
  pending_request_count: 0
}

EmbedContentBatchStats.failure_rate(stats)
# => 20.0
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          @spec from_api_response(map()) :: t()


      


Creates stats from an API response map.
Handles both string and integer values from the API.
Parameters
	data: Map containing batch statistics from the API

Returns
A new EmbedContentBatchStats struct
Examples
EmbedContentBatchStats.from_api_response(%{
  "requestCount" => "100",
  "successfulRequestCount" => "75"
})

  



  
    
      
    
    
      is_complete?(embed_content_batch_stats)



        
          
        

    

  


  

      

          @spec is_complete?(t()) :: boolean()


      


Checks if the batch is complete (no pending requests).
Parameters
	stats: The batch statistics

Returns
true if no pending requests remain, false otherwise
Examples
stats = %EmbedContentBatchStats{
  request_count: 100,
  successful_request_count: 100,
  failed_request_count: 0,
  pending_request_count: 0
}

EmbedContentBatchStats.is_complete?(stats)
# => true

  



  
    
      
    
    
      progress_percentage(stats)



        
          
        

    

  


  

      

          @spec progress_percentage(t()) :: float()


      


Calculates the progress percentage of the batch.
Progress is calculated as: (successful + failed) / total * 100
Parameters
	stats: The batch statistics

Returns
Progress as a float percentage (0.0 to 100.0)
Examples
stats = %EmbedContentBatchStats{
  request_count: 100,
  successful_request_count: 75,
  failed_request_count: 5,
  pending_request_count: 20
}

EmbedContentBatchStats.progress_percentage(stats)
# => 80.0
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          @spec success_rate(t()) :: float()


      


Calculates the success rate of completed requests.
Parameters
	stats: The batch statistics

Returns
Success rate as a float percentage (0.0 to 100.0)
Examples
stats = %EmbedContentBatchStats{
  request_count: 100,
  successful_request_count: 80,
  failed_request_count: 20,
  pending_request_count: 0
}

EmbedContentBatchStats.success_rate(stats)
# => 80.0
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Response structure for embedding content requests.
Contains the generated embedding vector from the input content.
Fields
	embedding: The content embedding containing the numerical vector

Examples
%EmbedContentResponse{
  embedding: %ContentEmbedding{
    values: [0.123, -0.456, 0.789, ...]
  }
}
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        from_api_response(map)

      


        Creates a new embedding response from API response data.



    


    
      
        get_values(embed_content_response)

      


        Extracts the embedding values as a list of floats.
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          @type t() :: %Gemini.Types.Response.EmbedContentResponse{
  embedding: Gemini.Types.Response.ContentEmbedding.t()
}
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      from_api_response(map)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates a new embedding response from API response data.
Parameters
	data: Map containing the API response

Examples
EmbedContentResponse.from_api_response(%{
  "embedding" => %{"values" => [0.1, 0.2, 0.3]}
})

  



  
    
      
    
    
      get_values(embed_content_response)



        
          
        

    

  


  

      

          @spec get_values(t()) :: [float()]


      


Extracts the embedding values as a list of floats.
Examples
response = %EmbedContentResponse{...}
values = EmbedContentResponse.get_values(response)
# => [0.123, -0.456, 0.789, ...]
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Response from content generation.
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        extract_text(arg1)

      


        Extract text content from the response.



    


    
      
        finish_reason(arg1)

      


        Get the finish reason from the first candidate.



    


    
      
        from_api(data)

      


        Parse a generate content response from the API payload.



    


    
      
        token_usage(arg1)

      


        Get token usage information from the response.
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          @type t() :: %Gemini.Types.Response.GenerateContentResponse{
  candidates: [Gemini.Types.Response.Candidate.t()],
  create_time: DateTime.t() | nil,
  model_version: String.t() | nil,
  prompt_feedback: Gemini.Types.Response.PromptFeedback.t() | nil,
  response_id: String.t() | nil,
  usage_metadata: Gemini.Types.Response.UsageMetadata.t() | nil
}
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          @spec extract_text(t()) :: {:ok, String.t()} | {:error, String.t()}


      


Extract text content from the response.
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          @spec finish_reason(t()) :: String.t() | nil


      


Get the finish reason from the first candidate.
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          @spec from_api(map() | nil) :: t() | nil


      


Parse a generate content response from the API payload.
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          @spec token_usage(t()) :: map() | nil


      


Get token usage information from the response.
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Grounding attribution information.
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          @type t() :: %Gemini.Types.Response.GroundingAttribution{
  content: Gemini.Types.Content.t() | nil,
  source_id: Gemini.Types.Response.GroundingAttributionSourceId.t() | nil
}
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Grounding attribution source ID.
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          @type t() :: %Gemini.Types.Response.GroundingAttributionSourceId{
  grounding_passage: Gemini.Types.Response.GroundingPassageId.t() | nil,
  semantic_retriever_chunk:
    Gemini.Types.Response.SemanticRetrieverChunk.t() | nil
}
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Grounding passage ID.
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          @type t() :: %Gemini.Types.Response.GroundingPassageId{
  part_index: integer(),
  passage_id: String.t()
}
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Response for a single request within an async batch.
This is a union type - exactly ONE of response or error will be set.
Union Type - ONE will be set:
	response: Successful EmbedContentResponse
	error: Error status if request failed

Fields
	metadata: Optional metadata from the request
	response: Successful embedding response (if successful)
	error: Error details (if failed)

Examples
# Successful response
%InlinedEmbedContentResponse{
  metadata: %{"id" => "123"},
  response: %EmbedContentResponse{...},
  error: nil
}

# Failed response
%InlinedEmbedContentResponse{
  metadata: %{"id" => "456"},
  response: nil,
  error: %{"code" => 400, "message" => "Invalid input"}
}
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        from_api_response(data)

      


        Creates an inlined response from API response data.



    


    
      
        is_error?(arg1)

      


        Checks if the inlined response is an error.



    


    
      
        is_success?(arg1)

      


        Checks if the inlined response is successful.
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          @type t() :: %Gemini.Types.Response.InlinedEmbedContentResponse{
  error: map() | nil,
  metadata: map() | nil,
  response: Gemini.Types.Response.EmbedContentResponse.t() | nil
}
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          @spec from_api_response(map()) :: t()


      


Creates an inlined response from API response data.
Parameters
	data: Map containing the API response

Examples
InlinedEmbedContentResponse.from_api_response(%{
  "metadata" => %{"id" => "123"},
  "response" => %{"embedding" => %{"values" => [...]}}
})
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          @spec is_error?(t()) :: boolean()


      


Checks if the inlined response is an error.
Examples
InlinedEmbedContentResponse.is_error?(response)
# => false
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          @spec is_success?(t()) :: boolean()


      


Checks if the inlined response is successful.
Examples
InlinedEmbedContentResponse.is_success?(response)
# => true
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Gemini.Types.Response.InlinedEmbedContentResponses 
    



      
Container for all responses in an inline batch.
Contains a list of InlinedEmbedContentResponse structs, each representing
the result of one request from the batch.
Fields
	inlined_responses: List of InlinedEmbedContentResponse structs

Examples
%InlinedEmbedContentResponses{
  inlined_responses: [
    %InlinedEmbedContentResponse{response: ..., error: nil},
    %InlinedEmbedContentResponse{response: nil, error: ...}
  ]
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        failed_responses(inlined_embed_content_responses)

      


        Extracts all failed responses with their indices and error details.



    


    
      
        from_api_response(map)

      


        Creates an inlined responses container from API response data.



    


    
      
        successful_responses(inlined_embed_content_responses)

      


        Extracts all successful responses from the container.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.InlinedEmbedContentResponses{
  inlined_responses: [Gemini.Types.Response.InlinedEmbedContentResponse.t()]
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      failed_responses(inlined_embed_content_responses)



        
          
        

    

  


  

      

          @spec failed_responses(t()) :: [{integer(), map()}]


      


Extracts all failed responses with their indices and error details.
Returns
List of tuples: {index, error_map}
Examples
failures = InlinedEmbedContentResponses.failed_responses(responses)
# => [{2, %{"code" => 400, "message" => "Invalid"}}, ...]

  



  
    
      
    
    
      from_api_response(map)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Creates an inlined responses container from API response data.
Parameters
	data: Map containing the API response with inlined responses

Examples
InlinedEmbedContentResponses.from_api_response(%{
  "inlinedResponses" => [
    %{"response" => %{"embedding" => ...}},
    %{"error" => %{"code" => 400}}
  ]
})

  



  
    
      
    
    
      successful_responses(inlined_embed_content_responses)



        
          
        

    

  


  

      

          @spec successful_responses(t()) :: [Gemini.Types.Response.EmbedContentResponse.t()]


      


Extracts all successful responses from the container.
Returns
List of EmbedContentResponse structs
Examples
successful = InlinedEmbedContentResponses.successful_responses(responses)
# => [%EmbedContentResponse{...}, %EmbedContentResponse{...}]
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Gemini.Types.Response.ListModelsResponse 
    



      
Response structure for listing models.
Contains the list of models and pagination information.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        filter_models(list_models_response, predicate)

      


        Filter models by a predicate function.



    


    
      
        group_models(list_models_response, classifier)

      


        Group models by a classification function.



    


    
      
        has_next_page?(list_models_response)

      


        Check if there are more pages available.



    


    
      
        model_count(list_models_response)

      


        Get the total number of models in this response.



    


    
      
        model_names(list_models_response)

      


        Extract model names from the response.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.ListModelsResponse{
  models: [Gemini.Types.Response.Model.t()],
  next_page_token: String.t() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      filter_models(list_models_response, predicate)



        
          
        

    

  


  

      

          @spec filter_models(t(), (Gemini.Types.Response.Model.t() -> boolean())) :: [
  Gemini.Types.Response.Model.t()
]


      


Filter models by a predicate function.

  



  
    
      
    
    
      group_models(list_models_response, classifier)



        
          
        

    

  


  

      

          @spec group_models(t(), (Gemini.Types.Response.Model.t() -> term())) :: map()


      


Group models by a classification function.

  



  
    
      
    
    
      has_next_page?(list_models_response)



        
          
        

    

  


  

      

          @spec has_next_page?(t()) :: boolean()


      


Check if there are more pages available.

  



  
    
      
    
    
      model_count(list_models_response)



        
          
        

    

  


  

      

          @spec model_count(t()) :: non_neg_integer()


      


Get the total number of models in this response.

  



  
    
      
    
    
      model_names(list_models_response)



        
          
        

    

  


  

      

          @spec model_names(t()) :: [String.t()]


      


Extract model names from the response.
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Gemini.Types.Response.ModalityTokenCount 
    



      
Token counting information for a single modality.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


        Parse from API payload.



    


    
      
        to_api(data)

      


        Convert to API payload map.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.ModalityTokenCount{
  modality: Gemini.Types.Modality.t() | :document | nil,
  token_count: integer() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      


Parse from API payload.

  



  
    
      
    
    
      to_api(data)



        
          
        

    

  


  

      

          @spec to_api(t() | nil) :: map() | nil


      


Convert to API payload map.
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Gemini.Types.Response.Model 
    



      
Model information response structure.
Represents the complete model metadata returned by the Gemini API,
including capabilities, token limits, and generation parameters.

      


      
        Summary


  
    Types
  


    
      
        capability_level()

      


        Model capability level based on features and limits



    


    
      
        capacity_tier()

      


        Token capacity classification



    


    
      
        t()

      


    





  
    Functions
  


    
      
        capabilities_summary(model)

      


        Generate a comprehensive capabilities summary.



    


    
      
        capability_score(model)

      


        Calculate a capability score for model comparison.



    


    
      
        compare_capabilities(model1, model2)

      


        Compare two models by capability.



    


    
      
        effective_base_id(model)

      


        Get the effective base model ID.



    


    
      
        has_advanced_params?(model)

      


        Check if model has advanced generation parameters.



    


    
      
        input_capacity_tier(model)

      


        Classify model's input token capacity.



    


    
      
        latest_version?(model)

      


        Check if this appears to be the latest version of a model.



    


    
      
        model_family(model)

      


        Extract model family from the base model ID.



    


    
      
        output_capacity_tier(model)

      


        Classify model's output token capacity.



    


    
      
        production_ready?(model)

      


        Determine if model is suitable for production use.



    


    
      
        supports_embeddings?(model)

      


        Check if model supports embeddings.



    


    
      
        supports_method?(model, method)

      


        Check if model supports a specific generation method.



    


    
      
        supports_streaming?(model)

      


        Check if model supports streaming content generation.



    


    
      
        supports_token_counting?(model)

      


        Check if model supports token counting.



    





      


      
        Types

        


  
    
      
    
    
      capability_level()



        
          
        

    

  


  

      

          @type capability_level() :: :basic | :standard | :advanced | :premium


      


Model capability level based on features and limits

  



  
    
      
    
    
      capacity_tier()



        
          
        

    

  


  

      

          @type capacity_tier() :: :small | :medium | :large | :very_large


      


Token capacity classification

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.Model{
  base_model_id: String.t(),
  description: String.t(),
  display_name: String.t(),
  input_token_limit: integer(),
  max_temperature: float() | nil,
  name: String.t(),
  output_token_limit: integer(),
  supported_generation_methods: [String.t()],
  temperature: float() | nil,
  top_k: integer() | nil,
  top_p: float() | nil,
  version: String.t()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      capabilities_summary(model)



        
          
        

    

  


  

      

          @spec capabilities_summary(t()) :: map()


      


Generate a comprehensive capabilities summary.
Example Response
%{
  supports_streaming: true,
  supports_token_counting: true,
  supports_embeddings: false,
  has_temperature: true,
  has_top_k: true,
  has_top_p: false,
  method_count: 3,
  input_capacity: :very_large,
  output_capacity: :medium
}

  



  
    
      
    
    
      capability_score(model)



        
          
        

    

  


  

      

          @spec capability_score(t()) :: integer()


      


Calculate a capability score for model comparison.
Higher scores indicate more capable models.

  



  
    
      
    
    
      compare_capabilities(model1, model2)



        
          
        

    

  


  

      

          @spec compare_capabilities(t(), t()) :: :lt | :eq | :gt


      


Compare two models by capability.
Returns :lt, :eq, or :gt based on capability scores.

  



  
    
      
    
    
      effective_base_id(model)



        
          
        

    

  


  

      

          @spec effective_base_id(t()) :: String.t()


      


Get the effective base model ID.
Prefers the base_model_id field, but falls back to extracting
from the name if base_model_id is nil.
Examples
iex> Model.effective_base_id(%Model{base_model_id: "gemini-flash-lite-latest"})
"gemini-flash-lite-latest"

iex> Model.effective_base_id(%Model{name: "models/gemini-2.5-pro", base_model_id: nil})
"gemini-2.5-pro"

  



  
    
      
    
    
      has_advanced_params?(model)



        
          
        

    

  


  

      

          @spec has_advanced_params?(t()) :: boolean()


      


Check if model has advanced generation parameters.
Returns true if the model supports temperature, top_p, or top_k parameters.

  



  
    
      
    
    
      input_capacity_tier(model)



        
          
        

    

  


  

      

          @spec input_capacity_tier(t()) :: capacity_tier()


      


Classify model's input token capacity.
Examples
iex> Model.input_capacity_tier(%Model{input_token_limit: 2_000_000})
:very_large

iex> Model.input_capacity_tier(%Model{input_token_limit: 30_000})
:medium

  



  
    
      
    
    
      latest_version?(model)



        
          
        

    

  


  

      

          @spec latest_version?(t()) :: boolean()


      


Check if this appears to be the latest version of a model.
Heuristic based on name patterns (no version suffix, "latest" in name).

  



  
    
      
    
    
      model_family(model)



        
          
        

    

  


  

      

          @spec model_family(t()) :: String.t()


      


Extract model family from the base model ID.
Examples
iex> Model.model_family(%Model{base_model_id: "gemini-flash-lite-latest"})
"gemini"

iex> Model.model_family(%Model{base_model_id: "gemini-embedding-001"})
"gemini-embedding"

  



  
    
      
    
    
      output_capacity_tier(model)



        
          
        

    

  


  

      

          @spec output_capacity_tier(t()) :: capacity_tier()


      


Classify model's output token capacity.

  



  
    
      
    
    
      production_ready?(model)



        
          
        

    

  


  

      

          @spec production_ready?(t()) :: boolean()


      


Determine if model is suitable for production use.
Based on capability, capacity, and stability indicators.

  



  
    
      
    
    
      supports_embeddings?(model)



        
          
        

    

  


  

      

          @spec supports_embeddings?(t()) :: boolean()


      


Check if model supports embeddings.

  



  
    
      
    
    
      supports_method?(model, method)



        
          
        

    

  


  

      

          @spec supports_method?(t(), String.t()) :: boolean()


      


Check if model supports a specific generation method.
Examples
iex> Model.supports_method?(model, "generateContent")
true

iex> Model.supports_method?(model, "nonexistentMethod")
false

  



  
    
      
    
    
      supports_streaming?(model)



        
          
        

    

  


  

      

          @spec supports_streaming?(t()) :: boolean()


      


Check if model supports streaming content generation.

  



  
    
      
    
    
      supports_token_counting?(model)



        
          
        

    

  


  

      

          @spec supports_token_counting?(t()) :: boolean()


      


Check if model supports token counting.
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Gemini.Types.Response.PromptFeedback 
    



      
Prompt feedback information.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


        Parse prompt feedback from API payload.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.PromptFeedback{
  block_reason: String.t() | nil,
  block_reason_message: String.t() | nil,
  safety_ratings: [Gemini.Types.Response.SafetyRating.t()]
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      


Parse prompt feedback from API payload.
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Gemini.Types.Response.SafetyRating 
    



      
Safety rating for content.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


        Parse safety rating from API payload.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.SafetyRating{
  blocked: boolean() | nil,
  category: String.t(),
  probability: String.t(),
  probability_score: float() | nil,
  severity: String.t() | nil,
  severity_score: float() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      


Parse safety rating from API payload.
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Gemini.Types.Response.SemanticRetrieverChunk 
    



      
Semantic retriever chunk information.
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    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.SemanticRetrieverChunk{
  chunk: String.t(),
  source: String.t()
}
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Gemini.Types.Response.TrafficType 
    



      
Traffic type for API requests (billing classification).
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(arg1)

      


        Parse traffic type from API string.



    


    
      
        to_api(arg1)

      


        Convert traffic type atom to API string.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: :traffic_type_unspecified | :on_demand | :provisioned_throughput


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(arg1)



        
          
        

    

  


  

      

          @spec from_api(String.t() | nil) :: t() | nil


      


Parse traffic type from API string.

  



  
    
      
    
    
      to_api(arg1)



        
          
        

    

  


  

      

          @spec to_api(t() | atom() | nil) :: String.t() | nil


      


Convert traffic type atom to API string.
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Usage metadata for API calls.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


        Parse usage metadata from API payload.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Response.UsageMetadata{
  cache_tokens_details: [Gemini.Types.Response.ModalityTokenCount.t()] | nil,
  cached_content_token_count: integer() | nil,
  candidates_token_count: integer() | nil,
  prompt_token_count: integer() | nil,
  prompt_tokens_details: [Gemini.Types.Response.ModalityTokenCount.t()] | nil,
  response_tokens_details: [Gemini.Types.Response.ModalityTokenCount.t()] | nil,
  thoughts_token_count: integer() | nil,
  tool_use_prompt_token_count: integer() | nil,
  tool_use_prompt_tokens_details:
    [Gemini.Types.Response.ModalityTokenCount.t()] | nil,
  total_token_count: integer(),
  traffic_type: Gemini.Types.Response.TrafficType.t() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      


Parse usage metadata from API payload.
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Gemini.Types.SafetySetting 
    



      
Safety settings for content generation.
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    Types
  


    
      
        category()
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        threshold()

      


    





  
    Functions
  


    
      
        dangerous_content(threshold \\ :block_medium_and_above)

      


        Create a safety setting for dangerous content.



    


    
      
        defaults()

      


        Get default safety settings (medium threshold for all categories).



    


    
      
        harassment(threshold \\ :block_medium_and_above)

      


        Create a safety setting for harassment content.



    


    
      
        hate_speech(threshold \\ :block_medium_and_above)

      


        Create a safety setting for hate speech content.



    


    
      
        permissive()

      


        Get permissive safety settings (block only high risk content).



    


    
      
        sexually_explicit(threshold \\ :block_medium_and_above)

      


        Create a safety setting for sexually explicit content.
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      category()



        
          
        

    

  


  

      

          @type category() ::
  :harm_category_harassment
  | :harm_category_hate_speech
  | :harm_category_sexually_explicit
  | :harm_category_dangerous_content


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.SafetySetting{category: category(), threshold: threshold()}


      



  



  
    
      
    
    
      threshold()



        
          
        

    

  


  

      

          @type threshold() ::
  :harm_block_threshold_unspecified
  | :block_low_and_above
  | :block_medium_and_above
  | :block_only_high
  | :block_none


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      dangerous_content(threshold \\ :block_medium_and_above)



        
          
        

    

  


  

Create a safety setting for dangerous content.

  



  
    
      
    
    
      defaults()



        
          
        

    

  


  

Get default safety settings (medium threshold for all categories).

  



    

  
    
      
    
    
      harassment(threshold \\ :block_medium_and_above)



        
          
        

    

  


  

Create a safety setting for harassment content.

  



    

  
    
      
    
    
      hate_speech(threshold \\ :block_medium_and_above)



        
          
        

    

  


  

Create a safety setting for hate speech content.

  



  
    
      
    
    
      permissive()



        
          
        

    

  


  

Get permissive safety settings (block only high risk content).

  



    

  
    
      
    
    
      sexually_explicit(threshold \\ :block_medium_and_above)



        
          
        

    

  


  

Create a safety setting for sexually explicit content.
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Gemini.Types.Schema 
    



      
JSON Schema type for defining function parameters in Gemini tool calling.
This module provides a structured way to define parameter schemas for function
declarations. It supports all standard JSON Schema types and converts to the
Gemini API format (with UPPERCASE type names).
Supported Types
	:string - Text values
	:integer - Whole numbers
	:number - Decimal numbers
	:boolean - True/false values
	:array - Lists of items
	:object - Nested objects with properties

Examples
# Simple string parameter
schema = Schema.string("User's name")

# Object with required fields
schema = Schema.object(%{
  "name" => Schema.string("Person's name"),
  "age" => Schema.integer("Person's age"),
  "email" => Schema.string("Email address")
}, required: ["name", "email"])

# Array of strings
schema = Schema.array(Schema.string("Tag"), "List of tags")

# Complex nested schema
address = Schema.object(%{
  "street" => Schema.string("Street address"),
  "city" => Schema.string("City"),
  "zip" => Schema.string("ZIP code")
})

person = Schema.object(%{
  "name" => Schema.string("Full name"),
  "address" => address
})
API Conversion
Use to_api_map/1 to convert to the Gemini API format:
schema = Schema.string("A name")
Schema.to_api_map(schema)
#=> %{"type" => "STRING", "description" => "A name"}
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    Types
  


    
      
        schema_type()

      


    


    
      
        t()

      


        JSON Schema definition for function parameters



    





  
    Functions
  


    
      
        array(items, description \\ nil, opts \\ [])

      


        Create an array schema with item schema.



    


    
      
        boolean(description \\ nil, opts \\ [])

      


        Create a boolean schema with optional description.



    


    
      
        from_api_map(api_map)

      


        Parse a Schema from Gemini API map format.



    


    
      
        integer(description \\ nil, opts \\ [])

      


        Create an integer schema with optional description.



    


    
      
        new(opts)

      


        Create a new Schema with the given options.



    


    
      
        number(description \\ nil, opts \\ [])

      


        Create a number (float/decimal) schema with optional description.



    


    
      
        object(properties, opts \\ [])

      


        Create an object schema with properties.



    


    
      
        string(description \\ nil, opts \\ [])

      


        Create a string schema with optional description.



    


    
      
        to_api_map(schema)

      


        Convert a Schema struct to Gemini API map format.



    





      


      
        Types

        


  
    
      
    
    
      schema_type()



        
          
        

    

  


  

      

          @type schema_type() :: :string | :integer | :number | :boolean | :array | :object


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Schema{
  default: term(),
  description: String.t() | nil,
  enum: [String.t()] | nil,
  format: String.t() | nil,
  items: t() | map() | nil,
  max_items: non_neg_integer() | nil,
  maximum: number() | nil,
  min_items: non_neg_integer() | nil,
  minimum: number() | nil,
  nullable: boolean() | nil,
  pattern: String.t() | nil,
  properties: %{required(String.t()) => t() | map()} | nil,
  required: [String.t()] | nil,
  type: schema_type()
}


      


JSON Schema definition for function parameters

  


        

      

      
        Functions

        


    

    

  
    
      
    
    
      array(items, description \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec array(t() | map(), String.t() | nil, keyword()) :: t()


      


Create an array schema with item schema.
Examples
Schema.array(Schema.string("Tag"), "List of tags")
Schema.array(Schema.integer("Score"), "Test scores", min_items: 1)

  



    

    

  
    
      
    
    
      boolean(description \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec boolean(
  String.t() | nil,
  keyword()
) :: t()


      


Create a boolean schema with optional description.
Examples
Schema.boolean("Is active")
Schema.boolean("Feature flag")

  



  
    
      
    
    
      from_api_map(api_map)



        
          
        

    

  


  

      

          @spec from_api_map(map()) :: {:ok, t()} | {:error, String.t()}


      


Parse a Schema from Gemini API map format.
Examples
api_map = %{"type" => "STRING", "description" => "A name"}
{:ok, schema} = Schema.from_api_map(api_map)

  



    

    

  
    
      
    
    
      integer(description \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec integer(
  String.t() | nil,
  keyword()
) :: t()


      


Create an integer schema with optional description.
Examples
Schema.integer("User's age")
Schema.integer("Count", minimum: 0, maximum: 100)

  



  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

          @spec new(keyword()) :: {:ok, t()} | {:error, String.t()}


      


Create a new Schema with the given options.
Options
	:type (required) - The schema type (:string, :integer, :number, :boolean, :array, :object)
	:description - Human-readable description
	:enum - List of allowed values for strings
	:items - Schema for array items (when type is :array)
	:properties - Map of property schemas (when type is :object)
	:required - List of required property names
	:nullable - Whether the value can be null
	:format - Format hint (e.g., "date-time", "email")
	:minimum - Minimum value for numbers
	:maximum - Maximum value for numbers
	:min_items - Minimum array length
	:max_items - Maximum array length
	:pattern - Regex pattern for strings
	:default - Default value

Examples
{:ok, schema} = Schema.new(type: :string, description: "A name")

{:ok, schema} = Schema.new(
  type: :object,
  properties: %{
    "name" => %{type: :string},
    "age" => %{type: :integer}
  },
  required: ["name"]
)

  



    

    

  
    
      
    
    
      number(description \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec number(
  String.t() | nil,
  keyword()
) :: t()


      


Create a number (float/decimal) schema with optional description.
Examples
Schema.number("Price in USD")
Schema.number("Temperature", minimum: -273.15)

  



    

  
    
      
    
    
      object(properties, opts \\ [])



        
          
        

    

  


  

      

          @spec object(
  %{required(String.t()) => t() | map()},
  keyword()
) :: t()


      


Create an object schema with properties.
Examples
Schema.object(%{
  "name" => Schema.string("Person's name"),
  "age" => Schema.integer("Age")
}, required: ["name"], description: "A person")

  



    

    

  
    
      
    
    
      string(description \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec string(
  String.t() | nil,
  keyword()
) :: t()


      


Create a string schema with optional description.
Examples
Schema.string("User's name")
Schema.string("Status", enum: ["active", "inactive"])

  



  
    
      
    
    
      to_api_map(schema)



        
          
        

    

  


  

      

          @spec to_api_map(t() | map()) :: map()


      


Convert a Schema struct to Gemini API map format.
The Gemini API uses UPPERCASE type names (STRING, INTEGER, etc.)
and camelCase field names.
Examples
schema = Schema.string("A name")
Schema.to_api_map(schema)
#=> %{"type" => "STRING", "description" => "A name"}

  


        

      


  

  
    
    Gemini.Types.SpeechConfig - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.SpeechConfig 
    



      
Speech generation configuration.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


    


    
      
        to_api(config)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.SpeechConfig{
  language_code: String.t() | nil,
  voice_config: Gemini.Types.VoiceConfig.t() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(config)



        
          
        

    

  


  

      

          @spec to_api(t() | nil) :: map() | nil


      



  


        

      


  

  
    
    Gemini.Types.ToolSerialization - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.ToolSerialization 
    



      
Pure data transformation utilities to serialize ALTAR ADM tool structures
into the exact JSON maps expected by the Gemini API.
	Converts snake_case atom keys to camelCase string keys
	Shapes FunctionDeclaration into the correct Tool list payload
	Shapes ToolConfig into %{functionCallingConfig: %{...}}


      


      
        Summary


  
    Types
  


    
      
        api_tool()

      


    


    
      
        api_tool_config()

      


    


    
      
        api_tool_list()

      


    





  
    Functions
  


    
      
        to_api_tool_config(tool_config)

      


        Convert ADM ToolConfig into Gemini API toolConfig map.



    


    
      
        to_api_tool_list(declarations)

      


        Convert a list of ADM FunctionDeclaration structs into a Gemini API tools list.



    





      


      
        Types

        


  
    
      
    
    
      api_tool()



        
          
        

    

  


  

      

          @type api_tool() :: map()


      



  



  
    
      
    
    
      api_tool_config()



        
          
        

    

  


  

      

          @type api_tool_config() :: map()


      



  



  
    
      
    
    
      api_tool_list()



        
          
        

    

  


  

      

          @type api_tool_list() :: [api_tool()]


      



  


        

      

      
        Functions

        


  
    
      
    
    
      to_api_tool_config(tool_config)



        
          
        

    

  


  

      

          @spec to_api_tool_config(Altar.ADM.ToolConfig.t()) :: api_tool_config()


      


Convert ADM ToolConfig into Gemini API toolConfig map.
Input:
%ToolConfig{mode: :auto | :any | :none, function_names: ["..."]}
Output:
%{
  functionCallingConfig: %{
mode: "AUTO" | "ANY" | "NONE",
allowedFunctionNames: ["..."] # present only when non-empty
  }
}

  



  
    
      
    
    
      to_api_tool_list(declarations)



        
          
        

    

  


  

      

          @spec to_api_tool_list([Altar.ADM.FunctionDeclaration.t()]) :: api_tool_list()


      


Convert a list of ADM FunctionDeclaration structs into a Gemini API tools list.
Output shape (each entry):
%{
  "functionDeclarations" => [
%{
  "name" => String.t(),
  "description" => String.t(),
  "parameters" => map() # OpenAPI-like schema map, passed through as-is
}
  ]
}

  


        

      


  

  
    
    Gemini.Types.Tuning - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Tuning 
    



      
Types for the Tunings API (fine-tuning/model tuning).
This module provides structs for tuning job configuration, status,
and response parsing for Google's model tuning API.

      


      
        Summary


  
    Types
  


    
      
        job_state()

      


    





  
    Functions
  


    
      
        from_api_response(response)

      


        Parses a tuning job from API response.



    


    
      
        job_complete?(tuning_job)

      


        Checks if a tuning job has completed (terminal state).



    


    
      
        job_failed?(tuning_job)

      


        Checks if a tuning job failed.



    


    
      
        job_running?(tuning_job)

      


        Checks if a tuning job is still running (non-terminal state).



    


    
      
        job_succeeded?(tuning_job)

      


        Checks if a tuning job succeeded.



    


    
      
        parse_state(arg1)

      


        Parses job state string to atom.



    


    
      
        state_to_api(atom)

      


        Converts job state atom to API string.



    


    
      
        to_api_map(config)

      


        Converts CreateTuningJobConfig to API request map.



    





      


      
        Types

        


  
    
      
    
    
      job_state()



        
          
        

    

  


  

      

          @type job_state() ::
  :job_state_unspecified
  | :job_state_queued
  | :job_state_pending
  | :job_state_running
  | :job_state_succeeded
  | :job_state_failed
  | :job_state_cancelling
  | :job_state_cancelled
  | :job_state_paused
  | :job_state_expired


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: Gemini.Types.Tuning.TuningJob.t()


      


Parses a tuning job from API response.

  



  
    
      
    
    
      job_complete?(tuning_job)



        
          
        

    

  


  

      

          @spec job_complete?(Gemini.Types.Tuning.TuningJob.t()) :: boolean()


      


Checks if a tuning job has completed (terminal state).

  



  
    
      
    
    
      job_failed?(tuning_job)



        
          
        

    

  


  

      

          @spec job_failed?(Gemini.Types.Tuning.TuningJob.t()) :: boolean()


      


Checks if a tuning job failed.

  



  
    
      
    
    
      job_running?(tuning_job)



        
          
        

    

  


  

      

          @spec job_running?(Gemini.Types.Tuning.TuningJob.t()) :: boolean()


      


Checks if a tuning job is still running (non-terminal state).

  



  
    
      
    
    
      job_succeeded?(tuning_job)



        
          
        

    

  


  

      

          @spec job_succeeded?(Gemini.Types.Tuning.TuningJob.t()) :: boolean()


      


Checks if a tuning job succeeded.

  



  
    
      
    
    
      parse_state(arg1)



        
          
        

    

  


  

      

          @spec parse_state(String.t() | nil) :: job_state() | nil


      


Parses job state string to atom.

  



  
    
      
    
    
      state_to_api(atom)



        
          
        

    

  


  

      

          @spec state_to_api(job_state()) :: String.t()


      


Converts job state atom to API string.

  



  
    
      
    
    
      to_api_map(config)



        
          
        

    

  


  

      

          @spec to_api_map(Gemini.Types.Tuning.CreateTuningJobConfig.t()) :: map()


      


Converts CreateTuningJobConfig to API request map.
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Gemini.Types.Tuning.CreateTuningJobConfig 
    



      
Configuration for creating a new tuning job.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Tuning.CreateTuningJobConfig{
  adapter_size: String.t() | nil,
  base_model: String.t(),
  epoch_count: integer() | nil,
  labels: map() | nil,
  learning_rate_multiplier: float() | nil,
  training_dataset_uri: String.t(),
  tuned_model_display_name: String.t(),
  validation_dataset_uri: String.t() | nil
}


      



  


        

      


  

  
    
    Gemini.Types.Tuning.HyperParameters - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Tuning.HyperParameters 
    



      
Hyperparameters for supervised tuning.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api_response(params)

      


        Parses hyperparameters from API response.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Tuning.HyperParameters{
  adapter_size: String.t() | nil,
  epoch_count: integer() | nil,
  learning_rate_multiplier: float() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api_response(params)



        
          
        

    

  


  

      

          @spec from_api_response(map() | nil) :: t() | nil


      


Parses hyperparameters from API response.
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Gemini.Types.Tuning.ListTuningJobsResponse 
    



      
Response from listing tuning jobs with pagination support.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api_response(response)

      


        Parses list response from API.



    


    
      
        has_more_pages?(list_tuning_jobs_response)

      


        Checks if there are more pages to fetch.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Tuning.ListTuningJobsResponse{
  next_page_token: String.t() | nil,
  tuning_jobs: [Gemini.Types.Tuning.TuningJob.t()]
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api_response(response)



        
          
        

    

  


  

      

          @spec from_api_response(map()) :: t()


      


Parses list response from API.

  



  
    
      
    
    
      has_more_pages?(list_tuning_jobs_response)



        
          
        

    

  


  

      

          @spec has_more_pages?(t()) :: boolean()


      


Checks if there are more pages to fetch.

  


        

      


  

  
    
    Gemini.Types.Tuning.SupervisedTuningSpec - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Tuning.SupervisedTuningSpec 
    



      
Specification for supervised tuning configuration.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api_response(spec)

      


        Parses supervised tuning spec from API response.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Tuning.SupervisedTuningSpec{
  hyper_parameters: Gemini.Types.Tuning.HyperParameters.t() | nil,
  training_dataset_uri: String.t() | nil,
  validation_dataset_uri: String.t() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api_response(spec)



        
          
        

    

  


  

      

          @spec from_api_response(map() | nil) :: t() | nil


      


Parses supervised tuning spec from API response.
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Gemini.Types.Tuning.TuningJob 
    



      
Represents a tuning job with full status and configuration.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Tuning.TuningJob{
  base_model: String.t() | nil,
  create_time: String.t() | nil,
  end_time: String.t() | nil,
  error: Gemini.Types.Tuning.TuningJobError.t() | nil,
  name: String.t() | nil,
  start_time: String.t() | nil,
  state: atom() | nil,
  supervised_tuning_spec: Gemini.Types.Tuning.SupervisedTuningSpec.t() | nil,
  tuned_model: String.t() | nil,
  tuned_model_display_name: String.t() | nil,
  update_time: String.t() | nil
}


      



  


        

      


  

  
    
    Gemini.Types.Tuning.TuningJobError - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.Tuning.TuningJobError 
    



      
Error information for failed tuning jobs.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api_response(error)

      


        Parses error from API response.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Tuning.TuningJobError{
  code: integer() | nil,
  details: list() | nil,
  message: String.t() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api_response(error)



        
          
        

    

  


  

      

          @spec from_api_response(map() | nil) :: t() | nil


      


Parses error from API response.

  


        

      


  

  
    
    Gemini.Types.UploadFileConfig - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Types.UploadFileConfig 
    



      
Configuration options for file upload.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Upload file configuration.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.UploadFileConfig{
  display_name: String.t() | nil,
  mime_type: String.t() | nil,
  name: String.t() | nil
}


      


Upload file configuration.
	name - Custom file name (auto-generated if not provided)
	display_name - Human-readable name (max 512 characters)
	mime_type - MIME type (auto-detected if not provided)
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Gemini.Types.VoiceConfig 
    



      
Voice configuration for speech synthesis.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_api(data)

      


    


    
      
        to_api(config)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.VoiceConfig{
  prebuilt_voice_config: Gemini.Types.PrebuiltVoiceConfig.t() | nil
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_api(data)



        
          
        

    

  


  

      

          @spec from_api(map() | nil) :: t() | nil


      



  



  
    
      
    
    
      to_api(config)



        
          
        

    

  


  

      

          @spec to_api(t() | nil) :: map() | nil
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Gemini.Utils.ResourceNames 
    



      
Utilities for normalizing Google Cloud resource names for Gemini/Vertex AI.

      


      
        Summary


  
    Functions
  


    
      
        cached_contents_path(opts \\ [])

      


        Build the base cachedContents collection path for the active auth strategy.



    


    
      
        normalize_cache_model_name(model, opts \\ [])

      


        Normalize a cache model name for the active auth strategy.



    


    
      
        normalize_cached_content_name(name, opts \\ [])

      


        Normalize cached content names for the active auth strategy.



    





      


      
        Functions

        


    

  
    
      
    
    
      cached_contents_path(opts \\ [])



        
          
        

    

  


  

      

          @spec cached_contents_path(keyword()) :: String.t()


      


Build the base cachedContents collection path for the active auth strategy.

  



    

  
    
      
    
    
      normalize_cache_model_name(model, opts \\ [])



        
          
        

    

  


  

      

          @spec normalize_cache_model_name(
  String.t(),
  keyword()
) :: String.t()


      


Normalize a cache model name for the active auth strategy.
	Gemini: ensures models/ prefix.
	Vertex: expands to projects/{project}/locations/{location}/publishers/google/models/{model}.


  



    

  
    
      
    
    
      normalize_cached_content_name(name, opts \\ [])



        
          
        

    

  


  

      

          @spec normalize_cached_content_name(
  String.t(),
  keyword()
) :: String.t()


      


Normalize cached content names for the active auth strategy.
	Gemini: ensures cachedContents/ prefix.
	Vertex: expands short names to projects/{project}/locations/{location}/cachedContents/{id}.
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Gemini.Validation.ThinkingConfig 
    



      
Validation for thinking configuration parameters based on model capabilities.
Gemini 3 Models
Use thinking_level for Gemini 3 models:
	:low - Minimizes latency and cost
	:high - Maximizes reasoning depth (default)

Note: :medium is not currently supported.
Gemini 2.5 Models
Gemini 2.5 series models support thinking budgets with model-specific ranges:
	2.5 Pro: 128-32,768 tokens (cannot disable with 0)
	2.5 Flash: 0-24,576 tokens (can disable)
	2.5 Flash Lite: 0 or 512-24,576 tokens

Special value -1 enables dynamic thinking (model decides budget) for all models.
Important
You cannot use both thinking_level and thinking_budget in the same request.
Doing so will return a 400 error from the API.
See: https://ai.google.dev/gemini-api/docs/gemini-3

      


      
        Summary


  
    Types
  


    
      
        thinking_level()

      


    


    
      
        validation_result()

      


    





  
    Functions
  


    
      
        validate(arg1, model)

      


        Validate complete thinking config including budget, level, and include_thoughts.



    


    
      
        validate_budget(budget, model)

      


        Validate thinking budget for a specific model.



    


    
      
        validate_level(level)

      


        Validate thinking level for Gemini 3 models.



    





      


      
        Types

        


  
    
      
    
    
      thinking_level()



        
          
        

    

  


  

      

          @type thinking_level() :: :low | :medium | :high


      



  



  
    
      
    
    
      validation_result()



        
          
        

    

  


  

      

          @type validation_result() :: :ok | {:error, String.t()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      validate(arg1, model)



        
          
        

    

  


  

      

          @spec validate(map() | struct(), String.t()) :: validation_result()


      


Validate complete thinking config including budget, level, and include_thoughts.
Parameters
	config: Map or ThinkingConfig struct
	model: Model name string

Returns
	:ok if valid
	{:error, message} if invalid

Examples
iex> Gemini.Validation.ThinkingConfig.validate(%{thinking_level: :low}, "gemini-3-pro-preview")
:ok

iex> Gemini.Validation.ThinkingConfig.validate(%{thinking_budget: 1024, thinking_level: :low}, "gemini-3-pro-preview")
{:error, "Cannot use both thinking_level and thinking_budget in the same request"}

  



  
    
      
    
    
      validate_budget(budget, model)



        
          
        

    

  


  

      

          @spec validate_budget(integer(), String.t()) :: validation_result()


      


Validate thinking budget for a specific model.
Parameters
	budget: Integer budget value
	model: Model name string

Returns
	:ok if valid
	{:error, message} with helpful error message

Examples
iex> Gemini.Validation.ThinkingConfig.validate_budget(1024, "gemini-2.5-flash")
:ok

iex> Gemini.Validation.ThinkingConfig.validate_budget(0, "gemini-2.5-pro")
{:error, "Gemini 2.5 Pro cannot disable thinking (minimum budget: 128)"}

  



  
    
      
    
    
      validate_level(level)



        
          
        

    

  


  

      

          @spec validate_level(thinking_level()) :: validation_result()


      


Validate thinking level for Gemini 3 models.
Parameters
	level: Thinking level atom (:low, :medium, or :high)

Returns
	:ok if valid
	{:error, message} if invalid

Examples
iex> Gemini.Validation.ThinkingConfig.validate_level(:low)
:ok

iex> Gemini.Validation.ThinkingConfig.validate_level(:medium)
{:error, "Thinking level :medium is not currently supported. Use :low or :high."}
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Gemini 
    



      
Gemini Elixir Client
A comprehensive Elixir client for Google's Gemini AI API with dual authentication support,
advanced streaming capabilities, type safety, and built-in telemetry.
Features
	🔐 Dual Authentication: Seamless support for both Gemini API keys and Vertex AI OAuth/Service Accounts
	⚡ Advanced Streaming: Production-grade Server-Sent Events streaming with real-time processing
	🛡️ Type Safety: Complete type definitions with runtime validation
	📊 Built-in Telemetry: Comprehensive observability and metrics out of the box
	💬 Chat Sessions: Multi-turn conversation management with state persistence
	🎭 Multimodal: Full support for text, image, audio, and video content
	🚀 Production Ready: Robust error handling, retry logic, and performance optimizations

Quick Start
Installation
Add to your mix.exs:
def deps do
  [
    {:gemini, "~> 0.0.1"}
  ]
end
Basic Configuration
Configure your API key in config/runtime.exs:
import Config

config :gemini,
  api_key: System.get_env("GEMINI_API_KEY")
Or set the environment variable:
export GEMINI_API_KEY="your_api_key_here"

Simple Usage
# Basic text generation
{:ok, response} = Gemini.generate("Tell me about Elixir programming")
{:ok, text} = Gemini.extract_text(response)
IO.puts(text)

# With options
{:ok, response} = Gemini.generate("Explain quantum computing", [
  model: Gemini.Config.get_model(:flash_lite_latest),
  temperature: 0.7,
  max_output_tokens: 1000
])
Streaming
# Start a streaming session
{:ok, stream_id} = Gemini.stream_generate("Write a long story", [
  on_chunk: fn chunk -> IO.write(chunk) end,
  on_complete: fn -> IO.puts("\n✅ Complete!") end
])
Authentication
This client supports two authentication methods:
1. Gemini API Key (Simple)
Best for development and simple applications:
# Environment variable (recommended)
export GEMINI_API_KEY="your_api_key"

# Application config
config :gemini, api_key: "your_api_key"

# Per-request override
Gemini.generate("Hello", api_key: "specific_key")
2. Vertex AI (Production)
Best for production Google Cloud applications:
# Service Account JSON file
export VERTEX_SERVICE_ACCOUNT="/path/to/service-account.json"
export VERTEX_PROJECT_ID="your-gcp-project"
export VERTEX_LOCATION="us-central1"

# Application config
config :gemini, :auth,
  type: :vertex_ai,
  credentials: %{
    service_account_key: System.get_env("VERTEX_SERVICE_ACCOUNT"),
    project_id: System.get_env("VERTEX_PROJECT_ID"),
    location: "us-central1"
  }
Error Handling
The client provides detailed error information with recovery suggestions:
case Gemini.generate("Hello world") do
  {:ok, response} ->
    {:ok, text} = Gemini.extract_text(response)

  {:error, %Gemini.Error{type: :rate_limit} = error} ->
    IO.puts("Rate limited. Retry after: #{error.retry_after}")

  {:error, %Gemini.Error{type: :authentication} = error} ->
    IO.puts("Auth error: #{error.message}")

  {:error, error} ->
    IO.puts("Unexpected error: #{inspect(error)}")
end
Advanced Features
Multimodal Content
content = [
  %{type: "text", text: "What's in this image?"},
  %{type: "image", source: %{type: "base64", data: base64_image}}
]

{:ok, response} = Gemini.generate(content)
Model Management
# List available models
{:ok, models} = Gemini.list_models()

# Get model details
{:ok, model_info} = Gemini.get_model(Gemini.Config.get_model(:flash_lite_latest))

# Count tokens
{:ok, token_count} = Gemini.count_tokens("Your text", model: Gemini.Config.get_model(:flash_lite_latest))
This module provides backward-compatible access to the Gemini API while routing
requests through the unified coordinator for maximum flexibility and performance.
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          @type options() :: [
  model: String.t(),
  generation_config: Gemini.Types.GenerationConfig.t() | nil,
  safety_settings: [Gemini.Types.SafetySetting.t()],
  system_instruction: Gemini.Types.Content.t() | String.t() | nil,
  tools: [map()],
  tool_config: map() | nil,
  api_key: String.t(),
  auth: :gemini | :vertex_ai,
  temperature: float(),
  max_output_tokens: non_neg_integer(),
  top_p: float(),
  top_k: non_neg_integer()
]


      


Options for content generation and related API calls.
	:model - Model name (string, defaults to configured default model)
	:generation_config - GenerationConfig struct (Gemini.Types.GenerationConfig.t())
	:safety_settings - List of SafetySetting structs ([Gemini.Types.SafetySetting.t()])
	:system_instruction - System instruction as Content struct or string (Gemini.Types.Content.t() | String.t() | nil)

	:tools - List of tool definitions ([map()])
	:tool_config - Tool configuration (map() | nil)

	:api_key - Override API key (string)
	:auth - Authentication strategy (:gemini | :vertex_ai)

	:temperature - Generation temperature (float, 0.0-1.0)
	:max_output_tokens - Maximum tokens to generate (non_neg_integer)
	:top_p - Top-p sampling parameter (float)
	:top_k - Top-k sampling parameter (non_neg_integer)
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          @spec async_batch_embed_contents([String.t()], options()) ::
  {:ok, map()} | {:error, Gemini.Error.t()}


      


Submit an asynchronous batch embedding job for production-scale generation.
Processes large batches with 50% cost savings compared to interactive API.
See Gemini.options/0 for available options.
Examples
{:ok, batch} = Gemini.async_batch_embed_contents(
  ["Text 1", "Text 2", "Text 3"],
  display_name: "My Batch",
  task_type: :retrieval_document
)
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          @spec await_batch_completion(String.t(), options()) :: {:ok, map()} | {:error, term()}


      


Poll and wait for batch completion with configurable intervals.
Examples
{:ok, completed} = Gemini.await_batch_completion(
  batch.name,
  poll_interval: 10_000,
  timeout: 600_000
)
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          @spec batch_embed_contents([String.t()], options()) ::
  {:ok, map()} | {:error, Gemini.Error.t()}


      


Generate embeddings for multiple texts in a single batch request.
See Gemini.options/0 for available options.
Examples
{:ok, response} = Gemini.batch_embed_contents([
  "What is AI?",
  "How does ML work?"
])
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          @spec chat(options()) :: {:ok, Gemini.Chat.t()}


      


Start a new chat session.
See Gemini.options/0 for available options.
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          @spec configure(atom(), map()) :: :ok


      


Configure authentication for the client.
Examples
# Gemini API
Gemini.configure(:gemini, %{api_key: "your_api_key"})

# Vertex AI
Gemini.configure(:vertex_ai, %{
  service_account_key: "/path/to/key.json",
  project_id: "your-project",
  location: "us-central1"
})
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          @spec count_tokens(String.t() | [Gemini.Types.Content.t()], options()) ::
  {:ok, map()} | {:error, Gemini.Error.t()}


      


Count tokens in the given content.
See Gemini.options/0 for available options.
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          @spec create_cache(
  [Gemini.Types.Content.t()] | [map()] | String.t(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Create a cached content resource for reuse across requests.
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          @spec delete_cache(
  String.t(),
  keyword()
) :: :ok | {:error, term()}


      


Delete cached content.
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          @spec embed_content(String.t(), options()) ::
  {:ok, map()} | {:error, Gemini.Error.t()}


      


Generate an embedding for the given text content.
See Gemini.options/0 for available options.
Examples
{:ok, response} = Gemini.embed_content("What is AI?")
{:ok, values} = EmbedContentResponse.get_values(response)
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          @spec extract_text(Gemini.Types.Response.GenerateContentResponse.t() | map()) ::
  {:ok, String.t()} | {:error, String.t()}


      


Extract text from a GenerateContentResponse or raw streaming data.
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          @spec extract_thought_signatures(
  Gemini.Types.Response.GenerateContentResponse.t()
  | nil
) :: [
  String.t()
]


      


Extract thought signatures from a GenerateContentResponse.
Gemini 3 models return thought_signature fields on parts that must be
echoed back in subsequent turns to maintain reasoning context.
Parameters
	response: GenerateContentResponse struct

Returns
	List of thought signature strings found in the response

Examples
{:ok, response} = Gemini.generate("Complex question", model: "gemini-3-pro-preview")
signatures = Gemini.extract_thought_signatures(response)
# => ["sig_abc123", "sig_def456"]
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          @spec generate(String.t() | [Gemini.Types.Content.t()], options()) ::
  {:ok, Gemini.Types.Response.GenerateContentResponse.t()}
  | {:error, Gemini.Error.t()}


      


Generate content using the configured authentication.
See Gemini.options/0 for available options.
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          @spec generate_content_with_auto_tools(
  String.t() | [Gemini.Types.Content.t()],
  options()
) ::
  {:ok, Gemini.Types.Response.GenerateContentResponse.t()}
  | {:error, Gemini.Error.t()}


      


Generate content with automatic tool execution.
This function provides a seamless, Python-SDK-like experience by automatically
handling the tool-calling loop. When the model returns function calls, they are
executed automatically and the conversation continues until a final text response
is received.
Parameters
	contents: String prompt or list of Content structs
	opts: Standard generation options plus:	:turn_limit - Maximum number of tool-calling turns (default: 10)
	:tools - List of tool declarations (required for tool calling)
	:tool_config - Tool configuration (optional)



Examples
# Register a tool first
{:ok, declaration} = Altar.ADM.new_function_declaration(%{
  name: "get_weather",
  description: "Gets weather for a location",
  parameters: %{
    type: "object",
    properties: %{location: %{type: "string"}},
    required: ["location"]
  }
})
:ok = Gemini.Tools.register(declaration, &MyApp.get_weather/1)

# Use automatic tool execution
{:ok, response} = Gemini.generate_content_with_auto_tools(
  "What's the weather in San Francisco?",
  tools: [declaration],
  model: "gemini-flash-lite-latest"
)
Returns
	{:ok, GenerateContentResponse.t()}: Final text response after all tool calls
	{:error, term()}: Error during generation or tool execution
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          @spec get_batch_embeddings(map()) :: {:ok, [map()]} | {:error, String.t()}


      


Retrieve embeddings from a completed batch job.
Examples
{:ok, batch} = Gemini.get_batch_status(batch_id)
if batch.state == :completed do
  {:ok, embeddings} = Gemini.get_batch_embeddings(batch)
end
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          @spec get_batch_status(String.t(), options()) ::
  {:ok, map()} | {:error, Gemini.Error.t()}


      


Get the current status of an async batch embedding job.
Examples
{:ok, batch} = Gemini.get_batch_status("batches/abc123")
IO.puts("State: #{batch.state}")
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          @spec get_cache(
  String.t(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Get a cached content by name.
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          @spec get_model(String.t()) :: {:ok, map()} | {:error, Gemini.Error.t()}


      


Get information about a specific model.
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          @spec get_stream_status(String.t()) :: {:ok, map()} | {:error, Gemini.Error.t()}


      


Get stream status.
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          @spec list_caches(keyword()) :: {:ok, map()} | {:error, term()}


      


List cached contents.

  



    

  
    
      
    
    
      list_models(opts \\ [])



        
          
        

    

  


  

      

          @spec list_models(options()) :: {:ok, map()} | {:error, Gemini.Error.t()}


      


List available models.
See Gemini.options/0 for available options.
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          @spec model_exists?(String.t()) :: {:ok, boolean()}


      


Check if a model exists.
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          @spec send_message(Gemini.Chat.t(), String.t()) ::
  {:ok, Gemini.Types.Response.GenerateContentResponse.t(), Gemini.Chat.t()}
  | {:error, Gemini.Error.t()}


      


Send a message in a chat session.
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Start the streaming manager (for compatibility).
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          @spec start_stream(String.t() | [Gemini.Types.Content.t()], options()) ::
  {:ok, String.t()} | {:error, Gemini.Error.t()}


      


Start a managed streaming session.
See Gemini.options/0 for available options.
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          @spec stream_generate(String.t() | [Gemini.Types.Content.t()], options()) ::
  {:ok, [map()]} | {:error, Gemini.Error.t()}


      


Generate content with streaming response (synchronous collection).
See Gemini.options/0 for available options.
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          @spec stream_generate_with_auto_tools(
  String.t() | [Gemini.Types.Content.t()],
  options()
) ::
  {:ok, String.t()} | {:error, Gemini.Error.t()}


      


Start a streaming session with automatic tool execution.
This function provides streaming support for the automatic tool-calling loop.
When the model returns function calls, they are executed automatically and the
conversation continues until a final text response is streamed to the subscriber.
Parameters
	contents: String prompt or list of Content structs
	opts: Standard generation options plus:	:turn_limit - Maximum number of tool-calling turns (default: 10)
	:tools - List of tool declarations (required for tool calling)
	:tool_config - Tool configuration (optional)



Examples
# Register a tool first
{:ok, declaration} = Altar.ADM.new_function_declaration(%{
  name: "get_weather",
  description: "Gets weather for a location",
  parameters: %{
    type: "object",
    properties: %{location: %{type: "string"}},
    required: ["location"]
  }
})
:ok = Gemini.Tools.register(declaration, &MyApp.get_weather/1)

# Start streaming with automatic tool execution
{:ok, stream_id} = Gemini.stream_generate_with_auto_tools(
  "What's the weather in San Francisco?",
  tools: [declaration],
  model: "gemini-flash-lite-latest"
)

# Subscribe to receive only the final text response
:ok = Gemini.subscribe_stream(stream_id)
Returns
	{:ok, stream_id}: Stream started successfully
	{:error, term()}: Error during stream setup
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          @spec subscribe_stream(String.t()) :: :ok | {:error, Gemini.Error.t()}


      


Subscribe to streaming events.
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          @spec text(String.t() | [Gemini.Types.Content.t()], options()) ::
  {:ok, String.t()} | {:error, Gemini.Error.t()}


      


Generate text content and return only the text.
See Gemini.options/0 for available options.
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          @spec update_cache(
  String.t(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Update cached content TTL/expiry.
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Gemini.APIs.Coordinator 
    



      
Coordinates API calls across different authentication strategies and endpoints.
Provides a unified interface that can route requests to either Gemini API or Vertex AI
based on configuration, while maintaining the same interface.
This module acts as the main entry point for all Gemini API operations,
automatically handling authentication strategy selection and request routing.
Features
	Unified API for content generation across auth strategies
	Automatic auth strategy selection based on configuration
	Per-request auth strategy override capability
	Consistent error handling and response format
	Support for both streaming and non-streaming operations
	Model listing and token counting functionality

Usage
# Use default auth strategy
{:ok, response} = Coordinator.generate_content("Hello world")

# Override auth strategy for specific request
{:ok, response} = Coordinator.generate_content("Hello world", auth: :vertex_ai)

# Start streaming with specific auth
{:ok, stream_id} = Coordinator.stream_generate_content("Tell me a story", auth: :gemini)
See Gemini.options/0 in Gemini for the canonical list of options.
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        async_batch_embed_contents(texts_or_requests, opts \\ [])

      


        Submit an asynchronous batch embedding job for production-scale embedding generation.



    


    
      
        await_batch_completion(batch_name, opts \\ [])

      


        Poll and wait for batch completion with configurable intervals.



    


    
      
        batch_embed_contents(texts, opts \\ [])

      


        Generate embeddings for multiple text inputs in a single batch request.



    


    
      
        count_tokens(input, opts \\ [])

      


        Count tokens in the given input.



    


    
      
        embed_content(text, opts \\ [])

      


        Generate an embedding for the given text content.



    


    
      
        extract_function_calls(response)

      


        Extract function calls from a GenerateContentResponse.



    


    
      
        extract_text(arg1)

      


        Extract text content from a GenerateContentResponse.



    


    
      
        generate_content(input, opts \\ [])

      


        Generate content using the specified model and input.



    


    
      
        get_batch_embeddings(batch)

      


        Retrieve embeddings from a completed batch job.



    


    
      
        get_batch_status(batch_name, opts \\ [])

      


        Get the current status of an async batch embedding job.
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        Get information about a specific model.



    


    
      
        has_function_calls?(response)

      


        Check if a response contains function calls.
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        List available models for the specified authentication strategy.
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        Stop a streaming content generation.



    


    
      
        stream_generate_content(input, opts \\ [])

      


        Stream content generation with real-time response chunks.
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        Get the status of a streaming content generation.
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        Subscribe to a streaming content generation.
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        Unsubscribe from a streaming content generation.
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          @type api_result(t) :: {:ok, t} | {:error, term()}
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          @type auth_strategy() :: :gemini | :vertex_ai
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          @spec async_batch_embed_contents(
  [String.t()] | [Gemini.Types.Request.EmbedContentRequest.t()],
  Gemini.options()
) :: api_result(Gemini.Types.Response.EmbedContentBatch.t())


      


Submit an asynchronous batch embedding job for production-scale embedding generation.
Processes large batches of embeddings at 50% cost compared to interactive API.
Returns immediately with a batch ID for polling. Suitable for embedding thousands
to millions of texts for RAG systems, knowledge bases, and large-scale retrieval.
See Gemini.options/0 for available options.
Parameters
	texts_or_requests: List of strings OR list of EmbedContentRequest structs
	opts: Options including model, display_name, priority, task_type, etc.

Options
	:model: Model to use (default: auto-detected based on auth)
	:display_name: Human-readable batch name (required)
	:priority: Processing priority (default: 0, higher = more urgent)
	:task_type: Task type applied to all requests
	:output_dimensionality: Dimension for all embeddings
	:auth: Authentication strategy

Returns
	{:ok, batch} - EmbedContentBatch with :name for polling
	{:error, reason} - Failed to submit batch

Examples
# Simple batch
{:ok, batch} = Coordinator.async_batch_embed_contents(
  ["Text 1", "Text 2", "Text 3"],
  display_name: "My Knowledge Base",
  task_type: :retrieval_document
)

# Poll for completion
{:ok, updated_batch} = Coordinator.get_batch_status(batch.name)

case updated_batch.state do
  :completed ->
    {:ok, embeddings} = Coordinator.get_batch_embeddings(updated_batch)
    IO.puts("Retrieved #{length(embeddings)} embeddings")
  :processing ->
    progress = updated_batch.batch_stats.successful_request_count
    IO.puts("Progress: #{progress} completed")
  :failed ->
    IO.puts("Batch failed")
end
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          @spec await_batch_completion(
  String.t(),
  keyword()
) :: api_result(Gemini.Types.Response.EmbedContentBatch.t())


      


Poll and wait for batch completion with configurable intervals.
Convenience function that polls get_batch_status until completion
or timeout. Useful for synchronous workflows or testing.
See Gemini.options/0 for available options.
Options
	:poll_interval: Milliseconds between polls (default: 5000)
	:timeout: Max wait time in milliseconds (default: 600000 = 10 min)
	:on_progress: Callback function called on each poll with batch

Returns
	{:ok, batch} - Completed batch (succeeded or failed)
	{:error, :timeout} - Timed out waiting for completion
	{:error, reason} - Failed to poll status

Examples
{:ok, batch} = Coordinator.async_batch_embed_contents(texts,
  display_name: "Batch 1"
)

{:ok, completed_batch} = Coordinator.await_batch_completion(
  batch.name,
  poll_interval: 10_000,  # 10 seconds
  timeout: 1_800_000,     # 30 minutes
  on_progress: fn b ->
    if b.batch_stats do
      progress = (b.batch_stats.successful_request_count || 0) / b.batch_stats.request_count * 100
      IO.puts("Progress: #{Float.round(progress, 1)}%")
    end
  end
)

  



    

  
    
      
    
    
      batch_embed_contents(texts, opts \\ [])



        
          
        

    

  


  

      

          @spec batch_embed_contents([String.t()], Gemini.options()) ::
  api_result(Gemini.Types.Response.BatchEmbedContentsResponse.t())


      


Generate embeddings for multiple text inputs in a single batch request.
More efficient than individual requests when embedding multiple texts.
See Gemini.options/0 for available options.
Parameters
	texts: List of text strings to embed
	opts: Options including model, auth strategy, and embedding-specific parameters

Options
Same as embed_content/2, applied to all texts in the batch.
Examples
# Batch embedding
{:ok, response} = Coordinator.batch_embed_contents([
  "What is AI?",
  "How does machine learning work?",
  "Explain neural networks"
])

{:ok, all_values} = BatchEmbedContentsResponse.get_all_values(response)

# With task type
{:ok, response} = Coordinator.batch_embed_contents(
  ["Doc 1 content", "Doc 2 content", "Doc 3 content"],
  task_type: :retrieval_document,
  output_dimensionality: 256
)

  



    

  
    
      
    
    
      count_tokens(input, opts \\ [])



        
          
        

    

  


  

      

          @spec count_tokens(
  String.t() | Gemini.Types.Request.GenerateContentRequest.t(),
  Gemini.options()
) ::
  api_result(%{total_tokens: integer()})


      


Count tokens in the given input.
See Gemini.options/0 for available options.
Parameters
	input: String or GenerateContentRequest to count tokens for
	opts: Options including model and auth strategy

Options
	:model: Model to use for token counting (defaults to configured default model)
	:auth: Authentication strategy (:gemini or :vertex_ai)

Examples
{:ok, count} = Coordinator.count_tokens("Hello world")
{:ok, count} = Coordinator.count_tokens("Complex text", model: "gemini-2.5-pro", auth: :vertex_ai)

  



    

  
    
      
    
    
      embed_content(text, opts \\ [])



        
          
        

    

  


  

      

          @spec embed_content(String.t(), Gemini.options()) ::
  api_result(Gemini.Types.Response.EmbedContentResponse.t())


      


Generate an embedding for the given text content.
Uses the appropriate embedding model based on detected authentication:
	Gemini API: gemini-embedding-001 (3072 dimensions, task type parameter)
	Vertex AI: embeddinggemma (768 dimensions, prompt prefix formatting)

See Gemini.options/0 for available options.
Parameters
	text: String content to embed
	opts: Options including model, auth strategy, and embedding-specific parameters

Options
	:model: Embedding model to use (default: auto-detected based on auth)
	:auth: Authentication strategy (:gemini or :vertex_ai)
	:task_type: Optional task type for optimized embeddings	:retrieval_query - Text is a search query
	:retrieval_document - Text is a document being searched
	:semantic_similarity - For semantic similarity tasks
	:classification - For classification tasks
	:clustering - For clustering tasks
	:question_answering - For Q&A tasks
	:fact_verification - For fact verification
	:code_retrieval_query - For code retrieval


	:title: Optional title (only for :retrieval_document task type)
	:output_dimensionality: Optional dimension reduction

API-Specific Behavior
For Gemini API (gemini-embedding-001):
	Task type is passed as taskType parameter
	Default dimensions: 3072 (supports MRL: 768, 1536, 3072)
	Dimensions below 3072 need manual normalization

For Vertex AI (embeddinggemma):
	Task type is embedded as prompt prefix in the text
	Default dimensions: 768 (supports MRL: 128, 256, 512, 768)
	All dimensions are pre-normalized

Examples
# Simple embedding (auto-detects model)
{:ok, response} = Coordinator.embed_content("What is the meaning of life?")
{:ok, values} = EmbedContentResponse.get_values(response)

# With task type (works with both APIs transparently)
{:ok, response} = Coordinator.embed_content(
  "This is a document about AI",
  task_type: :retrieval_document,
  title: "AI Overview"
)

# With explicit dimensionality
{:ok, response} = Coordinator.embed_content(
  "Query text",
  task_type: :retrieval_query,
  output_dimensionality: 768
)

  



  
    
      
    
    
      extract_function_calls(response)



        
          
        

    

  


  

      

          @spec extract_function_calls(
  Gemini.Types.Response.GenerateContentResponse.t()
  | map()
) :: [
  Altar.ADM.FunctionCall.t()
]


      


Extract function calls from a GenerateContentResponse.
Returns a list of Altar.ADM.FunctionCall structs if the response contains
function calls, or an empty list if none are found.
Examples
{:ok, response} = Coordinator.generate_content("What's the weather?", tools: tools)

case Coordinator.extract_function_calls(response) do
  [] ->
    # No function calls, extract text normally
    {:ok, text} = Coordinator.extract_text(response)

  calls ->
    # Execute function calls and continue conversation
    results = Executor.execute_all(calls, registry)
end

  



  
    
      
    
    
      extract_text(arg1)



        
          
        

    

  


  

      

          @spec extract_text(Gemini.Types.Response.GenerateContentResponse.t()) ::
  {:ok, String.t()} | {:error, term()}


      


Extract text content from a GenerateContentResponse.
Examples
{:ok, response} = Coordinator.generate_content("Hello")
{:ok, text} = Coordinator.extract_text(response)

  



    

  
    
      
    
    
      generate_content(input, opts \\ [])



        
          
        

    

  


  

      

          @spec generate_content(
  String.t()
  | [Gemini.Types.Content.t()]
  | Gemini.Types.Request.GenerateContentRequest.t(),
  Gemini.options()
) :: api_result(Gemini.Types.Response.GenerateContentResponse.t())


      


Generate content using the specified model and input.
See Gemini.options/0 for available options.
Parameters
	input: String prompt or GenerateContentRequest struct
	opts: Options including model, auth strategy, and generation config

Examples
# Simple text generation
{:ok, response} = Coordinator.generate_content("What is AI?")

# With specific model and auth
{:ok, response} = Coordinator.generate_content(
  "Explain quantum computing",
  model: Gemini.Config.get_model(:flash_lite_latest),
  auth: :vertex_ai,
  temperature: 0.7
)

# Using request struct
request = %GenerateContentRequest{...}
{:ok, response} = Coordinator.generate_content(request)

  



  
    
      
    
    
      get_batch_embeddings(batch)



        
          
        

    

  


  

      

          @spec get_batch_embeddings(Gemini.Types.Response.EmbedContentBatch.t()) ::
  api_result([Gemini.Types.Response.ContentEmbedding.t()])


      


Retrieve embeddings from a completed batch job.
Only works for batches in :completed state with inline responses.
For file-based outputs, use file download APIs.
Parameters
	batch: Completed EmbedContentBatch

Returns
	{:ok, embeddings} - List of ContentEmbedding results
	{:error, reason} - Batch not complete or file-based

Examples
{:ok, batch} = Coordinator.get_batch_status("batches/abc123")

if batch.state == :completed do
  {:ok, embeddings} = Coordinator.get_batch_embeddings(batch)
  IO.puts("Retrieved #{length(embeddings)} embeddings")
end

  



    

  
    
      
    
    
      get_batch_status(batch_name, opts \\ [])



        
          
        

    

  


  

      

          @spec get_batch_status(String.t(), Gemini.options()) ::
  api_result(Gemini.Types.Response.EmbedContentBatch.t())


      


Get the current status of an async batch embedding job.
Polls the batch status to check progress, completion, or failures.
See Gemini.options/0 for available options.
Parameters
	batch_name: Batch identifier (format: "batches/{batchId}")
	opts: Optional auth and other options

Returns
	{:ok, batch} - Current batch status with stats
	{:error, reason} - Failed to retrieve status

Examples
{:ok, batch} = Coordinator.get_batch_status("batches/abc123")

IO.puts("State: #{batch.state}")

if batch.batch_stats do
  completed = batch.batch_stats.successful_request_count + batch.batch_stats.failed_request_count
  total = batch.batch_stats.request_count
  IO.puts("Progress: #{completed}/#{total}")
end

  



    

  
    
      
    
    
      get_model(model_name, opts \\ [])



        
          
        

    

  


  

      

          @spec get_model(String.t(), Gemini.options()) :: api_result(map())


      


Get information about a specific model.
See Gemini.options/0 for available options.
Parameters
	model_name: Name of the model to retrieve
	opts: Options including auth strategy

Examples
{:ok, model} = Coordinator.get_model(Gemini.Config.get_model(:flash_lite_latest))
{:ok, model} = Coordinator.get_model("gemini-2.5-pro", auth: :vertex_ai)

  



  
    
      
    
    
      has_function_calls?(response)



        
          
        

    

  


  

      

          @spec has_function_calls?(Gemini.Types.Response.GenerateContentResponse.t() | map()) ::
  boolean()


      


Check if a response contains function calls.
Examples
{:ok, response} = Coordinator.generate_content("Calculate 2+2", tools: tools)

if Coordinator.has_function_calls?(response) do
  calls = Coordinator.extract_function_calls(response)
  # Handle function calls
else
  {:ok, text} = Coordinator.extract_text(response)
end

  



    

  
    
      
    
    
      list_models(opts \\ [])



        
          
        

    

  


  

      

          @spec list_models(Gemini.options()) ::
  api_result(Gemini.Types.Response.ListModelsResponse.t())


      


List available models for the specified authentication strategy.
See Gemini.options/0 for available options.
Parameters
	opts: Options including auth strategy and pagination

Options
	:auth: Authentication strategy (:gemini or :vertex_ai)
	:page_size: Number of models per page
	:page_token: Pagination token for next page

Examples
# List models with default auth
{:ok, models_response} = Coordinator.list_models()

# List models with specific auth strategy
{:ok, models_response} = Coordinator.list_models(auth: :vertex_ai)

# With pagination
{:ok, models_response} = Coordinator.list_models(
  auth: :gemini,
  page_size: 50,
  page_token: "next_page_token"
)
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          @spec stop_stream(String.t()) :: :ok | {:error, term()}


      


Stop a streaming content generation.
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          @spec stream_generate_content(
  String.t() | Gemini.Types.Request.GenerateContentRequest.t(),
  Gemini.options()
) :: api_result(String.t())


      


Stream content generation with real-time response chunks.
See Gemini.options/0 for available options.
Parameters
	input: String prompt or GenerateContentRequest struct
	opts: Options including model, auth strategy, and generation config

Returns
	{:ok, stream_id}: Stream started successfully
	{:error, reason}: Failed to start stream

After starting the stream, subscribe to receive events:
{:ok, stream_id} = Coordinator.stream_generate_content("Tell me a story")
:ok = Coordinator.subscribe_stream(stream_id)

# Handle incoming messages
receive do
  {:stream_event, ^stream_id, event} ->
    IO.inspect(event, label: "Stream Event")
  {:stream_complete, ^stream_id} ->
    IO.puts("Stream completed")
  {:stream_error, ^stream_id, stream_error} ->
    IO.puts("Stream error: #{inspect(stream_error)}")
end
Examples
# Basic streaming
{:ok, stream_id} = Coordinator.stream_generate_content("Write a poem")

# With specific configuration
{:ok, stream_id} = Coordinator.stream_generate_content(
  "Explain machine learning",
  model: Gemini.Config.get_model(:flash_lite_latest),
  auth: :gemini,
  temperature: 0.8,
  max_output_tokens: 1000
)
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          @spec stream_status(String.t()) :: {:ok, atom()} | {:error, term()}


      


Get the status of a streaming content generation.

  



    

  
    
      
    
    
      subscribe_stream(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

      

          @spec subscribe_stream(String.t(), pid()) :: :ok | {:error, term()}


      


Subscribe to a streaming content generation.
Parameters
	stream_id: ID of the stream to subscribe to
	subscriber_pid: Process to receive stream events (defaults to current process)

Examples
{:ok, stream_id} = Coordinator.stream_generate_content("Hello")
:ok = Coordinator.subscribe_stream(stream_id)

# In a different process
:ok = Coordinator.subscribe_stream(stream_id, target_pid)

  



    

  
    
      
    
    
      unsubscribe_stream(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

      

          @spec unsubscribe_stream(String.t(), pid()) :: :ok | {:error, term()}


      


Unsubscribe from a streaming content generation.
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Gemini.Auth 
    



      
Authentication strategy behavior and implementations for Gemini and Vertex AI.
This module provides a unified interface for different authentication methods:
	Gemini API: Simple API key authentication
	Vertex AI: OAuth2/Service Account authentication


      


      
        Summary


  
    Types
  


    
      
        auth_type()

      


    


    
      
        credentials()

      


    





  
    Functions
  


    
      
        authenticate(strategy_module, config)

      


        Authenticate using the given strategy and configuration.



    


    
      
        base_url(strategy_module, config)

      


        Get base URL using the given strategy and configuration.



    


    
      
        build_headers(auth_type, credentials)

      


        Build authenticated headers for the given strategy and credentials.



    


    
      
        build_path(auth_type, model, endpoint, credentials)

      


        Build the full path for an API endpoint.



    


    
      
        get_base_url(auth_type, credentials)

      


        Get the base URL for the given strategy and credentials.



    


    
      
        get_strategy(auth_type)

      


        Get the appropriate authentication strategy based on configuration.



    


    
      
        refresh_credentials(auth_type, credentials)

      


        Refresh credentials if needed (mainly for Vertex AI OAuth tokens).



    


    
      
        strategy(auth_type)

      


        Get the appropriate authentication strategy based on configuration.
(Alias for get_strategy/1 for backward compatibility)
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      auth_type()



        
          
        

    

  


  

      

          @type auth_type() :: :gemini | :vertex_ai


      



  



  
    
      
    
    
      credentials()



        
          
        

    

  


  

      

          @type credentials() ::
  %{api_key: String.t()}
  | %{access_token: String.t(), project_id: String.t(), location: String.t()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      authenticate(strategy_module, config)



        
          
        

    

  


  

      

          @spec authenticate(module(), map()) :: {:ok, map()} | {:error, term()}


      


Authenticate using the given strategy and configuration.

  



  
    
      
    
    
      base_url(strategy_module, config)



        
          
        

    

  


  

      

          @spec base_url(module(), map()) :: String.t() | {:error, term()}


      


Get base URL using the given strategy and configuration.

  



  
    
      
    
    
      build_headers(auth_type, credentials)



        
          
        

    

  


  

      

          @spec build_headers(auth_type(), map()) ::
  {:ok, [{String.t(), String.t()}]} | {:error, term()}


      


Build authenticated headers for the given strategy and credentials.
Returns {:ok, headers} on success, or {:error, reason} if authentication fails
(e.g., service account token generation failure).

  



  
    
      
    
    
      build_path(auth_type, model, endpoint, credentials)



        
          
        

    

  


  

      

          @spec build_path(auth_type(), String.t(), String.t(), map()) :: String.t()


      


Build the full path for an API endpoint.

  



  
    
      
    
    
      get_base_url(auth_type, credentials)



        
          
        

    

  


  

      

          @spec get_base_url(auth_type(), map()) :: String.t() | {:error, term()}


      


Get the base URL for the given strategy and credentials.

  



  
    
      
    
    
      get_strategy(auth_type)



        
          
        

    

  


  

      

          @spec get_strategy(auth_type()) :: module()


      


Get the appropriate authentication strategy based on configuration.

  



  
    
      
    
    
      refresh_credentials(auth_type, credentials)



        
          
        

    

  


  

      

          @spec refresh_credentials(auth_type(), map()) :: {:ok, map()} | {:error, term()}


      


Refresh credentials if needed (mainly for Vertex AI OAuth tokens).

  



  
    
      
    
    
      strategy(auth_type)



        
          
        

    

  


  

      

          @spec strategy(auth_type()) :: module()


      


Get the appropriate authentication strategy based on configuration.
(Alias for get_strategy/1 for backward compatibility)
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Gemini.Auth.GeminiStrategy 
    



      
Authentication strategy for Google Gemini API using API key.
This strategy uses the simple x-goog-api-key header authentication
method used by the Gemini API.

      


      
        Summary


  
    Functions
  


    
      
        authenticate(arg1)

      


        Authenticate with Gemini API using API key.
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Authenticate with Gemini API using API key.
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Gemini.Auth.MultiAuthCoordinator 
    



      
Coordinates multiple authentication strategies for concurrent usage.
Enables per-request auth strategy selection while maintaining
independent credential management and request routing.
This module serves as the central coordination point for the Gemini Unified
Implementation's multi-auth capability, allowing applications to use both
Gemini API and Vertex AI authentication strategies simultaneously.

      


      
        Summary


  
    Types
  


    
      
        auth_result()

      


    


    
      
        auth_strategy()

      


    


    
      
        credentials()

      


    


    
      
        request_opts()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        coordinate_auth(strategy, opts \\ [])

      


        Coordinates authentication for the specified strategy.



    


    
      
        get_credentials(strategy, opts \\ [])

      


        Retrieves credentials for the specified authentication strategy.



    


    
      
        refresh_credentials(strategy)

      


        Refreshes credentials for the specified authentication strategy.



    


    
      
        validate_auth_config(strategy)

      


        Validates configuration for the specified authentication strategy.
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      auth_result()



        
          
        

    

  


  

      

          @type auth_result() :: {:ok, auth_strategy(), headers :: list()} | {:error, term()}
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          @type auth_strategy() :: :gemini | :vertex_ai
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          @type credentials() :: map()
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          @type request_opts() :: keyword()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Auth.MultiAuthCoordinator{}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      coordinate_auth(strategy, opts \\ [])



        
          
        

    

  


  

      

          @spec coordinate_auth(auth_strategy(), request_opts()) :: auth_result()


      


Coordinates authentication for the specified strategy.
This is the main entry point for multi-auth coordination. It routes
authentication requests to the appropriate strategy while maintaining
independent credential management.
Parameters
	strategy: The authentication strategy (:gemini or :vertex_ai)
	opts: Request options (may include configuration overrides)

Returns
	{:ok, strategy, headers} on successful authentication
	{:error, reason} on authentication failure

Examples
# Coordinate Gemini API authentication
{:ok, :gemini, headers} = MultiAuthCoordinator.coordinate_auth(:gemini, [])

# Coordinate Vertex AI authentication
{:ok, :vertex_ai, headers} = MultiAuthCoordinator.coordinate_auth(:vertex_ai, [])

# With configuration overrides
{:ok, :gemini, headers} = MultiAuthCoordinator.coordinate_auth(:gemini, [api_key: "override"])

  



    

  
    
      
    
    
      get_credentials(strategy, opts \\ [])



        
          
        

    

  


  

      

          @spec get_credentials(auth_strategy(), request_opts()) ::
  {:ok, credentials()} | {:error, term()}


      


Retrieves credentials for the specified authentication strategy.
Loads credentials from configuration, with optional overrides from request options.
Parameters
	strategy: The authentication strategy
	opts: Optional configuration overrides

Returns
	{:ok, credentials} on success
	{:error, reason} on failure
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          @spec refresh_credentials(auth_strategy()) :: {:ok, credentials()} | {:error, term()}


      


Refreshes credentials for the specified authentication strategy.
For strategies that support credential refresh (like Vertex AI OAuth tokens),
this function will generate fresh credentials. For strategies that don't
need refresh (like Gemini API keys), it returns the existing credentials.
Parameters
	strategy: The authentication strategy

Returns
	{:ok, refreshed_credentials} on success
	{:error, reason} on failure
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          @spec validate_auth_config(auth_strategy()) :: :ok | {:error, term()}


      


Validates configuration for the specified authentication strategy.
Checks that all required configuration is present and valid for the
given strategy.
Parameters
	strategy: The authentication strategy to validate

Returns
	:ok if configuration is valid
	{:error, reason} if configuration is invalid or missing
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Gemini.Auth.VertexStrategy 
    



      
Authentication strategy for Google Vertex AI using OAuth2/Service Account.
This strategy supports multiple authentication methods:
	Service Account JSON file (via VERTEX_JSON_FILE environment variable)
	OAuth2 access tokens
	Application Default Credentials (ADC)

Based on the Vertex AI documentation, this strategy can generate self-signed JWTs
for authenticated endpoints and standard Bearer tokens for regular API calls.
ADC Support
If no explicit credentials are provided, this strategy will automatically
fall back to Application Default Credentials (ADC), which searches for
credentials in the following order:
	GOOGLE_APPLICATION_CREDENTIALS environment variable
	User credentials from gcloud CLI (~/.config/gcloud/application_default_credentials.json)
	GCP metadata server (for Cloud Run, GKE, Compute Engine, etc.)


      


      
        Summary


  
    Functions
  


    
      
        authenticate(arg1)

      


        Authenticate with Vertex AI using various methods.



    


    
      
        create_signed_jwt(service_account_email, audience, credentials, opts \\ [])

      


        Create a signed JWT for authenticated Vertex AI endpoints.



    


    
      
        headers(credentials)

      


        Get authentication headers for Vertex AI requests.
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Authenticate with Vertex AI using various methods.
Supports the following authentication methods:
	OAuth2 with project_id and location
	Service Account with key file path
	Service Account with key data
	Direct access token


  



    

  
    
      
    
    
      create_signed_jwt(service_account_email, audience, credentials, opts \\ [])



        
          
        

    

  


  

      

          @spec create_signed_jwt(String.t(), String.t(), map(), keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Create a signed JWT for authenticated Vertex AI endpoints.
This is used for Vector Search endpoints with JWT authentication as described in v1.md.
Parameters
	service_account_email: The service account email (issuer)
	audience: The audience specified during index deployment
	credentials: The credentials map containing authentication info
	opts: Additional options for JWT creation

Examples
iex> credentials = %{service_account_key: "/path/to/key.json"}
iex> {:ok, jwt} = Gemini.Auth.VertexStrategy.create_signed_jwt(
...>   "my-service@project.iam.gserviceaccount.com",
...>   "my-app-audience",
...>   credentials
...> )
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Get authentication headers for Vertex AI requests.
Supports multiple credential types:
	%{access_token: token} - Direct access token
	%{service_account_key: path} - Service account JSON file path
	%{service_account_data: data} - Service account JSON data
	%{jwt_token: token} - Pre-signed JWT token

Returns {:ok, headers} on success, or {:error, reason} if authentication fails.
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Gemini.SSE.Parser 
    



      
Server-Sent Events (SSE) parser for streaming responses.
Handles partial chunks and maintains state across multiple calls.
Properly parses SSE format with incremental data.

      


      
        Summary


  
    Types
  


    
      
        parse_result()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        extract_text(arg1)

      


        Extract text content from a streaming event.



    


    
      
        finalize(parser)

      


        Finalize parsing and return any remaining events in buffer.



    


    
      
        new()

      


        Create a new SSE parser state.



    


    
      
        parse_chunk(chunk, state)

      


        Parse incoming SSE chunk and return events + updated state.



    


    
      
        stream_done?(arg1)

      


        Check if an event indicates the stream is done.



    





      


      
        Types

        


  
    
      
    
    
      parse_result()



        
          
        

    

  


  

      

          @type parse_result() :: {:ok, [map()], t()} | {:error, term()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.SSE.Parser{buffer: String.t(), events: [map()]}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      extract_text(arg1)



        
          
        

    

  


  

      

          @spec extract_text(map()) :: String.t() | nil


      


Extract text content from a streaming event.

  



  
    
      
    
    
      finalize(parser)



        
          
        

    

  


  

      

          @spec finalize(t()) :: {:ok, [map()]}


      


Finalize parsing and return any remaining events in buffer.
Call this when the stream is complete to get any final partial events.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Create a new SSE parser state.

  



  
    
      
    
    
      parse_chunk(chunk, state)



        
          
        

    

  


  

      

          @spec parse_chunk(String.t(), t()) :: parse_result()


      


Parse incoming SSE chunk and return events + updated state.
Examples
iex> parser = SSE.Parser.new()
iex> chunk = "data: {\"text\": \"hello\"}
"
iex> {:ok, events, new_parser} = SSE.Parser.parse_chunk(chunk, parser)
iex> length(events)
1

  



  
    
      
    
    
      stream_done?(arg1)



        
          
        

    

  


  

      

          @spec stream_done?(map()) :: boolean()


      


Check if an event indicates the stream is done.

  


        

      


  

  
    
    Gemini.Streaming.UnifiedManager - GeminiEx v0.8.0
    
    

    


  
  

    
Gemini.Streaming.UnifiedManager 
    



      
Unified streaming manager that supports multiple authentication strategies.
This manager extends the excellent ManagerV2 functionality with multi-auth support,
allowing concurrent usage of both Gemini API and Vertex AI authentication strategies
within the same application.
Features:
	All capabilities from ManagerV2 (HTTP streaming, resource management, etc.)
	Multi-authentication strategy support via MultiAuthCoordinator
	Per-stream authentication strategy selection
	Concurrent usage of multiple auth strategies


      


      
        Summary


  
    Types
  


    
      
        auth_strategy()

      


    


    
      
        manager_state()

      


    


    
      
        stream_id()

      


    


    
      
        stream_state()

      


    


    
      
        subscriber_ref()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_stats()

      


        Get manager statistics (ManagerV2 compatibility).



    


    
      
        get_stream_info(stream_id)

      


        Get stream information (ManagerV2 compatibility).



    


    
      
        list_streams()

      


        List all active streams.



    


    
      
        start_link(opts \\ [])

      


        Start the unified streaming manager.



    


    
      
        start_stream(model, request_body, opts \\ [])

      


        Start a new stream.



    


    
      
        stop_stream(stream_id)

      


        Stop a stream.



    


    
      
        stream_status(stream_id)

      


        Get the status of a stream.



    


    
      
        subscribe(stream_id, subscriber_pid \\ self())

      


        Subscribe to a stream to receive events.



    


    
      
        subscribe_stream(stream_id, subscriber_pid \\ self())

      


        Subscribe to stream events (ManagerV2 compatibility).



    


    
      
        unsubscribe(stream_id, subscriber_pid \\ self())

      


        Unsubscribe from a stream.



    





      


      
        Types

        


  
    
      
    
    
      auth_strategy()



        
          
        

    

  


  

      

          @type auth_strategy() :: :gemini | :vertex_ai


      



  



  
    
      
    
    
      manager_state()



        
          
        

    

  


  

      

          @type manager_state() :: %{
  streams: %{required(stream_id()) => stream_state()},
  stream_counter: non_neg_integer(),
  max_streams: pos_integer(),
  default_timeout: pos_integer()
}


      



  



  
    
      
    
    
      stream_id()



        
          
        

    

  


  

      

          @type stream_id() :: String.t()


      



  



  
    
      
    
    
      stream_state()



        
          
        

    

  


  

      

          @type stream_state() :: %{
  stream_id: stream_id(),
  stream_pid: pid() | nil,
  model: String.t(),
  request_body: map(),
  status: :starting | :active | :completed | :error | :stopped,
  error: term() | nil,
  started_at: DateTime.t(),
  subscribers: [subscriber_ref()],
  events_count: non_neg_integer(),
  last_event_at: DateTime.t() | nil,
  config: keyword(),
  auth_strategy: auth_strategy(),
  release_fn: nil | (atom(), map() | nil -> :ok)
}


      



  



  
    
      
    
    
      subscriber_ref()



        
          
        

    

  


  

      

          @type subscriber_ref() :: {pid(), reference()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      get_stats()



        
          
        

    

  


  

      

          @spec get_stats() :: map()


      


Get manager statistics (ManagerV2 compatibility).

  



  
    
      
    
    
      get_stream_info(stream_id)



        
          
        

    

  


  

      

          @spec get_stream_info(stream_id()) :: {:ok, map()} | {:error, term()}


      


Get stream information (ManagerV2 compatibility).

  



  
    
      
    
    
      list_streams()



        
          
        

    

  


  

      

          @spec list_streams() :: [stream_id()]


      


List all active streams.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Start the unified streaming manager.

  



    

  
    
      
    
    
      start_stream(model, request_body, opts \\ [])



        
          
        

    

  


  

      

          @spec start_stream(String.t(), map(), keyword()) ::
  {:ok, stream_id()} | {:error, term()}


          @spec start_stream(term(), keyword(), pid()) :: {:ok, stream_id()} | {:error, term()}


      


Start a new stream.
API Variants
New API: start_stream(model, request_body, opts)
	model: The model to use for generation
	request_body: The request body for content generation
	opts: Options including auth strategy and other config

Legacy API: start_stream(contents, opts, subscriber_pid) - ManagerV2 compatibility
	contents: Content to stream (string or list of Content structs)
	opts: Generation options (model, generation_config, etc.)
	subscriber_pid: Process to receive stream events

Options
	:auth: Authentication strategy (:gemini or :vertex_ai)
	:timeout: Request timeout in milliseconds
	Other options passed to the streaming request

Examples
# New API with Gemini auth
{:ok, stream_id} = UnifiedManager.start_stream(
  Gemini.Config.get_model(:flash_lite_latest),
  %{contents: [%{parts: [%{text: "Hello"}]}]},
  auth: :gemini
)

# Legacy API for ManagerV2 compatibility
{:ok, stream_id} = UnifiedManager.start_stream("Hello", [model: Gemini.Config.get_model(:flash_lite_latest)], self())

  



  
    
      
    
    
      stop_stream(stream_id)



        
          
        

    

  


  

      

          @spec stop_stream(stream_id()) :: :ok | {:error, term()}


      


Stop a stream.

  



  
    
      
    
    
      stream_status(stream_id)



        
          
        

    

  


  

      

          @spec stream_status(stream_id()) :: {:ok, atom()} | {:error, term()}


      


Get the status of a stream.

  



    

  
    
      
    
    
      subscribe(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

      

          @spec subscribe(stream_id(), pid()) :: :ok | {:error, term()}


      


Subscribe to a stream to receive events.

  



    

  
    
      
    
    
      subscribe_stream(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

      

          @spec subscribe_stream(stream_id(), pid()) :: :ok | {:error, term()}


      


Subscribe to stream events (ManagerV2 compatibility).

  



    

  
    
      
    
    
      unsubscribe(stream_id, subscriber_pid \\ self())



        
          
        

    

  


  

      

          @spec unsubscribe(stream_id(), pid()) :: :ok | {:error, term()}


      


Unsubscribe from a stream.
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Gemini.Client 
    



      
Main client module that delegates to the appropriate HTTP client implementation.
This module provides a unified interface for making HTTP requests to the Gemini API,
abstracting away the specific implementation details of the underlying HTTP client.

      


      
        Summary


  
    Functions
  


    
      
        get(path, opts \\ [])

      


        Make a GET request using the configured authentication.



    


    
      
        post(path, body, opts \\ [])

      


        Make a POST request using the configured authentication.



    


    
      
        request(method, path, body, auth_config, opts \\ [])

      


        Make an authenticated HTTP request.



    


    
      
        stream_post(path, body, opts \\ [])

      


        Stream a POST request for Server-Sent Events using configured authentication.



    


    
      
        stream_post_with_auth(path, body, auth_config, opts \\ [])

      


        Stream a POST request with specific authentication configuration.



    





      


      
        Functions

        


    

  
    
      
    
    
      get(path, opts \\ [])



        
          
        

    

  


  

Make a GET request using the configured authentication.
Parameters
	path - The API path to request
	opts - Optional keyword list of request options

Returns
	{:ok, response} - Successful response
	{:error, Error.t()} - Error details


  



    

  
    
      
    
    
      post(path, body, opts \\ [])



        
          
        

    

  


  

Make a POST request using the configured authentication.
Parameters
	path - The API path to request
	body - The request body (will be JSON encoded)
	opts - Optional keyword list of request options

Returns
	{:ok, response} - Successful response
	{:error, Error.t()} - Error details


  



    

  
    
      
    
    
      request(method, path, body, auth_config, opts \\ [])



        
          
        

    

  


  

Make an authenticated HTTP request.
Parameters
	method - HTTP method (:get, :post, etc.)
	path - The API path to request
	body - The request body (nil for GET requests)
	auth_config - Authentication configuration
	opts - Optional keyword list of request options

Returns
	{:ok, response} - Successful response
	{:error, Error.t()} - Error details


  



    

  
    
      
    
    
      stream_post(path, body, opts \\ [])



        
          
        

    

  


  

Stream a POST request for Server-Sent Events using configured authentication.
Parameters
	path - The API path to request
	body - The request body (will be JSON encoded)
	opts - Optional keyword list of request options

Returns
	{:ok, events} - Successful stream response with parsed events
	{:error, Error.t()} - Error details


  



    

  
    
      
    
    
      stream_post_with_auth(path, body, auth_config, opts \\ [])



        
          
        

    

  


  

Stream a POST request with specific authentication configuration.
Parameters
	path - The API path to request
	body - The request body (will be JSON encoded)
	auth_config - Authentication configuration
	opts - Optional keyword list of request options

Returns
	{:ok, events} - Successful stream response with parsed events
	{:error, Error.t()} - Error details
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Gemini.Client.HTTP 
    



      
Unified HTTP client for both Gemini and Vertex AI APIs using Req.
Supports multiple authentication strategies and provides both
regular and streaming request capabilities.
Rate Limiting
All requests are automatically routed through the rate limiter unless
disable_rate_limiter: true is passed in options. The rate limiter:
	Enforces concurrency limits per model
	Honors 429 RetryInfo delays from the API
	Retries transient failures with backoff
	Tracks token usage for budget estimation

See Gemini.RateLimiter for configuration options.

      


      
        Summary


  
    Functions
  


    
      
        delete(path, opts \\ [])

      


        Make a DELETE request using the configured authentication.



    


    
      
        get(path, opts \\ [])

      


        Make a GET request using the configured authentication.



    


    
      
        patch(path, body, opts \\ [])

      


        Make a PATCH request using the configured authentication.



    


    
      
        post(path, body, opts \\ [])

      


        Make a POST request using the configured authentication.



    


    
      
        request(method, path, body, auth_config, opts \\ [])

      


        Make an authenticated HTTP request.



    


    
      
        stream_post(path, body, opts \\ [])

      


        Stream a POST request for Server-Sent Events using configured authentication.



    


    
      
        stream_post_raw(url, body, headers, opts \\ [])

      


        Raw streaming POST with full URL (used by streaming manager).



    


    
      
        stream_post_with_auth(path, body, auth_config, opts \\ [])

      


        Stream a POST request with specific authentication configuration.



    





      


      
        Functions

        


    

  
    
      
    
    
      delete(path, opts \\ [])



        
          
        

    

  


  

Make a DELETE request using the configured authentication.

  



    

  
    
      
    
    
      get(path, opts \\ [])



        
          
        

    

  


  

Make a GET request using the configured authentication.

  



    

  
    
      
    
    
      patch(path, body, opts \\ [])



        
          
        

    

  


  

Make a PATCH request using the configured authentication.

  



    

  
    
      
    
    
      post(path, body, opts \\ [])



        
          
        

    

  


  

Make a POST request using the configured authentication.

  



    

  
    
      
    
    
      request(method, path, body, auth_config, opts \\ [])



        
          
        

    

  


  

Make an authenticated HTTP request.
Options
In addition to standard request options, supports rate limiter options:
	:disable_rate_limiter - Bypass rate limiting (default: false)
	:non_blocking - Return immediately if rate limited (default: false)
	:max_concurrency_per_model - Override concurrency limit


  



    

  
    
      
    
    
      stream_post(path, body, opts \\ [])



        
          
        

    

  


  

Stream a POST request for Server-Sent Events using configured authentication.

  



    

  
    
      
    
    
      stream_post_raw(url, body, headers, opts \\ [])



        
          
        

    

  


  

Raw streaming POST with full URL (used by streaming manager).

  



    

  
    
      
    
    
      stream_post_with_auth(path, body, auth_config, opts \\ [])



        
          
        

    

  


  

Stream a POST request with specific authentication configuration.
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Gemini.Client.HTTPStreaming 
    



      
HTTP client for streaming Server-Sent Events (SSE) from Gemini API.
Provides proper streaming support with:
	Incremental SSE parsing
	Connection management
	Error handling and retries
	Backpressure support


      


      
        Summary


  
    Types
  


    
      
        stream_callback()

      


    


    
      
        stream_event()

      


    





  
    Functions
  


    
      
        stream_sse(url, headers, body, callback, opts \\ [])

      


        Start an SSE stream with a callback function.



    


    
      
        stream_to_process(url, headers, body, stream_id, target_pid, opts \\ [])

      


        Start an SSE stream that sends events to a GenServer process.



    





      


      
        Types

        


  
    
      
    
    
      stream_callback()



        
          
        

    

  


  

      

          @type stream_callback() :: (stream_event() -> :ok | :stop)


      



  



  
    
      
    
    
      stream_event()



        
          
        

    

  


  

      

          @type stream_event() :: %{
  type: :data | :error | :complete,
  data: map() | nil,
  error: term() | nil
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      stream_sse(url, headers, body, callback, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_sse(
  String.t(),
  [{String.t(), String.t()}],
  map(),
  stream_callback(),
  keyword()
) ::
  {:ok, :completed} | {:error, term()}


      


Start an SSE stream with a callback function.
Parameters
	url - Full URL for the streaming endpoint
	headers - HTTP headers including authentication
	body - Request body (will be JSON encoded)
	callback - Function called for each event
	opts - Options including timeout, retry settings	:timeout - Receive timeout per attempt (default: Gemini.Config.timeout/0)
	:max_retries - Number of retry attempts (default: 3)
	:max_backoff_ms - Max backoff between retries (default: 10_000)
	:connect_timeout - Finch connect timeout (default: 5_000)



Examples
callback = fn
  %{type: :data, data: data} ->
    IO.puts("Received data")
    :ok
  %{type: :complete} ->
    IO.puts("Stream complete")
    :ok
  %{type: :error, error: _error} ->
    IO.puts("Stream error")
    :stop
end

HTTPStreaming.stream_sse(url, headers, body, callback)

  



    

  
    
      
    
    
      stream_to_process(url, headers, body, stream_id, target_pid, opts \\ [])



        
          
        

    

  


  

      

          @spec stream_to_process(
  String.t(),
  [{String.t(), String.t()}],
  map(),
  String.t(),
  pid(),
  keyword()
) :: {:ok, pid()} | {:error, term()}


      


Start an SSE stream that sends events to a GenServer process.
Events are sent as messages: {:stream_event, stream_id, event}
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Gemini.Types.Content 
    



      
Content type for Gemini API requests and responses.

      


      
        Summary


  
    Types
  


    
      
        parts()

      


        Ordered parts that constitute a single message.



    


    
      
        role()

      


        The role of the content creator.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        from_tool_results(results)

      


        Create content from tool results for function response.



    


    
      
        image(path, role \\ "user")

      


        Create content with an image from a file path.



    


    
      
        multimodal(text, image_data, mime_type, role \\ "user")

      


        Create content with text and image.



    


    
      
        text(text, role \\ "user")

      


        Create content with text.



    





      


      
        Types

        


  
    
      
    
    
      parts()



        
          
        

    

  


  

      

          @type parts() :: [Gemini.Types.Part.t()]


      


Ordered parts that constitute a single message.

  



  
    
      
    
    
      role()



        
          
        

    

  


  

      

          @type role() :: String.t()


      


The role of the content creator.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Types.Content{parts: [Gemini.Types.Part.t()], role: String.t()}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      from_tool_results(results)



        
          
        

    

  


  

      

          @spec from_tool_results([Altar.ADM.ToolResult.t()]) :: t()


      


Create content from tool results for function response.
Takes a list of validated ToolResult structs and transforms them into
a single Content struct with role "tool" containing functionResponse parts.
Parameters
	results - List of Altar.ADM.ToolResult.t() structs

Returns
	Content struct with role "tool" and functionResponse parts

Examples
iex> results = [%Altar.ADM.ToolResult{call_id: "call_123", content: "result"}]
iex> Gemini.Types.Content.from_tool_results(results)
%Gemini.Types.Content{
  role: "tool",
  parts: [%{functionResponse: %{name: "call_123", response: %{content: "result"}}}]
}

  



    

  
    
      
    
    
      image(path, role \\ "user")



        
          
        

    

  


  

      

          @spec image(String.t(), String.t()) :: t()


      


Create content with an image from a file path.

  



    

  
    
      
    
    
      multimodal(text, image_data, mime_type, role \\ "user")



        
          
        

    

  


  

      

          @spec multimodal(String.t(), String.t(), String.t(), String.t()) :: t()


      


Create content with text and image.

  



    

  
    
      
    
    
      text(text, role \\ "user")



        
          
        

    

  


  

      

          @spec text(String.t(), String.t()) :: t()


      


Create content with text.
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Gemini.Types.Response 
    



      
Response types for the Gemini API.
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Gemini.Config 
    



      
Unified configuration management for both Gemini and Vertex AI authentication.
Supports multiple authentication strategies:
	Gemini API (AI Studio): API key authentication
	Vertex AI: OAuth2 or Service Account authentication

Model Registry
Models are organized by API compatibility:
	Universal models: Work identically in both Gemini API and Vertex AI
	Gemini API models: Only available in AI Studio (convenience aliases like -latest)
	Vertex AI models: Only available in Vertex AI (e.g., EmbeddingGemma)

Use models_for/1 to discover available models for your auth type.
Auth-Aware Defaults
Default models are automatically selected based on detected authentication:
	Gemini API: gemini-flash-lite-latest (convenience alias)
	Vertex AI: gemini-2.0-flash-lite (universal name)

For embeddings:
	Gemini API: gemini-embedding-001 (3072 dimensions)
	Vertex AI: embeddinggemma (768 dimensions)

Examples
# Auto-detects auth and uses appropriate default
Gemini.generate("Hello")

# Get models available for specific API
Config.models_for(:vertex_ai)

# Check if a model works with an API
Config.model_available?(:flash_lite_latest, :vertex_ai)
#=> false

# Get auth-aware embedding model
Config.default_embedding_model()

      


      
        Summary


  
    Types
  


    
      
        api_type()

      


    


    
      
        auth_config()

      


    


    
      
        model_category()

      


    





  
    Functions
  


    
      
        api_key()

      


        Get the API key from environment or application config.
(Legacy function for backward compatibility)



    


    
      
        auth_config()

      


        Get the authentication configuration.



    


    
      
        base_url()

      


        Get the base URL for the current authentication type.
(Legacy function - now determined by auth strategy)



    


    
      
        current_api_type()

      


        Get the current API type based on detected authentication.



    


    
      
        default_embedding_dimensions(model)

      


        Get the default output dimensionality for an embedding model.



    


    
      
        default_embedding_model()

      


        Get the default embedding model for the current authentication type.



    


    
      
        default_embedding_model_for(atom)

      


        Get the default embedding model for a specific API type.



    


    
      
        default_model()

      


        Get the default generation model for the current authentication type.



    


    
      
        default_model_for(atom)

      


        Get the default model for a specific API type.



    


    
      
        detect_auth_type()

      


        Detect authentication type based on environment variables.



    


    
      
        detect_auth_type(map)

      


        Detect authentication type based on configuration map.



    


    
      
        embedding_config(model)

      


        Get embedding configuration for a specific model.



    


    
      
        embedding_prompt_prefix(task_type, opts \\ [])

      


        Get the prompt prefix for an EmbeddingGemma task type.



    


    
      
        get()

      


        Get configuration based on environment variables and application config.
Returns a structured configuration map.



    


    
      
        get(overrides)

      


        Get configuration with overrides.



    


    
      
        get_auth_config(arg1)

      


        Get authentication configuration for a specific strategy.



    


    
      
        get_model(model_key, opts \\ [])

      


        Get a model name by its key or return the string if it's already a model name.



    


    
      
        has_model?(model_key)

      


        Check if a model key exists in the combined model registry.



    


    
      
        model_api(model_key)

      


        Get the API compatibility of a model key.



    


    
      
        model_available?(model_key, api_type)

      


        Check if a model key is available for a specific API type.



    


    
      
        model_for_use_case(use_case, opts \\ [])

      


        Resolve a use-case alias (e.g., :cache_context) to a model string.



    


    
      
        models()

      


        Get all available model definitions (combined for backward compatibility).



    


    
      
        models_for(atom)

      


        List all models available for a specific API type.



    


    
      
        needs_normalization?(model, dimensions)

      


        Check if an embedding needs normalization for a given dimensionality.



    


    
      
        resolved_use_case_models(opts \\ [])

      


        Return resolved model strings for all use-case aliases.



    


    
      
        telemetry_enabled?()

      


        Check if telemetry is enabled.



    


    
      
        timeout()

      


        Get HTTP timeout in milliseconds.



    


    
      
        use_case_models()

      


        Built-in use-case aliases mapped to model keys.



    


    
      
        use_case_token_minima()

      


        Recommended minimum token budgets per use case alias.



    


    
      
        uses_prompt_prefix?(model)

      


        Check if an embedding model uses prompt prefixes for task types.



    


    
      
        validate!()

      


        Validate that required configuration is present.



    





      


      
        Types

        


  
    
      
    
    
      api_type()



        
          
        

    

  


  

      

          @type api_type() :: :gemini | :vertex_ai | :both


      



  



  
    
      
    
    
      auth_config()



        
          
        

    

  


  

      

          @type auth_config() :: %{type: :gemini | :vertex_ai, credentials: map()}


      



  



  
    
      
    
    
      model_category()



        
          
        

    

  


  

      

          @type model_category() :: :generation | :embedding | :thinking | :image | :live | :tts


      



  


        

      

      
        Functions

        


  
    
      
    
    
      api_key()



        
          
        

    

  


  

Get the API key from environment or application config.
(Legacy function for backward compatibility)

  



  
    
      
    
    
      auth_config()



        
          
        

    

  


  

Get the authentication configuration.
Returns a map with the authentication type and credentials.
Priority order:
	Environment variables
	Application configuration
	Default to Gemini with API key


  



  
    
      
    
    
      base_url()



        
          
        

    

  


  

Get the base URL for the current authentication type.
(Legacy function - now determined by auth strategy)

  



  
    
      
    
    
      current_api_type()



        
          
        

    

  


  

      

          @spec current_api_type() :: :gemini | :vertex_ai


      


Get the current API type based on detected authentication.
Returns :gemini or :vertex_ai based on which credentials are configured.

  



  
    
      
    
    
      default_embedding_dimensions(model)



        
          
        

    

  


  

      

          @spec default_embedding_dimensions(String.t()) :: pos_integer() | nil


      


Get the default output dimensionality for an embedding model.
Examples
Config.default_embedding_dimensions("gemini-embedding-001")
#=> 3072

Config.default_embedding_dimensions("embeddinggemma")
#=> 768

  



  
    
      
    
    
      default_embedding_model()



        
          
        

    

  


  

      

          @spec default_embedding_model() :: String.t()


      


Get the default embedding model for the current authentication type.
Returns different defaults based on detected auth:
	Gemini API (AI Studio): "gemini-embedding-001" (3072 dimensions)
	Vertex AI: "embeddinggemma" (768 dimensions)

Can be overridden via application config:
config :gemini_ex, :default_embedding_model, "your-model"
Examples
# With GEMINI_API_KEY set
Config.default_embedding_model()
#=> "gemini-embedding-001"

# With VERTEX_PROJECT_ID set
Config.default_embedding_model()
#=> "embeddinggemma"

  



  
    
      
    
    
      default_embedding_model_for(atom)



        
          
        

    

  


  

      

          @spec default_embedding_model_for(api_type()) :: String.t()


      


Get the default embedding model for a specific API type.
Parameters
	api_type: :gemini or :vertex_ai

Examples
Config.default_embedding_model_for(:gemini)
#=> "gemini-embedding-001"

Config.default_embedding_model_for(:vertex_ai)
#=> "embeddinggemma"

  



  
    
      
    
    
      default_model()



        
          
        

    

  


  

      

          @spec default_model() :: String.t()


      


Get the default generation model for the current authentication type.
Returns different defaults based on detected auth:
	Gemini API (AI Studio): "gemini-flash-lite-latest" (convenience alias)
	Vertex AI: "gemini-2.0-flash-lite" (universal name)

Can be overridden via application config:
config :gemini_ex, :default_model, "your-model"
Examples
# With GEMINI_API_KEY set
Config.default_model()
#=> "gemini-flash-lite-latest"

# With VERTEX_PROJECT_ID set
Config.default_model()
#=> "gemini-2.0-flash-lite"

  



  
    
      
    
    
      default_model_for(atom)



        
          
        

    

  


  

      

          @spec default_model_for(api_type()) :: String.t()


      


Get the default model for a specific API type.
Parameters
	api_type: :gemini or :vertex_ai

Examples
Config.default_model_for(:gemini)
#=> "gemini-flash-lite-latest"

Config.default_model_for(:vertex_ai)
#=> "gemini-2.0-flash-lite"

  



  
    
      
    
    
      detect_auth_type()



        
          
        

    

  


  

Detect authentication type based on environment variables.

  



  
    
      
    
    
      detect_auth_type(map)



        
          
        

    

  


  

Detect authentication type based on configuration map.

  



  
    
      
    
    
      embedding_config(model)



        
          
        

    

  


  

      

          @spec embedding_config(String.t()) :: map() | nil


      


Get embedding configuration for a specific model.
Returns configuration including supported dimensions, task type handling, etc.
Parameters
	model: Model name string

Returns
Map with embedding configuration or nil if not an embedding model.
Examples
Config.embedding_config("gemini-embedding-001")
#=> %{
#=>   default_dimensions: 3072,
#=>   supported_dimensions: [128, 256, 512, 768, 1536, 3072],
#=>   recommended_dimensions: [768, 1536, 3072],
#=>   uses_task_type_param: true,
#=>   requires_normalization_below: 3072
#=> }

Config.embedding_config("embeddinggemma")
#=> %{
#=>   default_dimensions: 768,
#=>   supported_dimensions: [128, 256, 512, 768],
#=>   uses_task_type_param: false,
#=>   uses_prompt_prefix: true,
#=>   ...
#=> }

  



    

  
    
      
    
    
      embedding_prompt_prefix(task_type, opts \\ [])



        
          
        

    

  


  

      

          @spec embedding_prompt_prefix(
  atom(),
  keyword()
) :: String.t()


      


Get the prompt prefix for an EmbeddingGemma task type.
Parameters
	task_type: Task type atom (e.g., :retrieval_query, :semantic_similarity)
	opts: Optional keyword list	:title - Document title for :retrieval_document task type



Examples
Config.embedding_prompt_prefix(:retrieval_query)
#=> "task: search result | query: "

Config.embedding_prompt_prefix(:retrieval_document, title: "My Document")
#=> "title: My Document | text: "

Config.embedding_prompt_prefix(:retrieval_document)
#=> "title: none | text: "

  



  
    
      
    
    
      get()



        
          
        

    

  


  

Get configuration based on environment variables and application config.
Returns a structured configuration map.

  



  
    
      
    
    
      get(overrides)



        
          
        

    

  


  

Get configuration with overrides.

  



  
    
      
    
    
      get_auth_config(arg1)



        
          
        

    

  


  

      

          @spec get_auth_config(:gemini | :vertex_ai) :: map()


      


Get authentication configuration for a specific strategy.
Parameters
	strategy: The authentication strategy (:gemini or :vertex_ai)

Returns
	A map containing configuration for the specified strategy
	Returns empty map if no configuration found

Examples
iex> Gemini.Config.get_auth_config(:gemini)
%{api_key: "your_api_key"}

iex> Gemini.Config.get_auth_config(:vertex_ai)
%{project_id: "your-project", location: "us-central1"}

  



    

  
    
      
    
    
      get_model(model_key, opts \\ [])



        
          
        

    

  


  

      

          @spec get_model(
  atom() | String.t(),
  keyword()
) :: String.t()


      


Get a model name by its key or return the string if it's already a model name.
Optionally validates that the model is available for a specific API.
Parameters
	model_key: Atom key or string model name
	opts: Optional keyword list	:api - Validate model works with :gemini or :vertex_ai
	:strict - If true, raise on incompatible model (default: false, warns)



Examples
iex> Gemini.Config.get_model(:flash_2_0)
"gemini-2.0-flash"

iex> Gemini.Config.get_model("gemini-1.5-pro")
"gemini-1.5-pro"

iex> Gemini.Config.get_model(:flash_lite_latest, api: :vertex_ai)
# Logs warning: Model flash_lite_latest (gemini-flash-lite-latest) may not be available on vertex_ai
"gemini-flash-lite-latest"

iex> Gemini.Config.get_model(:flash_lite_latest, api: :vertex_ai, strict: true)
# ** (ArgumentError) Model :flash_lite_latest not available on vertex_ai

  



  
    
      
    
    
      has_model?(model_key)



        
          
        

    

  


  

      

          @spec has_model?(atom()) :: boolean()


      


Check if a model key exists in the combined model registry.
Examples
iex> Gemini.Config.has_model?(:flash_2_0)
true

iex> Gemini.Config.has_model?(:unknown)
false

  



  
    
      
    
    
      model_api(model_key)



        
          
        

    

  


  

      

          @spec model_api(atom()) :: api_type() | nil


      


Get the API compatibility of a model key.
Returns
	:both - Model works in both Gemini API and Vertex AI
	:gemini - Model only works in Gemini API (AI Studio)
	:vertex_ai - Model only works in Vertex AI

Examples
Config.model_api(:flash_2_0)
#=> :both

Config.model_api(:flash_lite_latest)
#=> :gemini

Config.model_api(:embedding_gemma)
#=> :vertex_ai

  



  
    
      
    
    
      model_available?(model_key, api_type)



        
          
        

    

  


  

      

          @spec model_available?(atom(), api_type()) :: boolean()


      


Check if a model key is available for a specific API type.
Parameters
	model_key: Atom model key to check
	api_type: :gemini or :vertex_ai

Examples
Config.model_available?(:flash_2_0, :vertex_ai)
#=> true

Config.model_available?(:flash_lite_latest, :vertex_ai)
#=> false

Config.model_available?(:embedding_gemma, :gemini)
#=> false

  



    

  
    
      
    
    
      model_for_use_case(use_case, opts \\ [])



        
          
        

    

  


  

      

          @spec model_for_use_case(
  atom(),
  keyword()
) :: String.t()


      


Resolve a use-case alias (e.g., :cache_context) to a model string.
Options
	:api - Validate that the resolved model is compatible with :gemini or :vertex_ai
	:strict - Raise on incompatible models instead of logging a warning


  



  
    
      
    
    
      models()



        
          
        

    

  


  

      

          @spec models() :: map()


      


Get all available model definitions (combined for backward compatibility).
For API-specific models, use models_for/1 instead.
Returns
A map of model keys to model names (universal + Gemini API models).

  



  
    
      
    
    
      models_for(atom)



        
          
        

    

  


  

      

          @spec models_for(api_type()) :: map()


      


List all models available for a specific API type.
Parameters
	api_type: :gemini, :vertex_ai, or :both (universal only)

Examples
Config.models_for(:gemini)
#=> %{flash_lite_latest: "gemini-flash-lite-latest", flash_2_0: "gemini-2.0-flash", ...}

Config.models_for(:vertex_ai)
#=> %{embedding_gemma: "embeddinggemma", flash_2_0: "gemini-2.0-flash", ...}

Config.models_for(:both)
#=> %{flash_2_0: "gemini-2.0-flash", ...}  # Only universal models

  



  
    
      
    
    
      needs_normalization?(model, dimensions)



        
          
        

    

  


  

      

          @spec needs_normalization?(String.t(), pos_integer()) :: boolean()


      


Check if an embedding needs normalization for a given dimensionality.
Gemini embedding models only return normalized embeddings at full dimensionality.
Lower dimensions need manual normalization. EmbeddingGemma is always normalized.
Examples
Config.needs_normalization?("gemini-embedding-001", 768)
#=> true

Config.needs_normalization?("gemini-embedding-001", 3072)
#=> false

Config.needs_normalization?("embeddinggemma", 256)
#=> false  # EmbeddingGemma is always normalized

  



    

  
    
      
    
    
      resolved_use_case_models(opts \\ [])



        
          
        

    

  


  

      

          @spec resolved_use_case_models(keyword()) :: map()


      


Return resolved model strings for all use-case aliases.

  



  
    
      
    
    
      telemetry_enabled?()



        
          
        

    

  


  

      

          @spec telemetry_enabled?() :: boolean()


      


Check if telemetry is enabled.
Determines whether telemetry events should be emitted based on the
application configuration. Telemetry is enabled by default unless
explicitly disabled.
Configuration
Set :telemetry_enabled to false in your application config to disable:
config :gemini, telemetry_enabled: false
Returns
	true - Telemetry is enabled (default)
	false - Telemetry is explicitly disabled

Examples
iex> # Default behavior (telemetry enabled)
iex> Gemini.Config.telemetry_enabled?()
true

iex> # Explicitly disabled
iex> Application.put_env(:gemini, :telemetry_enabled, false)
iex> Gemini.Config.telemetry_enabled?()
false

iex> # Any other value defaults to enabled
iex> Application.put_env(:gemini, :telemetry_enabled, :maybe)
iex> Gemini.Config.telemetry_enabled?()
true

  



  
    
      
    
    
      timeout()



        
          
        

    

  


  

Get HTTP timeout in milliseconds.

  



  
    
      
    
    
      use_case_models()



        
          
        

    

  


  

      

          @spec use_case_models() :: map()


      


Built-in use-case aliases mapped to model keys.

  



  
    
      
    
    
      use_case_token_minima()



        
          
        

    

  


  

      

          @spec use_case_token_minima() :: map()


      


Recommended minimum token budgets per use case alias.

  



  
    
      
    
    
      uses_prompt_prefix?(model)



        
          
        

    

  


  

      

          @spec uses_prompt_prefix?(String.t()) :: boolean()


      


Check if an embedding model uses prompt prefixes for task types.
EmbeddingGemma uses prompt prefixes like "task: search result | query: "
while Gemini embedding models use a taskType parameter.
Examples
Config.uses_prompt_prefix?("embeddinggemma")
#=> true

Config.uses_prompt_prefix?("gemini-embedding-001")
#=> false

  



  
    
      
    
    
      validate!()



        
          
        

    

  


  

Validate that required configuration is present.
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Gemini.Error 
    



      
Standardized error structure for Gemini client.

      


      
        Summary


  
    Types
  


    
      
        api_reason()

      


        API-specific error code or reason, if provided by Gemini.



    


    
      
        error_details()

      


        Additional details or context about the error.



    


    
      
        error_message()

      


        A human-readable message describing the error.



    


    
      
        error_type()

      


        The type of error.



    


    
      
        http_status()

      


        The HTTP status code, if the error originated from an HTTP response.



    


    
      
        original_error()

      


        The original error term, if this error is wrapping another.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        api_error(reason, message, details \\ %{})

      


        Create an API error from Gemini response.



    


    
      
        auth_error(message, details \\ %{})

      


        Create an authentication error.



    


    
      
        config_error(message, details \\ %{})

      


        Create a configuration error.



    


    
      
        http_error(status, message, details \\ %{})

      


        Create an HTTP error.



    


    
      
        invalid_response(message, details \\ %{})

      


        Create an invalid response error.



    


    
      
        network_error(message, original_error \\ nil)

      


        Create a network/connection error.



    


    
      
        new(type, message, attrs \\ [])

      


        Create a new error with type and message.



    


    
      
        serialization_error(message, details \\ %{})

      


        Create a JSON serialization/deserialization error.



    


    
      
        validation_error(message, details \\ %{})

      


        Create a request validation error.



    





      


      
        Types

        


  
    
      
    
    
      api_reason()



        
          
        

    

  


  

      

          @type api_reason() :: term() | nil


      


API-specific error code or reason, if provided by Gemini.

  



  
    
      
    
    
      error_details()



        
          
        

    

  


  

      

          @type error_details() :: map() | nil


      


Additional details or context about the error.

  



  
    
      
    
    
      error_message()



        
          
        

    

  


  

      

          @type error_message() :: String.t()


      


A human-readable message describing the error.

  



  
    
      
    
    
      error_type()



        
          
        

    

  


  

      

          @type error_type() :: atom()


      


The type of error.

  



  
    
      
    
    
      http_status()



        
          
        

    

  


  

      

          @type http_status() :: integer() | nil


      


The HTTP status code, if the error originated from an HTTP response.

  



  
    
      
    
    
      original_error()



        
          
        

    

  


  

      

          @type original_error() :: term() | nil


      


The original error term, if this error is wrapping another.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Gemini.Error{
  api_reason: term() | nil,
  details: map() | nil,
  http_status: integer() | nil,
  message: String.t(),
  original_error: term() | nil,
  type: atom()
}


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      api_error(reason, message, details \\ %{})



        
          
        

    

  


  

Create an API error from Gemini response.

  



    

  
    
      
    
    
      auth_error(message, details \\ %{})



        
          
        

    

  


  

Create an authentication error.
This error type is used when authentication fails, such as:
	Invalid API keys
	Service account token generation failures
	Missing or invalid credentials


  



    

  
    
      
    
    
      config_error(message, details \\ %{})



        
          
        

    

  


  

Create a configuration error.

  



    

  
    
      
    
    
      http_error(status, message, details \\ %{})



        
          
        

    

  


  

Create an HTTP error.

  



    

  
    
      
    
    
      invalid_response(message, details \\ %{})



        
          
        

    

  


  

Create an invalid response error.

  



    

  
    
      
    
    
      network_error(message, original_error \\ nil)



        
          
        

    

  


  

Create a network/connection error.

  



    

  
    
      
    
    
      new(type, message, attrs \\ [])



        
          
        

    

  


  

Create a new error with type and message.

  



    

  
    
      
    
    
      serialization_error(message, details \\ %{})



        
          
        

    

  


  

Create a JSON serialization/deserialization error.

  



    

  
    
      
    
    
      validation_error(message, details \\ %{})



        
          
        

    

  


  

Create a request validation error.
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Gemini.Telemetry 
    



      
Telemetry instrumentation helpers for Gemini library.
This module provides functions to emit telemetry events for requests, streaming,
and other operations throughout the library. It supports the standard telemetry
events defined in the Gemini library specification:
	[:gemini, :request, :start] - HTTP request started
	[:gemini, :request, :stop] - HTTP request completed successfully
	[:gemini, :request, :exception] - HTTP request failed with exception
	[:gemini, :stream, :start] - Streaming request started
	[:gemini, :stream, :chunk] - Streaming chunk received
	[:gemini, :stream, :stop] - Streaming request completed
	[:gemini, :stream, :exception] - Streaming request failed with exception

All telemetry events respect the global telemetry configuration and can be
disabled by setting telemetry_enabled: false in the application config.
Types
The module works with several key data types for telemetry metadata and measurements.

      


      
        Summary


  
    Types
  


    
      
        content_type()

      


    


    
      
        http_method()

      


    


    
      
        stream_id()

      


    


    
      
        telemetry_event()

      


    


    
      
        telemetry_measurements()

      


    


    
      
        telemetry_metadata()

      


    





  
    Functions
  


    
      
        build_request_metadata(url, method, opts \\ [])

      


        Build base metadata for HTTP requests with additional context.



    


    
      
        build_stream_metadata(url, method, stream_id, opts \\ [])

      


        Build base metadata for streaming requests with additional context.



    


    
      
        calculate_duration(start_time)

      


        Calculate duration in milliseconds from start time.



    


    
      
        classify_contents(contents)

      


        Classify content types for telemetry metadata.



    


    
      
        execute(event, measurements, metadata)

      


        Execute a telemetry event if telemetry is enabled.



    


    
      
        extract_model(opts)

      


        Extract model name from options or use default.



    


    
      
        generate_stream_id()

      


        Generate unique stream IDs for telemetry tracking.



    


    
      
        has_non_text_parts?(arg1)

      


        Check if content has non-text parts (for multimodal classification).



    





      


      
        Types

        


  
    
      
    
    
      content_type()



        
          
        

    

  


  

      

          @type content_type() :: :text | :multimodal | :unknown


      



  



  
    
      
    
    
      http_method()



        
          
        

    

  


  

      

          @type http_method() :: :get | :post | :put | :delete | :patch | atom()


      



  



  
    
      
    
    
      stream_id()



        
          
        

    

  


  

      

          @type stream_id() :: binary()


      



  



  
    
      
    
    
      telemetry_event()



        
          
        

    

  


  

      

          @type telemetry_event() :: [atom()]


      



  



  
    
      
    
    
      telemetry_measurements()



        
          
        

    

  


  

      

          @type telemetry_measurements() :: map()


      



  



  
    
      
    
    
      telemetry_metadata()



        
          
        

    

  


  

      

          @type telemetry_metadata() :: map()


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      build_request_metadata(url, method, opts \\ [])



        
          
        

    

  


  

      

          @spec build_request_metadata(binary(), http_method(), keyword()) ::
  telemetry_metadata()


      


Build base metadata for HTTP requests with additional context.
Creates a standardized metadata map for telemetry events related to
HTTP requests, including URL, method, model, and other contextual information.
Parameters
	url - The request URL
	method - The HTTP method (atom)
	opts - Optional keyword list with additional metadata

Returns
A map containing standardized request metadata.
Examples
iex> metadata = Gemini.Telemetry.build_request_metadata("/api/generate", :post, model: "gemini-flash-lite-latest")
iex> metadata.url
"/api/generate"
iex> metadata.method
:post
iex> metadata.model
"gemini-flash-lite-latest"

  



    

  
    
      
    
    
      build_stream_metadata(url, method, stream_id, opts \\ [])



        
          
        

    

  


  

      

          @spec build_stream_metadata(binary(), http_method(), stream_id(), keyword()) ::
  telemetry_metadata()


      


Build base metadata for streaming requests with additional context.
Creates a standardized metadata map for telemetry events related to
streaming requests, including all standard request metadata plus
stream-specific information like stream ID.
Parameters
	url - The request URL
	method - The HTTP method (atom)
	stream_id - Unique identifier for the stream
	opts - Optional keyword list with additional metadata

Returns
A map containing standardized streaming metadata.
Examples
iex> stream_id = "abc123def456"
iex> metadata = Gemini.Telemetry.build_stream_metadata("/api/stream", :post, stream_id)
iex> metadata.stream_id
"abc123def456"
iex> metadata.url
"/api/stream"

  



  
    
      
    
    
      calculate_duration(start_time)



        
          
        

    

  


  

      

          @spec calculate_duration(integer()) :: non_neg_integer()


      


Calculate duration in milliseconds from start time.
Computes the elapsed time between a start time (in native units)
and the current time, returning the duration in milliseconds.
Parameters
	start_time - Start time in native time units (from System.monotonic_time/0)

Returns
Duration in milliseconds as an integer.
Examples
iex> start_time = System.monotonic_time()
iex> :timer.sleep(10)  # Sleep for 10ms
iex> duration = Gemini.Telemetry.calculate_duration(start_time)
iex> duration >= 10
true

  



  
    
      
    
    
      classify_contents(contents)



        
          
        

    

  


  

      

          @spec classify_contents(term()) :: content_type()


      


Classify content types for telemetry metadata.
Analyzes the content structure to determine if it contains only text,
multimodal data (text + images/other media), or unknown content types.
This classification helps with telemetry analysis and monitoring.
Parameters
	contents - The content to classify (string, list, or other)

Returns
	:text - For plain text content
	:multimodal - For content containing non-text elements
	:unknown - For unrecognized content types

Examples
iex> Gemini.Telemetry.classify_contents("Hello world")
:text

iex> Gemini.Telemetry.classify_contents([%{parts: [%{text: "Hello"}]}])
:text

iex> Gemini.Telemetry.classify_contents([%{parts: [%{text: "Hello"}, %{image: "data"}]}])
:multimodal

iex> Gemini.Telemetry.classify_contents(%{unknown: "format"})
:unknown

  



  
    
      
    
    
      execute(event, measurements, metadata)



        
          
        

    

  


  

      

          @spec execute(telemetry_event(), telemetry_measurements(), telemetry_metadata()) ::
  :ok


      


Execute a telemetry event if telemetry is enabled.
This function conditionally emits telemetry events based on the global
telemetry configuration. If telemetry is disabled, the function returns
immediately without executing the event.
Parameters
	event - A list of atoms representing the telemetry event name
	measurements - A map of numeric measurements (e.g., duration, size)
	metadata - A map of contextual information about the event

Examples
iex> Gemini.Telemetry.execute([:gemini, :request, :start], %{}, %{url: "/api"})
:ok

iex> # When telemetry is disabled, no event is emitted
iex> Application.put_env(:gemini, :telemetry_enabled, false)
iex> Gemini.Telemetry.execute([:gemini, :request, :start], %{}, %{})
:ok

  



  
    
      
    
    
      extract_model(opts)



        
          
        

    

  


  

      

          @spec extract_model(keyword() | term()) :: binary()


      


Extract model name from options or use default.
Retrieves the model name from a keyword list of options, falling back
to the system default model if not specified.
Parameters
	opts - Keyword list of options that may contain a :model key

Returns
The model name as a string.
Examples
iex> Gemini.Telemetry.extract_model(model: "gemini-flash-lite-latest")
"gemini-flash-lite-latest"

iex> Gemini.Telemetry.extract_model([])
Gemini.Config.get_model(:default)  # default model

iex> Gemini.Telemetry.extract_model("not a keyword list")
Gemini.Config.get_model(:default)  # fallback to default

  



  
    
      
    
    
      generate_stream_id()



        
          
        

    

  


  

      

          @spec generate_stream_id() :: stream_id()


      


Generate unique stream IDs for telemetry tracking.
Creates a cryptographically secure random identifier for tracking
streaming operations across multiple telemetry events.
Returns
A 16-character lowercase hexadecimal string representing a unique stream ID.
Examples
iex> stream_id = Gemini.Telemetry.generate_stream_id()
iex> is_binary(stream_id) and byte_size(stream_id) == 16
true

iex> # Stream IDs should be unique
iex> id1 = Gemini.Telemetry.generate_stream_id()
iex> id2 = Gemini.Telemetry.generate_stream_id()
iex> id1 != id2
true

  



  
    
      
    
    
      has_non_text_parts?(arg1)



        
          
        

    

  


  

      

          @spec has_non_text_parts?(term()) :: boolean()


      


Check if content has non-text parts (for multimodal classification).
Examines a content structure to determine if it contains any non-text
elements such as images, audio, or other media types.
Parameters
	content - A content structure with parts to examine

Returns
	true - If the content contains non-text parts
	false - If the content contains only text or is not recognized

Examples
iex> Gemini.Telemetry.has_non_text_parts?(%{parts: [%{text: "Hello"}]})
false

iex> Gemini.Telemetry.has_non_text_parts?(%{parts: [%{text: "Hello"}, %{image: "data"}]})
true

iex> Gemini.Telemetry.has_non_text_parts?("not a content structure")
false
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