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    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.
[0.1.1-alpha] - 2025-12-27
Changed
	BREAKING: Updated YAML frontmatter schema to match Agent Skills specification	Required fields: name, description
	Optional fields: license, compatibility, allowed-tools, metadata


	BREAKING: Renamed extra field to metadata in Conjure.Frontmatter struct
	BREAKING: Renamed extra field to metadata in Conjure.Skill struct
	Updated all SKILL.md files and documentation to use spec-compliant frontmatter format

Added
	Support for compatibility field (environment requirements, max 500 chars)
	Support for allowed-tools field (space-delimited pre-approved tools, experimental)
	Support for metadata field (additional key-value properties)
	Alpha release notice in README with guidance on version pinning

[0.1.0-alpha] - 2025-12-27
Added
	Core skill loading from directories and .skill ZIP packages
	YAML frontmatter parsing for skill metadata in SKILL.md files
	System prompt generation with XML-structured format
	Tool definitions extraction from skill scripts
	GenServer-based skill registry with process monitoring
	Multiple execution backends:	Conjure.Backend.Local - Direct local execution (development)
	Conjure.Backend.Docker - Containerized execution (production)
	Conjure.Backend.Anthropic - Anthropic Skills API integration
	Conjure.Backend.Native - Pure Elixir skill execution


	Unified Conjure.Executor behaviour for pluggable execution
	Conversation loop management with Conjure.Conversation
	Artifact storage backends:	Conjure.Storage.Local - Local filesystem storage
	Conjure.Storage.S3 - S3-compatible storage
	Conjure.Storage.Tigris - Tigris object storage


	Native Elixir skills with Conjure.NativeSkill behaviour
	Telemetry integration for observability
	Mix tasks for skill validation
	Comprehensive documentation with tutorials and ADRs
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    LICENSE


                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to the Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS

   Copyright 2025 Steven Holdsworth (@holsee)

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.
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    Getting Started with Conjure

Conjure is an Elixir library for building AI agents with Claude and specialized skills.
Choose Your Path
	If you want to...	Start here
	Get running quickly	Hello World
	Build production skills	Local Skills with Claude
	Generate documents	Anthropic Skills API
	Use pure Elixir	Native Elixir Skills
	Combine everything	Unified Backend Patterns
	Build skill pipelines	Fly.io with Tigris Storage

Quick Overview
What is Conjure?
Conjure enables Claude to use specialized skills - packaged instructions and tools that extend its capabilities. Skills can:
	Execute shell commands and scripts
	Read and write files
	Generate documents (spreadsheets, PDFs)
	Access your Elixir application directly

Execution Backends
Conjure supports 4 execution backends with a unified Session API:
# Local: Shell execution (development)
session = Conjure.Session.new_local(skills)

# Docker: Sandboxed execution (production)
session = Conjure.Session.new_local(skills, executor: Conjure.Executor.Docker)

# Anthropic: Hosted document generation
session = Conjure.Session.new_anthropic([{:anthropic, "xlsx", "latest"}])

# Native: Pure Elixir modules
session = Conjure.Session.new_native([MyApp.Skills.Database])

# Same API for all backends
{:ok, response, session} = Conjure.Session.chat(session, message, &api_callback/1)
Storage Backends
Conjure supports pluggable storage for session working directories:
# Local storage (default) - ephemeral temp directories
{:ok, session} = Conjure.Session.new_docker(skills)

# S3 storage - for multi-node clusters
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.S3, bucket: "my-bucket"}
)

# Tigris storage - zero-config on Fly.io
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: Conjure.Storage.Tigris
)

# File callbacks - integrate with your application
{:ok, session} = Conjure.Session.new_docker(skills,
  on_file_created: fn file_ref, session_id ->
    MyApp.Repo.insert!(%SessionFile{path: file_ref.path})
  end
)

# Cleanup when done
{:ok, _} = Conjure.Session.cleanup(session)
API-Agnostic Design
Conjure makes no HTTP calls - you provide the API callback:
api_callback = fn messages ->
  Req.post("https://api.anthropic.com/v1/messages",
    json: %{model: "claude-sonnet-4-5-20250929", messages: messages, ...},
    headers: [{"x-api-key", api_key}, ...]
  )
end
Prerequisites
	Elixir 1.14+ and Erlang/OTP 25+
	Anthropic API key from console.anthropic.com
	Docker 20.10+ (optional, for sandboxed execution)

Installation
# mix.exs
def deps do
  [{:conjure, "~> 0.1.0"}]
end
Tutorials
Step-by-step guides for every use case:
	Hello World (10 min)
Install Conjure, create an Echo skill, run your first conversation

	Local Skills with Claude (30 min)
Build a production log analyzer skill

	Anthropic Skills API (20 min)
Generate spreadsheets and PDFs with hosted execution

	Native Elixir Skills (25 min)
Build type-safe skills as Elixir modules

	Unified Backend Patterns (30 min)
Combine all backends for a complete monitoring solution

	Fly.io with Tigris Storage (35 min)
Two-phase skill pipeline: Claude generates runbooks, Native executes safely


Additional Resources
	README - Full feature overview and API reference
	Technical Specification - Detailed architecture
	Architecture Decision Records - Design rationale

Getting Help
	Issues: github.com/holsee/conjure/issues
	API Reference: Run mix docs locally
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    Conjure Technical Specification

Version: 1.0.0-draft
Status: Draft
Date: December 2025

Table of Contents
	Executive Summary
	Goals and Non-Goals
	Architecture Overview
	Core Data Structures
	Module Specifications
	Skill Loading and Discovery
	System Prompt Integration
	Tool Definitions
	Execution Environment
	Claude API Integration
	Conversation Loop
	Error Handling
	Configuration
	Testing Strategy
	Security Considerations
	Dependencies
	Example Usage
	Appendices


1. Executive Summary
Conjure is an Elixir library that enables applications to leverage Anthropic Agent Skills with Claude models. It provides a complete implementation of the Agent Skills specification, allowing Elixir applications to:
	Load and parse skills from the filesystem
	Generate system prompt fragments for skill discovery
	Provide tool definitions compatible with Claude's tool use API
	Execute skill-related tool calls (file reads, script execution)
	Manage the conversation loop between Claude and tools

The library is designed to be composable, pluggable, and API-client agnostic, allowing integration with any Claude API client implementation.

2. Goals and Non-Goals
2.1 Goals
	Full Agent Skills Compatibility: Support the complete Anthropic Agent Skills specification including:
	SKILL.md parsing with YAML frontmatter
	Progressive disclosure (metadata → body → resources)
	Bundled resources (scripts/, references/, assets/)
	.skill file packaging format (ZIP with .skill extension)


	Composability: Provide discrete, composable components that can be used independently:
	Skill loading without execution
	Prompt generation without API integration
	Execution without conversation management


	Pluggable Execution: Support multiple execution backends:
	Simple local execution (System.cmd)
	Docker/Podman container isolation
	Custom executor implementations
	Optional: Anthropic Skills API integration (beta) for hosted execution


	API Client Agnostic: Work with any Claude API client (official SDK, custom implementations, or third-party libraries)

	OTP Compliance: Follow OTP design principles with proper supervision trees, GenServers where appropriate, and fault tolerance

	Developer Experience: Provide clear APIs, comprehensive documentation, and helpful error messages


2.2 Non-Goals
	Full Claude API Client: Conjure does not implement a Claude API client; it integrates with existing clients
	Skill Authoring Tools: Creating/editing skills is out of scope (use Anthropic's skill-creator)
	GUI/Web Interface: This is a library, not an application
	Multi-Model Support: Initially focused on Claude; other models may be added later
	Skill Marketplace Integration: Downloading skills from marketplaces is out of scope


3. Architecture Overview
3.1 High-Level Architecture
┌─────────────────────────────────────────────────────────────────┐
│                      Application Layer                          │
│                   (Your Elixir Application)                     │
└─────────────────────────────────────────────────────────────────┘
                                │
                                ▼
┌─────────────────────────────────────────────────────────────────┐
│                         Conjure                                 │
│  ┌─────────────┐  ┌─────────────┐  ┌─────────────────────────┐  │
│  │   Loader    │  │   Prompt    │  │      Conversation       │  │
│  │             │  │  Generator  │  │        Manager          │  │
│  └─────────────┘  └─────────────┘  └─────────────────────────┘  │
│         │                │                      │               │
│         ▼                ▼                      ▼               │
│  ┌─────────────┐  ┌─────────────┐  ┌─────────────────────────┐  │
│  │  Registry   │  │    Tools    │  │       Executor          │  │
│  │             │  │  Definitions│  │      (Behaviour)        │  │
│  └─────────────┘  └─────────────┘  └─────────────────────────┘  │
└─────────────────────────────────────────────────────────────────┘
                                │
                    ┌───────────┴───────────┐
                    ▼                       ▼
              ┌─────────┐             ┌─────────┐
              │  Local  │             │ Docker  │
              │Executor │             │Executor │
              └─────────┘             └─────────┘

Note: Anthropic Skills API (see Section 5.9) provides an alternative
hosted execution model but uses a different integration pattern.
3.2 Component Responsibilities
	Component	Responsibility
	Loader	Parse SKILL.md files, extract frontmatter, load skill directories
	Registry	Store and index loaded skills, provide lookup by name/trigger
	Prompt Generator	Generate system prompt fragments for skill discovery
	Tools	Define tool schemas compatible with Claude's tool use API
	Executor	Execute tool calls (file reads, bash commands, scripts)
	Conversation Manager	Orchestrate the tool-use loop between Claude and executors


4. Core Data Structures
4.1 Skill Struct
defmodule Conjure.Skill do
  @moduledoc """
  Represents a loaded Agent Skill per the Agent Skills specification.
  """

  @type t :: %__MODULE__{
    name: String.t(),
    description: String.t(),
    path: Path.t(),
    license: String.t() | nil,
    compatibility: String.t() | nil,
    allowed_tools: String.t() | nil,
    metadata: map(),
    body: String.t() | nil,
    body_loaded: boolean(),
    resources: resources()
  }

  @type resources :: %{
    scripts: [Path.t()],
    references: [Path.t()],
    assets: [Path.t()],
    other: [Path.t()]
  }

  defstruct [
    :name,
    :description,
    :path,
    :license,
    :compatibility,
    :allowed_tools,
    metadata: %{},
    body: nil,
    body_loaded: false,
    resources: %{scripts: [], references: [], assets: [], other: []}
  ]
end
4.2 Skill Frontmatter
defmodule Conjure.Frontmatter do
  @moduledoc """
  Parsed YAML frontmatter from SKILL.md per the Agent Skills specification.
  """

  @type t :: %__MODULE__{
    name: String.t(),
    description: String.t(),
    license: String.t() | nil,
    compatibility: String.t() | nil,
    allowed_tools: String.t() | nil,
    metadata: map()
  }

  defstruct [
    :name,
    :description,
    :license,
    :compatibility,
    :allowed_tools,
    metadata: %{}
  ]
end
4.3 Tool Call
defmodule Conjure.ToolCall do
  @moduledoc """
  Represents a tool call from Claude's response.
  """

  @type t :: %__MODULE__{
    id: String.t(),
    name: String.t(),
    input: map()
  }

  defstruct [:id, :name, :input]
end
4.4 Tool Result
defmodule Conjure.ToolResult do
  @moduledoc """
  Result of executing a tool call.
  """

  @type t :: %__MODULE__{
    tool_use_id: String.t(),
    type: :tool_result,
    content: content(),
    is_error: boolean()
  }

  @type content :: String.t() | [content_block()]
  @type content_block :: %{type: :text, text: String.t()} 
                       | %{type: :image, source: map()}

  defstruct [
    :tool_use_id,
    type: :tool_result,
    content: "",
    is_error: false
  ]
end
4.5 Execution Context
defmodule Conjure.ExecutionContext do
  @moduledoc """
  Context passed to executors containing skill and environment information.
  """

  @type t :: %__MODULE__{
    skill: Conjure.Skill.t() | nil,
    skills_root: Path.t(),
    working_directory: Path.t(),
    environment: map(),
    timeout: pos_integer(),
    allowed_paths: [Path.t()],
    network_access: :none | :limited | :full
  }

  defstruct [
    :skill,
    :skills_root,
    working_directory: "/tmp/conjure",
    environment: %{},
    timeout: 30_000,
    allowed_paths: [],
    network_access: :none
  ]
end

5. Module Specifications
5.1 Conjure (Main API)
defmodule Conjure do
  @moduledoc """
  Main entry point for the Conjure library.
  """

  @doc """
  Load skills from a directory path.
  Returns a list of parsed Skill structs with metadata only (body not loaded).
  """
  @spec load(Path.t()) :: {:ok, [Skill.t()]} | {:error, term()}
  def load(path)

  @doc """
  Load skills from multiple directories.
  """
  @spec load_all([Path.t()]) :: {:ok, [Skill.t()]} | {:error, term()}
  def load_all(paths)

  @doc """
  Load a single .skill file (ZIP format).
  """
  @spec load_skill_file(Path.t()) :: {:ok, Skill.t()} | {:error, term()}
  def load_skill_file(path)

  @doc """
  Generate the system prompt fragment for skill discovery.
  This should be appended to your system prompt.
  """
  @spec system_prompt([Skill.t()], keyword()) :: String.t()
  def system_prompt(skills, opts \\ [])

  @doc """
  Get tool definitions for the Claude API.
  """
  @spec tool_definitions(keyword()) :: [map()]
  def tool_definitions(opts \\ [])

  @doc """
  Execute a tool call and return the result.
  """
  @spec execute(ToolCall.t(), [Skill.t()], keyword()) :: 
    {:ok, ToolResult.t()} | {:error, term()}
  def execute(tool_call, skills, opts \\ [])

  @doc """
  Load the full body of a skill (for progressive disclosure).
  """
  @spec load_body(Skill.t()) :: {:ok, Skill.t()} | {:error, term()}
  def load_body(skill)

  @doc """
  Read a resource file from a skill.
  """
  @spec read_resource(Skill.t(), Path.t()) :: {:ok, String.t()} | {:error, term()}
  def read_resource(skill, relative_path)
end
5.2 Conjure.Loader
defmodule Conjure.Loader do
  @moduledoc """
  Handles loading and parsing of skills from the filesystem.
  """

  @doc """
  Parse a SKILL.md file and return metadata (frontmatter only).
  """
  @spec parse_skill_md(Path.t()) :: {:ok, Skill.t()} | {:error, term()}
  def parse_skill_md(path)

  @doc """
  Parse YAML frontmatter from SKILL.md content.
  """
  @spec parse_frontmatter(String.t()) :: {:ok, Frontmatter.t(), String.t()} | {:error, term()}
  def parse_frontmatter(content)

  @doc """
  Scan a directory for skills (looks for SKILL.md files).
  """
  @spec scan_directory(Path.t()) :: {:ok, [Path.t()]} | {:error, term()}
  def scan_directory(path)

  @doc """
  Load resources listing from a skill directory.
  """
  @spec load_resources(Path.t()) :: resources()
  def load_resources(skill_path)

  @doc """
  Extract a .skill file (ZIP) to a temporary directory.
  """
  @spec extract_skill_file(Path.t()) :: {:ok, Path.t()} | {:error, term()}
  def extract_skill_file(skill_file_path)

  @doc """
  Validate a skill's structure and metadata.
  """
  @spec validate(Skill.t()) :: :ok | {:error, [String.t()]}
  def validate(skill)
end
5.3 Conjure.Registry
defmodule Conjure.Registry do
  @moduledoc """
  In-memory registry of loaded skills.
  Can be used as a GenServer for stateful applications or as pure functions.
  """

  use GenServer

  # Client API (Stateful)

  @doc """
  Start the registry as a GenServer.
  """
  @spec start_link(keyword()) :: GenServer.on_start()
  def start_link(opts \\ [])

  @doc """
  Register skills with the registry.
  """
  @spec register(GenServer.server(), [Skill.t()]) :: :ok
  def register(server \\ __MODULE__, skills)

  @doc """
  Get all registered skills.
  """
  @spec list(GenServer.server()) :: [Skill.t()]
  def list(server \\ __MODULE__)

  @doc """
  Find a skill by name.
  """
  @spec get(GenServer.server(), String.t()) :: Skill.t() | nil
  def get(server \\ __MODULE__, name)

  @doc """
  Reload skills from configured paths.
  """
  @spec reload(GenServer.server()) :: :ok | {:error, term()}
  def reload(server \\ __MODULE__)

  # Pure Functions (Stateless)

  @doc """
  Create an index from a list of skills.
  """
  @spec index([Skill.t()]) :: %{String.t() => Skill.t()}
  def index(skills)

  @doc """
  Find skill by name in an index.
  """
  @spec find(%{String.t() => Skill.t()}, String.t()) :: Skill.t() | nil
  def find(index, name)
end
5.4 Conjure.Prompt
defmodule Conjure.Prompt do
  @moduledoc """
  Generates system prompt fragments for skill discovery.
  """

  @doc """
  Generate the <available_skills> XML block for the system prompt.
  """
  @spec available_skills_block([Skill.t()]) :: String.t()
  def available_skills_block(skills)

  @doc """
  Generate skill discovery instructions.
  """
  @spec discovery_instructions(keyword()) :: String.t()
  def discovery_instructions(opts \\ [])

  @doc """
  Generate the complete skills system prompt fragment.
  Combines available_skills_block with discovery_instructions.
  """
  @spec generate([Skill.t()], keyword()) :: String.t()
  def generate(skills, opts \\ [])

  @doc """
  Format a single skill for the available_skills block.
  """
  @spec format_skill(Skill.t()) :: String.t()
  def format_skill(skill)
end
5.5 Conjure.Tools
defmodule Conjure.Tools do
  @moduledoc """
  Defines tool schemas for the Claude API.
  """

  @doc """
  Get all tool definitions for skills support.
  """
  @spec definitions(keyword()) :: [map()]
  def definitions(opts \\ [])

  @doc """
  The 'view' tool for reading files and directories.
  """
  @spec view_tool() :: map()
  def view_tool()

  @doc """
  The 'bash_tool' for executing bash commands.
  """
  @spec bash_tool() :: map()
  def bash_tool()

  @doc """
  The 'str_replace' tool for editing files.
  """
  @spec str_replace_tool() :: map()
  def str_replace_tool()

  @doc """
  The 'create_file' tool for creating new files.
  """
  @spec create_file_tool() :: map()
  def create_file_tool()

  @doc """
  Parse a tool_use block from Claude's response.
  """
  @spec parse_tool_use(map()) :: {:ok, ToolCall.t()} | {:error, term()}
  def parse_tool_use(tool_use_block)
end
5.6 Conjure.Executor (Behaviour)
defmodule Conjure.Executor do
  @moduledoc """
  Behaviour for tool execution backends.
  """

  @type result :: {:ok, String.t()} | {:ok, String.t(), [file_output()]} | {:error, term()}
  @type file_output :: %{path: Path.t(), content: binary()}

  @doc """
  Execute a bash command.
  """
  @callback bash(command :: String.t(), context :: ExecutionContext.t()) :: result()

  @doc """
  Read a file or directory listing.
  """
  @callback view(path :: Path.t(), context :: ExecutionContext.t(), opts :: keyword()) :: result()

  @doc """
  Create a new file with content.
  """
  @callback create_file(path :: Path.t(), content :: String.t(), context :: ExecutionContext.t()) :: result()

  @doc """
  Replace a string in a file.
  """
  @callback str_replace(path :: Path.t(), old_str :: String.t(), new_str :: String.t(), context :: ExecutionContext.t()) :: result()

  @doc """
  Initialize the execution environment (called once per session).
  """
  @callback init(context :: ExecutionContext.t()) :: {:ok, ExecutionContext.t()} | {:error, term()}

  @doc """
  Cleanup the execution environment.
  """
  @callback cleanup(context :: ExecutionContext.t()) :: :ok

  @optional_callbacks [init: 1, cleanup: 1]
end
5.7 Conjure.Executor.Local
defmodule Conjure.Executor.Local do
  @moduledoc """
  Local execution backend using System.cmd.
  WARNING: No sandboxing. Use only in trusted environments.
  """

  @behaviour Conjure.Executor

  @impl true
  def bash(command, context)

  @impl true
  def view(path, context, opts \\ [])

  @impl true
  def create_file(path, content, context)

  @impl true
  def str_replace(path, old_str, new_str, context)

  @impl true
  def init(context)

  @impl true
  def cleanup(context)
end
5.8 Conjure.Executor.Docker
defmodule Conjure.Executor.Docker do
  @moduledoc """
  Docker-based sandboxed execution backend.
  """

  @behaviour Conjure.Executor

  @type docker_opts :: [
    image: String.t(),
    memory_limit: String.t(),
    cpu_limit: String.t(),
    network: :none | :bridge | :host,
    volumes: [{Path.t(), Path.t(), :ro | :rw}],
    user: String.t()
  ]

  @default_image "conjure/sandbox:latest"

  @impl true
  def bash(command, context)

  @impl true
  def view(path, context, opts \\ [])

  @impl true
  def create_file(path, content, context)

  @impl true
  def str_replace(path, old_str, new_str, context)

  @impl true
  def init(context)

  @impl true
  def cleanup(context)

  @doc """
  Build the default sandbox Docker image.
  """
  @spec build_image(keyword()) :: :ok | {:error, term()}
  def build_image(opts \\ [])

  @doc """
  Check if Docker is available and the image exists.
  """
  @spec check_environment() :: :ok | {:error, term()}
  def check_environment()
end
5.9 Anthropic Skills API Integration (Optional)
Note: This is NOT an executor implementation. Anthropic's Skills API uses a different integration pattern where skills are uploaded to Anthropic and executed in their managed containers. See ADR-0011 for full details.

defmodule Conjure.Skills.Anthropic do
  @moduledoc """
  Upload and manage skills via Anthropic Skills API (beta).

  This module provides helpers for interacting with Anthropic's
  Skills API. Skills uploaded here are executed by Anthropic's
  infrastructure, not by Conjure executors.

  Requires beta headers: code-execution-2025-08-25, skills-2025-10-02
  """

  @doc """
  Upload a skill directory to Anthropic.
  Returns the skill_id for use in API requests.
  """
  @spec upload(Path.t(), keyword()) :: {:ok, String.t()} | {:error, term()}
  def upload(skill_path, opts \\ [])

  @doc """
  List skills available in your Anthropic workspace.
  """
  @spec list(keyword()) :: {:ok, [map()]} | {:error, term()}
  def list(opts \\ [])

  @doc """
  Delete a custom skill from Anthropic.
  """
  @spec delete(String.t(), keyword()) :: :ok | {:error, term()}
  def delete(skill_id, opts \\ [])

  @doc """
  Create a new version of an existing skill.
  """
  @spec create_version(String.t(), Path.t(), keyword()) :: {:ok, String.t()} | {:error, term()}
  def create_version(skill_id, skill_path, opts \\ [])
end

defmodule Conjure.API.Anthropic do
  @moduledoc """
  Helpers for building Anthropic API requests with Skills.
  """

  @type skill_spec ::
    {:anthropic, String.t(), String.t()} |
    {:custom, String.t(), String.t()}

  @doc """
  Build the container parameter for skills (up to 8 skills per request).
  """
  @spec container_config([skill_spec()]) :: map()
  def container_config(skills)

  @doc """
  Get the required beta headers for Skills API.
  """
  @spec beta_headers() :: [{String.t(), String.t()}]
  def beta_headers()

  @doc """
  Get the code execution tool definition.
  """
  @spec code_execution_tool() :: map()
  def code_execution_tool()
end

defmodule Conjure.Conversation.Anthropic do
  @moduledoc """
  Conversation loop for Anthropic Skills API with pause_turn handling.

  Unlike local/Docker execution, Anthropic executes code in their container.
  However, long-running operations return pause_turn and require continuation.
  """

  @doc """
  Run a conversation with Anthropic-hosted skills, handling pause_turn.
  """
  @spec run(list(), map(), keyword()) :: {:ok, map()} | {:error, term()}
  def run(messages, container_config, opts \\ [])
end

defmodule Conjure.Session.Anthropic do
  @moduledoc """
  Manage multi-turn sessions with Anthropic Skills API.
  Preserves container ID across messages for stateful conversations.
  """

  defstruct [:container_id, :skills, :messages]

  @spec new([Conjure.API.Anthropic.skill_spec()]) :: t()
  def new(skills)

  @spec chat(t(), String.t(), keyword()) :: {:ok, map(), t()} | {:error, term()}
  def chat(session, user_message, opts \\ [])
end

defmodule Conjure.Files.Anthropic do
  @moduledoc """
  Download files created by Anthropic Skills via the Files API.
  """

  @spec extract_file_ids(map()) :: [String.t()]
  def extract_file_ids(response)

  @spec download(String.t(), keyword()) :: {:ok, binary(), String.t()} | {:error, term()}
  def download(file_id, opts \\ [])

  @spec metadata(String.t(), keyword()) :: {:ok, map()} | {:error, term()}
  def metadata(file_id, opts \\ [])
end
5.10 Conjure.Conversation
defmodule Conjure.Conversation do
  @moduledoc """
  Manages the tool-use conversation loop.
  """

  @type message :: %{role: String.t(), content: term()}
  @type api_response :: %{content: [content_block()], stop_reason: String.t()}
  @type content_block :: map()

  @doc """
  Process Claude's response, executing any tool calls.
  Returns tool results to be sent back to Claude.
  """
  @spec process_response(api_response(), [Skill.t()], keyword()) ::
    {:continue, [ToolResult.t()]} | {:done, String.t()} | {:error, term()}
  def process_response(response, skills, opts \\ [])

  @doc """
  Extract tool_use blocks from Claude's response.
  """
  @spec extract_tool_uses(api_response()) :: [ToolCall.t()]
  def extract_tool_uses(response)

  @doc """
  Execute multiple tool calls in parallel.
  """
  @spec execute_tool_calls([ToolCall.t()], [Skill.t()], keyword()) :: [ToolResult.t()]
  def execute_tool_calls(tool_calls, skills, opts \\ [])

  @doc """
  Format tool results for sending back to Claude.
  """
  @spec format_tool_results([ToolResult.t()]) :: [message()]
  def format_tool_results(results)

  @doc """
  Check if the response indicates conversation is complete.
  """
  @spec conversation_complete?(api_response()) :: boolean()
  def conversation_complete?(response)

  @doc """
  Run a complete conversation loop until completion or max iterations.
  Requires a callback function to call the Claude API.
  """
  @spec run_loop(
    messages :: [message()],
    skills :: [Skill.t()],
    api_callback :: (([message()]) -> {:ok, api_response()} | {:error, term()}),
    opts :: keyword()
  ) :: {:ok, [message()]} | {:error, term()}
  def run_loop(messages, skills, api_callback, opts \\ [])
end

6. Skill Loading and Discovery
6.1 Loading Process
┌─────────────────────────────────────────────────────────────┐
│                      Skill Loading Flow                     │
└─────────────────────────────────────────────────────────────┘

1. Scan Directory
   ├── Find all SKILL.md files
   ├── Find all .skill files
   └── Return list of paths

2. For each skill path:
   ├── Read SKILL.md file
   ├── Parse YAML frontmatter
   │   ├── Extract: name, description (required)
   │   └── Extract: license, compatibility, allowed_tools (optional)
   ├── Store body separately (not loaded into memory yet)
   ├── Scan for resources
   │   ├── scripts/
   │   ├── references/
   │   ├── assets/
   │   └── other files
   └── Create Skill struct

3. Validate each skill
   ├── Required fields present
   ├── Name format valid
   └── Path exists

4. Return list of Skill structs
6.2 Frontmatter Parsing
The YAML frontmatter is delimited by --- markers:
---
name: my-skill
description: A description of what this skill does and when to use it.
license: MIT
compatibility: python3, nodejs
allowed-tools: Bash(python3:*) Read Write
---
Required fields:
	name: String (max 64 chars), lowercase alphanumeric with hyphens
	description: String (max 1024 chars), comprehensive description including triggers

Optional fields:
	license: String, license identifier (e.g., "MIT", "Apache-2.0")
	compatibility: String (max 500 chars), environment requirements
	allowed-tools: String, space-delimited list of pre-approved tools (experimental)
	metadata: Map, additional key-value properties

6.3 .skill File Format
A .skill file is a ZIP archive containing the skill directory:
my-skill.skill (ZIP)
├── SKILL.md
├── scripts/
│   └── helper.py
├── references/
│   └── api_docs.md
└── assets/
    └── template.xlsx
Extraction process:
	Validate ZIP file integrity
	Extract to temporary directory
	Locate SKILL.md in root
	Parse as normal skill directory
	Clean up on completion (or keep if caching enabled)


7. System Prompt Integration
7.1 Prompt Structure
The generated system prompt fragment follows this structure:
<skills>
<skills_description>
Claude has access to a set of skills that extend its capabilities for specialized tasks.
Skills are loaded automatically when relevant to the task at hand.
To use a skill, Claude should first read the SKILL.md file using the view tool.
</skills_description>

<available_skills>
<skill>
<name>pdf</name>
<description>Comprehensive PDF manipulation toolkit for extracting text and tables, creating new PDFs, merging/splitting documents, and handling forms. When Claude needs to fill in a PDF form or programmatically process, generate, or analyze PDF documents at scale.</description>
<location>/path/to/skills/pdf/SKILL.md</location>
</skill>

<skill>
<name>docx</name>
<description>Comprehensive document creation, editing, and analysis with support for tracked changes, comments, formatting preservation, and text extraction. When Claude needs to work with professional documents (.docx files).</description>
<location>/path/to/skills/docx/SKILL.md</location>
</skill>
</available_skills>

<skill_usage_instructions>
When a task matches a skill's description:
1. Use the view tool to read the skill's SKILL.md file
2. Follow the instructions in the skill
3. Use additional resources (scripts/, references/) as directed by the skill
</skill_usage_instructions>
</skills>
7.2 Token Efficiency
The prompt is designed for token efficiency:
	Only name, description, and location are included per skill
	Full instructions are loaded on-demand via progressive disclosure
	Typical overhead: ~100 tokens per skill


8. Tool Definitions
8.1 View Tool
{
  "name": "view",
  "description": "View file contents or directory listings. Supports text files, images (base64), and directories (up to 2 levels deep).",
  "input_schema": {
    "type": "object",
    "properties": {
      "path": {
        "type": "string",
        "description": "Absolute path to file or directory"
      },
      "view_range": {
        "type": "array",
        "items": {"type": "integer"},
        "minItems": 2,
        "maxItems": 2,
        "description": "Optional [start_line, end_line] for text files. Use -1 for end_line to read to end."
      }
    },
    "required": ["path"]
  }
}
8.2 Bash Tool
{
  "name": "bash_tool",
  "description": "Execute a bash command in the container environment.",
  "input_schema": {
    "type": "object",
    "properties": {
      "command": {
        "type": "string",
        "description": "The bash command to execute"
      },
      "description": {
        "type": "string",
        "description": "Why this command is being run"
      }
    },
    "required": ["command", "description"]
  }
}
8.3 Create File Tool
{
  "name": "create_file",
  "description": "Create a new file with the specified content.",
  "input_schema": {
    "type": "object",
    "properties": {
      "path": {
        "type": "string",
        "description": "Path where the file should be created"
      },
      "file_text": {
        "type": "string",
        "description": "Content to write to the file"
      },
      "description": {
        "type": "string",
        "description": "Why this file is being created"
      }
    },
    "required": ["path", "file_text", "description"]
  }
}
8.4 String Replace Tool
{
  "name": "str_replace",
  "description": "Replace a unique string in a file with another string.",
  "input_schema": {
    "type": "object",
    "properties": {
      "path": {
        "type": "string",
        "description": "Path to the file to edit"
      },
      "old_str": {
        "type": "string",
        "description": "String to replace (must be unique in file)"
      },
      "new_str": {
        "type": "string",
        "description": "Replacement string"
      },
      "description": {
        "type": "string",
        "description": "Why this edit is being made"
      }
    },
    "required": ["path", "old_str", "description"]
  }
}

9. Execution Environment
9.1 Local Executor
The local executor runs commands directly on the host system:
defmodule Conjure.Executor.Local do
  @behaviour Conjure.Executor

  @impl true
  def bash(command, %ExecutionContext{} = ctx) do
    opts = [
      cd: ctx.working_directory,
      env: Map.to_list(ctx.environment),
      stderr_to_stdout: true
    ]

    case System.cmd("bash", ["-c", command], opts) do
      {output, 0} -> {:ok, output}
      {output, code} -> {:error, {:exit_code, code, output}}
    end
  rescue
    e -> {:error, {:exception, e}}
  end

  @impl true
  def view(path, ctx, opts) do
    full_path = resolve_path(path, ctx)
    
    cond do
      File.dir?(full_path) -> list_directory(full_path, opts)
      File.regular?(full_path) -> read_file(full_path, opts)
      true -> {:error, :not_found}
    end
  end
  
  # ... other implementations
end
Security Warning: The local executor provides NO sandboxing. Use only for trusted skills in controlled environments.
9.2 Docker Executor
The Docker executor runs commands in an isolated container:
defmodule Conjure.Executor.Docker do
  @behaviour Conjure.Executor
  
  @default_image "conjure/sandbox:latest"

  defstruct [
    :container_id,
    :image,
    :volumes,
    :network,
    :memory_limit,
    :cpu_limit
  ]

  @impl true
  def init(%ExecutionContext{} = ctx) do
    config = ctx.executor_config || %{}
    
    volumes = [
      {ctx.skills_root, "/mnt/skills", :ro},
      {ctx.working_directory, "/workspace", :rw}
    ]
    
    args = build_docker_args(config, volumes)
    
    case System.cmd("docker", ["run", "-d" | args]) do
      {container_id, 0} ->
        {:ok, %{ctx | container_id: String.trim(container_id)}}
      {error, _} ->
        {:error, {:docker_start_failed, error}}
    end
  end

  @impl true
  def bash(command, ctx) do
    args = ["exec", ctx.container_id, "bash", "-c", command]
    
    case System.cmd("docker", args, stderr_to_stdout: true) do
      {output, 0} -> {:ok, output}
      {output, code} -> {:error, {:exit_code, code, output}}
    end
  end

  @impl true
  def cleanup(ctx) do
    System.cmd("docker", ["rm", "-f", ctx.container_id])
    :ok
  end
  
  # ... other implementations
end
9.3 Docker Image Specification
The default sandbox image (conjure/sandbox) should include:
FROM ubuntu:24.04

# System packages
RUN apt-get update && apt-get install -y \
    python3.12 python3-pip python3-venv \
    nodejs npm \
    bash git curl wget jq \
    poppler-utils qpdf \
    && rm -rf /var/lib/apt/lists/*

# Python packages (matching Anthropic's environment)
RUN pip3 install --break-system-packages \
    pyarrow openpyxl xlsxwriter xlrd pillow \
    python-pptx python-docx pypdf pdfplumber \
    pypdfium2 pdf2image pdfkit tabula-py \
    reportlab img2pdf pandas numpy matplotlib \
    pyyaml requests beautifulsoup4

# Non-root user
RUN useradd -m -s /bin/bash -u 1000 sandbox
USER sandbox
WORKDIR /workspace

# Default environment
ENV PYTHONUNBUFFERED=1
ENV NODE_ENV=production
9.4 Execution Context Initialization
def create_context(skills, opts \\ []) do
  %ExecutionContext{
    skills_root: Keyword.get(opts, :skills_root, "/tmp/conjure/skills"),
    working_directory: Keyword.get(opts, :working_dir, "/tmp/conjure/work"),
    environment: Keyword.get(opts, :env, %{}),
    timeout: Keyword.get(opts, :timeout, 30_000),
    allowed_paths: compute_allowed_paths(skills, opts),
    network_access: Keyword.get(opts, :network, :none),
    executor_config: Keyword.get(opts, :executor_config, %{})
  }
end

10. Claude API Integration
10.1 API Client Interface
Conjure does not implement an API client but provides helpers for integration:
defmodule Conjure.API do
  @moduledoc """
  Helpers for Claude API integration.
  """

  @doc """
  Build the tools array for the API request.
  """
  @spec build_tools_param([Skill.t()], keyword()) :: [map()]
  def build_tools_param(skills, opts \\ [])

  @doc """
  Build the system prompt with skills fragment.
  """
  @spec build_system_prompt(String.t(), [Skill.t()], keyword()) :: String.t()
  def build_system_prompt(base_prompt, skills, opts \\ [])

  @doc """
  Parse content blocks from API response.
  """
  @spec parse_response(map()) :: {:ok, parsed_response()} | {:error, term()}
  def parse_response(api_response)

  @type parsed_response :: %{
    text_blocks: [String.t()],
    tool_uses: [ToolCall.t()],
    stop_reason: String.t()
  }

  @doc """
  Format tool results for the next API request.
  """
  @spec format_tool_results_message([ToolResult.t()]) :: map()
  def format_tool_results_message(results)
end
10.2 Example Integration with HTTPoison
defmodule MyApp.Claude do
  @api_url "https://api.anthropic.com/v1/messages"
  
  def chat_with_skills(user_message, skills) do
    system_prompt = Conjure.API.build_system_prompt(
      "You are a helpful assistant.",
      skills
    )
    
    tools = Conjure.API.build_tools_param(skills)
    
    messages = [%{role: "user", content: user_message}]
    
    Conjure.Conversation.run_loop(
      messages,
      skills,
      &call_api(&1, system_prompt, tools),
      max_iterations: 10
    )
  end
  
  defp call_api(messages, system_prompt, tools) do
    body = %{
      model: "claude-sonnet-4-5-20250929",
      max_tokens: 4096,
      system: system_prompt,
      messages: messages,
      tools: tools
    }
    
    headers = [
      {"x-api-key", api_key()},
      {"anthropic-version", "2023-06-01"},
      {"content-type", "application/json"}
    ]
    
    case HTTPoison.post(@api_url, Jason.encode!(body), headers) do
      {:ok, %{status_code: 200, body: body}} ->
        {:ok, Jason.decode!(body)}
      {:ok, %{status_code: code, body: body}} ->
        {:error, {:api_error, code, body}}
      {:error, reason} ->
        {:error, reason}
    end
  end
end

11. Conversation Loop
11.1 Loop Flow
┌─────────────────────────────────────────────────────────────┐
│                    Conversation Loop                         │
└─────────────────────────────────────────────────────────────┘

┌──────────────────┐
│  User Message    │
└────────┬─────────┘
         │
         ▼
┌──────────────────┐
│  Call Claude API │◄────────────────────────────┐
└────────┬─────────┘                             │
         │                                        │
         ▼                                        │
┌──────────────────┐                             │
│ Parse Response   │                             │
└────────┬─────────┘                             │
         │                                        │
         ▼                                        │
    ┌────────────┐     Yes    ┌──────────────┐   │
    │ Tool Uses? │──────────► │ Execute Tools│   │
    └────────────┘            └──────┬───────┘   │
         │ No                        │           │
         ▼                           ▼           │
┌──────────────────┐        ┌──────────────────┐ │
│  Return Final    │        │ Format Results   │ │
│    Response      │        │ Add to Messages  │─┘
└──────────────────┘        └──────────────────┘
11.2 Implementation
defmodule Conjure.Conversation do
  @default_max_iterations 25
  
  def run_loop(messages, skills, api_callback, opts \\ []) do
    max_iterations = Keyword.get(opts, :max_iterations, @default_max_iterations)
    executor = Keyword.get(opts, :executor, Conjure.Executor.Local)
    
    context = Conjure.create_context(skills, opts)
    
    do_loop(messages, skills, api_callback, executor, context, 0, max_iterations)
  end
  
  defp do_loop(messages, skills, api_callback, executor, ctx, iteration, max) 
       when iteration >= max do
    {:error, :max_iterations_reached}
  end
  
  defp do_loop(messages, skills, api_callback, executor, ctx, iteration, max) do
    case api_callback.(messages) do
      {:ok, response} ->
        case process_response(response, skills, executor: executor, context: ctx) do
          {:done, final_text} ->
            {:ok, messages ++ [%{role: "assistant", content: final_text}]}
          
          {:continue, tool_results} ->
            # Add assistant message with tool_use blocks
            assistant_msg = %{role: "assistant", content: response["content"]}
            # Add user message with tool_result blocks
            user_msg = format_tool_results_message(tool_results)
            
            new_messages = messages ++ [assistant_msg, user_msg]
            do_loop(new_messages, skills, api_callback, executor, ctx, iteration + 1, max)
          
          {:error, reason} ->
            {:error, reason}
        end
      
      {:error, reason} ->
        {:error, reason}
    end
  end
  
  def process_response(response, skills, opts) do
    tool_uses = extract_tool_uses(response)
    
    if Enum.empty?(tool_uses) do
      text = extract_text(response)
      {:done, text}
    else
      executor = Keyword.get(opts, :executor, Conjure.Executor.Local)
      context = Keyword.get(opts, :context, %ExecutionContext{})
      
      results = execute_tool_calls(tool_uses, skills, executor, context)
      {:continue, results}
    end
  end
  
  def extract_tool_uses(%{"content" => content}) do
    content
    |> Enum.filter(&(&1["type"] == "tool_use"))
    |> Enum.map(&parse_tool_use/1)
  end
  
  defp parse_tool_use(%{"id" => id, "name" => name, "input" => input}) do
    %ToolCall{id: id, name: name, input: input}
  end
  
  def execute_tool_calls(tool_calls, skills, executor, context) do
    # Execute in parallel with Task.async_stream
    tool_calls
    |> Task.async_stream(
      fn call -> execute_single(call, skills, executor, context) end,
      timeout: context.timeout,
      on_timeout: :kill_task
    )
    |> Enum.map(fn
      {:ok, result} -> result
      {:exit, :timeout} -> %ToolResult{is_error: true, content: "Execution timeout"}
    end)
  end
  
  defp execute_single(%ToolCall{} = call, skills, executor, context) do
    result = case call.name do
      "view" -> 
        executor.view(call.input["path"], context, call.input)
      "bash_tool" -> 
        executor.bash(call.input["command"], context)
      "create_file" -> 
        executor.create_file(call.input["path"], call.input["file_text"], context)
      "str_replace" -> 
        executor.str_replace(
          call.input["path"], 
          call.input["old_str"], 
          call.input["new_str"] || "",
          context
        )
      _ -> 
        {:error, {:unknown_tool, call.name}}
    end
    
    case result do
      {:ok, output} ->
        %ToolResult{tool_use_id: call.id, content: output, is_error: false}
      {:error, reason} ->
        %ToolResult{tool_use_id: call.id, content: inspect(reason), is_error: true}
    end
  end
end

12. Error Handling
12.1 Error Types
defmodule Conjure.Error do
  @moduledoc """
  Error types for Conjure operations.
  """

  defexception [:type, :message, :details]

  @type t :: %__MODULE__{
    type: error_type(),
    message: String.t(),
    details: term()
  }

  @type error_type ::
    :skill_not_found
    | :invalid_frontmatter
    | :invalid_skill_structure
    | :file_not_found
    | :permission_denied
    | :execution_failed
    | :execution_timeout
    | :docker_unavailable
    | :container_error
    | :api_error
    | :max_iterations_reached

  def skill_not_found(name) do
    %__MODULE__{
      type: :skill_not_found,
      message: "Skill '#{name}' not found",
      details: %{name: name}
    }
  end

  def invalid_frontmatter(path, reason) do
    %__MODULE__{
      type: :invalid_frontmatter,
      message: "Invalid YAML frontmatter in #{path}: #{inspect(reason)}",
      details: %{path: path, reason: reason}
    }
  end

  def execution_failed(command, exit_code, output) do
    %__MODULE__{
      type: :execution_failed,
      message: "Command failed with exit code #{exit_code}",
      details: %{command: command, exit_code: exit_code, output: output}
    }
  end

  # ... additional error constructors
end
12.2 Error Handling Strategy
	Loading Errors: Return {:error, reason} tuples; log warnings for recoverable issues
	Execution Errors: Capture and return as ToolResult with is_error: true
	API Errors: Propagate to caller for handling
	Timeout Errors: Kill task, return error result to Claude


13. Configuration
13.1 Application Configuration
# config/config.exs
config :conjure,
  # Default paths to load skills from
  skill_paths: [
    "/path/to/skills",
    "~/.conjure/skills"
  ],
  
  # Default executor
  executor: Conjure.Executor.Local,
  
  # Executor-specific config
  executor_config: %{
    # Docker executor options
    docker: %{
      image: "conjure/sandbox:latest",
      memory_limit: "512m",
      cpu_limit: "1.0",
      network: :none
    }
  },
  
  # Execution defaults
  timeout: 30_000,
  max_iterations: 25,
  
  # Security
  allow_network: false,
  allowed_paths: []
13.2 Runtime Configuration
# Override at runtime
Conjure.load("/custom/path", executor: Conjure.Executor.Docker)

# Create custom context
context = Conjure.create_context(skills,
  working_dir: "/tmp/my-project",
  timeout: 60_000,
  env: %{"API_KEY" => "..."}
)

14. Testing Strategy
14.1 Unit Tests
defmodule Conjure.LoaderTest do
  use ExUnit.Case
  
  describe "parse_frontmatter/1" do
    test "parses valid frontmatter" do
      content = """
      ---
      name: test-skill
      description: A test skill
      ---
      # Body content
      """
      
      assert {:ok, frontmatter, body} = Conjure.Loader.parse_frontmatter(content)
      assert frontmatter.name == "test-skill"
      assert frontmatter.description == "A test skill"
      assert body =~ "# Body content"
    end
    
    test "returns error for missing required fields" do
      content = """
      ---
      name: test-skill
      ---
      """
      
      assert {:error, {:missing_field, :description}} = 
        Conjure.Loader.parse_frontmatter(content)
    end
  end
end
14.2 Integration Tests
defmodule Conjure.IntegrationTest do
  use ExUnit.Case
  
  @test_skills_path "test/fixtures/skills"
  
  setup do
    {:ok, skills} = Conjure.load(@test_skills_path)
    {:ok, skills: skills}
  end
  
  test "complete conversation flow", %{skills: skills} do
    # Mock API callback
    api_callback = fn messages ->
      # Return mock response based on messages
      {:ok, mock_response(messages)}
    end
    
    messages = [%{role: "user", content: "Read the test skill"}]
    
    assert {:ok, final_messages} = 
      Conjure.Conversation.run_loop(messages, skills, api_callback)
  end
end
14.3 Test Fixtures
test/fixtures/skills/
├── test-skill/
│   ├── SKILL.md
│   ├── scripts/
│   │   └── helper.py
│   └── references/
│       └── docs.md
└── minimal-skill/
    └── SKILL.md

15. Security Considerations
15.1 Threat Model
	Threat	Mitigation
	Malicious skill code	Docker isolation, path restrictions
	File system escape	Whitelist allowed paths, container volumes
	Network exfiltration	Default network disabled, allowlist for limited access
	Resource exhaustion	Memory/CPU limits, timeouts
	Command injection	Input sanitization, avoid shell interpolation
	Prompt injection via skill	Skills loaded from trusted sources only

15.2 Security Recommendations
	Always use Docker executor in production - Local executor is for development only
	Audit skills before loading - Review SKILL.md and all bundled scripts
	Restrict network access - Default to :none, use :limited with allowlist
	Set resource limits - Configure memory, CPU, and timeout limits
	Use read-only skill mounts - Skills directory mounted as read-only
	Separate working directory - Per-session working directories
	Log all executions - Audit trail for compliance

15.3 Path Validation
defmodule Conjure.Security do
  @doc """
  Validate that a path is within allowed boundaries.
  """
  def validate_path(path, allowed_paths) do
    normalized = Path.expand(path)
    
    if Enum.any?(allowed_paths, &path_under?(&1, normalized)) do
      {:ok, normalized}
    else
      {:error, :path_not_allowed}
    end
  end
  
  defp path_under?(base, path) do
    normalized_base = Path.expand(base)
    String.starts_with?(path, normalized_base)
  end
end

16. Dependencies
16.1 Required Dependencies
# mix.exs
defp deps do
  [
    # YAML parsing
    {:yaml_elixir, "~> 2.9"},
    
    # JSON encoding (likely already present)
    {:jason, "~> 1.4"},
    
    # ZIP file handling for .skill files
    # (using Erlang's :zip module, no external dep needed)
  ]
end
16.2 Optional Dependencies
defp deps do
  [
    # For Docker executor health checks
    {:briefly, "~> 0.5", optional: true},
    
    # For advanced file type detection
    {:file_info, "~> 0.0.4", optional: true},
    
    # For telemetry/metrics
    {:telemetry, "~> 1.2", optional: true}
  ]
end
16.3 System Requirements
For Local Executor:
	Erlang/OTP 25+
	Elixir 1.14+

For Docker Executor:
	Docker 20.10+ or Podman 4.0+
	Docker socket accessible

For Anthropic Skills API (Optional, Beta):
	Network access to Anthropic API
	Valid API key with Skills API access
	Beta headers enabled: code-execution-2025-08-25, skills-2025-10-02


17. Example Usage
17.1 Basic Usage
# Load skills
{:ok, skills} = Conjure.load("/path/to/skills")

# Generate system prompt
system_prompt = """
You are a helpful assistant.

#{Conjure.system_prompt(skills)}
"""

# Get tool definitions
tools = Conjure.tool_definitions()

# Make API call (using your preferred client)
response = MyApp.Claude.call(system_prompt, user_message, tools)

# Process response and execute tools
case Conjure.Conversation.process_response(response, skills) do
  {:done, text} ->
    IO.puts(text)
  
  {:continue, tool_results} ->
    # Send results back to Claude
    next_response = MyApp.Claude.continue(tool_results)
    # ... continue loop
end
17.2 With Conversation Manager
defmodule MyApp.SkillChat do
  def chat(user_message) do
    {:ok, skills} = Conjure.load(skill_paths())
    
    system_prompt = build_system_prompt(skills)
    tools = Conjure.tool_definitions()
    
    messages = [%{role: "user", content: user_message}]
    
    Conjure.Conversation.run_loop(
      messages,
      skills,
      &call_claude(&1, system_prompt, tools),
      executor: Conjure.Executor.Docker,
      max_iterations: 15,
      timeout: 60_000
    )
  end
  
  defp call_claude(messages, system, tools) do
    # Your Claude API implementation
  end
end
17.3 With GenServer Registry
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    children = [
      {Conjure.Registry, name: MyApp.Skills, paths: ["/path/to/skills"]}
    ]

    Supervisor.start_link(children, strategy: :one_for_one)
  end
end

# Usage
skills = Conjure.Registry.list(MyApp.Skills)
skill = Conjure.Registry.get(MyApp.Skills, "pdf")
17.4 Custom Executor
defmodule MyApp.FirecrackerExecutor do
  @behaviour Conjure.Executor
  
  @impl true
  def bash(command, context) do
    # Custom Firecracker microVM implementation
  end
  
  @impl true
  def view(path, context, opts) do
    # Custom implementation
  end
  
  # ... other callbacks
end

# Usage
Conjure.execute(tool_call, skills, executor: MyApp.FirecrackerExecutor)

Appendices
Appendix A: Anthropic Agent Skills Specification Reference
The Anthropic Agent Skills specification defines:
	Skill Structure
	Required: SKILL.md with YAML frontmatter
	Optional: scripts/, references/, assets/ directories


	Frontmatter Fields
	name (required): Skill identifier
	description (required): Comprehensive description with triggers
	license (optional): License information
	compatibility (optional): Environment requirements
	allowed_tools (optional): Tool restrictions


	Progressive Disclosure
	Level 1: Metadata only (name + description)
	Level 2: Full SKILL.md body
	Level 3: Referenced resources


	Distribution Format
	.skill files are ZIP archives
	Contains skill directory structure



Appendix B: Tool Schema Reference
Full JSON Schema definitions for all tools are available in the Conjure.Tools module documentation.
Appendix C: Docker Image Build
# Build the default sandbox image
mix conjure.docker.build

# Or manually
docker build -t conjure/sandbox:latest -f priv/docker/Dockerfile .

Appendix D: Migration Guide
For applications migrating from other skill implementations:
	Ensure skills follow Anthropic's SKILL.md format
	Update frontmatter to include required name and description fields
	Move triggering information from body to description field
	Test skill loading with Conjure.Loader.validate/1


Revision History
	Version	Date	Changes
	1.0.0-draft	Dec 2025	Initial specification


End of Specification
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    Conjure Tutorials

Step-by-step guides for building AI agents with Conjure.
Learning Path
Start with Hello World, then follow the tutorials in order or jump to your use case.
	Tutorial	Time	What You'll Learn
	Hello World	10 min	Install Conjure, create an Echo skill, run your first conversation
	Local Skills with Claude	30 min	Build a log analyzer skill, deep dive into skill structure
	Anthropic Skills API	20 min	Use hosted execution for document generation (xlsx, pdf)
	Native Elixir Skills	25 min	Build type-safe skills as Elixir modules
	Unified Backend Patterns	30 min	Combine backends for a complete monitoring solution
	Fly.io with Tigris Storage	35 min	Two-phase skill pipeline: Claude generates runbooks, Native executes safely

Quick Links
	Prerequisites
	Example Skills
	Getting Help

Prerequisites
All tutorials require:
	Elixir 1.14+ and Erlang/OTP 25+
	Anthropic API key from console.anthropic.com

Some tutorials require:
	Docker 20.10+ (for sandboxed execution)
	Python 3.8+ (for Python-based skills)
	Fly.io CLI (for deployment tutorial)

Example Skills
The tutorials use these example skills:
	Skill	Purpose	Backend
	echo	Simple echo for learning	Local, Docker
	log-analyzer	Production log diagnostics	Local
	Native Echo	Pure Elixir echo	Native
	Log Fetcher	REST API log fetching	Native

Use Case: Production Monitoring
The tutorials build towards a complete production monitoring solution:
┌────────────────────────────────────────────────────────┐
│                    Monitoring Agent                    │
├────────────────────────────────────────────────────────┤
│                                                        │
│  ┌──────────────┐  ┌──────────────┐  ┌──────────────┐  │
│  │   Native     │  │    Local     │  │  Anthropic   │  │
│  │   Backend    │  │   Backend    │  │   Backend    │  │
│  ├──────────────┤  ├──────────────┤  ├──────────────┤  │
│  │ Log Fetcher  │  │ Log Analyzer │  │ Report Gen   │  │
│  │ (REST API)   │  │ (Python)     │  │ (xlsx, pdf)  │  │
│  └──────────────┘  └──────────────┘  └──────────────┘  │
│                                                        │
└────────────────────────────────────────────────────────┘
By the end, you'll have an agent that:
	Fetches logs from a REST API (Native backend - fast, in-process)
	Analyzes logs with Python scripts (Local backend - shell execution)
	Generates incident reports (Anthropic backend - xlsx, pdf)

Use Case: Incident Response Pipeline
The Fly.io tutorial demonstrates a two-phase skill pipeline pattern:
┌─────────────────────────────────────────────────────────────────────────┐
│                            Fly.io Machine                               │
│                                                                         │
│  ┌────────────┐    ┌──────────────────┐    ┌─────────────────────────┐  │
│  │   User     │───▶│  Claude Skill    │───▶│  Runbook Artifact       │  │
│  │  Request   │    │  (Anthropic API) │    │  (JSON in Tigris)       │  │
│  └────────────┘    └──────────────────┘    └───────────┬─────────────┘  │
│                                                        │                │
│                                                        ▼                │
│                                            ┌─────────────────────────┐  │
│                                            │  Native Executor Skill  │  │
│                                            │  - Schema validation    │  │
│                                            │  - Action allow-list    │  │
│                                            │  - Safe dry-run         │  │
│                                            └─────────────────────────┘  │
└─────────────────────────────────────────────────────────────────────────┘
Key pattern: LLM generates structured intent → Native skill executes safely
	Claude reasons and plans: Analyzes incidents, generates structured runbooks
	Native validates and executes: Schema enforcement, action allow-listing, deterministic execution
	Artifact-driven: JSON runbook is inspectable, testable, replayable, auditable

Getting Help
	Issues: github.com/holsee/conjure/issues
	Documentation: README and API Reference (module documentation)
	ADRs: Architecture Decision Records
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    Hello World: Your First Conjure Agent

Get Conjure running in 10 minutes with a simple Echo skill.
Time: 10 minutes
What You'll Build
A minimal agent that:
	Loads an Echo skill
	Connects to Claude API
	Runs a conversation where Claude uses the skill

Prerequisites
	Elixir 1.14+ and Erlang/OTP 25+
	Anthropic API key from console.anthropic.com
	Python 3.8+ (for the Echo skill script)

Verify your setup:
elixir --version
# Elixir 1.16.0 (compiled with Erlang/OTP 26)

python3 --version
# Python 3.11.0

Step 1: Create a New Project
mix new hello_conjure --sup
cd hello_conjure

Step 2: Add Dependencies
Edit mix.exs:
defp deps do
  [
    {:conjure, "~> 0.1.0"},
    {:req, "~> 0.4"}
  ]
end
Fetch dependencies:
mix deps.get

Step 3: Configure Your API Key
Create config/config.exs:
import Config

config :hello_conjure,
  anthropic_api_key: System.get_env("ANTHROPIC_API_KEY")
Set your API key:
export ANTHROPIC_API_KEY="sk-ant-..."

Step 4: Create the Echo Skill
Create the skill directory:
mkdir -p priv/skills/echo/scripts

Create priv/skills/echo/SKILL.md:
---
name: echo
description: |
  A simple echo skill for testing. Use this when asked to echo or repeat messages.
license: MIT
compatibility: python3
allowed-tools: Bash(python3:*) Read
---

# Echo Skill

To echo a message, run:

\`\`\`bash
python3 scripts/echo.py "Your message here"
\`\`\`
Create priv/skills/echo/scripts/echo.py:
#!/usr/bin/env python3
import sys
from datetime import datetime

def main():
    if len(sys.argv) < 2:
        print("Usage: echo.py <message>")
        sys.exit(1)

    message = " ".join(sys.argv[1:])
    timestamp = datetime.now().strftime("%Y-%m-%d %H:%M:%S")
    print(f"[{timestamp}] Echo: {message}")

if __name__ == "__main__":
    main()
Make it executable:
chmod +x priv/skills/echo/scripts/echo.py

Test the skill manually:
python3 priv/skills/echo/scripts/echo.py "Hello, World!"
# [2024-01-15 10:30:00] Echo: Hello, World!

Step 5: Create the Agent Module
Create lib/hello_conjure/agent.ex:
defmodule HelloConjure.Agent do
  @moduledoc """
  A simple agent that uses the Echo skill.
  """

  @api_url "https://api.anthropic.com/v1/messages"

  def chat(message) do
    # Load skills
    {:ok, skills} = Conjure.load("priv/skills")
    IO.puts("Loaded #{length(skills)} skill(s)")

    # Create a session
    session = Conjure.Session.new_local(skills)

    # Chat with Claude
    case Conjure.Session.chat(session, message, &api_callback/1) do
      {:ok, response, _session} ->
        text = extract_text(response)
        IO.puts("\nClaude: #{text}")
        {:ok, text}

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

  defp api_callback(messages) do
    body = %{
      model: "claude-sonnet-4-5-20250929",
      max_tokens: 1024,
      system: system_prompt(),
      messages: messages,
      tools: Conjure.tool_definitions()
    }

    headers = [
      {"x-api-key", api_key()},
      {"anthropic-version", "2023-06-01"},
      {"content-type", "application/json"}
    ]

    case Req.post(@api_url, json: body, headers: headers) do
      {:ok, %{status: 200, body: response}} -> {:ok, response}
      {:ok, %{body: body}} -> {:error, body}
      {:error, reason} -> {:error, reason}
    end
  end

  defp system_prompt do
    {:ok, skills} = Conjure.load("priv/skills")

    """
    You are a helpful assistant with access to skills.

    #{Conjure.system_prompt(skills)}
    """
  end

  defp extract_text(%{"content" => content}) do
    content
    |> Enum.filter(&(&1["type"] == "text"))
    |> Enum.map_join("\n", & &1["text"])
  end

  defp api_key do
    Application.get_env(:hello_conjure, :anthropic_api_key) ||
      System.get_env("ANTHROPIC_API_KEY") ||
      raise "ANTHROPIC_API_KEY not set"
  end
end
Step 6: Run Your First Conversation
Start IEx:
iex -S mix

Chat with your agent:
HelloConjure.Agent.chat("Please echo 'Hello from Conjure!'")
You should see output like:
Loaded 1 skill(s)

Claude: I'll use the echo skill to echo your message.

[Tool call: bash_tool with command: python3 scripts/echo.py "Hello from Conjure!"]

The echo skill returned:
[2024-01-15 10:35:00] Echo: Hello from Conjure!
What Just Happened?
	Skill Loading: Conjure loaded the Echo skill from priv/skills/
	System Prompt: The skills section was added to Claude's system prompt
	Skill Discovery: Claude read the SKILL.md to understand capabilities
	Tool Execution: Claude used bash_tool to run the echo script
	Response: Claude formatted and returned the result

Next Steps
You've built your first Conjure agent! Continue learning:
	Local Skills with Claude - Build a production log analyzer
	Anthropic Skills API - Generate documents with hosted execution
	Native Elixir Skills - Build type-safe skills in pure Elixir

Troubleshooting
"ANTHROPIC_API_KEY not set"
Ensure your API key is exported:
export ANTHROPIC_API_KEY="sk-ant-..."

"Skill not found"
Check the skill directory exists:
ls priv/skills/echo/SKILL.md

Python script errors
Ensure Python 3 is installed and the script is executable:
python3 --version
chmod +x priv/skills/echo/scripts/echo.py

Tool execution fails
Try running the script manually:
cd priv/skills/echo
python3 scripts/echo.py "test"
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    Local Skills with Claude API

Build a production log analyzer skill and integrate it with Claude for interactive diagnostics.
Time: 30 minutes
Prerequisites: Complete Hello World first.
What You'll Build
A log analysis skill that:
	Fetches logs from a REST API
	Parses and filters log entries
	Analyzes patterns and errors
	Provides diagnostic recommendations

Understanding Skill Structure
Before building, let's understand how skills are organized:
log-analyzer/
├── SKILL.md              # Skill definition (required)
├── scripts/              # Executable scripts
│   ├── fetch_logs.py     # Fetch logs from API
│   ├── parse_logs.py     # Parse log formats
│   └── analyze.py        # Analyze patterns
└── references/           # Documentation for Claude
    └── log_formats.md    # Supported formats
SKILL.md Components
The SKILL.md file has two parts:
	YAML Frontmatter - Metadata for skill discovery:

---
name: log-analyzer
description: |
  Production log analysis skill. Use when asked to:
  - Fetch and analyze logs
  - Diagnose production issues
license: MIT
compatibility: python3, requests
allowed-tools: Bash(python3:*) Read Write
---
	Markdown Body - Instructions for Claude:

# Log Analyzer Skill

## Available Scripts

### fetch_logs.py
Fetches logs from REST API...

### analyze.py
Analyzes log patterns...
Step 1: Create the Skill Directory
mkdir -p priv/skills/log-analyzer/{scripts,references}

Step 2: Create SKILL.md
Create priv/skills/log-analyzer/SKILL.md:
---
name: log-analyzer
description: |
  Production log analysis and diagnostics skill. Use this skill when asked to:
  - Fetch logs from a monitoring API
  - Analyze log patterns and errors
  - Diagnose production issues
  - Generate log summaries
license: MIT
compatibility: python3, requests
allowed-tools: Bash(python3:*) Read Write
---

# Log Analyzer Skill

A production monitoring skill for analyzing application logs.

## Available Scripts

### 1. Fetch Logs

\`\`\`bash
python3 scripts/fetch_logs.py --endpoint "http://api.example.com/logs" --limit 100
\`\`\`

Options:
- \`--endpoint\` - REST API URL (required)
- \`--limit\` - Max logs to fetch
- \`--level\` - Filter by level (DEBUG, INFO, WARN, ERROR)
- \`--output\` - Save to file

### 2. Analyze Logs

\`\`\`bash
python3 scripts/analyze.py logs.json --summary
python3 scripts/analyze.py logs.json --errors-only
python3 scripts/analyze.py logs.json --diagnostics
\`\`\`

## Workflow

1. Fetch recent logs
2. Analyze for patterns
3. Generate diagnostics
Step 3: Create the Fetch Script
Create priv/skills/log-analyzer/scripts/fetch_logs.py:
#!/usr/bin/env python3
"""Fetch logs from REST API."""

import argparse
import json
import sys
from datetime import datetime


def simulate_logs(limit: int, level: str = None) -> list:
    """Simulate log API response for demo."""
    samples = [
        ("INFO", "Request received: GET /api/users"),
        ("WARN", "Slow query: 2.5s for user lookup"),
        ("ERROR", "Connection timeout to payment service"),
        ("INFO", "Request completed: 200 OK"),
        ("ERROR", "Database connection failed"),
    ]

    logs = []
    for i in range(min(limit, 50)):
        log_level, message = samples[i % len(samples)]
        if level and log_level != level:
            continue

        logs.append({
            "timestamp": datetime.now().isoformat(),
            "level": log_level,
            "service": "api-gateway",
            "message": message,
            "host": f"prod-server-{(i % 3) + 1}",
        })

    return logs


def main():
    parser = argparse.ArgumentParser()
    parser.add_argument("--endpoint", required=True)
    parser.add_argument("--limit", type=int, default=100)
    parser.add_argument("--level", choices=["DEBUG", "INFO", "WARN", "ERROR"])
    parser.add_argument("--output")
    args = parser.parse_args()

    logs = simulate_logs(args.limit, args.level)

    output = json.dumps(logs, indent=2)
    if args.output:
        with open(args.output, "w") as f:
            f.write(output)
        print(f"Saved {len(logs)} logs to {args.output}")
    else:
        print(output)


if __name__ == "__main__":
    main()
Make it executable:
chmod +x priv/skills/log-analyzer/scripts/fetch_logs.py

Step 4: Create the Analyze Script
Create priv/skills/log-analyzer/scripts/analyze.py:
#!/usr/bin/env python3
"""Analyze logs for patterns and errors."""

import argparse
import json
from collections import Counter


def load_logs(filepath: str) -> list:
    with open(filepath) as f:
        return json.loads(f.read())


def analyze_summary(logs: list) -> dict:
    levels = Counter(log.get("level", "INFO") for log in logs)
    error_rate = levels.get("ERROR", 0) / len(logs) * 100 if logs else 0

    return {
        "total_logs": len(logs),
        "level_breakdown": dict(levels),
        "error_rate": f"{error_rate:.1f}%",
        "health": "CRITICAL" if error_rate > 10 else "HEALTHY",
    }


def analyze_errors(logs: list) -> dict:
    errors = [l for l in logs if l.get("level") == "ERROR"]
    messages = Counter(e.get("message", "")[:50] for e in errors)

    return {
        "total_errors": len(errors),
        "top_errors": messages.most_common(5),
    }


def generate_diagnostics(logs: list) -> list:
    errors = " ".join(l.get("message", "") for l in logs if l.get("level") == "ERROR")
    diagnostics = []

    if "timeout" in errors.lower():
        diagnostics.append({"issue": "Timeout errors", "priority": "HIGH"})
    if "connection" in errors.lower():
        diagnostics.append({"issue": "Connection failures", "priority": "HIGH"})

    return diagnostics or [{"issue": "No critical issues", "priority": "LOW"}]


def main():
    parser = argparse.ArgumentParser()
    parser.add_argument("file")
    parser.add_argument("--summary", action="store_true")
    parser.add_argument("--errors-only", action="store_true")
    parser.add_argument("--diagnostics", action="store_true")
    args = parser.parse_args()

    logs = load_logs(args.file)

    if args.summary:
        print(json.dumps(analyze_summary(logs), indent=2))
    elif args.errors_only:
        print(json.dumps(analyze_errors(logs), indent=2))
    elif args.diagnostics:
        print(json.dumps(generate_diagnostics(logs), indent=2))
    else:
        print(json.dumps({
            "summary": analyze_summary(logs),
            "errors": analyze_errors(logs),
            "diagnostics": generate_diagnostics(logs),
        }, indent=2))


if __name__ == "__main__":
    main()
Make it executable:
chmod +x priv/skills/log-analyzer/scripts/analyze.py

Step 5: Test the Skill Manually
# Fetch logs
python3 priv/skills/log-analyzer/scripts/fetch_logs.py \
  --endpoint "http://localhost/api/logs" \
  --limit 20 \
  --output /tmp/logs.json

# Analyze
python3 priv/skills/log-analyzer/scripts/analyze.py /tmp/logs.json --summary

Step 6: Create the Agent
Create lib/my_app/log_agent.ex:
defmodule MyApp.LogAgent do
  @moduledoc """
  An agent that uses the log-analyzer skill for production diagnostics.
  """

  @api_url "https://api.anthropic.com/v1/messages"

  def diagnose(question) do
    {:ok, skills} = Conjure.load("priv/skills")
    session = Conjure.Session.new_local(skills)

    case Conjure.Session.chat(session, question, &api_callback/1) do
      {:ok, response, _session} ->
        {:ok, extract_text(response)}

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

  defp api_callback(messages) do
    {:ok, skills} = Conjure.load("priv/skills")

    body = %{
      model: "claude-sonnet-4-5-20250929",
      max_tokens: 4096,
      system: system_prompt(skills),
      messages: messages,
      tools: Conjure.tool_definitions()
    }

    case Req.post(@api_url, json: body, headers: headers()) do
      {:ok, %{status: 200, body: body}} -> {:ok, body}
      {:ok, %{body: body}} -> {:error, body}
      {:error, reason} -> {:error, reason}
    end
  end

  defp system_prompt(skills) do
    """
    You are a production support engineer with access to log analysis tools.
    When diagnosing issues:
    1. First fetch recent logs
    2. Analyze for patterns
    3. Provide clear diagnostics

    #{Conjure.system_prompt(skills)}
    """
  end

  defp headers do
    [
      {"x-api-key", api_key()},
      {"anthropic-version", "2023-06-01"},
      {"content-type", "application/json"}
    ]
  end

  defp extract_text(%{"content" => content}) do
    content
    |> Enum.filter(&(&1["type"] == "text"))
    |> Enum.map_join("\n", & &1["text"])
  end

  defp api_key do
    System.get_env("ANTHROPIC_API_KEY") ||
      raise "ANTHROPIC_API_KEY not set"
  end
end
Step 7: Run a Diagnostic Session
# In IEx
MyApp.LogAgent.diagnose("""
We're seeing slow response times in production.
Please fetch the last 50 logs from http://monitoring.example.com/api/logs
and analyze them for issues.
""")
Expected interaction:
[Claude reads SKILL.md]
[Claude calls: fetch_logs.py --endpoint "..." --limit 50 --output /tmp/logs.json]
[Claude calls: analyze.py /tmp/logs.json --summary]
[Claude calls: analyze.py /tmp/logs.json --diagnostics]

Based on my analysis of the last 50 logs:

**Summary:**
- Total logs: 50
- Error rate: 20%
- Health status: CRITICAL

**Issues Found:**
1. Connection timeout errors to payment service (HIGH priority)
2. Database connection failures (HIGH priority)

**Recommendations:**
1. Check payment service connectivity
2. Review database connection pool settings
3. Consider increasing connection timeouts
Multi-Turn Conversations
The Session API maintains conversation state:
{:ok, skills} = Conjure.load("priv/skills")
session = Conjure.Session.new_local(skills)

# First turn
{:ok, response1, session} = Conjure.Session.chat(
  session,
  "Fetch the last 100 logs from http://api.example.com/logs",
  &api_callback/1
)

# Second turn (continues the conversation)
{:ok, response2, session} = Conjure.Session.chat(
  session,
  "Now show me only the errors",
  &api_callback/1
)

# Third turn
{:ok, response3, _session} = Conjure.Session.chat(
  session,
  "What's causing these errors?",
  &api_callback/1
)
Adding Callbacks for Visibility
Monitor tool calls in real-time:
opts = [
  on_tool_call: fn call ->
    IO.puts("Tool: #{call.name}")
    IO.puts("Input: #{inspect(call.input)}")
  end,
  on_tool_result: fn result ->
    IO.puts("Result: #{String.slice(result.content, 0, 100)}...")
  end
]

Conjure.Conversation.run_loop(messages, skills, &api_callback/1, opts)
Troubleshooting
"Skill not found"
Verify the skill structure:
ls -la priv/skills/log-analyzer/
# Should show: SKILL.md, scripts/, references/

Script execution fails
Test scripts manually:
python3 priv/skills/log-analyzer/scripts/fetch_logs.py --help

"No module named requests"
For production, install dependencies:
pip install requests

The demo scripts simulate API responses, so requests isn't required for learning.
Next Steps
	Anthropic Skills API - Generate incident reports as spreadsheets
	Native Elixir Skills - Fetch logs directly from Elixir
	Unified Backends - Combine all approaches
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    Anthropic Skills API: Hosted Document Generation

Use Anthropic's hosted Skills API to generate documents like spreadsheets, PDFs, and presentations.
Time: 20 minutes
Prerequisites: Complete Hello World first.
What You'll Build
An agent that:
	Uses Anthropic's hosted execution for document generation
	Creates incident report spreadsheets from log analysis
	Downloads and saves generated files

When to Use Anthropic Backend
The Anthropic backend is ideal for:
	Skill	Use Case
	xlsx	Spreadsheets, reports, data exports
	pdf	Documents, reports, invoices
	pptx	Presentations, slide decks
	docx	Word documents, letters

Advantages:
	No local dependencies (Python, Office, etc.)
	Sandboxed execution in Anthropic's cloud
	Handles complex document generation

Step 1: Understand the API Requirements
The Anthropic Skills API requires:
	Beta headers - Skills are in beta
	Container config - Specifies which skills to use
	Code execution tool - Enables skill execution

Step 2: Create the API Client
Create lib/my_app/anthropic_client.ex:
defmodule MyApp.AnthropicClient do
  @moduledoc """
  Anthropic API client with Skills support.
  """

  @api_url "https://api.anthropic.com/v1/messages"

  @doc """
  Make a request to Claude with Skills enabled.
  """
  def chat(messages, container_config, opts \\ []) do
    body = build_request(messages, container_config, opts)
    headers = build_headers()

    case Req.post(@api_url, json: body, headers: headers) do
      {:ok, %{status: 200, body: response}} ->
        {:ok, response}

      {:ok, %{status: status, body: body}} ->
        {:error, {:api_error, status, body}}

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

  defp build_request(messages, container_config, opts) do
    %{
      "model" => Keyword.get(opts, :model, "claude-sonnet-4-5-20250929"),
      "max_tokens" => Keyword.get(opts, :max_tokens, 4096),
      "messages" => messages,
      "tools" => [Conjure.API.Anthropic.code_execution_tool()],
      "container" => container_config
    }
    |> maybe_add_system(opts)
  end

  defp maybe_add_system(request, opts) do
    case Keyword.get(opts, :system) do
      nil -> request
      system -> Map.put(request, "system", system)
    end
  end

  defp build_headers do
    [
      {"x-api-key", api_key()},
      {"anthropic-version", "2023-06-01"},
      {"content-type", "application/json"}
    ] ++ Conjure.API.Anthropic.beta_headers()
  end

  defp api_key do
    System.get_env("ANTHROPIC_API_KEY") ||
      raise "ANTHROPIC_API_KEY not set"
  end
end
Step 3: Create a Document Agent
Create lib/my_app/document_agent.ex:
defmodule MyApp.DocumentAgent do
  @moduledoc """
  Agent for generating documents using Anthropic Skills.
  """

  alias MyApp.AnthropicClient

  @doc """
  Generate a document using Anthropic-hosted skills.

  ## Examples

      DocumentAgent.generate(
        "Create a budget spreadsheet with monthly expenses",
        skills: [{:anthropic, "xlsx", "latest"}]
      )

  """
  def generate(prompt, opts \\ []) do
    skills = Keyword.get(opts, :skills, [{:anthropic, "xlsx", "latest"}])

    # Create session
    session = Conjure.Session.new_anthropic(skills)

    # Build API callback
    api_callback = fn messages ->
      {:ok, container} = Conjure.API.Anthropic.container_config(skills)

      container = if session.container_id do
        Conjure.API.Anthropic.with_container_id(container, session.container_id)
      else
        container
      end

      AnthropicClient.chat(messages, container)
    end

    # Run conversation
    case Conjure.Session.chat(session, prompt, api_callback) do
      {:ok, response, updated_session} ->
        files = Conjure.Session.get_created_files(updated_session)
        {:ok, response, files, updated_session}

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

  @doc """
  Download files created during the session.
  """
  def download_files(files, output_dir \\ ".") do
    File.mkdir_p!(output_dir)

    Enum.map(files, fn %{id: file_id, source: :anthropic} = file ->
      case Conjure.Files.Anthropic.download(file_id, &files_api_callback/1) do
        {:ok, content, filename} ->
          path = Path.join(output_dir, filename)
          File.write!(path, content)
          {:ok, path}

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

  defp files_api_callback(file_id) do
    url = "https://api.anthropic.com/v1/files/#{file_id}/content"

    headers = [
      {"x-api-key", System.get_env("ANTHROPIC_API_KEY")},
      {"anthropic-version", "2023-06-01"}
    ] ++ Conjure.API.Anthropic.beta_headers()

    case Req.get(url, headers: headers) do
      {:ok, %{status: 200, body: body, headers: headers}} ->
        filename = extract_filename(headers) || "#{file_id}.bin"
        {:ok, body, filename}

      {:ok, %{status: status, body: body}} ->
        {:error, {:api_error, status, body}}

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

  defp extract_filename(headers) do
    headers
    |> Enum.find(fn {k, _} -> String.downcase(k) == "content-disposition" end)
    |> case do
      {_, value} ->
        case Regex.run(~r/filename="?([^";\s]+)"?/, value) do
          [_, filename] -> filename
          _ -> nil
        end
      _ -> nil
    end
  end
end
Step 4: Generate a Spreadsheet
# In IEx
{:ok, response, files, _session} = MyApp.DocumentAgent.generate(
  "Create a spreadsheet with the following incident data:
   - Date: 2024-01-15
   - Severity: High
   - Error count: 47
   - Affected services: api-gateway, payment-service
   - Resolution time: 2 hours",
  skills: [{:anthropic, "xlsx", "latest"}]
)

# Check created files
IO.inspect(files)
# [%{id: "file_01abc...", source: :anthropic, filename: nil, size: nil}]

# Download files
MyApp.DocumentAgent.download_files(files, "/tmp/reports")
# [{:ok, "/tmp/reports/incident_report.xlsx"}]
Step 5: Multi-Turn Document Editing
Sessions track container IDs for multi-turn conversations:
# Start with a spreadsheet
session = Conjure.Session.new_anthropic([{:anthropic, "xlsx", "latest"}])

# First turn - create the document
{:ok, _, session} = Conjure.Session.chat(
  session,
  "Create a monthly expenses spreadsheet with columns: Date, Category, Amount, Description",
  &api_callback/1
)

# Second turn - add data (same container, same document)
{:ok, _, session} = Conjure.Session.chat(
  session,
  "Add these expenses:
   - Jan 15, Office Supplies, $150, Printer paper
   - Jan 16, Software, $299, IDE license
   - Jan 18, Travel, $450, Client meeting",
  &api_callback/1
)

# Third turn - add formatting
{:ok, _, session} = Conjure.Session.chat(
  session,
  "Add a total row at the bottom and format the Amount column as currency",
  &api_callback/1
)

# Get all created files
files = Conjure.Session.get_created_files(session)
Step 6: Combine with Log Analysis
Generate incident reports from log analysis:
defmodule MyApp.IncidentReporter do
  @doc """
  Analyze logs and generate an incident report spreadsheet.
  """
  def generate_report(log_api_endpoint) do
    # Step 1: Fetch and analyze logs locally
    {:ok, analysis} = analyze_logs(log_api_endpoint)

    # Step 2: Generate spreadsheet with Anthropic
    prompt = """
    Create an incident report spreadsheet based on this analysis:

    Summary:
    - Total logs analyzed: #{analysis.total}
    - Error rate: #{analysis.error_rate}
    - Time period: Last 24 hours

    Top Errors:
    #{format_errors(analysis.top_errors)}

    Diagnostics:
    #{format_diagnostics(analysis.diagnostics)}

    Include sheets for:
    1. Executive Summary
    2. Error Details
    3. Recommendations
    """

    MyApp.DocumentAgent.generate(prompt, skills: [{:anthropic, "xlsx", "latest"}])
  end

  defp analyze_logs(endpoint) do
    # Use local skill for analysis
    {:ok, skills} = Conjure.load("priv/skills")
    session = Conjure.Session.new_local(skills)

    Conjure.Session.chat(
      session,
      "Fetch logs from #{endpoint} and analyze them. Return JSON with: total, error_rate, top_errors, diagnostics",
      &local_api_callback/1
    )
  end
end
Understanding pause_turn
Long-running operations use pause_turn:
# Conjure handles this automatically, but here's what happens:

# 1. Initial request
response = api_call(messages, container)

# 2. If stop_reason is "pause_turn", Claude is still working
if response["stop_reason"] == "pause_turn" do
  # Wait and continue with the response content
  assistant_msg = %{"role" => "assistant", "content" => response["content"]}
  messages = messages ++ [assistant_msg]

  # Container ID is reused
  container = Conjure.API.Anthropic.with_container_id(container, response["container"]["id"])

  # Continue polling
  response = api_call(messages, container)
end

# 3. When stop_reason is "end_turn", the document is ready
The Session API handles this loop automatically.
Available Anthropic Skills
	Skill ID	Description	Output
	xlsx	Excel spreadsheets	.xlsx files
	pdf	PDF documents	.pdf files
	pptx	PowerPoint presentations	.pptx files
	docx	Word documents	.docx files

Custom Skills
You can also use custom-uploaded skills:
session = Conjure.Session.new_anthropic([
  {:anthropic, "xlsx", "latest"},
  {:custom, "skill_01AbCdEfGhIjKlMnOpQrStUv", "v1"}
])
Error Handling
case MyApp.DocumentAgent.generate(prompt) do
  {:ok, response, files, session} ->
    IO.puts("Generated #{length(files)} file(s)")

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

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

  {:error, reason} ->
    IO.puts("Error: #{inspect(reason)}")
end
Next Steps
	Native Elixir Skills - Fetch logs faster with in-process execution
	Unified Backends - Combine Local, Native, and Anthropic backends
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    Native Elixir Skills: Type-Safe In-Process Execution

Build skills as Elixir modules that execute directly in the BEAM with full access to your application.
Time: 25 minutes
Prerequisites: Complete Hello World first.
What You'll Build
	A pure Elixir Echo skill (simple)
	A Log Fetcher skill that calls REST APIs from Elixir (production)
	Tests for native skills

Why Native Skills?
	Aspect	Local Skills	Native Skills
	Language	Python, Bash, etc.	Elixir
	Execution	Subprocess/shell	Direct function call
	Overhead	Process spawn	None
	Type Safety	Runtime errors	Compile-time checks
	App Access	None	Full (Ecto, GenServers, etc.)

Use native skills when you need:
	Direct access to your Elixir application state
	Faster execution without shell overhead
	Type-safe, pattern-matched implementations
	Integration with Ecto, Phoenix, GenServers

The NativeSkill Behaviour
Native skills implement Conjure.NativeSkill:
defmodule Conjure.NativeSkill do
  @callback __skill_info__() :: %{
    name: String.t(),
    description: String.t(),
    allowed_tools: [atom()]
  }

  # Optional callbacks based on allowed_tools
  @callback execute(command :: String.t(), context :: map()) ::
    {:ok, String.t()} | {:error, term()}

  @callback read(path :: String.t(), context :: map(), opts :: keyword()) ::
    {:ok, String.t()} | {:error, term()}

  @callback write(path :: String.t(), content :: String.t(), context :: map()) ::
    {:ok, String.t()} | {:error, term()}

  @callback modify(path :: String.t(), old :: String.t(), new :: String.t(), context :: map()) ::
    {:ok, String.t()} | {:error, term()}
end
Callback Mapping
	Claude Tool	Native Callback	Purpose
	bash_tool	execute/2	Run commands/logic
	view	read/3	Read resources
	create_file	write/3	Create resources
	str_replace	modify/4	Update resources

Step 1: Create a Simple Echo Skill
Create lib/my_app/skills/echo.ex:
defmodule MyApp.Skills.Echo do
  @moduledoc """
  A simple echo skill implemented in pure Elixir.
  """

  @behaviour Conjure.NativeSkill

  @impl true
  def __skill_info__ do
    %{
      name: "echo",
      description: "Echo messages back. Use this to test the native skill system.",
      allowed_tools: [:execute]
    }
  end

  @impl true
  def execute(message, _context) do
    timestamp = DateTime.utc_now() |> DateTime.to_iso8601()
    {:ok, "[#{timestamp}] Echo: #{message}"}
  end
end
Step 2: Use the Echo Skill
# Create a session with native skills
session = Conjure.Session.new_native([MyApp.Skills.Echo])

# Define API callback
api_callback = fn messages ->
  body = %{
    model: "claude-sonnet-4-5-20250929",
    max_tokens: 1024,
    messages: messages,
    tools: Conjure.Backend.Native.tool_definitions([MyApp.Skills.Echo])
  }

  Req.post("https://api.anthropic.com/v1/messages",
    json: body,
    headers: [
      {"x-api-key", System.get_env("ANTHROPIC_API_KEY")},
      {"anthropic-version", "2023-06-01"}
    ]
  )
  |> case do
    {:ok, %{status: 200, body: body}} -> {:ok, body}
    {:ok, %{body: body}} -> {:error, body}
    {:error, reason} -> {:error, reason}
  end
end

# Chat
{:ok, response, _session} = Conjure.Session.chat(
  session,
  "Please echo 'Hello from native Elixir!'",
  api_callback
)
Step 3: Create a Log Fetcher Skill
A production skill that fetches logs directly from Elixir:
Create lib/my_app/skills/log_fetcher.ex:
defmodule MyApp.Skills.LogFetcher do
  @moduledoc """
  Fetch logs from REST APIs using native Elixir HTTP client.
  """

  @behaviour Conjure.NativeSkill

  @impl true
  def __skill_info__ do
    %{
      name: "log-fetcher",
      description: """
      Fetch logs from monitoring APIs. Use this skill when you need to:
      - Retrieve logs from a REST endpoint
      - Filter logs by level or time range
      - Get log statistics
      """,
      allowed_tools: [:execute, :read]
    }
  end

  @impl true
  def execute(command, context) do
    case parse_command(command) do
      {:fetch, endpoint, opts} ->
        fetch_logs(endpoint, opts)

      {:stats, endpoint} ->
        get_stats(endpoint)

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

  @impl true
  def read(path, _context, opts) do
    # "read" can list available endpoints or show help
    case path do
      "endpoints" ->
        {:ok, "Available endpoints:\n- /api/logs\n- /api/logs/stats\n- /api/logs/:id"}

      "help" ->
        {:ok, help_text()}

      _ ->
        {:error, "Unknown path: #{path}. Try 'endpoints' or 'help'."}
    end
  end

  # Command parsing

  defp parse_command(command) do
    cond do
      String.starts_with?(command, "fetch ") ->
        parse_fetch_command(command)

      String.starts_with?(command, "stats ") ->
        [_, endpoint] = String.split(command, " ", parts: 2)
        {:stats, String.trim(endpoint)}

      true ->
        {:error, "Unknown command. Use 'fetch <url>' or 'stats <url>'."}
    end
  end

  defp parse_fetch_command(command) do
    parts = String.split(command, " ")
    endpoint = Enum.at(parts, 1)

    opts = parts
    |> Enum.drop(2)
    |> Enum.chunk_every(2)
    |> Enum.reduce([], fn
      ["--limit", n], acc -> [{:limit, String.to_integer(n)} | acc]
      ["--level", level], acc -> [{:level, level} | acc]
      _, acc -> acc
    end)

    {:fetch, endpoint, opts}
  end

  # API calls

  defp fetch_logs(endpoint, opts) do
    limit = Keyword.get(opts, :limit, 100)
    level = Keyword.get(opts, :level)

    query = [limit: limit]
    query = if level, do: [{:level, level} | query], else: query

    case Req.get(endpoint, params: query) do
      {:ok, %{status: 200, body: body}} ->
        {:ok, Jason.encode!(body, pretty: true)}

      {:ok, %{status: status, body: body}} ->
        {:error, "API error #{status}: #{inspect(body)}"}

      {:error, reason} ->
        {:error, "Request failed: #{inspect(reason)}"}
    end
  end

  defp get_stats(endpoint) do
    stats_url = endpoint <> "/stats"

    case Req.get(stats_url) do
      {:ok, %{status: 200, body: body}} ->
        {:ok, Jason.encode!(body, pretty: true)}

      {:ok, %{status: status}} ->
        {:error, "Stats API returned #{status}"}

      {:error, reason} ->
        {:error, "Failed to get stats: #{inspect(reason)}"}
    end
  end

  defp help_text do
    """
    Log Fetcher Commands:

    fetch <url> [--limit N] [--level LEVEL]
      Fetch logs from the specified URL.
      --limit N     Maximum logs to fetch (default: 100)
      --level LEVEL Filter by log level (DEBUG, INFO, WARN, ERROR)

    stats <url>
      Get log statistics from the endpoint.

    Examples:
      fetch http://monitoring.example.com/api/logs --limit 50
      fetch http://monitoring.example.com/api/logs --level ERROR
      stats http://monitoring.example.com/api/logs
    """
  end
end
Step 4: Use the Log Fetcher
session = Conjure.Session.new_native([MyApp.Skills.LogFetcher])

{:ok, response, _} = Conjure.Session.chat(
  session,
  "Fetch the last 50 error logs from http://monitoring.example.com/api/logs",
  &api_callback/1
)
Step 5: Test Native Skills
Create test/my_app/skills/echo_test.exs:
defmodule MyApp.Skills.EchoTest do
  use ExUnit.Case

  alias MyApp.Skills.Echo

  describe "__skill_info__/0" do
    test "returns valid skill info" do
      info = Echo.__skill_info__()

      assert info.name == "echo"
      assert is_binary(info.description)
      assert :execute in info.allowed_tools
    end
  end

  describe "execute/2" do
    test "echoes message with timestamp" do
      {:ok, result} = Echo.execute("Hello", %{})

      assert result =~ "Echo: Hello"
      assert result =~ ~r/\d{4}-\d{2}-\d{2}T/  # ISO timestamp
    end

    test "handles empty message" do
      {:ok, result} = Echo.execute("", %{})

      assert result =~ "Echo: "
    end
  end
end
Create test/my_app/skills/log_fetcher_test.exs:
defmodule MyApp.Skills.LogFetcherTest do
  use ExUnit.Case

  alias MyApp.Skills.LogFetcher

  describe "__skill_info__/0" do
    test "declares execute and read tools" do
      info = LogFetcher.__skill_info__()

      assert :execute in info.allowed_tools
      assert :read in info.allowed_tools
    end
  end

  describe "read/3" do
    test "returns help text" do
      {:ok, help} = LogFetcher.read("help", %{}, [])

      assert help =~ "Log Fetcher Commands"
      assert help =~ "fetch"
      assert help =~ "stats"
    end

    test "returns error for unknown path" do
      {:error, message} = LogFetcher.read("unknown", %{}, [])

      assert message =~ "Unknown path"
    end
  end
end
Run tests:
mix test test/my_app/skills/

Step 6: Integrate with Ecto
Native skills can access your database directly:
defmodule MyApp.Skills.Database do
  @behaviour Conjure.NativeSkill

  @impl true
  def __skill_info__ do
    %{
      name: "database",
      description: "Query the application database for user and order information.",
      allowed_tools: [:execute, :read]
    }
  end

  @impl true
  def execute(query, _context) do
    case parse_query(query) do
      {:users, :count} ->
        count = MyApp.Repo.aggregate(MyApp.User, :count)
        {:ok, "Total users: #{count}"}

      {:users, :recent, limit} ->
        users = MyApp.Repo.all(
          from u in MyApp.User,
          order_by: [desc: u.inserted_at],
          limit: ^limit,
          select: %{id: u.id, email: u.email, created: u.inserted_at}
        )
        {:ok, Jason.encode!(users, pretty: true)}

      {:orders, :stats} ->
        stats = get_order_stats()
        {:ok, Jason.encode!(stats, pretty: true)}

      _ ->
        {:error, "Unknown query. Try 'count users' or 'recent users 10'."}
    end
  end

  @impl true
  def read(table, _context, opts) do
    case table do
      "users" -> {:ok, describe_table(MyApp.User)}
      "orders" -> {:ok, describe_table(MyApp.Order)}
      _ -> {:error, "Unknown table: #{table}"}
    end
  end

  defp describe_table(schema) do
    fields = schema.__schema__(:fields)
    types = Enum.map(fields, &{&1, schema.__schema__(:type, &1)})

    """
    Table: #{schema.__schema__(:source)}
    Fields:
    #{Enum.map_join(types, "\n", fn {f, t} -> "  - #{f}: #{t}" end)}
    """
  end
end
Multiple Native Skills
Combine multiple native skills in one session:
session = Conjure.Session.new_native([
  MyApp.Skills.Echo,
  MyApp.Skills.LogFetcher,
  MyApp.Skills.Database
])

# Claude can use any of these skills
{:ok, response, _} = Conjure.Session.chat(
  session,
  "First check how many users we have, then fetch recent error logs",
  &api_callback/1
)
Tool Generation
Conjure automatically generates Claude tool definitions:
tools = Conjure.Backend.Native.tool_definitions([MyApp.Skills.LogFetcher])

# Generates:
# [
#   %{
#     "name" => "log_fetcher_execute",
#     "description" => "Execute a command...",
#     "input_schema" => %{...}
#   },
#   %{
#     "name" => "log_fetcher_read",
#     "description" => "Read a resource...",
#     "input_schema" => %{...}
#   }
# ]
Best Practices
	Keep skills focused - One responsibility per skill
	Return structured data - Use JSON for complex outputs
	Handle errors gracefully - Return {:error, reason} with helpful messages
	Test thoroughly - Native skills are easy to test with ExUnit
	Document commands - Provide help text via the read callback

Next Steps
	Unified Backends - Combine Native, Local, and Anthropic backends
	README - Full API reference
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    Unified Backend Patterns: Building a Complete Monitoring Agent

Combine Native, Local, and Anthropic backends into a production-ready monitoring solution.
Time: 30 minutes
Prerequisites: Complete all previous tutorials.
What You'll Build
A monitoring agent that uses all three backends:
┌────────────────────────────────────────────────────────┐
│                    Monitoring Agent                    │
├────────────────────────────────────────────────────────┤
│                                                        │
│  ┌──────────────┐  ┌──────────────┐  ┌──────────────┐  │
│  │   Native     │  │    Local     │  │  Anthropic   │  │
│  │   Backend    │  │   Backend    │  │   Backend    │  │
│  ├──────────────┤  ├──────────────┤  ├──────────────┤  │
│  │ Log Fetcher  │  │ Log Analyzer │  │ Report Gen   │  │
│  │ (REST API)   │  │ (Python)     │  │ (xlsx, pdf)  │  │
│  └──────────────┘  └──────────────┘  └──────────────┘  │
│                                                        │
└────────────────────────────────────────────────────────┘
	Native: Fast log fetching from REST API (in-process)
	Local: Python-based log analysis (shell execution)
	Anthropic: Generate incident reports (xlsx, pdf)

The Backend Behaviour
All backends implement Conjure.Backend:
@callback backend_type() :: atom()
@callback new_session(skills :: term(), opts :: keyword()) :: Session.t()
@callback chat(session, message, api_callback, opts) :: {:ok, response, session} | {:error, term()}
Available backends:
	Backend	Module	Use Case
	Local	Conjure.Backend.Local	Development, shell scripts
	Docker	Conjure.Backend.Docker	Production, sandboxed
	Anthropic	Conjure.Backend.Anthropic	Document generation
	Native	Conjure.Backend.Native	In-process Elixir

Step 1: Create the Native Log Fetcher
Create lib/my_app/skills/log_fetcher.ex:
defmodule MyApp.Skills.LogFetcher do
  @behaviour Conjure.NativeSkill

  @impl true
  def __skill_info__ do
    %{
      name: "log-fetcher",
      description: "Fetch logs from monitoring API. Fast, in-process execution.",
      allowed_tools: [:execute]
    }
  end

  @impl true
  def execute(command, _context) do
    case parse_command(command) do
      {:fetch, url, opts} ->
        fetch_logs(url, opts)

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

  defp parse_command("fetch " <> rest) do
    [url | args] = String.split(rest)
    opts = parse_args(args)
    {:fetch, url, opts}
  end

  defp parse_command(_), do: {:error, "Use: fetch <url> [--limit N] [--level LEVEL]"}

  defp parse_args(args) do
    args
    |> Enum.chunk_every(2)
    |> Enum.reduce([limit: 100], fn
      ["--limit", n], acc -> Keyword.put(acc, :limit, String.to_integer(n))
      ["--level", l], acc -> Keyword.put(acc, :level, l)
      _, acc -> acc
    end)
  end

  defp fetch_logs(url, opts) do
    case Req.get(url, params: opts) do
      {:ok, %{status: 200, body: body}} ->
        {:ok, Jason.encode!(body, pretty: true)}

      {:ok, %{status: status}} ->
        {:error, "API returned #{status}"}

      {:error, reason} ->
        {:error, inspect(reason)}
    end
  end
end
Step 2: Set Up Local Log Analyzer
Use the log-analyzer skill from the Local Skills tutorial:
priv/skills/log-analyzer/
├── SKILL.md
├── scripts/
│   ├── fetch_logs.py
│   ├── parse_logs.py
│   └── analyze.py
└── references/
    └── log_formats.md
Step 3: Create the Unified Agent
Create lib/my_app/monitoring_agent.ex:
defmodule MyApp.MonitoringAgent do
  @moduledoc """
  A monitoring agent that uses multiple backends for different tasks.
  """

  alias Conjure.Session

  @doc """
  Analyze logs using the most appropriate backend for each step.
  """
  def analyze(log_api_url, opts \\ []) do
    # Step 1: Fetch logs using Native backend (fast, in-process)
    {:ok, logs} = fetch_logs_native(log_api_url, opts)

    # Step 2: Analyze using Local backend (Python scripts)
    {:ok, analysis} = analyze_logs_local(logs)

    # Step 3: Generate report using Anthropic backend (xlsx)
    if Keyword.get(opts, :generate_report, false) do
      {:ok, report_files} = generate_report_anthropic(analysis)
      {:ok, %{logs: logs, analysis: analysis, report_files: report_files}}
    else
      {:ok, %{logs: logs, analysis: analysis}}
    end
  end

  @doc """
  Interactive monitoring session with backend selection.
  """
  def start_session(backend_type, skills_or_modules) do
    case backend_type do
      :native ->
        Session.new_native(skills_or_modules)

      :local ->
        {:ok, skills} = Conjure.load("priv/skills")
        Session.new_local(skills)

      :docker ->
        {:ok, skills} = Conjure.load("priv/skills")
        Session.new_local(skills, executor: Conjure.Executor.Docker)

      :anthropic ->
        Session.new_anthropic(skills_or_modules)
    end
  end

  # Private implementation

  defp fetch_logs_native(url, opts) do
    session = Session.new_native([MyApp.Skills.LogFetcher])
    limit = Keyword.get(opts, :limit, 100)

    Session.chat(
      session,
      "fetch #{url} --limit #{limit}",
      &native_api_callback/1
    )
  end

  defp analyze_logs_local(logs) do
    {:ok, skills} = Conjure.load("priv/skills")
    session = Session.new_local(skills)

    # Save logs to temp file for Python analysis
    log_file = Path.join(System.tmp_dir!(), "logs_#{:rand.uniform(10000)}.json")
    File.write!(log_file, logs)

    result = Session.chat(
      session,
      "Analyze the logs in #{log_file} and provide a summary with diagnostics",
      &local_api_callback/1
    )

    File.rm(log_file)
    result
  end

  defp generate_report_anthropic(analysis) do
    session = Session.new_anthropic([{:anthropic, "xlsx", "latest"}])

    {:ok, response, session} = Session.chat(
      session,
      """
      Create an incident report spreadsheet with:
      1. Executive Summary sheet with key metrics
      2. Error Details sheet with error breakdown
      3. Recommendations sheet with action items

      Analysis data:
      #{analysis}
      """,
      &anthropic_api_callback/1
    )

    {:ok, Session.get_created_files(session)}
  end

  # API callbacks for each backend

  defp native_api_callback(messages) do
    tools = Conjure.Backend.Native.tool_definitions([MyApp.Skills.LogFetcher])
    make_api_call(messages, tools: tools)
  end

  defp local_api_callback(messages) do
    {:ok, skills} = Conjure.load("priv/skills")
    system = "You are a log analysis assistant.\n\n" <> Conjure.system_prompt(skills)
    make_api_call(messages, system: system, tools: Conjure.tool_definitions())
  end

  defp anthropic_api_callback(messages) do
    {:ok, container} = Conjure.API.Anthropic.container_config([{:anthropic, "xlsx", "latest"}])

    body = %{
      "model" => "claude-sonnet-4-5-20250929",
      "max_tokens" => 4096,
      "messages" => messages,
      "tools" => [Conjure.API.Anthropic.code_execution_tool()],
      "container" => container
    }

    headers = base_headers() ++ Conjure.API.Anthropic.beta_headers()

    case Req.post("https://api.anthropic.com/v1/messages", json: body, headers: headers) do
      {:ok, %{status: 200, body: body}} -> {:ok, body}
      {:ok, %{body: body}} -> {:error, body}
      {:error, reason} -> {:error, reason}
    end
  end

  defp make_api_call(messages, opts) do
    body = %{
      "model" => "claude-sonnet-4-5-20250929",
      "max_tokens" => 4096,
      "messages" => messages
    }

    body = if tools = opts[:tools], do: Map.put(body, "tools", tools), else: body
    body = if system = opts[:system], do: Map.put(body, "system", system), else: body

    case Req.post("https://api.anthropic.com/v1/messages", json: body, headers: base_headers()) do
      {:ok, %{status: 200, body: body}} -> {:ok, body}
      {:ok, %{body: body}} -> {:error, body}
      {:error, reason} -> {:error, reason}
    end
  end

  defp base_headers do
    [
      {"x-api-key", System.get_env("ANTHROPIC_API_KEY")},
      {"anthropic-version", "2023-06-01"},
      {"content-type", "application/json"}
    ]
  end
end
Step 4: Use the Unified Agent
# Quick analysis (Native + Local)
{:ok, result} = MyApp.MonitoringAgent.analyze(
  "http://monitoring.example.com/api/logs",
  limit: 200
)

IO.puts(result.analysis)

# Full analysis with report (Native + Local + Anthropic)
{:ok, result} = MyApp.MonitoringAgent.analyze(
  "http://monitoring.example.com/api/logs",
  limit: 500,
  generate_report: true
)

# Download the report
MyApp.DocumentAgent.download_files(result.report_files, "/tmp/reports")
Step 5: Dynamic Backend Selection
Create a flexible agent that selects backends at runtime:
defmodule MyApp.FlexibleAgent do
  @doc """
  Chat with dynamic backend selection.
  """
  def chat(message, backend, skills) do
    session = case backend do
      :native -> Conjure.Session.new_native(skills)
      :local -> Conjure.Session.new_local(skills)
      :docker -> Conjure.Session.new_local(skills, executor: Conjure.Executor.Docker)
      :anthropic -> Conjure.Session.new_anthropic(skills)
    end

    Conjure.Session.chat(session, message, &api_callback(backend)/1)
  end

  defp api_callback(:anthropic) do
    fn messages -> anthropic_callback(messages) end
  end

  defp api_callback(_backend) do
    fn messages -> standard_callback(messages) end
  end
end
Step 6: Production Patterns
Environment-Based Backend Selection
defmodule MyApp.Config do
  def default_executor do
    case Mix.env() do
      :dev -> Conjure.Executor.Local
      :test -> Conjure.Executor.Local
      :prod -> Conjure.Executor.Docker
    end
  end
end

# Usage
session = Conjure.Session.new_local(skills, executor: MyApp.Config.default_executor())
Use the GenServer Registry
# In application.ex
children = [
  {Conjure.Registry, name: MyApp.Skills, paths: ["priv/skills"]}
]

# In your agent
def analyze(message) do
  skills = Conjure.Registry.list(MyApp.Skills)
  session = Conjure.Session.new_local(skills)
  Conjure.Session.chat(session, message, &api_callback/1)
end

# Reload skills at runtime
Conjure.Registry.reload(MyApp.Skills)
Telemetry Integration
# Attach telemetry handlers
:telemetry.attach_many(
  "monitoring-agent",
  [
    [:conjure, :backend, :native, :tool_call],
    [:conjure, :execute, :start],
    [:conjure, :execute, :stop]
  ],
  &handle_event/4,
  nil
)

defp handle_event(event, measurements, metadata, _config) do
  Logger.info("#{inspect(event)}: #{inspect(measurements)}")
end
Backend Comparison
	Aspect	Native	Local	Docker	Anthropic
	Speed	Fastest	Fast	Slower	Network
	Safety	Full access	Shell access	Sandboxed	Cloud sandbox
	Dependencies	Elixir only	Any	Any (containerized)	None
	Use Case	App integration	Scripts	Production	Documents

When to Use Each Backend
Native Backend
	Accessing Ecto repositories
	Reading from GenServers/ETS
	High-frequency operations
	Type-safe implementations

Local Backend
	Python/Node.js scripts
	Complex data processing
	Development/testing
	Quick prototyping

Docker Backend
	Production execution
	Untrusted code
	Isolated environments
	Reproducible builds

Anthropic Backend
	Document generation
	Spreadsheet creation
	PDF reports
	No local dependencies

Complete Example
defmodule MyApp.ProductionAgent do
  @moduledoc """
  Production-ready agent combining all backends.
  """

  def diagnose_and_report(log_url) do
    with {:ok, logs} <- fetch_logs(log_url),
         {:ok, analysis} <- analyze_logs(logs),
         {:ok, files} <- generate_report(analysis) do
      {:ok, %{
        logs_fetched: count_logs(logs),
        health_status: analysis.health,
        report_files: files
      }}
    end
  end

  # Fast log fetching with Native
  defp fetch_logs(url) do
    session = Conjure.Session.new_native([MyApp.Skills.LogFetcher])
    Conjure.Session.chat(session, "fetch #{url} --limit 500", &native_callback/1)
  end

  # Python analysis with Docker (production safe)
  defp analyze_logs(logs) do
    {:ok, skills} = Conjure.load("priv/skills")
    session = Conjure.Session.new_local(skills, executor: Conjure.Executor.Docker)
    Conjure.Session.chat(session, "Analyze these logs: #{logs}", &local_callback/1)
  end

  # Document generation with Anthropic
  defp generate_report(analysis) do
    session = Conjure.Session.new_anthropic([{:anthropic, "xlsx", "latest"}])
    {:ok, _, session} = Conjure.Session.chat(session, report_prompt(analysis), &anthropic_callback/1)
    {:ok, Conjure.Session.get_created_files(session)}
  end
end
Summary
You've learned to:
	Use the unified Session API across all backends
	Select backends based on task requirements
	Combine backends for complex workflows
	Apply production patterns (Registry, Telemetry, Docker)

Next Steps
	Review Architecture Decision Records for design rationale
	Explore the API Reference (module documentation) for advanced options
	Build your own production monitoring solution!
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    Fly.io with Tigris Storage

Build an incident response system on Fly.io where Claude generates structured runbooks and a Native skill safely executes them.
Time: 35 minutes
Prerequisites:
	Complete Native Elixir Skills tutorial
	Fly.io CLI installed
	Fly.io account (free tier works)

What You'll Build
An incident response service demonstrating a two-phase skill pipeline:
	Claude (Anthropic) Skill: Analyzes incident descriptions and generates structured runbook artifacts
	Native Skill: Validates runbooks against a schema, enforces action allow-lists, and executes safe dry-runs

┌─────────────────────────────────────────────────────────────────────────┐
│                            Fly.io Machine                               │
│                                                                         │
│  ┌────────────┐    ┌──────────────────┐    ┌─────────────────────────┐  │
│  │   User     │───▶│  Claude Skill    │───▶│  Runbook Artifact       │  │
│  │  Request   │    │  (Anthropic API) │    │  (JSON in Tigris)       │  │
│  └────────────┘    └──────────────────┘    └───────────┬─────────────┘  │
│                                                        │                │
│                                                        ▼                │
│                                            ┌─────────────────────────┐  │
│                                            │  Native Executor Skill  │  │
│                                            │  - Schema validation    │  │
│                                            │  - Action allow-list    │  │
│                                            │  - Safe dry-run         │  │
│                                            └───────────┬─────────────┘  │
│                                                        │                │
│                                                        ▼                │
│                                            ┌─────────────────────────┐  │
│                                            │  Execution Results      │  │
│                                            │  (auditable output)     │  │
│                                            └─────────────────────────┘  │
└─────────────────────────────────────────────────────────────────────────┘
Why this pattern?
	Responsibility	Claude Skill	Native Skill
	Reasoning	✓ Analyzes problems	
	Planning	✓ Generates runbooks	
	Validation		✓ Schema enforcement
	Safety		✓ Action allow-listing
	Execution		✓ Deterministic dry-run

Claude reasons and plans. Native code executes safely. The runbook artifact is the contract between them.
Step 1: Create the Fly.io Application
Generate a new Phoenix application:
mix phx.new incident_response --database postgres
cd incident_response

Add Conjure and dependencies to mix.exs:
defp deps do
  [
    # ... existing deps ...
    {:conjure, "~> 0.1.0"},
    {:req, "~> 0.5"}
  ]
end
Get dependencies:
mix deps.get

Step 2: Set Up Fly.io Infrastructure
Launch the Fly app with Postgres:
fly launch --name my-incident-response

Create a Tigris storage bucket for runbook artifacts:
fly storage create incident-runbooks

This automatically configures environment variables:
	BUCKET_NAME - Your Tigris bucket name
	AWS_ACCESS_KEY_ID - Tigris access key
	AWS_SECRET_ACCESS_KEY - Tigris secret key
	AWS_ENDPOINT_URL_S3 - Tigris endpoint

Set your Anthropic API key:
fly secrets set ANTHROPIC_API_KEY=sk-ant-...

Step 3: Define the Runbook Schema
Create lib/incident_response/runbooks/schema.ex:
defmodule IncidentResponse.Runbooks.Schema do
  @moduledoc """
  Defines the runbook artifact contract between Claude and the executor.

  This schema is the boundary between LLM reasoning and safe execution.
  """

  @type check :: %{
    id: String.t(),
    action: String.t(),
    params: map()
  }

  @type recommended_action :: %{
    id: String.t(),
    action: String.t(),
    safe: boolean(),
    params: map()
  }

  @type runbook :: %{
    incident_type: String.t(),
    affected_system: String.t(),
    confidence: float(),
    hypotheses: [String.t()],
    checks: [check()],
    recommended_actions: [recommended_action()],
    rollback_plan: String.t()
  }

  @required_keys ~w(incident_type affected_system confidence checks recommended_actions)a

  @doc """
  Validates a runbook artifact against the schema.

  Returns `{:ok, runbook}` if valid, `{:error, reasons}` otherwise.
  """
  def validate(runbook) when is_map(runbook) do
    with :ok <- validate_required_keys(runbook),
         :ok <- validate_confidence(runbook),
         :ok <- validate_checks(runbook),
         :ok <- validate_actions(runbook) do
      {:ok, normalize(runbook)}
    end
  end

  def validate(_), do: {:error, ["runbook must be a map"]}

  defp validate_required_keys(runbook) do
    missing = @required_keys -- Map.keys(runbook)

    if Enum.empty?(missing) do
      :ok
    else
      {:error, ["missing required keys: #{inspect(missing)}"]}
    end
  end

  defp validate_confidence(%{confidence: c}) when is_number(c) and c >= 0 and c <= 1, do: :ok
  defp validate_confidence(%{confidence: c}), do: {:error, ["confidence must be 0.0-1.0, got: #{inspect(c)}"]}

  defp validate_checks(%{checks: checks}) when is_list(checks) do
    errors =
      checks
      |> Enum.with_index()
      |> Enum.flat_map(fn {check, i} ->
        validate_check(check, i)
      end)

    if Enum.empty?(errors), do: :ok, else: {:error, errors}
  end

  defp validate_checks(_), do: {:error, ["checks must be a list"]}

  defp validate_check(check, index) do
    required = ~w(id action)

    missing =
      required
      |> Enum.reject(&Map.has_key?(check, &1))

    if Enum.empty?(missing) do
      []
    else
      ["check[#{index}] missing: #{Enum.join(missing, ", ")}"]
    end
  end

  defp validate_actions(%{recommended_actions: actions}) when is_list(actions) do
    errors =
      actions
      |> Enum.with_index()
      |> Enum.flat_map(fn {action, i} ->
        validate_action(action, i)
      end)

    if Enum.empty?(errors), do: :ok, else: {:error, errors}
  end

  defp validate_actions(_), do: {:error, ["recommended_actions must be a list"]}

  defp validate_action(action, index) do
    cond do
      not Map.has_key?(action, "id") and not Map.has_key?(action, :id) ->
        ["action[#{index}] missing: id"]

      not Map.has_key?(action, "action") and not Map.has_key?(action, :action) ->
        ["action[#{index}] missing: action"]

      true ->
        []
    end
  end

  defp normalize(runbook) do
    runbook
    |> Map.put_new(:hypotheses, [])
    |> Map.put_new(:rollback_plan, "No rollback plan specified")
    |> Map.update(:checks, [], &normalize_checks/1)
    |> Map.update(:recommended_actions, [], &normalize_actions/1)
  end

  defp normalize_checks(checks) do
    Enum.map(checks, fn check ->
      check
      |> Map.put_new(:params, %{})
      |> atomize_keys()
    end)
  end

  defp normalize_actions(actions) do
    Enum.map(actions, fn action ->
      action
      |> Map.put_new(:params, %{})
      |> Map.put_new(:safe, false)
      |> atomize_keys()
    end)
  end

  defp atomize_keys(map) when is_map(map) do
    Map.new(map, fn
      {k, v} when is_binary(k) -> {String.to_existing_atom(k), v}
      {k, v} when is_atom(k) -> {k, v}
    end)
  rescue
    ArgumentError -> map
  end
end
Step 4: Create the Runbook Generator (Claude Skill)
Create lib/incident_response/skills/runbook_generator.ex:
defmodule IncidentResponse.Skills.RunbookGenerator do
  @moduledoc """
  Claude skill that analyzes incidents and generates structured runbooks.

  This skill does NO execution - it only reasons about the problem
  and produces a machine-readable artifact for the executor skill.
  """

  alias IncidentResponse.Runbooks.Schema
  alias Conjure.Session

  require Logger

  @system_prompt """
  You are an incident response analyst. When given an incident description,
  analyze the problem and generate a structured runbook for investigation.

  IMPORTANT: You must output a valid JSON runbook with this exact structure:

  {
    "incident_type": "performance_degradation|outage|data_issue|security",
    "affected_system": "string - the primary system affected",
    "confidence": 0.0-1.0,
    "hypotheses": ["list of possible root causes"],
    "checks": [
      {
        "id": "unique_check_id",
        "action": "system.operation_name",
        "params": { "key": "value" }
      }
    ],
    "recommended_actions": [
      {
        "id": "unique_action_id",
        "action": "system.operation_name",
        "safe": true/false,
        "params": { "key": "value" }
      }
    ],
    "rollback_plan": "description of how to revert if needed"
  }

  Available check actions:
  - database.slow_queries - params: {lookback_minutes}
  - database.table_stats - params: {table}
  - database.connection_count - params: {}
  - metrics.query - params: {query, range_minutes}
  - logs.search - params: {pattern, service, lookback_minutes}
  - http.health_check - params: {url}

  Available recommended actions:
  - database.analyze_table - params: {table}, safe: true
  - database.kill_query - params: {query_id}, safe: false
  - cache.invalidate - params: {key_pattern}, safe: true
  - service.restart - params: {service}, safe: false
  - alert.notify - params: {channel, message}, safe: true

  Only mark actions as safe:true if they are read-only or easily reversible.
  Output ONLY the JSON, no markdown fences or explanation.
  """

  @doc """
  Generate a runbook from an incident description.

  Returns `{:ok, runbook}` where runbook is a validated map,
  or `{:error, reason}` if generation or validation fails.
  """
  def generate(incident_description, opts \\ []) do
    with {:ok, response} <- call_claude(incident_description, opts),
         {:ok, json} <- extract_json(response),
         {:ok, runbook} <- Schema.validate(json) do
      {:ok, runbook}
    end
  end

  defp call_claude(incident_description, opts) do
    messages = [
      %{"role" => "user", "content" => incident_description}
    ]

    api_callback = Keyword.get(opts, :api_callback, &default_api_callback/1)
    api_callback.(messages)
  end

  defp extract_json(response) do
    text =
      response["content"]
      |> Enum.filter(&(&1["type"] == "text"))
      |> Enum.map(&(&1["text"]))
      |> Enum.join()
      |> String.trim()

    # Strip markdown code fences if present
    text =
      text
      |> String.replace(~r/^```json\s*/, "")
      |> String.replace(~r/\s*```$/, "")

    case Jason.decode(text) do
      {:ok, json} -> {:ok, json}
      {:error, _} -> {:error, "Failed to parse runbook JSON: #{String.slice(text, 0, 200)}..."}
    end
  end

  defp default_api_callback(messages) do
    url = "https://api.anthropic.com/v1/messages"
    api_key = System.get_env("ANTHROPIC_API_KEY")

    body = %{
      "model" => "claude-sonnet-4-5-20250929",
      "max_tokens" => 4096,
      "system" => @system_prompt,
      "messages" => messages
    }

    headers = [
      {"x-api-key", api_key},
      {"content-type", "application/json"},
      {"anthropic-version", "2023-06-01"}
    ]

    case Req.post(url, json: body, headers: headers, receive_timeout: 60_000) do
      {:ok, %{status: 200, body: response}} -> {:ok, response}
      {:ok, %{status: status, body: body}} -> {:error, "API error #{status}: #{inspect(body)}"}
      {:error, reason} -> {:error, "Request failed: #{inspect(reason)}"}
    end
  end
end
Step 5: Create the Runbook Executor (Native Skill)
Create lib/incident_response/skills/runbook_executor.ex:
defmodule IncidentResponse.Skills.RunbookExecutor do
  @moduledoc """
  Native skill that validates and executes runbook checks safely.

  This skill is the trust boundary - it enforces:
  - Schema validation (fail fast if malformed)
  - Action allow-list (only whitelisted operations)
  - Dry-run execution (no destructive actions without approval)
  """

  @behaviour Conjure.NativeSkill

  alias IncidentResponse.Runbooks.Schema

  require Logger

  # Allow-list of executable actions
  @allowed_checks ~w(
    database.slow_queries
    database.table_stats
    database.connection_count
    metrics.query
    logs.search
    http.health_check
  )

  @allowed_actions ~w(
    database.analyze_table
    cache.invalidate
    alert.notify
  )

  @impl true
  def __skill_info__ do
    %{
      name: "runbook-executor",
      description: """
      Safely executes incident runbooks generated by Claude.
      Validates schema, enforces allow-lists, and performs dry-run checks.
      """,
      allowed_tools: [:execute]
    }
  end

  @impl true
  def execute(command, context) do
    case parse_command(command) do
      {:run_checks, runbook_json} ->
        run_checks(runbook_json, context)

      {:run_action, runbook_json, action_id} ->
        run_action(runbook_json, action_id, context)

      {:validate, runbook_json} ->
        validate_only(runbook_json)

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

  # Command parsing

  defp parse_command(command) do
    command = String.trim(command)

    cond do
      String.starts_with?(command, "validate ") ->
        {:validate, String.replace_prefix(command, "validate ", "")}

      String.starts_with?(command, "run_checks ") ->
        {:run_checks, String.replace_prefix(command, "run_checks ", "")}

      String.starts_with?(command, "run_action ") ->
        parse_run_action(command)

      true ->
        {:error, "Unknown command. Available: validate <json>, run_checks <json>, run_action <json> <action_id>"}
    end
  end

  defp parse_run_action(command) do
    # Format: run_action <json> <action_id>
    # JSON ends at the last }, action_id follows
    case Regex.run(~r/run_action (.+})\s+(\S+)$/, command) do
      [_, json, action_id] -> {:run_action, json, action_id}
      _ -> {:error, "Invalid run_action format. Use: run_action <json> <action_id>"}
    end
  end

  # Execution

  defp validate_only(runbook_json) do
    with {:ok, json} <- Jason.decode(runbook_json),
         {:ok, runbook} <- Schema.validate(json) do
      {:ok, "Runbook valid. #{length(runbook.checks)} checks, #{length(runbook.recommended_actions)} actions."}
    else
      {:error, reasons} when is_list(reasons) ->
        {:error, "Validation failed:\n" <> Enum.join(reasons, "\n")}

      {:error, reason} ->
        {:error, "Validation failed: #{inspect(reason)}"}
    end
  end

  defp run_checks(runbook_json, context) do
    with {:ok, json} <- Jason.decode(runbook_json),
         {:ok, runbook} <- Schema.validate(json),
         {:ok, results} <- execute_checks(runbook.checks, context) do
      output = format_check_results(runbook, results)
      {:ok, output}
    else
      {:error, reasons} when is_list(reasons) ->
        {:error, "Validation failed:\n" <> Enum.join(reasons, "\n")}

      {:error, reason} ->
        {:error, "Failed: #{inspect(reason)}"}
    end
  end

  defp run_action(runbook_json, action_id, context) do
    with {:ok, json} <- Jason.decode(runbook_json),
         {:ok, runbook} <- Schema.validate(json),
         {:ok, action} <- find_action(runbook, action_id),
         :ok <- verify_action_allowed(action),
         :ok <- verify_action_safe(action),
         {:ok, result} <- execute_action(action, context) do
      {:ok, "Action #{action_id} completed: #{result}"}
    else
      {:error, reason} -> {:error, reason}
    end
  end

  defp execute_checks(checks, context) do
    results =
      Enum.map(checks, fn check ->
        if check.action in @allowed_checks do
          result = execute_check(check, context)
          {check.id, result}
        else
          {check.id, {:blocked, "Action not in allow-list: #{check.action}"}}
        end
      end)

    {:ok, results}
  end

  defp execute_check(%{action: action, params: params} = check, _context) do
    Logger.info("Executing check: #{check.id} (#{action})")

    # Simulate check execution - in production, these would call real services
    case action do
      "database.slow_queries" ->
        lookback = Map.get(params, "lookback_minutes", 60)
        {:ok, "Found 3 slow queries in last #{lookback} minutes (avg 4.2s)"}

      "database.table_stats" ->
        table = Map.get(params, "table", "unknown")
        {:ok, "Table #{table}: 18,432 partitions, last analyzed 3 days ago"}

      "database.connection_count" ->
        {:ok, "Active connections: 47/100 (47% utilized)"}

      "metrics.query" ->
        {:ok, "Query latency p99: 2.3s (up from 0.8s baseline)"}

      "logs.search" ->
        pattern = Map.get(params, "pattern", "*")
        {:ok, "Found 142 matches for '#{pattern}' in last hour"}

      "http.health_check" ->
        url = Map.get(params, "url", "/health")
        {:ok, "#{url} returned 200 OK (latency: 45ms)"}

      _ ->
        {:warning, "Unknown check action: #{action}"}
    end
  end

  defp find_action(runbook, action_id) do
    case Enum.find(runbook.recommended_actions, &(&1.id == action_id)) do
      nil -> {:error, "Action not found: #{action_id}"}
      action -> {:ok, action}
    end
  end

  defp verify_action_allowed(%{action: action}) do
    if action in @allowed_actions do
      :ok
    else
      {:error, "Action not in allow-list: #{action}. Allowed: #{Enum.join(@allowed_actions, ", ")}"}
    end
  end

  defp verify_action_safe(%{safe: true}), do: :ok
  defp verify_action_safe(%{safe: false, id: id}) do
    {:error, "Action #{id} is marked unsafe. Requires manual approval."}
  end
  defp verify_action_safe(_), do: :ok

  defp execute_action(%{action: action, params: params} = act, _context) do
    Logger.info("Executing action: #{act.id} (#{action})")

    case action do
      "database.analyze_table" ->
        table = Map.get(params, "table", "unknown")
        {:ok, "ANALYZE TABLE #{table} completed (updated statistics)"}

      "cache.invalidate" ->
        pattern = Map.get(params, "key_pattern", "*")
        {:ok, "Invalidated cache keys matching '#{pattern}' (23 keys removed)"}

      "alert.notify" ->
        channel = Map.get(params, "channel", "#incidents")
        {:ok, "Notification sent to #{channel}"}

      _ ->
        {:ok, "Action #{action} simulated (dry-run)"}
    end
  end

  # Output formatting

  defp format_check_results(runbook, results) do
    checks_output =
      results
      |> Enum.map(fn {id, result} ->
        status = case result do
          {:ok, _} -> "OK"
          {:warning, _} -> "WARN"
          {:blocked, _} -> "BLOCKED"
          _ -> "ERROR"
        end

        detail = case result do
          {_, msg} -> msg
          msg -> inspect(msg)
        end

        "  [#{status}] #{id}: #{detail}"
      end)
      |> Enum.join("\n")

    recommendations =
      runbook.recommended_actions
      |> Enum.map(fn action ->
        safety = if action.safe, do: "[SAFE]", else: "[UNSAFE - requires approval]"
        "  - #{action.id}: #{action.action} #{safety}"
      end)
      |> Enum.join("\n")

    """
    === Runbook Execution Results ===

    Incident Type: #{runbook.incident_type}
    Affected System: #{runbook.affected_system}
    Confidence: #{Float.round(runbook.confidence * 100, 1)}%

    Hypotheses:
    #{Enum.map_join(runbook.hypotheses, "\n", &"  - #{&1}")}

    Check Results:
    #{checks_output}

    Recommended Actions:
    #{recommendations}

    Rollback Plan: #{runbook.rollback_plan}
    """
  end
end
Step 6: Create the Orchestration Layer
Create lib/incident_response/agent.ex:
defmodule IncidentResponse.Agent do
  @moduledoc """
  Orchestrates the incident response pipeline:
  1. Claude generates runbook artifact
  2. Artifact stored in Tigris
  3. Native skill executes checks safely
  """

  alias IncidentResponse.Skills.{RunbookGenerator, RunbookExecutor}
  alias Conjure.Session

  require Logger

  @doc """
  Analyze an incident and run diagnostic checks.

  Returns a structured result with the runbook and execution results.
  """
  def analyze(incident_description, opts \\ []) do
    with {:ok, runbook} <- generate_runbook(incident_description, opts),
         {:ok, artifact_ref} <- store_artifact(runbook, opts),
         {:ok, results} <- execute_runbook(runbook, opts) do
      {:ok,
       %{
         runbook: runbook,
         artifact_ref: artifact_ref,
         execution_results: results
       }}
    end
  end

  @doc """
  Generate a runbook without executing it.
  """
  def generate_runbook(incident_description, opts \\ []) do
    Logger.info("Generating runbook for incident...")
    RunbookGenerator.generate(incident_description, opts)
  end

  @doc """
  Execute checks from a previously generated runbook.
  """
  def execute_runbook(runbook, opts \\ []) do
    Logger.info("Executing runbook checks...")

    runbook_json = Jason.encode!(runbook)
    context = Keyword.get(opts, :context, %{})

    RunbookExecutor.execute("run_checks #{runbook_json}", context)
  end

  @doc """
  Execute a specific action from a runbook (safe actions only).
  """
  def execute_action(runbook, action_id, opts \\ []) do
    Logger.info("Executing action: #{action_id}")

    runbook_json = Jason.encode!(runbook)
    context = Keyword.get(opts, :context, %{})

    RunbookExecutor.execute("run_action #{runbook_json} #{action_id}", context)
  end

  # Store artifact in Tigris for audit trail

  defp store_artifact(runbook, opts) do
    if storage = Keyword.get(opts, :storage) do
      artifact_path = "runbooks/#{DateTime.utc_now() |> DateTime.to_iso8601()}.json"
      content = Jason.encode!(runbook, pretty: true)

      case storage.write(storage, artifact_path, content) do
        {:ok, ref} ->
          Logger.info("Runbook stored: #{ref.path}")
          {:ok, ref}

        error ->
          Logger.warning("Failed to store runbook: #{inspect(error)}")
          {:ok, nil}
      end
    else
      {:ok, nil}
    end
  end
end
Step 7: Create a LiveView Interface
Create lib/incident_response_web/live/incident_live.ex:
defmodule IncidentResponseWeb.IncidentLive do
  use IncidentResponseWeb, :live_view

  alias IncidentResponse.Agent

  def mount(_params, _session, socket) do
    {:ok,
     socket
     |> assign(:incident, "")
     |> assign(:runbook, nil)
     |> assign(:results, nil)
     |> assign(:loading, false)
     |> assign(:error, nil)}
  end

  def handle_event("analyze", %{"incident" => incident}, socket) do
    socket = assign(socket, loading: true, error: nil)

    # Run analysis in background
    pid = self()

    Task.start(fn ->
      result = Agent.analyze(incident)
      send(pid, {:analysis_complete, result})
    end)

    {:noreply, assign(socket, :incident, incident)}
  end

  def handle_event("execute_action", %{"action_id" => action_id}, socket) do
    runbook = socket.assigns.runbook

    case Agent.execute_action(runbook, action_id) do
      {:ok, result} ->
        {:noreply,
         socket
         |> put_flash(:info, result)}

      {:error, reason} ->
        {:noreply,
         socket
         |> put_flash(:error, reason)}
    end
  end

  def handle_info({:analysis_complete, {:ok, result}}, socket) do
    {:noreply,
     socket
     |> assign(:loading, false)
     |> assign(:runbook, result.runbook)
     |> assign(:results, result.execution_results)}
  end

  def handle_info({:analysis_complete, {:error, reason}}, socket) do
    {:noreply,
     socket
     |> assign(:loading, false)
     |> assign(:error, inspect(reason))}
  end

  def render(assigns) do
    ~H"""
    <div class="max-w-4xl mx-auto p-6">
      <h1 class="text-3xl font-bold mb-6">Incident Response</h1>

      <!-- Input Form -->
      <form phx-submit="analyze" class="mb-8">
        <label class="block text-sm font-medium mb-2">
          Describe the incident
        </label>
        <textarea
          name="incident"
          rows="4"
          class="w-full border rounded-lg p-3 font-mono text-sm"
          placeholder="Our Athena queries for attendance analytics are timing out since this morning..."
          disabled={@loading}
        ><%= @incident %></textarea>
        <button
          type="submit"
          class="mt-3 bg-blue-600 text-white px-6 py-2 rounded-lg disabled:opacity-50"
          disabled={@loading}
        >
          <%= if @loading, do: "Analyzing...", else: "Analyze Incident" %>
        </button>
      </form>

      <!-- Error Display -->
      <%= if @error do %>
        <div class="bg-red-50 border border-red-200 rounded-lg p-4 mb-6">
          <p class="text-red-800"><%= @error %></p>
        </div>
      <% end %>

      <!-- Runbook Display -->
      <%= if @runbook do %>
        <div class="border rounded-lg p-6 mb-6">
          <h2 class="text-xl font-semibold mb-4">Generated Runbook</h2>

          <div class="grid grid-cols-2 gap-4 mb-4">
            <div>
              <span class="text-gray-500">Type:</span>
              <span class="font-medium ml-2"><%= @runbook.incident_type %></span>
            </div>
            <div>
              <span class="text-gray-500">System:</span>
              <span class="font-medium ml-2"><%= @runbook.affected_system %></span>
            </div>
            <div>
              <span class="text-gray-500">Confidence:</span>
              <span class="font-medium ml-2"><%= Float.round(@runbook.confidence * 100, 1) %>%</span>
            </div>
          </div>

          <div class="mb-4">
            <h3 class="font-medium mb-2">Hypotheses</h3>
            <ul class="list-disc list-inside text-gray-700">
              <%= for h <- @runbook.hypotheses do %>
                <li><%= h %></li>
              <% end %>
            </ul>
          </div>

          <div class="mb-4">
            <h3 class="font-medium mb-2">Recommended Actions</h3>
            <div class="space-y-2">
              <%= for action <- @runbook.recommended_actions do %>
                <div class="flex items-center justify-between bg-gray-50 p-3 rounded">
                  <div>
                    <span class="font-mono text-sm"><%= action.action %></span>
                    <%= if action.safe do %>
                      <span class="ml-2 text-xs bg-green-100 text-green-800 px-2 py-1 rounded">SAFE</span>
                    <% else %>
                      <span class="ml-2 text-xs bg-red-100 text-red-800 px-2 py-1 rounded">UNSAFE</span>
                    <% end %>
                  </div>
                  <%= if action.safe do %>
                    <button
                      phx-click="execute_action"
                      phx-value-action_id={action.id}
                      class="text-sm bg-blue-500 text-white px-3 py-1 rounded"
                    >
                      Execute
                    </button>
                  <% end %>
                </div>
              <% end %>
            </div>
          </div>
        </div>
      <% end %>

      <!-- Execution Results -->
      <%= if @results do %>
        <div class="border rounded-lg p-6 bg-gray-900 text-gray-100">
          <h2 class="text-xl font-semibold mb-4">Execution Results</h2>
          <pre class="font-mono text-sm whitespace-pre-wrap"><%= @results %></pre>
        </div>
      <% end %>
    </div>
    """
  end
end
Add the route in lib/incident_response_web/router.ex:
scope "/", IncidentResponseWeb do
  pipe_through :browser

  live "/", IncidentLive
end
Step 8: Deploy to Fly.io
Deploy the application:
fly deploy

Run the database migration:
fly ssh console -C "/app/bin/migrate"

Open the application:
fly open

Usage Example
Input an incident description:
Our Athena queries for attendance analytics are timing out since this morning.
Users report 30+ second waits. No recent deployments.
Claude generates a structured runbook:
{
  "incident_type": "performance_degradation",
  "affected_system": "athena",
  "confidence": 0.82,
  "hypotheses": [
    "partition explosion in attendance_facts table",
    "stale table statistics causing poor query plans",
    "unexpected data volume increase"
  ],
  "checks": [
    {
      "id": "check_partitions",
      "action": "database.table_stats",
      "params": {"table": "attendance_facts"}
    },
    {
      "id": "check_slow_queries",
      "action": "database.slow_queries",
      "params": {"lookback_minutes": 180}
    }
  ],
  "recommended_actions": [
    {
      "id": "recompute_stats",
      "action": "database.analyze_table",
      "params": {"table": "attendance_facts"},
      "safe": true
    },
    {
      "id": "notify_team",
      "action": "alert.notify",
      "params": {"channel": "#data-platform", "message": "Athena perf issue under investigation"},
      "safe": true
    }
  ],
  "rollback_plan": "No destructive actions proposed"
}
The Native executor validates and runs checks:
=== Runbook Execution Results ===

Incident Type: performance_degradation
Affected System: athena
Confidence: 82.0%

Hypotheses:
  - partition explosion in attendance_facts table
  - stale table statistics causing poor query plans
  - unexpected data volume increase

Check Results:
  [OK] check_partitions: Table attendance_facts: 18,432 partitions, last analyzed 3 days ago
  [OK] check_slow_queries: Found 3 slow queries in last 180 minutes (avg 4.2s)

Recommended Actions:
  - recompute_stats: database.analyze_table [SAFE]
  - notify_team: alert.notify [SAFE]

Rollback Plan: No destructive actions proposed
Why This Pattern Works
Clear Separation of Concerns
	Phase	Owner	Responsibility
	Reasoning	Claude	Analyze problem, generate hypotheses
	Planning	Claude	Structure checks and actions
	Validation	Native	Schema enforcement, fail fast
	Safety	Native	Action allow-listing
	Execution	Native	Deterministic, auditable

Artifact-Driven
The JSON runbook is:
	Inspectable: Review before execution
	Testable: Unit test the schema
	Replayable: Re-run checks without Claude
	Auditable: Store in Tigris for compliance

Production-Ready
	No LLM executing infrastructure changes
	Native code is the trust boundary
	Safe actions clearly marked
	Unsafe actions require explicit approval

Testing Locally
For local development without Fly.io:
# Set API key
export ANTHROPIC_API_KEY=sk-ant-...

# Run the app
mix phx.server

Test the agent directly in IEx:
iex> IncidentResponse.Agent.analyze("Database queries are slow")
{:ok, %{runbook: %{...}, execution_results: "..."}}
Next Steps
	Add real service integrations (replace simulated checks)
	Implement approval workflow for unsafe actions
	Add runbook versioning and history
	Create Slack/PagerDuty integration for alert.notify
	Add telemetry dashboards with Fly.io Metrics

See Also
	Storage Strategy ADR
	Native Elixir Skills
	Unified Backend Patterns
	Tigris Documentation
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    Architecture Decision Records

This directory contains Architecture Decision Records (ADRs) for Conjure.
ADRs document significant architectural decisions made during the development of this project, providing context for future contributors and maintainers.
Index
	ID	Title	Status
	ADR-0001	Use ADR format for architectural decisions	Accepted
	ADR-0002	Pluggable executor architecture via behaviours	Accepted
	ADR-0003	ZIP format for .skill packages	Accepted
	ADR-0004	API-client agnostic design	Accepted
	ADR-0005	Progressive disclosure for token efficiency	Accepted
	ADR-0006	XML format for system prompt fragments	Accepted
	ADR-0007	YAML frontmatter in SKILL.md	Accepted
	ADR-0008	GenServer-based skill registry	Accepted
	ADR-0009	Local executor without sandboxing	Accepted
	ADR-0010	Docker as recommended production executor	Accepted
	ADR-0011	Anthropic Skills API Integration	Proposed
	ADR-0012	Mix tasks for developer experience	Proposed
	ADR-0013	Docker infrastructure and image distribution	Proposed
	ADR-0014	Centralized security module	Proposed
	ADR-0015	Configuration-driven skill loading	Proposed
	ADR-0016	Test strategy for external dependencies	Proposed
	ADR-0017	Skill caching and hot-reload	Proposed
	ADR-0018	Artifact References	Proposed
	ADR-0019	Unified Execution Model	Proposed
	ADR-0020	Backend Behaviour Architecture	Accepted
	ADR-0021	Hybrid Multi-Backend Sessions	Proposed
	ADR-0022	Pluggable Storage Strategy	Proposed

ADR Format
Each ADR follows this structure:
# ADR-NNNN: Title

## Status
Proposed | Accepted | Deprecated | Superseded by [ADR-NNNN](link)

## Context
What is the issue that we're seeing that is motivating this decision?

## Decision
What is the change that we're proposing and/or doing?

## Consequences
What becomes easier or more difficult because of this change?
Creating New ADRs
	Copy the template from 0000-template.md
	Use the next available number
	Fill in all sections
	Update this README index
	Submit for review

References
	Michael Nygard's article on ADRs
	ADR GitHub organization
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    ADR-0001: Use ADR format for architectural decisions

Status
Accepted
Context
Conjure involves numerous architectural decisions that affect the library's design, extensibility, and long-term maintainability. These decisions include:
	How skills are loaded and parsed
	Execution environment isolation strategies
	API design philosophy
	Security boundaries

Without documentation, the rationale behind these decisions is lost. Future contributors may:
	Unknowingly revert to previously rejected approaches
	Misunderstand the constraints that shaped the design
	Waste effort re-evaluating settled decisions

Decision
We will use Architecture Decision Records (ADRs) to document significant architectural decisions.
Each ADR will:
	Be numbered sequentially (ADR-NNNN)
	Be stored in docs/adr/
	Follow a consistent format with Status, Context, Decision, and Consequences sections
	Be immutable once accepted (superseded rather than edited)

A decision is considered "architecturally significant" if it:
	Affects the structure of the codebase
	Constrains future development options
	Has security implications
	Involves non-obvious tradeoffs

Consequences
Positive
	Decisions are preserved with their original context
	New contributors can understand why things are the way they are
	Forces explicit articulation of tradeoffs
	Creates a historical record of the project's evolution

Negative
	Additional documentation overhead
	ADRs can become stale if not maintained
	May slow down decision-making if over-applied

Neutral
	ADRs are not a substitute for code comments or API documentation
	The index must be kept up to date manually

References
	Michael Nygard - Documenting Architecture Decisions
	ADR GitHub organization
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    ADR-0002: Pluggable executor architecture via behaviours

Status
Accepted
Context
Conjure must execute tool calls (bash commands, file operations) in various environments:
	Local development: Fast iteration, no isolation needed
	Production: Strong isolation via containers
	Custom environments: Firecracker microVMs, Kubernetes pods, remote VMs

Note: Anthropic's Skills API provides an alternative hosted execution model, but it is NOT an executor implementation. See ADR-0011 for details on Skills API integration.

A single execution strategy cannot satisfy all use cases. Different deployments have different:
	Security requirements
	Performance characteristics
	Available infrastructure
	Compliance constraints

Elixir provides behaviours as a first-class abstraction for defining pluggable interfaces with compile-time guarantees.
Decision
We will define a Conjure.Executor behaviour that all execution backends must implement.
defmodule Conjure.Executor do
  @callback bash(command :: String.t(), context :: ExecutionContext.t()) :: result()
  @callback view(path :: Path.t(), context :: ExecutionContext.t(), opts :: keyword()) :: result()
  @callback create_file(path :: Path.t(), content :: String.t(), context :: ExecutionContext.t()) :: result()
  @callback str_replace(path :: Path.t(), old_str :: String.t(), new_str :: String.t(), context :: ExecutionContext.t()) :: result()
  @callback init(context :: ExecutionContext.t()) :: {:ok, ExecutionContext.t()} | {:error, term()}
  @callback cleanup(context :: ExecutionContext.t()) :: :ok

  @optional_callbacks [init: 1, cleanup: 1]
end
Executor selection is explicit at the call site:
Conjure.execute(tool_call, skills, executor: Conjure.Executor.Docker)
We will provide two built-in executors:
	Conjure.Executor.Local - Direct execution via System.cmd
	Conjure.Executor.Docker - Container-isolated execution

Note: Anthropic's Skills API (see ADR-0011) provides hosted execution but uses a different integration pattern—it is not an executor implementation.

Consequences
Positive
	Users can implement custom executors for their infrastructure
	Behaviour provides compile-time contract verification
	Clear separation between execution strategy and business logic
	Easy to test with mock executors
	No runtime overhead from abstraction (direct function calls)

Negative
	Users must explicitly choose an executor (no "smart" default)
	Each executor must implement all callbacks, even if some are no-ops
	Executor bugs can be hard to diagnose across abstraction boundary

Neutral
	init/1 and cleanup/1 are optional for stateless executors
	Context is threaded through all calls for consistency

Alternatives Considered
Protocol-based dispatch
Using Elixir protocols would allow executor selection based on the execution context type. Rejected because:
	Protocols dispatch on data type, but executor choice is a deployment decision
	Would require wrapper structs for each executor
	Less explicit than module-based selection

GenServer-based executors
Each executor could be a GenServer managing its own state. Rejected because:
	Adds process overhead for simple local execution
	Complicates the API with async patterns
	State management is better handled at the session level

Configuration-only selection
Executor could be set globally via application config. Rejected because:
	Prevents per-request executor selection
	Makes testing harder
	Reduces flexibility for mixed environments

References
	Elixir Behaviours documentation
	Designing for Testability in Elixir
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    ADR-0003: ZIP format for .skill packages

Status
Accepted
Context
Skills consist of multiple files:
my-skill/
├── SKILL.md
├── scripts/
│   └── helper.py
├── references/
│   └── api_docs.md
└── assets/
    └── template.xlsx
For distribution and sharing, these files need to be packaged into a single artifact. Requirements:
	Single-file distribution: Easy to share, download, install
	Preserve structure: Directory hierarchy must be maintained
	Cross-platform: Works on Linux, macOS, Windows
	Tooling availability: Users should be able to create packages without special tools
	Erlang/OTP support: Native handling without external dependencies

Decision
We will use ZIP archives with a .skill extension for packaged skills.
A .skill file is a standard ZIP archive containing the skill directory structure:
# Creating a package
zip -r my-skill.skill my-skill/

# The archive contains:
my-skill.skill
├── SKILL.md
├── scripts/helper.py
├── references/api_docs.md
└── assets/template.xlsx

Loading uses Erlang's built-in :zip module:
def extract_skill_file(path) do
  with {:ok, files} <- :zip.unzip(String.to_charlist(path), [:memory]) do
    # Process files...
  end
end
The .skill extension:
	Clearly identifies the file type
	Allows OS-level file associations
	Distinguishes from generic ZIP archives

Consequences
Positive
	ZIP is universally supported across all platforms
	Erlang's :zip module requires no external dependencies
	Users can create packages with standard tools (zip, file managers)
	Can be extracted and inspected with standard tools
	Supports compression for smaller distribution size
	Memory-efficient extraction (can extract to memory or disk)

Negative
	No built-in signing or verification (integrity must be handled separately)
	No streaming extraction (entire file must be accessible)
	ZIP has known vulnerabilities (zip bombs, path traversal) requiring validation

Neutral
	Extension is arbitrary; .skill was chosen for clarity
	Compression level is implementation-defined
	No metadata beyond what's in SKILL.md

Alternatives Considered
Tarball (.tar.gz)
Standard Unix archive format. Rejected because:
	Less native support on Windows
	Erlang's :erl_tar is less battle-tested than :zip
	Two-step process (tar then gzip)

Custom binary format
A purpose-built format with headers, checksums, signatures. Rejected because:
	Requires custom tooling to create packages
	Higher implementation complexity
	No ecosystem tooling support

No packaging (directory only)
Require skills to always be directories. Rejected because:
	Harder to distribute (must zip anyway, or use git)
	No single-file installation story
	Conflicts with Anthropic's skill distribution plans

OCI/Container images
Package skills as container images. Rejected because:
	Massive overhead for small file bundles
	Requires container runtime to extract
	Conflates skill content with execution environment

Security Considerations
When extracting .skill files, we must:
	Validate paths: Reject entries with .. or absolute paths (zip slip attack)
	Limit size: Reject archives or entries exceeding size limits (zip bomb)
	Validate structure: Ensure SKILL.md exists at expected location
	Sanitize filenames: Handle special characters and encoding

References
	Erlang :zip module
	Zip Slip Vulnerability
	Anthropic Agent Skills format
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    ADR-0004: API-client agnostic design

Status
Accepted
Context
Conjure needs to interact with the Claude API to:
	Send system prompts with skill information
	Receive responses containing tool calls
	Send tool results back to Claude

The Elixir ecosystem has multiple HTTP clients and API wrapper patterns:
	HTTPoison, Finch, Req, Mint (HTTP clients)
	Tesla (middleware-based client)
	Custom wrappers with retry logic, telemetry, authentication
	Official Anthropic SDKs (when available for Elixir)

Different organizations have different:
	HTTP client preferences
	Authentication patterns (API keys, OAuth, service accounts)
	Retry and backoff strategies
	Rate limiting requirements
	Observability integrations

Building a Claude API client into Conjure would:
	Force HTTP client choice on users
	Duplicate effort with existing clients
	Create maintenance burden for API changes
	Limit flexibility for enterprise deployments

Decision
We will not implement a Claude API client. Conjure will be API-client agnostic.
Instead, we will:
	Accept callbacks for API interactions:

Conjure.Conversation.run_loop(
  messages,
  skills,
  fn messages -> MyApp.Claude.call(messages) end,  # User provides this
  opts
)
	Provide helper functions for request/response formatting:

# Build the tools parameter for API requests
tools = Conjure.API.build_tools_param(skills)

# Build system prompt with skills fragment
system = Conjure.API.build_system_prompt(base_prompt, skills)

# Parse tool_use blocks from response
{:ok, parsed} = Conjure.API.parse_response(api_response)

# Format tool results for next request
message = Conjure.API.format_tool_results_message(results)
	Document integration patterns for common clients in the README and examples.

Consequences
Positive
	Users keep full control over HTTP layer
	Works with any Claude API client or wrapper
	No HTTP client dependency in Conjure
	Users can apply their own retry, rate limiting, caching strategies
	Supports custom authentication (API keys, OAuth, etc.)
	Future-proof against API changes (users update their client)

Negative
	More setup required for new users
	Users must understand Claude API message format
	No "batteries included" experience
	Example code needed for each HTTP client

Neutral
	Helper functions handle the Conjure-specific formatting
	Response parsing is provided but optional
	Users can bypass helpers for custom integrations

Alternatives Considered
Built-in HTTP client with optional override
Provide a default client that users can replace. Rejected because:
	Still forces an HTTP dependency
	"Optional override" patterns are confusing
	Maintenance burden for a non-core feature

Behaviour-based client abstraction
Define a Conjure.APIClient behaviour. Rejected because:
	Over-engineered for simple HTTP calls
	Callbacks are simpler and more flexible
	Behaviours imply Conjure manages the client lifecycle

Require a specific client library
Depend on a popular client like Req. Rejected because:
	Forces dependency choice on all users
	May conflict with existing project setup
	Limits enterprise customization

Integration Examples
With Req
defp call_claude(messages, system, tools) do
  Req.post!("https://api.anthropic.com/v1/messages",
    json: %{model: "claude-sonnet-4-5-20250929", system: system, messages: messages, tools: tools},
    headers: [{"x-api-key", api_key()}, {"anthropic-version", "2023-06-01"}]
  ).body
end
With HTTPoison
defp call_claude(messages, system, tools) do
  body = Jason.encode!(%{model: "claude-sonnet-4-5-20250929", ...})
  {:ok, resp} = HTTPoison.post(url, body, headers)
  Jason.decode!(resp.body)
end
References
	Anthropic API Documentation
	Req HTTP client
	Tesla middleware client
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    ADR-0005: Progressive disclosure for token efficiency

Status
Accepted
Context
Claude models have context window limits (currently 200K tokens). System prompts consume tokens on every API call. When loading many skills, the full content of all skills could consume significant context:
	A skill's SKILL.md body may be 1,000-5,000 tokens
	Scripts and references add more
	Loading 20 skills with full content = 20,000-100,000+ tokens

However, in any given conversation, Claude typically uses 0-3 skills. Loading all skill content upfront wastes tokens.
Anthropic's Agent Skills specification addresses this with progressive disclosure:
	Level 1: Metadata only (name + description) - ~50-100 tokens per skill
	Level 2: Full SKILL.md body - loaded on demand
	Level 3: Resources (scripts, references) - loaded on demand

Decision
We will implement progressive disclosure with lazy loading semantics.
Initial load captures metadata only:
{:ok, skills} = Conjure.load("/path/to/skills")

# Each skill has:
# - name, description, path (loaded)
# - body_loaded: false
# - body: nil
System prompt includes only metadata:
<skill>
  <name>pdf</name>
  <description>PDF manipulation toolkit...</description>
  <location>/path/to/skills/pdf/SKILL.md</location>
</skill>
Claude reads full content via the view tool when needed:
# Claude calls: view(path: "/path/to/skills/pdf/SKILL.md")
# Executor returns full SKILL.md content
Conjure provides explicit loading for programmatic access:
# Load body into struct (optional, for introspection)
{:ok, skill_with_body} = Conjure.load_body(skill)

# Read a resource file
{:ok, content} = Conjure.read_resource(skill, "scripts/helper.py")
Consequences
Positive
	Minimal token usage for skill discovery (~100 tokens per skill)
	Scales to large skill libraries without context exhaustion
	Claude decides which skills to fully load based on task
	Aligns with Anthropic's specification
	Reduces API costs (fewer input tokens)

Negative
	Additional tool calls required to load skill content
	Slightly higher latency for skill usage (view call overhead)
	Claude may fail to load skill content in edge cases
	Debugging requires understanding lazy loading

Neutral
	body_loaded flag tracks loading state
	Resources are always lazy-loaded (no bulk loading)
	Skill location must be a valid, accessible path

Implementation Details
Skill Struct
defstruct [
  :name,
  :description,
  :path,
  :license,
  :compatibility,
  metadata: %{},
  body: nil,
  body_loaded: false,
  resources: %{scripts: [], references: [], assets: [], other: []}
]
Loading Flow
Conjure.load("/skills")
    │
    ├── Scan for SKILL.md files
    │
    ├── For each SKILL.md:
    │   ├── Read file
    │   ├── Parse YAML frontmatter (name, description, etc.)
    │   ├── Store body separately (NOT in struct)
    │   ├── Scan resource directories
    │   └── Return Skill struct with body_loaded: false
    │
    └── Return list of Skill structs
Token Budget Example
	Scenario	Skills	Tokens (Full Load)	Tokens (Progressive)
	Small	5	15,000	500
	Medium	20	60,000	2,000
	Large	50	150,000	5,000

Alternatives Considered
Always load full content
Simple but wasteful. Rejected because:
	Doesn't scale beyond a handful of skills
	Wastes tokens on unused skills
	May exceed context limits

Hybrid loading with heuristics
Pre-load "likely needed" skills based on user query. Rejected because:
	Prediction is unreliable
	Adds complexity without guaranteed benefit
	Claude is better at determining relevance

Streaming skill content
Return skill content in chunks. Rejected because:
	Over-engineered for text files
	Claude needs full context for instructions
	Complicates tool response handling

References
	Anthropic Agent Skills Specification
	Claude Context Window
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    ADR-0006: XML format for system prompt fragments

Status
Accepted
Context
Conjure generates a fragment to append to the user's system prompt, containing:
	Available skills (name, description, location)
	Instructions for skill usage
	Tool discovery guidance

This content must be:
	Clearly delimited from other system prompt content
	Parseable by Claude for skill identification
	Human-readable for debugging
	Consistent with Claude's training and expectations

Claude models are trained to recognize and follow structured formats in prompts. The choice of format affects:
	How reliably Claude identifies and uses skills
	Token efficiency
	Maintainability and debugging

Decision
We will use XML format for system prompt skill fragments.
<skills>
<skills_description>
Claude has access to a set of skills that extend its capabilities.
To use a skill, read its SKILL.md file using the view tool.
</skills_description>

<available_skills>
<skill>
<name>pdf</name>
<description>PDF manipulation toolkit for extraction, creation, and editing.</description>
<location>/path/to/skills/pdf/SKILL.md</location>
</skill>

<skill>
<name>docx</name>
<description>Word document processing with formatting preservation.</description>
<location>/path/to/skills/docx/SKILL.md</location>
</skill>
</available_skills>

<skill_usage_instructions>
When a task matches a skill's description:
1. Use the view tool to read the skill's SKILL.md file
2. Follow the instructions in the skill
3. Use additional resources as directed
</skill_usage_instructions>
</skills>
Consequences
Positive
	Claude reliably recognizes XML-structured content
	Clear semantic boundaries (<skill>, <name>, etc.)
	Consistent with Anthropic's own prompt engineering patterns
	Human-readable and debuggable
	Easy to parse programmatically if needed
	Self-documenting structure

Negative
	Slightly more tokens than minimal formats (tags add overhead)
	XML escaping required for special characters in descriptions
	Verbose compared to JSON or YAML

Neutral
	No schema validation (informal structure)
	Whitespace handling is lenient
	Nested content is rare (mostly leaf elements)

Token Analysis
For a typical skill entry:
<skill>
<name>pdf</name>
<description>PDF manipulation toolkit for extracting text and tables, creating new PDFs, merging/splitting documents, and handling forms.</description>
<location>/path/to/skills/pdf/SKILL.md</location>
</skill>
	XML tags: ~20 tokens
	Content: ~40 tokens
	Total: ~60 tokens per skill

Wrapper and instructions: ~100 tokens fixed overhead
Total for 10 skills: ~700 tokens (acceptable)
Alternatives Considered
JSON format
{"skills": [{"name": "pdf", "description": "..."}]}
Rejected because:
	Less natural for Claude to parse in prose context
	Quotes and escaping add visual noise
	Not self-describing (requires schema knowledge)

YAML format
skills:
  - name: pdf
    description: ...
Rejected because:
	Indentation-sensitive (fragile in prompts)
	Less common in Claude's training data for system prompts
	Harder to visually scan

Markdown format
## Available Skills

### pdf
PDF manipulation toolkit...
Rejected because:
	Ambiguous parsing (where does one skill end?)
	No clear semantic structure
	Conflicts with user's own markdown content

Plain text with delimiters
--- SKILLS ---
pdf: PDF manipulation toolkit...
--- END SKILLS ---
Rejected because:
	No standard structure
	Hard to add metadata (location, etc.)
	Fragile delimiter matching

Alignment with Anthropic Patterns
Anthropic's documentation and examples frequently use XML for structured prompt content:
	<example> tags for few-shot examples
	<context> for background information
	<instructions> for behavioral guidance

Using XML for skills aligns with these established patterns.
References
	Anthropic Prompt Engineering Guide
	Claude's XML Understanding
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    ADR-0007: YAML frontmatter in SKILL.md

Status
Accepted
Context
Each skill requires structured metadata:
	Required: name, description
	Optional: license, compatibility, allowed_tools, version

This metadata must be:
	Co-located with skill instructions (single file)
	Human-readable and editable
	Machine-parseable
	Familiar to developers

The SKILL.md file serves dual purposes:
	For Claude: Instructions on how to use the skill
	For Conjure: Metadata for loading and prompt generation

These concerns must be cleanly separated within a single file.
Decision
We will use YAML frontmatter delimited by --- markers at the start of SKILL.md files.
---
name: pdf
description: >
  Comprehensive PDF manipulation toolkit for extracting text and tables,
  creating new PDFs, merging/splitting documents, and handling forms.
license: MIT
compatibility: python3, poppler-utils
allowed-tools: Bash(pdftotext:*) Read Write
---

# PDF Skill

Detailed instructions for Claude on using this skill...
Parsing extracts frontmatter and body separately:
def parse_frontmatter(content) do
  case Regex.run(~r/\A---\n(.+?)\n---\n(.*)/s, content) do
    [_, yaml, body] ->
      {:ok, frontmatter} = YamlElixir.read_from_string(yaml)
      {:ok, frontmatter, body}
    nil ->
      {:error, :no_frontmatter}
  end
end
Consequences
Positive
	Standard format used by Jekyll, Hugo, Docusaurus, etc.
	Developers already familiar with the pattern
	YAML is human-friendly (no quotes for simple strings)
	Clean separation of metadata from content
	Markdown body renders correctly (frontmatter hidden in viewers)
	Multi-line descriptions via YAML block scalars (>, |)

Negative
	YAML parsing edge cases (indentation, special characters)
	Requires YAML library dependency (yaml_elixir)
	Frontmatter must be at file start (no flexibility)
	Limited validation (no schema enforcement by default)

Neutral
	--- delimiter is conventional but arbitrary
	YAML version/spec is implicit (1.1 vs 1.2)
	Empty frontmatter (---\n---\n) is valid

Schema Definition
Required Fields
	Field	Type	Description
	name	string	Skill identifier (lowercase, alphanumeric, hyphens)
	description	string	Comprehensive description including usage triggers

Optional Fields
	Field	Type	Description
	license	string	SPDX identifier or license reference
	version	string	Semantic version (e.g., "1.2.0")
	compatibility.products	list	Supported products (claude.ai, claude-code, api)
	compatibility.packages	list	Required system packages
	allowed_tools	list	Tools this skill may use

Validation Rules
def validate_frontmatter(fm) do
  with :ok <- require_field(fm, "name"),
       :ok <- require_field(fm, "description"),
       :ok <- validate_name_format(fm["name"]) do
    :ok
  end
end

defp validate_name_format(name) do
  if Regex.match?(~r/^[a-z0-9][a-z0-9-]*$/, name) do
    :ok
  else
    {:error, {:invalid_name, "must be lowercase alphanumeric with hyphens"}}
  end
end
Alternatives Considered
TOML frontmatter
+++
name = "pdf"
description = "..."
+++
Rejected because:
	Less common than YAML frontmatter
	TOML syntax less familiar to most developers
	Would require different delimiter (+++)

JSON frontmatter
{
  "name": "pdf",
  "description": "..."
}
Rejected because:
	Requires quotes for all strings (verbose)
	No multi-line string support without escaping
	Less readable for humans

Separate metadata file
my-skill/
├── SKILL.md
└── skill.yaml
Rejected because:
	Two files to manage
	Harder to share/review
	Metadata can drift from content

Inline metadata markers
<!-- skill:name=pdf -->
<!-- skill:description=... -->

# PDF Skill
Rejected because:
	Verbose for complex metadata
	No standard parsing
	Hard to read and maintain

Dependencies
This decision requires adding yaml_elixir to dependencies:
{:yaml_elixir, "~> 2.9"}
References
	YAML Frontmatter convention
	yaml_elixir library
	YAML 1.2 Specification
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    ADR-0008: GenServer-based skill registry

Status
Accepted
Context
Applications using Conjure need to:
	Load skills at startup
	Access skills throughout the application lifecycle
	Optionally reload skills at runtime (config changes, hot updates)
	Share skills across processes efficiently

Two patterns are possible:
Functional/Stateless: Load skills, pass them explicitly everywhere
{:ok, skills} = Conjure.load("/path")
Conjure.execute(tool_call, skills, opts)
Stateful/GenServer: Register skills once, access by name
# At startup
{:ok, _} = Conjure.Registry.start_link(paths: ["/path"])

# Anywhere in application
skills = Conjure.Registry.list()
skill = Conjure.Registry.get("pdf")
OTP applications commonly use supervision trees with named processes for shared state.
Decision
We will provide Conjure.Registry as an optional GenServer for stateful skill management.
The Registry:
	Loads skills from configured paths at startup
	Stores skills in process state (or ETS for concurrent access)
	Provides lookup by name
	Supports runtime reloading
	Integrates with supervision trees

defmodule Conjure.Registry do
  use GenServer

  # Client API
  def start_link(opts \\ [])
  def list(server \\ __MODULE__)
  def get(server \\ __MODULE__, name)
  def reload(server \\ __MODULE__)
  def register(server \\ __MODULE__, skills)

  # Also provide pure functional alternatives
  def index(skills)  # Create lookup map
  def find(index, name)  # Find in map
end
Usage in supervision tree:
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    children = [
      {Conjure.Registry, name: MyApp.Skills, paths: ["/path/to/skills"]}
    ]
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
The functional API remains available for users who prefer explicit state:
{:ok, skills} = Conjure.load("/path")
index = Conjure.Registry.index(skills)
skill = Conjure.Registry.find(index, "pdf")
Consequences
Positive
	OTP-compliant design fits Elixir ecosystem conventions
	Supervision ensures skills survive process crashes
	Named process enables global access without passing state
	Runtime reloading for dynamic environments
	ETS-backed storage enables concurrent reads without contention
	Clear separation: Registry for state, other modules for logic

Negative
	Additional complexity for simple use cases
	Process naming can conflict in umbrella apps
	Global state makes testing slightly harder (must start/stop registry)
	Must handle registry not started errors

Neutral
	GenServer is optional; functional API always available
	Multiple registries can coexist with different names
	Registry doesn't own execution (just stores skills)

Implementation Details
State Structure
defmodule State do
  defstruct [
    :paths,
    :skills,
    :index,
    :ets_table
  ]
end
ETS for Concurrent Access
For high-concurrency scenarios, skills are stored in ETS:
def init(opts) do
  table = :ets.new(__MODULE__, [:set, :protected, read_concurrency: true])
  paths = Keyword.get(opts, :paths, [])

  {:ok, skills} = load_from_paths(paths)

  Enum.each(skills, fn skill ->
    :ets.insert(table, {skill.name, skill})
  end)

  {:ok, %State{paths: paths, skills: skills, ets_table: table}}
end

def handle_call({:get, name}, _from, state) do
  result = case :ets.lookup(state.ets_table, name) do
    [{^name, skill}] -> skill
    [] -> nil
  end
  {:reply, result, state}
end
Reload Semantics
def handle_call(:reload, _from, state) do
  case load_from_paths(state.paths) do
    {:ok, skills} ->
      :ets.delete_all_objects(state.ets_table)
      Enum.each(skills, &:ets.insert(state.ets_table, {&1.name, &1}))
      {:reply, :ok, %{state | skills: skills}}

    {:error, reason} ->
      # Keep old skills on reload failure
      {:reply, {:error, reason}, state}
  end
end
Alternatives Considered
Application environment only
Store skills in application env. Rejected because:
	Not process-safe for updates
	No lifecycle management
	Awkward for multiple skill sets

Agent instead of GenServer
Simpler state wrapper. Rejected because:
	Less control over initialization
	No handle_info for future features (file watching)
	GenServer is standard for this pattern

Persistent term storage
Use :persistent_term for near-zero lookup cost. Rejected because:
	Global mutable state is dangerous
	Expensive to update (copies entire term)
	Overkill for typical skill counts

No registry (functional only)
Only provide functional loading. Rejected because:
	Forces users to solve state management
	Inconsistent with OTP conventions
	Makes runtime reload harder

Testing Considerations
# In tests, start registry in setup
setup do
  start_supervised!({Conjure.Registry, paths: ["test/fixtures/skills"]})
  :ok
end

# Or use functional API for isolation
test "loads skill" do
  {:ok, skills} = Conjure.load("test/fixtures/skills")
  assert length(skills) == 2
end
References
	Elixir GenServer documentation
	ETS documentation
	Registry (Elixir stdlib)
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    ADR-0009: Local executor without sandboxing

Status
Accepted
Context
Conjure must execute commands and file operations from skill instructions. The simplest implementation uses Elixir's System.cmd/3 to run commands directly on the host:
System.cmd("bash", ["-c", command], opts)
This provides no isolation between skill execution and the host system. A malicious or buggy skill could:
	Read/write any file accessible to the BEAM process
	Execute arbitrary commands
	Access network resources
	Consume unlimited resources
	Access environment variables and secrets

For production deployments, this is unacceptable. However, sandboxing adds complexity:
	Docker requires daemon installation and permissions
	Firecracker/gVisor require specialized setup
	seccomp/AppArmor require Linux-specific configuration
	All isolation mechanisms add latency

During development and testing, developers often:
	Run trusted skills they wrote themselves
	Need fast iteration without container overhead
	Work on systems without Docker (Windows without WSL, restricted environments)
	Debug skill behavior with direct filesystem access

Decision
We will provide Conjure.Executor.Local as an unsandboxed executor for development use only.
The module will:
	Execute commands directly via System.cmd/3
	Perform file operations via Elixir's File module
	Include prominent documentation warnings
	Log warnings when used
	Be explicitly named to indicate its nature

defmodule Conjure.Executor.Local do
  @moduledoc """
  Local execution backend using System.cmd.

  ## Security Warning

  This executor provides NO SANDBOXING. Commands and file operations
  execute with the same permissions as the BEAM process.

  **DO NOT USE IN PRODUCTION** unless you fully trust all loaded skills
  and accept the security implications.

  For production deployments, use `Conjure.Executor.Docker` or implement
  a custom executor with appropriate isolation.
  """

  require Logger

  @behaviour Conjure.Executor

  @impl true
  def init(context) do
    Logger.warning(
      "[Conjure] Using Local executor - NO SANDBOXING. " <>
      "Do not use in production with untrusted skills."
    )
    {:ok, context}
  end

  @impl true
  def bash(command, context) do
    System.cmd("bash", ["-c", command],
      cd: context.working_directory,
      stderr_to_stdout: true
    )
    |> handle_result()
  end

  # ... other implementations
end
The Local executor will be the default only if no other executor is configured, ensuring users make an explicit choice for production.
Consequences
Positive
	Zero setup required for development
	Fast execution (no container overhead)
	Works on any platform with Elixir
	Simple debugging (direct filesystem access)
	No external dependencies
	Enables rapid skill development iteration

Negative
	Security risk if misused in production
	No resource limits (memory, CPU, time)
	No filesystem isolation
	No network isolation
	Users may forget to switch executors for production

Neutral
	Warnings logged on every initialization
	Documentation emphasizes security implications
	Production configuration should explicitly set Docker executor

Mitigations
While we accept the security tradeoffs for development, we implement some basic protections:
1. Path Validation
def view(path, context, _opts) do
  with {:ok, safe_path} <- validate_path(path, context.allowed_paths) do
    File.read(safe_path)
  end
end

defp validate_path(path, allowed_paths) do
  normalized = Path.expand(path)

  if Enum.any?(allowed_paths, &String.starts_with?(normalized, Path.expand(&1))) do
    {:ok, normalized}
  else
    {:error, :path_not_allowed}
  end
end
2. Timeout Enforcement
def bash(command, context) do
  task = Task.async(fn ->
    System.cmd("bash", ["-c", command], opts)
  end)

  case Task.yield(task, context.timeout) || Task.shutdown(task) do
    {:ok, result} -> handle_result(result)
    nil -> {:error, :timeout}
  end
end
3. Configuration Warnings
# In production config
config :conjure, executor: Conjure.Executor.Docker

# If Local is used in prod, log error on startup
def check_executor_safety do
  if Mix.env() == :prod and executor() == Conjure.Executor.Local do
    Logger.error(
      "[Conjure] Local executor used in production! " <>
      "This is a security risk. Set `config :conjure, executor: Conjure.Executor.Docker`"
    )
  end
end
Alternatives Considered
No local executor
Require Docker or other sandbox for all execution. Rejected because:
	Blocks development on systems without Docker
	Adds friction for getting started
	Hurts adoption

Local with seccomp/Landlock
Use Linux security modules for some isolation. Rejected because:
	Linux-only
	Complex configuration
	Partial protection gives false confidence

Local with user namespaces
Run as unprivileged user. Rejected because:
	Linux-only
	Still allows network access
	Complex setup

Warn once only
Only log warning on first use. Rejected because:
	Easy to miss in logs
	Subsequent sessions won't see warning
	Per-init warning is minimal overhead

References
	System.cmd/3 documentation
	OWASP Command Injection
	Docker security best practices
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    ADR-0010: Docker as recommended production executor

Status
Accepted
Context
Production deployments require isolated execution of skill commands. Isolation must protect against:
	Filesystem access: Skills should only access designated directories
	Network access: Skills should not exfiltrate data or attack internal services
	Resource consumption: Skills should not exhaust CPU, memory, or disk
	Process escape: Skills should not affect other processes or the host

Available isolation technologies:
	Technology	Isolation Level	Portability	Setup Complexity	Performance
	Docker	Strong	High	Low	Good
	Podman	Strong	Medium	Low	Good
	Firecracker	Very Strong	Low	High	Excellent
	gVisor	Very Strong	Low	Medium	Fair
	VM (QEMU)	Complete	High	High	Poor
	seccomp/Landlock	Partial	Linux only	Medium	Excellent

Docker provides the best balance of:
	Widespread availability (most servers have it)
	Strong isolation (namespaces, cgroups, seccomp)
	Developer familiarity
	Reasonable performance
	Cross-platform support

Decision
We will provide Conjure.Executor.Docker as the recommended production executor.
Container Model
Each skill execution session runs in a fresh container:
def init(context) do
  volumes = [
    {context.skills_root, "/mnt/skills", :ro},      # Skills read-only
    {context.working_directory, "/workspace", :rw}   # Working dir read-write
  ]

  args = [
    "run", "-d",
    "--rm",
    "--network=none",
    "--memory=#{config.memory_limit}",
    "--cpus=#{config.cpu_limit}",
    "--security-opt=no-new-privileges",
    "--read-only",
    "--tmpfs=/tmp:size=100M",
    volume_args(volumes),
    config.image,
    "tail", "-f", "/dev/null"  # Keep container alive
  ]

  {container_id, 0} = System.cmd("docker", args)
  {:ok, %{context | container_id: String.trim(container_id)}}
end
Commands execute in the running container:
def bash(command, context) do
  {output, exit_code} = System.cmd("docker", [
    "exec",
    "-w", "/workspace",
    context.container_id,
    "bash", "-c", command
  ], stderr_to_stdout: true)

  case exit_code do
    0 -> {:ok, output}
    _ -> {:error, {:exit_code, exit_code, output}}
  end
end
Cleanup removes the container:
def cleanup(context) do
  System.cmd("docker", ["rm", "-f", context.container_id])
  :ok
end
Default Image
We will provide a default sandbox image with common tools:
FROM ubuntu:24.04

# System packages
RUN apt-get update && apt-get install -y \
    python3.12 python3-pip python3-venv \
    nodejs npm \
    bash git curl wget jq \
    poppler-utils qpdf \
    && rm -rf /var/lib/apt/lists/*

# Python packages (matching Anthropic's skill environment)
RUN pip3 install --break-system-packages \
    pyarrow openpyxl xlsxwriter pillow \
    python-pptx python-docx pypdf pdfplumber \
    reportlab pandas numpy matplotlib pyyaml

# Non-root user
RUN useradd -m -s /bin/bash -u 1000 sandbox
USER sandbox
WORKDIR /workspace

ENV PYTHONUNBUFFERED=1
Build via Mix task:
mix conjure.docker.build

Consequences
Positive
	Strong isolation with well-understood security model
	Resource limits enforced (memory, CPU)
	Network isolation by default
	Works with existing Docker infrastructure
	Familiar to operations teams
	Container images are immutable and auditable
	Easy to customize image for specific needs

Negative
	Docker daemon required on host
	Container startup latency (~100-500ms per session)
	Disk space for images
	Docker socket access may be restricted in some environments
	Windows requires Docker Desktop or WSL2

Neutral
	Container per session (not per command) balances isolation and performance
	Read-only root filesystem with tmpfs for temp files
	Skills mounted read-only, working directory read-write

Configuration Options
config :conjure, :executor_config,
  docker: %{
    image: "conjure/sandbox:latest",
    memory_limit: "512m",
    cpu_limit: "1.0",
    network: :none,          # :none | :bridge | :host
    read_only: true,
    tmpfs_size: "100M",
    user: "sandbox",
    security_opts: ["no-new-privileges"]
  }
Security Hardening
1. No New Privileges
--security-opt=no-new-privileges

Prevents privilege escalation via setuid binaries.
2. Read-Only Root
--read-only --tmpfs=/tmp:size=100M

Container filesystem is immutable; only /tmp and mounted volumes are writable.
3. Dropped Capabilities
--cap-drop=ALL

Remove all Linux capabilities (optional, may break some tools).
4. Seccomp Profile
--security-opt=seccomp=/path/to/profile.json

Restrict available system calls (custom profile can be provided).
5. Network Isolation
--network=none

No network access by default. Skills requiring network must explicitly configure.
Performance Considerations
Container Reuse
For high-throughput scenarios, containers can be pooled:
defmodule Conjure.Executor.Docker.Pool do
  use GenServer

  def checkout(config) do
    # Return existing container or create new one
  end

  def checkin(container_id) do
    # Return container to pool (or destroy if limit reached)
  end
end
Warm Containers
Pre-start containers during low-load periods:
def warm(count, config) do
  for _ <- 1..count do
    {:ok, ctx} = Docker.init(%ExecutionContext{})
    Pool.add(ctx.container_id)
  end
end
Alternatives Considered
Podman
Daemonless container runtime. Considered as alternative because:
	Rootless by default
	Docker-compatible CLI
	No daemon required

Not chosen as primary because:
	Less widespread than Docker
	Some compatibility issues with Docker images
	Will be supported as alternative (same executor, different binary)

Firecracker
MicroVM technology from AWS. Rejected as default because:
	Requires KVM (not available everywhere)
	Complex setup
	Overkill for typical skill workloads

Recommended for high-security deployments; custom executor can be implemented.
Kubernetes Jobs
Run each execution as a K8s Job. Rejected because:
	Requires Kubernetes cluster
	High latency (job scheduling)
	Over-engineered for single-node deployments

Suitable for large-scale deployments; custom executor can be implemented.
References
	Docker Security Documentation
	Docker Run Reference
	CIS Docker Benchmark
	Anthropic Code Execution
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    ADR-0011: Anthropic Skills API Integration

Status
Proposed
Context
Note: This ADR replaces an earlier incorrect design that assumed a "pass-through executor" pattern. The original design was based on a misunderstanding of how Anthropic's code execution capabilities work. This revision accurately describes the actual Anthropic Skills API.

Anthropic provides a Skills API (beta) that allows:
	Uploading custom skills to Anthropic's infrastructure
	Using pre-built Anthropic skills (xlsx, pptx, docx, pdf)
	Executing skills in Anthropic-managed containers with code execution

This provides an alternative to local/Docker execution for users who:
	Cannot run Docker in their environment
	Want Anthropic to manage sandbox security
	Need access to Anthropic's pre-built document skills
	Prefer hosted execution without local infrastructure

How the Skills API Actually Works
1. Upload skill files → POST /v1/skills → receive skill_id
2. Include skill_id in container.skills parameter
3. Enable code_execution_20250825 tool in the request
4. Anthropic's container loads skills at /skills/{directory}/
5. Claude uses code execution to run code with skill files available
6. Download created files via Files API
Key Differences from Original Design
	Original (Incorrect)	Actual API
	Pass-through for bash commands	Skills uploaded first, get skill_id
	{:passthrough, config} return	Uses container.skills parameter
	Executor behaviour implementation	Not an executor—API integration helpers
	Local skill files	Skills must be uploaded to Anthropic

Beta Requirements
The Skills API requires beta headers:
	code-execution-2025-08-25 - Enables code execution
	skills-2025-10-02 - Enables Skills API
	files-api-2025-04-14 - For uploading/downloading files

Skill Types
	Type	Description	ID Format
	anthropic	Pre-built by Anthropic	Short names: xlsx, pptx, docx, pdf
	custom	User-uploaded	Generated: skill_01AbCdEfGhIjKlMnOpQrStUv

Decision
We will provide optional Anthropic Skills API integration as helper modules, NOT as an executor implementation. This is fundamentally different from local/Docker execution because:
	Conjure does NOT execute tools—Anthropic's container does
	Skills must be uploaded to Anthropic first
	The integration is at the API request level, not execution level

Note: While this ADR describes the Anthropic-specific modules, ADR-0019: Unified Execution Model describes how these modules are surfaced through a unified Conjure.Session API that provides identical interaction patterns for both local/Docker and Anthropic execution.

Module Design
defmodule Conjure.Skills.Anthropic do
  @moduledoc """
  Upload and manage skills via Anthropic Skills API.

  This module provides helpers for interacting with Anthropic's
  Skills API to upload custom skills and manage versions.

  Note: This is NOT an executor. Skills uploaded here are executed
  by Anthropic's infrastructure, not by Conjure.
  """

  @doc """
  Upload a skill directory to Anthropic.

  Returns the skill_id for use in API requests.

  ## Example

      {:ok, skill_id} = Conjure.Skills.Anthropic.upload(
        "priv/skills/csv-helper",
        display_title: "CSV Helper",
        api_key: System.get_env("ANTHROPIC_API_KEY")
      )

  """
  @spec upload(Path.t(), keyword()) :: {:ok, String.t()} | {:error, term()}
  def upload(skill_path, opts \\ [])

  @doc """
  List skills available in your Anthropic workspace.

  ## Options

    * `:source` - Filter by "anthropic" or "custom"
    * `:api_key` - Anthropic API key

  """
  @spec list(keyword()) :: {:ok, [map()]} | {:error, term()}
  def list(opts \\ [])

  @doc """
  Delete a custom skill from Anthropic.

  Note: All versions must be deleted first.
  """
  @spec delete(String.t(), keyword()) :: :ok | {:error, term()}
  def delete(skill_id, opts \\ [])

  @doc """
  Create a new version of an existing skill.
  """
  @spec create_version(String.t(), Path.t(), keyword()) :: {:ok, String.t()} | {:error, term()}
  def create_version(skill_id, skill_path, opts \\ [])
end
API Request Helpers
defmodule Conjure.API.Anthropic do
  @moduledoc """
  Helpers for building Anthropic API requests with Skills.
  """

  @doc """
  Build the container parameter for skills.

  ## Example

      container = Conjure.API.Anthropic.container_config([
        {:anthropic, "xlsx", "latest"},
        {:anthropic, "pptx", "latest"},
        {:custom, "skill_01AbCdEfGhIjKlMnOpQrStUv", "latest"}
      ])

      # Returns:
      # %{
      #   "skills" => [
      #     %{"type" => "anthropic", "skill_id" => "xlsx", "version" => "latest"},
      #     %{"type" => "anthropic", "skill_id" => "pptx", "version" => "latest"},
      #     %{"type" => "custom", "skill_id" => "skill_01...", "version" => "latest"}
      #   ]
      # }

  """
  @spec container_config([skill_spec()]) :: map()
  def container_config(skills)

  @type skill_spec ::
    {:anthropic, String.t(), String.t()} |
    {:custom, String.t(), String.t()}

  @doc """
  Get the required beta headers for Skills API.
  """
  @spec beta_headers() :: [{String.t(), String.t()}]
  def beta_headers do
    [
      {"anthropic-beta", "code-execution-2025-08-25,skills-2025-10-02,files-api-2025-04-14"}
    ]
  end

  @doc """
  Get the code execution tool definition.
  """
  @spec code_execution_tool() :: map()
  def code_execution_tool do
    %{
      "type" => "code_execution_20250825",
      "name" => "code_execution"
    }
  end
end
Multi-Skill Support
The Skills API supports up to 8 skills per request. Skills can be combined for complex workflows (e.g., analyze data with Excel skill, create presentation with PowerPoint skill):
container = Conjure.API.Anthropic.container_config([
  {:anthropic, "xlsx", "latest"},
  {:anthropic, "pptx", "latest"},
  {:anthropic, "pdf", "latest"},
  {:custom, "skill_01AbCdEfGhIjKlMnOpQrStUv", "latest"}
])
Long-Running Operations
Skills may perform operations that require multiple turns. The API returns a pause_turn stop reason when an operation is paused, requiring the client to continue the conversation:
defmodule Conjure.Conversation.Anthropic do
  @moduledoc """
  Conversation loop for Anthropic Skills API with pause_turn handling.
  """

  @doc """
  Run a conversation with Anthropic-hosted skills, handling pause_turn.

  Unlike local/Docker execution where Conjure manages tool execution,
  here Anthropic executes in their container. However, long-running
  operations still require a conversation loop to handle pause_turn.

  ## Options

    * `:max_retries` - Maximum pause_turn iterations (default: 10)
    * `:on_pause` - Callback when pause_turn received

  """
  @spec run(list(), map(), keyword()) :: {:ok, map()} | {:error, term()}
  def run(messages, container_config, opts \\ []) do
    max_retries = Keyword.get(opts, :max_retries, 10)
    do_run(messages, container_config, opts, 0, max_retries)
  end

  defp do_run(messages, container_config, opts, attempt, max_retries)
       when attempt < max_retries do
    case call_api(messages, container_config, opts) do
      {:ok, %{"stop_reason" => "pause_turn", "content" => content} = response} ->
        # Long-running operation paused - continue with same container
        container_id = get_in(response, ["container", "id"])
        updated_messages = messages ++ [%{role: "assistant", content: content}]
        updated_container = Map.put(container_config, "id", container_id)

        if callback = opts[:on_pause] do
          callback.(response, attempt + 1)
        end

        do_run(updated_messages, updated_container, opts, attempt + 1, max_retries)

      {:ok, response} ->
        {:ok, response}

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

  defp do_run(_messages, _container, _opts, attempt, max_retries) do
    {:error, {:max_retries_exceeded, attempt, max_retries}}
  end
end
Multi-Turn Conversations
Reuse the same container across multiple user messages by preserving the container ID:
defmodule Conjure.Session.Anthropic do
  @moduledoc """
  Manage multi-turn sessions with Anthropic Skills API.
  """

  defstruct [:container_id, :skills, :messages]

  @doc """
  Start a new session with specified skills.
  """
  def new(skills) do
    %__MODULE__{
      container_id: nil,
      skills: skills,
      messages: []
    }
  end

  @doc """
  Send a message and get response, preserving container state.
  """
  def chat(session, user_message, opts \\ []) do
    messages = session.messages ++ [%{role: "user", content: user_message}]

    container_config = build_container(session)

    case Conjure.Conversation.Anthropic.run(messages, container_config, opts) do
      {:ok, response} ->
        updated_session = %{session |
          container_id: get_in(response, ["container", "id"]),
          messages: messages ++ [%{role: "assistant", content: response["content"]}]
        }
        {:ok, response, updated_session}

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

  defp build_container(%{container_id: nil, skills: skills}) do
    Conjure.API.Anthropic.container_config(skills)
  end

  defp build_container(%{container_id: id, skills: skills}) do
    Conjure.API.Anthropic.container_config(skills)
    |> Map.put("id", id)
  end
end
File Handling
Skills that create documents return file_id values. Use the Files API to download:
defmodule Conjure.Files.Anthropic do
  @moduledoc """
  Download files created by Anthropic Skills.
  """

  @doc """
  Extract file IDs from a response.
  """
  @spec extract_file_ids(map()) :: [String.t()]
  def extract_file_ids(response)

  @doc """
  Download a file by ID.
  """
  @spec download(String.t(), keyword()) :: {:ok, binary(), String.t()} | {:error, term()}
  def download(file_id, opts \\ [])

  @doc """
  Get file metadata.
  """
  @spec metadata(String.t(), keyword()) :: {:ok, map()} | {:error, term()}
  def metadata(file_id, opts \\ [])
end
Usage Example
defmodule MyApp.AnthropicSkillChat do
  @moduledoc """
  Example: Using Anthropic's hosted skills with full conversation support.
  """

  alias Conjure.Session.Anthropic, as: Session
  alias Conjure.Conversation.Anthropic, as: Conversation

  def chat_with_hosted_skills(user_message) do
    # Configure skills (up to 8)
    skills = [
      {:anthropic, "xlsx", "latest"},
      {:anthropic, "pptx", "latest"}
    ]

    # Start session
    session = Session.new(skills)

    # Chat with pause_turn handling for long-running operations
    case Session.chat(session, user_message, on_pause: &log_pause/2) do
      {:ok, response, updated_session} ->
        # Download any created files
        file_ids = Conjure.Files.Anthropic.extract_file_ids(response)
        files = Enum.map(file_ids, &download_file/1)

        {:ok, response, files, updated_session}

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

  defp log_pause(response, attempt) do
    IO.puts("Operation paused (attempt #{attempt}), continuing...")
  end

  defp download_file(file_id) do
    {:ok, content, filename} = Conjure.Files.Anthropic.download(file_id)
    File.write!(filename, content)
    filename
  end
end
Comparison: Local/Docker vs Anthropic Hosted
	Aspect	Local/Docker	Anthropic Hosted
	Who executes	Your application	Anthropic's container
	Skill location	Local filesystem	Uploaded to Anthropic
	Conversation loop	Tool call/result loop	pause_turn handling loop
	Multi-turn state	Message history	Container ID + messages
	Skills per request	Unlimited	Up to 8
	Network from sandbox	Configurable	Never (isolated)
	Pre-built skills	N/A	xlsx, pptx, docx, pdf
	File output	Local filesystem	Files API download
	Cost	Your infrastructure	Anthropic API pricing

Consequences
Positive
	No local Docker required - Anthropic manages containers
	Pre-built document skills - Access xlsx, pptx, docx, pdf without custom implementation
	Multi-skill workflows - Combine up to 8 skills per request
	Long-running support - pause_turn handling for complex operations
	Persistent sessions - Container ID reuse for multi-turn conversations
	Anthropic-managed security - Sandbox isolation handled by Anthropic
	Consistent environment - Same execution environment for all users
	File output support - Files API for downloading created documents

Negative
	Beta feature - API may change, requires beta headers
	Skills must be uploaded - Cannot use local skill files directly
	Network dependency - Requires connectivity to Anthropic API
	No network from container - Skills cannot make external API calls
	No runtime package installation - Only pre-installed packages available
	Upload size limit - 8MB maximum per skill
	Skills limit - Maximum 8 skills per request
	Conversation loop required - Must handle pause_turn for long operations

Neutral
	Different architecture - Not an executor, but API integration
	Complementary to local - Can use both approaches in same application
	Version management - Skills have versions, can pin for stability
	Two loop types - Local uses tool call/result loop, hosted uses pause_turn loop

Alternatives Considered
Executor Behaviour Implementation (Original Design)
The original ADR proposed implementing Conjure.Executor.Anthropic as a behaviour that returns {:passthrough, config}. This was rejected because:
	Based on incorrect understanding of the API
	Anthropic doesn't accept arbitrary bash commands
	Skills must be uploaded first, not passed through
	The conversation loop model doesn't apply—it's a single request

Transparent Upload on Execute
Automatically upload skills when first used. Rejected because:
	Requires API key in executor context
	Upload is a separate concern from execution
	Better to make upload explicit for version control
	Skills have IDs that should be managed explicitly

Skip Anthropic Integration Entirely
Only support local/Docker execution. Rejected because:
	Users may want hosted execution without Docker
	Pre-built document skills are valuable
	Anthropic's security expertise for sandboxing
	Useful for environments where Docker isn't available

References
	Anthropic Skills API Guide
	Code Execution Tool Documentation
	Files API Documentation
	ADR-0002: Pluggable Executor Architecture
	ADR-0004: API-Client Agnostic Design
	ADR-0019: Unified Execution Model



  

  
    
    ADR-0012: Mix Tasks - Conjure v0.1.1-alpha
    
    

    


  
  

    ADR-0012: Mix tasks for developer experience

Status
Proposed
Context
Conjure currently provides only programmatic APIs. Common developer workflows require writing boilerplate code:
# To validate a skill
{:ok, skills} = Conjure.load("/path/to/skills")
Enum.each(skills, fn skill ->
  case Conjure.Loader.validate(skill) do
    :ok -> IO.puts("#{skill.name}: valid")
    {:error, errors} -> IO.puts("#{skill.name}: #{inspect(errors)}")
  end
end)

# To list available skills
{:ok, skills} = Conjure.load("/path/to/skills")
Enum.each(skills, &IO.puts(&1.name))

# To build Docker image
# Must manually construct docker build command...
Mix tasks are the standard Elixir mechanism for CLI tooling, providing:
	Consistent interface (mix conjure.xxx)
	Argument parsing via OptionParser
	Integration with Mix project context
	Discoverability via mix help

The lib/conjure/mix/tasks/ directory exists but is empty, indicating this was planned but not implemented.
Decision
We will implement the following Mix tasks:
mix conjure.validate
Validates skill structure and metadata.
# Validate skills in default paths
$ mix conjure.validate

# Validate specific directory
$ mix conjure.validate --path /path/to/skills

# Validate single skill
$ mix conjure.validate --path /path/to/skills/pdf

# Strict mode (warnings as errors)
$ mix conjure.validate --strict

Output:
Validating skills...
✓ pdf - valid
✓ docx - valid
✗ broken-skill - missing required field: description

Found 3 skills: 2 valid, 1 invalid
mix conjure.list
Lists available skills with metadata.
# List all skills
$ mix conjure.list

# JSON output for scripting
$ mix conjure.list --format json

# Show full details
$ mix conjure.list --verbose

Output:
Available Skills:
  pdf          Comprehensive PDF manipulation toolkit...
  docx         Document creation and editing...

2 skills found
mix conjure.docker.build
Builds the sandbox Docker image.
# Build default image
$ mix conjure.docker.build

# Custom tag
$ mix conjure.docker.build --tag myorg/conjure-sandbox:v1

# No cache
$ mix conjure.docker.build --no-cache

mix conjure.info
Shows information about a specific skill.
$ mix conjure.info pdf

Name: pdf
Description: Comprehensive PDF manipulation toolkit...
License: MIT
Location: /path/to/skills/pdf
Resources:
  - scripts/pdf_utils.py
  - references/api.md
Allowed Tools: bash_tool, view, create_file

Implementation Structure
lib/conjure/mix/tasks/
├── conjure.validate.ex
├── conjure.list.ex
├── conjure.info.ex
└── conjure.docker.build.ex
Each task follows the standard Mix.Task pattern:
defmodule Mix.Tasks.Conjure.Validate do
  @shortdoc "Validates skill structure and metadata"
  @moduledoc """
  Validates skills in the specified path.

  ## Usage

      $ mix conjure.validate [--path PATH] [--strict]

  ## Options

    * `--path` - Path to skills directory (default: configured paths)
    * `--strict` - Treat warnings as errors

  """

  use Mix.Task

  @impl Mix.Task
  def run(args) do
    {opts, _, _} = OptionParser.parse(args,
      strict: [path: :string, strict: :boolean]
    )

    # Implementation...
  end
end
Consequences
Positive
	Standard Elixir developer experience
	Discoverable via mix help conjure
	Scriptable for CI/CD pipelines
	Reduces boilerplate for common operations
	Consistent with ecosystem conventions

Negative
	Additional code to maintain
	Must handle edge cases in CLI context (no supervision tree, etc.)
	Mix tasks are not available in releases (escript alternative needed)

Neutral
	Tasks depend on Conjure being compiled
	Output formatting may need iteration based on user feedback
	JSON output enables integration with other tools

Alternatives Considered
Escript Binary
A standalone conjure binary would work in releases. Rejected for initial implementation because:
	Mix tasks are simpler to implement
	Most users interact during development, not production
	Can add escript later if needed

IEx Helpers
Could provide Conjure.CLI module for IEx usage. Rejected because:
	Non-standard interface
	Mix tasks are more discoverable
	Can still use the module functions in IEx

References
	Mix.Task documentation
	Creating Mix Tasks guide
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    ADR-0013: Docker infrastructure and image distribution

Status
Proposed
Context
The Docker executor (Conjure.Executor.Docker) is the recommended production execution backend (ADR-0010). Currently:
	The Dockerfile is embedded as a string in docker.ex
	No pre-built images are available
	Users must build the image themselves
	The priv/docker/ directory does not exist

This creates friction for adoption:
# Current state: users must build before using
Conjure.Executor.Docker.build_image()  # Builds from embedded Dockerfile
Production deployments would benefit from:
	Pre-built, tested images
	Versioned image tags matching library versions
	CI/CD integration for automated builds
	Customization options for enterprise environments

Decision
We will establish Docker infrastructure with the following components:
1. External Dockerfile
Move the Dockerfile from embedded string to priv/docker/Dockerfile:
# priv/docker/Dockerfile
FROM ubuntu:24.04

LABEL org.opencontainers.image.source="https://github.com/holsee/conjure"
LABEL org.opencontainers.image.description="Conjure sandbox execution environment"
LABEL org.opencontainers.image.version="${VERSION}"

# System packages
RUN apt-get update && apt-get install -y --no-install-recommends \
    python3.12 python3-pip python3-venv \
    nodejs npm \
    bash git curl wget jq \
    poppler-utils qpdf \
    && rm -rf /var/lib/apt/lists/*

# Python packages (matching Anthropic's environment)
RUN pip3 install --break-system-packages \
    pyarrow openpyxl xlsxwriter xlrd pillow \
    python-pptx python-docx pypdf pdfplumber \
    pypdfium2 pdf2image pdfkit tabula-py \
    reportlab img2pdf pandas numpy matplotlib \
    pyyaml requests beautifulsoup4

# Non-root user for security
RUN useradd -m -s /bin/bash -u 1000 sandbox
USER sandbox
WORKDIR /workspace

ENV PYTHONUNBUFFERED=1
ENV NODE_ENV=production
2. Image Variants
Provide multiple image variants for different use cases:
priv/docker/
├── Dockerfile              # Default full-featured image
├── Dockerfile.minimal      # Minimal image (bash only)
├── Dockerfile.python       # Python-focused (no Node.js)
└── Dockerfile.node         # Node.js-focused (no Python)
3. Image Distribution
Publish images to GitHub Container Registry (ghcr.io):
	ghcr.io/holsee/conjure-sandbox:latest
	ghcr.io/holsee/conjure-sandbox:0.1.0
	ghcr.io/holsee/conjure-sandbox:0.1.0-minimal
	ghcr.io/holsee/conjure-sandbox:0.1.0-python

4. GitHub Actions Workflow
# .github/workflows/docker.yml
name: Docker Images

on:
  release:
    types: [published]
  push:
    branches: [main]
    paths: ['priv/docker/**']

jobs:
  build:
    runs-on: ubuntu-latest
    permissions:
      contents: read
      packages: write
    steps:
      - uses: actions/checkout@v4
      - uses: docker/login-action@v3
        with:
          registry: ghcr.io
          username: ${{ github.actor }}
          password: ${{ secrets.GITHUB_TOKEN }}
      - uses: docker/build-push-action@v5
        with:
          context: .
          file: priv/docker/Dockerfile
          push: true
          tags: |
            ghcr.io/${{ github.repository_owner }}/conjure-sandbox:${{ github.ref_name }}
            ghcr.io/${{ github.repository_owner }}/conjure-sandbox:latest
5. Default Image Configuration
Update Conjure.Executor.Docker to use published images by default:
@default_image "ghcr.io/holsee/conjure-sandbox:latest"

# With fallback to local build
def ensure_image(opts \\ []) do
  image = Keyword.get(opts, :image, @default_image)

  case pull_image(image) do
    :ok -> {:ok, image}
    {:error, _} -> build_image(opts)  # Fallback to local build
  end
end
6. Mix Task Integration
The mix conjure.docker.build task reads from priv/docker/:
def run(args) do
  dockerfile = Path.join(:code.priv_dir(:conjure), "docker/Dockerfile")
  # Build using external Dockerfile
end
Consequences
Positive
	Faster onboarding—users can pull pre-built images
	Versioned images ensure reproducibility
	CI/CD builds ensure images are tested
	External Dockerfile enables customization
	Multiple variants serve different needs

Negative
	Must maintain image builds in CI
	Registry costs (GitHub provides generous free tier)
	Image size concerns (full image ~1GB)
	Version coordination between library and images

Neutral
	Users can still build locally if preferred
	Enterprise users can fork and customize
	Image updates independent of library releases possible

Alternatives Considered
Docker Hub Distribution
Using Docker Hub instead of GHCR. Rejected because:
	GHCR integrates better with GitHub Actions
	No rate limiting for authenticated users
	Keeps everything in one ecosystem

No Pre-built Images
Require users to always build locally. Rejected because:
	Significant friction for new users
	Build times slow down development
	Inconsistent environments across users

Single Image Only
Only provide one full-featured image. Partially accepted—we start with variants but prioritize the default image.
References
	ADR-0010: Docker as production executor
	GitHub Container Registry documentation
	Docker multi-platform builds
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    ADR-0014: Centralized security module

Status
Proposed
Context
Security validation logic is currently distributed across multiple modules:
	Conjure.Executor.Local - Path validation in validate_path/2
	Conjure.Executor.Docker - Path escaping in escape_for_shell/1, escape_for_python/1
	Conjure.ExecutionContext - allowed_paths field definition
	Various inline checks throughout the codebase

The specification (section 15.3) defines a Conjure.Security module that was not implemented:
defmodule Conjure.Security do
  def validate_path(path, allowed_paths)
  defp path_under?(base, path)
end
This distributed approach has drawbacks:
	Inconsistent validation - Each executor implements its own checks
	Duplicated logic - Path validation repeated across modules
	Harder to audit - Security code spread throughout codebase
	Testing gaps - Security functions tested indirectly

Decision
We will implement a centralized Conjure.Security module that consolidates all security-related functionality:
defmodule Conjure.Security do
  @moduledoc """
  Centralized security utilities for Conjure.

  This module provides path validation, input sanitization, and
  security policy enforcement used by executors and other components.
  """

  # ============================================================
  # Path Validation
  # ============================================================

  @doc """
  Validates that a path is within allowed boundaries.

  Returns `{:ok, normalized_path}` if the path is allowed,
  or `{:error, :path_not_allowed}` if it's outside allowed paths.

  ## Examples

      iex> validate_path("/workspace/file.txt", ["/workspace"])
      {:ok, "/workspace/file.txt"}

      iex> validate_path("/etc/passwd", ["/workspace"])
      {:error, :path_not_allowed}

      iex> validate_path("../../../etc/passwd", ["/workspace"])
      {:error, :path_not_allowed}
  """
  @spec validate_path(Path.t(), [Path.t()]) :: {:ok, Path.t()} | {:error, :path_not_allowed}
  def validate_path(path, allowed_paths)

  @doc """
  Checks if a path is under a base directory.
  Handles path traversal attempts (../).
  """
  @spec path_under?(Path.t(), Path.t()) :: boolean()
  def path_under?(base, path)

  @doc """
  Normalizes and expands a path, resolving symlinks.
  """
  @spec normalize_path(Path.t()) :: Path.t()
  def normalize_path(path)

  # ============================================================
  # Input Sanitization
  # ============================================================

  @doc """
  Escapes a string for safe use in shell commands.
  Uses single-quote wrapping with proper escape sequences.
  """
  @spec escape_shell(String.t()) :: String.t()
  def escape_shell(input)

  @doc """
  Escapes a string for safe use in Python string literals.
  Handles unicode and special characters.
  """
  @spec escape_python(String.t()) :: String.t()
  def escape_python(input)

  @doc """
  Validates that a command doesn't contain dangerous patterns.
  Returns {:ok, command} or {:error, :dangerous_command}.
  """
  @spec validate_command(String.t(), keyword()) :: {:ok, String.t()} | {:error, atom()}
  def validate_command(command, opts \\ [])

  # ============================================================
  # Policy Enforcement
  # ============================================================

  @doc """
  Checks if an operation is allowed by the execution context.
  """
  @spec allowed?(atom(), ExecutionContext.t()) :: boolean()
  def allowed?(operation, context)

  @doc """
  Returns the effective allowed paths for a context,
  combining global config with context-specific paths.
  """
  @spec effective_allowed_paths(ExecutionContext.t()) :: [Path.t()]
  def effective_allowed_paths(context)

  # ============================================================
  # Audit Logging
  # ============================================================

  @doc """
  Logs a security-relevant event via telemetry.
  """
  @spec audit(atom(), map()) :: :ok
  def audit(event, metadata)
end
Migration Plan
	Create Conjure.Security module with all functions
	Update Conjure.Executor.Local to delegate to Security module
	Update Conjure.Executor.Docker to delegate to Security module
	Add comprehensive tests for Security module
	Deprecate inline security functions (if any exposed)

Usage in Executors
defmodule Conjure.Executor.Local do
  alias Conjure.Security

  def view(path, context, _opts) do
    with {:ok, safe_path} <- Security.validate_path(path, context.allowed_paths),
         {:ok, normalized} <- Security.normalize_path(safe_path) do
      # Proceed with file read
    end
  end

  def bash(command, context) do
    with {:ok, _} <- Security.validate_command(command),
         :ok <- Security.audit(:bash_execution, %{command: command}) do
      # Proceed with execution
    end
  end
end
Consequences
Positive
	Single source of truth for security logic
	Easier auditing - all security code in one place
	Consistent behavior across executors
	Better testing - security functions tested in isolation
	Reusable - custom executors can use the same utilities

Negative
	Migration effort to consolidate existing code
	Additional module to maintain
	Potential performance overhead from extra function calls (minimal)

Neutral
	Executors remain responsible for calling security functions
	Doesn't change the fundamental security model
	Custom executors can bypass if they choose (their responsibility)

Alternatives Considered
Middleware/Pipeline Approach
Wrap all executor calls in security middleware. Rejected because:
	Adds complexity to the executor behaviour
	Less flexibility for custom security policies
	Harder to understand call flow

Leave Distributed
Keep security logic in individual executors. Rejected because:
	Current state leads to inconsistencies
	Harder to audit and maintain
	Duplicated code

Security Behaviour
Define a Conjure.Security behaviour that executors must implement. Rejected because:
	Over-engineering for the use case
	Security policy is orthogonal to execution strategy
	Module with functions is simpler

References
	ADR-0009: Local executor without sandboxing
	ADR-0010: Docker as production executor
	OWASP Path Traversal
	Elixir Security Best Practices
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    ADR-0015: Configuration-driven skill loading

Status
Proposed
Context
The specification (section 13.1) defines application configuration options that are not fully implemented:
# Specified but not wired up
config :conjure,
  skill_paths: ["/path/to/skills", "~/.conjure/skills"],
  executor: Conjure.Executor.Local,
  timeout: 30_000,
  max_iterations: 25,
  allow_network: false,
  allowed_paths: []
Currently, users must explicitly pass paths and options to every function call:
# Current: explicit everywhere
{:ok, skills} = Conjure.load("/path/to/skills")
context = Conjure.create_context(skills, timeout: 60_000, allowed_paths: [...])
result = Conjure.execute(tool_call, skills, executor: Conjure.Executor.Docker)
This is verbose and error-prone. Configuration should provide sensible defaults while allowing runtime overrides.
Decision
We will implement configuration-driven defaults with the following structure:
1. Configuration Schema
# config/config.exs
config :conjure,
  # Paths to scan for skills on startup (supports ~ expansion)
  skill_paths: [],

  # Default executor module
  executor: Conjure.Executor.Local,

  # Executor-specific configuration
  executor_config: %{
    docker: %{
      image: "ghcr.io/holsee/conjure-sandbox:latest",
      memory_limit: "512m",
      cpu_limit: "1.0",
      network: :none
    }
  },

  # Execution defaults
  timeout: 30_000,
  max_iterations: 25,

  # Security defaults
  network_access: :none,
  allowed_paths: [],

  # Registry options
  auto_start_registry: true,
  registry_name: Conjure.Registry
2. Configuration Module
defmodule Conjure.Config do
  @moduledoc """
  Configuration management for Conjure.

  Provides access to application configuration with runtime overrides.
  """

  @doc """
  Get a configuration value with optional default.
  """
  @spec get(atom(), term()) :: term()
  def get(key, default \\ nil) do
    Application.get_env(:conjure, key, default)
  end

  @doc """
  Get all skill paths, expanding ~ to home directory.
  """
  @spec skill_paths() :: [Path.t()]
  def skill_paths do
    get(:skill_paths, [])
    |> Enum.map(&expand_path/1)
    |> Enum.filter(&File.dir?/1)
  end

  @doc """
  Get the default executor module.
  """
  @spec executor() :: module()
  def executor, do: get(:executor, Conjure.Executor.Local)

  @doc """
  Get executor-specific configuration.
  """
  @spec executor_config(atom()) :: map()
  def executor_config(executor_type) do
    get(:executor_config, %{})
    |> Map.get(executor_type, %{})
  end

  @doc """
  Build an ExecutionContext from configuration with overrides.
  """
  @spec build_context(keyword()) :: ExecutionContext.t()
  def build_context(overrides \\ []) do
    %ExecutionContext{
      timeout: Keyword.get(overrides, :timeout, get(:timeout, 30_000)),
      network_access: Keyword.get(overrides, :network_access, get(:network_access, :none)),
      allowed_paths: Keyword.get(overrides, :allowed_paths, get(:allowed_paths, [])),
      # ... other fields
    }
  end

  defp expand_path(path) do
    path
    |> String.replace_leading("~", System.user_home() || "")
    |> Path.expand()
  end
end
3. Updated API with Defaults
defmodule Conjure do
  alias Conjure.Config

  @doc """
  Load skills from configured paths or specified path.
  """
  def load(path \\ nil) do
    paths = if path, do: [path], else: Config.skill_paths()
    Loader.load_all(paths)
  end

  @doc """
  Execute with configured defaults.
  """
  def execute(tool_call, skills, opts \\ []) do
    executor = Keyword.get(opts, :executor, Config.executor())
    context = Keyword.get_lazy(opts, :context, fn -> Config.build_context(opts) end)

    do_execute(tool_call, skills, executor, context)
  end
end
4. Application Startup
When auto_start_registry: true, the application supervisor starts the registry and pre-loads skills:
defmodule Conjure.Application do
  use Application

  def start(_type, _args) do
    children = build_children()

    opts = [strategy: :one_for_one, name: Conjure.Supervisor]
    Supervisor.start_link(children, opts)
  end

  defp build_children do
    if Conjure.Config.get(:auto_start_registry, true) do
      [{Conjure.Registry, name: Conjure.Config.get(:registry_name, Conjure.Registry),
                          paths: Conjure.Config.skill_paths()}]
    else
      []
    end
  end
end
5. Environment-Specific Configuration
# config/dev.exs
config :conjure,
  executor: Conjure.Executor.Local,
  skill_paths: ["priv/skills", "~/.conjure/skills"]

# config/prod.exs
config :conjure,
  executor: Conjure.Executor.Docker,
  skill_paths: ["/opt/conjure/skills"],
  executor_config: %{
    docker: %{
      image: "ghcr.io/holsee/conjure-sandbox:0.1.0",
      memory_limit: "1g",
      network: :none
    }
  }

# config/test.exs
config :conjure,
  executor: Conjure.Executor.Local,
  skill_paths: ["test/fixtures/skills"],
  auto_start_registry: false
Consequences
Positive
	Less boilerplate - sensible defaults reduce code
	Environment-aware - different configs for dev/prod/test
	Discoverable - configuration options documented in one place
	Override-friendly - runtime options still take precedence
	OTP-compliant - follows standard Application config patterns

Negative
	Configuration must be set before application start
	More "magic" - behavior depends on config file
	Testing requires config awareness

Neutral
	Existing explicit API still works unchanged
	Configuration is optional—library works without it
	Runtime reconfiguration limited to restart

Alternatives Considered
No Configuration
Keep everything explicit. Rejected because:
	Too verbose for common use cases
	No sensible defaults
	Harder for new users

Module Attributes
Use module attributes for defaults. Rejected because:
	Compile-time only
	Can't vary by environment
	Not standard Elixir pattern

Environment Variables Only
Use OS environment variables. Rejected because:
	Less flexible than Elixir config
	Harder to document
	Poor fit for complex structures (executor_config)

References
	Elixir Application Configuration
	Config and Releases
	Twelve-Factor App: Config
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    ADR-0016: Test strategy for external dependencies

Status
Proposed
Context
Conjure has several components that depend on external systems:
	Component	Dependency	Current Testing
	Docker Executor	Docker daemon	Minimal unit tests
	Telemetry	Event handlers	No handler tests
	File operations	Filesystem	Fixture-based
	API integration	Claude API	Not tested

Current test suite (53 tests) covers core functionality but has gaps:
	Docker tests - Skip if Docker unavailable, limited coverage
	Telemetry tests - Events emitted but handlers not verified
	Integration tests - No end-to-end conversation flow tests
	Error path tests - Happy paths tested, error conditions less so

The challenge: how to test components with external dependencies without:
	Requiring Docker in CI
	Making tests slow or flaky
	Reducing confidence in the code

Decision
We will implement a layered testing strategy:
Layer 1: Unit Tests (No External Dependencies)
All modules should have unit tests that mock external dependencies:
defmodule Conjure.Executor.DockerTest do
  use ExUnit.Case

  # Mock the System.cmd calls
  import Mox
  setup :verify_on_exit!

  describe "bash/2" do
    test "formats docker exec command correctly" do
      expect(SystemMock, :cmd, fn "docker", args, _opts ->
        assert ["exec", "container123", "bash", "-c", "echo hello"] = args
        {"hello\n", 0}
      end)

      context = %ExecutionContext{container_id: "container123"}
      assert {:ok, "hello\n"} = Docker.bash("echo hello", context)
    end

    test "returns error on non-zero exit" do
      expect(SystemMock, :cmd, fn _, _, _ -> {"error", 1} end)

      context = %ExecutionContext{container_id: "container123"}
      assert {:error, {:exit_code, 1, "error"}} = Docker.bash("false", context)
    end
  end
end
Mox Setup:
# test/support/mocks.ex
Mox.defmock(SystemMock, for: Conjure.SystemBehaviour)

# lib/conjure/system_behaviour.ex
defmodule Conjure.SystemBehaviour do
  @callback cmd(String.t(), [String.t()], keyword()) :: {String.t(), non_neg_integer()}
end
Layer 2: Integration Tests (Tagged, Optional)
Tests that require external dependencies are tagged and skipped by default:
defmodule Conjure.Executor.DockerIntegrationTest do
  use ExUnit.Case

  @moduletag :integration
  @moduletag :docker

  setup do
    # Skip if Docker not available
    case System.cmd("docker", ["info"], stderr_to_stdout: true) do
      {_, 0} -> :ok
      _ -> {:skip, "Docker not available"}
    end
  end

  describe "full Docker lifecycle" do
    @tag timeout: 60_000
    test "init/bash/cleanup cycle" do
      context = ExecutionContext.new(working_directory: "/tmp/test")

      {:ok, ctx} = Docker.init(context)
      assert ctx.container_id != nil

      {:ok, output} = Docker.bash("echo 'hello from container'", ctx)
      assert output =~ "hello from container"

      :ok = Docker.cleanup(ctx)
    end
  end
end
Running integration tests:
# Unit tests only (default)
mix test

# Include Docker integration tests
mix test --include docker

# All integration tests
mix test --include integration

# CI with Docker available
mix test --include integration

Layer 3: Telemetry Tests
Verify telemetry events are emitted correctly:
defmodule Conjure.TelemetryTest do
  use ExUnit.Case

  setup do
    # Attach test handler
    :telemetry.attach_many(
      "test-handler",
      [
        [:conjure, :execute, :start],
        [:conjure, :execute, :stop],
        [:conjure, :execute, :exception]
      ],
      &__MODULE__.handle_event/4,
      %{test_pid: self()}
    )

    on_exit(fn -> :telemetry.detach("test-handler") end)
  end

  def handle_event(event, measurements, metadata, %{test_pid: pid}) do
    send(pid, {:telemetry, event, measurements, metadata})
  end

  test "execute emits start and stop events" do
    # Trigger execution
    Conjure.execute(tool_call, skills, executor: MockExecutor)

    assert_receive {:telemetry, [:conjure, :execute, :start], _, %{tool: "view"}}
    assert_receive {:telemetry, [:conjure, :execute, :stop], %{duration: _}, _}
  end
end
Layer 4: Contract Tests
Verify all executors implement the behaviour correctly:
defmodule Conjure.ExecutorContractTest do
  use ExUnit.Case

  # Test each executor against the contract
  for executor <- [Conjure.Executor.Local, Conjure.Executor.Docker] do
    @executor executor

    describe "#{@executor} contract" do
      test "implements all required callbacks" do
        behaviours = @executor.__info__(:attributes)[:behaviour] || []
        assert Conjure.Executor in behaviours
      end

      test "bash/2 returns expected format" do
        # Use mock context appropriate for executor
        context = build_context_for(@executor)
        result = @executor.bash("echo test", context)

        assert match?({:ok, _}, result) or match?({:error, _}, result)
      end
    end
  end
end
Layer 5: Property-Based Tests
For security-critical functions:
defmodule Conjure.SecurityPropertyTest do
  use ExUnit.Case
  use ExUnitProperties

  describe "escape_shell/1" do
    property "never produces unbalanced quotes" do
      check all input <- string(:printable) do
        escaped = Security.escape_shell(input)
        # Count quotes should be balanced
        assert balanced_quotes?(escaped)
      end
    end

    property "escaped output is safe for shell" do
      check all input <- string(:printable) do
        escaped = Security.escape_shell(input)
        # Should be able to round-trip through shell
        {output, 0} = System.cmd("bash", ["-c", "echo #{escaped}"])
        assert String.trim(output) == input
      end
    end
  end
end
CI Configuration
# .github/workflows/test.yml
name: Tests

on: [push, pull_request]

jobs:
  unit-tests:
    runs-on: ubuntu-latest
    steps:
      - uses: actions/checkout@v4
      - uses: erlef/setup-beam@v1
        with:
          elixir-version: '1.16'
          otp-version: '26'
      - run: mix deps.get
      - run: mix test

  integration-tests:
    runs-on: ubuntu-latest
    services:
      docker:
        image: docker:dind
        options: --privileged
    steps:
      - uses: actions/checkout@v4
      - uses: erlef/setup-beam@v1
      - run: mix deps.get
      - run: mix test --include integration
Test Organization
test/
├── conjure_test.exs              # Main API tests
├── conjure/
│   ├── loader_test.exs           # Unit tests
│   ├── registry_test.exs
│   ├── security_test.exs
│   ├── executor/
│   │   ├── local_test.exs        # Unit tests
│   │   ├── docker_test.exs       # Unit tests (mocked)
│   │   └── docker_integration_test.exs  # @tag :docker
│   └── telemetry_test.exs
├── integration/
│   ├── conversation_test.exs     # @tag :integration
│   └── end_to_end_test.exs       # @tag :integration
├── property/
│   └── security_property_test.exs
├── support/
│   ├── mocks.ex
│   ├── fixtures.ex
│   └── test_helpers.ex
└── fixtures/
    └── skills/
Consequences
Positive
	Fast default tests - Unit tests run without Docker
	Comprehensive coverage - Integration tests catch real issues
	CI flexibility - Can run different test suites
	Documented testing patterns - Clear examples for contributors
	Property tests - Catch edge cases in security code

Negative
	More complex test setup
	Mox dependency added
	Integration tests may be flaky
	StreamData dependency for property tests

Neutral
	Tests mirror production architecture
	Contributors must understand test layers
	CI time increases with integration tests

Alternatives Considered
Always Require Docker
Make Docker a hard requirement for tests. Rejected because:
	Increases contributor friction
	Slows down test cycle
	Not always available (some CI environments)

No Integration Tests
Only unit test with mocks. Rejected because:
	Misses real integration issues
	Docker executor bugs would slip through
	Reduces confidence in production behavior

Testcontainers
Use testcontainers-elixir for Docker management. Deferred because:
	Adds significant dependency
	May be overkill for current needs
	Can add later if needed

References
	Mox - Mocks and explicit contracts
	ExUnit Tags
	StreamData for property testing
	Testing Elixir book
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    ADR-0018: Artifact References

Status
Proposed
Context
Skills and conversations often need to work with external data:
	Skill-bundled assets - Sample files, templates, or reference data packaged within a skill's assets/ directory
	User-provided files - Files the user wants to process, stored on the local filesystem
	Remote resources - Data accessible via HTTP/HTTPS URLs

Currently, Conjure has no unified way to reference these resources. Users must:
	Know the exact filesystem paths to skill assets
	Manually manage working directories for user files
	Handle URL fetching themselves before passing content to skills

This creates several problems:
	Path coupling - Prompts contain system-specific paths that break across environments
	Security concerns - Arbitrary path access enables path traversal attacks
	No abstraction - Each source type requires different handling
	Poor discoverability - Claude doesn't know what artifacts are available

The Anthropic Agent Skills specification mentions assets but doesn't define a runtime reference mechanism.
Decision
We will implement a unified artifact reference system using URI schemes to abstract resource access.
1. Artifact URI Schemes
Three URI schemes for different artifact sources:
	Scheme	Format	Description
	skill://	skill://{skill-name}/assets/{path}	Skill-bundled assets
	file://	file://{name}	Registered user files
	https://	https://{url}	Remote resources

Examples:
skill://csv-helper/assets/sample_data.csv
skill://pdf-generator/assets/templates/invoice.docx
file://sales_report
file://user_upload_123
https://example.com/api/data.json
2. Artifact Registry
Session-scoped registry for user-provided artifacts:
defmodule Conjure.Artifacts do
  @moduledoc """
  Manages artifact references for chat sessions.

  Artifacts provide a secure, abstract way to reference files
  without exposing filesystem paths to the LLM.
  """

  use GenServer

  @type source ::
    {:file, Path.t()} |
    {:url, String.t()} |
    {:content, binary(), content_type :: String.t()}

  @type artifact :: %{
    name: String.t(),
    source: source(),
    content_type: String.t(),
    size: non_neg_integer() | nil,
    metadata: map()
  }

  @doc """
  Start an artifact registry for a session.
  """
  @spec start_link(keyword()) :: GenServer.on_start()
  def start_link(opts \\ []) do
    session_id = Keyword.fetch!(opts, :session_id)
    GenServer.start_link(__MODULE__, opts, name: via(session_id))
  end

  @doc """
  Register a file as a named artifact.

  ## Examples

      # Register a local file
      Artifacts.register(session, "report", {:file, "/uploads/abc123.csv"})

      # Register with URL (will be fetched on access)
      Artifacts.register(session, "api_data", {:url, "https://api.example.com/data.json"})

      # Register inline content
      Artifacts.register(session, "config", {:content, json_string, "application/json"})

  """
  @spec register(session_id(), String.t(), source(), keyword()) ::
    {:ok, artifact()} | {:error, term()}
  def register(session_id, name, source, opts \\ [])

  @doc """
  Resolve an artifact URI to accessible content.

  Returns the content or a local path that can be accessed by the executor.

  ## Examples

      {:ok, content} = Artifacts.resolve(session, "file://report")
      {:ok, path} = Artifacts.resolve(session, "skill://csv-helper/assets/sample.csv")
      {:ok, content} = Artifacts.resolve(session, "https://example.com/data.json")

  """
  @spec resolve(session_id(), String.t()) ::
    {:ok, binary() | Path.t()} | {:error, term()}
  def resolve(session_id, uri)

  @doc """
  List all artifacts registered for a session.
  """
  @spec list(session_id()) :: [artifact()]
  def list(session_id)

  @doc """
  Get artifact metadata without fetching content.
  """
  @spec info(session_id(), String.t()) :: {:ok, artifact()} | {:error, :not_found}
  def info(session_id, name)

  @doc """
  Remove an artifact from the session.
  """
  @spec unregister(session_id(), String.t()) :: :ok
  def unregister(session_id, name)

  @doc """
  Clean up all artifacts for a session.
  """
  @spec cleanup(session_id()) :: :ok
  def cleanup(session_id)
end
3. URI Resolution
Centralized resolver handles all URI schemes:
defmodule Conjure.Artifacts.Resolver do
  @moduledoc """
  Resolves artifact URIs to accessible content or paths.
  """

  alias Conjure.Artifacts

  @doc """
  Resolve any supported artifact URI.
  """
  @spec resolve(session_id(), String.t(), keyword()) ::
    {:ok, content_or_path()} | {:error, term()}
  def resolve(session_id, uri, opts \\ []) do
    case parse_uri(uri) do
      {:skill, skill_name, asset_path} ->
        resolve_skill_asset(skill_name, asset_path, opts)

      {:file, name} ->
        resolve_registered_file(session_id, name, opts)

      {:url, url} ->
        resolve_url(url, opts)

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

  defp parse_uri("skill://" <> rest) do
    case String.split(rest, "/assets/", parts: 2) do
      [skill_name, path] -> {:skill, skill_name, path}
      _ -> {:error, "invalid skill URI format"}
    end
  end

  defp parse_uri("file://" <> name), do: {:file, name}

  defp parse_uri("https://" <> _ = url), do: {:url, url}
  defp parse_uri("http://" <> _ = url), do: {:url, url}

  defp parse_uri(other), do: {:error, "unsupported URI scheme: #{other}"}

  defp resolve_skill_asset(skill_name, asset_path, opts) do
    skills = Keyword.get(opts, :skills, [])

    case Enum.find(skills, &(&1.name == skill_name)) do
      nil ->
        {:error, {:skill_not_found, skill_name}}

      skill ->
        full_path = Path.join([skill.path, "assets", asset_path])

        # Security: verify path is within skill assets
        if path_within?(full_path, Path.join(skill.path, "assets")) do
          if File.exists?(full_path) do
            {:ok, {:path, full_path}}
          else
            {:error, {:asset_not_found, asset_path}}
          end
        else
          {:error, :path_traversal_blocked}
        end
    end
  end

  defp resolve_registered_file(session_id, name, _opts) do
    case Artifacts.info(session_id, name) do
      {:ok, %{source: {:file, path}}} ->
        if File.exists?(path) do
          {:ok, {:path, path}}
        else
          {:error, {:file_not_found, path}}
        end

      {:ok, %{source: {:content, content, _type}}} ->
        {:ok, {:content, content}}

      {:ok, %{source: {:url, url}}} ->
        # Fetch and cache
        fetch_and_cache(session_id, name, url)

      {:error, :not_found} ->
        {:error, {:artifact_not_found, name}}
    end
  end

  defp resolve_url(url, opts) do
    timeout = Keyword.get(opts, :timeout, 30_000)
    max_size = Keyword.get(opts, :max_size, 10 * 1024 * 1024)  # 10MB

    case fetch_url(url, timeout: timeout, max_size: max_size) do
      {:ok, content, content_type} ->
        {:ok, {:content, content, content_type}}

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

  defp path_within?(path, base) do
    normalized_path = Path.expand(path)
    normalized_base = Path.expand(base)
    String.starts_with?(normalized_path, normalized_base <> "/")
  end
end
4. System Prompt Integration
Artifacts section added to the generated system prompt:
defmodule Conjure.Prompt do
  # Existing code...

  @doc """
  Generate the artifacts section for the system prompt.
  """
  def artifacts_prompt(session_id, skills) do
    user_artifacts = Conjure.Artifacts.list(session_id)
    skill_assets = collect_skill_assets(skills)

    """
    <artifacts>
    <artifacts_description>
    Artifacts are files and data available for this conversation.
    Reference them using their URI in tool calls.
    </artifacts_description>

    #{format_user_artifacts(user_artifacts)}
    #{format_skill_assets(skill_assets)}

    <artifact_usage>
    Use artifact URIs with the view tool or in bash commands:
    - view tool: {"path": "skill://csv-helper/assets/sample.csv"}
    - bash: process file at resolved path

    URI schemes:
    - skill://{skill}/assets/{path} - Files bundled with skills
    - file://{name} - User-provided files
    - https://{url} - Remote resources (fetched on access)
    </artifact_usage>
    </artifacts>
    """
  end

  defp format_user_artifacts([]), do: ""
  defp format_user_artifacts(artifacts) do
    items = Enum.map_join(artifacts, "\n", fn artifact ->
      """
      <artifact name="#{artifact.name}" type="#{artifact.content_type}" \
      size="#{format_size(artifact.size)}" uri="file://#{artifact.name}"/>
      """
    end)

    """
    <user_artifacts>
    #{items}
    </user_artifacts>
    """
  end

  defp format_skill_assets(assets) do
    items = Enum.map_join(assets, "\n", fn {skill_name, asset_path, type} ->
      uri = "skill://#{skill_name}/assets/#{asset_path}"
      "<asset skill=\"#{skill_name}\" path=\"#{asset_path}\" type=\"#{type}\" uri=\"#{uri}\"/>"
    end)

    """
    <skill_assets>
    #{items}
    </skill_assets>
    """
  end
end
5. Tool Integration
The executor resolves artifact URIs before tool execution:
defmodule Conjure.Executor do
  # Existing code...

  @doc """
  Execute a tool call, resolving any artifact URIs in the input.
  """
  def execute(tool_call, context) do
    case resolve_artifacts_in_input(tool_call.input, context) do
      {:ok, resolved_input} ->
        do_execute(%{tool_call | input: resolved_input}, context)

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

  defp resolve_artifacts_in_input(input, context) when is_map(input) do
    Enum.reduce_while(input, {:ok, %{}}, fn {key, value}, {:ok, acc} ->
      case resolve_if_artifact_uri(value, context) do
        {:ok, resolved} -> {:cont, {:ok, Map.put(acc, key, resolved)}}
        {:error, reason} -> {:halt, {:error, {key, reason}}}
      end
    end)
  end

  defp resolve_if_artifact_uri(value, context) when is_binary(value) do
    if artifact_uri?(value) do
      case Conjure.Artifacts.Resolver.resolve(
        context.session_id,
        value,
        skills: context.skills
      ) do
        {:ok, {:path, path}} -> {:ok, path}
        {:ok, {:content, content}} -> {:ok, content}
        {:ok, {:content, content, _type}} -> {:ok, content}
        {:error, reason} -> {:error, reason}
      end
    else
      {:ok, value}
    end
  end
  defp resolve_if_artifact_uri(value, _context), do: {:ok, value}

  defp artifact_uri?(value) do
    String.starts_with?(value, "skill://") or
    String.starts_with?(value, "file://") or
    String.starts_with?(value, "https://") or
    String.starts_with?(value, "http://")
  end
end
6. Docker Executor Support
For Docker execution, resolved artifacts are mounted:
defmodule Conjure.Executor.Docker do
  # Existing code...

  defp prepare_artifact_mounts(context) do
    artifacts = Conjure.Artifacts.list(context.session_id)

    Enum.flat_map(artifacts, fn artifact ->
      case artifact.source do
        {:file, path} ->
          container_path = "/artifacts/#{artifact.name}"
          [{path, container_path, :ro}]

        _ ->
          []
      end
    end)
  end

  defp artifact_env_vars(context) do
    artifacts = Conjure.Artifacts.list(context.session_id)

    Enum.map(artifacts, fn artifact ->
      {"ARTIFACT_#{String.upcase(artifact.name)}", "/artifacts/#{artifact.name}"}
    end)
  end
end
7. Usage Examples
# Start a session with artifacts
{:ok, session} = Conjure.Session.start_link()

# Register user files
Conjure.Artifacts.register(session, "sales_data", {:file, "/uploads/sales_2024.csv"})
Conjure.Artifacts.register(session, "config", {:url, "https://api.example.com/config.json"})

# Load skills (which have bundled assets)
{:ok, skills} = Conjure.load("priv/skills")

# Generate prompts with artifact awareness
system_prompt = Conjure.system_prompt(skills) <>
                Conjure.Prompt.artifacts_prompt(session, skills)

# User can reference artifacts naturally
user_message = "Analyze file://sales_data using the csv-helper skill"

# Or reference skill assets
user_message = "Use the sample data at skill://csv-helper/assets/example.csv as a template"

# Or fetch remote data
user_message = "Fetch https://api.github.com/users/holsee and show me the profile"
8. Security Considerations
defmodule Conjure.Artifacts.Security do
  @moduledoc """
  Security validations for artifact access.
  """

  @doc """
  Validate a file path is allowed for registration.
  """
  @spec validate_file_path(Path.t(), keyword()) :: :ok | {:error, term()}
  def validate_file_path(path, opts \\ []) do
    allowed_dirs = Keyword.get(opts, :allowed_dirs, [])

    cond do
      not File.exists?(path) ->
        {:error, :file_not_found}

      path_traversal?(path) ->
        {:error, :path_traversal}

      allowed_dirs != [] and not within_allowed?(path, allowed_dirs) ->
        {:error, :path_not_allowed}

      true ->
        :ok
    end
  end

  @doc """
  Validate a URL is allowed for fetching.
  """
  @spec validate_url(String.t(), keyword()) :: :ok | {:error, term()}
  def validate_url(url, opts \\ []) do
    blocked_hosts = Keyword.get(opts, :blocked_hosts, ["localhost", "127.0.0.1", "169.254.169.254"])
    allowed_schemes = Keyword.get(opts, :allowed_schemes, ["https"])

    uri = URI.parse(url)

    cond do
      uri.scheme not in allowed_schemes ->
        {:error, {:scheme_not_allowed, uri.scheme}}

      uri.host in blocked_hosts ->
        {:error, {:host_blocked, uri.host}}

      private_ip?(uri.host) ->
        {:error, :private_ip_blocked}

      true ->
        :ok
    end
  end
end
9. Configuration
config :conjure,
  artifacts: [
    # File registration settings
    allowed_dirs: ["/uploads", "/workspace"],
    max_file_size: 50 * 1024 * 1024,  # 50MB

    # URL fetching settings
    url_fetch_enabled: true,
    url_timeout: 30_000,
    url_max_size: 10 * 1024 * 1024,  # 10MB
    blocked_hosts: ["localhost", "127.0.0.1", "169.254.169.254"],
    allowed_schemes: ["https"],

    # Caching
    cache_fetched_urls: true,
    cache_ttl: :timer.minutes(15),

    # Cleanup
    session_ttl: :timer.hours(1)
  ]
Consequences
Positive
	Unified interface - Single abstraction for all external data sources
	Security - Path traversal prevention, URL validation, sandboxed access
	Discoverability - Claude sees available artifacts in system prompt
	Portability - URIs work across environments without path changes
	Lazy loading - URLs fetched only when accessed
	Session scoping - Automatic cleanup when session ends

Negative
	Indirection - Additional layer between Claude and files
	Complexity - More code to maintain
	URL fetching risks - SSRF concerns require careful validation
	Memory usage - Cached URL content consumes memory

Neutral
	Learning curve - Users must learn URI schemes
	Backward compatibility - Existing direct paths still work
	Optional feature - Can be disabled if not needed

Alternatives Considered
Direct Path Injection
Pass resolved paths directly to Claude without URI abstraction. Rejected because:
	Exposes filesystem structure
	Path traversal risks
	Not portable across environments
	Claude can't know what's available

Content Embedding Only
Always embed content in messages rather than references. Rejected because:
	Large files consume token budget
	Binary files can't be embedded
	Redundant for files accessed multiple times

Workspace Directory Only
Use a single workspace directory for all user files. Rejected because:
	Doesn't address skill assets
	Doesn't handle URLs
	Less flexible than named artifacts

Custom Protocol Handler
Implement custom protocol for all resources. Rejected because:
	Over-engineering
	Standard URI schemes are well-understood
	Easier integration with existing tools

References
	ADR-0003: Zip Format for Skill Packages
	ADR-0009: Local Executor No Sandbox
	ADR-0010: Docker Production Executor
	URI Scheme RFC 3986
	OWASP Path Traversal
	OWASP SSRF Prevention
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    ADR-0019: Unified Execution Model

Status
Proposed
Context
Conjure supports two fundamentally different execution modes:
	Local/Docker execution - Conjure executes tools in the user's environment
	Anthropic execution - Anthropic executes skills in their managed containers (see ADR-0011)

Initially, these were designed as separate APIs with different modules:
	Local: Conjure.Conversation.run_loop/4 with Conjure.Executor behaviours
	Anthropic: Conjure.Session.Anthropic and Conjure.Conversation.Anthropic

This creates a fragmented developer experience where switching execution modes requires significant code changes.
Key Differences Between Modes
	Aspect	Local/Docker	Anthropic Hosted
	Who executes	Your application	Anthropic's container
	Conversation loop	tool_use → execute → tool_result	pause_turn continuation
	Skills source	Local filesystem	Uploaded to Anthropic
	Multi-turn state	Message history	Container ID + messages
	File output	Local filesystem	Files API download

Despite these differences, users want the same interaction patterns regardless of execution backend.
Reference
	Anthropic Skills API Guide

Decision
We will provide a unified execution model where the same API works for both local/Docker and Anthropic execution. Users can switch execution modes with minimal code changes while getting identical interaction patterns.
Unified Session API
defmodule Conjure.Session do
  @moduledoc """
  Manage multi-turn conversation sessions.

  Works with both local/Docker and Anthropic execution modes.
  """

  defstruct [
    :execution_mode,    # :local | :docker | :anthropic
    :skills,            # Local skills or Anthropic skill specs
    :messages,
    :container_id,      # For Anthropic container reuse
    :created_files,
    :context,           # ExecutionContext for local
    :opts
  ]

  @type t :: %__MODULE__{}

  @doc """
  Create session for local/Docker execution.
  """
  @spec new_local(skills :: [Skill.t()], keyword()) :: t()
  def new_local(skills, opts \\ [])

  @doc """
  Create session for Anthropic execution.
  """
  @spec new_anthropic(skill_specs :: [skill_spec()], keyword()) :: t()
  def new_anthropic(skill_specs, opts \\ [])

  @doc """
  Send a message and get response.

  Works identically for both execution modes.
  The api_callback is passed per-call, following API-agnostic design.
  """
  @spec chat(t(), String.t(), api_callback()) ::
    {:ok, response :: map(), updated_session :: t()} | {:error, term()}
  def chat(session, user_message, api_callback)

  @doc """
  Get files created during the session.

  Returns unified file info regardless of execution mode.
  """
  @spec get_created_files(t()) :: [file_info()]
  def get_created_files(session)
end
Unified Result Types
@type conversation_result :: %{
  messages: [message()],
  final_response: map(),
  created_files: [file_info()],
  iterations: pos_integer(),
  execution_mode: :local | :docker | :anthropic
}

@type file_info :: %{
  id: String.t(),           # file_id for Anthropic, path for local
  filename: String.t(),
  size: pos_integer(),
  source: :local | :anthropic
}
API Callback Pattern
All functions accept callbacks for HTTP operations, following the library's API-agnostic design (ADR-0004):
# Same callback works for both modes
api_callback = fn messages ->
  MyApp.Claude.call(messages)
end

# Local execution
session = Conjure.Session.new_local(skills, executor: Conjure.Executor.Docker)
{:ok, response, session} = Conjure.Session.chat(session, "Analyze this data", api_callback)

# Anthropic execution - same API!
session = Conjure.Session.new_anthropic([{:anthropic, "xlsx", "latest"}])
{:ok, response, session} = Conjure.Session.chat(session, "Analyze this data", api_callback)
Internal Loop Abstraction
The unified API handles the different conversation loop types internally:
# Local/Docker: tool_use → execute → tool_result loop
defp handle_local_conversation(session, messages, api_callback) do
  # Uses existing Conjure.Conversation.run_loop/4
  Conjure.Conversation.run_loop(
    messages,
    session.skills,
    api_callback,
    executor: get_executor(session)
  )
end

# Anthropic: pause_turn continuation loop
defp handle_anthropic_conversation(session, messages, api_callback) do
  # Uses Conjure.Conversation.Anthropic.run/4
  Conjure.Conversation.Anthropic.run(
    messages,
    build_container_config(session),
    api_callback,
    max_iterations: session.opts[:max_pause_iterations] || 10
  )
end
Module Organization
lib/conjure/
├── session.ex                    # Unified session (NEW)
├── api/
│   └── anthropic.ex              # API request helpers (ADR-0011)
├── conversation/
│   ├── conversation.ex           # Local loop (existing)
│   └── anthropic.ex              # Anthropic pause_turn loop (ADR-0011)
├── skills/
│   └── anthropic.ex              # Skill upload/management (ADR-0011)
├── files/
│   └── anthropic.ex              # File downloads (ADR-0011)
└── error.ex                      # Extended with new types
Usage Example
defmodule MyApp.Chat do
  @moduledoc """
  Unified chat interface - same code works for any backend.
  """

  alias Conjure.Session

  # Configuration determines execution mode
  def chat(user_message, opts \\ []) do
    session = create_session(opts)
    Session.chat(session, user_message, &call_claude/1)
  end

  defp create_session(opts) do
    case Keyword.get(opts, :execution, :local) do
      :local ->
        {:ok, skills} = Conjure.load("priv/skills")
        Session.new_local(skills, executor: Conjure.Executor.Local)

      :docker ->
        {:ok, skills} = Conjure.load("priv/skills")
        Session.new_local(skills, executor: Conjure.Executor.Docker)

      :anthropic ->
        Session.new_anthropic([
          {:anthropic, "xlsx", "latest"},
          {:anthropic, "pdf", "latest"}
        ])
    end
  end

  # Same callback for all modes
  defp call_claude(messages) do
    MyApp.Claude.post("/v1/messages", %{
      model: "claude-sonnet-4-5-20250929",
      max_tokens: 4096,
      messages: messages
    })
  end
end
File Handling
Created files are tracked uniformly with source information:
# After conversation
files = Session.get_created_files(session)

# Download based on source
Enum.each(files, fn file_info ->
  case file_info.source do
    :local ->
      # Already a local path
      File.read!(file_info.id)

    :anthropic ->
      # Download via Files API
      {:ok, content, _} = Conjure.Files.Anthropic.download(
        file_info.id,
        &api_callback/4
      )
      content
  end
end)
Consequences
Positive
	Single API to learn - Users learn one interface for all execution modes
	Easy mode switching - Change execution backend with configuration, not code rewrites
	Consistent patterns - Same callback style, session management, file handling
	Reduced cognitive load - No need to understand internal loop differences
	Future-proof - New execution backends can be added behind the same API

Negative
	Abstraction overhead - Some mode-specific features may be harder to access
	Lowest common denominator - API limited to features available in all modes
	Internal complexity - Unified module must handle different loop types

Neutral
	Mode-specific modules still exist - Conjure.Conversation.Anthropic etc. are still available for advanced use
	Configuration-driven - Execution mode determined at session creation
	Source tracking - File results include source for mode-specific handling when needed

Alternatives Considered
Separate APIs per Execution Mode
Keep Conjure.Session.Anthropic and local execution completely separate. Rejected because:
	Requires significant code changes to switch modes
	Users must learn multiple APIs
	Duplicated patterns and documentation

Execution Mode as Runtime Parameter
Pass execution mode to each chat/3 call instead of at session creation. Rejected because:
	Inconsistent state if mode changes mid-session
	More complex API surface
	Session state depends on execution mode

Wrapper Module Only
Create a thin wrapper that delegates to mode-specific modules. Rejected because:
	Still exposes mode differences in return types
	File handling would remain inconsistent
	Less robust abstraction

References
	ADR-0002: Pluggable Executor Architecture
	ADR-0004: API-Client Agnostic Design
	ADR-0011: Anthropic Skills API Integration
	Anthropic Skills API Guide
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    ADR-0020: Backend Behaviour Architecture

Status
Accepted
Context
After implementing the unified execution model (ADR-0019) with support for local, Docker, and Anthropic execution modes, we identified an asymmetry in the codebase:
	Local/Docker used Conjure.Executor behaviour + Conjure.Conversation
	Anthropic used Conjure.Conversation.Anthropic (different pattern)
	Session dispatched to different code paths based on execution mode

Additionally, we needed to support a new execution mode: Native - Elixir modules that implement a behaviour and execute directly in the BEAM, enabling type-safe, in-process skill execution with full access to application runtime context.
Decision
We will introduce a formal Conjure.Backend behaviour that all execution backends implement, providing a clean, pluggable interface for different execution strategies.
Backend Behaviour
defmodule Conjure.Backend do
  @callback backend_type() :: atom()
  @callback new_session(skills :: term(), opts :: keyword()) :: Session.t()
  @callback chat(Session.t(), String.t(), api_callback(), keyword()) :: chat_result()
end
Available Backends
	Backend	Module	Description	Execution
	Local	Conjure.Backend.Local	Bash commands on host	System.cmd
	Docker	Conjure.Backend.Docker	Bash in container	docker exec
	Anthropic	Conjure.Backend.Anthropic	Hosted execution	Skills API
	Native	Conjure.Backend.Native	Elixir modules	Direct calls

Native Skill Behaviour
For the Native backend, skills are implemented as Elixir modules:
defmodule Conjure.NativeSkill do
  @callback __skill_info__() :: skill_info()
  @callback execute(String.t(), context()) :: result()
  @callback read(String.t(), context(), keyword()) :: result()
  @callback write(String.t(), String.t(), context()) :: result()
  @callback modify(String.t(), String.t(), String.t(), context()) :: result()

  @optional_callbacks [execute: 2, read: 3, write: 3, modify: 4]
end
Tool Mapping
Native callbacks map to Claude's tool types:
	Claude Tool	Native Callback	Purpose
	bash_tool	execute/2	Run commands/logic
	view	read/3	Read resources
	create_file	write/3	Create resources
	str_replace	modify/4	Update resources

Consequences
Positive
	Unified Interface: All backends implement the same behaviour, making them interchangeable
	Type Safety: Native skills benefit from compile-time checks and Elixir's type system
	No Shell Overhead: Native execution has no subprocess/shell overhead
	Application Integration: Native skills can directly access Ecto repos, caches, GenServers
	Pluggable Architecture: Easy to add new backends (e.g., WASM, remote execution)
	Clean Separation: Each backend encapsulates its own conversation loop logic

Negative
	More Modules: Added 6 new modules for the backend abstraction
	Slight Indirection: Session now dispatches through backend modules
	Native Skill Learning Curve: Developers need to learn the NativeSkill behaviour

Neutral
	Existing Code Preserved: Executor behaviour still works for Local/Docker
	Backwards Compatible: Session API unchanged for existing users

File Structure
lib/conjure/
├── backend.ex                    # Backend behaviour
├── backend/
│   ├── local.ex                  # Wraps Executor.Local
│   ├── docker.ex                 # Wraps Executor.Docker
│   ├── anthropic.ex              # Wraps Conversation.Anthropic
│   └── native.ex                 # Native execution
├── native_skill.ex               # Native skill behaviour
└── session.ex                    # Updated with new_native
Usage Examples
Native Backend
defmodule MyApp.Skills.CacheManager do
  @behaviour Conjure.NativeSkill

  def __skill_info__ do
    %{
      name: "cache-manager",
      description: "Manage application cache",
      allowed_tools: [:execute, :read]
    }
  end

  def execute("clear", _ctx) do
    :ok = MyApp.Cache.clear()
    {:ok, "Cache cleared"}
  end

  def read("stats", _ctx, _opts) do
    {:ok, inspect(MyApp.Cache.stats())}
  end
end

# Usage
session = Conjure.Session.new_native([MyApp.Skills.CacheManager])
{:ok, response, session} = Conjure.Session.chat(session, "Clear the cache", &api_callback/1)
Unified API Across Backends
defmodule MyApp.Agent do
  def chat(message, backend_type, skills) do
    session = case backend_type do
      :local -> Conjure.Session.new_local(skills)
      :docker -> Conjure.Session.new_local(skills, executor: Conjure.Executor.Docker)
      :anthropic -> Conjure.Session.new_anthropic(skills)
      :native -> Conjure.Session.new_native(skills)
    end

    Conjure.Session.chat(session, message, &call_claude/1)
  end
end
Related
	ADR-0019: Unified Execution Model
	ADR-0011: Anthropic Executor (Skills API)
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    ADR-0021: Hybrid Multi-Backend Sessions

Status
Proposed
Context
After establishing the unified Session API (ADR-0019) and Backend behaviour (ADR-0020), we identified a usability gap: multi-backend workflows require creating separate sessions for each backend, manually orchestrating data flow, and managing multiple conversation histories.
Common patterns like "fetch with Native → analyze with Local → report with Anthropic" require significant boilerplate:
# Current approach - separate sessions, manual orchestration
{:ok, logs} = fetch_logs_native(url)           # Session 1
{:ok, analysis} = analyze_logs_local(logs)      # Session 2
{:ok, report} = generate_report_anthropic(analysis)  # Session 3
This creates friction for developers building multi-capability agents.
Decision
We will introduce a Hybrid Session mode that manages multiple backend sub-sessions internally, providing:
	Single session creation with multiple backends
	Automatic tool routing based on skill registration
	Unified conversation history
	Aggregated file tracking across backends
	Lazy cross-backend file resolution

Public API
# Create hybrid session with multiple backends
session = Conjure.Session.new_hybrid([
  {:native, [MyApp.Skills.LogFetcher]},
  {:local, local_skills},
  {:docker, docker_skills, executor: Conjure.Executor.Docker},
  {:anthropic, [{:anthropic, "xlsx", "latest"}]}
])

# Single chat call - tools route automatically
{:ok, response, session} = Conjure.Session.chat(
  session,
  "Fetch logs from the API, analyze them, and create an Excel report",
  &api_callback/1
)

# Access unified file list
files = Conjure.Session.get_created_files(session)
# => [%{id: "...", source: :native}, %{id: "file_abc", source: :anthropic}]
Session Structure
Extended Session struct with hybrid-specific fields:
defstruct [
  :execution_mode,    # :hybrid for this mode
  :skills,            # Merged list of all skills (for reference)
  :messages,          # Unified conversation history
  :container_id,      # nil (Anthropic container tracked in sub-session)
  :created_files,     # Aggregated from all backends
  :context,           # nil (each sub-session has own context)
  :opts,
  # New fields for hybrid:
  :sub_sessions,      # %{backend_type => Session.t()}
  :routing_table      # %{prefixed_tool_name => {backend_type, skill_ref}}
]
Tool Naming (Skill Prefix Strategy)
To prevent collisions when multiple skills expose same tool types:
# Original tool definitions:
# Native skill "log-fetcher" → "execute" tool
# Local skill "analyzer" → "bash_tool" tool

# After prefixing:
# "log-fetcher_execute"
# "analyzer_bash_tool"

# Routing table:
%{
  "log-fetcher_execute" => {:native, MyApp.Skills.LogFetcher},
  "analyzer_bash_tool" => {:local, "analyzer"},
  "xlsx_code_execution" => {:anthropic, {:anthropic, "xlsx", "latest"}}
}
Implementation
1. Session Creation (lib/conjure/session.ex)
@spec new_hybrid([backend_spec()], keyword()) :: t()
def new_hybrid(backend_specs, opts \\ []) do
  # Create sub-session for each backend
  sub_sessions = create_sub_sessions(backend_specs, opts)

  # Build routing table from all tool definitions
  routing_table = build_routing_table(sub_sessions)

  # Merge all skills for reference
  all_skills = merge_skills(sub_sessions)

  %__MODULE__{
    execution_mode: :hybrid,
    skills: all_skills,
    messages: [],
    container_id: nil,
    created_files: [],
    context: nil,
    opts: opts,
    sub_sessions: sub_sessions,
    routing_table: routing_table
  }
end

defp create_sub_sessions(backend_specs, opts) do
  Enum.reduce(backend_specs, %{}, fn
    {:native, modules}, acc ->
      Map.put(acc, :native, new_native(modules, opts))

    {:local, skills}, acc ->
      Map.put(acc, :local, new_local(skills, opts))

    {:docker, skills, backend_opts}, acc ->
      merged_opts = Keyword.merge(opts, backend_opts)
      Map.put(acc, :docker, new_local(skills, merged_opts))

    {:anthropic, skill_specs}, acc ->
      Map.put(acc, :anthropic, new_anthropic(skill_specs, opts))
  end)
end
2. Hybrid Conversation Loop (lib/conjure/session/hybrid.ex)
defmodule Conjure.Session.Hybrid do
  @moduledoc "Hybrid session conversation loop with multi-backend routing."

  alias Conjure.Session

  def chat(session, user_message, api_callback) do
    user_msg = %{"role" => "user", "content" => user_message}
    messages = session.messages ++ [user_msg]

    # Merge tool definitions from all backends with skill prefixes
    tools = merged_tool_definitions(session)

    run_loop(messages, tools, session, api_callback)
  end

  defp run_loop(messages, tools, session, api_callback, iteration \\ 0) do
    max_iterations = Keyword.get(session.opts, :max_iterations, 25)

    if iteration >= max_iterations do
      {:error, %Conjure.Error{type: :max_iterations}}
    else
      case api_callback.(messages, tools) do
        {:ok, response} ->
          handle_response(response, messages, tools, session, api_callback, iteration)

        {:error, _} = error ->
          error
      end
    end
  end

  defp handle_response(response, messages, tools, session, api_callback, iteration) do
    tool_uses = extract_tool_uses(response)

    if Enum.empty?(tool_uses) do
      # End of conversation
      finalize(response, messages, session)
    else
      # Route and execute tools
      case execute_tools(tool_uses, session) do
        {:ok, results, updated_session} ->
          # Build next messages
          assistant_msg = %{"role" => "assistant", "content" => response["content"]}
          tool_results_msg = format_tool_results(results)
          new_messages = messages ++ [assistant_msg, tool_results_msg]

          run_loop(new_messages, tools, updated_session, api_callback, iteration + 1)

        {:error, _} = error ->
          error
      end
    end
  end

  defp execute_tools(tool_uses, session) do
    # Group tool calls by backend
    grouped = group_by_backend(tool_uses, session.routing_table)

    # Execute in parallel across backends
    results =
      grouped
      |> Task.async_stream(fn {backend_type, calls} ->
        execute_on_backend(backend_type, calls, session)
      end, timeout: 60_000)
      |> Enum.reduce({:ok, [], session}, &aggregate_result/2)

    results
  end

  defp execute_on_backend(backend_type, tool_calls, session) do
    sub_session = session.sub_sessions[backend_type]

    # Restore original tool names for backend execution
    restored_calls = restore_tool_names(tool_calls)

    # Execute via the appropriate backend
    case backend_type do
      :native -> execute_native(restored_calls, sub_session)
      :local -> execute_local(restored_calls, sub_session)
      :docker -> execute_local(restored_calls, sub_session)
      :anthropic -> execute_anthropic(restored_calls, sub_session)
    end
  end
end
3. Cross-Backend File Resolution (lib/conjure/session/hybrid/file_resolver.ex)
defmodule Conjure.Session.Hybrid.FileResolver do
  @moduledoc "Lazy file resolution across backends."

  def resolve(file_ref, session) do
    case find_file_source(file_ref, session.created_files) do
      {:local, path} -> {:ok, path}
      {:native, path} -> {:ok, path}
      {:docker, path} -> {:ok, path}
      {:anthropic, file_id} -> lazy_download(file_id, session)
      :not_found -> {:error, :file_not_found}
    end
  end

  defp lazy_download(file_id, session) do
    working_dir = Keyword.get(session.opts, :working_directory, System.tmp_dir!())
    cache_path = Path.join([working_dir, "anthropic_cache", file_id])

    if File.exists?(cache_path) do
      {:ok, cache_path}
    else
      File.mkdir_p!(Path.dirname(cache_path))

      case Conjure.API.Anthropic.download_file(file_id, cache_path) do
        :ok ->
          # Update file tracking with cached path
          {:ok, cache_path}

        {:error, reason} ->
          {:error, {:download_failed, file_id, reason}}
      end
    end
  end
end
File Structure
lib/conjure/
├── session.ex                    # Add new_hybrid/2, :hybrid mode
├── session/
│   ├── hybrid.ex                 # Hybrid conversation loop
│   └── hybrid/
│       └── file_resolver.ex      # Cross-backend file access
└── backend.ex                    # Add Hybrid to available backends

docs/adr/
└── 0021-hybrid-multi-backend-sessions.md

test/conjure/
└── session/
    └── hybrid_test.exs           # Hybrid session tests
Consequences
Positive
	Simplified Multi-Backend Workflows: Single session for complex agents
	Unified Conversation: One message history, one file list
	Automatic Routing: No manual backend selection per operation
	Backwards Compatible: New opt-in feature, existing code unchanged
	Parallel Execution: Tool calls to different backends run concurrently
	Lazy File Resolution: Anthropic files downloaded only when needed

Negative
	Increased Complexity: New session mode with sub-session management
	Memory Overhead: Sub-sessions and routing table add state
	Error Attribution: Need clear error context for multi-backend failures

Neutral
	No Backend Changes: Existing backends work unmodified
	Opt-In: Developers choose when to use hybrid mode
	Tool Name Prefixing: Changes visible tool names (may affect prompts)

Alternatives Considered
A. Skill-Level Backend Affinity
Skills declare their backend in metadata. Session routes based on skill.
Rejected: Couples skills to backends, reduces portability, requires Skill struct changes.
B. Tool-Level Configuration
External config maps tool names to backends.
Rejected: Too granular, configuration burden, less discoverable.
C. Workflow Composition Helpers
Better utilities for chaining single-backend sessions.
Rejected: Doesn't solve core UX issue of multiple sessions/histories.
References
	ADR-0019: Unified Execution Model
	ADR-0020: Backend Behaviour Architecture
	Tutorial: Many Skill Backends, One Agent



  

  
    
    ADR-0022: Storage Strategy - Conjure v0.1.1-alpha
    
    

    


  
  

    ADR-0022: Pluggable Storage Strategy

Status
Accepted
Context
Currently, the Docker backend uses a hardcoded working directory pattern with a default of /workspace, which is invalid as a host path and causes test failures on macOS/Linux. More broadly, different deployment scenarios require different storage backends:
	Local Development: Ephemeral tmp directories, fast, no external dependencies
	Multi-Node Clusters: Shared storage (S3, Tigris) for session state across nodes
	Fly.io Deployments: Tigris Object Storage for persistent, low-latency storage
	Session Resume: Persistent storage enabling conversation continuation after restarts
	Compliance/Audit: Durable storage of session artifacts for record-keeping

Additionally, the Anthropic backend creates files server-side that need to be synchronized to client storage. Consumers of this library need callbacks to capture file references for their own persistence needs (e.g., associating files with users in a database).
Forces
	Docker requires a local mount path - remote storage must be synced locally
	Anthropic backend creates files remotely that may need client-side persistence
	Native backend operates in-memory but may want to persist results
	Library consumers need hooks to store file metadata in their own systems
	Storage lifecycle must align with session lifecycle
	Cleanup must be reliable, even on crashes

Decision
We will introduce a Conjure.Storage behaviour that abstracts storage operations, with implementations for Local, S3, and Tigris. All backends will use this abstraction for session working directories and file operations.
Storage Behaviour
defmodule Conjure.Storage do
  @moduledoc "Behaviour for session storage backends"

  @type session_id :: String.t()
  @type path :: String.t()
  @type content :: binary()
  @type state :: term()
  @type file_ref :: %{
          path: path(),
          size: non_neg_integer(),
          content_type: String.t() | nil,
          checksum: String.t() | nil,
          storage_url: String.t() | nil,
          created_at: DateTime.t()
        }

  # Lifecycle
  @callback init(session_id, opts :: keyword()) :: {:ok, state} | {:error, term()}
  @callback cleanup(state) :: :ok | {:error, term()}

  # File operations
  @callback write(state, path, content) :: {:ok, file_ref} | {:error, term()}
  @callback read(state, path) :: {:ok, content} | {:error, term()}
  @callback exists?(state, path) :: boolean()
  @callback delete(state, path) :: :ok | {:error, term()}
  @callback list(state) :: {:ok, [file_ref]} | {:error, term()}

  # For Docker mounting - returns a local filesystem path
  @callback local_path(state) :: {:ok, path} | {:error, :not_supported}

  # For syncing remote files (Anthropic backend)
  @callback sync_from_remote(state, remote_files :: [map()]) :: {:ok, [file_ref]} | {:error, term()}
  @callback sync_to_remote(state) :: {:ok, [file_ref]} | {:error, term()}

  # Optional callbacks
  @optional_callbacks [sync_from_remote: 2, sync_to_remote: 1]
end
Implementations
Local Storage (Default)
defmodule Conjure.Storage.Local do
  @behaviour Conjure.Storage

  @impl true
  def init(session_id, opts) do
    base = Keyword.get(opts, :base_path, System.tmp_dir!())
    prefix = Keyword.get(opts, :prefix, "conjure")
    path = Path.join(base, "#{prefix}_#{session_id}")

    File.mkdir_p!(path)
    {:ok, %{path: path, session_id: session_id}}
  end

  @impl true
  def local_path(%{path: path}), do: {:ok, path}

  @impl true
  def cleanup(%{path: path}) do
    File.rm_rf!(path)
    :ok
  end

  # ... other callbacks operate directly on filesystem
end
S3 Storage
defmodule Conjure.Storage.S3 do
  @behaviour Conjure.Storage

  @impl true
  def init(session_id, opts) do
    bucket = Keyword.fetch!(opts, :bucket)
    prefix = Keyword.get(opts, :prefix, "sessions/")
    region = Keyword.get(opts, :region, "us-east-1")

    # Local cache for Docker mounting
    cache_path = Path.join(System.tmp_dir!(), "conjure_s3_#{session_id}")
    File.mkdir_p!(cache_path)

    {:ok, %{
      bucket: bucket,
      prefix: "#{prefix}#{session_id}/",
      region: region,
      cache_path: cache_path,
      session_id: session_id
    }}
  end

  @impl true
  def local_path(%{cache_path: path}), do: {:ok, path}

  @impl true
  def write(state, path, content) do
    # Write to local cache
    local_file = Path.join(state.cache_path, path)
    File.mkdir_p!(Path.dirname(local_file))
    File.write!(local_file, content)

    # Async upload to S3
    s3_key = "#{state.prefix}#{path}"
    :ok = upload_to_s3(state.bucket, s3_key, content, state.region)

    {:ok, build_file_ref(path, content, s3_url(state, path))}
  end

  @impl true
  def cleanup(state) do
    # Delete from S3
    delete_prefix(state.bucket, state.prefix, state.region)
    # Cleanup local cache
    File.rm_rf!(state.cache_path)
    :ok
  end

  # ... other callbacks
end
Tigris Storage (Fly.io)
Tigris is Fly.io's globally-distributed, S3-compatible object storage. It automatically replicates data to regions close to your Fly Machines, providing low-latency access worldwide.
Fly.io Setup:
# Create a Tigris bucket for your Fly app
fly storage create

# Or with a specific name
fly storage create conjure-sessions

# Credentials are automatically injected into your Fly Machines as:
# - AWS_ACCESS_KEY_ID
# - AWS_SECRET_ACCESS_KEY
# - AWS_ENDPOINT_URL_S3
# - BUCKET_NAME

fly.toml configuration:
[env]
  SKILLEX_STORAGE = "tigris"

# Tigris bucket is attached automatically after `fly storage create`
defmodule Conjure.Storage.Tigris do
  @moduledoc """
  Fly.io Tigris object storage backend.

  Tigris provides:
  - Global distribution with automatic replication
  - S3-compatible API
  - Zero-config when running on Fly.io Machines
  - Low-latency access from any Fly.io region

  Credentials are automatically available when running on Fly.io.
  For local development, use `fly storage` credentials or set env vars.
  """

  @behaviour Conjure.Storage

  @impl true
  def init(session_id, opts) do
    # Fly.io injects these automatically into Machines
    bucket = Keyword.get_lazy(opts, :bucket, fn ->
      System.get_env("BUCKET_NAME") || raise "BUCKET_NAME not set"
    end)

    endpoint = Keyword.get(opts, :endpoint, System.get_env("AWS_ENDPOINT_URL_S3"))
    access_key = Keyword.get(opts, :access_key, System.get_env("AWS_ACCESS_KEY_ID"))
    secret_key = Keyword.get(opts, :secret_key, System.get_env("AWS_SECRET_ACCESS_KEY"))

    # Optional: specify region hint for read affinity
    # Fly.io sets FLY_REGION automatically
    region = Keyword.get(opts, :region, System.get_env("FLY_REGION", "auto"))

    # Local cache for Docker mounting (uses Fly volume if available)
    cache_base = Keyword.get(opts, :cache_path,
      System.get_env("FLY_VOLUME_PATH") || System.tmp_dir!()
    )
    cache_path = Path.join(cache_base, "conjure_sessions/#{session_id}")
    File.mkdir_p!(cache_path)

    {:ok, %{
      bucket: bucket,
      prefix: "sessions/#{session_id}/",
      endpoint: endpoint,
      access_key: access_key,
      secret_key: secret_key,
      region: region,
      cache_path: cache_path,
      session_id: session_id
    }}
  end

  @impl true
  def local_path(%{cache_path: path}), do: {:ok, path}

  @impl true
  def write(state, path, content) do
    # Write to local cache first (fast, synchronous)
    local_file = Path.join(state.cache_path, path)
    File.mkdir_p!(Path.dirname(local_file))
    File.write!(local_file, content)

    # Upload to Tigris (replicated globally automatically)
    s3_key = "#{state.prefix}#{path}"
    :ok = put_object(state, s3_key, content)

    {:ok, build_file_ref(path, content, public_url(state, path))}
  end

  @impl true
  def cleanup(state) do
    # Delete from Tigris
    delete_prefix(state, state.prefix)
    # Cleanup local cache
    File.rm_rf!(state.cache_path)
    :ok
  end

  # Uses ex_aws or req for S3-compatible API calls
  defp put_object(state, key, content) do
    # Implementation using S3-compatible API against state.endpoint
  end

  defp delete_prefix(state, prefix) do
    # List and delete all objects with prefix
  end

  defp public_url(state, path) do
    "#{state.endpoint}/#{state.bucket}/#{state.prefix}#{path}"
  end
end
Local Development with Tigris:
# Get credentials for local dev
fly storage auth

# Or proxy through Fly
fly proxy 4566:443 -a <your-tigris-app>

# config/dev.exs
config :conjure, :storage,
  strategy: Conjure.Storage.Tigris,
  endpoint: "http://localhost:4566",  # Local proxy
  bucket: "conjure-dev"
Multi-Region Session Affinity:
Tigris automatically serves data from the nearest region. For session locality:
# Include region in session_id for debugging/routing
session_id = "#{System.get_env("FLY_REGION")}_#{UUID.uuid4()}"
Consumer Callbacks
To allow library consumers to capture file references for their own persistence:
defmodule Conjure.Storage.Callbacks do
  @type file_event :: :created | :modified | :deleted | :synced
  @type callback :: (file_event, Conjure.Storage.file_ref(), session_id :: String.t() -> :ok)

  @callback on_file_event(callback) :: :ok
end
Callbacks are configured per-session:
session = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.S3, bucket: "my-bucket"},
  on_file_created: fn file_ref, session_id ->
    # Store reference in your database
    MyApp.Repo.insert!(%MyApp.SessionFile{
      user_id: current_user.id,
      session_id: session_id,
      path: file_ref.path,
      storage_url: file_ref.storage_url,
      size: file_ref.size
    })
  end,
  on_file_deleted: fn file_ref, session_id ->
    MyApp.Repo.delete_all(
      from f in MyApp.SessionFile,
      where: f.session_id == ^session_id and f.path == ^file_ref.path
    )
  end
)
Anthropic Backend Sync
The Anthropic backend creates files server-side. Storage sync pulls these to client storage:
defmodule Conjure.Backend.Anthropic do
  def chat(session, message, api_callback, opts) do
    # ... conversation logic ...

    # After turn completes, sync created files
    case session.storage do
      nil -> {:ok, response, session}
      storage ->
        remote_files = get_created_files_from_response(response)
        {:ok, file_refs} = Conjure.Storage.sync_from_remote(storage, remote_files)
        session = %{session | created_files: session.created_files ++ file_refs}

        # Fire callbacks
        Enum.each(file_refs, fn ref ->
          fire_callback(session, :synced, ref)
        end)

        {:ok, response, session}
    end
  end
end
Session Integration
defmodule Conjure.Session do
  defstruct [
    # ... existing fields ...
    :storage,           # Storage state
    :storage_strategy,  # Module implementing Storage behaviour
    :file_callbacks     # Map of event -> callback function
  ]

  def new_docker(skills, opts) do
    {storage_strategy, storage_opts} = resolve_storage(opts)
    session_id = generate_session_id()
    {:ok, storage} = storage_strategy.init(session_id, storage_opts)

    # Get local path for Docker mounting
    {:ok, work_dir} = storage_strategy.local_path(storage)

    %Session{
      execution_mode: :docker,
      storage: storage,
      storage_strategy: storage_strategy,
      context: %ExecutionContext{working_directory: work_dir},
      # ...
    }
  end

  defp resolve_storage(opts) do
    case Keyword.get(opts, :storage) do
      nil -> {Conjure.Storage.Local, []}
      {module, opts} -> {module, opts}
      module when is_atom(module) -> {module, []}
    end
  end
end
Configuration
# config/dev.exs - Local development
config :conjure, :storage,
  strategy: Conjure.Storage.Local,
  base_path: System.tmp_dir!(),
  prefix: "conjure"

# config/prod.exs - Fly.io with Tigris (zero-config)
# Credentials auto-injected by Fly.io Machines
config :conjure, :storage,
  strategy: Conjure.Storage.Tigris
  # bucket, endpoint, credentials all from env vars automatically

# config/prod.exs - AWS S3
config :conjure, :storage,
  strategy: Conjure.Storage.S3,
  bucket: System.get_env("S3_BUCKET"),
  region: System.get_env("AWS_REGION", "us-east-1")

# Per-session override always takes precedence
session = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.S3, bucket: "custom-bucket"}
)
Consequences
Positive
	Fixes Docker Bug: Default storage now creates valid temp directories
	Multi-Node Support: S3/Tigris enable shared state across cluster nodes
	Fly.io Ready: First-class Tigris support for Fly.io deployments
	Session Persistence: Storage backends can persist beyond session lifetime
	Consumer Integration: Callbacks enable tight integration with consumer applications
	Anthropic File Sync: Remote files can be captured and persisted client-side
	Unified Interface: All backends use the same storage abstraction
	Testable: Easy to mock storage in tests

Negative
	Complexity: Adds new abstraction layer and 3+ modules
	S3 Dependency: S3/Tigris implementations need HTTP client (optional dep)
	Sync Latency: Remote storage adds latency vs local filesystem
	Local Cache Management: S3/Tigris need local cache for Docker, adding cleanup complexity

Neutral
	Backwards Compatible: Default Local storage maintains current behavior (once fixed)
	Optional Feature: Consumers only pay complexity cost if using cloud storage

File Structure
lib/conjure/
├── storage.ex                    # Storage behaviour
├── storage/
│   ├── local.ex                  # Local filesystem (default)
│   ├── s3.ex                     # AWS S3
│   └── tigris.ex                 # Fly.io Tigris
└── session.ex                    # Updated with storage integration
Alternatives Considered
1. Docker Volumes Instead of Mounts
Could use Docker volumes for persistence, but:
	Less portable across storage backends
	Harder to access files from host
	Doesn't solve multi-node problem

2. Database Storage (Ecto)
Store files directly in PostgreSQL/etc:
	Adds hard Ecto dependency
	Not suitable for large files
	Tighter coupling than callbacks

3. GenStage/Broadway for File Events
Use GenStage for file event streaming:
	Overkill for most use cases
	Adds significant complexity
	Simple callbacks sufficient for MVP

References
	Tigris Object Storage
	Fly.io Tigris Integration
	AWS S3 API Reference
	ADR-0010: Docker Production Executor
	ADR-0020: Backend Behaviour Architecture
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Helpers for building Anthropic Skills API requests.
This module provides pure functions for constructing API parameters
when using Anthropic's hosted Skills execution. It does NOT make
HTTP calls - users provide their own HTTP client.
Beta Requirements
The Skills API requires beta headers. Use beta_headers/0 to get
the required headers for your HTTP client:
headers = [
  {"x-api-key", api_key},
  {"anthropic-version", "2023-06-01"}
] ++ Conjure.API.Anthropic.beta_headers()
Skill Types
	:anthropic - Pre-built skills: "xlsx", "pptx", "docx", "pdf"
	:custom - User-uploaded skills with generated IDs

Example
# Build container config for skills
{:ok, container} = Conjure.API.Anthropic.container_config([
  {:anthropic, "xlsx", "latest"},
  {:anthropic, "pptx", "latest"},
  {:custom, "skill_01AbCdEfGhIjKlMnOpQrStUv", "latest"}
])

# Build complete request
request = Conjure.API.Anthropic.build_request(
  messages,
  container,
  model: "claude-sonnet-4-5-20250929",
  max_tokens: 4096
)
References
	Anthropic Skills API Guide


      


      
        Summary


  
    Types
  


    
      
        parsed_response()

      


    


    
      
        skill_spec()

      


    


    
      
        skill_type()

      


    





  
    Functions
  


    
      
        beta_headers()

      


        Get the required beta headers for Skills API requests.



    


    
      
        build_assistant_message(map)

      


        Build the assistant message from a response for continuing conversation.



    


    
      
        build_request(messages, container_config, opts \\ [])

      


        Build a complete messages API request body.



    


    
      
        code_execution_tool()

      


        Get the code execution tool definition.



    


    
      
        container_config(skills)

      


        Build the container configuration for skills.



    


    
      
        container_config!(skills)
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        Extract file IDs from a response.



    


    
      
        extract_text(arg1)

      


        Extract text content from a response.



    


    
      
        parse_response(response)

      


        Parse an API response, extracting relevant fields.
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        Check if response indicates a pause_turn (long-running operation).
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          @type parsed_response() :: %{
  content: list(),
  stop_reason: String.t(),
  container_id: String.t() | nil,
  file_ids: [String.t()],
  usage: map() | nil
}
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          @spec beta_headers() :: [{String.t(), String.t()}]


      


Get the required beta headers for Skills API requests.
These headers must be included in all API requests that use
Skills or code execution features.
Example
headers = Conjure.API.Anthropic.beta_headers()
# => [{"anthropic-beta", "code-execution-2025-08-25,skills-2025-10-02,files-api-2025-04-14"}]
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          @spec build_assistant_message(map()) :: map()


      


Build the assistant message from a response for continuing conversation.
Use this when handling pause_turn to build the next messages array.
Example
# Response came back with pause_turn
assistant_message = build_assistant_message(response)
updated_messages = messages ++ [assistant_message]
# Continue with updated_messages
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          @spec build_request([map()], map(), keyword()) :: map()


      


Build a complete messages API request body.
Combines messages, container config, and options into a complete
request body ready to be JSON-encoded.
Options
	:model - Model to use (default: "claude-sonnet-4-5-20250929")
	:max_tokens - Maximum tokens in response (default: 4096)
	:system - System prompt
	:tools - Additional tools (code_execution is added automatically)
	:metadata - Request metadata

Example
{:ok, container} = container_config([{:anthropic, "xlsx", "latest"}])

request = build_request(
  [%{"role" => "user", "content" => "Create a spreadsheet"}],
  container,
  model: "claude-sonnet-4-5-20250929",
  max_tokens: 8192,
  system: "You are a helpful assistant."
)
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          @spec code_execution_tool() :: map()


      


Get the code execution tool definition.
This tool definition must be included in the tools array
when making API requests with Skills.
Example
tools = [Conjure.API.Anthropic.code_execution_tool()]
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          @spec container_config([skill_spec()]) :: {:ok, map()} | {:error, Conjure.Error.t()}


      


Build the container configuration for skills.
Accepts a list of skill specifications and returns the container
parameter for the API request. Maximum 8 skills per request.
Skill Specification Format
Each skill is a tuple: {type, skill_id, version}
	type - :anthropic for pre-built skills, :custom for uploaded
	skill_id - Short name ("xlsx") or generated ID ("skill_01...")
	version - Version string or "latest"

Example
{:ok, container} = Conjure.API.Anthropic.container_config([
  {:anthropic, "xlsx", "latest"},
  {:custom, "skill_01AbCdEfGhIjKlMnOpQrStUv", "v1"}
])

# Returns:
# %{
#   "skills" => [
#     %{"type" => "anthropic", "skill_id" => "xlsx", "version" => "latest"},
#     %{"type" => "custom", "skill_id" => "skill_01...", "version" => "v1"}
#   ]
# }
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          @spec container_config!([skill_spec()]) :: map()


      


Build container config, raising on error.
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          @spec end_turn?(map() | parsed_response()) :: boolean()


      


Check if response indicates end_turn (conversation complete).
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          @spec extract_file_ids(map()) :: [String.t()]


      


Extract file IDs from a response.
Skills that create files (xlsx, pptx, pdf) include file references
in the response content. These IDs can be used with the Files API
to download the created documents.
Example
file_ids = extract_file_ids(response)
# => ["file_01AbCdEf...", "file_02GhIjKl..."]

Enum.each(file_ids, fn file_id ->
  {:ok, content, filename} = Conjure.Files.Anthropic.download(file_id, api_callback)
  File.write!(filename, content)
end)
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          @spec extract_text(map()) :: String.t()


      


Extract text content from a response.
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          @spec parse_response(map()) :: {:ok, parsed_response()} | {:error, term()}


      


Parse an API response, extracting relevant fields.
Extracts content, stop_reason, container_id, file_ids, and usage
from the response.
Example
{:ok, parsed} = parse_response(api_response)

if pause_turn?(parsed) do
  # Continue conversation
end

file_ids = parsed.file_ids
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          @spec pause_turn?(map() | parsed_response()) :: boolean()


      


Check if response indicates a pause_turn (long-running operation).
When true, the conversation should continue by sending the response
content back to the API with the same container ID.
Example
{:ok, parsed} = parse_response(response)

if pause_turn?(parsed) do
  # Long-running operation in progress, continue conversation
  updated_container = with_container_id(container, parsed.container_id)
  # ... continue loop
end
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          @spec with_container_id(map(), String.t()) :: map()


      


Add a container ID to an existing container config.
Use this for multi-turn conversations to reuse the same container.
Example
# First request - no container ID
{:ok, container} = container_config([{:anthropic, "xlsx", "latest"}])

# Parse container ID from response
container_id = get_in(response, ["container", "id"])

# Subsequent requests - reuse container
container_with_id = with_container_id(container, container_id)
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OTP Application for Conjure.
This module starts the Conjure supervision tree. The default configuration
starts with no children - the Registry must be explicitly added to your
application's supervision tree if needed.
Usage with Registry
To use the built-in Registry, add it to your application's supervisor:
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    children = [
      {Conjure.Registry, name: MyApp.Skills, paths: ["/path/to/skills"]}
    ]

    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
Configuration
Configure Conjure in your config:
config :conjure,
  skill_paths: ["/path/to/skills"],
  executor: Conjure.Executor.Docker,
  timeout: 30_000
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Behaviour for execution backends.
This behaviour defines the unified interface that all execution backends
must implement, enabling pluggable execution strategies.
Available Backends
	Backend	Module	Description
	Local	Conjure.Backend.Local	Bash commands on host
	Docker	Conjure.Backend.Docker	Bash commands in container
	Anthropic	Conjure.Backend.Anthropic	Hosted execution via Skills API
	Native	Conjure.Backend.Native	Elixir modules in BEAM

Example
# Using a backend directly
session = Conjure.Backend.Local.new_session(skills, [])
{:ok, response, session} = Conjure.Backend.Local.chat(
  session,
  "Hello",
  &api_callback/1,
  []
)
Implementing a Custom Backend
defmodule MyApp.Backend.Custom do
  @behaviour Conjure.Backend

  @impl true
  def backend_type, do: :custom

  @impl true
  def new_session(skills, opts) do
    # Create session state
  end

  @impl true
  def chat(session, message, api_callback, opts) do
    # Execute chat turn
  end
end
See Also
	Conjure.Session - Unified session API
	Conjure.NativeSkill - Behaviour for native skill modules
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          @type chat_result() :: {:ok, response :: map(), session()} | {:error, term()}
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          @callback backend_type() :: atom()


      


Get the backend type identifier.
Returns an atom identifying this backend (e.g., :local, :docker, :anthropic, :native).
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          @callback chat(session(), message :: String.t(), api_callback(), opts :: keyword()) ::
  chat_result()


      


Execute a chat turn.
Sends a message and returns the response along with updated session state.
Parameters
	session - Current session state
	message - User message to send
	api_callback - Function to call the LLM API
	opts - Additional options for this turn

Returns
	{:ok, response, updated_session} - On success
	{:error, error} - On failure
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          @callback new_session(skills :: term(), opts :: keyword()) :: session()


      


Create a new session for this backend.
Parameters
	skills - Skills to use (format depends on backend)
	opts - Backend-specific options

Returns
A new session struct configured for this backend.
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          @spec available() :: [atom()]


      


List all available backend types.
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          @spec get(atom()) :: module() | nil


      


Get the backend module for a given type.
Example
Conjure.Backend.get(:local)
# => Conjure.Backend.Local

Conjure.Backend.get(:native)
# => Conjure.Backend.Native
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Backend for Anthropic-hosted skill execution.
Executes skills using the Anthropic Skills API, where Anthropic manages
the execution environment in their cloud. Uses Conjure.Conversation.Anthropic
for the pause_turn loop handling.
Usage
session = Conjure.Backend.Anthropic.new_session([
  {:anthropic, "xlsx", "latest"},
  {:anthropic, "pdf", "latest"}
], [])

{:ok, response, session} = Conjure.Backend.Anthropic.chat(
  session,
  "Create a budget spreadsheet",
  &api_callback/1,
  []
)
Skill Specifications
Skills are specified as tuples: {:anthropic, name, version}
	:anthropic - Source identifier
	name - Skill name (e.g., "xlsx", "pdf", "pptx")
	version - Skill version (e.g., "latest", "v1")

Options
	:max_iterations - Maximum pause_turn iterations (default: 10)
	:on_pause - Callback when pause_turn received

Container Reuse
The session automatically tracks and reuses container IDs across
conversation turns for efficiency.
File Handling
Files created during execution are tracked in session.created_files.
Use Conjure.Files.Anthropic to download them.
See Also
	Conjure.Backend.Local - Local execution
	Conjure.Conversation.Anthropic - Pause-turn loop
	Conjure.Files.Anthropic - File downloads


      


      
        Summary


  
    Functions
  


    
      
        validate_skills(skill_specs)

      


        Validate skill specifications.



    





      


      
        Functions


        


  
    
      
    
    
      validate_skills(skill_specs)



        
          
        

    

  


  

      

          @spec validate_skills([Conjure.Session.skill_spec()]) ::
  {:ok, [Conjure.Session.skill_spec()]} | {:error, Conjure.Error.t()}


      


Validate skill specifications.
Returns {:ok, specs} if all specs are valid, or {:error, error} otherwise.
Example
Conjure.Backend.Anthropic.validate_skills([
  {:anthropic, "xlsx", "latest"},
  {:anthropic, "pdf", "latest"}
])
# => {:ok, [{:anthropic, "xlsx", "latest"}, {:anthropic, "pdf", "latest"}]}
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Backend for Docker-based execution of skills.
Executes skill tool calls inside Docker containers for isolation and security.
Uses Conjure.Executor.Docker for command execution and Conjure.Conversation
for the tool-use loop.
Recommended Usage
For new code, use Conjure.Session.new_docker/2 which provides proper storage
integration and working directory management:
{:ok, skills} = Conjure.load("priv/skills")
{:ok, session} = Conjure.Session.new_docker(skills)

{:ok, response, session} = Conjure.Session.chat(
  session,
  "Run the analysis",
  &api_callback/1
)

# Cleanup when done
{:ok, _} = Conjure.Session.cleanup(session)
Direct Backend Usage
For lower-level control, you can use this backend directly:
{:ok, skills} = Conjure.load("priv/skills")
session = Conjure.Backend.Docker.new_session(skills, [])

{:ok, response, session} = Conjure.Backend.Docker.chat(
  session,
  "Run the analysis",
  &api_callback/1,
  []
)
Options
	:working_directory - Working directory on host (mounted to /workspace in container)
	:timeout - Execution timeout in milliseconds (default: 30_000)
	:max_iterations - Maximum tool-use iterations (default: 25)
	:executor_config - Docker-specific configuration:	:image - Docker image to use
	:volumes - Volume mounts
	:network - Network mode



See Also
	Conjure.Session - Recommended high-level API with storage support
	Conjure.Backend.Local - Local execution
	Conjure.Executor.Docker - Low-level Docker executor
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Backend for local execution of skills.
Executes skill tool calls directly on the host system using bash commands.
Uses Conjure.Executor.Local for command execution and Conjure.Conversation
for the tool-use loop.
Usage
{:ok, skills} = Conjure.load("priv/skills")
session = Conjure.Backend.Local.new_session(skills, [])

{:ok, response, session} = Conjure.Backend.Local.chat(
  session,
  "Read the config file",
  &api_callback/1,
  []
)
Options
	:working_directory - Working directory for file operations
	:timeout - Execution timeout in milliseconds (default: 30_000)
	:max_iterations - Maximum tool-use iterations (default: 25)
	:executor_config - Additional executor configuration

See Also
	Conjure.Backend.Docker - Docker-based execution
	Conjure.Executor.Local - Low-level executor
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Backend for native Elixir module execution.
Executes skills implemented as Elixir modules directly in the BEAM,
providing type-safe, in-process execution with full access to the
application's runtime context.
Usage
defmodule MyApp.Skills.Database do
  @behaviour Conjure.NativeSkill

  def __skill_info__ do
    %{
      name: "database",
      description: "Query the database",
      allowed_tools: [:execute, :read]
    }
  end

  def execute(query, _context), do: {:ok, run_query(query)}
  def read(table, _context, _opts), do: {:ok, get_schema(table)}
end

session = Conjure.Backend.Native.new_session([MyApp.Skills.Database], [])

{:ok, response, session} = Conjure.Backend.Native.chat(
  session,
  "What tables do we have?",
  &api_callback/1,
  []
)
How It Works
	Native skill modules implement Conjure.NativeSkill behaviour
	This backend generates Claude tool definitions from skill info
	When Claude returns tool_use blocks, this backend:	Maps tool names back to skill modules
	Invokes the appropriate callback (execute/read/write/modify)
	Returns results to Claude



Advantages Over Local Backend
	No subprocess/shell overhead
	Type-safe with compile-time checks
	Direct access to application state (Ecto repos, caches, GenServers)
	Better error handling with pattern matching

Options
	:working_directory - Working directory for file operations
	:timeout - Execution timeout in milliseconds (default: 30_000)
	:max_iterations - Maximum tool-use iterations (default: 25)

See Also
	Conjure.NativeSkill - Behaviour for skill modules
	Conjure.Backend.Local - Shell-based execution
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          @spec build_tool_map([module()]) :: %{required(String.t()) => {module(), atom()}}


      


Build a tool name to module mapping for dispatching.
Returns a map from tool name to {module, callback_type}.
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          @spec tool_definitions([module()]) :: [map()]


      


Get all tool definitions for a list of native skill modules.
Returns a list of tool definitions suitable for passing to the Claude API.
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Conversation loop for Anthropic Skills API with pause_turn handling.
Unlike local/Docker execution where Conjure manages tool execution,
here Anthropic executes skills in their container. However, long-running
operations return pause_turn and require continuation.
Conversation Flow
User Message
     │
     ▼
Call Claude API ◄────────────────┐
     │                           │
     ▼                           │
Parse Response                   │
     │                           │
     ▼                           │
┌────────────┐    Yes   ┌────────────────┐
│pause_turn? │──────────►│ Build Continue │
└────────────┘          └───────┬────────┘
     │ No                       │
     ▼                          ▼
Return Final             Update Messages
 Response                Container ID ────┘
Example
{:ok, container} = Conjure.API.Anthropic.container_config([
  {:anthropic, "xlsx", "latest"}
])

messages = [%{"role" => "user", "content" => "Create a budget spreadsheet"}]

{:ok, result} = Conjure.Conversation.Anthropic.run(
  messages,
  container,
  &call_claude/1,
  max_iterations: 10,
  on_pause: fn _response, attempt -> IO.puts("Pause #{attempt}") end
)
References
	Anthropic Skills API Guide
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          @type opts() :: [
  max_iterations: pos_integer(),
  on_pause: (response :: map(), attempt :: pos_integer() -> any()),
  on_response: (response :: map() -> any())
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          @type result() :: %{
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  file_ids: [String.t()]
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          @spec complete?(result()) :: boolean()


      


Check if a result indicates the conversation is complete.
Returns false if the result came from a pause_turn that hit max iterations.

  



    

  
    
      
    
    
      continue(previous_result, additional_messages, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec continue(result(), [message()], api_callback(), opts()) ::
  {:ok, result()} | {:error, Conjure.Error.t()}


      


Continue from a previous result.
Use this to resume a conversation that was completed but you want
to continue with additional user messages.
Example
# First conversation
{:ok, result1} = run(messages1, container, callback)

# Continue with new message, reusing container
updated_messages = result1.messages ++ [%{"role" => "user", "content" => "Now add headers"}]
updated_container = Conjure.API.Anthropic.with_container_id(container, result1.container_id)

{:ok, result2} = run(updated_messages, updated_container, callback)

  



  
    
      
    
    
      extract_text(map)



        
          
        

    

  


  

      

          @spec extract_text(result()) :: String.t()


      


Extract the final text response from a result.

  



    

  
    
      
    
    
      run(messages, container_config, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec run([message()], map(), api_callback(), opts()) ::
  {:ok, result()} | {:error, Conjure.Error.t()}


      


Run a conversation with Anthropic-hosted skills, handling pause_turn.
Takes a callback function that makes Claude API calls. The callback
receives the current messages list and should return {:ok, response}
or {:error, reason}.
Options
	:max_iterations - Maximum pause_turn iterations (default: 10)
	:on_pause - Callback when pause_turn received fn response, attempt -> :ok end
	:on_response - Callback for each response fn response -> :ok end

Returns
On success, returns {:ok, result} where result contains:
	:response - The final API response
	:messages - Complete conversation history
	:container_id - Container ID for session reuse
	:iterations - Number of iterations taken
	:file_ids - List of file IDs created during execution

Example
{:ok, container} = Conjure.API.Anthropic.container_config([
  {:anthropic, "xlsx", "latest"}
])

{:ok, result} = Conjure.Conversation.Anthropic.run(
  [%{"role" => "user", "content" => "Create a spreadsheet"}],
  container,
  fn messages ->
    body = Conjure.API.Anthropic.build_request(messages, container)
    MyApp.Claude.post("/v1/messages", body)
  end
)

# Access results
result.file_ids
# => ["file_abc123"]
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Download files created by Anthropic Skills via the Files API.
Skills that create documents (xlsx, pptx, pdf) include file references
in the response. This module provides functions to download and manage
those files.
API Callback Format
All functions accept an api_callback for HTTP operations:
api_callback = fn method, path, body, opts ->
  # Make HTTP request to Anthropic API
  # Return {:ok, response_body} or {:error, reason}
end
Example
# Extract file IDs from response
file_ids = Conjure.API.Anthropic.extract_file_ids(response)

# Download each file
for file_id <- file_ids do
  {:ok, content, filename} = Conjure.Files.Anthropic.download(
    file_id,
    api_callback
  )

  File.write!(filename, content)
end
References
	Files API Documentation
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        Delete a file from Anthropic.
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        download_all(file_ids, directory, api_callback, opts \\ [])

      


        Download multiple files to a directory.



    


    
      
        download_content(file_id, api_callback, opts \\ [])

      


        Download file content only (without metadata).



    


    
      
        download_to_file(file_id, directory, api_callback, opts \\ [])

      


        Download a file and save it to disk.



    


    
      
        extract_file_ids(response)

      


        Extract file IDs from an API response.
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          @type api_callback() :: (method :: atom(),
                   path :: String.t(),
                   body :: map() | nil,
                   opts :: keyword() ->
                     {:ok, map() | binary()} | {:error, term()})
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          @type file_metadata() :: %{
  id: String.t(),
  filename: String.t(),
  size_bytes: non_neg_integer(),
  created_at: String.t(),
  purpose: String.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      delete(file_id, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec delete(String.t(), api_callback(), keyword()) ::
  :ok | {:error, Conjure.Error.t()}


      


Delete a file from Anthropic.
Example
:ok = Conjure.Files.Anthropic.delete("file_abc123", api_callback)
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          @spec download(String.t(), api_callback(), keyword()) ::
  {:ok, binary(), String.t()} | {:error, Conjure.Error.t()}


      


Download file content.
Returns the file content as binary data along with the filename.
Example
{:ok, content, filename} = Conjure.Files.Anthropic.download(
  "file_abc123",
  api_callback
)

File.write!(filename, content)
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          @spec download_all([String.t()], Path.t(), api_callback(), keyword()) :: [
  ok: Path.t(),
  error: Conjure.Error.t()
]


      


Download multiple files to a directory.
Returns a list of results for each file.
Example
file_ids = ["file_abc", "file_def"]

results = Conjure.Files.Anthropic.download_all(
  file_ids,
  "/tmp/downloads",
  api_callback
)

for {file_id, result} <- Enum.zip(file_ids, results) do
  case result do
    {:ok, path} -> IO.puts("Downloaded: #{path}")
    {:error, error} -> IO.puts("Failed #{file_id}: #{error.message}")
  end
end

  



    

  
    
      
    
    
      download_content(file_id, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec download_content(String.t(), api_callback(), keyword()) ::
  {:ok, binary()} | {:error, Conjure.Error.t()}


      


Download file content only (without metadata).
Use this if you already know the filename or don't need it.
Example
{:ok, content} = Conjure.Files.Anthropic.download_content(
  "file_abc123",
  api_callback
)
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          @spec download_to_file(String.t(), Path.t(), api_callback(), keyword()) ::
  {:ok, Path.t()} | {:error, Conjure.Error.t()}


      


Download a file and save it to disk.
Options
	:overwrite - Overwrite existing file (default: false)

Example
{:ok, path} = Conjure.Files.Anthropic.download_to_file(
  "file_abc123",
  "/tmp/downloads",
  api_callback
)

# path => "/tmp/downloads/budget_2024.xlsx"
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          @spec extract_file_ids(map()) :: [String.t()]


      


Extract file IDs from an API response.
Delegates to Conjure.API.Anthropic.extract_file_ids/1.
Example
file_ids = Conjure.Files.Anthropic.extract_file_ids(response)
# => ["file_abc123", "file_def456"]
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          @spec list(
  api_callback(),
  keyword()
) :: {:ok, [map()]} | {:error, Conjure.Error.t()}


      


List files in your Anthropic account.
Options
	:limit - Maximum number of files to return (default: 100)
	:purpose - Filter by purpose

Example
{:ok, files} = Conjure.Files.Anthropic.list(api_callback)

for file <- files do
  IO.puts("#{file["filename"]} (#{file["size_bytes"]} bytes)")
end
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          @spec metadata(String.t(), api_callback(), keyword()) ::
  {:ok, file_metadata()} | {:error, Conjure.Error.t()}


      


Get metadata about a file.
Returns file information including filename, size, and creation time.
Example
{:ok, metadata} = Conjure.Files.Anthropic.metadata("file_abc123", api_callback)

metadata.filename
# => "budget_2024.xlsx"

metadata.size_bytes
# => 15234
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Behaviour for native Elixir skill modules.
Native skills are Elixir modules that implement this behaviour, allowing
them to be executed directly in the BEAM without external processes.
This enables type-safe, in-process skill execution with full access to
the application's runtime context.
Tool Mapping
Native skill callbacks map to Claude's tool types:
	Claude Tool	Native Callback	Purpose
	bash_tool	execute/2	Run commands/logic
	view	read/3	Read resources
	create_file	write/3	Create resources
	str_replace	modify/4	Update resources

Implementing a Native Skill
defmodule MyApp.Skills.CacheManager do
  @behaviour Conjure.NativeSkill

  @impl true
  def __skill_info__ do
    %{
      name: "cache-manager",
      description: "Manage application cache",
      allowed_tools: [:execute, :read]
    }
  end

  @impl true
  def execute("clear", _context) do
    :ok = MyApp.Cache.clear()
    {:ok, "Cache cleared successfully"}
  end

  def execute("stats", _context) do
    stats = MyApp.Cache.stats()
    {:ok, format_stats(stats)}
  end

  @impl true
  def read("keys", _context, _opts) do
    keys = MyApp.Cache.keys()
    {:ok, Enum.join(keys, "\n")}
  end
end
Usage
session = Conjure.Session.new_native([MyApp.Skills.CacheManager])

{:ok, response, session} = Conjure.Session.chat(
  session,
  "Clear the cache and show me the stats",
  &api_callback/1
)
Tool Definitions
Native skills automatically generate Claude tool definitions based on
__skill_info__/0. The backend translates tool calls to callback invocations.
Context
Each callback receives a Conjure.ExecutionContext that provides:
	Working directory for file operations
	Allowed paths for security boundaries
	Timeout configuration
	Custom executor config (can store app-specific data)

Optional Callbacks
Only __skill_info__/0 is required. Implement only the callbacks your
skill needs:
	execute/2 - For command/action execution
	read/3 - For reading resources
	write/3 - For creating resources
	modify/4 - For modifying resources

See Also
	Conjure.Backend.Native - Native backend implementation
	Conjure.Session.new_native/2 - Creating native sessions
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          @type result() :: {:ok, String.t()} | {:error, term()}
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  description: String.t(),
  allowed_tools: [tool()]
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      __skill_info__()



        
          
        

    

  


  

      

          @callback __skill_info__() :: skill_info()


      


Return skill metadata.
This callback is required and provides information about the skill
including its name, description, and which tools it implements.
Example
def __skill_info__ do
  %{
    name: "database-query",
    description: "Execute read-only database queries",
    allowed_tools: [:execute, :read]
  }
end

  



  
    
      
    
    
      execute(command, context)


        (optional)


        
          
        

    

  


  

      

          @callback execute(command :: String.t(), context()) :: result()


      


Execute a command or action.
This is the primary action callback, replacing bash_tool. Use it for
performing operations, running queries, triggering actions, etc.
Example
def execute("query " <> sql, _context) do
  case MyApp.Repo.query(sql) do
    {:ok, result} -> {:ok, format_result(result)}
    {:error, err} -> {:error, err}
  end
end

  



  
    
      
    
    
      modify(path, old_content, new_content, context)


        (optional)


        
          
        

    

  


  

      

          @callback modify(
  path :: String.t(),
  old_content :: String.t(),
  new_content :: String.t(),
  context()
) :: result()


      


Modify an existing resource.
Replaces str_replace tool. Use for updating existing resources,
patching data, etc.
Example
def modify(path, old_content, new_content, _context) do
  content = File.read!(path)
  updated = String.replace(content, old_content, new_content)
  File.write!(path, updated)
  {:ok, "Modified #{path}"}
end
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          @callback read(path :: String.t(), context(), opts :: keyword()) :: result()


      


Read a resource.
Replaces the view tool. Use for reading files, fetching data,
getting resource state, etc.
Options
	:offset - Starting position (for pagination)
	:limit - Maximum amount to return

Example
def read("schema/" <> table, _context, _opts) do
  schema = MyApp.Repo.get_schema(table)
  {:ok, format_schema(schema)}
end
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          @callback write(path :: String.t(), content :: String.t(), context()) :: result()


      


Write/create a resource.
Replaces create_file tool. Use for creating new resources,
storing data, writing files, etc.
Example
def write(path, content, _context) do
  case File.write(path, content) do
    :ok -> {:ok, "Created #{path}"}
    {:error, reason} -> {:error, reason}
  end
end
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          @spec get_info(module()) :: {:ok, skill_info()} | {:error, :not_a_skill}


      


Get skill info from a module.
Returns {:ok, info} if the module implements __skill_info__/0,
or {:error, :not_a_skill} otherwise.
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          @spec implements?(module()) :: boolean()


      


Check if a module implements the NativeSkill behaviour.
Example
Conjure.NativeSkill.implements?(MyApp.Skills.CacheManager)
# => true

Conjure.NativeSkill.implements?(String)
# => false
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          @spec tool_definitions(module()) :: [map()]


      


Build Claude tool definitions from a native skill module.
Returns a list of tool definitions that can be passed to the Claude API.
Only includes tools listed in allowed_tools.
Example
Conjure.NativeSkill.tool_definitions(MyApp.Skills.CacheManager)
# => [
#   %{
#     "name" => "cache_manager_execute",
#     "description" => "Execute a command for cache-manager skill",
#     "input_schema" => %{...}
#   },
#   ...
# ]
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Manage multi-turn conversation sessions.
This module provides a unified API for managing conversation sessions
that works with all execution backends: local, Docker, Anthropic, and native.
Unified API
The same interface works regardless of execution backend:
# Local execution
session = Conjure.Session.new_local(skills)
{:ok, response, session} = Conjure.Session.chat(session, "Hello", api_callback)

# Docker execution
session = Conjure.Session.new_local(skills, executor: Conjure.Executor.Docker)
{:ok, response, session} = Conjure.Session.chat(session, "Hello", api_callback)

# Anthropic execution
session = Conjure.Session.new_anthropic([{:anthropic, "xlsx", "latest"}])
{:ok, response, session} = Conjure.Session.chat(session, "Hello", api_callback)

# Native execution (Elixir modules)
session = Conjure.Session.new_native([MyApp.Skills.Database])
{:ok, response, session} = Conjure.Session.chat(session, "Hello", api_callback)
Session State
Sessions track:
	Execution mode (:local, :docker, :anthropic, :native)
	Message history
	Created files (with source tracking)
	Container ID (for Anthropic)
	Execution context (for local/Docker/native)

File Handling
Files created during conversations are tracked with their source:
files = Conjure.Session.get_created_files(session)

for file <- files do
  case file.source do
    :local -> File.read!(file.id)
    :native -> File.read!(file.id)
    :anthropic -> download_from_anthropic(file.id)
  end
end
See Also
	Conjure.Backend - Backend behaviour and available backends
	Conjure.NativeSkill - Behaviour for native skill modules
	Conjure.Conversation - Local/Docker conversation loop
	Conjure.Conversation.Anthropic - Anthropic pause_turn loop
	ADR-0019: Unified Execution Model
	ADR-0020: Backend Behaviour Architecture
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        Cleanup session resources including storage and uploaded skills.
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        Get the container ID (Anthropic sessions only).
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        Get the execution context (local/Docker sessions only).
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        Get the execution mode of the session.



    


    
      
        get_created_files(session)

      


        Get all files created during the session.
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          @type execution_mode() :: :local | :docker | :anthropic | :native
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          @type file_info() :: %{
  id: String.t(),
  filename: String.t() | nil,
  size: non_neg_integer() | nil,
  source: :local | :anthropic | :native
}
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          @type skill_spec() :: {atom(), String.t(), String.t()}
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          @type t() :: %Conjure.Session{
  api_callback: function() | nil,
  container_id: String.t() | nil,
  context: Conjure.ExecutionContext.t() | nil,
  created_files: [file_info()],
  execution_mode: execution_mode(),
  file_callbacks:
    %{
      required(Conjure.Storage.callback_event()) =>
        Conjure.Storage.file_callback()
    }
    | nil,
  messages: [map()],
  opts: keyword(),
  skills: [Conjure.Skill.t()] | [skill_spec()] | [module()],
  storage: term() | nil,
  storage_strategy: module() | nil,
  uploaded_skills: [uploaded_skill()]
}
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          @type uploaded_skill() :: %{
  skill_id: String.t(),
  version: String.t(),
  display_title: String.t()
}
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          @spec add_message(t(), map()) :: t()


      


Add a message to the session history.
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          @spec chat(t(), String.t(), (list() -> {:ok, map()} | {:error, term()})) ::
  {:ok, map(), t()} | {:error, Conjure.Error.t()}


      


Send a message and get a response.
Works identically for both local/Docker and Anthropic execution modes.
The api_callback is passed per-call, following API-agnostic design.
API Callback
For local/Docker execution:
api_callback = fn messages ->
  # Your HTTP client call
  MyApp.Claude.post("/v1/messages", %{messages: messages})
end
For Anthropic execution, the callback should handle the container config:
api_callback = fn messages ->
  # Container config is built by the session
  MyApp.Claude.post("/v1/messages", %{messages: messages})
end
Returns
Returns {:ok, response, updated_session} on success.
Example
{:ok, response, session} = Conjure.Session.chat(
  session,
  "Create a spreadsheet",
  &my_api_callback/1
)

# Continue conversation
{:ok, response2, session} = Conjure.Session.chat(
  session,
  "Add headers to it",
  &my_api_callback/1
)
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          @spec cleanup(t()) :: :ok | {:ok, t()} | {:error, Conjure.Error.t()}


      


Cleanup session resources including storage and uploaded skills.
Should be called when done with a session to release resources.
	For Docker sessions: removes the working directory and any remote storage
	For Anthropic sessions: deletes uploaded skills from Anthropic

Example
{:ok, session} = Conjure.Session.new_docker(skills)
# ... use session ...
{:ok, _} = Conjure.Session.cleanup(session)

{:ok, session} = Conjure.Session.new_anthropic([skill], api_callback: cb)
# ... use session ...
:ok = Conjure.Session.cleanup(session)
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          @spec container_id(t()) :: String.t() | nil


      


Get the container ID (Anthropic sessions only).
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          @spec context(t()) :: Conjure.ExecutionContext.t() | nil


      


Get the execution context (local/Docker sessions only).
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          @spec execution_mode(t()) :: execution_mode()


      


Get the execution mode of the session.

  



  
    
      
    
    
      get_created_files(session)



        
          
        

    

  


  

      

          @spec get_created_files(t()) :: [file_info()]


      


Get all files created during the session.
Returns a list of file info maps with source tracking.

  



  
    
      
    
    
      get_messages(session)



        
          
        

    

  


  

      

          @spec get_messages(t()) :: [map()]


      


Get all messages in the session.

  



    

  
    
      
    
    
      new_anthropic(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec new_anthropic(
  [skill_spec()] | [Conjure.Skill.t()],
  keyword()
) :: {:ok, t()} | {:error, Conjure.Error.t()}


      


Create a session for Anthropic execution.
Accepts either:
	Skill specs for pre-uploaded or Anthropic-provided skills
	Skill.t() structs (or .skill file paths) which will be uploaded automatically

Options
	:api_callback - Required when passing Skill.t() structs for upload
	:max_iterations - Maximum pause_turn iterations (default: 10)
	:on_pause - Callback when pause_turn received

Example
# Using pre-uploaded or Anthropic skills (no upload needed)
{:ok, session} = Conjure.Session.new_anthropic([
  {:anthropic, "xlsx", "latest"},
  {:anthropic, "pdf", "latest"}
])

# Using local skills (will be uploaded automatically)
{:ok, skill} = Conjure.Loader.load_skill_file("my-skill.skill")
{:ok, session} = Conjure.Session.new_anthropic([skill],
  api_callback: my_api_callback
)

# Cleanup deletes uploaded skills
:ok = Conjure.Session.cleanup(session)

  



    

  
    
      
    
    
      new_anthropic!(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec new_anthropic!(
  [skill_spec()] | [Conjure.Skill.t()],
  keyword()
) :: t()


      


Create a session for Anthropic execution, raising on error.
Same as new_anthropic/2 but raises on failure.
Example
session = Conjure.Session.new_anthropic!([skill], api_callback: my_callback)

  



    

  
    
      
    
    
      new_docker(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec new_docker(
  [Conjure.Skill.t()],
  keyword()
) :: {:ok, t()} | {:error, Conjure.Error.t()}


      


Create a session for Docker execution with storage.
This is the recommended way to create Docker sessions as it properly
initializes storage and fixes the working directory issue.
Options
	:storage - Storage strategy: module or {module, opts} (default: Conjure.Storage.Local)
	:on_file_created - Callback when file is created: fn file_ref, session_id -> :ok end
	:on_file_deleted - Callback when file is deleted
	:on_file_synced - Callback when file is synced from remote
	:timeout - Execution timeout in ms (default: 30000)
	:max_iterations - Maximum tool-use iterations (default: 25)

Example
# Default local storage
{:ok, session} = Conjure.Session.new_docker(skills)

# S3 storage
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.S3, bucket: "my-bucket"}
)

# With file callbacks
{:ok, session} = Conjure.Session.new_docker(skills,
  on_file_created: fn file_ref, session_id ->
    IO.puts("File created: #{file_ref.path}")
  end
)

# Cleanup when done
{:ok, _} = Conjure.Session.cleanup(session)

  



    

  
    
      
    
    
      new_docker!(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec new_docker!(
  [Conjure.Skill.t()],
  keyword()
) :: t()


      


Create a session for Docker execution, raising on error.
Same as new_docker/2 but raises on failure.
Example
session = Conjure.Session.new_docker!(skills)

  



    

  
    
      
    
    
      new_local(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec new_local(
  [Conjure.Skill.t()],
  keyword()
) :: t()


      


Create a session for local/Docker execution.
Options
	:executor - Executor module (default: Conjure.Executor.Local)
	:working_directory - Working directory for execution
	:timeout - Execution timeout in ms (default: 30000)
	:max_iterations - Maximum tool-use iterations (default: 25)

Example
{:ok, skills} = Conjure.load("priv/skills")

session = Conjure.Session.new_local(skills,
  executor: Conjure.Executor.Docker,
  timeout: 60_000
)

  



    

  
    
      
    
    
      new_native(skill_modules, opts \\ [])



        
          
        

    

  


  

      

          @spec new_native(
  [module()],
  keyword()
) :: t()


      


Create a session for native Elixir module execution.
Native skills are Elixir modules that implement the Conjure.NativeSkill
behaviour. They execute directly in the BEAM with full access to the
application's runtime context.
Options
	:working_directory - Working directory for file operations
	:timeout - Execution timeout in ms (default: 30000)
	:max_iterations - Maximum tool-use iterations (default: 25)

Example
defmodule MyApp.Skills.Cache do
  @behaviour Conjure.NativeSkill

  def __skill_info__ do
    %{name: "cache", description: "Cache manager", allowed_tools: [:execute]}
  end

  def execute("clear", _ctx), do: {:ok, "Cache cleared"}
end

session = Conjure.Session.new_native([MyApp.Skills.Cache])

  



  
    
      
    
    
      reset_messages(session)



        
          
        

    

  


  

      

          @spec reset_messages(t()) :: t()


      


Reset messages to empty (keeps session configuration).

  



  
    
      
    
    
      session_id(arg1)



        
          
        

    

  


  

      

          @spec session_id(t()) :: String.t() | nil


      


Get the session ID from storage.
Returns nil if no storage is configured.

  



  
    
      
    
    
      skills(session)



        
          
        

    

  


  

      

          @spec skills(t()) :: [Conjure.Skill.t()] | [skill_spec()]


      


Get the skills associated with the session.

  



  
    
      
    
    
      storage(session)



        
          
        

    

  


  

      

          @spec storage(t()) :: term() | nil


      


Get the storage state for this session.

  



  
    
      
    
    
      storage_strategy(session)



        
          
        

    

  


  

      

          @spec storage_strategy(t()) :: module() | nil


      


Get the storage strategy module for this session.
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Upload and manage skills via Anthropic Skills API.
This module provides helpers for interacting with Anthropic's
Skills API to upload custom skills and manage versions.
All functions accept an api_callback for HTTP operations,
following the library's API-agnostic design.
API Callback Format
The api_callback should be a function that makes HTTP requests:
api_callback = fn method, path, body, opts ->
  # Make HTTP request to Anthropic API
  # Return {:ok, response_body} or {:error, reason}
end
Example
# Define your API callback
api_callback = fn method, path, body, _opts ->
  headers = [
    {"x-api-key", System.get_env("ANTHROPIC_API_KEY")},
    {"anthropic-version", "2023-06-01"}
  ] ++ Conjure.API.Anthropic.beta_headers()

  url = "https://api.anthropic.com" <> path

  case method do
    :get -> Req.get(url, headers: headers)
    :post -> Req.post(url, json: body, headers: headers)
    :delete -> Req.delete(url, headers: headers)
  end
  |> case do
    {:ok, %{status: status, body: body}} when status in 200..299 -> {:ok, body}
    {:ok, %{status: status, body: body}} -> {:error, {:api_error, status, body}}
    {:error, reason} -> {:error, reason}
  end
end

# Upload a skill
{:ok, result} = Conjure.Skills.Anthropic.upload(
  "priv/skills/csv-helper",
  api_callback,
  display_title: "CSV Helper"
)

# Use the skill_id in your requests
skill_id = result.skill_id
References
	Anthropic Skills API Guide
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        upload_result()

      


    





  
    Functions
  


    
      
        create_version(skill_id, skill_path, api_callback, opts \\ [])

      


        Create a new version of an existing skill.



    


    
      
        delete(skill_id, api_callback, opts \\ [])

      


        Delete a custom skill from Anthropic.



    


    
      
        delete_version(skill_id, version, api_callback, opts \\ [])

      


        Delete a specific version of a skill.



    


    
      
        get(skill_id, api_callback, opts \\ [])

      


        Get details about a specific skill.



    


    
      
        list(api_callback, opts \\ [])

      


        List skills available in your Anthropic workspace.



    


    
      
        list_versions(skill_id, api_callback, opts \\ [])

      


        List versions of a skill.



    


    
      
        package_size(files)

      


        Calculate the total size of packaged skill files.



    


    
      
        package_skill(skill_path)

      


        Package a skill directory or .skill file for upload.



    


    
      
        upload(skill_path, api_callback, opts \\ [])

      


        Upload a skill to Anthropic.
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      api_callback()



        
          
        

    

  


  

      

          @type api_callback() :: (method :: atom(),
                   path :: String.t(),
                   body :: map() | nil,
                   opts :: keyword() ->
                     {:ok, map()} | {:error, term()})


      



  



  
    
      
    
    
      upload_result()



        
          
        

    

  


  

      

          @type upload_result() :: %{
  skill_id: String.t(),
  version: String.t(),
  display_title: String.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      create_version(skill_id, skill_path, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec create_version(String.t(), Path.t(), api_callback(), keyword()) ::
  {:ok, %{version: String.t()}} | {:error, Conjure.Error.t()}


      


Create a new version of an existing skill.
Example
{:ok, result} = Conjure.Skills.Anthropic.create_version(
  "skill_01AbCdEf",
  "priv/skills/csv-helper",
  api_callback
)

result.version
# => "v2"

  



    

  
    
      
    
    
      delete(skill_id, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec delete(String.t(), api_callback(), keyword()) ::
  :ok | {:error, Conjure.Error.t()}


      


Delete a custom skill from Anthropic.
Note: You must delete all versions first before deleting the skill.
Example
# Delete all versions first
{:ok, versions} = list_versions(skill_id, api_callback)
for v <- versions, do: delete_version(skill_id, v["version"], api_callback)

# Then delete the skill
:ok = Conjure.Skills.Anthropic.delete(skill_id, api_callback)

  



    

  
    
      
    
    
      delete_version(skill_id, version, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec delete_version(String.t(), String.t(), api_callback(), keyword()) ::
  :ok | {:error, Conjure.Error.t()}


      


Delete a specific version of a skill.
Example
:ok = Conjure.Skills.Anthropic.delete_version("skill_01AbCdEf", "v1", api_callback)

  



    

  
    
      
    
    
      get(skill_id, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec get(String.t(), api_callback(), keyword()) ::
  {:ok, map()} | {:error, Conjure.Error.t()}


      


Get details about a specific skill.
Example
{:ok, skill} = Conjure.Skills.Anthropic.get("skill_01AbCdEf", api_callback)
skill["display_title"]

  



    

  
    
      
    
    
      list(api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec list(
  api_callback(),
  keyword()
) :: {:ok, [map()]} | {:error, Conjure.Error.t()}


      


List skills available in your Anthropic workspace.
Options
	:source - Filter by source: :anthropic, :custom, or :all (default: :all)
	:limit - Maximum number of results (default: 100)

Example
{:ok, skills} = Conjure.Skills.Anthropic.list(api_callback, source: :custom)

for skill <- skills do
  IO.puts("#{skill["display_title"]} (#{skill["id"]})")
end

  



    

  
    
      
    
    
      list_versions(skill_id, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec list_versions(String.t(), api_callback(), keyword()) ::
  {:ok, [map()]} | {:error, Conjure.Error.t()}


      


List versions of a skill.
Example
{:ok, versions} = Conjure.Skills.Anthropic.list_versions("skill_01AbCdEf", api_callback)

for v <- versions do
  IO.puts("Version #{v["version"]} created at #{v["created_at"]}")
end

  



  
    
      
    
    
      package_size(files)



        
          
        

    

  


  

      

          @spec package_size([{String.t(), binary()}]) :: non_neg_integer()


      


Calculate the total size of packaged skill files.

  



  
    
      
    
    
      package_skill(skill_path)



        
          
        

    

  


  

      

          @spec package_skill(Path.t()) ::
  {:ok, [{String.t(), binary()}]} | {:error, Conjure.Error.t()}


      


Package a skill directory or .skill file for upload.
Accepts either:
	A directory path containing SKILL.md and skill files
	A .skill archive file (will be extracted automatically)

Returns a list of {relative_path, content} tuples.
Example
# From directory
{:ok, files} = Conjure.Skills.Anthropic.package_skill("priv/skills/csv-helper")

# From .skill file
{:ok, files} = Conjure.Skills.Anthropic.package_skill("priv/skills/csv-helper.skill")

for {path, content} <- files do
  IO.puts("File: #{path} (#{byte_size(content)} bytes)")
end

  



    

  
    
      
    
    
      upload(skill_path, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec upload(Path.t(), api_callback(), keyword()) ::
  {:ok, upload_result()} | {:error, Conjure.Error.t()}


      


Upload a skill to Anthropic.
Accepts either a skill directory or a .skill archive file.
Packages the skill and uploads it to Anthropic's infrastructure.
Returns the skill_id for use in API requests.
Options
	:display_title - Display name for the skill (default: directory/file name)

Example
# From directory
{:ok, result} = Conjure.Skills.Anthropic.upload(
  "priv/skills/csv-helper",
  api_callback,
  display_title: "CSV Helper"
)

# From .skill file
{:ok, result} = Conjure.Skills.Anthropic.upload(
  "priv/skills/csv-helper.skill",
  api_callback,
  display_title: "CSV Helper"
)

result.skill_id
# => "skill_01AbCdEfGhIjKlMnOpQrStUv"
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Elixir library for leveraging Anthropic Agent Skills with Claude models.
Conjure provides a complete implementation of the Agent Skills specification,
allowing Elixir applications to:
	Load and parse skills from the filesystem
	Generate system prompt fragments for skill discovery
	Provide tool definitions compatible with Claude's tool use API
	Execute skill-related tool calls (file reads, script execution)
	Manage the conversation loop between Claude and tools

Quick Start
# Load skills from a directory
{:ok, skills} = Conjure.load("/path/to/skills")

# Generate system prompt fragment
system_prompt = """
You are a helpful assistant.

#{Conjure.system_prompt(skills)}
"""

# Get tool definitions for API
tools = Conjure.tool_definitions()

# Run conversation loop
{:ok, messages} = Conjure.run_loop(
  [%{role: "user", content: "Use the PDF skill to extract text"}],
  skills,
  &my_claude_api_call/1
)
Architecture
Conjure is designed to be:
	Composable: Use individual components independently
	Pluggable: Swap execution backends (Local, Docker, custom)
	API-agnostic: Works with any Claude API client
	OTP-compliant: GenServer registry, supervision trees

Execution Backends
	Conjure.Executor.Local - Direct execution (development only)
	Conjure.Executor.Docker - Sandboxed container execution (production)

Components
	Conjure.Loader - Skill loading and parsing
	Conjure.Prompt - System prompt generation
	Conjure.Tools - Tool schema definitions
	Conjure.Conversation - Conversation loop management
	Conjure.Registry - Skill registry (GenServer)
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    Types
  


    
      
        context()

      


    


    
      
        skill()

      


    


    
      
        tool_call()

      


    


    
      
        tool_result()

      


    





  
    Functions
  


    
      
        build_system_prompt(base_prompt, skills, opts \\ [])

      


        Build a complete system prompt with skills.



    


    
      
        create_context(skills, opts \\ [])

      


        Create an execution context for skills.



    


    
      
        execute(tool_call, skills, opts \\ [])

      


        Execute a tool call and return the result.



    


    
      
        load(path)

      


        Load skills from a directory path.



    


    
      
        load_all(paths)

      


        Load skills from multiple directories.



    


    
      
        load_body(skill)

      


        Load the full body of a skill.



    


    
      
        load_skill_file(path)

      


        Load a single .skill file (ZIP format).



    


    
      
        parse_response(response)

      


        Parse a Claude API response.



    


    
      
        process_response(response, skills, opts \\ [])

      


        Process a single Claude response.



    


    
      
        read_resource(skill, relative_path)

      


        Read a resource file from a skill.



    


    
      
        run_loop(messages, skills, api_callback, opts \\ [])

      


        Run a complete conversation loop until completion.



    


    
      
        system_prompt(skills, opts \\ [])

      


        Generate the system prompt fragment for skill discovery.



    


    
      
        tool_definitions(opts \\ [])

      


        Get tool definitions for the Claude API.



    


    
      
        validate(skill)

      


        Validate a skill's structure.



    


    
      
        version()

      


        Get the library version.
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          @type context() :: Conjure.ExecutionContext.t()


      



  



  
    
      
    
    
      skill()



        
          
        

    

  


  

      

          @type skill() :: Conjure.Skill.t()


      



  



  
    
      
    
    
      tool_call()



        
          
        

    

  


  

      

          @type tool_call() :: Conjure.ToolCall.t()


      



  



  
    
      
    
    
      tool_result()



        
          
        

    

  


  

      

          @type tool_result() :: Conjure.ToolResult.t()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      build_system_prompt(base_prompt, skills, opts \\ [])



        
          
        

    

  


  

      

          @spec build_system_prompt(String.t(), [Conjure.Skill.t()], keyword()) :: String.t()


      


Build a complete system prompt with skills.
Example
prompt = Conjure.build_system_prompt("You are helpful.", skills)

  



    

  
    
      
    
    
      create_context(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec create_context(
  [Conjure.Skill.t()],
  keyword()
) :: Conjure.ExecutionContext.t()


      


Create an execution context for skills.
Options
	:skills_root - Root directory containing skills
	:working_directory - Working directory for operations
	:timeout - Execution timeout in milliseconds
	:allowed_paths - Paths that can be accessed
	:network_access - :none, :limited, or :full
	:executor_config - Executor-specific configuration


  



    

  
    
      
    
    
      execute(tool_call, skills, opts \\ [])



        
          
        

    

  


  

      

          @spec execute(Conjure.ToolCall.t(), [Conjure.Skill.t()], keyword()) ::
  {:ok, Conjure.ToolResult.t()} | {:error, Conjure.Error.t()}


      


Execute a tool call and return the result.
Options
	:executor - Executor module (default: Conjure.Executor.Local)
	:context - ExecutionContext (created if not provided)

Example
tool_call = %Conjure.ToolCall{
  id: "toolu_123",
  name: "view",
  input: %{"path" => "/path/to/file"}
}

{:ok, result} = Conjure.execute(tool_call, skills)

  



  
    
      
    
    
      load(path)



        
          
        

    

  


  

      

          @spec load(Path.t()) :: {:ok, [Conjure.Skill.t()]} | {:error, Conjure.Error.t()}


      


Load skills from a directory path.
Returns a list of parsed Skill structs with metadata only (body not loaded).
This implements progressive disclosure - full skill content is loaded on demand.
Example
{:ok, skills} = Conjure.load("/path/to/skills")
# Returns skills with name, description, path loaded
# Body content loaded when Claude reads SKILL.md via view tool

  



  
    
      
    
    
      load_all(paths)



        
          
        

    

  


  

      

          @spec load_all([Path.t()]) :: {:ok, [Conjure.Skill.t()]} | {:error, Conjure.Error.t()}


      


Load skills from multiple directories.
Example
{:ok, skills} = Conjure.load_all([
  "/path/to/skills",
  "~/.conjure/skills"
])

  



  
    
      
    
    
      load_body(skill)



        
          
        

    

  


  

      

          @spec load_body(Conjure.Skill.t()) ::
  {:ok, Conjure.Skill.t()} | {:error, Conjure.Error.t()}


      


Load the full body of a skill.
For progressive disclosure, skills are initially loaded with metadata only.
Use this to explicitly load the body content.
Example
{:ok, skill} = Conjure.load_skill("/path/to/skill")
{:ok, skill_with_body} = Conjure.load_body(skill)
IO.puts(skill_with_body.body)

  



  
    
      
    
    
      load_skill_file(path)



        
          
        

    

  


  

      

          @spec load_skill_file(Path.t()) ::
  {:ok, Conjure.Skill.t()} | {:error, Conjure.Error.t()}


      


Load a single .skill file (ZIP format).
Example
{:ok, skill} = Conjure.load_skill_file("/path/to/my-skill.skill")

  



  
    
      
    
    
      parse_response(response)



        
          
        

    

  


  

      

          @spec parse_response(map()) :: {:ok, Conjure.API.parsed_response()} | {:error, term()}


      


Parse a Claude API response.
Example
{:ok, parsed} = Conjure.parse_response(response)
IO.inspect(parsed.tool_uses)

  



    

  
    
      
    
    
      process_response(response, skills, opts \\ [])



        
          
        

    

  


  

      

          @spec process_response(map(), [Conjure.Skill.t()], keyword()) ::
  {:done, String.t()} | {:continue, [Conjure.ToolResult.t()]} | {:error, term()}


      


Process a single Claude response.
Use this for manual conversation management.
Example
case Conjure.process_response(response, skills) do
  {:done, text} ->
    IO.puts("Complete: " <> text)

  {:continue, results} ->
    # Send results back to Claude
    next_response = call_claude(results)
end

  



  
    
      
    
    
      read_resource(skill, relative_path)



        
          
        

    

  


  

      

          @spec read_resource(Conjure.Skill.t(), Path.t()) ::
  {:ok, String.t()} | {:error, Conjure.Error.t()}


      


Read a resource file from a skill.
Example
{:ok, content} = Conjure.read_resource(skill, "scripts/helper.py")

  



    

  
    
      
    
    
      run_loop(messages, skills, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec run_loop([map()], [Conjure.Skill.t()], fun(), keyword()) ::
  {:ok, [map()]} | {:error, Conjure.Error.t()}


      


Run a complete conversation loop until completion.
This is the main entry point for managing the tool-use conversation
with Claude. Provide a callback function that makes API calls.
Options
	:max_iterations - Maximum tool loops (default: 25)
	:executor - Executor module to use
	:timeout - Tool execution timeout
	:on_tool_call - Callback for each tool call
	:on_tool_result - Callback for each result

Example
messages = [%{role: "user", content: "Extract text from the PDF"}]

{:ok, final_messages} = Conjure.run_loop(
  messages,
  skills,
  fn msgs -> MyApp.Claude.call(msgs) end,
  max_iterations: 10
)

  



    

  
    
      
    
    
      system_prompt(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec system_prompt(
  [Conjure.Skill.t()],
  keyword()
) :: String.t()


      


Generate the system prompt fragment for skill discovery.
This should be appended to your system prompt to enable Claude
to discover and use available skills.
Options
	:include_instructions - Include usage instructions (default: true)

Example
skills = Conjure.load("/skills")

system_prompt = """
You are a helpful assistant.

#{Conjure.system_prompt(skills)}
"""

  



    

  
    
      
    
    
      tool_definitions(opts \\ [])



        
          
        

    

  


  

      

          @spec tool_definitions(keyword()) :: [map()]


      


Get tool definitions for the Claude API.
Returns an array of tool schemas to pass in API requests.
Options
	:only - Only include these tools (e.g., ["view", "bash_tool"])
	:except - Exclude these tools

Example
tools = Conjure.tool_definitions()
# Pass to Claude API request

  



  
    
      
    
    
      validate(skill)



        
          
        

    

  


  

      

          @spec validate(Conjure.Skill.t()) :: :ok | {:error, [String.t()]}


      


Validate a skill's structure.
Example
case Conjure.validate(skill) do
  :ok -> :valid
  {:error, errors} -> IO.inspect(errors)
end

  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

          @spec version() :: String.t()


      


Get the library version.
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Conjure.Loader 
    



      
Handles loading and parsing of skills from the filesystem.
The loader is responsible for:
	Scanning directories for SKILL.md files
	Parsing YAML frontmatter from skill files
	Loading skill metadata without loading full content (progressive disclosure)
	Extracting and loading .skill packages (ZIP format)
	Validating skill structure

Progressive Disclosure
By default, loading only parses the frontmatter (metadata). The body
content is loaded on-demand when requested or when Claude reads the
file via the view tool.
Example
# Scan and load skills from a directory
{:ok, skills} = Conjure.Loader.scan_and_load("/path/to/skills")

# Load a single skill
{:ok, skill} = Conjure.Loader.load_skill("/path/to/my-skill")

# Load body content for a skill
{:ok, skill_with_body} = Conjure.Loader.load_body(skill)

      


      
        Summary


  
    Functions
  


    
      
        extract_skill_file(path)

      


        Extracts a .skill file (ZIP) to a temporary directory.



    


    
      
        load_body(skill)

      


        Loads the body content for a skill.



    


    
      
        load_skill(path)

      


        Loads a skill from a directory path.



    


    
      
        load_skill_file(path)

      


        Loads a .skill package file (ZIP format).



    


    
      
        parse_frontmatter(content)

      


        Parses YAML frontmatter from SKILL.md content.



    


    
      
        read_resource(skill, relative_path)

      


        Reads a resource file from a skill.



    


    
      
        scan_and_load(path)

      


        Scans a directory for skills and loads them.



    


    
      
        scan_directory(path)

      


        Scans a directory for skill directories (those containing SKILL.md).



    


    
      
        validate(skill)

      


        Validates a skill's structure and metadata.



    





      


      
        Functions


        


  
    
      
    
    
      extract_skill_file(path)



        
          
        

    

  


  

      

          @spec extract_skill_file(Path.t()) :: {:ok, Path.t()} | {:error, Conjure.Error.t()}


      


Extracts a .skill file (ZIP) to a temporary directory.
Returns the path to the extracted skill directory.

  



  
    
      
    
    
      load_body(skill)



        
          
        

    

  


  

      

          @spec load_body(Conjure.Skill.t()) ::
  {:ok, Conjure.Skill.t()} | {:error, Conjure.Error.t()}


      


Loads the body content for a skill.
Returns a new skill struct with body loaded.

  



  
    
      
    
    
      load_skill(path)



        
          
        

    

  


  

      

          @spec load_skill(Path.t()) :: {:ok, Conjure.Skill.t()} | {:error, Conjure.Error.t()}


      


Loads a skill from a directory path.
Returns the skill with metadata loaded but body not loaded.

  



  
    
      
    
    
      load_skill_file(path)



        
          
        

    

  


  

      

          @spec load_skill_file(Path.t()) ::
  {:ok, Conjure.Skill.t()} | {:error, Conjure.Error.t()}


      


Loads a .skill package file (ZIP format).
Extracts to a temporary directory and loads the skill.

  



  
    
      
    
    
      parse_frontmatter(content)



        
          
        

    

  


  

      

          @spec parse_frontmatter(String.t()) ::
  {:ok, Conjure.Frontmatter.t(), String.t()} | {:error, Conjure.Error.t()}


      


Parses YAML frontmatter from SKILL.md content.
Returns the parsed frontmatter and the remaining body.

  



  
    
      
    
    
      read_resource(skill, relative_path)



        
          
        

    

  


  

      

          @spec read_resource(Conjure.Skill.t(), Path.t()) ::
  {:ok, String.t()} | {:error, Conjure.Error.t()}


      


Reads a resource file from a skill.

  



  
    
      
    
    
      scan_and_load(path)



        
          
        

    

  


  

      

          @spec scan_and_load(Path.t()) ::
  {:ok, [Conjure.Skill.t()]} | {:error, Conjure.Error.t()}


      


Scans a directory for skills and loads them.
Returns a list of loaded skills with metadata only (bodies not loaded).

  



  
    
      
    
    
      scan_directory(path)



        
          
        

    

  


  

      

          @spec scan_directory(Path.t()) :: [Path.t()]


      


Scans a directory for skill directories (those containing SKILL.md).
Returns a list of paths to skill directories.

  



  
    
      
    
    
      validate(skill)



        
          
        

    

  


  

      

          @spec validate(Conjure.Skill.t()) :: :ok | {:error, [String.t()]}


      


Validates a skill's structure and metadata.
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Conjure.Registry 
    



      
In-memory registry of loaded skills.
The Registry provides both a stateful GenServer for OTP applications
and pure functions for stateless usage.
GenServer Usage
Add to your supervision tree:
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    children = [
      {Conjure.Registry, name: MyApp.Skills, paths: ["/path/to/skills"]}
    ]

    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
Then access skills anywhere:
skills = Conjure.Registry.list(MyApp.Skills)
skill = Conjure.Registry.get(MyApp.Skills, "pdf")
Stateless Usage
For simpler use cases without a GenServer:
{:ok, skills} = Conjure.load("/path/to/skills")
index = Conjure.Registry.index(skills)
skill = Conjure.Registry.find(index, "pdf")
Options
	:name - Required. The name to register the GenServer under.
	:paths - List of paths to load skills from.
	:reload_interval - Optional. Interval in ms to auto-reload skills.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        count(server)

      


        Get the count of registered skills.



    


    
      
        find(skill_index, name)

      


        Find a skill by name in an index.



    


    
      
        find_matching(skills, pattern)

      


        Find skills matching a pattern.



    


    
      
        get(server, name)

      


        Find a skill by name.



    


    
      
        index(skills)

      


        Create an index from a list of skills.



    


    
      
        list(server)

      


        Get all registered skills.



    


    
      
        register(server, skills)

      


        Register additional skills with the registry.



    


    
      
        reload(server)

      


        Reload skills from configured paths.



    


    
      
        start_link(opts)

      


        Start the registry as a GenServer.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Conjure.Registry{
  ets_table: :ets.tid() | nil,
  index: %{required(String.t()) => Conjure.Skill.t()},
  name: atom(),
  paths: [Path.t()],
  reload_interval: pos_integer() | nil,
  skills: [Conjure.Skill.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      count(server)



        
          
        

    

  


  

      

          @spec count(GenServer.server()) :: non_neg_integer()


      


Get the count of registered skills.

  



  
    
      
    
    
      find(skill_index, name)



        
          
        

    

  


  

      

          @spec find(%{required(String.t()) => Conjure.Skill.t()}, String.t()) ::
  Conjure.Skill.t() | nil


      


Find a skill by name in an index.

  



  
    
      
    
    
      find_matching(skills, pattern)



        
          
        

    

  


  

      

          @spec find_matching([Conjure.Skill.t()], String.t()) :: [Conjure.Skill.t()]


      


Find skills matching a pattern.
The pattern can include wildcards (*).

  



  
    
      
    
    
      get(server, name)



        
          
        

    

  


  

      

          @spec get(GenServer.server(), String.t()) :: Conjure.Skill.t() | nil


      


Find a skill by name.

  



  
    
      
    
    
      index(skills)



        
          
        

    

  


  

      

          @spec index([Conjure.Skill.t()]) :: %{required(String.t()) => Conjure.Skill.t()}


      


Create an index from a list of skills.
Returns a map from skill name to skill struct for O(1) lookups.

  



  
    
      
    
    
      list(server)



        
          
        

    

  


  

      

          @spec list(GenServer.server()) :: [Conjure.Skill.t()]


      


Get all registered skills.

  



  
    
      
    
    
      register(server, skills)



        
          
        

    

  


  

      

          @spec register(GenServer.server(), [Conjure.Skill.t()]) :: :ok


      


Register additional skills with the registry.

  



  
    
      
    
    
      reload(server)



        
          
        

    

  


  

      

          @spec reload(GenServer.server()) :: :ok | {:error, term()}


      


Reload skills from configured paths.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Start the registry as a GenServer.
Options
	:name - Required. Name to register under.
	:paths - List of paths to load skills from (default: [])
	:reload_interval - Auto-reload interval in ms (optional)
	:use_ets - Store skills in ETS for concurrent reads (default: true)
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Conjure.Skill 
    



      
Represents a loaded Agent Skill.
A skill contains metadata parsed from SKILL.md frontmatter per the
Agent Skills specification (https://agentskills.io/specification),
along with information about available resources.
Fields
	:name - Unique identifier for the skill (lowercase, alphanumeric with hyphens)
	:description - Comprehensive description including usage triggers
	:path - Absolute path to the skill directory
	:license - License identifier (e.g., "MIT", "Apache-2.0")
	:compatibility - Environment requirements (e.g., "python3, poppler-utils")
	:allowed_tools - Pre-approved tools for this skill (experimental)
	:metadata - Additional frontmatter properties
	:body - Full SKILL.md body content (nil until loaded)
	:body_loaded - Whether the body has been loaded
	:resources - Map of available resource files by category

Progressive Disclosure
Skills are loaded with metadata only by default. The body is loaded
on-demand via Conjure.load_body/1 or when Claude reads the SKILL.md
file using the view tool.

      


      
        Summary


  
    Types
  


    
      
        resources()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        has_resource?(skill, relative_path)

      


        Checks if a skill has a specific resource file.



    


    
      
        resource_path(skill, relative_path)

      


        Returns the path to a resource file within the skill.



    


    
      
        skill_md_path(skill)

      


        Returns the path to the SKILL.md file for this skill.



    





      


      
        Types


        


  
    
      
    
    
      resources()



        
          
        

    

  


  

      

          @type resources() :: %{
  scripts: [Path.t()],
  references: [Path.t()],
  assets: [Path.t()],
  other: [Path.t()]
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Conjure.Skill{
  allowed_tools: String.t() | nil,
  body: String.t() | nil,
  body_loaded: boolean(),
  compatibility: String.t() | nil,
  description: String.t(),
  license: String.t() | nil,
  metadata: map(),
  name: String.t(),
  path: Path.t(),
  resources: resources()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      has_resource?(skill, relative_path)



        
          
        

    

  


  

      

          @spec has_resource?(t(), Path.t()) :: boolean()


      


Checks if a skill has a specific resource file.

  



  
    
      
    
    
      resource_path(skill, relative_path)



        
          
        

    

  


  

      

          @spec resource_path(t(), Path.t()) :: Path.t()


      


Returns the path to a resource file within the skill.

  



  
    
      
    
    
      skill_md_path(skill)



        
          
        

    

  


  

      

          @spec skill_md_path(t()) :: Path.t()


      


Returns the path to the SKILL.md file for this skill.
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Conjure.Prompt 
    



      
Generates system prompt fragments for skill discovery.
This module creates the XML-formatted content that should be appended
to your system prompt to enable Claude to discover and use available skills.
Prompt Structure
The generated prompt includes:
	A description of the skills system
	List of available skills with name, description, and location
	Instructions for skill usage

Example
skills = Conjure.load("/path/to/skills")
prompt_fragment = Conjure.Prompt.generate(skills)

system_prompt = """
You are a helpful assistant.

#{prompt_fragment}
"""
Token Efficiency
Only metadata (name, description, location) is included per skill.
Full skill content is loaded on-demand via progressive disclosure.

      


      
        Summary


  
    Functions
  


    
      
        available_skills_block(skills)

      


        Generates the <available_skills> XML block.



    


    
      
        estimate_tokens(skills)

      


        Counts the approximate tokens for the skills prompt.



    


    
      
        format_skill(skill)

      


        Formats a single skill for the available_skills block.



    


    
      
        generate(skills, opts \\ [])

      


        Generates the complete skills system prompt fragment.



    


    
      
        skill_usage_instructions(opts \\ [])

      


        Generates skill usage instructions.



    


    
      
        skills_description()

      


        Generates the skills description text.



    





      


      
        Functions


        


  
    
      
    
    
      available_skills_block(skills)



        
          
        

    

  


  

      

          @spec available_skills_block([Conjure.Skill.t()]) :: String.t()


      


Generates the <available_skills> XML block.

  



  
    
      
    
    
      estimate_tokens(skills)



        
          
        

    

  


  

      

          @spec estimate_tokens([Conjure.Skill.t()]) :: pos_integer()


      


Counts the approximate tokens for the skills prompt.
This is a rough estimate assuming ~4 characters per token.

  



  
    
      
    
    
      format_skill(skill)



        
          
        

    

  


  

      

          @spec format_skill(Conjure.Skill.t()) :: String.t()


      


Formats a single skill for the available_skills block.

  



    

  
    
      
    
    
      generate(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec generate(
  [Conjure.Skill.t()],
  keyword()
) :: String.t()


      


Generates the complete skills system prompt fragment.
This combines the skills description, available skills listing, and
usage instructions into a single XML block.
Options
	:include_instructions - Whether to include usage instructions (default: true)


  



    

  
    
      
    
    
      skill_usage_instructions(opts \\ [])



        
          
        

    

  


  

      

          @spec skill_usage_instructions(keyword()) :: String.t()


      


Generates skill usage instructions.

  



  
    
      
    
    
      skills_description()



        
          
        

    

  


  

      

          @spec skills_description() :: String.t()


      


Generates the skills description text.
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Conjure.Tools 
    



      
Defines tool schemas for the Claude API.
This module provides the tool definitions that should be passed to the
Claude API to enable skill execution. The tools include:
	view - Read file contents or directory listings
	bash_tool - Execute bash commands
	create_file - Create new files with content
	str_replace - Replace strings in files

Example
tools = Conjure.Tools.definitions()
# Pass to Claude API request body under "tools" key

      


      
        Summary


  
    Functions
  


    
      
        available_tool_names()

      


        Returns the tool names that are available.



    


    
      
        bash_tool()

      


        The 'bash_tool' for executing bash commands.



    


    
      
        create_file_tool()

      


        The 'create_file' tool for creating new files.



    


    
      
        definitions(opts \\ [])

      


        Returns all tool definitions for skills support.



    


    
      
        parse_tool_use(block)

      


        Parses a tool_use block from Claude's response into a ToolCall.



    


    
      
        parse_tool_uses(blocks)

      


        Parses multiple tool_use blocks from a response.



    


    
      
        str_replace_tool()

      


        The 'str_replace' tool for editing files.



    


    
      
        valid_tool?(name)

      


        Checks if a tool name is valid.



    


    
      
        view_tool()

      


        The 'view' tool for reading files and directories.



    





      


      
        Functions


        


  
    
      
    
    
      available_tool_names()



        
          
        

    

  


  

      

          @spec available_tool_names() :: [String.t()]


      


Returns the tool names that are available.

  



  
    
      
    
    
      bash_tool()



        
          
        

    

  


  

      

          @spec bash_tool() :: map()


      


The 'bash_tool' for executing bash commands.

  



  
    
      
    
    
      create_file_tool()



        
          
        

    

  


  

      

          @spec create_file_tool() :: map()


      


The 'create_file' tool for creating new files.

  



    

  
    
      
    
    
      definitions(opts \\ [])



        
          
        

    

  


  

      

          @spec definitions(keyword()) :: [map()]


      


Returns all tool definitions for skills support.
Options
	:only - List of tool names to include (default: all)
	:except - List of tool names to exclude


  



  
    
      
    
    
      parse_tool_use(block)



        
          
        

    

  


  

      

          @spec parse_tool_use(map()) :: {:ok, Conjure.ToolCall.t()} | {:error, term()}


      


Parses a tool_use block from Claude's response into a ToolCall.

  



  
    
      
    
    
      parse_tool_uses(blocks)



        
          
        

    

  


  

      

          @spec parse_tool_uses([map()]) :: [Conjure.ToolCall.t()]


      


Parses multiple tool_use blocks from a response.

  



  
    
      
    
    
      str_replace_tool()



        
          
        

    

  


  

      

          @spec str_replace_tool() :: map()


      


The 'str_replace' tool for editing files.

  



  
    
      
    
    
      valid_tool?(name)



        
          
        

    

  


  

      

          @spec valid_tool?(String.t()) :: boolean()


      


Checks if a tool name is valid.

  



  
    
      
    
    
      view_tool()



        
          
        

    

  


  

      

          @spec view_tool() :: map()


      


The 'view' tool for reading files and directories.
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Conjure.Executor behaviour
    



      
Behaviour for tool execution backends.
Executors are responsible for running tool operations (bash commands,
file reads/writes) in an execution environment. Different executors
provide different levels of isolation:
	Conjure.Executor.Local - Direct execution on host (no isolation)
	Conjure.Executor.Docker - Container-isolated execution

Implementing a Custom Executor
To create a custom executor, implement all required callbacks:
defmodule MyApp.FirecrackerExecutor do
  @behaviour Conjure.Executor

  @impl true
  def init(context) do
    # Start Firecracker microVM
    {:ok, %{context | vm_id: vm_id}}
  end

  @impl true
  def bash(command, context) do
    # Execute in microVM
    {:ok, output}
  end

  @impl true
  def view(path, context, opts) do
    # Read from microVM
    {:ok, content}
  end

  @impl true
  def create_file(path, content, context) do
    {:ok, "File created"}
  end

  @impl true
  def str_replace(path, old_str, new_str, context) do
    {:ok, "File updated"}
  end

  @impl true
  def cleanup(context) do
    # Shutdown microVM
    :ok
  end
end
Result Types
All execution callbacks return:
	{:ok, output} - Successful execution with string output
	{:ok, output, files} - Execution with output and generated files
	{:error, reason} - Execution failed


      


      
        Summary


  
    Types
  


    
      
        file_output()

      


    


    
      
        result()

      


    





  
    Callbacks
  


    
      
        bash(command, context)

      


        Execute a bash command.



    


    
      
        cleanup(context)

      


        Cleanup the execution environment.



    


    
      
        create_file(path, content, context)

      


        Create a new file with content.



    


    
      
        init(context)

      


        Initialize the execution environment.



    


    
      
        str_replace(path, old_str, new_str, context)

      


        Replace a string in a file.



    


    
      
        view(path, context, opts)

      


        Read a file or directory listing.



    





  
    Functions
  


    
      
        execute(tool_call, context, executor)

      


        Executes a tool call using the specified executor.



    





      


      
        Types


        


  
    
      
    
    
      file_output()



        
          
        

    

  


  

      

          @type file_output() :: %{path: Path.t(), content: binary()}


      



  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() ::
  {:ok, String.t()} | {:ok, String.t(), [file_output()]} | {:error, term()}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      bash(command, context)



        
          
        

    

  


  

      

          @callback bash(command :: String.t(), context :: Conjure.ExecutionContext.t()) :: result()


      


Execute a bash command.

  



  
    
      
    
    
      cleanup(context)


        (optional)


        
          
        

    

  


  

      

          @callback cleanup(context :: Conjure.ExecutionContext.t()) :: :ok


      


Cleanup the execution environment.
Called when the session ends to clean up resources.

  



  
    
      
    
    
      create_file(path, content, context)



        
          
        

    

  


  

      

          @callback create_file(
  path :: Path.t(),
  content :: String.t(),
  context :: Conjure.ExecutionContext.t()
) :: result()


      


Create a new file with content.

  



  
    
      
    
    
      init(context)


        (optional)


        
          
        

    

  


  

      

          @callback init(context :: Conjure.ExecutionContext.t()) ::
  {:ok, Conjure.ExecutionContext.t()} | {:error, term()}


      


Initialize the execution environment.
Called once per session to set up the execution environment.
For stateless executors, this can be a no-op that returns the context unchanged.
For container-based executors, this starts the container.

  



  
    
      
    
    
      str_replace(path, old_str, new_str, context)



        
          
        

    

  


  

      

          @callback str_replace(
  path :: Path.t(),
  old_str :: String.t(),
  new_str :: String.t(),
  context :: Conjure.ExecutionContext.t()
) :: result()


      


Replace a string in a file.

  



  
    
      
    
    
      view(path, context, opts)



        
          
        

    

  


  

      

          @callback view(
  path :: Path.t(),
  context :: Conjure.ExecutionContext.t(),
  opts :: keyword()
) :: result()


      


Read a file or directory listing.
Options
	:view_range - [start_line, end_line] for partial file reads


  


        

      

      
        Functions


        


  
    
      
    
    
      execute(tool_call, context, executor)



        
          
        

    

  


  

      

          @spec execute(Conjure.ToolCall.t(), Conjure.ExecutionContext.t(), module()) ::
  result()


      


Executes a tool call using the specified executor.
This is a convenience function that dispatches to the appropriate
executor callback based on the tool name.
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Conjure.Executor.Docker 
    



      
Docker-based sandboxed execution backend.
This executor runs all commands and file operations inside a Docker
container, providing strong isolation from the host system.
Features
	Filesystem Isolation: Only mounted directories are accessible
	Network Isolation: Network disabled by default
	Resource Limits: Configurable memory and CPU limits
	Security Hardening: No new privileges, read-only root filesystem

Requirements
	Docker Engine 20.10+
	Docker socket accessible to the BEAM process
	conjure/sandbox image (or custom image)

Configuration
config :conjure, :executor_config,
  docker: %{
    image: "conjure/sandbox:latest",
    memory_limit: "512m",
    cpu_limit: "1.0",
    network: :none,
    tmpfs_size: "100M"
  }
Usage
context = Conjure.ExecutionContext.new(
  skills_root: "/opt/skills",
  working_directory: "/tmp/session-123",
  executor_config: %{
    image: "conjure/sandbox:latest"
  }
)

{:ok, context} = Conjure.Executor.Docker.init(context)
{:ok, output} = Conjure.Executor.Docker.bash("python3 --version", context)
:ok = Conjure.Executor.Docker.cleanup(context)

      


      
        Summary


  
    Functions
  


    
      
        build_image(opts \\ [])

      


        Build the default sandbox Docker image.



    


    
      
        check_environment(opts \\ [])

      


        Check if Docker is available and the image exists.



    


    
      
        default_dockerfile()

      


        Returns the default Dockerfile for the sandbox image.



    





      


      
        Functions


        


    

  
    
      
    
    
      build_image(opts \\ [])



        
          
        

    

  


  

      

          @spec build_image(keyword()) :: :ok | {:error, term()}


      


Build the default sandbox Docker image.

  



    

  
    
      
    
    
      check_environment(opts \\ [])



        
          
        

    

  


  

      

          @spec check_environment(keyword()) :: :ok | {:error, term()}


      


Check if Docker is available and the image exists.

  



  
    
      
    
    
      default_dockerfile()



        
          
        

    

  


  

      

          @spec default_dockerfile() :: String.t()


      


Returns the default Dockerfile for the sandbox image.
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Conjure.Executor.Local 
    



      
Local execution backend using System.cmd.
Security Warning
This executor provides NO SANDBOXING. Commands and file operations
execute with the same permissions as the BEAM process.
DO NOT USE IN PRODUCTION unless you fully trust all loaded skills
and accept the security implications.
For production deployments, use Conjure.Executor.Docker or implement
a custom executor with appropriate isolation.
Usage
context = Conjure.ExecutionContext.new(
  working_directory: "/tmp/my-project",
  allowed_paths: ["/tmp/my-project"]
)

{:ok, context} = Conjure.Executor.Local.init(context)
{:ok, output} = Conjure.Executor.Local.bash("ls -la", context)
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Behaviour for session storage backends.
Storage backends manage the working directory and file operations for sessions.
All backends must provide a local filesystem path for Docker mounting.
Available Backends
	Backend	Module	Description
	Local	Conjure.Storage.Local	Ephemeral temp directories (default)
	S3	Conjure.Storage.S3	AWS S3 with local cache
	Tigris	Conjure.Storage.Tigris	Fly.io Tigris storage

Usage
# Default local storage
{:ok, session} = Conjure.Session.new_docker(skills)

# S3 storage
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.S3, bucket: "my-bucket"}
)

# Tigris (Fly.io) - zero config on Fly Machines
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: Conjure.Storage.Tigris
)
Implementing a Custom Storage Backend
Any module can implement this behaviour for custom storage needs:
defmodule MyApp.Storage.Azure do
  @behaviour Conjure.Storage

  @impl true
  def init(session_id, opts) do
    # Initialize Azure Blob storage
    {:ok, state}
  end

  # ... implement all callbacks
end

# Use it:
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: {MyApp.Storage.Azure, container: "sessions"}
)
File Callbacks
Sessions can be configured with callbacks for file events:
{:ok, session} = Conjure.Session.new_docker(skills,
  on_file_created: fn file_ref, session_id ->
    MyApp.Repo.insert!(%SessionFile{
      session_id: session_id,
      path: file_ref.path
    })
  end
)
See Also
	Conjure.Session - Session management
	Conjure.Storage.Local - Local filesystem storage
	Conjure.Storage.S3 - AWS S3 storage
	Conjure.Storage.Tigris - Fly.io Tigris storage
	ADR-0022: Storage Strategy
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        content()

      


    


    
      
        file_callback()

      


    


    
      
        file_ref()

      


    


    
      
        path()

      


    


    
      
        session_id()

      


    


    
      
        state()

      


    





  
    Callbacks
  


    
      
        cleanup(state)

      


        Cleanup storage for a session.



    


    
      
        delete(state, path)

      


        Delete a file from storage.



    


    
      
        exists?(state, path)

      


        Check if a file exists in storage.



    


    
      
        init(session_id, opts)

      


        Initialize storage for a session.



    


    
      
        list(state)

      


        List all files in storage.



    


    
      
        local_path(state)

      


        Get the local filesystem path for Docker mounting.



    


    
      
        read(state, path)

      


        Read a file from storage.



    


    
      
        sync_from_remote(state, remote_files)

      


        Sync files from a remote source.



    


    
      
        sync_to_remote(state)

      


        Sync local files to remote storage.



    


    
      
        write(state, path, content)

      


        Write a file to storage.



    





  
    Functions
  


    
      
        build_file_ref(path, content, opts \\ [])

      


        Build a file reference from path and content.



    


    
      
        compute_checksum(content)

      


        Compute SHA256 checksum of content.



    


    
      
        generate_session_id()

      


        Generate a unique session ID.



    


    
      
        guess_content_type(path)

      


        Guess MIME content type from file extension.
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      callback_event()



        
          
        

    

  


  

      

          @type callback_event() :: :created | :modified | :deleted | :synced


      



  



  
    
      
    
    
      content()



        
          
        

    

  


  

      

          @type content() :: binary()


      



  



  
    
      
    
    
      file_callback()



        
          
        

    

  


  

      

          @type file_callback() :: (file_ref(), session_id() -> :ok | {:error, term()})


      



  



  
    
      
    
    
      file_ref()



        
          
        

    

  


  

      

          @type file_ref() :: %{
  path: path(),
  size: non_neg_integer(),
  content_type: String.t() | nil,
  checksum: String.t() | nil,
  storage_url: String.t() | nil,
  created_at: DateTime.t()
}


      



  



  
    
      
    
    
      path()



        
          
        

    

  


  

      

          @type path() :: String.t()


      



  



  
    
      
    
    
      session_id()



        
          
        

    

  


  

      

          @type session_id() :: String.t()


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()
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      cleanup(state)



        
          
        

    

  


  

      

          @callback cleanup(state()) :: :ok | {:error, term()}


      


Cleanup storage for a session.
Removes all files and releases resources. For remote storage,
this also deletes objects from the remote store.
Parameters
	state - Storage state from init/2

Returns
	:ok - Cleanup successful
	{:error, term()} - Cleanup failed


  



  
    
      
    
    
      delete(state, path)



        
          
        

    

  


  

      

          @callback delete(state(), path()) :: :ok | {:error, term()}


      


Delete a file from storage.
Parameters
	state - Storage state
	path - Relative path within the session

Returns
	:ok - File deleted (or didn't exist)
	{:error, term()} - Delete failed


  



  
    
      
    
    
      exists?(state, path)



        
          
        

    

  


  

      

          @callback exists?(state(), path()) :: boolean()


      


Check if a file exists in storage.
Parameters
	state - Storage state
	path - Relative path within the session

Returns
	true - File exists
	false - File does not exist


  



  
    
      
    
    
      init(session_id, opts)



        
          
        

    

  


  

      

          @callback init(session_id(), opts :: keyword()) :: {:ok, state()} | {:error, term()}


      


Initialize storage for a session.
Creates the storage state for the given session ID. For local storage,
this creates the working directory. For remote storage, this sets up
credentials and local cache.
Parameters
	session_id - Unique identifier for the session
	opts - Backend-specific options

Returns
	{:ok, state} - Successfully initialized storage
	{:error, term()} - Initialization failed


  



  
    
      
    
    
      list(state)



        
          
        

    

  


  

      

          @callback list(state()) :: {:ok, [file_ref()]} | {:error, term()}


      


List all files in storage.
Parameters
	state - Storage state

Returns
	{:ok, [file_ref]} - List of file references
	{:error, term()} - List failed


  



  
    
      
    
    
      local_path(state)



        
          
        

    

  


  

      

          @callback local_path(state()) :: {:ok, path()} | {:error, :not_supported}


      


Get the local filesystem path for Docker mounting.
Docker containers require a local path to mount as a volume.
For local storage, this is the storage directory.
For remote storage, this is the local cache directory.
Parameters
	state - Storage state

Returns
	{:ok, path} - Local filesystem path
	{:error, :not_supported} - This storage doesn't support local paths


  



  
    
      
    
    
      read(state, path)



        
          
        

    

  


  

      

          @callback read(state(), path()) :: {:ok, content()} | {:error, term()}


      


Read a file from storage.
Parameters
	state - Storage state
	path - Relative path within the session

Returns
	{:ok, content} - File content
	{:error, {:file_not_found, path}} - File does not exist
	{:error, term()} - Read failed


  



  
    
      
    
    
      sync_from_remote(state, remote_files)


        (optional)


        
          
        

    

  


  

      

          @callback sync_from_remote(state(), remote_files :: [map()]) ::
  {:ok, [file_ref()]} | {:error, term()}


      


Sync files from a remote source.
Used by the Anthropic backend to download files created server-side.
Parameters
	state - Storage state
	remote_files - List of remote file descriptors

Returns
	{:ok, [file_ref]} - Synced file references
	{:error, term()} - Sync failed


  



  
    
      
    
    
      sync_to_remote(state)


        (optional)


        
          
        

    

  


  

      

          @callback sync_to_remote(state()) :: {:ok, [file_ref()]} | {:error, term()}


      


Sync local files to remote storage.
Forces upload of any pending local files to remote storage.
Parameters
	state - Storage state

Returns
	{:ok, [file_ref]} - Synced file references
	{:error, term()} - Sync failed


  



  
    
      
    
    
      write(state, path, content)



        
          
        

    

  


  

      

          @callback write(state(), path(), content()) :: {:ok, file_ref()} | {:error, term()}


      


Write a file to storage.
Parameters
	state - Storage state
	path - Relative path within the session
	content - File content as binary

Returns
	{:ok, file_ref} - File written successfully
	{:error, term()} - Write failed


  


        

      

      
        Functions


        


    

  
    
      
    
    
      build_file_ref(path, content, opts \\ [])



        
          
        

    

  


  

      

          @spec build_file_ref(path(), content(), keyword()) :: file_ref()


      


Build a file reference from path and content.
Parameters
	path - Relative file path
	content - File content as binary
	opts - Optional overrides:	:content_type - MIME type (auto-detected if not provided)
	:checksum - SHA256 checksum (computed if not provided)
	:storage_url - Remote storage URL



Example
iex> Conjure.Storage.build_file_ref("output.xlsx", content)
%{
  path: "output.xlsx",
  size: 1234,
  content_type: "application/vnd.openxmlformats-officedocument.spreadsheetml.sheet",
  checksum: "abc123...",
  storage_url: nil,
  created_at: ~U[2024-01-15 10:30:00Z]
}

  



  
    
      
    
    
      compute_checksum(content)



        
          
        

    

  


  

      

          @spec compute_checksum(content()) :: String.t()


      


Compute SHA256 checksum of content.
Example
iex> Conjure.Storage.compute_checksum("hello")
"2cf24dba5fb0a30e26e83b2ac5b9e29e1b161e5c1fa7425e73043362938b9824"

  



  
    
      
    
    
      generate_session_id()



        
          
        

    

  


  

      

          @spec generate_session_id() :: session_id()


      


Generate a unique session ID.
Uses cryptographically secure random bytes encoded as URL-safe base64.
Example
iex> session_id = Conjure.Storage.generate_session_id()
"Xt7kB9mP2Qw5nL3j"

  



  
    
      
    
    
      guess_content_type(path)



        
          
        

    

  


  

      

          @spec guess_content_type(path()) :: String.t()


      


Guess MIME content type from file extension.
Example
iex> Conjure.Storage.guess_content_type("report.pdf")
"application/pdf"

  


        

      


  

  
    
    Conjure.Storage.AwsSigV4 - Conjure v0.1.1-alpha
    
    

    


  
  

    
Conjure.Storage.AwsSigV4 
    



      
AWS Signature Version 4 signing for S3 requests.
This module implements the AWS Signature Version 4 algorithm for
authenticating requests to S3-compatible services including:
	AWS S3
	Tigris (Fly.io)
	MinIO
	LocalStack

Usage
headers = Conjure.Storage.AwsSigV4.sign(
  method: :put,
  host: "s3.us-east-1.amazonaws.com",
  path: "/my-bucket/my-key",
  payload: "file content",
  region: "us-east-1",
  access_key: "AKIAIOSFODNN7EXAMPLE",
  secret_key: "wJalrXUtnFEMI/K7MDENG/bPxRfiCYEXAMPLEKEY"
)
See Also
	AWS Signature Version 4 Signing Process


      


      
        Summary


  
    Functions
  


    
      
        presign_url(opts)

      


        Create presigned URL for S3 object.



    


    
      
        sign(opts)

      


        Sign an HTTP request for AWS S3-compatible services.



    





      


      
        Functions


        


  
    
      
    
    
      presign_url(opts)



        
          
        

    

  


  

      

          @spec presign_url(keyword()) :: String.t()


      


Create presigned URL for S3 object.
Options
Same as sign/1 plus:
	:expires_in - URL expiration in seconds (default: 3600)

Returns
Presigned URL string.

  



  
    
      
    
    
      sign(opts)



        
          
        

    

  


  

      

          @spec sign(keyword()) :: [{String.t(), String.t()}]


      


Sign an HTTP request for AWS S3-compatible services.
Options
	:method - HTTP method atom (required): :get, :put, :delete, :head
	:host - Target host (required): e.g., "s3.us-east-1.amazonaws.com"
	:path - Request path (required): e.g., "/bucket/key"
	:query - Query string (optional): e.g., "list-type=2"
	:payload - Request body (optional): defaults to ""
	:region - AWS region (required): e.g., "us-east-1"
	:access_key - AWS access key ID (required)
	:secret_key - AWS secret access key (required)
	:service - AWS service (optional): defaults to "s3"

Returns
List of headers to include in the request:
	Authorization - AWS4-HMAC-SHA256 signature
	x-amz-date - Request timestamp
	x-amz-content-sha256 - Payload hash
	Host - Target host

Example
headers = Conjure.Storage.AwsSigV4.sign(
  method: :put,
  host: "s3.us-east-1.amazonaws.com",
  path: "/my-bucket/my-key",
  payload: "Hello, World!",
  region: "us-east-1",
  access_key: System.get_env("AWS_ACCESS_KEY_ID"),
  secret_key: System.get_env("AWS_SECRET_ACCESS_KEY")
)

Req.put("https://s3.us-east-1.amazonaws.com/my-bucket/my-key",
  body: "Hello, World!",
  headers: headers
)
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Conjure.Storage.Local 
    



      
Local filesystem storage backend.
Creates ephemeral directories in the system temp directory by default.
Suitable for development and single-node deployments.
Options
	:base_path - Base directory for session directories (default: System.tmp_dir!())
	:prefix - Prefix for directory names (default: "conjure")
	:cleanup_on_exit - Whether to delete files on cleanup (default: true)

Example
# Default configuration
{:ok, storage} = Conjure.Storage.Local.init("session_123", [])

# Custom base path
{:ok, storage} = Conjure.Storage.Local.init("session_123",
  base_path: "/var/lib/conjure",
  prefix: "session"
)

# Persist after cleanup (for debugging)
{:ok, storage} = Conjure.Storage.Local.init("session_123",
  cleanup_on_exit: false
)
Directory Structure
Files are stored in a flat structure under the session directory:
/tmp/conjure_session_123/
├── output.xlsx
├── report.pdf
└── data/
    └── processed.json
See Also
	Conjure.Storage - Storage behaviour
	Conjure.Session - Session management
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          @type t() :: %Conjure.Storage.Local{
  cleanup_on_exit: boolean(),
  path: Path.t(),
  session_id: String.t()
}
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Conjure.Storage.S3 
    



      
AWS S3 storage backend.
Provides durable storage with a local cache for Docker mounting.
Requires the optional req dependency.
Options
	:bucket - S3 bucket name (required)
	:region - AWS region (default: "us-east-1")
	:prefix - Key prefix for all objects (default: "sessions/")
	:access_key_id - AWS access key (default: from AWS_ACCESS_KEY_ID env)
	:secret_access_key - AWS secret key (default: from AWS_SECRET_ACCESS_KEY env)
	:endpoint - Custom S3 endpoint URL (for S3-compatible services)
	:cache_path - Local cache directory (default: System.tmp_dir!())
	:async_upload - Upload to S3 asynchronously (default: false)

Example
# AWS S3
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.S3,
    bucket: "my-sessions",
    region: "us-west-2"
  }
)

# S3-compatible service (MinIO, LocalStack)
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.S3,
    bucket: "test-bucket",
    endpoint: "http://localhost:9000",
    access_key_id: "minioadmin",
    secret_access_key: "minioadmin"
  }
)
See Also
	Conjure.Storage - Storage behaviour
	Conjure.Storage.Tigris - Fly.io Tigris storage
	Conjure.Storage.AwsSigV4 - AWS Signature V4 signing
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          @type t() :: %Conjure.Storage.S3{
  access_key_id: String.t(),
  async_upload: boolean(),
  bucket: String.t(),
  cache_path: Path.t(),
  endpoint: String.t(),
  host: String.t(),
  prefix: String.t(),
  region: String.t(),
  secret_access_key: String.t(),
  session_id: String.t()
}
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Fly.io Tigris object storage backend.
Tigris is Fly.io's globally-distributed, S3-compatible object storage.
It automatically replicates data to regions close to your Fly Machines,
providing low-latency access worldwide.
Fly.io Setup
# Create a Tigris bucket for your Fly app
fly storage create conjure-sessions

# Credentials are automatically injected as env vars:
# - AWS_ACCESS_KEY_ID
# - AWS_SECRET_ACCESS_KEY
# - AWS_ENDPOINT_URL_S3
# - BUCKET_NAME
Options
	:bucket - Bucket name (default: BUCKET_NAME env var)
	:endpoint - Tigris endpoint (default: AWS_ENDPOINT_URL_S3 env var)
	:access_key_id - Access key (default: AWS_ACCESS_KEY_ID env var)
	:secret_access_key - Secret key (default: AWS_SECRET_ACCESS_KEY env var)
	:cache_path - Local cache directory (default: FLY_VOLUME_PATH or tmp_dir)
	:region - Region hint for read affinity (default: FLY_REGION env var)
	:prefix - Key prefix for objects (default: "sessions/")
	:async_upload - Upload asynchronously (default: false)

Usage
# On Fly.io - zero config needed
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: Conjure.Storage.Tigris
)

# Local development with Tigris credentials
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.Tigris,
    bucket: "dev-sessions",
    endpoint: "https://fly.storage.tigris.dev"
  }
)
Multi-Region Session Affinity
Tigris automatically serves data from the nearest region. For debugging
or session routing, you can include region in the session prefix:
{:ok, session} = Conjure.Session.new_docker(skills,
  storage: {Conjure.Storage.Tigris,
    prefix: "sessions/#{System.get_env("FLY_REGION")}/"
  }
)
See Also
	Conjure.Storage - Storage behaviour
	Conjure.Storage.S3 - Generic S3 storage
	Tigris Object Storage
	Fly.io Tigris Integration
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          @type t() :: %Conjure.Storage.Tigris{s3_state: Conjure.Storage.S3.t()}
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Helpers for Claude API integration.
This module provides utilities for building API requests and parsing
responses. It does not make HTTP calls - use your preferred HTTP client.
Example
# Build request components
system_prompt = Conjure.API.build_system_prompt("You are helpful.", skills)
tools = Conjure.API.build_tools_param(skills)

# Make API call with your client
response = MyApp.Claude.call(%{
  model: "claude-sonnet-4-5-20250929",
  system: system_prompt,
  messages: messages,
  tools: tools
})

# Parse response
{:ok, parsed} = Conjure.API.parse_response(response)
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        build_messages(history)

      


        Build a complete messages array for an API request.



    


    
      
        build_system_prompt(base_prompt, skills, opts \\ [])

      


        Build the system prompt with skills fragment appended.



    


    
      
        build_tools_param(skills, opts \\ [])

      


        Build the tools array for the API request.



    


    
      
        end_turn?(arg1)

      


        Check if the response is an end_turn (conversation complete).



    


    
      
        estimate_tokens(content)

      


        Estimate token count for a request.



    


    
      
        extract_text(response)

      


        Extract the full text content from a response.



    


    
      
        format_tool_results_message(results)

      


        Format tool results for the next API request.



    


    
      
        parse_response(response)

      


        Parse content blocks from an API response.



    


    
      
        requires_tool_execution?(arg1)

      


        Check if a response requires tool execution.
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          @type parsed_response() :: %{
  text_blocks: [String.t()],
  tool_uses: [Conjure.ToolCall.t()],
  stop_reason: String.t() | nil,
  usage: map() | nil
}
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          @spec build_messages([map()]) :: [map()]


      


Build a complete messages array for an API request.
Handles the conversation history format expected by Claude.

  



    

  
    
      
    
    
      build_system_prompt(base_prompt, skills, opts \\ [])



        
          
        

    

  


  

      

          @spec build_system_prompt(String.t(), [Conjure.Skill.t()], keyword()) :: String.t()


      


Build the system prompt with skills fragment appended.
Options
	:include_instructions - Include skill usage instructions (default: true)


  



    

  
    
      
    
    
      build_tools_param(skills, opts \\ [])



        
          
        

    

  


  

      

          @spec build_tools_param(
  [Conjure.Skill.t()],
  keyword()
) :: [map()]


      


Build the tools array for the API request.
Options
	:only - Only include these tool names
	:except - Exclude these tool names


  



  
    
      
    
    
      end_turn?(arg1)



        
          
        

    

  


  

      

          @spec end_turn?(map()) :: boolean()


      


Check if the response is an end_turn (conversation complete).

  



  
    
      
    
    
      estimate_tokens(content)



        
          
        

    

  


  

      

          @spec estimate_tokens(String.t() | map()) :: pos_integer()


      


Estimate token count for a request.
This is a rough estimate assuming ~4 characters per token.

  



  
    
      
    
    
      extract_text(response)



        
          
        

    

  


  

      

          @spec extract_text(map()) :: String.t()


      


Extract the full text content from a response.

  



  
    
      
    
    
      format_tool_results_message(results)



        
          
        

    

  


  

      

          @spec format_tool_results_message([Conjure.ToolResult.t()]) :: map()


      


Format tool results for the next API request.
Returns a message map with role "user" and tool_result content blocks.

  



  
    
      
    
    
      parse_response(response)



        
          
        

    

  


  

      

          @spec parse_response(map()) :: {:ok, parsed_response()} | {:error, term()}


      


Parse content blocks from an API response.
Extracts text blocks, tool uses, and metadata from the response.

  



  
    
      
    
    
      requires_tool_execution?(arg1)



        
          
        

    

  


  

      

          @spec requires_tool_execution?(map()) :: boolean()


      


Check if a response requires tool execution.
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Conjure.Conversation 
    



      
Manages the tool-use conversation loop.
The conversation module orchestrates the back-and-forth between Claude
and tool execution. When Claude responds with tool_use blocks, this
module executes the tools and formats the results to send back.
Conversation Flow
User Message
     │
     ▼
Call Claude API ◄────────────────┐
     │                           │
     ▼                           │
Parse Response                   │
     │                           │
     ▼                           │
┌──────────┐     Yes    ┌─────────────────┐
│Tool Uses?│───────────►│ Execute Tools   │
└──────────┘            └────────┬────────┘
     │ No                        │
     ▼                           ▼
Return Final            Format Results
 Response               Add to Messages ──┘
Example
{:ok, skills} = Conjure.load("/path/to/skills")

messages = [%{role: "user", content: "Read the PDF skill"}]

{:ok, final_messages} = Conjure.Conversation.run_loop(
  messages,
  skills,
  &call_claude/1,
  max_iterations: 10
)
Manual Processing
For more control, use process_response/3 directly:
response = call_claude(messages)

case Conjure.Conversation.process_response(response, skills) do
  {:done, text} ->
    IO.puts(text)

  {:continue, tool_results} ->
    # Send results back to Claude
    next_response = call_claude(add_tool_results(messages, response, tool_results))
end

      


      
        Summary


  
    Types
  


    
      
        api_response()

      


    


    
      
        message()

      


    





  
    Functions
  


    
      
        conversation_complete?(response)

      


        Check if the response indicates conversation is complete.



    


    
      
        execute_tool_calls(tool_calls, skills, executor, context, opts \\ [])

      


        Execute multiple tool calls.



    


    
      
        extract_text(arg1)

      


        Extract text content from Claude's response.



    


    
      
        extract_tool_uses(arg1)

      


        Extract tool_use blocks from Claude's response.



    


    
      
        format_tool_results_message(results)

      


        Format tool results for sending back to Claude.



    


    
      
        process_response(response, skills, opts \\ [])

      


        Process Claude's response, executing any tool calls.



    


    
      
        run_loop(messages, skills, api_callback, opts \\ [])

      


        Run a complete conversation loop until completion or max iterations.



    





      


      
        Types


        


  
    
      
    
    
      api_response()



        
          
        

    

  


  

      

          @type api_response() :: %{required(String.t()) => term()}


      



  



  
    
      
    
    
      message()



        
          
        

    

  


  

      

          @type message() :: %{required(String.t()) => term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      conversation_complete?(response)



        
          
        

    

  


  

      

          @spec conversation_complete?(api_response()) :: boolean()


      


Check if the response indicates conversation is complete.
Returns true if there are no tool_use blocks.

  



    

  
    
      
    
    
      execute_tool_calls(tool_calls, skills, executor, context, opts \\ [])



        
          
        

    

  


  

      

          @spec execute_tool_calls(
  [Conjure.ToolCall.t()],
  [Conjure.Skill.t()],
  module(),
  Conjure.ExecutionContext.t(),
  keyword()
) :: [Conjure.ToolResult.t()]


      


Execute multiple tool calls.
Executes in parallel using Task.async_stream for efficiency.

  



  
    
      
    
    
      extract_text(arg1)



        
          
        

    

  


  

      

          @spec extract_text(api_response()) :: String.t()


      


Extract text content from Claude's response.

  



  
    
      
    
    
      extract_tool_uses(arg1)



        
          
        

    

  


  

      

          @spec extract_tool_uses(api_response()) :: [Conjure.ToolCall.t()]


      


Extract tool_use blocks from Claude's response.

  



  
    
      
    
    
      format_tool_results_message(results)



        
          
        

    

  


  

      

          @spec format_tool_results_message([Conjure.ToolResult.t()]) :: message()


      


Format tool results for sending back to Claude.
Returns a message with role "user" containing tool_result blocks.

  



    

  
    
      
    
    
      process_response(response, skills, opts \\ [])



        
          
        

    

  


  

      

          @spec process_response(api_response(), [Conjure.Skill.t()], keyword()) ::
  {:done, String.t()} | {:continue, [Conjure.ToolResult.t()]} | {:error, term()}


      


Process Claude's response, executing any tool calls.
Returns:
	{:done, text} - No tool calls, conversation complete
	{:continue, tool_results} - Tool calls executed, send results back
	{:error, reason} - Processing failed


  



    

  
    
      
    
    
      run_loop(messages, skills, api_callback, opts \\ [])



        
          
        

    

  


  

      

          @spec run_loop(
  messages :: [message()],
  skills :: [Conjure.Skill.t()],
  api_callback :: ([message()] -> {:ok, api_response()} | {:error, term()}),
  opts :: keyword()
) :: {:ok, [message()]} | {:error, Conjure.Error.t()}


      


Run a complete conversation loop until completion or max iterations.
Takes a callback function that makes Claude API calls. The callback
receives the current messages list and should return {:ok, response}
or {:error, reason}.
Options
	:max_iterations - Maximum tool-use loops (default: 25)
	:executor - Executor module to use (default: Conjure.Executor.Local)
	:context - ExecutionContext to use (created if not provided)
	:on_tool_call - Callback for each tool call fn tool_call -> :ok end
	:on_tool_result - Callback for each tool result fn result -> :ok end
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Conjure.ExecutionContext 
    



      
Context passed to executors containing skill and environment information.
The execution context encapsulates all the configuration needed to safely
execute tool calls, including:
	Working directory for file operations
	Path restrictions for security
	Environment variables to set
	Timeout limits
	Network access policy
	Executor-specific configuration

Security
The context enforces boundaries on what the executor can access. Use
allowed_paths to restrict file operations to specific directories.
Example
context = %Conjure.ExecutionContext{
  skills_root: "/opt/skills",
  working_directory: "/tmp/conjure/session-123",
  allowed_paths: ["/tmp/conjure/session-123", "/opt/skills"],
  timeout: 30_000,
  network_access: :none
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        for_skill(skill, opts \\ [])

      


        Creates a context for a specific skill.



    


    
      
        new(opts \\ [])

      


        Creates a new execution context with the given options.



    


    
      
        validate_path(execution_context, path)

      


        Validates that a path is within allowed boundaries.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Conjure.ExecutionContext{
  allowed_paths: [Path.t()],
  container_id: String.t() | nil,
  environment: map(),
  executor_config: map(),
  network_access: :none | :limited | :full,
  skill: Conjure.Skill.t() | nil,
  skills_root: Path.t(),
  timeout: pos_integer(),
  working_directory: Path.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      for_skill(skill, opts \\ [])



        
          
        

    

  


  

      

          @spec for_skill(
  Conjure.Skill.t(),
  keyword()
) :: t()


      


Creates a context for a specific skill.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new execution context with the given options.
Options
	:skills_root - Root directory containing skills (default: "/tmp/conjure/skills")
	:working_directory - Working directory for operations (default: "/tmp/conjure/work")
	:environment - Environment variables to set
	:timeout - Execution timeout in milliseconds (default: 30_000)
	:allowed_paths - List of paths that can be accessed
	:network_access - Network policy: :none, :limited, or :full
	:executor_config - Executor-specific configuration


  



  
    
      
    
    
      validate_path(execution_context, path)



        
          
        

    

  


  

      

          @spec validate_path(t(), Path.t()) :: {:ok, Path.t()} | {:error, :path_not_allowed}


      


Validates that a path is within allowed boundaries.
Returns {:ok, normalized_path} if the path is allowed, or
{:error, :path_not_allowed} otherwise.
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Conjure.Frontmatter 
    



      
Parsed YAML frontmatter from SKILL.md files.
The frontmatter contains structured metadata about a skill per the
Agent Skills specification (https://agentskills.io/specification).
Required Fields
	name - Max 64 chars, lowercase letters/numbers/hyphens
	description - Max 1024 chars, what the skill does and when to use it

Optional Fields
	license - License name or filename
	compatibility - Max 500 chars, environment requirements
	allowed_tools - List of pre-approved tools (experimental)
	metadata - Additional key-value properties

Example
---
name: pdf
description: |
  Comprehensive PDF manipulation toolkit for extracting text and tables,
  creating new PDFs, merging/splitting documents, and handling forms.
license: MIT
compatibility: python3, poppler-utils
allowed-tools: Bash(pdftotext:*) Read
---

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_map(map)

      


        Creates a Frontmatter struct from a parsed YAML map.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Conjure.Frontmatter{
  allowed_tools: String.t() | nil,
  compatibility: String.t() | nil,
  description: String.t(),
  license: String.t() | nil,
  metadata: map(),
  name: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

      

          @spec from_map(map()) :: {:ok, t()} | {:error, term()}


      


Creates a Frontmatter struct from a parsed YAML map.
Returns {:ok, frontmatter} on success, or {:error, reason} if
required fields are missing or validation fails.
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Conjure.ToolCall 
    



      
Represents a tool call from Claude's response.
When Claude uses a tool, the API response includes a tool_use content
block with an ID, tool name, and input parameters. This struct captures
that information for processing.
Example
A tool call from Claude's response:
%{
  "type" => "tool_use",
  "id" => "toolu_01ABC123",
  "name" => "view",
  "input" => %{"path" => "/path/to/file.txt"}
}
Becomes:
%Conjure.ToolCall{
  id: "toolu_01ABC123",
  name: "view",
  input: %{"path" => "/path/to/file.txt"}
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_content_block(block)

      


        Creates a ToolCall from a tool_use content block.



    


    
      
        get_input(tool_call, key, default \\ nil)

      


        Gets an input parameter value.



    


    
      
        id(tool_call)

      


        Extracts the tool call ID.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Conjure.ToolCall{id: String.t(), input: map(), name: String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_content_block(block)



        
          
        

    

  


  

      

          @spec from_content_block(map()) :: {:ok, t()} | {:error, term()}


      


Creates a ToolCall from a tool_use content block.
Returns {:ok, tool_call} on success, or {:error, reason} if the
block is malformed.

  



    

  
    
      
    
    
      get_input(tool_call, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get_input(t(), String.t(), term()) :: term()


      


Gets an input parameter value.

  



  
    
      
    
    
      id(tool_call)



        
          
        

    

  


  

      

          @spec id(t()) :: String.t()


      


Extracts the tool call ID.
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Conjure.ToolResult 
    



      
Result of executing a tool call.
Tool results are sent back to Claude in the conversation to report
the outcome of tool executions. They include the original tool call ID,
the result content, and an error flag.
Content Types
The content can be:
	A simple string for text output
	A list of content blocks for complex responses (text, images)

Example
A successful file read:
%Conjure.ToolResult{
  tool_use_id: "toolu_01ABC123",
  content: "File contents here...",
  is_error: false
}
A failed command:
%Conjure.ToolResult{
  tool_use_id: "toolu_01ABC123",
  content: "Command failed with exit code 1: No such file",
  is_error: true
}
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    Types
  


    
      
        content()

      


    


    
      
        content_block()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        error(tool_use_id, content)

      


        Creates an error tool result.



    


    
      
        success(tool_use_id, content)

      


        Creates a successful tool result.



    


    
      
        to_api_format(result)

      


        Converts the tool result to the format expected by the Claude API.
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      content()



        
          
        

    

  


  

      

          @type content() :: String.t() | [content_block()]


      



  



  
    
      
    
    
      content_block()



        
          
        

    

  


  

      

          @type content_block() ::
  %{type: :text, text: String.t()} | %{type: :image, source: map()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Conjure.ToolResult{
  content: content(),
  is_error: boolean(),
  tool_use_id: String.t(),
  type: :tool_result
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      error(tool_use_id, content)



        
          
        

    

  


  

      

          @spec error(String.t(), content()) :: t()


      


Creates an error tool result.

  



  
    
      
    
    
      success(tool_use_id, content)



        
          
        

    

  


  

      

          @spec success(String.t(), content()) :: t()


      


Creates a successful tool result.

  



  
    
      
    
    
      to_api_format(result)



        
          
        

    

  


  

      

          @spec to_api_format(t()) :: map()


      


Converts the tool result to the format expected by the Claude API.
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Error types for Conjure operations.
Provides structured errors with context for debugging and error handling.
All Conjure errors include a type, message, and optional details map.
Error Types
	:skill_not_found - Skill with given name not found in registry
	:invalid_frontmatter - SKILL.md frontmatter is malformed or missing required fields
	:invalid_skill_structure - Skill directory structure is invalid
	:file_not_found - Requested file does not exist
	:permission_denied - Access to path is not allowed
	:execution_failed - Tool execution failed
	:execution_timeout - Tool execution timed out
	:docker_unavailable - Docker is not available or not running
	:container_error - Container operation failed
	:max_iterations_reached - Conversation loop exceeded maximum iterations

Anthropic Skills API Errors
	:anthropic_api_error - Anthropic API returned an error response
	:skills_limit_exceeded - More than 8 skills specified (API limit)
	:skill_upload_failed - Failed to upload skill to Anthropic
	:pause_turn_max_exceeded - Too many pause_turn iterations
	:container_not_found - Container ID is invalid or expired
	:file_download_failed - Failed to download file from Files API
	:invalid_skill_spec - Invalid skill specification tuple

Native Execution Errors
	:not_a_native_skill - Module does not implement NativeSkill behaviour
	:native_callback_missing - Required callback not implemented
	:native_execution_failed - Native skill callback returned an error

Storage Errors
	:storage_init_failed - Storage backend initialization failed
	:storage_cleanup_failed - Storage cleanup failed
	:storage_write_failed - Writing to storage failed
	:storage_read_failed - Reading from storage failed

Example
case Conjure.load_skill("/invalid/path") do
  {:ok, skill} -> skill
  {:error, %Conjure.Error{type: :file_not_found} = error} ->
    Logger.warning("Skill not found: #{error.message}")
end
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        error_type()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        anthropic_api_error(status, message, details \\ %{})

      


        Creates an Anthropic API error.



    


    
      
        container_error(operation, reason)

      


        Creates a container error.



    


    
      
        container_not_found(container_id)

      


        Creates a container not found error.



    


    
      
        docker_unavailable(reason)

      


        Creates a Docker unavailable error.



    


    
      
        execution_failed(command, exit_code, output)

      


        Creates an execution failed error.



    


    
      
        execution_timeout(command, timeout_ms)

      


        Creates an execution timeout error.



    


    
      
        file_download_failed(file_id, reason)

      


        Creates a file download failed error.



    


    
      
        file_not_found(path)

      


        Creates a file not found error.



    


    
      
        invalid_frontmatter(path, reason)

      


        Creates an invalid frontmatter error.



    


    
      
        invalid_skill_spec(spec)

      


        Creates an invalid skill spec error.



    


    
      
        invalid_skill_structure(path, reason)

      


        Creates an invalid skill structure error.



    


    
      
        max_iterations_reached(max)

      


        Creates a max iterations reached error.



    


    
      
        missing_api_callback(message)

      


        Creates a missing API callback error.



    


    
      
        native_callback_missing(module, callback)

      


        Creates a native callback missing error.



    


    
      
        native_execution_failed(module, callback, reason)

      


        Creates a native execution failed error.



    


    
      
        not_a_native_skill(module)

      


        Creates a not a native skill error.



    


    
      
        path_not_allowed(path, allowed_paths)

      


        Creates a path not allowed error.



    


    
      
        pause_turn_max_exceeded(iterations, max)

      


        Creates a pause_turn max exceeded error.



    


    
      
        permission_denied(path)

      


        Creates a permission denied error.



    


    
      
        skill_not_found(name)

      


        Creates a skill not found error.



    


    
      
        skill_upload_failed(path, reason)

      


        Creates a skill upload failed error.



    


    
      
        skills_limit_exceeded(count, max)

      


        Creates a skills limit exceeded error.



    


    
      
        storage_cleanup_failed(reason)

      


        Creates a storage cleanup failed error.



    


    
      
        storage_init_failed(reason)

      


        Creates a storage initialization failed error.



    


    
      
        storage_read_failed(path, reason)

      


        Creates a storage read failed error.



    


    
      
        storage_write_failed(path, reason)

      


        Creates a storage write failed error.



    


    
      
        wrap(error)

      


        Wraps a raw error into a Conjure.Error.



    


    
      
        zip_error(path, reason)

      


        Creates a ZIP error.



    





      


      
        Types


        


  
    
      
    
    
      error_type()



        
          
        

    

  


  

      

          @type error_type() ::
  :skill_not_found
  | :invalid_frontmatter
  | :invalid_skill_structure
  | :file_not_found
  | :permission_denied
  | :path_not_allowed
  | :execution_failed
  | :execution_timeout
  | :docker_unavailable
  | :container_error
  | :api_error
  | :max_iterations_reached
  | :zip_error
  | :anthropic_api_error
  | :skills_limit_exceeded
  | :skill_upload_failed
  | :pause_turn_max_exceeded
  | :container_not_found
  | :file_download_failed
  | :invalid_skill_spec
  | :not_a_native_skill
  | :native_callback_missing
  | :native_execution_failed
  | :storage_init_failed
  | :storage_cleanup_failed
  | :storage_write_failed
  | :storage_read_failed
  | :unknown


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Conjure.Error{
  __exception__: true,
  details: map(),
  message: String.t(),
  type: error_type()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      anthropic_api_error(status, message, details \\ %{})



        
          
        

    

  


  

      

          @spec anthropic_api_error(integer(), String.t(), map()) :: t()


      


Creates an Anthropic API error.
Used when the Anthropic API returns an error response.

  



  
    
      
    
    
      container_error(operation, reason)



        
          
        

    

  


  

      

          @spec container_error(String.t(), term()) :: t()


      


Creates a container error.

  



  
    
      
    
    
      container_not_found(container_id)



        
          
        

    

  


  

      

          @spec container_not_found(String.t()) :: t()


      


Creates a container not found error.

  



  
    
      
    
    
      docker_unavailable(reason)



        
          
        

    

  


  

      

          @spec docker_unavailable(String.t()) :: t()


      


Creates a Docker unavailable error.

  



  
    
      
    
    
      execution_failed(command, exit_code, output)



        
          
        

    

  


  

      

          @spec execution_failed(String.t(), integer(), String.t()) :: t()


      


Creates an execution failed error.

  



  
    
      
    
    
      execution_timeout(command, timeout_ms)



        
          
        

    

  


  

      

          @spec execution_timeout(String.t(), pos_integer()) :: t()


      


Creates an execution timeout error.

  



  
    
      
    
    
      file_download_failed(file_id, reason)



        
          
        

    

  


  

      

          @spec file_download_failed(String.t(), term()) :: t()


      


Creates a file download failed error.

  



  
    
      
    
    
      file_not_found(path)



        
          
        

    

  


  

      

          @spec file_not_found(Path.t()) :: t()


      


Creates a file not found error.

  



  
    
      
    
    
      invalid_frontmatter(path, reason)



        
          
        

    

  


  

      

          @spec invalid_frontmatter(Path.t(), term()) :: t()


      


Creates an invalid frontmatter error.

  



  
    
      
    
    
      invalid_skill_spec(spec)



        
          
        

    

  


  

      

          @spec invalid_skill_spec(term()) :: t()


      


Creates an invalid skill spec error.

  



  
    
      
    
    
      invalid_skill_structure(path, reason)



        
          
        

    

  


  

      

          @spec invalid_skill_structure(Path.t(), String.t()) :: t()


      


Creates an invalid skill structure error.

  



  
    
      
    
    
      max_iterations_reached(max)



        
          
        

    

  


  

      

          @spec max_iterations_reached(pos_integer()) :: t()


      


Creates a max iterations reached error.

  



  
    
      
    
    
      missing_api_callback(message)



        
          
        

    

  


  

      

          @spec missing_api_callback(String.t()) :: t()


      


Creates a missing API callback error.
Returned when an API callback is required but not provided.

  



  
    
      
    
    
      native_callback_missing(module, callback)



        
          
        

    

  


  

      

          @spec native_callback_missing(module(), atom()) :: t()


      


Creates a native callback missing error.
Returned when a required callback is not implemented by the skill module.

  



  
    
      
    
    
      native_execution_failed(module, callback, reason)



        
          
        

    

  


  

      

          @spec native_execution_failed(module(), atom(), term()) :: t()


      


Creates a native execution failed error.
Returned when a native skill callback returns an error.

  



  
    
      
    
    
      not_a_native_skill(module)



        
          
        

    

  


  

      

          @spec not_a_native_skill(module()) :: t()


      


Creates a not a native skill error.
Returned when a module does not implement the NativeSkill behaviour.

  



  
    
      
    
    
      path_not_allowed(path, allowed_paths)



        
          
        

    

  


  

      

          @spec path_not_allowed(Path.t(), [Path.t()]) :: t()


      


Creates a path not allowed error.

  



  
    
      
    
    
      pause_turn_max_exceeded(iterations, max)



        
          
        

    

  


  

      

          @spec pause_turn_max_exceeded(pos_integer(), pos_integer()) :: t()


      


Creates a pause_turn max exceeded error.
Returned when the conversation loop exceeds maximum pause_turn iterations.

  



  
    
      
    
    
      permission_denied(path)



        
          
        

    

  


  

      

          @spec permission_denied(Path.t()) :: t()


      


Creates a permission denied error.

  



  
    
      
    
    
      skill_not_found(name)



        
          
        

    

  


  

      

          @spec skill_not_found(String.t()) :: t()


      


Creates a skill not found error.

  



  
    
      
    
    
      skill_upload_failed(path, reason)



        
          
        

    

  


  

      

          @spec skill_upload_failed(Path.t(), term()) :: t()


      


Creates a skill upload failed error.

  



  
    
      
    
    
      skills_limit_exceeded(count, max)



        
          
        

    

  


  

      

          @spec skills_limit_exceeded(pos_integer(), pos_integer()) :: t()


      


Creates a skills limit exceeded error.
Anthropic Skills API supports a maximum of 8 skills per request.

  



  
    
      
    
    
      storage_cleanup_failed(reason)



        
          
        

    

  


  

      

          @spec storage_cleanup_failed(term()) :: t()


      


Creates a storage cleanup failed error.
Returned when storage cleanup fails.

  



  
    
      
    
    
      storage_init_failed(reason)



        
          
        

    

  


  

      

          @spec storage_init_failed(term()) :: t()


      


Creates a storage initialization failed error.
Returned when storage backend initialization fails.

  



  
    
      
    
    
      storage_read_failed(path, reason)



        
          
        

    

  


  

      

          @spec storage_read_failed(String.t(), term()) :: t()


      


Creates a storage read failed error.
Returned when reading from storage fails.

  



  
    
      
    
    
      storage_write_failed(path, reason)



        
          
        

    

  


  

      

          @spec storage_write_failed(String.t(), term()) :: t()


      


Creates a storage write failed error.
Returned when writing to storage fails.

  



  
    
      
    
    
      wrap(error)



        
          
        

    

  


  

      

          @spec wrap(term()) :: t()


      


Wraps a raw error into a Conjure.Error.

  



  
    
      
    
    
      zip_error(path, reason)



        
          
        

    

  


  

      

          @spec zip_error(Path.t(), term()) :: t()


      


Creates a ZIP error.

  


        

      


  

  
    
    mix conjure.docker.build - Conjure v0.1.1-alpha
    
    

    


  
  

    
mix conjure.docker.build 
    



      
Builds the Conjure Docker sandbox image.
Usage
mix conjure.docker.build
Options
--tag, -t      Image tag (default: conjure/sandbox:latest)
--no-cache     Build without using cache
Examples
# Build with default tag
mix conjure.docker.build

# Build with custom tag
mix conjure.docker.build --tag myapp/sandbox:v1

      




  

  
    
    mix conjure.init - Conjure v0.1.1-alpha
    
    

    


  
  

    
mix conjure.init 
    



      
Initializes a new skill directory with SKILL.md template.
Usage
mix conjure.init path/to/new-skill
Options
--name, -n      Skill name (default: directory name)
--description   Skill description
Examples
# Create a new skill
mix conjure.init ./skills/my-new-skill

# Create with options
mix conjure.init ./skills/pdf-tools --name pdf --description "PDF utilities"

      




  

  
    
    mix conjure.validate - Conjure v0.1.1-alpha
    
    

    


  
  

    
mix conjure.validate 
    



      
Validates skill structure and metadata.
Usage
mix conjure.validate path/to/skill
mix conjure.validate path/to/skills/directory
Options
--verbose, -v   Show detailed validation information
Examples
# Validate a single skill
mix conjure.validate ./my-skill

# Validate all skills in a directory
mix conjure.validate ./skills
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