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    AshReports

A comprehensive, declarative reporting framework for the Ash ecosystem
AshReports provides a powerful DSL for defining reports with hierarchical band structures, chart generation, streaming data processing, multiple output formats (HTML, PDF, JSON, HEEX), and full internationalization support.
[image: Implementation Status]
[image: Test Coverage]
[image: Security]

Quick Links
	📊 Feature Status Matrix - What's ready for production
	🚀 Quick Start - Get started in 5 minutes
	📖 Documentation - Comprehensive guides
	🔒 Security - Security policy and best practices
	🗺️ Roadmap - What's coming next
	🤝 Contributing - How to contribute


What is AshReports?
AshReports is a declarative reporting framework built on the Ash Framework that allows you to define complex reports using a DSL, then generate them in multiple formats with full internationalization support.
Key Features
	📝 Declarative DSL - Define reports using Spark-powered DSL
	📊 Band-Based Layout - Report/page headers/footers, detail, group sections
	📈 Chart Generation - Bar, line, pie, area, scatter charts with Contex
	🌊 Streaming Data - Memory-efficient processing via Ash.stream!
	🌍 Internationalization - CLDR-based formatting for numbers, dates, currencies
	📄 Multiple Formats - HTML, PDF (Typst), JSON, HEEX/LiveView output
	⚡ LiveView Integration - Real-time interactive reports
	🔐 Security Hardened - Safe against atom exhaustion attacks


Feature Status
Quick overview of what's production-ready:
	Feature	Status	Notes
	Core DSL	✅ Production-Ready	75 passing tests
	Band System	✅ Production-Ready	Full hierarchy support
	Chart Generation	✅ Production-Ready	SVG output via Contex
	Streaming	✅ Production-Ready	Ash.stream! with keyset pagination
	Data Loading	✅ Production-Ready	Ash query integration
	Internationalization	✅ Production-Ready	CLDR formatting
	HTML Renderer	✅ Production-Ready	Full HTML output support
	PDF Renderer	✅ Production-Ready	Typst-based PDF generation
	JSON Renderer	✅ Production-Ready	Structured data export
	LiveView	⚠️ Partial	Basic integration working

For detailed feature breakdown and roadmap, see IMPLEMENTATION_STATUS.md

Quick Start
Installation
Add ash_reports to your dependencies in mix.exs:
def deps do
  [
    {:ash_reports, "~> 0.1.0"}
  ]
end
Then run:
mix deps.get

Define Your First Report
defmodule MyApp.Reports.SalesReport do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    report :monthly_sales do
      title("Monthly Sales Report")
      description("Sales report with totals")
      driving_resource(MyApp.Sales.Order)

      # Define parameters
      parameter :start_date, :date do
        required(true)
      end

      parameter :end_date, :date do
        required(true)
      end

      # Define variable for totals
      variable :grand_total do
        type :sum
        expression :total_amount
        reset_on :report
      end

      # Define report header
      band :report_header do
        type :title

        label :title do
          text("Monthly Sales Report")
          style(font_size: 24, font_weight: :bold)
        end
      end

      # Define detail section
      band :detail do
        type :detail

        field :order_id do
          source :order_id
        end

        field :customer_name do
          source :customer_name
        end

        field :order_date do
          source :order_date
          format :date
        end

        field :total_amount do
          source :total_amount
          format :currency
        end
      end

      # Define report footer with totals
      band :report_footer do
        type :summary

        label :total_label do
          text("Grand Total:")
          style(font_weight: :bold)
        end

        expression :grand_total_value do
          expression :grand_total
          format :currency
          style(font_weight: :bold)
        end
      end
    end
  end
end
Generate the Report
# Generate HTML report
{:ok, result} = AshReports.generate(
  MyApp.Reports.SalesReport,
  :monthly_sales,
  %{start_date: ~D[2024-01-01], end_date: ~D[2024-01-31]},
  :html
)

html_content = result.content

# Generate PDF report
{:ok, result} = AshReports.generate(
  MyApp.Reports.SalesReport,
  :monthly_sales,
  %{start_date: ~D[2024-01-01], end_date: ~D[2024-01-31]},
  :pdf
)

pdf_content = result.content

# Generate JSON export
{:ok, result} = AshReports.generate(
  MyApp.Reports.SalesReport,
  :monthly_sales,
  %{start_date: ~D[2024-01-01], end_date: ~D[2024-01-31]},
  :json
)

json_content = result.content

Documentation
User Guides
	Getting Started - Installation and first report
	Report Creation - Parameters, grouping, variables, formatting
	Graphs and Visualizations - Adding charts to reports
	Integration - Phoenix and LiveView integration
	Advanced Features - Formatting and current advanced capabilities
	ROADMAP.md - Planned features and development timeline

API Documentation
Generate API docs locally:
mix docs
open doc/index.html

Demo Application
For a complete working example with reports, charts, and a Phoenix LiveView interface, see the AshReportsDemo repository.

Advanced Features
Grouped Reports with Aggregations
report :sales_by_category do
  title("Sales by Category")
  driving_resource(MyApp.Sales.Order)

  # Define group
  group :by_category do
    level 1
    expression :category_name
    sort :asc
  end

  # Define variable for category totals
  variable :category_total do
    type :sum
    expression :amount
    reset_on :group
    reset_group 1
  end

  # Group header
  band :group_header do
    type :group_header
    group_level(1)

    field :category_name do
      source :category_name
      style(font_weight: :bold)
    end
  end

  # Detail records
  band :detail do
    type :detail

    field :order_id do
      source :order_id
    end

    field :product_name do
      source :product_name
    end

    field :amount do
      source :amount
      format :currency
    end
  end

  # Group footer with subtotal
  band :group_footer do
    type :group_footer
    group_level(1)

    label :total_label do
      text("Category Total:")
      style(font_weight: :bold)
    end

    expression :category_total_value do
      expression :category_total
      format :currency
      style(font_weight: :bold)
    end
  end
end
Band Padding and Spacing
Control the spacing within bands using the padding option. This is particularly useful for indenting detail rows in grouped reports or adding vertical spacing to section headers.
report :sales_by_region do
  title("Sales by Region")
  driving_resource(MyApp.Sales.Order)

  group :region do
    level 1
    expression :region_name
  end

  # Group header - no padding
  band :group_header do
    type :group_header
    group_level(1)

    field :region_name do
      source :region_name
      style(font_weight: :bold, font_size: 14)
    end
  end

  # Detail records - indented 20pt from left
  band :detail do
    type :detail
    padding left: "20pt"  # Indent detail rows

    field :order_id do
      source :order_id
    end

    field :customer_name do
      source :customer_name
    end

    field :amount do
      source :amount
      format :currency
    end
  end

  # Group footer with subtotal - moderate indent
  band :group_footer do
    type :group_footer
    group_level(1)
    padding left: "10pt", top: "5pt"  # Slight indent and top spacing

    label :total_label do
      text("Region Total:")
      style(font_weight: :bold)
    end

    expression :region_total do
      expression :region_total_var
      format :currency
    end
  end
end
Padding Options:
	Directional padding: padding left: "20pt", right: "10pt", top: "5pt", bottom: "5pt"
	Uniform padding: padding "15pt" (applies to all sides)
	Unspecified sides default to "5pt"

Common use cases:
	Indent detail rows under group headers
	Add vertical spacing between sections
	Create visual hierarchy in reports

Charts in Reports
Charts use a two-level architecture: define charts at the reports level, then reference them in bands.
defmodule MyApp.Reports do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    # Define reusable chart at reports level
    bar_chart :sales_by_month do
      data_source expr(aggregate_monthly_sales())

      config do
        width 800
        height 400
        title "Monthly Sales"
        type :grouped
        data_labels true
        colours ["4285F4", "34A853", "FBBC04"]
      end
    end

    # Use chart in report
    report :sales_report do
      title "Sales Report"
      driving_resource MyApp.Sales.Order

      bands do
        band :analytics do
          type :detail

          elements do
            # Reference the chart by name
            bar_chart :sales_by_month
          end
        end
      end
    end
  end
end
Streaming Large Datasets
# AshReports has streaming infrastructure for large datasets
# using Ash.stream! with keyset pagination for memory efficiency

{:ok, result} = AshReports.generate(
  MyApp.Reports.HugeReport,
  :all_transactions,  # Could be millions of records
  %{},
  :html
)

html_content = result.content

# Note: Streaming configuration DSL is planned.
# See ROADMAP.md Phase 4 for details.

Implementation Roadmap
AshReports is currently undergoing a comprehensive improvement process:
✅ Stage 1: Critical Blockers (Current - Week 1)
	[x] Fix broken test suite (DSL tests now passing)
	[x] Patch security vulnerabilities (atom exhaustion fixed)
	[ ] Document implementation status (in progress)

⏳ Stage 2: Test Infrastructure & Coverage (Weeks 2-3)
	Add renderer test coverage (0% → 70%)
	Add interactive engine tests
	Security hardening (remove process dictionary usage)

⏳ Stage 3: Code Quality & Refactoring (Weeks 4-5)
	Reduce code duplication (25% → <10%)
	Standardize patterns across modules

⏳ Stage 4-6: Architecture, Docs, Performance (Months 2-3)
	Template engine abstraction
	Comprehensive documentation
	Performance optimization
	Production hardening

For detailed roadmap, see IMPLEMENTATION_STATUS.md

Security
AshReports takes security seriously. We have:
	✅ Fixed atom table exhaustion vulnerabilities (HIGH severity)
	✅ Implemented whitelist-based validation for user input
	✅ Created comprehensive security documentation
	🔄 Ongoing process dictionary removal (MEDIUM severity)

To report security vulnerabilities, see SECURITY.md

System Requirements
	Elixir: 1.14 or later
	Erlang/OTP: 25 or later
	Ash Framework: 3.0 or later
	PostgreSQL: 13+ (if using AshPostgres)


Troubleshooting
Common Issues
Q: Test compilation errors
	Ensure all dependencies are installed: mix deps.get
	Compile dependencies: mix deps.compile
	Try cleaning: mix clean && mix compile

Q: Atom exhaustion warnings
	Update to latest version (fixed in v0.1.1+)
	See SECURITY.md for details

Q: Charts not rendering
	Verify chart configuration DSL
	Check data format matches chart type
	Review chart type support (bar, line, pie, area, scatter)

Q: Memory issues with large reports
	Use streaming for datasets >10,000 records (automatic)
	Adjust batch_size in streaming configuration
	Consider using keyset pagination for optimal performance

For more troubleshooting help, see user guides or open an issue.

Testing
Run the test suite:
# Run all tests
mix test

# Run specific test file
mix test test/ash_reports/dsl_test.exs

# Run tests with coverage
mix test --cover

# Run tests excluding slow integration tests
MIX_ENV=test mix test --exclude integration

Current test status:
	DSL & Entity Tests: ✅ 75/75 passing
	Chart Tests: ✅ Passing
	Renderer Tests: ❌ 0% coverage (Stage 2 priority)


Performance
Expected performance characteristics:
	Dataset Size	Memory Usage	Generation Time	Notes
	<1,000 records	<50 MB	<1 second	Direct processing
	1K-10K records	<100 MB	1-5 seconds	Efficient batching
	10K-100K records	<200 MB	5-30 seconds	Streaming
	>100K records	<300 MB	30s-5min	Streaming + chunks

Note: PDF generation uses Typst for high-quality output. JSON is fastest format.

Contributing
We welcome contributions! However, the project is currently undergoing major refactoring:
Current Status: Stage 1 of 6-stage improvement plan
Timeline: 3-4 months for full completion
Coordination: Required to avoid merge conflicts
How to Contribute Now
	Report Issues - Bug reports are always welcome
	Documentation - Help improve docs and examples
	Wait for CONTRIBUTING.md - Full contributor guide coming in Stage 5

Contribution Guidelines (Preliminary)
	Follow Elixir style guide
	Add tests for all new features
	Update documentation
	Keep commits focused and atomic
	Write clear commit messages

Full CONTRIBUTING.md coming in Stage 5 (Month 2)

Community & Support
	Issues: GitHub Issues
	Discussions: GitHub Discussions
	Ash Community: Ash Framework Discord


License
Copyright 2024 Accountex Organization
Licensed under the MIT License. See LICENSE for details.

Acknowledgments
Built with:
	Ash Framework - Declarative resource framework
	Spark - DSL creation library
	Contex - Chart generation
	CLDR - Internationalization
	Typst - Document typesetting for PDF generation


Project Status
Current: Stage 1.3 (Implementation Status Documentation)
Grade: B+ (Production-capable with gaps)
Target: A (Production-ready)
ETA: 3-4 months
See IMPLEMENTATION_STATUS.md for complete details.
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    AshReports Roadmap

This document outlines planned features and enhancements for AshReports that are not yet implemented but documented in our vision for the framework.
Status Legend
	🔵 Planned - Designed but not yet started
	🟡 In Progress - Currently being implemented
	🟢 Completed - Fully implemented and tested
	🔴 Blocked - Waiting on dependencies or decisions


Phase 1: Core Foundation (Current Phase)
🟢 Completed
	[x] Core DSL infrastructure with Spark
	[x] Band hierarchy system (11 band types)
	[x] Basic element types (label, field, expression, aggregate, line, box, image, chart)
	[x] Parameter and variable definitions
	[x] Format specification framework
	[x] Group-by functionality
	[x] Basic CLDR integration structure
	[x] Report validation and verification

🔴 Current Gaps
	[ ] Fully functional data loading pipeline
	[ ] Complete renderer implementations (HTML, PDF, JSON, HEEX)
	[ ] Integration testing of full report generation flow


Phase 2: Enhanced Chart Engine
Priority: High
Timeline: Q2 2025
Status: 🔵 Planned
Features
Chart Configuration System
# Planned API
chart_config = %AshReports.ChartConfig{
  type: :line,
  data: sales_data,
  title: "Monthly Sales Trend",
  provider: :chartjs,
  interactive: true,
  real_time: false
}

{:ok, chart} = AshReports.ChartEngine.generate(chart_config, render_context)
Components:
	AshReports.ChartEngine - Core chart generation module
	AshReports.ChartConfig - Chart configuration struct
	Multi-provider support (Chart.js, D3.js, Plotly)
	Provider-specific renderers

Auto Chart Selection
# Automatically suggest appropriate chart types
suggestions = AshReports.ChartEngine.auto_select_charts(data, context)
# Returns: [
#   %ChartConfig{type: :line, confidence: 0.9, reasoning: "Time series data..."},
#   %ChartConfig{type: :bar, confidence: 0.8, reasoning: "Categorical comparison..."}
# ]
Interactive Charts
	Real-time data updates with configurable intervals
	Zoom and pan controls
	Interactive filtering
	Click/hover event handlers for LiveView integration
	Chart animations and transitions

Advanced Chart Types
	Histogram charts with configurable bins
	Box plot charts for statistical analysis
	Heatmaps for density visualization
	3D surface plots (via Plotly provider)
	Custom D3.js visualizations

Current Status: Basic chart element exists with limited types (:bar, :line, :pie, :area, :scatter) via Contex integration.

Phase 3: Advanced Internationalization
Priority: Medium
Timeline: Q3 2025
Status: 🔵 Planned
Features
Enhanced CLDR Integration
# Full locale-aware formatting at element level
field :amount do
  source :total
  format_spec :localized_currency
  locale ^locale_param  # Dynamic locale per-element
end

format_spec :localized_currency do
  pattern "¤ #,##0.00"
  currency ^currency_param
  locale ^locale_param
  text_direction ^text_direction  # :ltr or :rtl
end
RTL Language Support
	Automatic layout mirroring for RTL languages
	RTL-aware element positioning
	Font selection for RTL scripts
	Mixed LTR/RTL content handling
	Calendar system selection (Gregorian, Islamic, Hebrew, etc.)

Translation Integration
# Integration with Gettext for translatable strings
label :title do
  text gettext("Sales Report")  # Translatable labels
end

# Multi-language report variants
report :sales_report do
  locale_variants [:en, :es, :fr, :ar, :he, :zh, :ja]
end
Multi-Currency Support
# Real-time currency conversion
format_spec :multi_currency do
  base_currency :USD
  display_currencies [:EUR, :GBP, :JPY]
  conversion_service MyApp.CurrencyConverter
end
Current Status: Basic locale and currency options exist in format_spec schema. CLDR dependency present but minimal integration.

Phase 4: Performance and Optimization
Priority: High
Timeline: Q2-Q3 2025
Status: 🔵 Planned
Features
Report-Level Performance Configuration
report :optimized_report do
  # Performance tuning
  performance do
    cache_duration 300  # seconds
    streaming true
    parallel_processing true
    max_memory_usage "500MB"
  end

  # Streaming configuration
  streaming do
    enabled true
    chunk_size 1000
    buffer_size 10
    gc_frequency 1000
    max_memory "1GB"
  end
end
Advanced Caching
# Multi-level caching
report :cached_report do
  cache do
    # Report-level cache
    report_cache ttl: :timer.hours(1),
                 key: fn params -> "report_#{params.year}" end

    # Query result cache
    query_cache ttl: :timer.minutes(15),
                invalidate_on: [:invoice_created, :invoice_updated]

    # Chart data cache
    chart_cache ttl: :timer.minutes(30)
  end
end

# Band-level caching
band :expensive_analytics do
  cache_key fn params, context ->
    "analytics_#{params.year}_#{context.user_id}"
  end
  cache_ttl :timer.hours(2)
end
Database Query Optimization
	Pre-calculated aggregations at database level
	Configurable preload strategies
	Batch loading for relationships
	Query result streaming via Ash.stream! with keyset pagination

Memory Management
	Automatic memory monitoring
	Garbage collection hints
	Memory usage alerts
	Streaming for large datasets (partially implemented)

Current Status: Basic streaming mentioned in code but not fully implemented. No caching infrastructure.

Phase 5: Security and Compliance
Priority: High
Timeline: Q3 2025
Status: 🔵 Planned
Features
Row-Level Security
report :secure_report do
  permissions [:view_financial_reports]

  # Dynamic scope based on user role
  scope expr(
    case get_user_role(^user_id) do
      :admin -> true
      :manager -> customer.department == get_user_department(^user_id)
      :sales_rep -> customer.assigned_rep_id == ^user_id
      _ -> false
    end
  )

  # Field-level security
  security do
    field_security do
      field :customer_ssn do
        visible has_permission?(^user_id, :view_pii)
        mask_pattern "XXX-XX-####"
      end
    end

    # Audit logging
    audit_access true
    log_user_id ^user_id
    log_fields [:report_name, :parameters, :execution_time]
  end
end
Data Masking and Anonymization
report :anonymized_report do
  data_masking do
    masking_rules do
      rule :customer_name do
        levels %{
          1 => mask_pattern("X****** X******"),
          2 => mask_pattern("******* XXXXXX"),
          3 => :no_mask
        }
        apply_level ^user_clearance
      end
    end

    anonymization do
      add_noise to: :revenue, variance: 0.05
      suppress_groups smaller_than: 10
      k_anonymity k: 5, quasi_identifiers: [:age_group, :region]
    end
  end
end
Conditional Masking in Elements
field :sensitive_data do
  source :credit_score
  conditional_format [
    {expr(not has_permission?(^user_id, :view_credit)),
     [text: "****", color: :gray]}
  ]
end
Current Status: No security features implemented in DSL.

Phase 6: Monitoring and Telemetry
Priority: Medium
Timeline: Q4 2025
Status: 🔵 Planned
Features
Performance Monitoring DSL
report :monitored_report do
  monitoring do
    thresholds do
      generation_time_warning 10_000
      generation_time_critical 30_000
      memory_usage_warning "500MB"
      record_count_warning 10_000
    end

    auto_optimization do
      stream_threshold 5_000
      decimal_precision 2
      max_preload_depth 2
      query_cache_ttl :timer.minutes(15)
    end

    alerts do
      slack_webhook System.get_env("SLACK_WEBHOOK_URL")
      email_alerts ["admin@company.com"]
      on_slow_generation &MyApp.Reports.AlertHandler.handle_slow_report/2
    end
  end
end
Telemetry Events
	Report generation lifecycle events
	Query execution timing
	Rendering performance metrics
	Cache hit/miss rates
	Memory usage tracking
	Custom metric collection

Performance Metadata in Reports
# Automatic performance footer
band :performance_footer do
  type :page_footer
  elements do
    expression :generation_time do
      expression expr("Generated in " <> to_string(generation_time_ms) <> "ms")
    end

    expression :cache_status do
      expression expr("Cache: " <> if(cache_hit, "HIT", "MISS"))
    end
  end
end
Current Status: No monitoring infrastructure implemented.

Phase 7: Advanced Formatting
Priority: Low
Timeline: Q4 2025
Status: 🔵 Planned
Features
Expression-Based Conditional Formatting
format_spec :advanced_conditional do
  conditions [
    # Complex expressions in conditions
    {expr(value > 10000 and growth_rate > 0.15), [
      text: "🏆 Exceptional",
      color: :gold,
      background_color: "#1e3a8a",
      font_weight: :bold
    ]},
    {expr(value > 5000 or growth_rate > 0.10), [
      text: "⭐ Excellent",
      color: :green
    ]}
  ]
  fallback [text: "Standard", color: :gray]
end
Statistical Formatting
format_spec :statistical do
  calculate_stats true

  conditions [
    {expr(abs(value - mean()) > 2 * std_dev()), [
      color: :red,
      prefix: "🔴 "
    ]},
    {expr(value > percentile(75)), [
      color: :green,
      prefix: "📈 "
    ]}
  ]
end
Custom Format Functions
defmodule MyApp.CustomFormatters do
  def format_business_size(revenue) do
    cond do
      revenue > 1_000_000 -> "🏢 Enterprise"
      revenue > 100_000 -> "🏪 Medium Business"
      true -> "🏠 Micro Business"
    end
  end
end

format_spec :business_classification do
  custom_formatter &MyApp.CustomFormatters.format_business_size/1
end
Current Status: Basic format_spec exists with simple conditions keyword list, not expression-based.

Phase 8: Custom Extensions
Priority: Low
Timeline: Q1 2026
Status: 🔵 Planned
Features
Custom Element Types
defmodule MyApp.Reports.Elements.QRCode do
  use AshReports.Element

  defstruct [:name, :data_source, :size, :error_correction, :position, :style]

  @impl true
  def render(%__MODULE__{} = element, context, data) do
    # Custom rendering logic
  end
end

# DSL registration
defmodule MyApp.Reports.CustomDsl do
  def qr_code_element_entity do
    %Spark.Dsl.Entity{
      name: :qr_code,
      target: MyApp.Reports.Elements.QRCode,
      # ...
    }
  end
end
Custom Renderers
defmodule MyApp.Reports.Renderers.SlackRenderer do
  @behaviour AshReports.Renderer

  @impl true
  def render(report, context, data) do
    # Convert report to Slack blocks format
  end
end

# Register renderer
config :ash_reports,
  renderers: %{
    slack: MyApp.Reports.Renderers.SlackRenderer,
    html: AshReports.HtmlRenderer
  }
Extension Points
	Custom element types with DSL integration
	Custom renderers for new output formats
	Custom format functions
	Custom data sources
	Pre/post rendering hooks

Current Status: No extension API defined or documented.

Phase 9: Integration Enhancements
Priority: Medium
Timeline: Q1 2026
Status: 🔵 Planned
Features
Phoenix LiveView Enhancements
	Real-time report updates via LiveView
	Interactive parameter controls
	Drill-down navigation
	Export functionality
	Report caching for LiveView sessions

External System Integration
	Webhook notifications on report generation
	Slack integration for report delivery
	Email report distribution
	S3/cloud storage for large reports
	GraphQL API for report generation

Scheduled Reports
# Cron-style report scheduling
schedule_params = %{
  report_name: :monthly_sales,
  schedule: "0 0 1 * *",  # First day of month
  parameters: %{...},
  format: :pdf,
  delivery: %{
    method: :email,
    recipients: ["sales@company.com"]
  }
}

{:ok, job} = AshReports.Scheduler.schedule_report(schedule_params)
Current Status: Basic LiveView integration mentioned but not fully implemented.

Phase 10: Production Features
Priority: High
Timeline: Q2 2026
Status: 🔵 Planned
Features
Health Checks
	System health monitoring endpoints
	Cache connectivity checks
	Database connectivity verification
	Renderer availability checks
	Memory usage monitoring

Error Recovery
	Automatic retry on transient failures
	Graceful degradation for missing features
	Detailed error messages with suggested fixes
	Error aggregation and reporting

Production Configuration
	Environment-specific settings
	Docker deployment support
	Kubernetes manifests
	Load balancing configuration
	Scaling guidelines


Technical Debt and Quality Improvements
Code Quality
	Duplication Reduction: Current 25% duplication → Target <10%
	Test Coverage: Current 40-50% → Target >80%
	Documentation Coverage: Current incomplete → Target 100% public API

Architecture
	Template Engine Abstraction: Separate rendering logic from business logic
	Dependency Injection: Reduce tight coupling in renderers
	Module Organization: Better separation of concerns

Security
	Process Dictionary Removal: Replace all process dictionary usage
	Input Validation: Comprehensive validation for all user inputs
	Security Audit: Third-party security review


Community Features
Priority: Low
Timeline: Ongoing
Documentation
	[ ] Video tutorials
	[ ] Interactive examples
	[ ] Recipe book for common patterns
	[ ] Migration guides

Tooling
	[ ] Mix task for report generation
	[ ] Development dashboard
	[ ] Report designer UI
	[ ] Testing utilities

Ecosystem
	[ ] Plugin system
	[ ] Community templates
	[ ] Chart type contributions
	[ ] Format renderer contributions


Research and Exploration
These are ideas being explored but not yet committed to the roadmap:
Potential Features
	AI-Powered Report Generation: Natural language to report DSL
	Report Analytics: Track report usage and performance
	Collaborative Editing: Multi-user report design
	Version Control: Report definition versioning
	A/B Testing: Report variant testing
	Report Marketplace: Share and discover report templates


How to Contribute
Interested in helping implement these features? Here's how:
	Check the Status: Look for 🔵 Planned items that interest you
	Open an Issue: Discuss the feature before starting work
	Follow the Roadmap: Implement features in priority order when possible
	Write Tests: All features need comprehensive tests
	Update Documentation: Document as you implement

For more details, see our CONTRIBUTING.md (coming soon).

Feedback
Have ideas for features not listed here? Open a discussion at:
https://github.com/accountex-org/ash_reports/discussions
Want to prioritize a specific feature? Star the issue or add a comment explaining your use case.

Last Updated: 2025-01-XX
Maintained By: AshReports Core Team
License: MIT
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    Security Policy

Supported Versions
	Version	Supported
	0.x.x	:white_check_mark:

Reporting a Vulnerability
If you discover a security vulnerability in AshReports, please report it by emailing the maintainers directly. Do not create a public GitHub issue.
Please include:
	Description of the vulnerability
	Steps to reproduce
	Potential impact
	Suggested fix (if available)

We will acknowledge receipt within 48 hours and provide a timeline for addressing the issue.
Security Measures
Atom Table Exhaustion Protection
Issue: Elixir atoms are not garbage collected. Creating atoms dynamically from user input can lead to atom table exhaustion (default limit: ~1M atoms), causing the VM to crash (DoS vulnerability).
Mitigation: As of version 0.x.x, AshReports implements comprehensive atom table exhaustion protection:
	Whitelist-Based Validation: All user-controlled string-to-atom conversions now use AshReports.Security.AtomValidator with strict whitelists
	Safe Field Names: Field names from user data remain as strings instead of being converted to atoms
	Validated Enums: Chart types, export formats, providers, and other enums are validated against known-safe lists

Safe Patterns
✅ Good - Using Whitelist Validator
# Chart type validation
case AtomValidator.to_chart_type(user_input) do
  {:ok, :bar} -> render_bar_chart()
  {:error, :invalid_chart_type} -> {:error, "Invalid chart type"}
end

# Field names kept as strings
field_name = user_input  # Keep as string
Map.get(record, field_name)
❌ Bad - Direct Atom Creation
# NEVER do this with user input:
chart_type = String.to_atom(user_input)  # ⚠️ DANGEROUS

# NEVER do this:
defp convert_field(field) when is_binary(field) do
  String.to_existing_atom(field)
rescue
  ArgumentError -> String.to_atom(field)  # ⚠️ Creates atoms!
end
Allowed Atom Values
The following whitelists are enforced by AshReports.Security.AtomValidator:
	Chart Types: :bar, :line, :pie, :area, :scatter
	Export Formats: :json, :csv, :png, :svg, :pdf, :html
	Chart Providers: :chartjs, :d3, :plotly, :contex
	Aggregation Functions: :sum, :count, :avg, :min, :max, :median
	Sort Directions: :asc, :desc

Process Dictionary
Status: ⚠️ In Progress (Stage 2.5 of code review implementation)
Several modules currently use the process dictionary for state management:
	AshReports.Formatter - Format spec registry
	AshReports.Cldr - Locale storage
	AshReports.PdfRenderer.PdfGenerator - Session data

Planned fixes: These will be replaced with proper state management (ETS, GenServer, or explicit parameter passing) in Stage 2.5.
Security Testing
Testing Atom Exhaustion Protection
defmodule SecurityTest do
  use ExUnit.Case

  test "rejects malicious atom creation attempts" do
    # Attempt to exhaust atom table
    malicious_inputs = for i <- 1..10_000, do: "malicious_atom_#{i}"

    Enum.each(malicious_inputs, fn input ->
      assert {:error, :invalid_chart_type} =
        AtomValidator.to_chart_type(input)
    end)

    # Verify atom table not exhausted
    assert :erlang.system_info(:atom_count) < 100_000
  end
end
Security Review Checklist
When adding new features or reviewing code, check for:
	[ ] No String.to_atom/1 calls on user-controlled input
	[ ] All dynamic atom creation uses AtomValidator
	[ ] Field names from user data/schema kept as strings
	[ ] Enum values validated against whitelists
	[ ] No process dictionary for user-specific state
	[ ] No SQL injection vectors in custom queries
	[ ] Authentication/authorization properly enforced
	[ ] Rate limiting on API endpoints
	[ ] Input validation on all external data

Safe Coding Practices
1. Field Name Handling
# User-provided field names should remain strings
def filter_data(records, filters) do
  Enum.filter(records, fn record ->
    Enum.all?(filters, fn {field_name, value} ->
      # Keep as string, try both string and atom keys
      Map.get(record, field_name) == value ||
        (try do
          Map.get(record, String.to_existing_atom(field_name)) == value
        rescue
          ArgumentError -> false
        end)
    end)
  end)
end
2. Enum Validation
# Always validate enum values from user input
def set_chart_type(chart, type_string) do
  case AtomValidator.to_chart_type(type_string) do
    {:ok, chart_type} ->
      %{chart | type: chart_type}
    {:error, :invalid_chart_type} ->
      {:error, "Invalid chart type: #{type_string}. " <>
               "Allowed: bar, line, pie, area, scatter"}
  end
end
3. State Management
# Use explicit parameter passing
def render_report(report, context, opts \\ []) do
  locale = Keyword.get(opts, :locale, "en")
  # Pass locale explicitly, don't use Process.put
  do_render(report, context, locale)
end

# Or use GenServer/Agent for shared state
defmodule ConfigRegistry do
  use Agent

  def start_link(_) do
    Agent.start_link(fn -> %{} end, name: __MODULE__)
  end

  def put(key, value) do
    Agent.update(__MODULE__, &Map.put(&1, key, value))
  end

  def get(key) do
    Agent.get(__MODULE__, &Map.get(&1, key))
  end
end
Vulnerability History
CVE-YYYY-XXXXX (Fixed in vX.X.X)
Severity: High
Issue: Atom table exhaustion via user-controlled chart type strings
Impact: Denial of Service (DoS) by exhausting atom table memory
Fix: Implemented AtomValidator with strict whitelisting
Credit: Internal code review (October 2025)
References
	Elixir Security Best Practices
	OWASP Top 10
	Erlang Security

Contact
For security concerns, please contact the maintainers directly rather than opening public issues.
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    AshReports Implementation Status

Last Updated: 2025-10-07
Current Grade: B+ (Production-capable with critical gaps)
Target Grade: A (Production-ready with comprehensive testing and security hardening)
This document provides a clear overview of what features are implemented, tested, and production-ready versus what is documented but not yet implemented.

Quick Status Overview
	Category	Status	Notes
	Core DSL	✅ Complete	Production-ready
	Band System	✅ Complete	Production-ready
	Chart Generation	✅ Complete	Production-ready
	Streaming Pipeline	✅ Complete	Production-ready
	Security	✅ Hardened	Atom exhaustion fixed (Section 1.2)
	HTML Renderer	⚠️ Untested	Implemented, needs test coverage
	PDF Renderer	⚠️ Untested	Implemented, needs test coverage
	JSON Renderer	⚠️ Untested	Implemented, needs test coverage
	Interactive Engine	⚠️ Untested	Implemented, needs test coverage
	Test Coverage	🔄 In Progress	40-50% coverage, improving
	Documentation	✅ Good	Comprehensive guides available


Feature Implementation Matrix
Core Features (Production-Ready ✅)
	Feature	Status	Docs	Tests	Production Ready
	DSL Definition	✅ Complete	✅ Yes	✅ 75 tests	✅ Yes
	Band-Based Reporting	✅ Complete	✅ Yes	✅ Yes	✅ Yes
	Chart Generation (Contex)	✅ Complete	✅ Yes	✅ Yes	✅ Yes
	Streaming Pipeline	✅ Complete	✅ Yes	✅ Yes	✅ Yes
	Data Loading	✅ Complete	✅ Yes	✅ Yes	✅ Yes
	Internationalization (CLDR)	✅ Complete	✅ Yes	✅ Yes	✅ Yes
	Variable System	✅ Complete	✅ Yes	✅ Yes	✅ Yes
	Group Processing	✅ Complete	✅ Yes	✅ Yes	✅ Yes

Renderers (Implemented, Needs Testing ⚠️)
	Feature	Status	Docs	Tests	Production Ready
	HTML Renderer	⚠️ Untested	✅ Yes	❌ 0%	⚠️ Not Verified
	HEEX Renderer	⚠️ Untested	✅ Yes	❌ 0%	⚠️ Not Verified
	PDF Renderer	⚠️ Untested	✅ Yes	❌ 0%	⚠️ Not Verified
	JSON Renderer	⚠️ Untested	✅ Yes	❌ 0%	⚠️ Not Verified

Note: All renderers are implemented with comprehensive functionality but lack test coverage. This is a critical gap identified in the code review. See Stage 2 of the implementation plan.
Interactive Features (Implemented, Needs Testing ⚠️)
	Feature	Status	Docs	Tests	Production Ready
	LiveView Integration	⚠️ Untested	✅ Yes	⚠️ Partial	⚠️ Not Verified
	Filter Processor	⚠️ Untested	✅ Yes	❌ 0%	⚠️ Not Verified
	Pivot Processor	⚠️ Untested	✅ Yes	❌ 0%	⚠️ Not Verified
	Statistical Analyzer	⚠️ Untested	✅ Yes	❌ 0%	⚠️ Not Verified

Advanced Features (Documented, Not Implemented ❌)
	Feature	Status	Docs	Tests	Planned For
	Streaming Configuration DSL	❌ Not Implemented	✅ Yes	❌ N/A	Future
	Security DSL	❌ Not Implemented	✅ Yes	❌ N/A	Future
	Monitoring DSL	❌ Not Implemented	✅ Yes	❌ N/A	Future
	Cache Configuration DSL	❌ Not Implemented	✅ Yes	❌ N/A	Future
	ChartJS Provider	❌ Status Unclear	✅ Yes	❌ N/A	TBD
	D3 Provider	❌ Status Unclear	✅ Yes	❌ N/A	TBD
	Plotly Provider	❌ Status Unclear	✅ Yes	❌ N/A	TBD

Warning: These features are documented in user guides but are not yet implemented. Attempting to use them will result in errors. See the roadmap for planned implementation timeline.

Security Status
✅ Completed Security Fixes
	Issue	Severity	Status	Completed
	Atom Table Exhaustion	🔴 HIGH	✅ Fixed	2025-10-06
	Process Dictionary (Format Specs)	🟡 MEDIUM	⏳ Planned	Stage 2.5
	Process Dictionary (Locale)	🟡 MEDIUM	⏳ Planned	Stage 2.5
	Process Dictionary (PDF Sessions)	🟡 MEDIUM	⏳ Planned	Stage 2.5

See SECURITY.md for detailed information about security vulnerabilities and safe coding practices.

Test Coverage Status
Current Coverage: ~40-50%
	Module Area	Coverage	Status
	DSL & Entities	✅ ~90%	75 passing tests
	Charts Module	✅ ~80%	Good coverage
	Data Loading	✅ ~70%	Good coverage
	Renderers	❌ ~0%	Critical gap
	Interactive Engine	❌ ~0%	Critical gap
	PDF Infrastructure	❌ ~0%	Critical gap
	JSON Infrastructure	❌ ~0%	Critical gap

Target: >80% coverage overall by end of Stage 2

What Works Right Now
✅ You Can Use These Features in Production
	Define Reports with DSL
	Full Spark DSL integration
	Band hierarchy (report_header, page_header, detail, group_footer, etc.)
	Element types (field, label, box, line, image, chart)
	Parameters with validation
	Variables with calculations


	Generate Charts
	Bar, line, pie, area, scatter charts using Contex
	SVG output for embedding in reports
	Data aggregation and grouping
	Customizable styling


	Stream Large Datasets
	Ash.stream! with keyset pagination
	Memory-efficient processing
	Automatic batch size management
	Aggregation during streaming


	Load Data from Ash Resources
	Query building with parameters
	Relationship loading
	Filtering and sorting
	Group processing


	Format Data (i18n)
	CLDR-based formatting
	Numbers, dates, currencies
	Multiple locale support
	RTL text direction



⚠️ Use With Caution (Untested)
These features are implemented but lack comprehensive test coverage:
	HTML Report Generation
	HEEX/LiveView Reports
	PDF Generation
	JSON Export
	Interactive Features (filters, pivots, statistics)

Recommendation: Test thoroughly in your own environment before using these features in production.
❌ Don't Try to Use These Yet
These features are documented but not implemented:
	Streaming configuration DSL (e.g., streaming section)
	Security DSL (e.g., security section)
	Monitoring DSL (e.g., monitoring section)
	Cache configuration DSL (e.g., cache section)
	ChartJS/D3/Plotly chart providers (status unclear)


Implementation Roadmap
This project is undergoing a comprehensive code review and improvement process documented in planning/code_review_fixes_implementation_plan.md.
Stage 1: Critical Blockers (CURRENT STAGE) ⏳
Timeline: 1 week
Status: 🔄 In Progress (Section 1.3)
	[x] 1.1 Broken Test Suite Fixes - ✅ COMPLETE
	[x] 1.2 Security Vulnerability Patches - ✅ COMPLETE
	[ ] 1.3 Implementation Status Documentation - 🔄 In Progress

What's Being Fixed:
	DSL test infrastructure (was causing deadlocks)
	Security vulnerabilities (atom exhaustion - FIXED)
	Documentation alignment with implementation

Stage 2: Test Infrastructure & Coverage ⏳
Timeline: 2-3 weeks
Status: 📋 Planned
	2.1 Test Infrastructure Improvements
	2.2 PDF Renderer Test Coverage (0% → 70%)
	2.3 JSON Renderer Test Coverage (0% → 70%)
	2.4 Interactive Engine Test Coverage (0% → 70%)
	2.5 Security Hardening (Process Dictionary Removal)

Goal: Achieve >70% test coverage and validate all renderers
Stage 3: Code Quality & Refactoring ⏳
Timeline: 2-3 weeks
Status: 📋 Planned
	3.1 Chart Integration Deduplication (~400 lines)
	3.2 Renderer Base Deduplication (~300 lines)
	3.3 Validation Utilities Deduplication (~200 lines)
	3.4 Metadata Building Deduplication (~100 lines)
	3.5 Element Module Standardization

Goal: Reduce code duplication from 20-25% to <10%
Stage 4: Architecture Improvements ⏳
Timeline: 3-4 weeks
Status: 📋 Planned
	4.1 TemplateEngine Abstraction (decouple Typst)
	4.2 Chart System Consolidation
	4.3 Renderer Middleware System
	4.4 Context Contracts and Type Safety

Goal: Improve architecture for long-term maintainability
Stage 5: Documentation & Developer Experience ⏳
Timeline: 3-4 weeks
Status: 📋 Planned
	5.1 API Documentation (ExDoc)
	5.2 Developer Guides (CONTRIBUTING.md, ARCHITECTURE.md)
	5.3 Documentation Alignment (status badges, examples)

Goal: Complete documentation and improve developer experience
Stage 6: Performance & Polish ⏳
Timeline: 3-4 weeks
Status: 📋 Planned
	6.1 Performance Test Suite
	6.2 End-to-End Integration Tests
	6.3 Production Hardening (resilience, monitoring)

Goal: Optimize performance and prepare for production

Overall Timeline
Total Duration: 14-19 weeks (3.5-4.75 months)
Critical Path: 3-4 weeks (Stages 1-2)
Current Status (Week 1):
Stage 1 ████████████▓▓▓▓ 75% Complete

Upcoming:
Stage 2 ▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓ Planned (2-3 weeks)
Stage 3 ▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓ Planned (2-3 weeks)
Stage 4 ▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓ Planned (3-4 weeks)
Stage 5 ▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓ Planned (3-4 weeks)
Stage 6 ▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓ Planned (3-4 weeks)
Note: Stages 3-6 can be parallelized to some degree, reducing total calendar time.

How to Track Progress
	Planning Document: See planning/code_review_fixes_implementation_plan.md for detailed task breakdown
	Feature Summaries: Check notes/features/ for completed feature documentation
	Git History: Feature branches follow naming convention feature/stage{N}-{M}-{name}
	This Document: Updated as major milestones complete


Questions or Concerns?
	"I need feature X, is it ready?" → Check the Feature Matrix above
	"When will renderer tests be complete?" → Stage 2 (2-3 weeks after Stage 1)
	"Can I use this in production?" → See What Works Right Now
	"How can I contribute?" → Wait for CONTRIBUTING.md (Stage 5) or ask maintainers


Key Takeaways
✅ Safe to Use
	Core DSL features
	Band-based reporting
	Chart generation (Contex/SVG)
	Streaming pipeline
	Data loading from Ash resources
	Internationalization

⚠️ Proceed with Caution
	HTML/HEEX/PDF/JSON renderers (untested)
	Interactive features (untested)

❌ Not Yet Available
	Advanced DSL sections (streaming, security, monitoring, cache config)
	Multiple chart providers (ChartJS, D3, Plotly status unclear)


For detailed implementation plans and task tracking, see:
	planning/code_review_fixes_implementation_plan.md
	notes/comprehensive_code_review_2025-10-04.md
	SECURITY.md
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    License


MIT License

Copyright (c) 2025 AshReports Contributors

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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    Contributing to AshReports

Thank you for your interest in contributing to AshReports! This document provides guidelines and instructions for contributing.
Getting Started
	Fork the repository on GitHub
	Clone your fork locally:git clone https://github.com/your-username/ash_reports.git
cd ash_reports


	Install dependencies:mix deps.get


	Run the tests to ensure everything works:mix test



Development Setup
Prerequisites
	Elixir 1.15 or later
	Erlang/OTP 26 or later
	PostgreSQL (for integration tests)

Running Tests
# Run all tests
mix test

# Run a specific test file
mix test test/path/to/test.exs

# Run a specific test by line number
mix test test/path/to/test.exs:42

Code Quality
Before submitting a PR, ensure your code passes all checks:
# Format code
mix format

# Run Credo for static analysis
mix credo

# Run Dialyzer for type checking
mix dialyzer

How to Contribute
Reporting Bugs
	Check existing issues to avoid duplicates
	Create a new issue with:	Clear, descriptive title
	Steps to reproduce
	Expected vs actual behavior
	Elixir/OTP versions
	Relevant code snippets or error messages



Suggesting Features
	Check the ROADMAP.md for planned features
	Open a discussion or issue describing:	The use case
	Proposed solution
	Alternatives considered



Submitting Pull Requests
	Create a feature branch from develop:
git checkout develop
git checkout -b feature/your-feature-name


	Make your changes following our coding standards

	Add tests for new functionality

	Update documentation if needed

	Ensure all tests pass:
mix test


	Commit with a clear message:
git commit -m "Add feature: description of what it does"


	Push and create a Pull Request against develop


Coding Standards
General Guidelines
	Follow the Elixir Style Guide
	Use mix format before committing
	Keep functions small and focused
	Write descriptive function and variable names

Documentation
	Document all public functions with @doc
	Include examples in documentation where helpful
	Update guides if adding user-facing features

Testing
	Write tests for all new functionality
	Aim for high test coverage
	Use descriptive test names
	Group related tests with describe blocks

Commit Messages
	Use present tense ("Add feature" not "Added feature")
	Keep the first line under 72 characters
	Reference issues when applicable ("Fix #123")

Project Structure
lib/
  ash_reports/
    charts/          # Chart generation system
    data_loader/     # Data loading pipeline
    layout/          # Layout IR and positioning
    live_view/       # LiveView integration
    renderer/        # Output renderers (HTML, Typst, JSON)
    reports/         # Core report structures
    dsl.ex           # DSL definitions
    runner.ex        # Report execution
Questions?
	Open a discussion on GitHub
	Check existing issues and discussions

License
By contributing, you agree that your contributions will be licensed under the MIT License.
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    Getting Started with AshReports

AshReports is a comprehensive reporting extension for the Ash Framework that provides declarative report definitions with hierarchical band structures, multiple output formats, and internationalization support.
Note: This guide reflects the current implementation. For planned features, see ROADMAP.md.

Table of Contents
	Installation
	Basic Concepts
	Your First Report
	Understanding Band Types
	Element Types
	Output Formats
	Next Steps

Installation
Using Igniter (Recommended)
The easiest way to install AshReports is with Igniter, which automatically configures your project:
mix igniter.install ash_reports

This will:
	Add the dependency to your mix.exs
	Configure the Spark formatter with AshReports sections
	Add AshReports supervision children to your application
	Configure AshReports settings in your config files
	Add the AshReports.Domain extension to your selected Ash domain(s)

To also generate an example report definition:
mix igniter.install ash_reports --example

Manual Installation
Alternatively, add ash_reports to your list of dependencies in mix.exs:
def deps do
  [
    {:ash_reports, "~> 0.1.0"}
  ]
end
Run mix deps.get to install the dependency.
Basic Concepts
AshReports is built around several core concepts:
Reports
A report is the top-level container that defines:
	Data source (driving resource)
	Structure (bands and elements)
	Parameters for dynamic filtering
	Variables for calculations
	Output format specifications

Bands
Bands are horizontal sections of a report that organize content hierarchically:
	Title: Report title and headers
	Page Header/Footer: Content that appears on every page
	Group Header/Footer: Content for data groupings
	Detail: The main data rows
	Column Header/Footer: Column labels and summaries
	Summary: Overall report summaries

Elements
Elements are the individual components within bands:
	Fields: Data from your Ash resources
	Labels: Static text
	Expressions: Calculated values
	Aggregates: Sum, count, average, etc.
	Visual: Lines, boxes, images
	Charts: Basic chart visualizations

Variables
Variables accumulate values across report execution:
	Sum totals, counts, averages, min/max
	Reset at different scopes (detail, group, page, report)
	Used in expressions and conditional logic

Your First Report
Let's create a simple customer report to demonstrate the basic structure.
1. Add AshReports to Your Domain
defmodule MyApp.MyDomain do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  resources do
    resource MyApp.Customer
    resource MyApp.Invoice
  end

  reports do
    # Reports will be defined here
  end
end
2. Create a Basic Customer List Report
defmodule MyApp.MyDomain do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  resources do
    resource MyApp.Customer
  end

  reports do
    report :customer_list do
      title("Customer Directory")
      description("A simple list of all customers")
      driving_resource(MyApp.Customer)

      band :title do
        type :title

        label :report_title do
          text("Customer Directory")
          style font_size: 18, font_weight: :bold, text_align: :center
        end
      end

      band :column_header do
        type :column_header
        columns "(1fr, 1fr, 100pt)"

        label :name_header do
          text("Customer Name")
          column 0
          style font_weight: :bold
        end

        label :email_header do
          text("Email")
          column 1
          style font_weight: :bold
        end

        label :status_header do
          text("Status")
          column 2
          style font_weight: :bold
        end
      end

      band :details do
        type :detail
        columns "(1fr, 1fr, 100pt)"

        field :customer_name do
          source :name
          column 0
        end

        field :customer_email do
          source :email
          column 1
        end

        field :customer_status do
          source :status
          column 2
        end
      end
    end
  end
end
3. Generate the Report
# Generate HTML output
{:ok, result} = AshReports.generate(
  MyApp.MyDomain,
  :customer_list,
  %{},
  :html
)

html_content = result.content

# Generate PDF output
{:ok, result} = AshReports.generate(
  MyApp.MyDomain,
  :customer_list,
  %{},
  :pdf
)

pdf_content = result.content

# Generate JSON export
{:ok, result} = AshReports.generate(
  MyApp.MyDomain,
  :customer_list,
  %{},
  :json
)

json_content = result.content
Understanding Band Types
AshReports supports 11 different band types, each serving a specific purpose:
Layout Bands
	:title - Report title, appears once at the beginning
	:page_header - Appears at the top of each page
	:page_footer - Appears at the bottom of each page
	:summary - Report summary, appears once at the end

Data Bands
	:column_header - Column labels for data
	:column_footer - Column totals and summaries
	:detail - Main data rows (can have multiple detail bands)
	:detail_header - Headers for detail sections
	:detail_footer - Footers for detail sections

Grouping Bands
	:group_header - Headers when data groups change
	:group_footer - Footers with group subtotals

Band Type Usage Example
band :page_header do
  type :page_header

  label :page_title do
    text("My Company - Customer Report")
  end
end

band :group_header do
  type :group_header
  group_level(1)  # First level grouping
  columns "(auto, 1fr)"

  label :group_title do
    text("Region: ")
    column 0
    style font_weight: :bold
  end

  field :region_name do
    source :region
    column 1
    style font_weight: :bold
  end
end
Element Types
Field Elements
Display data from your Ash resource attributes:
band :details do
  type :detail
  columns "(1fr, 100pt, 100pt)"

  field :customer_name do
    source :name
    format :text
    column 0
  end

  field :invoice_total do
    source :total
    format :currency
    column 1
    style text_align: :right
  end

  field :created_date do
    source :inserted_at
    format :date
    column 2
  end
end
Label Elements
Static text content:
label :section_title do
  text("Customer Information")
  style font_size: 14, font_weight: :bold, color: "#333333"
end
Expression Elements
Calculated values using Ash expressions:
expression :full_name do
  expression(:first_name)  # Will be enhanced with actual expression support
  column 0
end
Note: Full Ash expression support in expressions is a work in progress. See ROADMAP.md Phase 4.

Aggregate Elements
Statistical calculations within bands:
band :summary do
  type :summary
  columns "(1fr, 100pt)"

  aggregate :total_customers do
    function(:count)
    source :id
    reset_on :report
    column 1
    style text_align: :right
  end

  aggregate :average_order_value do
    function(:average)
    source :total
    reset_on :group
    format :currency
    column 1
    style text_align: :right
  end
end
Charts
Charts are defined at the reports level and referenced in bands:
# At reports level - define chart
bar_chart :sales_chart do
  data_source expr(monthly_sales_data())

  config do
    width 800
    height 400
    title "Sales by Month"
    type :simple
    colours ["4285F4", "34A853"]
  end
end

# In band - reference chart
band :analytics do
  type :detail

  elements do
    bar_chart :sales_chart
  end
end
Warning: Embedding charts inside report bands is a work-in-progress feature and may be broken. Use with caution.

Supported Chart Types: Bar, Line, Pie, Area, Scatter, Gantt, and Sparkline charts via Contex. See Graphs and Visualizations for complete documentation.

Output Formats
AshReports supports multiple output formats:
HTML
Web-friendly output with CSS styling:
{:ok, result} = AshReports.Runner.run_report(
  domain,
  :report_name,
  params,
  format: :html
)
PDF
Print-ready documents:
{:ok, result} = AshReports.Runner.run_report(
  domain,
  :report_name,
  params,
  format: :pdf
)
HEEX
Warning: HEEX rendering is a work-in-progress feature and may be broken. Use with caution.

LiveView templates for interactive reports:
{:ok, result} = AshReports.Runner.run_report(
  domain,
  :report_name,
  params,
  format: :heex
)
JSON
Structured data for API consumption:
{:ok, result} = AshReports.Runner.run_report(
  domain,
  :report_name,
  params,
  format: :json
)
Note: Renderer implementations are currently in testing phase. See IMPLEMENTATION_STATUS.md for current status.

Next Steps
Now that you understand the basics, explore these topics:
	Report Creation Guide - Learn to build reports with parameters, grouping, and variables
	Graphs and Visualizations - Add charts to your reports
	Advanced Features - Formatting and internationalization
	Integration Guide - Integrate AshReports with Phoenix and LiveView

Common Patterns
Simple List Report
Use for basic data listings with minimal formatting - exactly like the example above.
Master-Detail Report
Use detail bands with relationship loading to show hierarchical data.
Financial Report
Use variables and aggregates for running totals and calculations.
Grouped Report
Use group_header and group_footer bands with group definitions.
Troubleshooting
Common Issues
	Missing band elements: Ensure all bands have at least one element or are conditionally hidden
	Positioning conflicts: Check that element positions don't overlap unintentionally
	Format errors: Verify format specifications match data types
	Resource permissions: Ensure proper read permissions on driving resources

Debug Mode
Monitor report generation:
{:ok, result} = AshReports.Runner.run_report(
  domain,
  :report_name,
  params,
  format: :html,
  include_debug_data: true
)

# Result includes timing and metadata
IO.inspect(result.metadata)
Implementation Status
AshReports is under active development. Core DSL and band system are production-ready, but some features are still being tested:
	✅ Core DSL infrastructure
	✅ Band hierarchy system
	✅ Basic element types
	✅ Parameter and variable definitions
	⚠️ Renderer implementations (needs testing)
	⚠️ Full data loading pipeline (in progress)
	🔵 Advanced chart engine (planned)

See IMPLEMENTATION_STATUS.md for complete details and ROADMAP.md for planned features.
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    Report Creation Guide

This guide covers report creation techniques in AshReports, including parameters, grouping, variables, and formatting.
Note: This guide reflects the current implementation. For planned features like advanced conditional formatting and streaming configuration, see ROADMAP.md.

Table of Contents
	Report Structure
	Parameters and Filtering
	Variables and Calculations
	Grouping and Sorting
	Format Specifications
	Complete Examples

Report Structure
Basic Report Definition
Every AshReports report follows this fundamental structure:
report :report_name do
  # Metadata
  title("Report Display Title")
  description("What this report shows")
  driving_resource(MyApp.SomeResource)

  # Optional: Supported output formats
  # Note: :heex is a work-in-progress feature and may be broken
  formats([:html, :pdf, :json, :heex])

  # Optional: Required permissions
  permissions([:view_reports, :view_customers])

  # Report components
  parameter :start_date, :date do
    required(true)
  end

  format_spec :company_currency do
    pattern "¤ #,##0.00"
    currency :USD
  end

  variable :running_total do
    type :sum
    expression :total_amount
    reset_on :report
  end

  group :by_region do
    level 1
    expression :region
    sort :asc
  end

  band :title do
    type :title
    # elements...
  end
end
Resource Relationships
Access related data through Ash relationships:
report :invoice_report do
  driving_resource(MyApp.Invoice)

  band :details do
    type :detail

    # Direct attribute
    field :invoice_number do
      source :invoice_number
    end

    # Related data via belongs_to
    field :customer_name do
      source :customer.name
    end

    # Nested relationships (if preloaded)
    field :customer_region do
      source :customer.address.region
    end
  end
end
Note: Relationship loading and preloading is handled by the data loader. Ensure your driving resource has the appropriate relationships defined.

Parameters and Filtering
Parameters make reports dynamic by allowing runtime filtering and customization.
Parameter Types
# String parameters
parameter :customer_name, :string do
  required(false)
  default ""
end

# Date parameters
parameter :start_date, :date do
  required(true)
end

parameter :end_date, :date do
  required(true)
end

# Atom/enum parameters
parameter :status, :atom do
  required(false)
  constraints one_of: [:draft, :sent, :paid, :overdue]
  default :sent
end

# Numeric parameters
parameter :min_amount, :decimal do
  required(false)
  default Decimal.new("0.00")
end

# Boolean parameters
parameter :include_cancelled, :boolean do
  required(false)
  default false
end

# List parameters
parameter :regions, {:array, :string} do
  required(false)
  default []
end
Using Base Filters
Base filters allow you to pre-filter data before any parameter filters are applied. This is useful for security, performance optimization, and setting default data boundaries.
report :filtered_invoices do
  driving_resource(MyApp.Invoice)

  parameter :start_date, :date do
    required(true)
  end

  parameter :end_date, :date do
    required(true)
  end

  parameter :min_amount, :decimal do
    default Decimal.new("0.00")
  end

  # Base filter with parameter-based filtering
  base_filter(fn params ->
    import Ash.Query

    MyApp.Invoice
    |> new()
    |> filter(date >= ^params[:start_date] and date <= ^params[:end_date])
    |> filter(amount >= ^params[:min_amount])
  end)

  band :details do
    type :detail

    field :date do
      source :date
      format :date
    end

    field :total do
      source :total
      format :currency
    end
  end
end
Parameter Constraints
# Parameter with validation constraints
parameter :year, :integer do
  required(true)
  constraints min: 2020, max: 2030
  default Date.utc_today().year
end

# String parameter with length constraint
parameter :department_filter, :string do
  required(false)
  constraints max_length: 50
end
Variables and Calculations
Variables accumulate values during report processing and enable running totals, counts, and other calculations.
Variable Types and Reset Scopes
variable :running_total do
  type :sum
  expression :total
  reset_on :report  # Never resets during report
end

variable :invoice_count do
  type :count
  expression :id
  reset_on :page  # Reset on each new page
end

variable :average_amount do
  type :average
  expression :total
  reset_on :group  # Reset when group changes
  reset_group 1    # Reset on first-level group
end

variable :highest_amount do
  type :max
  expression :total
  reset_on :report
end

variable :lowest_amount do
  type :min
  expression :total
  reset_on :report
end

# Custom variable (for complex logic - support in progress)
variable :overdue_total do
  type :custom
  expression :total  # Will be enhanced with conditional logic
  reset_on :group
  initial_value Decimal.new("0.00")
end
Using Variables in Elements
band :group_footer do
  type :group_footer
  group_level(1)
  columns "(1fr, 100pt)"  # Label and value columns

  label :group_total_label do
    text("Group Total:")
    column 0
    style text_align: :right
  end

  # Display variable value
  expression :group_total_value do
    expression :running_total  # References the variable
    format :currency
    column 1
  end
end

band :summary do
  type :summary

  label :summary_title do
    text("Report Summary")
    style(font_weight: :bold, font_size: 16)
  end

  expression :total_invoices do
    expression :invoice_count  # References the count variable
  end

  expression :grand_total do
    expression :running_total  # References the sum variable
    format :currency
  end
end
Grouping and Sorting
Grouping organizes data into hierarchical sections with headers and footers.
Single-Level Grouping
group :by_customer do
  level 1
  expression :customer_name
  sort :asc
end

band :group_header_customer do
  type :group_header
  group_level(1)

  label :customer_label do
    text("Customer: ")
    style(font_weight: :bold)
  end

  field :customer_name do
    source :customer.name
    style(font_weight: :bold, font_size: 14)
  end
end

band :details do
  type :detail

  field :invoice_number do
    source :invoice_number
  end

  field :date do
    source :date
    format :date
  end

  field :total do
    source :total
    format :currency
  end
end

band :group_footer_customer do
  type :group_footer
  group_level(1)

  aggregate :customer_total do
    function :sum
    source :total
    reset_on :group
    format :currency
  end

  aggregate :customer_count do
    function :count
    source :id
    reset_on :group
  end
end
Multi-Level Grouping
group :by_region do
  level 1
  expression :region
  sort :asc
end

group :by_customer do
  level 2
  expression :customer_name
  sort :asc
end

# Level 1 group header (Region)
band :region_header do
  type :group_header
  group_level(1)

  label :region_title do
    text("Region: ")
    style(font_weight: :bold, font_size: 16)
  end

  field :region_name do
    source :customer.region
    style(font_weight: :bold, font_size: 16)
  end
end

# Level 2 group header (Customer within Region)
band :customer_header do
  type :group_header
  group_level(2)

  label :customer_title do
    text("  Customer: ")
    style(font_weight: :bold)
  end

  field :customer_name do
    source :customer.name
    style(font_weight: :bold)
  end
end

# Detail band
band :details do
  type :detail
  columns "(1fr, 100pt)"  # Invoice number and total

  field :invoice_number do
    source :invoice_number
    column 0
  end

  field :total do
    source :total
    format :currency
    column 1
    style text_align: :right
  end
end

# Level 2 group footer (Customer subtotals)
band :customer_footer do
  type :group_footer
  group_level(2)
  columns "(1fr, 100pt)"

  label :customer_subtotal_label do
    text("  Customer Subtotal:")
    column 0
    style text_align: :right
  end

  aggregate :customer_subtotal do
    function :sum
    source :total
    reset_on :group
    format :currency
    column 1
  end
end

# Level 1 group footer (Region totals)
band :region_footer do
  type :group_footer
  group_level(1)
  columns "(1fr, 100pt)"

  label :region_total_label do
    text("Region Total:")
    column 0
    style font_weight: :bold, text_align: :right
  end

  aggregate :region_total do
    function :sum
    source :total
    reset_on :group
    format :currency
    column 1
    style font_weight: :bold
  end
end
Format Specifications
Format specifications provide reusable formatting rules that can be applied consistently across elements.
Basic Format Specifications
format_spec :company_currency do
  pattern "¤ #,##0.00"
  currency :USD
  locale "en"
end

format_spec :short_date do
  pattern "MM/dd/yy"
  type :date
end

format_spec :percentage do
  pattern "#0.0%"
  type :percentage
end

format_spec :uppercase_text do
  transform :uppercase
  max_length 50
  truncate_suffix "..."
end
Conditional Format Specifications (Basic)
Note: Advanced conditional formatting with expressions is planned. See ROADMAP.md Phase 7. Current implementation supports basic keyword list conditions.

format_spec :amount_formatting do
  pattern "#,##0.00"
  type :currency
  currency :USD

  # Basic conditions (keyword list format)
  conditions [
    high_value: [pattern: "#,##0K", color: :green],
    negative_value: [pattern: "(#,##0.00)", color: :red]
  ]

  fallback "#,##0.00"
end
Using Format Specifications
band :details do
  type :detail

  field :amount do
    source :total
    format_spec :company_currency  # Reference the format spec
  end

  field :created_date do
    source :inserted_at
    format_spec :short_date
  end

  field :description do
    source :description
    format_spec :uppercase_text
  end
end
Simple Inline Formatting
band :details do
  type :detail

  # Simple format type
  field :invoice_total do
    source :total
    format :currency
  end

  # Date formatting
  field :invoice_date do
    source :date
    format :date
  end

  # Number formatting
  field :quantity do
    source :quantity
    format :number
  end

  # Text (default)
  field :customer_name do
    source :customer.name
    format :text
  end
end
Complete Examples
Sales Report with Grouping and Variables
report :sales_by_region_report do
  title("Sales Analysis by Region")
  description("Detailed sales report with regional grouping")
  driving_resource(MyApp.Invoice)

  parameter :start_date, :date do
    required(true)
  end

  parameter :end_date, :date do
    required(true)
  end

  parameter :min_amount, :decimal do
    default Decimal.new("0.00")
  end

  format_spec :sales_currency do
    pattern "$#,##0.00"
    currency :USD
  end

  variable :running_total do
    type :sum
    expression :total
    reset_on :report
  end

  variable :region_total do
    type :sum
    expression :total
    reset_on :group
    reset_group 1
  end

  variable :invoice_count do
    type :count
    expression :id
    reset_on :group
    reset_group 1
  end

  group :by_region do
    level 1
    expression :region
    sort :asc
  end

  # Report title
  band :title do
    type :title

    label :main_title do
      text("Sales Analysis by Region")
      style font_size: 20, font_weight: :bold, text_align: :center
    end
  end

  # Page header
  band :page_header do
    type :page_header

    label :company_name do
      text("ACME Corporation")
      style font_weight: :bold
    end
  end

  # Region group header
  band :region_header do
    type :group_header
    group_level(1)
    columns "(auto, 1fr)"

    label :region_label do
      text("Region: ")
      column 0
      style font_weight: :bold, font_size: 16
    end

    field :region_name do
      source :customer.region
      column 1
      style font_weight: :bold, font_size: 16
    end
  end

  # Column headers
  band :column_header do
    type :column_header
    columns "(100pt, 1fr, 100pt, 100pt)"

    label :date_header do
      text("Date")
      column 0
      style font_weight: :bold
    end

    label :customer_header do
      text("Customer")
      column 1
      style font_weight: :bold
    end

    label :invoice_header do
      text("Invoice #")
      column 2
      style font_weight: :bold
    end

    label :amount_header do
      text("Amount")
      column 3
      style font_weight: :bold, text_align: :right
    end
  end

  # Detail rows
  band :details do
    type :detail
    columns "(100pt, 1fr, 100pt, 100pt)"

    field :invoice_date do
      source :date
      format :date
      column 0
    end

    field :customer_name do
      source :customer.name
      column 1
    end

    field :invoice_number do
      source :invoice_number
      column 2
    end

    field :invoice_amount do
      source :total
      format_spec :sales_currency
      column 3
      style text_align: :right
    end
  end

  # Region footer
  band :region_footer do
    type :group_footer
    group_level(1)
    columns "(1fr, auto, 100pt)"

    label :region_summary_title do
      text("Region Summary")
      column 0
      style font_weight: :bold, font_size: 14
    end

    label :region_total_label do
      text("Region Total:")
      column 1
      style font_weight: :bold, font_size: 14, text_align: :right
    end

    expression :region_total_value do
      expression :region_total
      format_spec :sales_currency
      column 2
      style font_weight: :bold, font_size: 14, text_align: :right
    end
  end

  # Report summary
  band :summary do
    type :summary

    label :summary_title do
      text("Report Summary")
      style font_size: 18, font_weight: :bold, text_align: :center
    end

    expression :grand_total_display do
      expression :running_total
      format_spec :sales_currency
      style font_size: 16, font_weight: :bold, text_align: :center
    end
  end
end
Usage Example
# Generate the report with parameters
params = %{
  start_date: ~D[2024-01-01],
  end_date: ~D[2024-12-31],
  min_amount: Decimal.new("500.00")
}

{:ok, result} = AshReports.generate(
  MyApp.MyDomain,
  :sales_by_region_report,
  params,
  :html
)

html_report = result.content

# Generate PDF version
{:ok, result} = AshReports.generate(
  MyApp.MyDomain,
  :sales_by_region_report,
  params,
  :pdf
)

pdf_report = result.content
Financial Summary Report
report :financial_summary do
  title("Monthly Financial Summary")
  driving_resource(MyApp.Transaction)

  parameter :month, :integer do
    required(true)
    constraints min: 1, max: 12
  end

  parameter :year, :integer do
    required(true)
  end

  format_spec :accounting_currency do
    pattern "$#,##0.00"
    currency :USD
    type :currency
  end

  variable :revenue_total do
    type :sum
    expression :revenue
    reset_on :report
  end

  variable :expense_total do
    type :sum
    expression :expenses
    reset_on :report
  end

  band :title do
    type :title

    label :report_title do
      text("Monthly Financial Summary")
      style(font_size: 24, font_weight: :bold)
    end
  end

  band :details do
    type :detail

    field :date do
      source :transaction_date
      format :date
    end

    field :description do
      source :description
    end

    field :revenue do
      source :revenue
      format_spec :accounting_currency
    end

    field :expenses do
      source :expenses
      format_spec :accounting_currency
    end
  end

  band :summary do
    type :summary

    label :revenue_label do
      text("Total Revenue:")
      style(font_weight: :bold)
    end

    expression :revenue_amount do
      expression :revenue_total
      format_spec :accounting_currency
      style(font_weight: :bold)
    end

    label :expense_label do
      text("Total Expenses:")
      style(font_weight: :bold)
    end

    expression :expense_amount do
      expression :expense_total
      format_spec :accounting_currency
      style(font_weight: :bold)
    end
  end
end
Best Practices
Report Organization
	Use clear naming: Name reports, bands, and elements descriptively
	Group logically: Organize bands in a logical flow (title → headers → details → footers → summary)
	Consistent positioning: Use a grid system for element positioning
	Reusable format specs: Define format specifications once, use everywhere

Performance Considerations
	Limit preloading: Only preload relationships you actually use
	Use aggregates wisely: Database aggregates are more efficient than variables for simple sums
	Consider data volume: For large datasets, ensure proper indexing on group and sort fields

Note: Advanced streaming configuration and performance monitoring features are planned. See ROADMAP.md Phase 4.

Maintainability
	Document parameters: Use clear descriptions for all parameters
	Test with real data: Always test reports with realistic data volumes
	Version your reports: Consider report definitions as code and version control them

Limitations and Planned Features
Current Limitations
	Expression support: Full Ash expression syntax in calculations is under development
	Conditional formatting: Expression-based conditions are planned (basic keyword list conditions work)
	Scope expressions: Parameter interpolation in scope expressions is in progress
	Streaming configuration: Report-level streaming DSL is planned

See Also
	ROADMAP.md - Planned features and timeline
	IMPLEMENTATION_STATUS.md - Current implementation status
	Advanced Features Guide - What's currently available in advanced features
	Graphs and Visualizations - Chart integration

Next Steps
	Explore graphs and visualizations to add charts to your reports
	Learn about integration with Phoenix and LiveView
	Check out advanced features for formatting and internationalization basics
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This guide covers adding charts and visualizations to AshReports using the declarative chart DSL.
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Chart Architecture
AshReports uses a two-level architecture for charts:
	Chart Definitions - Defined at the reports level, specifying data and configuration
	Chart Elements - Referenced in report bands, specifying where to place the chart

This separation allows charts to be:
	Reusable across multiple bands and reports
	Testable independently of layout
	Maintainable with centralized configuration

Basic Structure
defmodule MyApp.Reports do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    # Level 1: Chart Definitions (reusable)
    bar_chart :sales_by_region do
      driving_resource MyApp.Sales.Order

      transform do
        group_by :region
        as_category :group_key
        as_value :total

        aggregates do
          aggregate type: :sum, field: :amount, as: :total
        end
      end

      config do
        width 800
        height 400
        title "Sales by Region"
      end
    end

    # Report using the chart
    report :monthly_report do
      bands do
        band :summary do
          type :detail

          elements do
            # Level 2: Chart Element (references definition)
            bar_chart :sales_by_region
          end
        end
      end
    end
  end
end
Defining Charts
Charts are defined at the reports level using type-specific entities. Each chart type has its own DSL function and uses a declarative transform block to specify how data should be aggregated and mapped.
Chart Definition Syntax
<chart_type> :chart_name do
  driving_resource MyApp.Resource  # The Ash resource to query

  # Optional: Filter the data
  base_filter(fn params ->
    import Ash.Query
    MyApp.Resource |> filter(status == :active)
  end)

  # Transform block defines data aggregation and field mapping
  transform do
    group_by :field_name              # Group data by this field
    as_category :group_key            # Map to category (bar/pie charts)
    as_value :total                   # Map to value (bar/pie charts)

    aggregates do
      aggregate type: :sum, field: :amount, as: :total
    end
  end

  config do
    # Type-specific configuration options
    width 600
    height 400
    title "Chart Title"
    # ... more options
  end
end
Available Chart Types
	Chart Type	DSL Function	Use Case
	Bar Chart	bar_chart	Comparing values across categories
	Line Chart	line_chart	Showing trends over time
	Pie Chart	pie_chart	Displaying proportions and percentages
	Area Chart	area_chart	Visualizing cumulative values over time
	Scatter Plot	scatter_chart	Showing correlation between variables
	Sparkline	sparkline	Inline micro-charts for trends
	Gantt Chart	gantt_chart	Project timelines and task scheduling

Using Charts in Bands
Warning: Embedding charts inside report bands is a work-in-progress feature and may be broken. Use with caution.

Once defined, charts are referenced in report bands using the same type-specific function:
report :sales_report do
  bands do
    band :analytics do
      type :detail

      elements do
        # Reference the chart by name
        bar_chart :sales_by_region

        # Can reference multiple charts
        line_chart :trend_analysis
        pie_chart :market_share
      end
    end
  end
end
The chart element uses the definition's configuration but can be placed anywhere in the band hierarchy.
Chart Types
Bar Charts
Best for comparing values across categories with support for simple, grouped, and stacked variations.
Definition:
bar_chart :revenue_by_region do
  driving_resource MyApp.Sales.Order

  transform do
    group_by :region
    as_category :group_key
    as_value :revenue

    aggregates do
      aggregate type: :sum, field: :amount, as: :revenue
    end
  end

  config do
    width 800
    height 500
    title "Revenue by Region"
    type :simple          # :simple, :grouped, or :stacked
    orientation :vertical # :vertical or :horizontal
    data_labels true
    padding 2
    colours ["4285F4", "EA4335", "FBBC04", "34A853"]
  end
end
Configuration Options:
	Option	Type	Default	Description
	width	integer	600	Chart width in pixels
	height	integer	400	Chart height in pixels
	title	string	nil	Chart title
	type	atom	:simple	Bar type: :simple, :grouped, :stacked
	orientation	atom	:vertical	Bar orientation: :vertical, :horizontal
	data_labels	boolean	true	Show values on bars
	padding	integer	2	Padding between bars in pixels
	colours	list	[]	Hex colors without # prefix

Data Format:
# Simple bar chart
[
  %{category: "North", value: 15000},
  %{category: "South", value: 12000},
  %{category: "East", value: 18000},
  %{category: "West", value: 14000}
]

# Grouped bar chart (multiple series)
[
  %{category: "Q1", series: "2023", value: 100},
  %{category: "Q1", series: "2024", value: 120},
  %{category: "Q2", series: "2023", value: 110},
  %{category: "Q2", series: "2024", value: 135}
]
Usage in Band:
band :regional_summary do
  type :detail

  elements do
    bar_chart :revenue_by_region
  end
end
Line Charts
Best for showing trends and changes over time with support for single and multi-series data.
Definition:
line_chart :sales_trend do
  driving_resource MyApp.Sales.Order

  transform do
    group_by {:created_at, :month}
    as_x :group_key
    as_y :total

    aggregates do
      aggregate type: :sum, field: :amount, as: :total
    end
  end

  config do
    width 900
    height 400
    title "Sales Trend (12 Months)"
    smoothed true
    stroke_width "2"
    colours ["4285F4", "34A853"]
  end
end
Configuration Options:
	Option	Type	Default	Description
	width	integer	600	Chart width in pixels
	height	integer	400	Chart height in pixels
	title	string	nil	Chart title
	smoothed	boolean	true	Use smooth curves
	stroke_width	string	"2"	Line thickness
	colours	list	[]	Hex colors without # prefix
	axis_label_rotation	atom	:auto	Label rotation: :auto, 45, 90

Data Format:
# Single series
[
  %{x: "Jan", y: 1200},
  %{x: "Feb", y: 1350},
  %{x: "Mar", y: 1100},
  %{x: "Apr", y: 1500}
]

# Multi-series
[
  %{x: 1, series: "Product A", y: 10},
  %{x: 1, series: "Product B", y: 15},
  %{x: 2, series: "Product A", y: 12},
  %{x: 2, series: "Product B", y: 18}
]
Usage in Band:
band :trend_analysis do
  type :detail

  elements do
    line_chart :sales_trend
  end
end
Pie Charts
Best for showing proportions and percentages of a whole.
Definition:
pie_chart :market_share do
  driving_resource MyApp.Sales.Order

  transform do
    group_by :product_category
    as_category :group_key
    as_value :total

    aggregates do
      aggregate type: :sum, field: :amount, as: :total
    end
  end

  config do
    width 600
    height 500
    title "Market Share by Product"
    show_percentages true
    donut_width nil  # Set to integer for donut chart (e.g., 20)
    colours ["FF6384", "36A2EB", "FFCE56", "4BC0C0"]
  end
end
Configuration Options:
	Option	Type	Default	Description
	width	integer	600	Chart width in pixels
	height	integer	400	Chart height in pixels
	title	string	nil	Chart title
	show_percentages	boolean	true	Display percentage labels
	donut_width	integer	nil	Width for donut chart (nil for pie)
	colours	list	[]	Hex colors without # prefix

Data Format:
[
  %{category: "Product A", value: 35},
  %{category: "Product B", value: 25},
  %{category: "Product C", value: 20},
  %{category: "Product D", value: 20}
]

# Alternative with label field
[
  %{label: "Segment A", value: 45},
  %{label: "Segment B", value: 30},
  %{label: "Segment C", value: 25}
]
Usage in Band:
band :market_analysis do
  type :detail

  elements do
    pie_chart :market_share
  end
end
Area Charts
Best for visualizing cumulative values and trends over time with filled areas.
Definition:
area_chart :cumulative_revenue do
  driving_resource MyApp.Sales.Order

  transform do
    group_by {:created_at, :month}
    as_x :group_key
    as_y :total

    aggregates do
      aggregate type: :sum, field: :amount, as: :total
    end
  end

  config do
    width 800
    height 400
    title "Cumulative Revenue"
    mode :simple      # :simple or :stacked
    opacity 0.7       # Fill opacity (0.0 to 1.0)
    smooth_lines true
    colours ["4285F4", "34A853"]
  end
end
Configuration Options:
	Option	Type	Default	Description
	width	integer	600	Chart width in pixels
	height	integer	400	Chart height in pixels
	title	string	nil	Chart title
	mode	atom	:simple	:simple or :stacked
	opacity	float	0.7	Fill opacity (0.0 to 1.0)
	smooth_lines	boolean	true	Use smooth curves
	colours	list	[]	Hex colors without # prefix

Data Format:
# Simple area
[
  %{x: 1, y: 10},
  %{x: 2, y: 15},
  %{x: 3, y: 12}
]

# Stacked areas (multiple series)
[
  %{x: 1, series: "Product A", y: 10},
  %{x: 1, series: "Product B", y: 5},
  %{x: 2, series: "Product A", y: 15},
  %{x: 2, series: "Product B", y: 8}
]
Usage in Band:
band :revenue_trends do
  type :detail

  elements do
    area_chart :cumulative_revenue
  end
end
Scatter Plots
Best for showing correlation and distribution between two variables.
Definition:
scatter_chart :price_vs_sales do
  driving_resource MyApp.Products.Product

  transform do
    as_x :price
    as_y :units_sold
  end

  config do
    width 700
    height 500
    title "Price vs Sales Correlation"
    point_size 5
    colours ["FF6D01"]
  end
end
Configuration Options:
	Option	Type	Default	Description
	width	integer	600	Chart width in pixels
	height	integer	400	Chart height in pixels
	title	string	nil	Chart title
	point_size	integer	5	Size of scatter points
	colours	list	[]	Hex colors without # prefix

Data Format:
[
  %{x: 10.5, y: 20.3},
  %{x: 15.2, y: 35.7},
  %{x: 20.1, y: 25.4},
  %{x: 25.8, y: 45.2}
]
Usage in Band:
band :correlation_analysis do
  type :detail

  elements do
    scatter_chart :price_vs_sales
  end
end
Sparklines
Compact inline charts (default 100×20px) perfect for dashboards and table cells.
Definition:
sparkline :daily_trend do
  driving_resource MyApp.Metrics.DailyMetric

  transform do
    sort_by {:date, :asc}
    limit 30
    as_values :value
  end

  config do
    width 100
    height 20
    line_colour "rgba(0, 200, 50, 0.7)"
    fill_colour "rgba(0, 200, 50, 0.2)"
    spot_radius 2
    spot_colour "red"
    line_width 1
  end
end
Configuration Options:
	Option	Type	Default	Description
	width	integer	100	Chart width in pixels
	height	integer	20	Chart height in pixels
	line_colour	string	"rgba(0,200,50,0.7)"	CSS color for line
	fill_colour	string	"rgba(0,200,50,0.2)"	CSS color for fill
	spot_radius	integer	2	Radius of highlight spots
	spot_colour	string	"red"	CSS color for spots
	line_width	integer	1	Width of the line

Data Format:
# Simple array of numbers
[1, 5, 10, 15, 12, 12, 15, 14, 20, 14, 10, 15, 15]

# Or map format
[
  %{value: 10},
  %{value: 15},
  %{value: 12}
]
Usage in Band:
Sparklines are perfect for inline display within other elements:
band :metrics do
  type :detail

  elements do
    field :metric_name do
      source :name
    end

    sparkline :daily_trend

    field :current_value do
      source :value
    end
  end
end
Use Cases:
	Dashboard metric trends
	Table cell visualizations
	Mobile-optimized displays
	Quick trend indicators
	Space-constrained layouts

Gantt Charts
Project timeline visualization with task scheduling and dependencies.
Definition:
gantt_chart :project_timeline do
  driving_resource MyApp.Projects.Task

  transform do
    as_category :phase
    as_task :name
    as_start_date :start_date
    as_end_date :end_date
    sort_by {:start_date, :asc}
  end

  config do
    width 1000
    height 600
    title "Sprint Planning Q1 2024"
    padding 2
    show_task_labels true
    colours ["4285F4", "EA4335", "FBBC04", "34A853"]
  end
end
Configuration Options:
	Option	Type	Default	Description
	width	integer	600	Chart width in pixels
	height	integer	400	Chart height in pixels
	title	string	nil	Chart title
	padding	integer	2	Padding between task bars
	show_task_labels	boolean	true	Display task labels
	colours	list	[]	Hex colors for categories

Data Format:
[
  %{
    category: "Phase 1",
    task: "Design",
    start_time: ~N[2024-01-01 00:00:00],
    end_time: ~N[2024-01-15 00:00:00],
    task_id: "task_1"  # Optional
  },
  %{
    category: "Phase 1",
    task: "Development",
    start_time: ~N[2024-01-10 00:00:00],
    end_time: ~N[2024-02-01 00:00:00]
  },
  %{
    category: "Phase 2",
    task: "Testing",
    start_time: ~N[2024-01-25 00:00:00],
    end_time: ~N[2024-02-10 00:00:00]
  }
]
⚠️ Important DateTime Requirements:
	start_time and end_time MUST be NaiveDateTime or DateTime types
	String dates will NOT be automatically converted
	Use NaiveDateTime.new!/2 or DateTime.from_naive!/2 to create proper values

Usage in Band:
band :project_planning do
  type :detail

  elements do
    gantt_chart :project_timeline
  end
end
Use Cases:
	Project timeline visualization
	Sprint planning and tracking
	Resource allocation
	Task dependency visualization
	Milestone tracking

Chart Configuration
Config Block Structure
All chart configurations use a config do ... end block with type-specific options:
bar_chart :my_chart do
  driving_resource MyApp.Resource

  transform do
    group_by :category
    as_category :group_key
    as_value :total

    aggregates do
      aggregate type: :sum, field: :amount, as: :total
    end
  end

  config do
    # Common options (available on all chart types)
    width 800
    height 400
    title "Chart Title"

    # Type-specific options
    type :grouped        # Bar chart only
    orientation :vertical # Bar chart only
    smoothed true        # Line/Area charts only
  end
end
Common Configuration Options
These options are available on all chart types:
	Option	Type	Default	Description
	width	integer	600	Chart width in pixels
	height	integer	400	Chart height in pixels
	title	string	nil	Chart title
	colours	list	[]	Color palette (hex without #)

Color Specification
Colors are specified as hex codes without the # prefix:
config do
  # Correct
  colours ["4285F4", "EA4335", "FBBC04", "34A853"]

  # Incorrect - don't include #
  colours ["#4285F4", "#EA4335"]  # Will be stripped automatically
end
Default Color Palette
If colours is not specified, the default palette is used:
["4285F4", "EA4335", "FBBC04", "34A853", "FF6D01", "46BDC6"]
Data Sources
Charts in AshReports use a declarative approach where you specify the driving_resource and define a transform block that describes how the data should be aggregated and mapped to chart fields.
Driving Resource and Transform
Each chart requires a driving_resource - the Ash resource to query. The transform block defines how to process that data:
bar_chart :sales_by_region do
  # The Ash resource to query
  driving_resource MyApp.Sales.Order

  # Optional: Filter the data
  base_filter(fn params ->
    import Ash.Query
    MyApp.Sales.Order |> filter(status == :completed)
  end)

  # Transform: Define how to aggregate and map data
  transform do
    group_by :region
    as_category :group_key
    as_value :total

    aggregates do
      aggregate type: :sum, field: :amount, as: :total
    end
  end

  config do
    title "Regional Sales"
  end
end
Transform Options
The transform block supports the following options:
	Option	Description	Example
	group_by	Field or tuple to group by	:region, {:created_at, :month}
	aggregates	List of aggregate operations	See aggregates section
	filters	Map of filter conditions	%{status: :active}
	sort_by	Field to sort by	:name, {:value, :desc}
	limit	Maximum results to return	10
	as_category	Map to category field (bar/pie)	:group_key
	as_value	Map to value field (bar/pie)	:total
	as_x	Map to X-axis (line/scatter)	:group_key
	as_y	Map to Y-axis (line/scatter)	:total
	as_task	Map to task name (Gantt)	:name
	as_start_date	Map to start date (Gantt)	:start_date
	as_end_date	Map to end date (Gantt)	:end_date
	as_values	Map to values (sparkline)	:value

Aggregates Block
Define aggregations within the transform:
transform do
  group_by :category

  aggregates do
    aggregate type: :sum, field: :amount, as: :total
    aggregate type: :count, as: :count
    aggregate type: :avg, field: :price, as: :avg_price
  end
end
Data Preparation
Chart data is automatically prepared by the transform block. The data flows through:
	Driving resource query
	Optional base_filter
	Transform aggregations
	Field mapping (as_category, as_value, etc.)

Performance Considerations
When working with large datasets:
	Use load_relationships option to preload relationships efficiently:
bar_chart :sales_by_category do
  driving_resource MyApp.InvoiceLineItem
  load_relationships [:product, product: :category]

  transform do
    group_by :product_category_name
    # ...
  end
end

	Apply filters early using base_filter to reduce data volume:
base_filter(fn params ->
  import Ash.Query
  MyApp.Orders |> filter(date >= ^params[:start_date])
end)

	Limit results when only top N items are needed:
transform do
  sort_by {:value, :desc}
  limit 10
end


See the Performance Optimization Guide for:
	Detailed explanation of N+1 problems
	Best practices for large datasets
	Monitoring and profiling techniques

Complete Examples
Example 1: Sales Report with Multiple Charts
defmodule MyApp.Reports.SalesAnalytics do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    # Define reusable charts
    bar_chart :sales_by_region do
      driving_resource MyApp.Sales.Order

      transform do
        group_by :region
        as_category :group_key
        as_value :total

        aggregates do
          aggregate type: :sum, field: :amount, as: :total
        end
      end

      config do
        width 800
        height 500
        title "Sales by Region"
        type :grouped
        data_labels true
        colours ["4285F4", "34A853", "FBBC04", "EA4335"]
      end
    end

    line_chart :monthly_trend do
      driving_resource MyApp.Sales.Order

      transform do
        group_by {:created_at, :month}
        as_x :group_key
        as_y :total

        aggregates do
          aggregate type: :sum, field: :amount, as: :total
        end
      end

      config do
        width 900
        height 400
        title "12-Month Sales Trend"
        smoothed true
        stroke_width "3"
        colours ["4285F4"]
      end
    end

    pie_chart :product_distribution do
      driving_resource MyApp.Sales.Order

      transform do
        group_by :product_category
        as_category :group_key
        as_value :total

        aggregates do
          aggregate type: :sum, field: :amount, as: :total
        end
      end

      config do
        width 600
        height 500
        title "Sales Distribution by Product"
        show_percentages true
        colours ["FF6384", "36A2EB", "FFCE56", "4BC0C0", "9966FF"]
      end
    end

    # Report using the charts
    report :quarterly_sales do
      title "Quarterly Sales Analytics"
      description "Comprehensive sales analysis"
      driving_resource MyApp.Sales.Order

      parameter :quarter, :integer, required: true
      parameter :year, :integer, required: true

      bands do
        band :report_header do
          type :title

          elements do
            label :title do
              text "Quarterly Sales Report"
              style font_size: 24, font_weight: :bold
            end
          end
        end

        band :regional_analysis do
          type :detail

          elements do
            label :section_title do
              text "Regional Performance"
              style font_size: 18, font_weight: :bold
            end

            bar_chart :sales_by_region
          end
        end

        band :trend_analysis do
          type :detail

          elements do
            label :section_title do
              text "Monthly Trends"
              style font_size: 18, font_weight: :bold
            end

            line_chart :monthly_trend
          end
        end

        band :product_analysis do
          type :detail

          elements do
            label :section_title do
              text "Product Distribution"
              style font_size: 18, font_weight: :bold
            end

            pie_chart :product_distribution
          end
        end
      end
    end
  end
end
Example 2: Dashboard with Sparklines
defmodule MyApp.Reports.Dashboard do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    # Define compact sparklines for each metric
    sparkline :revenue_trend do
      driving_resource MyApp.Sales.DailyMetric

      transform do
        sort_by {:date, :asc}
        limit 7
        as_values :revenue
      end

      config do
        width 120
        height 30
        line_colour "rgba(34, 168, 83, 0.8)"
        fill_colour "rgba(34, 168, 83, 0.2)"
      end
    end

    sparkline :orders_trend do
      driving_resource MyApp.Sales.DailyMetric

      transform do
        sort_by {:date, :asc}
        limit 7
        as_values :order_count
      end

      config do
        width 120
        height 30
        line_colour "rgba(66, 133, 244, 0.8)"
        fill_colour "rgba(66, 133, 244, 0.2)"
      end
    end

    sparkline :customers_trend do
      driving_resource MyApp.Sales.DailyMetric

      transform do
        sort_by {:date, :asc}
        limit 7
        as_values :new_customers
      end

      config do
        width 120
        height 30
        line_colour "rgba(251, 188, 4, 0.8)"
        fill_colour "rgba(251, 188, 4, 0.2)"
      end
    end

    report :executive_dashboard do
      title "Executive Dashboard"
      driving_resource MyApp.Sales.Metric

      bands do
        band :metrics do
          type :detail

          elements do
            # Revenue Metric
            label :revenue_label do
              text "Revenue (7d)"
              style font_weight: :bold
            end

            sparkline :revenue_trend

            field :revenue_current do
              source :current_revenue
              format :currency
              style font_size: 18
            end

            # Orders Metric
            label :orders_label do
              text "Orders (7d)"
              style font_weight: :bold
            end

            sparkline :orders_trend

            field :orders_current do
              source :current_orders
              format :number
              style font_size: 18
            end

            # Customers Metric
            label :customers_label do
              text "New Customers (7d)"
              style font_weight: :bold
            end

            sparkline :customers_trend

            field :customers_current do
              source :current_customers
              format :number
              style font_size: 18
            end
          end
        end
      end
    end
  end
end
Example 3: Project Timeline Report
defmodule MyApp.Reports.ProjectTracking do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    gantt_chart :sprint_timeline do
      driving_resource MyApp.Projects.Task

      transform do
        as_category :phase
        as_task :name
        as_start_date :start_date
        as_end_date :end_date
        sort_by {:start_date, :asc}
      end

      config do
        width 1200
        height 600
        title "Sprint 1 Timeline"
        padding 3
        show_task_labels true
        colours ["4285F4", "EA4335", "FBBC04", "34A853"]
      end
    end

    bar_chart :task_completion do
      driving_resource MyApp.Projects.Task

      transform do
        group_by :status
        as_category :group_key
        as_value :count

        aggregates do
          aggregate type: :count, as: :count
        end
      end

      config do
        width 600
        height 400
        title "Task Status"
        type :stacked
        orientation :horizontal
        colours ["34A853", "FBBC04", "EA4335"]
      end
    end

    report :sprint_review do
      title "Sprint Review"
      driving_resource MyApp.Projects.Task

      parameter :sprint_id, :integer, required: true

      bands do
        band :header do
          type :title

          elements do
            label :title do
              text "Sprint Review Report"
              style font_size: 24, font_weight: :bold
            end
          end
        end

        band :timeline do
          type :detail

          elements do
            label :timeline_title do
              text "Project Timeline"
              style font_size: 18, font_weight: :bold
            end

            gantt_chart :sprint_timeline
          end
        end

        band :status_summary do
          type :detail

          elements do
            label :status_title do
              text "Task Status Breakdown"
              style font_size: 18, font_weight: :bold
            end

            bar_chart :task_completion
          end
        end
      end
    end
  end
end
Best Practices
1. Naming Conventions
	Use descriptive chart names: :sales_by_region not :chart1
	Name charts by what they show, not by type
	Use snake_case for chart names

2. Data Preparation
	Prepare data in the expected format before rendering
	Use Ash aggregations for data transformation
	Validate data structure matches chart requirements

3. Performance
	Keep data sets reasonable (<1000 points for most charts)
	Use sparklines for high-density data visualization
	Consider report generation time when adding multiple charts

4. Color Palette
	Use consistent colors across related charts
	Ensure sufficient contrast for readability
	Consider colorblind-friendly palettes

5. Chart Sizing
	Standard sizes: 600×400 (small), 800×500 (medium), 1000×600 (large)
	Sparklines: 100×20 (compact), 150×30 (readable)
	Gantt charts: Wider is better (1000+ width)

6. Reusability
	Define charts once at the reports level
	Reference charts in multiple bands
	Use consistent configuration across reports

Troubleshooting
Common Issues
Chart not rendering:
	Verify data source expression is valid
	Check data format matches chart type requirements
	Ensure chart is defined before being referenced

Wrong data format error:
	Review chart type's "Data Format" section
	Validate field names (category/value, x/y, etc.)
	For Gantt charts, ensure DateTime types (not strings)

Colors not applied:
	Remove # prefix from hex colors
	Ensure color list has enough values for data series
	Check spelling: colours (British) not colors

Chart too small/large:
	Adjust width and height in config block
	Consider PDF page size constraints
	Use appropriate sizes for chart type

Getting Help
	Check examples in this guide
	Review chart type moduledocs
	Open issue on GitHub for bugs
	Ask in Ash Framework Discord


Next Steps:
	Integration Guide - Using charts in Phoenix/LiveView
	Advanced Features - Custom formatting and theming
	Report Creation - Building complete reports
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    Advanced Features

This guide covers the currently available advanced features in AshReports, including basic internationalization support and formatting capabilities.
Important: Many advanced features like comprehensive i18n, security DSL, caching, monitoring, and custom extensions are planned but not yet implemented. See ROADMAP.md for the complete roadmap of planned features.

Table of Contents
	Basic Internationalization
	Format Specifications
	Conditional Visibility
	Band Control Options
	Column-Based Layout
	Element Styling
	Planned Advanced Features

Basic Internationalization
AshReports has CLDR as a dependency and provides basic locale and currency support in format specifications.
Current i18n Capabilities
report :basic_i18n_report do
  title "Sales Report"
  driving_resource MyApp.Invoice

  # Basic format spec with locale and currency
  format_spec :company_currency do
    pattern "¤ #,##0.00"
    currency :USD
    locale "en"
  end

  format_spec :euro_currency do
    pattern "¤ #,##0.00"
    currency :EUR
    locale "de"
  end

  band :details do
    type :detail

    field :amount_usd do
      source :amount
      format_spec :company_currency
    end

    field :amount_eur do
      source :amount_converted
      format_spec :euro_currency
    end
  end
end
Format Specification Options
The format_spec entity supports these internationalization-related options:
format_spec :localized_format do
  pattern "¤ #,##0.00"      # Number pattern with currency symbol
  type :currency             # :number, :currency, :percentage, :date, :time, :datetime, :text
  locale "en"                # Locale string (e.g., "en", "es", "de", "fr")
  currency :USD              # Currency atom (e.g., :USD, :EUR, :GBP)

  # Text transformations
  transform :uppercase       # :none, :uppercase, :lowercase, :titlecase
  max_length 50              # Maximum text length
  truncate_suffix "..."      # Suffix when text is truncated

  # Number precision
  precision 2                # Decimal places for numbers
end
Planned i18n Features
Note: Comprehensive i18n features are planned for Phase 3. See ROADMAP.md Phase 3.

Planned features include:
	❌ Per-element locale specification
	❌ RTL language support and layout mirroring
	❌ Gettext integration for translatable strings
	❌ Dynamic locale switching
	❌ Calendar system selection
	❌ Multi-currency conversion

Example of planned features (NOT currently available):
# THIS DOES NOT WORK YET - Planned for Phase 3

report :multilingual_report do
  locale_variants [:en, :es, :fr, :ar, :he]  # NOT IMPLEMENTED

  parameter :locale, :string do
    default "en"
  end

  band :title do
    type :title

    label :title do
      text gettext("Sales Report")  # NOT IMPLEMENTED
      text_direction :rtl           # NOT IMPLEMENTED
    end

    field :amount do
      source :total
      locale ^locale_param           # NOT IMPLEMENTED
      format_spec :dynamic_currency  # NOT IMPLEMENTED
    end
  end
end
Format Specifications
Format specifications are the primary way to apply consistent formatting across your reports.
Basic Format Specifications
# Currency formatting
format_spec :usd_currency do
  pattern "$#,##0.00"
  currency :USD
  type :currency
end

# Date formatting
format_spec :short_date do
  pattern "MM/dd/yyyy"
  type :date
end

# Number formatting
format_spec :decimal_two_places do
  pattern "#,##0.00"
  type :number
  precision 2
end

# Percentage formatting
format_spec :percentage do
  pattern "#0.0%"
  type :percentage
end

# Text formatting
format_spec :uppercase_limited do
  transform :uppercase
  max_length 30
  truncate_suffix "..."
end
Using Format Specifications
Apply format specs to fields, expressions, and aggregates:
band :details do
  type :detail

  field :customer_name do
    source :customer.name
    format_spec :uppercase_limited
  end

  field :order_date do
    source :date
    format_spec :short_date
  end

  field :total do
    source :total
    format_spec :usd_currency
  end
end

band :summary do
  type :summary

  aggregate :grand_total do
    function :sum
    source :total
    reset_on :report
    format_spec :usd_currency
  end
end
Simple Inline Formatting
For simple cases, use inline format types:
field :amount do
  source :total
  format :currency  # Simple currency formatting
end

field :created_at do
  source :inserted_at
  format :date  # Simple date formatting
end

field :quantity do
  source :qty
  format :number  # Simple number formatting
end
Conditional Formatting (Basic)
Note: Advanced conditional formatting with expressions is planned. See ROADMAP.md Phase 7. Current implementation supports basic keyword list conditions.

format_spec :status_formatting do
  pattern "#,##0.00"
  type :currency

  # Basic conditions (keyword list format)
  conditions [
    high_value: [pattern: "#,##0K", color: :green],
    low_value: [pattern: "#,##0", color: :red]
  ]

  fallback "#,##0.00"
end
Planned conditional formatting (NOT YET AVAILABLE):
# THIS DOES NOT WORK YET - Planned for Phase 7

format_spec :advanced_conditional do
  conditions [
    {expr(value > 10000 and growth > 0.15), [
      pattern: "#,##0K",
      color: :gold,
      background: "#1e3a8a",
      prefix: "🏆 "
    ]},
    {expr(value < 0), [
      pattern: "(#,##0.00)",
      color: :red
    ]}
  ]
  fallback "#,##0.00"
end
Conditional Visibility
Control element visibility with the conditional option:
band :details do
  type :detail

  # Element with conditional visibility
  field :discount do
    source :discount_amount
    format :currency
    conditional expr(discount_amount > 0)  # Only show if discount exists
  end

  label :premium_badge do
    text "PREMIUM"
    conditional expr(customer_tier == "premium")
  end
end
Note: Full expression support is under development. Current conditional logic may be limited.

Band Control Options
Bands support various control options for layout and behavior:
Height and Sizing
band :header do
  type :page_header

  height 50             # Fixed height in rendering units
  can_grow true         # Allow band to expand for content (default: true)
  can_shrink false      # Allow band to shrink if content is smaller (default: false)
  keep_together true    # Prevent page breaks within band (default: false)
end
Conditional Bands
band :premium_section do
  type :detail

  visible expr(customer_tier == "premium")  # Show band conditionally

  # Elements...
end
Group Bands
band :region_header do
  type :group_header
  group_level 1  # First level grouping

  # Elements for group header...
end

band :customer_header do
  type :group_header
  group_level 2  # Second level grouping (sub-groups)

  # Elements for sub-group header...
end
Multiple Detail Bands
band :detail_products do
  type :detail
  detail_number 1  # First detail band

  # Product fields...
end

band :detail_services do
  type :detail
  detail_number 2  # Second detail band

  # Service fields...
end
Repeating Headers
Control whether page headers and group headers repeat on every page:
band :page_header do
  type :page_header
  repeat_on_pages true  # Repeat on all pages (default)

  # Header elements...
end

band :region_header do
  type :group_header
  group_level 1
  repeat_on_pages false  # Only show on first page of group

  # Group header elements...
end
Options:
	repeat_on_pages: true (default for :page_header and :group_header) - Header appears on every page
	repeat_on_pages: false - Header appears only on the first page

Note: The repeat_on_pages option only applies to :page_header and :group_header band types.

Column-Based Layout
AshReports uses a column-based layout system that leverages Typst's native table() function for clean, maintainable report definitions.
Basic Column Layout
Define columns at the band level and assign elements to specific columns:
band :customer_detail do
  type :detail
  columns 3  # Three equal-width columns

  field :name do
    source :customer_name
    column 0  # First column (zero-indexed)
  end

  field :score do
    source :health_score
    column 1  # Second column
  end

  field :tier do
    source :tier_name
    column 2  # Third column
  end
end
Explicit Column Widths
For precise control, use Typst column width specifications:
band :column_header do
  type :column_header
  columns "(150pt, 1fr, 80pt)"  # Explicit widths

  label :name_header do
    text "Customer Name"
    column 0
    style font_weight: :bold
  end

  label :score_header do
    text "Health Score"
    column 1
    style font_weight: :bold
  end

  label :tier_header do
    text "Tier"
    column 2
    style font_weight: :bold
  end
end
Supported Column Width Units:
	150pt - Fixed pixel width
	1fr - Fractional (proportional) sizing
	auto - Content-determined width
	30% - Percentage of page width
	100% - Full page width (default for single columns)

Column Defaults and Auto-Assignment
Single Column Behavior:
When a band has a single column (or columns is not specified), it automatically uses the full page width:
band :title do
  type :title
  # No columns specified - defaults to full page width

  label :report_title do
    text "Customer Report"
    # No column specified - uses column 0
  end
end
Auto-Assignment:
Elements without an explicit column attribute are automatically assigned sequential columns starting from 0:
band :detail do
  type :detail
  columns 3

  field :name do
    source :name
    # Auto-assigned to column 0
  end

  field :score do
    source :score
    # Auto-assigned to column 1
  end

  field :tier do
    source :tier
    # Auto-assigned to column 2
  end
end
Matching Column Widths
Ensure column widths match between related bands (e.g., headers and details):
# Column header with explicit widths
band :column_header do
  type :column_header
  columns "(150pt, 100pt, 80pt)"

  label :name_header do
    text "Customer Name"
    column 0
  end

  label :score_header do
    text "Score"
    column 1
  end

  label :tier_header do
    text "Tier"
    column 2
  end
end

# Detail band with matching widths
band :customer_detail do
  type :detail
  columns "(150pt, 100pt, 80pt)"  # Must match header

  field :customer_name do
    source :name
    column 0
  end

  field :health_score do
    source :score
    column 1
  end

  field :tier_name do
    source :tier
    column 2
  end
end
Key Points:
	Columns are zero-indexed (0 = first column, 1 = second, etc.)
	Empty columns render as blank table cells
	Styling (font, color, alignment) is preserved in column layout
	Single columns automatically use full page width (100%)
	Multiple columns use equal width distribution unless explicit widths are provided

Element Styling
Elements within columns support various styling options for formatting and appearance.
Style Properties
label :styled_label do
  text "Styled Text"
  column 0

  style(
    font_size: 16,
    font_weight: :bold,      # :normal or :bold
    font_style: :italic,     # :normal or :italic
    color: "#333333",
    background_color: "#f5f5f5",
    text_align: :center,     # :left, :center, :right, :justify
    vertical_align: :middle  # :top, :middle, :bottom
  )
end
Styled Fields
band :detail do
  type :detail
  columns "(150pt, 100pt, 80pt)"

  field :customer_name do
    source :name
    column 0
    style font_size: 14, font_weight: :bold
  end

  field :health_score do
    source :score
    column 1
    style text_align: :center, color: "#10B981"
  end

  field :tier do
    source :tier
    column 2
    style font_weight: :bold, text_align: :right
  end
end
Available Style Options:
	font_size - Integer (e.g., 12, 14, 16)
	font_weight - :normal or :bold
	font_style - :normal or :italic
	color - Hex color string (e.g., "#333333")
	background_color - Hex color string
	text_align - :left, :center, :right, or :justify
	vertical_align - :top, :middle, or :bottom

Planned Advanced Features
The following advanced features are planned but not yet implemented. See ROADMAP.md for complete details and timelines.
Phase 3: Advanced Internationalization
	Dynamic locale switching per element
	RTL language support with automatic layout mirroring
	Gettext integration for translatable strings
	Multi-currency conversion
	Calendar system selection

Phase 4: Performance and Optimization
	Report-level streaming configuration DSL
	Multi-level caching (query, report, chart)
	Performance monitoring and thresholds
	Auto-optimization based on metrics

Phase 5: Security and Compliance
	Row-level security with dynamic scopes
	Field-level security and masking
	Data anonymization
	Audit logging
	Conditional visibility based on permissions

Phase 6: Monitoring and Telemetry
	Performance monitoring DSL
	Alert configuration
	Auto-optimization triggers
	Detailed metrics collection

Phase 7: Advanced Formatting
	Expression-based conditional formatting
	Statistical formatting (z-scores, percentiles)
	Custom format functions
	Advanced styling and themes

Phase 8: Custom Extensions
	Custom element types
	Custom renderers for new formats
	Extension hooks
	Plugin system

Example of Planned Security Features (NOT AVAILABLE)
# THIS DOES NOT WORK YET - Planned for Phase 5

report :secure_financial_report do
  driving_resource MyApp.Transaction

  # Row-level security
  scope expr(
    case get_user_role(^user_id) do
      :admin -> true
      :manager -> department == get_user_department(^user_id)
      _ -> false
    end
  )

  # Field-level security
  security do
    field_security do
      field :account_number do
        visible has_permission?(^user_id, :view_pii)
        mask_pattern "****-####"
      end
    end

    audit_access true
    log_user_id ^user_id
  end

  # Data masking
  data_masking do
    masking_rules do
      rule :customer_name do
        levels %{
          1 => mask_pattern("X****** X******"),
          2 => :no_mask
        }
        apply_level ^user_clearance
      end
    end
  end
end
Example of Planned Performance Features (NOT AVAILABLE)
# THIS DOES NOT WORK YET - Planned for Phase 4

report :optimized_report do
  # Performance configuration
  performance do
    cache_duration 300
    streaming true
    parallel_processing true
    max_memory_usage "500MB"
  end

  # Streaming configuration
  streaming do
    enabled true
    chunk_size 1000
    buffer_size 10
    gc_frequency 1000
  end

  # Monitoring
  monitoring do
    thresholds do
      generation_time_warning 10_000
      memory_usage_warning "500MB"
    end

    auto_optimization do
      stream_threshold 5_000
      decimal_precision 2
    end

    alerts do
      on_slow_generation &MyApp.handle_slow_report/2
    end
  end
end
Example of Planned Caching Features (NOT AVAILABLE)
# THIS DOES NOT WORK YET - Planned for Phase 4

report :cached_report do
  cache do
    # Report-level cache
    report_cache ttl: :timer.hours(1),
                 key: fn params -> "report_#{params.year}" end

    # Query result cache
    query_cache ttl: :timer.minutes(15),
                invalidate_on: [:invoice_created, :invoice_updated]
  end

  band :expensive_band do
    # Band-level caching
    cache_key fn params, context ->
      "band_#{params.year}_#{context.user_id}"
    end
    cache_ttl :timer.hours(2)
  end
end
Best Practices
Current Best Practices
	Use Format Specifications: Define format specs once, reuse everywhere
	Consistent Positioning: Use a grid system for element positioning
	Conditional Logic: Use conditional visibility to simplify reports
	Styling: Apply consistent styling through style properties
	Band Organization: Organize bands in logical flow

Performance Tips
	Limit Preloading: Only preload relationships you use
	Database Indexes: Add indexes on group/sort fields
	Aggregate Efficiently: Use database aggregates when possible
	Test with Real Data: Always test with production-like data volumes

Maintainability
	Clear Naming: Use descriptive names for reports, bands, elements
	Document Parameters: Clearly document what each parameter does
	Consistent Formatting: Stick to defined format specifications
	Version Control: Treat report definitions as code

Troubleshooting
Common Issues
Formatting not applying:
	Verify format_spec name matches reference
	Check format type matches data type
	Ensure locale/currency values are valid

Conditional visibility issues:
	Verify expression syntax
	Check that referenced fields exist
	Test expressions with sample data

Performance issues:
	Check for missing database indexes
	Review preload strategy
	Consider data volume and complexity

Layout problems:
	Verify positioning doesn't cause overlaps
	Check can_grow/can_shrink settings
	Test with various data volumes

See Also
	ROADMAP.md - Complete feature roadmap
	Report Creation Guide - Building reports
	Integration Guide - Phoenix and LiveView integration
	IMPLEMENTATION_STATUS.md - Current status

Next Steps
	Review ROADMAP.md to see planned advanced features
	Check IMPLEMENTATION_STATUS.md for current implementation status
	Build reports using currently available features
	Watch for updates as advanced features are implemented
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    Integration Guide

This guide covers integrating AshReports with Phoenix, LiveView, and basic deployment scenarios.
Note: This guide reflects current basic integration capabilities. For planned features like scheduled reports, webhook notifications, and advanced LiveView features, see ROADMAP.md Phase 9.

Table of Contents
	Phoenix Integration
	LiveView Integration
	API Endpoints
	Authentication and Authorization
	Deployment Considerations
	Troubleshooting

Phoenix Integration
Basic Phoenix Setup
Add AshReports to your Phoenix application:
# mix.exs
def deps do
  [
    {:ash_reports, "~> 0.1.0"},
    {:phoenix, "~> 1.7"},
    {:phoenix_html, "~> 4.0"},
    {:phoenix_live_view, "~> 0.20"}  # Optional, for LiveView integration
  ]
end
Phoenix Controller Integration
API Note: AshReports provides two APIs for generating reports:
	AshReports.generate(domain, report, params, format) - Simple API for basic use
	AshReports.Runner.run_report(domain, report, params, opts) - Full API with additional options

The examples below use Runner.run_report to show the full implementation pattern, but you can use the simpler generate/4 function for basic cases.

Create a controller to handle report generation:
defmodule MyAppWeb.ReportsController do
  use MyAppWeb, :controller

  def index(conn, _params) do
    # List available reports
    reports = AshReports.Info.reports(MyApp.Domain)

    # Transform to displayable format
    reports_list = Enum.map(reports, fn report ->
      %{
        name: report.name,
        title: report.title,
        description: report.description
      }
    end)

    render(conn, :index, reports: reports_list)
  end

  def show(conn, %{"id" => report_name} = params) do
    report_name_atom = String.to_existing_atom(report_name)
    format = Map.get(params, "format", "html") |> String.to_existing_atom()

    # Extract report parameters from query string
    report_params = extract_report_params(params, report_name_atom)

    # Generate the report
    case AshReports.Runner.run_report(
      MyApp.Domain,
      report_name_atom,
      report_params,
      format: format
    ) do
      {:ok, result} ->
        send_report_response(conn, result, format, report_name)

      {:error, error} ->
        conn
        |> put_flash(:error, "Failed to generate report: #{inspect(error)}")
        |> redirect(to: ~p"/reports")
    end
  end

  defp extract_report_params(params, report_name) do
    # Get report definition to know which parameters to extract
    report = AshReports.Info.report(MyApp.Domain, report_name)

    # Build parameter map from query string
    Enum.reduce(report.parameters || [], %{}, fn param, acc ->
      param_key = Atom.to_string(param.name)

      if Map.has_key?(params, param_key) do
        Map.put(acc, param.name, parse_param_value(params[param_key], param.type))
      else
        acc
      end
    end)
  end

  defp parse_param_value(value, :date) do
    case Date.from_iso8601(value) do
      {:ok, date} -> date
      _ -> nil
    end
  end

  defp parse_param_value(value, :integer) do
    case Integer.parse(value) do
      {int, _} -> int
      _ -> nil
    end
  end

  defp parse_param_value(value, :decimal) do
    case Decimal.parse(value) do
      {dec, _} -> dec
      _ -> nil
    end
  end

  defp parse_param_value(value, :boolean) do
    value in ["true", "1", "yes"]
  end

  defp parse_param_value(value, _type), do: value

  defp send_report_response(conn, result, format, report_name) do
    case format do
      :html ->
        conn
        |> put_resp_content_type("text/html")
        |> send_resp(200, result.content)

      :pdf ->
        filename = "#{report_name}_#{Date.utc_today()}.pdf"
        conn
        |> put_resp_content_type("application/pdf")
        |> put_resp_header("content-disposition", ~s(attachment; filename="#{filename}"))
        |> send_resp(200, result.content)

      :json ->
        json(conn, result.content)

      :heex ->
        # Warning: HEEX rendering is a work-in-progress feature and may be broken
        # HEEX is typically used with LiveView, not direct download
        conn
        |> put_resp_content_type("text/plain")
        |> send_resp(200, result.content)
    end
  end
end
Router Configuration
# lib/my_app_web/router.ex
defmodule MyAppWeb.Router do
  use MyAppWeb, :router

  pipeline :browser do
    plug :accepts, ["html"]
    plug :fetch_session
    plug :fetch_live_flash
    plug :put_root_layout, html: {MyAppWeb.Layouts, :root}
    plug :protect_from_forgery
    plug :put_secure_browser_headers
  end

  pipeline :api do
    plug :accepts, ["json"]
  end

  scope "/", MyAppWeb do
    pipe_through :browser

    get "/", PageController, :home

    # Report routes
    get "/reports", ReportsController, :index
    get "/reports/:id", ReportsController, :show
  end
end
Report Parameter Form
Create a form for users to input report parameters:
<%# lib/my_app_web/controllers/reports_html/show_form.html.heex %>
<.header>
  Generate Report: <%= @report.title %>
</.header>

<div class="mt-4">
  <.form :let={f} for={%{}} action={~p"/reports/#{@report.name}"} method="get">
    <%= for param <- @report.parameters do %>
      <div class="mb-4">
        <.label for={param.name}><%= humanize(param.name) %></.label>
        <%= case param.type do %>
          <% :date -> %>
            <.input
              type="date"
              name={param.name}
              required={param.required}
            />
          <% :integer -> %>
            <.input
              type="number"
              name={param.name}
              required={param.required}
            />
          <% :boolean -> %>
            <.input
              type="checkbox"
              name={param.name}
            />
          <% _ -> %>
            <.input
              type="text"
              name={param.name}
              required={param.required}
            />
        <% end %>
      </div>
    <% end %>

    <div class="mb-4">
      <.label for="format">Output Format</.label>
      <.input type="select" name="format" options={[
        {"HTML", "html"},
        {"PDF", "pdf"},
        {"JSON", "json"}
      ]} />
    </div>

    <.button type="submit">Generate Report</.button>
  </.form>
</div>
LiveView Integration
Basic LiveView Report Viewer
Note: Full LiveView integration with real-time updates and interactive features is planned. See ROADMAP.md Phase 9. Current implementation provides basic rendering.

defmodule MyAppWeb.ReportLive.Show do
  use MyAppWeb, :live_view

  @impl true
  def mount(%{"report_name" => report_name}, _session, socket) do
    report_name_atom = String.to_existing_atom(report_name)
    report = AshReports.Info.report(MyApp.Domain, report_name_atom)

    socket =
      socket
      |> assign(:report, report)
      |> assign(:report_name, report_name_atom)
      |> assign(:params, %{})
      |> assign(:result, nil)
      |> assign(:loading, false)
      |> assign(:error, nil)

    {:ok, socket}
  end

  @impl true
  def handle_event("generate", params, socket) do
    socket = assign(socket, :loading, true)

    # Parse parameters
    parsed_params = parse_report_params(params, socket.assigns.report)

    # Generate report asynchronously
    send(self(), {:generate_report, parsed_params})

    {:noreply, socket}
  end

  @impl true
  def handle_info({:generate_report, params}, socket) do
    case AshReports.Runner.run_report(
      MyApp.Domain,
      socket.assigns.report_name,
      params,
      format: :html
    ) do
      {:ok, result} ->
        {:noreply,
         socket
         |> assign(:result, result)
         |> assign(:loading, false)
         |> assign(:error, nil)}

      {:error, error} ->
        {:noreply,
         socket
         |> assign(:loading, false)
         |> assign(:error, inspect(error))}
    end
  end

  @impl true
  def render(assigns) do
    ~H"""
    <div class="report-viewer">
      <.header>
        <%= @report.title %>
        <:subtitle><%= @report.description %></:subtitle>
      </.header>

      <div class="mt-4">
        <.form for={%{}} phx-submit="generate">
          <%= for param <- @report.parameters do %>
            <div class="mb-4">
              <.label><%= humanize(param.name) %></.label>
              <%= render_param_input(param) %>
            </div>
          <% end %>

          <.button type="submit" disabled={@loading}>
            <%= if @loading, do: "Generating...", else: "Generate Report" %>
          </.button>
        </.form>
      </div>

      <%= if @error do %>
        <.error class="mt-4">
          <%= @error %>
        </.error>
      <% end %>

      <%= if @result do %>
        <div class="mt-8 report-content">
          <%= Phoenix.HTML.raw(@result.content) %>
        </div>

        <div class="mt-4 text-sm text-gray-600">
          Generated in <%= @result.metadata.execution_time_ms %>ms
        </div>
      <% end %>
    </div>
    """
  end

  defp render_param_input(param) do
    # Helper to render appropriate input for parameter type
    # Implementation depends on your form component library
  end

  defp parse_report_params(params, report) do
    # Parse form params into appropriate types
    # Similar to controller implementation
  end
end
LiveView Router
# lib/my_app_web/router.ex
scope "/", MyAppWeb do
  pipe_through :browser

  live "/reports/:report_name", ReportLive.Show
  live "/reports/:report_name/interactive", ReportLive.Interactive  # Planned
end
API Endpoints
JSON API for Report Generation
defmodule MyAppWeb.Api.ReportsController do
  use MyAppWeb, :controller

  def index(conn, _params) do
    reports = AshReports.Info.reports(MyApp.Domain)

    reports_data = Enum.map(reports, fn report ->
      %{
        name: report.name,
        title: report.title,
        description: report.description,
        parameters: Enum.map(report.parameters || [], fn param ->
          %{
            name: param.name,
            type: param.type,
            required: param.required,
            default: param.default
          }
        end),
        formats: report.formats
      }
    end)

    json(conn, %{reports: reports_data})
  end

  def generate(conn, %{"report_name" => report_name, "parameters" => params} = req_params) do
    report_name_atom = String.to_existing_atom(report_name)
    format = Map.get(req_params, "format", "json") |> String.to_existing_atom()

    # Parse parameters
    parsed_params = parse_api_params(params)

    case AshReports.Runner.run_report(
      MyApp.Domain,
      report_name_atom,
      parsed_params,
      format: format
    ) do
      {:ok, result} ->
        case format do
          :json ->
            json(conn, %{
              success: true,
              data: result.content,
              metadata: result.metadata
            })

          :pdf ->
            conn
            |> put_resp_content_type("application/pdf")
            |> send_resp(200, result.content)

          :html ->
            conn
            |> put_resp_content_type("text/html")
            |> send_resp(200, result.content)
        end

      {:error, error} ->
        conn
        |> put_status(:bad_request)
        |> json(%{
          success: false,
          error: %{
            message: "Failed to generate report",
            details: inspect(error)
          }
        })
    end
  end

  defp parse_api_params(params) do
    # Convert string keys to atoms and parse values
    Enum.reduce(params, %{}, fn {key, value}, acc ->
      Map.put(acc, String.to_existing_atom(key), value)
    end)
  end
end
API Router
# lib/my_app_web/router.ex
scope "/api", MyAppWeb.Api do
  pipe_through :api

  get "/reports", ReportsController, :index
  post "/reports/generate", ReportsController, :generate
end
API Usage Examples
# List available reports
curl http://localhost:4000/api/reports

# Generate report
curl -X POST http://localhost:4000/api/reports/generate \
  -H "Content-Type: application/json" \
  -d '{
    "report_name": "sales_report",
    "parameters": {
      "start_date": "2024-01-01",
      "end_date": "2024-12-31",
      "region": "North"
    },
    "format": "json"
  }'

# Generate PDF report
curl -X POST http://localhost:4000/api/reports/generate \
  -H "Content-Type: application/json" \
  -d '{
    "report_name": "sales_report",
    "parameters": {
      "start_date": "2024-01-01",
      "end_date": "2024-12-31"
    },
    "format": "pdf"
  }' \
  --output report.pdf

Authentication and Authorization
Using Ash Authentication
If using ash_authentication, integrate report permissions:
defmodule MyApp.Accounts.User do
  use Ash.Resource,
    extensions: [AshAuthentication]

  attributes do
    uuid_primary_key :id
    attribute :email, :string, allow_nil?: false
    attribute :role, :atom, constraints: [one_of: [:admin, :manager, :viewer]]
  end

  # Define permissions
  def can_view_reports?(%__MODULE__{role: role}) do
    role in [:admin, :manager, :viewer]
  end

  def can_export_reports?(%__MODULE__{role: role}) do
    role in [:admin, :manager]
  end
end
Controller Authorization
defmodule MyAppWeb.ReportsController do
  use MyAppWeb, :controller

  plug :require_authenticated_user
  plug :require_report_permission when action in [:show, :generate]

  defp require_authenticated_user(conn, _opts) do
    if conn.assigns[:current_user] do
      conn
    else
      conn
      |> put_flash(:error, "You must be logged in to access reports")
      |> redirect(to: ~p"/login")
      |> halt()
    end
  end

  defp require_report_permission(conn, _opts) do
    user = conn.assigns.current_user

    if MyApp.Accounts.User.can_view_reports?(user) do
      conn
    else
      conn
      |> put_status(:forbidden)
      |> put_flash(:error, "You don't have permission to view reports")
      |> redirect(to: ~p"/")
      |> halt()
    end
  end
end
Report-Level Permissions
Check permissions in report definitions:
report :financial_report do
  title "Financial Report"
  driving_resource MyApp.Financial.Transaction

  # Define required permissions
  permissions [:view_financial_reports, :view_sensitive_data]

  # ... rest of report definition
end
Then check in your controller:
def show(conn, %{"id" => report_name} = params) do
  report_name_atom = String.to_existing_atom(report_name)
  report = AshReports.Info.report(MyApp.Domain, report_name_atom)
  user = conn.assigns.current_user

  # Check if user has required permissions
  if has_required_permissions?(user, report.permissions) do
    # Generate report...
  else
    conn
    |> put_status(:forbidden)
    |> put_flash(:error, "You don't have the required permissions for this report")
    |> redirect(to: ~p"/reports")
  end
end

defp has_required_permissions?(user, required_permissions) do
  Enum.all?(required_permissions, fn perm ->
    perm in user.permissions
  end)
end
Deployment Considerations
Environment Configuration
# config/runtime.exs
import Config

if config_env() == :prod do
  config :ash_reports,
    # PDF generation may require chrome/chromium in production
    pdf_renderer: System.get_env("PDF_RENDERER", "typst"),

    # Timeouts for report generation
    generation_timeout: String.to_integer(System.get_env("REPORT_TIMEOUT", "60000")),

    # Memory limits
    max_memory_mb: String.to_integer(System.get_env("REPORT_MAX_MEMORY", "512"))
end
PDF Generation in Production
Note: AshReports has recently transitioned from ChromicPDF to Typst for PDF generation. Ensure Typst is available in your deployment environment.

# Dockerfile example
FROM elixir:1.16-alpine

# Install Typst for PDF generation
RUN apk add --no-cache typst

# ... rest of Dockerfile
Performance Optimization
# config/prod.exs
config :ash_reports,
  # Enable report caching (if implemented)
  cache_enabled: true,
  cache_ttl: :timer.minutes(15),

  # Async report generation
  async_generation: true,
  max_concurrent_reports: 5
Monitoring
Basic monitoring setup:
defmodule MyApp.Reports.Telemetry do
  def handle_event([:ash_reports, :generate, :start], measurements, metadata, _config) do
    # Log report generation start
    Logger.info("Starting report generation: #{metadata.report_name}")
  end

  def handle_event([:ash_reports, :generate, :stop], measurements, metadata, _config) do
    # Log report generation completion
    duration = measurements.duration
    Logger.info("Completed report generation: #{metadata.report_name} in #{duration}ms")
  end

  def handle_event([:ash_reports, :generate, :exception], measurements, metadata, _config) do
    # Log report generation errors
    Logger.error("Report generation failed: #{metadata.report_name} - #{inspect(metadata.reason)}")
  end
end
Note: Telemetry integration is basic. Advanced monitoring and performance tracking are planned - see ROADMAP.md Phase 6.

Troubleshooting
Common Integration Issues
Reports not generating in production:
	Check PDF renderer is properly installed (Typst)
	Verify memory limits are sufficient
	Check timeout settings
	Review logs for specific errors

Slow report generation:
	Add database indexes on group/sort fields
	Consider caching for frequently run reports
	Use streaming for large datasets (when available)
	Optimize queries and preloading

LiveView disconnections:
	Increase timeout for long-running reports
	Consider generating reports asynchronously
	Show progress indicators to users
	Handle disconnection gracefully

Parameter parsing errors:
	Validate parameter types match report definition
	Handle nil/empty values appropriately
	Provide clear error messages to users
	Use form validation before submission

Planned Integration Features
The following features are planned for future releases:
Scheduled Reports (Phase 9)
	Cron-style report scheduling
	Automated report delivery via email
	Report result caching

Enhanced LiveView (Phase 9)
	Real-time report updates
	Interactive drill-down
	Client-side filtering and sorting
	Export from LiveView

External Integrations (Phase 9)
	Webhook notifications
	Slack integration
	S3/cloud storage
	GraphQL API

See ROADMAP.md Phase 9 for complete details.
Next Steps
	Review Report Creation Guide to build reports
	Check out Advanced Features for formatting options
	Read ROADMAP.md for upcoming integration features
	See IMPLEMENTATION_STATUS.md for current status

See Also
	Phoenix Framework
	Phoenix LiveView
	Ash Authentication
	ROADMAP.md - Planned integration features
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    Performance Optimization

This guide covers performance best practices for AshReports, focusing on avoiding common pitfalls that can cause severe slowdowns with large datasets.
Table of Contents
	Understanding N+1 Query Problems
	Chart Data Source Optimization
	Using DataSourceHelpers
	Report Data Loading Best Practices
	Performance Monitoring

Understanding N+1 Query Problems
What is an N+1 Query Problem?
An N+1 query problem occurs when you load a collection of N records and then make an additional query for each record to load a relationship. This results in:
	1 query to load N records
	N queries to load relationships (one per record)
	Total: N+1 queries

Real-World Impact
With large datasets, this can cause catastrophic performance degradation:
	Records	Queries	Time (ETS)	Time (Database)
	100	101	~10ms	~1s
	1,000	1,001	~100ms	~10s
	10,000	10,001	~1s	~2min
	100,000	100,001	~10s	~20min
	325,000	325,001	~8min	Hours

Identifying N+1 Problems
Common Pattern (❌ Problematic):
# This loads relationships for EVERY record!
data_source(fn ->
  InvoiceLineItem
  |> Ash.Query.load(product: :category)  # N+1 problem!
  |> Ash.read!(domain: MyApp.Domain)
  |> process_data()
end)
Why This is Slow:
	Loads 325,000 line items
	Makes 325,000 queries to load products (one per line item!)
	Makes 325,000 more queries to load categories
	Total: ~650,000 queries → 8+ minutes

Chart Data Source Optimization
The Optimized Pattern
Instead of eagerly loading relationships, load them separately and join in memory:
data_source(fn ->
  # 1. Load main records WITHOUT relationships (1 query)
  source_records =
    InvoiceLineItem
    |> Ash.Query.new()
    |> Ash.read!(domain: MyApp.Domain)

  # 2. Extract unique related IDs (in-memory operation)
  product_ids =
    source_records
    |> Enum.map(& &1.product_id)
    |> Enum.reject(&is_nil/1)
    |> Enum.uniq()
  # With 325K line items, typically only ~1,000 unique products!

  # 3. Load related records once (1 query)
  products =
    Product
    |> Ash.Query.new()
    |> Ash.Query.load(:category)
    |> Ash.read!(domain: MyApp.Domain)
    |> Enum.filter(&(&1.id in product_ids))
    |> Map.new(fn product -> {product.id, product} end)

  # 4. Join in memory using lookup map (fast!)
  chart_data =
    source_records
    |> Enum.filter(&Map.has_key?(products, &1.product_id))
    |> Enum.group_by(fn item ->
      products[item.product_id].category.name
    end)
    |> Enum.map(fn {category, items} ->
      %{category: category, value: length(items)}
    end)

  {:ok, chart_data, %{source_records: length(source_records)}}
end)
Performance Improvement:
	Total queries: 3 (vs 650,000)
	Execution time: <1 second (vs 8+ minutes)
	~500x speedup!

Using DataSourceHelpers
AshReports provides the AshReports.Charts.DataSourceHelpers module to make this pattern easier.
Quick Start
alias AshReports.Charts.DataSourceHelpers

data_source(fn ->
  # Load records with optimized relationship loading
  {:ok, {line_items, products_map}} =
    DataSourceHelpers.load_with_relationship(
      InvoiceLineItem,
      Product,
      :product_id,
      domain: MyApp.Domain,
      preload: :category
    )

  # Use the lookup map to join in memory
  chart_data =
    line_items
    |> Enum.filter(&Map.has_key?(products_map, &1.product_id))
    |> Enum.group_by(fn item ->
      products_map[item.product_id].category.name
    end)
    |> Enum.map(fn {category, items} ->
      %{category: category, value: length(items)}
    end)

  {:ok, chart_data, %{source_records: length(line_items)}}
end)
Available Helper Functions
build_lookup_map/2
Creates a fast O(1) lookup map from a collection:
products = Ash.read!(Product, domain: MyApp.Domain)
products_map = DataSourceHelpers.build_lookup_map(products, :id)
# => %{1 => %Product{id: 1}, 2 => %Product{id: 2}, ...}

# Now lookup is O(1) instead of O(N)
product = products_map[line_item.product_id]
extract_unique_ids/2
Extracts unique IDs from a collection, filtering out nils:
product_ids = DataSourceHelpers.extract_unique_ids(line_items, :product_id)
# => [1, 2, 5, 8, 15, ...] (only unique IDs)
load_related_batch/4
Loads related records in a single query:
{:ok, products_map} = DataSourceHelpers.load_related_batch(
  line_items,
  :product_id,
  Product,
  domain: MyApp.Domain,
  preload: :category,
  key_field: :id
)
join_with_lookup/3
Joins collections using a lookup map:
joined = DataSourceHelpers.join_with_lookup(
  line_items,
  products_map,
  :product_id
)
# => [{line_item1, product1}, {line_item2, product2}, ...]
warn_if_loaded/2
Runtime check to detect N+1 issues:
InvoiceLineItem
|> Ash.read!(domain: MyApp.Domain)
|> DataSourceHelpers.warn_if_loaded([:product, :invoice])
# Logs warning if relationships are loaded
Complete Example with Helpers
bar_chart :product_sales_by_category do
  data_source(fn ->
    alias AshReports.Charts.DataSourceHelpers

    # Optimized loading with helpers
    {:ok, {line_items, products_map}} =
      DataSourceHelpers.load_with_relationship(
        InvoiceLineItem,
        Product,
        :product_id,
        domain: MyApp.Domain,
        preload: :category
      )

    # Group by category using the lookup map
    chart_data =
      line_items
      |> Enum.filter(&Map.has_key?(products_map, &1.product_id))
      |> Enum.group_by(fn item ->
        products_map[item.product_id].category.name
      end)
      |> Enum.map(fn {category, items} ->
        %{category: category, value: length(items)}
      end)
      |> Enum.sort_by(& &1.value, :desc)

    {:ok, chart_data, %{source_records: length(line_items)}}
  end)

  config do
    width 700
    height 450
    title "Sales by Product Category"
    type :simple
    orientation :vertical
  end
end
Report Data Loading Best Practices
Use Streaming for Large Reports
For reports with large datasets, use the streaming option:
{:ok, result} = AshReports.Runner.run_report(
  MyApp.Domain,
  :financial_summary,
  %{},
  format: :json,
  streaming: true,
  chunk_size: 500
)
Limit Data Early
Apply filters at the query level, not after loading:
# ✅ GOOD - Filter in the query
InvoiceLineItem
|> Ash.Query.filter(inserted_at >= ^start_date)
|> Ash.read!(domain: MyApp.Domain)

# ❌ BAD - Load everything then filter
InvoiceLineItem
|> Ash.read!(domain: MyApp.Domain)
|> Enum.filter(&(&1.inserted_at >= start_date))
Use Aggregates When Possible
Let the data layer do aggregations instead of loading all records:
# ✅ GOOD - Use Ash aggregates
Customer
|> Ash.Query.load(:invoice_count)

# ❌ BAD - Count in memory
customers = Ash.read!(Customer)
Enum.map(customers, fn customer ->
  invoice_count = customer.invoices |> length()
end)
Performance Monitoring
Add Telemetry Events
AshReports emits telemetry events for monitoring:
:telemetry.attach_many(
  "report-performance",
  [
    [:ash_reports, :runner, :data_loading, :stop],
    [:ash_reports, :runner, :rendering, :stop],
    [:ash_reports, :charts, :generate, :stop]
  ],
  fn event, measurements, metadata, _config ->
    stage = List.last(event)
    Logger.info("#{stage} took #{measurements.duration}ms")
  end,
  nil
)
Log Execution Time
Add timing to your data_source functions:
data_source(fn ->
  require Logger
  start = System.monotonic_time(:millisecond)

  # ... load data ...

  duration = System.monotonic_time(:millisecond) - start
  Logger.info("Chart data loaded in #{duration}ms")

  {:ok, chart_data, %{source_records: count, duration_ms: duration}}
end)
Monitor Record Counts
Return metadata about how many records were processed:
{:ok, chart_data, %{
  source_records: length(source_records),
  filtered_records: length(filtered_records),
  unique_products: length(product_ids)
}}
Checklist for Large Datasets
When working with datasets >10,000 records:
	[ ] Avoid using Ash.Query.load/2 in data_source functions
	[ ] Load relationships separately and join in memory
	[ ] Use DataSourceHelpers for common patterns
	[ ] Apply filters at the query level
	[ ] Use aggregates instead of loading all records
	[ ] Add telemetry monitoring
	[ ] Log execution times during development
	[ ] Test with production-size datasets
	[ ] Return record count metadata
	[ ] Consider streaming for very large reports

Common Pitfalls to Avoid
1. Loading Relationships Eagerly
# ❌ NEVER do this with large datasets
Ash.Query.load(product: [:category, :supplier, :reviews])
2. Multiple Passes Over Data
# ❌ BAD - Three passes over the same data
total = Enum.sum(items)
count = Enum.count(items)
average = total / count

# ✅ GOOD - One pass with Enum.reduce
{total, count} = Enum.reduce(items, {0, 0}, fn item, {sum, cnt} ->
  {sum + item.value, cnt + 1}
end)
3. Nested Enums
# ❌ BAD - O(N²) complexity
Enum.map(items, fn item ->
  related = Enum.find(others, &(&1.id == item.other_id))
end)

# ✅ GOOD - O(N) with lookup map
others_map = DataSourceHelpers.build_lookup_map(others, :id)
Enum.map(items, fn item ->
  related = others_map[item.other_id]
end)
Resources
	AshReports.Charts.DataSourceHelpers - API documentation
	Graphs and Visualizations Guide - Chart DSL documentation
	Ash Query Documentation - Query building guide
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    Architecture Overview

This guide provides a comprehensive overview of the AshReports architecture, explaining how the major components work together to transform declarative report definitions into rendered output.
Table of Contents
	System Architecture
	Core Concepts
	Data Flow
	Directory Structure
	Design Patterns
	Integration with Ash Framework

System Architecture
AshReports is built as a Spark DSL extension for the Ash Framework. It provides a declarative way to define reports that query Ash resources and render them to multiple output formats.
graph TB
    subgraph "Compile Time"
        DSL[DSL Definition<br/>reports do...end]
        TR[Transformers<br/>BuildReportModules]
        VR[Verifiers<br/>ValidateReports, ValidateBands, ValidateElements]
        GM[Generated Modules<br/>definition/0, run/2, render/3]
    end

    subgraph "Runtime"
        QB[QueryBuilder<br/>Generate Ash Queries]
        DL[DataLoader<br/>Execute & Process]
        CE[CalculationEngine<br/>Variables & Expressions]
        RC[RenderContext<br/>State Container]
        RP[RenderPipeline<br/>6-Stage Process]
    end

    subgraph "Renderers"
        HTML[IrHtmlRenderer]
        JSON[JsonRenderer]
        HEEX[HeexRenderer]
        PDF[PdfRenderer/Typst]
    end

    subgraph "Output"
        OH[HTML Document]
        OJ[JSON API]
        OX[HEEX Template]
        OP[PDF Document]
    end

    DSL --> TR
    TR --> VR
    VR --> GM
    GM --> QB
    QB --> DL
    DL --> CE
    CE --> RC
    RC --> RP
    RP --> HTML
    RP --> JSON
    RP --> HEEX
    RP --> PDF
    HTML --> OH
    JSON --> OJ
    HEEX --> OX
    PDF --> OP
Component Overview
	Component	Responsibility	Key Files
	DSL	Declarative report definitions	lib/ash_reports/dsl.ex
	Extension	Spark DSL integration	lib/ash_reports.ex, lib/ash_reports/reports/domain.ex
	Transformers	Generate runtime modules	lib/ash_reports/transformers/
	Verifiers	Compile-time validation	lib/ash_reports/verifiers/
	QueryBuilder	Generate Ash queries	lib/ash_reports/query_builder.ex
	DataLoader	Data fetching & processing	lib/ash_reports/data_loader/
	Renderers	Format-specific output	lib/ash_reports/renderers/
	Charts	Visualization generation	lib/ash_reports/charts/
	Layout	Positioning & IR	lib/ash_reports/layout/

Core Concepts
Reports
A Report is the top-level entity that defines what data to fetch and how to present it.
report :sales_report do
  title "Monthly Sales Report"
  driving_resource MyApp.Sales.Order

  parameters do
    parameter :start_date, :date, required: true
    parameter :end_date, :date, required: true
  end

  bands do
    # Report structure...
  end
end
Key attributes:
	driving_resource - The primary Ash resource to query
	parameters - Runtime inputs with validation
	bands - Hierarchical structure of the report
	variables - Accumulators (sum, count, avg, min, max)
	groups - Data grouping definitions

Bands
Bands are horizontal sections that make up the report structure. They are processed in a specific order:
graph TD
    T[Title Band] --> PH[Page Header]
    PH --> CH[Column Header]
    CH --> GH[Group Header]
    GH --> D[Detail Band]
    D --> GF[Group Footer]
    GF --> PF[Page Footer]
    PF --> S[Summary Band]
	Band Type	Occurrence	Purpose
	title	Once at start	Report title and metadata
	page_header	Each page	Running header
	column_header	Once or per page	Column labels
	group_header	Per group start	Group identification
	detail	Per record	Main data rows
	group_footer	Per group end	Group summaries
	page_footer	Each page	Page numbers, etc.
	summary	Once at end	Report totals

Elements
Elements are the content within bands. AshReports supports 13 element types:
	Category	Elements	Purpose
	Data	field, expression, aggregate	Display data values
	Text	label	Static text
	Visual	line, box, image	Visual elements
	Charts	bar_chart, line_chart, pie_chart, area_chart, scatter_chart, gantt_chart, sparkline	Visualizations

Variables
Variables accumulate values across report execution:
variable :total_sales do
  type :sum
  expression expr(amount)
  reset_on :group  # or :page, :report
end
Types: :sum, :count, :average, :min, :max, :custom
Groups
Groups organize data hierarchically:
group :by_region do
  expression expr(region)
  sort_direction :asc
end
Data Flow
The complete data flow from DSL definition to rendered output:
sequenceDiagram
    participant User
    participant DSL as DSL Definition
    participant Trans as Transformers
    participant Verify as Verifiers
    participant Gen as Generated Module
    participant QB as QueryBuilder
    participant DL as DataLoader
    participant Exec as Executor
    participant Grp as GroupProcessor
    participant Var as VariableState
    participant RC as RenderContext
    participant RP as RenderPipeline
    participant Rend as Renderer

    Note over DSL,Verify: Compile Time
    DSL->>Trans: Parse DSL
    Trans->>Gen: Generate Module
    Trans->>Verify: Validate Structure

    Note over User,Rend: Runtime
    User->>Gen: run(params)
    Gen->>QB: Build Query
    QB->>DL: Execute
    DL->>Exec: Run Ash Query
    Exec->>Grp: Process Groups
    Grp->>Var: Calculate Variables
    Var->>RC: Build Context
    RC->>RP: Execute Pipeline
    RP->>Rend: Render Format
    Rend->>User: Output
Phase Breakdown
Phase 1: Compile Time
	DSL is parsed by Spark framework
	BuildReportModules transformer generates a module per report
	Verifiers validate structure (unique names, required fields, band ordering)
	Generated module provides definition/0, run/2, render/3

Phase 2: Query Building
	Parameters are validated against definitions
	QueryBuilder generates Ash query from report definition
	Filters, sorts, and relationships are applied
	Scopes and pagination configured

Phase 3: Data Loading
	Executor runs Ash query (with streaming for large datasets)
	GroupProcessor detects group breaks
	VariableState calculates accumulators
	Results cached for performance

Phase 4: Rendering
	RenderContext assembled with data and config
	RenderPipeline executes 6 stages
	Format-specific renderer produces output
	Metadata and timing captured

Directory Structure
lib/ash_reports/
├── ash_reports.ex              # Main extension entry point
├── dsl.ex                      # DSL entity definitions (2,652 lines)
├── info.ex                     # Introspection via Spark.InfoGenerator
├── runner.ex                   # Report execution orchestration
├── query_builder.ex            # Ash query generation
├── application.ex              # Supervision tree
│
├── reports/                    # Core domain structures
│   ├── report.ex               # Report struct
│   ├── band.ex                 # Band hierarchy
│   ├── element.ex              # Element base
│   ├── element/                # 13 element types
│   ├── parameter.ex            # Runtime parameters
│   ├── variable.ex             # Accumulator variables
│   ├── group.ex                # Grouping definitions
│   └── domain.ex               # Domain extension
│
├── transformers/               # Compile-time processing
│   └── build_report_modules.ex
│
├── verifiers/                  # Compile-time validation
│   ├── validate_reports.ex
│   ├── validate_bands.ex
│   └── validate_elements.ex
│
├── data_loader/                # Data loading system
│   ├── data_loader.ex          # Orchestration
│   ├── executor.ex             # Query execution
│   ├── pipeline.ex             # Stream processing
│   ├── group_processor.ex      # Group handling
│   └── cache.ex                # Result caching
│
├── renderers/                  # Output renderers
│   ├── renderer.ex             # Behaviour definition
│   ├── render_context.ex       # State container
│   ├── render_pipeline.ex      # 6-stage pipeline
│   ├── ir_html_renderer.ex     # HTML output
│   ├── json_renderer/          # JSON API
│   ├── heex_renderer/          # Phoenix templates
│   └── pdf_renderer.ex         # PDF output
│
├── layout/                     # Layout system
│   ├── ir.ex                   # Intermediate representation
│   ├── grid.ex                 # CSS Grid layout
│   ├── table.ex                # Table layout
│   ├── stack.ex                # Flexbox-like layout
│   └── transformer.ex          # DSL to IR
│
├── charts/                     # Chart system
│   ├── charts.ex               # Main API
│   ├── registry.ex             # Type registry (GenServer)
│   ├── cache.ex                # SVG cache (GenServer)
│   ├── performance_monitor.ex  # Metrics (GenServer)
│   ├── types/                  # 7 chart implementations
│   └── configs/                # Ecto schema configs
│
├── engines/                    # Calculation engines
│   ├── calculation_engine.ex   # Expression evaluation
│   └── layout_engine.ex        # Positioning
│
├── typst/                      # PDF generation
│   ├── dsl_generator.ex        # DSL to Typst
│   ├── chart_embedder.ex       # SVG embedding
│   └── data_processor.ex       # Data conversion
│
└── live_view/                  # Phoenix LiveView
    ├── dashboard_live.ex       # Dashboard component
    └── chart_live_component.ex # Chart component
Design Patterns
1. Spark DSL Extension
AshReports uses the Spark framework for declarative DSL:
use Spark.Dsl.Extension,
  sections: [@reports_section],
  transformers: [AshReports.Transformers.BuildReportModules],
  verifiers: [
    AshReports.Verifiers.ValidateReports,
    AshReports.Verifiers.ValidateBands,
    AshReports.Verifiers.ValidateElements
  ]
This provides:
	Declarative syntax via macros
	Compile-time validation
	Introspection via Spark.InfoGenerator
	Module generation via transformers

2. Intermediate Representation (IR)
Layouts are normalized to IR before rendering:
graph LR
    DSL[DSL Entities<br/>Band, Element] --> Trans[Layout.Transformer]
    Trans --> IR[Layout.IR<br/>Normalized Structure]
    IR --> HTML[HTML Renderer]
    IR --> JSON[JSON Renderer]
    IR --> Typst[Typst Renderer]
Benefits:
	Single source of truth for layout
	Format-agnostic positioning
	Consistent output across renderers

3. Context-Based Rendering
RenderContext carries complete state through the pipeline:
%RenderContext{
  report: Report.t(),
  data_result: map(),
  config: RenderConfig.t(),
  current_record: map(),
  current_band: Band.t(),
  variables: map(),
  locale: String.t(),
  errors: [map()]
}
Benefits:
	Immutable state management
	Easy testing
	Clear data flow

4. Pipeline Architecture
The RenderPipeline uses a 6-stage process:
graph LR
    S1[1. Initialize] --> S2[2. Layout]
    S2 --> S3[3. Data Process]
    S3 --> S4[4. Element Render]
    S4 --> S5[5. Assembly]
    S5 --> S6[6. Finalize]
5. GenServer Infrastructure
Charts use three GenServers for runtime services:
graph TB
    Sup[AshReports.Supervisor]
    Sup --> Reg[Charts.Registry<br/>ETS-backed type registry]
    Sup --> Cache[Charts.Cache<br/>SVG caching with TTL]
    Sup --> PM[Charts.PerformanceMonitor<br/>Telemetry aggregation]
Integration with Ash Framework
AshReports integrates deeply with Ash:
Resource Queries
# Report definition
driving_resource MyApp.Sales.Order

# Generated query uses Ash
Ash.Query.new(Order)
|> Ash.Query.filter(^filter_expr)
|> Ash.Query.sort(^sort_expr)
|> Ash.Query.load(^relationships)
|> Ash.read!(domain)
Domain Extension
defmodule MyApp.Reporting do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    report :sales_report do
      # ...
    end
  end
end
Expressions
Report expressions use Ash.Expr:
variable :margin do
  expression expr(revenue - cost)
end

field :formatted_date do
  source :created_at
  format :date
end
Streaming
Large datasets use Ash.stream! for memory efficiency:
Order
|> Ash.Query.for_read(:list)
|> Ash.stream!(domain, batch_size: 100)
|> Stream.each(&process_record/1)
Next Steps
	DSL System - Deep dive into the DSL architecture
	Data Loading Pipeline - How data is fetched and processed
	Rendering System - The rendering pipeline
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    DSL and Extension Architecture

This guide explains how the AshReports declarative DSL works, including the Spark integration, entity definitions, transformers, and verifiers.
Table of Contents
	Spark DSL Integration
	DSL Entities
	Extension Architecture
	Transformers
	Verifiers
	Info Module and Introspection

Spark DSL Integration
AshReports uses the Spark framework to provide a declarative DSL. Spark enables:
	Compile-time macro expansion
	Entity and section definitions
	Automatic validation
	Introspection capabilities
	Module generation

Extension Definition
The main extension is defined in lib/ash_reports.ex:
defmodule AshReports do
  @reports_section AshReports.Dsl.reports_section()

  use Spark.Dsl.Extension,
    sections: [@reports_section],
    transformers: [
      AshReports.Transformers.BuildReportModules
    ],
    verifiers: [
      AshReports.Verifiers.ValidateReports,
      AshReports.Verifiers.ValidateBands,
      AshReports.Verifiers.ValidateElements
    ]
end
Domain Extension
AshReports.Domain provides the same capabilities for Ash domains:
defmodule AshReports.Domain do
  use Spark.Dsl.Extension,
    sections: [@reports_section],
    transformers: [AshReports.Transformers.BuildReportModules],
    verifiers: [
      AshReports.Verifiers.ValidateReports,
      AshReports.Verifiers.ValidateBands,
      AshReports.Verifiers.ValidateElements
    ]
end
Usage:
defmodule MyApp.Reporting do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    report :sales_report do
      # ...
    end
  end
end
DSL Entities
The DSL is defined in lib/ash_reports/dsl.ex (~2,652 lines). Here's the complete entity hierarchy:
graph TD
    RS[reports section]
    RS --> R[report entity]
    RS --> BC[bar_chart entity]
    RS --> LC[line_chart entity]
    RS --> PC[pie_chart entity]
    RS --> AC[area_chart entity]
    RS --> SC[scatter_chart entity]
    RS --> GC[gantt_chart entity]
    RS --> SL[sparkline entity]

    R --> P[parameters section]
    R --> B[bands section]
    R --> V[variables section]
    R --> G[groups section]
    R --> FS[format_specs section]

    P --> Param[parameter entity]
    B --> Band[band entity]
    V --> Var[variable entity]
    G --> Grp[group entity]
    FS --> Fmt[format_spec entity]

    Band --> E[elements section]
    Band --> SubB[nested bands]
    Band --> Grid[grids section]
    Band --> Tbl[tables section]
    Band --> Stk[stacks section]

    E --> Label[label]
    E --> Field[field]
    E --> Expr[expression]
    E --> Agg[aggregate]
    E --> Line[line]
    E --> Box[box]
    E --> Img[image]
    E --> Charts[chart elements]
Report Entity
The top-level report definition:
@report_entity %Spark.Dsl.Entity{
  name: :report,
  args: [:name],
  target: AshReports.Report,
  schema: [
    name: [type: :atom, required: true, doc: "Unique report identifier"],
    title: [type: :string, doc: "Display title"],
    description: [type: :string, doc: "Report description"],
    driving_resource: [type: :atom, required: true, doc: "Primary Ash resource"],
    base_filter: [type: {:fun, 1}, doc: "Base query filter function"],
    formats: [type: {:list, :atom}, default: [:html, :pdf, :json]],
    permissions: [type: {:list, :atom}, default: []],
    page_size: [type: :atom, default: :a4],
    orientation: [type: :atom, default: :portrait]
  ],
  entities: [
    parameters: [@parameter_entity],
    bands: [@band_entity],
    variables: [@variable_entity],
    groups: [@group_entity],
    format_specs: [@format_spec_entity]
  ]
}
Parameter Entity
Runtime parameters with validation:
@parameter_entity %Spark.Dsl.Entity{
  name: :parameter,
  args: [:name, :type],
  target: AshReports.Parameter,
  schema: [
    name: [type: :atom, required: true],
    type: [type: :atom, required: true],  # :string, :integer, :date, :datetime, etc.
    required: [type: :boolean, default: false],
    default: [type: :any],
    constraints: [type: :keyword_list, default: []],
    description: [type: :string]
  ]
}
Example:
parameter :start_date, :date do
  required true
  description "Report start date"
end

parameter :limit, :integer do
  default 100
  constraints min: 1, max: 1000
end
Band Entity
Hierarchical report sections:
@band_entity %Spark.Dsl.Entity{
  name: :band,
  args: [:name],
  target: AshReports.Band,
  recursive_as: :bands,  # Allows nested bands
  schema: [
    name: [type: :atom, required: true],
    type: [
      type: {:one_of, [
        :title, :page_header, :column_header, :group_header,
        :detail, :group_footer, :page_footer, :summary,
        :background, :watermark, :no_data
      ]},
      required: true
    ],
    height: [type: :pos_integer],
    visible: [type: :boolean, default: true],
    grow: [type: :boolean, default: false],
    shrink: [type: :boolean, default: false],
    group_level: [type: :pos_integer],  # For group_header/footer
    columns: [type: :pos_integer, default: 1]
  ],
  entities: [
    elements: @element_entities,
    grids: [@grid_entity],
    tables: [@table_entity],
    stacks: [@stack_entity]
  ]
}
Element Entities (13 Types)
Data Elements
# Field - Display data from resource
@field_entity %Spark.Dsl.Entity{
  name: :field,
  args: [:name],
  schema: [
    name: [type: :atom, required: true],
    source: [type: :atom, required: true],  # Field on resource
    format: [type: :atom],  # :currency, :percent, :date, :datetime, :number
    format_spec: [type: :atom],  # Reference to format_spec
    style: [type: :keyword_list, default: []]
  ]
}

# Expression - Calculated values
@expression_entity %Spark.Dsl.Entity{
  name: :expression,
  args: [:name],
  schema: [
    name: [type: :atom, required: true],
    value: [type: {:fun, 1}, required: true],  # expr(...)
    format: [type: :atom],
    style: [type: :keyword_list, default: []]
  ]
}

# Aggregate - Summary calculations
@aggregate_entity %Spark.Dsl.Entity{
  name: :aggregate,
  args: [:name],
  schema: [
    name: [type: :atom, required: true],
    type: [type: {:one_of, [:sum, :count, :avg, :min, :max]}, required: true],
    field: [type: :atom],
    expression: [type: {:fun, 1}],
    format: [type: :atom],
    style: [type: :keyword_list, default: []]
  ]
}
Text Elements
# Label - Static text
@label_entity %Spark.Dsl.Entity{
  name: :label,
  args: [:name],
  schema: [
    name: [type: :atom, required: true],
    text: [type: :string, required: true],
    style: [type: :keyword_list, default: []]
  ]
}
Visual Elements
# Line - Horizontal/vertical lines
@line_entity %Spark.Dsl.Entity{
  name: :line,
  args: [:name],
  schema: [
    name: [type: :atom, required: true],
    direction: [type: {:one_of, [:horizontal, :vertical]}, default: :horizontal],
    thickness: [type: :pos_integer, default: 1],
    color: [type: :string, default: "#000000"],
    style: [type: {:one_of, [:solid, :dashed, :dotted]}, default: :solid]
  ]
}

# Box - Container with borders
@box_entity %Spark.Dsl.Entity{
  name: :box,
  args: [:name],
  schema: [
    name: [type: :atom, required: true],
    width: [type: :pos_integer],
    height: [type: :pos_integer],
    border: [type: :keyword_list, default: []],
    background: [type: :string],
    padding: [type: :keyword_list, default: []]
  ]
}

# Image - External images
@image_entity %Spark.Dsl.Entity{
  name: :image,
  args: [:name],
  schema: [
    name: [type: :atom, required: true],
    source: [type: :string, required: true],  # Path or URL
    width: [type: :pos_integer],
    height: [type: :pos_integer],
    fit: [type: {:one_of, [:contain, :cover, :fill]}, default: :contain]
  ]
}
Chart Elements
Charts are referenced in bands by name:
# In band elements section
bar_chart :sales_by_region      # References chart defined at reports level
line_chart :monthly_trend
pie_chart :market_share
area_chart :cumulative_revenue
scatter_chart :correlation
gantt_chart :project_timeline
sparkline :trend_indicator
Chart Entities (Defined at Reports Level)
Charts are defined at the reports section level for reusability:
@bar_chart_entity %Spark.Dsl.Entity{
  name: :bar_chart,
  args: [:name],
  target: AshReports.Charts.Definitions.BarChart,
  schema: [
    name: [type: :atom, required: true],
    driving_resource: [type: :atom, required: true],
    base_filter: [type: {:fun, 1}],
    load_relationships: [type: {:list, :atom}, default: []]
  ],
  entities: [
    transform: [@transform_entity],
    config: [@bar_chart_config_entity]
  ]
}
Transform entity for data processing:
@transform_entity %Spark.Dsl.Entity{
  name: :transform,
  schema: [
    group_by: [type: {:or, [:atom, :tuple]}],
    as_category: [type: :atom],
    as_value: [type: :atom],
    as_x: [type: :atom],
    as_y: [type: :atom],
    sort_by: [type: {:or, [:atom, :tuple]}],
    limit: [type: :pos_integer]
  ],
  entities: [
    aggregates: [@aggregate_spec_entity]
  ]
}
Variable Entity
Accumulator variables for calculations:
@variable_entity %Spark.Dsl.Entity{
  name: :variable,
  args: [:name],
  target: AshReports.Variable,
  schema: [
    name: [type: :atom, required: true],
    type: [type: {:one_of, [:sum, :count, :average, :min, :max, :custom]}, required: true],
    expression: [type: {:fun, 1}],  # expr(field_name) or expr(a + b)
    initial_value: [type: :any, default: 0],
    reset_on: [type: {:one_of, [:detail, :group, :page, :report]}, default: :report]
  ]
}
Example:
variables do
  variable :running_total do
    type :sum
    expression expr(amount)
    reset_on :group
  end

  variable :record_count do
    type :count
    reset_on :report
  end

  variable :average_price do
    type :average
    expression expr(unit_price)
  end
end
Group Entity
Data grouping definitions:
@group_entity %Spark.Dsl.Entity{
  name: :group,
  args: [:name],
  target: AshReports.Group,
  schema: [
    name: [type: :atom, required: true],
    expression: [type: {:fun, 1}, required: true],
    sort_direction: [type: {:one_of, [:asc, :desc]}, default: :asc],
    level: [type: :pos_integer, default: 1]
  ]
}
Format Specification Entity
Custom formatting rules:
@format_spec_entity %Spark.Dsl.Entity{
  name: :format_spec,
  args: [:name],
  target: AshReports.FormatSpecification,
  schema: [
    name: [type: :atom, required: true],
    pattern: [type: :string],
    currency: [type: :atom],
    locale: [type: :string],
    conditions: [type: {:list, :map}, default: []]
  ]
}
Extension Architecture
graph TB
    subgraph "Compile Time Processing"
        DSL[DSL Code<br/>reports do...end]
        Parse[Spark Parser<br/>Macro Expansion]
        Entities[Entity Structs<br/>Report, Band, Element]
        Trans[Transformers<br/>BuildReportModules]
        Verify[Verifiers<br/>Validation]
        Gen[Generated Module<br/>definition/0, run/2]
    end

    DSL --> Parse
    Parse --> Entities
    Entities --> Trans
    Trans --> Gen
    Entities --> Verify
    Verify -->|Errors| CompileError[Compile Error]
    Verify -->|OK| Gen
Processing Order
	Spark Parser - Expands macros, builds entity structs
	Transformers - Run in order, can modify DSL state
	Verifiers - Run after transformers, validate final state
	Module Generation - Generated code compiled into BEAM

Transformers
Transformers process the DSL at compile time and can generate code.
BuildReportModules
Location: lib/ash_reports/transformers/build_report_modules.ex
This transformer generates a module for each report with:
defmodule MyApp.Reporting.Reports.SalesReport do
  @moduledoc "Generated module for sales_report"

  def definition do
    %AshReports.Report{
      name: :sales_report,
      title: "Sales Report",
      # ... all report metadata
    }
  end

  def run(params, opts \\ []) do
    # Execute report with parameters
    AshReports.Runner.run(__MODULE__, params, opts)
  end

  def render(data, format, opts \\ []) do
    # Render data to specified format
    AshReports.Runner.render(__MODULE__, data, format, opts)
  end

  def validate_params(params) do
    # Validate parameters against definitions
    AshReports.ParameterValidator.validate(definition(), params)
  end

  def build_query(params) do
    # Build Ash query for this report
    AshReports.QueryBuilder.build(definition(), params)
  end
end
Writing Custom Transformers
defmodule MyApp.Transformers.CustomTransformer do
  use Spark.Dsl.Transformer

  def transform(dsl_state) do
    reports = Spark.Dsl.Transformer.get_entities(dsl_state, [:reports])

    # Process reports...

    {:ok, dsl_state}
  end

  # Run after BuildReportModules
  def after?(AshReports.Transformers.BuildReportModules), do: true
  def after?(_), do: false
end
Verifiers
Verifiers validate the DSL at compile time and emit errors/warnings.
ValidateReports
Location: lib/ash_reports/verifiers/validate_reports.ex
Validates:
	Unique report names across domain
	Required fields present (name, driving_resource)
	Driving resource is a valid atom
	At least one detail band per report

defmodule AshReports.Verifiers.ValidateReports do
  use Spark.Dsl.Verifier

  def verify(dsl_state) do
    reports = Spark.Dsl.Transformer.get_entities(dsl_state, [:reports])

    with :ok <- validate_unique_names(reports),
         :ok <- validate_required_fields(reports),
         :ok <- validate_driving_resources(reports),
         :ok <- validate_detail_bands(reports) do
      :ok
    end
  end
end
ValidateBands
Location: lib/ash_reports/verifiers/validate_bands.ex
Validates:
	Unique band names within each report
	Valid band types
	Group bands have positive group_level
	Detail band numbers are sequential
	Title band is first, summary band is last

ValidateElements
Location: lib/ash_reports/verifiers/validate_elements.ex
Validates:
	Unique element names within bands
	Required element attributes present
	Chart references exist at reports level
	Expression syntax is valid

Info Module and Introspection
AshReports.Info provides runtime introspection via Spark.InfoGenerator:
defmodule AshReports.Info do
  use Spark.InfoGenerator,
    extension: AshReports,
    sections: [:reports]

  # Generated functions:
  # - reports(domain) -> [Report.t()]
  # - report(domain, name) -> {:ok, Report.t()} | :error
  # - charts(domain) -> [Chart.t()]
  # - chart(domain, name) -> {:ok, Chart.t()} | :error
end
Usage
# Get all reports
reports = AshReports.Info.reports(MyApp.Reporting)

# Get specific report
{:ok, report} = AshReports.Info.report(MyApp.Reporting, :sales_report)

# Get all charts
charts = AshReports.Info.charts(MyApp.Reporting)

# Access report metadata
report.title          # "Sales Report"
report.driving_resource  # MyApp.Sales.Order
report.bands          # [%Band{}, ...]
report.parameters     # [%Parameter{}, ...]
report.variables      # [%Variable{}, ...]
Additional Info Functions
# Get all band names
AshReports.Info.all_band_names(domain)

# Get all variable names
AshReports.Info.all_variable_names(domain)

# Get all parameter names
AshReports.Info.all_parameter_names(domain)

# Get driving resources
AshReports.Info.driving_resources(domain)
Complete DSL Example
defmodule MyApp.Reporting do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    # Chart definition (reusable)
    bar_chart :sales_by_region do
      driving_resource MyApp.Sales.Order

      transform do
        group_by :region
        as_category :group_key
        as_value :total

        aggregates do
          aggregate type: :sum, field: :amount, as: :total
        end
      end

      config do
        width 800
        height 400
        title "Sales by Region"
        colours ["4285F4", "EA4335", "FBBC04"]
      end
    end

    # Report definition
    report :quarterly_sales do
      title "Quarterly Sales Report"
      description "Sales analysis by region and product"
      driving_resource MyApp.Sales.Order

      formats [:html, :pdf, :json]
      page_size :a4
      orientation :landscape

      parameters do
        parameter :quarter, :integer do
          required true
          constraints min: 1, max: 4
        end

        parameter :year, :integer do
          required true
        end

        parameter :region, :string do
          default "all"
        end
      end

      groups do
        group :by_region do
          expression expr(region)
          sort_direction :asc
        end
      end

      variables do
        variable :total_sales do
          type :sum
          expression expr(amount)
          reset_on :report
        end

        variable :group_total do
          type :sum
          expression expr(amount)
          reset_on :group
        end

        variable :record_count do
          type :count
        end
      end

      bands do
        band :title do
          type :title
          height 60

          elements do
            label :report_title do
              text "Quarterly Sales Report"
              style font_size: 24, font_weight: :bold
            end
          end
        end

        band :column_headers do
          type :column_header
          height 30

          elements do
            label :col_region do
              text "Region"
              style font_weight: :bold
            end

            label :col_amount do
              text "Amount"
              style font_weight: :bold
            end
          end
        end

        band :group_header do
          type :group_header
          group_level 1
          height 25

          elements do
            field :region_name do
              source :region
              style font_weight: :bold, background: "#f0f0f0"
            end
          end
        end

        band :detail do
          type :detail
          height 20

          elements do
            field :product_name do
              source :product_name
            end

            field :sale_amount do
              source :amount
              format :currency
            end
          end
        end

        band :group_footer do
          type :group_footer
          group_level 1
          height 25

          elements do
            label :group_total_label do
              text "Region Total:"
              style font_weight: :bold
            end

            aggregate :group_sum do
              type :sum
              field :amount
              format :currency
            end
          end
        end

        band :chart_band do
          type :detail

          elements do
            bar_chart :sales_by_region
          end
        end

        band :summary do
          type :summary
          height 40

          elements do
            label :grand_total_label do
              text "Grand Total:"
              style font_size: 16, font_weight: :bold
            end

            aggregate :grand_total do
              type :sum
              field :amount
              format :currency
              style font_size: 16, font_weight: :bold
            end
          end
        end
      end
    end
  end
end
Next Steps
	Data Loading Pipeline - How data is fetched and processed
	Rendering System - The rendering pipeline
	Chart System - Chart architecture
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    Data Loading Pipeline

This guide explains how AshReports fetches and processes data from Ash resources, including query building, execution, grouping, and variable calculation.
Table of Contents
	Pipeline Overview
	QueryBuilder
	DataLoader
	Executor
	GroupProcessor
	VariableState
	DependencyResolver
	Caching and Performance

Pipeline Overview
The data loading pipeline transforms a report definition and parameters into processed data ready for rendering:
graph TB
    subgraph "Input"
        RD[Report Definition]
        P[Parameters]
    end

    subgraph "Query Building"
        QB[QueryBuilder]
        AQ[Ash.Query]
    end

    subgraph "Execution"
        EX[Executor]
        Stream[Ash.stream!]
        Batch[Batch Loading]
    end

    subgraph "Processing"
        GP[GroupProcessor]
        VS[VariableState]
        DR[DependencyResolver]
    end

    subgraph "Output"
        Result[DataLoader Result<br/>records, variables, groups, metadata]
    end

    RD --> QB
    P --> QB
    QB --> AQ
    AQ --> EX
    EX --> Stream
    Stream --> GP
    GP --> VS
    VS --> DR
    DR --> Result
    Batch --> GP
DataLoader Result Structure
%{
  records: [%{field1: val1, ...}, ...],      # Processed records
  variables: %{total: 1000, count: 10, ...}, # Calculated variables
  groups: %{                                   # Grouped data
    "Region A" => %{
      records: [...],
      aggregates: %{sum: 500, count: 5}
    },
    "Region B" => %{...}
  },
  metadata: %{                                 # Performance metrics
    record_count: 100,
    processing_time_ms: 150,
    cache_hit: false
  }
}
QueryBuilder
Location: lib/ash_reports/query_builder.ex
QueryBuilder generates Ash queries from report definitions.
Building Queries
defmodule AshReports.QueryBuilder do
  def build(report, params) do
    report.driving_resource
    |> Ash.Query.new()
    |> apply_base_filter(report, params)
    |> apply_parameter_filters(report, params)
    |> apply_sorts(report)
    |> apply_loads(report)
    |> apply_pagination(report, params)
  end
end
Base Filter
The report's base_filter is a function that receives params:
# In report definition
base_filter(fn params ->
  import Ash.Query
  MyApp.Order
  |> filter(status == :completed)
  |> filter(created_at >= ^params[:start_date])
end)

# QueryBuilder applies it
defp apply_base_filter(query, report, params) do
  case report.base_filter do
    nil -> query
    filter_fn -> filter_fn.(params)
  end
end
Parameter Filters
Parameters can define filters:
parameter :region, :string do
  filter expr(region == ^value)
end

# Applied in QueryBuilder
defp apply_parameter_filters(query, report, params) do
  Enum.reduce(report.parameters, query, fn param, q ->
    case Map.get(params, param.name) do
      nil -> q
      value -> apply_param_filter(q, param, value)
    end
  end)
end
Relationship Loading
defp apply_loads(query, report) do
  loads = extract_required_loads(report)
  Ash.Query.load(query, loads)
end

defp extract_required_loads(report) do
  report.bands
  |> Enum.flat_map(&extract_band_loads/1)
  |> Enum.uniq()
end
DataLoader
Location: lib/ash_reports/data_loader/data_loader.ex
DataLoader orchestrates the complete data loading process.
Main API
defmodule AshReports.DataLoader do
  def load_report(domain, report_name, params, opts \\ []) do
    with {:ok, report} <- get_report(domain, report_name),
         {:ok, params} <- validate_params(report, params),
         {:ok, query} <- build_query(report, params),
         {:ok, data} <- execute_query(domain, query, opts),
         {:ok, grouped} <- process_groups(report, data),
         {:ok, variables} <- calculate_variables(report, grouped) do
      {:ok, build_result(data, grouped, variables)}
    end
  end
end
Pipeline Stages
sequenceDiagram
    participant C as Caller
    participant DL as DataLoader
    participant QB as QueryBuilder
    participant EX as Executor
    participant GP as GroupProcessor
    participant VS as VariableState

    C->>DL: load_report(domain, name, params)
    DL->>DL: validate_params()
    DL->>QB: build(report, params)
    QB-->>DL: Ash.Query
    DL->>EX: execute(domain, query)
    EX-->>DL: records
    DL->>GP: process(report, records)
    GP-->>DL: grouped_data
    DL->>VS: calculate(report, grouped_data)
    VS-->>DL: variables
    DL-->>C: {:ok, result}
Executor
Location: lib/ash_reports/data_loader/executor.ex
Executor handles query execution with streaming support.
Standard Execution
defmodule AshReports.DataLoader.Executor do
  def execute(domain, query, opts \\ []) do
    case Keyword.get(opts, :stream, false) do
      false -> execute_batch(domain, query)
      true -> execute_stream(domain, query, opts)
    end
  end

  defp execute_batch(domain, query) do
    case Ash.read(query, domain: domain) do
      {:ok, records} -> {:ok, records}
      {:error, error} -> {:error, error}
    end
  end
end
Streaming Execution
For large datasets, streaming uses Ash.stream!:
defp execute_stream(domain, query, opts) do
  batch_size = Keyword.get(opts, :batch_size, 100)

  stream =
    query
    |> Ash.Query.for_read(:read)
    |> Ash.stream!(domain, batch_size: batch_size)

  {:ok, stream}
end
Batch Loading Relationships
def load_relationships(records, loads, domain) do
  records
  |> Enum.chunk_every(100)
  |> Enum.flat_map(fn batch ->
    Ash.load!(batch, loads, domain: domain)
  end)
end
GroupProcessor
Location: lib/ash_reports/data_loader/group_processor.ex
GroupProcessor organizes records into groups based on report group definitions.
Group Processing Flow
graph TD
    Records[Input Records] --> Sort[Sort by Group Fields]
    Sort --> Iterate[Iterate Records]
    Iterate --> Check{Group Break?}
    Check -->|Yes| Close[Close Current Group]
    Close --> Open[Open New Group]
    Open --> Add[Add Record to Group]
    Check -->|No| Add
    Add --> Next{More Records?}
    Next -->|Yes| Iterate
    Next -->|No| Final[Finalize Groups]
    Final --> Agg[Calculate Group Aggregates]
    Agg --> Output[Grouped Data]
Implementation
defmodule AshReports.DataLoader.GroupProcessor do
  def process(report, records) do
    case report.groups do
      [] -> {:ok, %{default: %{records: records}}}
      groups -> process_groups(records, groups)
    end
  end

  defp process_groups(records, groups) do
    sorted = sort_by_groups(records, groups)

    {grouped, _} =
      Enum.reduce(sorted, {%{}, nil}, fn record, {acc, prev_key} ->
        key = extract_group_key(record, groups)

        if key != prev_key do
          # Group break detected
          acc = close_group(acc, prev_key)
          acc = open_group(acc, key)
          {add_to_group(acc, key, record), key}
        else
          {add_to_group(acc, key, record), key}
        end
      end)

    {:ok, calculate_group_aggregates(grouped)}
  end
end
Multi-Level Grouping
# Report with nested groups
groups do
  group :by_region do
    expression expr(region)
    level 1
  end

  group :by_product do
    expression expr(product_category)
    level 2
  end
end

# Results in nested structure
%{
  "North" => %{
    records: [...],
    subgroups: %{
      "Electronics" => %{records: [...], aggregates: %{}},
      "Clothing" => %{records: [...], aggregates: %{}}
    },
    aggregates: %{sum: 1000, count: 50}
  }
}
VariableState
Location: lib/ash_reports/reports/variable_state.ex
VariableState manages accumulator variables during report execution.
Variable Types
	Type	Calculation	Initial
	:sum	Running total	0
	:count	Record count	0
	:average	Running average	{0, 0} (sum, count)
	:min	Minimum value	nil
	:max	Maximum value	nil
	:custom	User function	configurable

Calculation Flow
graph LR
    Init[Initialize Variables] --> Process[Process Record]
    Process --> Eval[Evaluate Expression]
    Eval --> Update[Update Accumulator]
    Update --> Check{Reset Scope?}
    Check -->|Yes| Reset[Reset Variable]
    Check -->|No| Next[Next Record]
    Reset --> Next
    Next --> Process
Implementation
defmodule AshReports.VariableState do
  defstruct [:variables, :values, :scope_stack]

  def new(report) do
    variables = report.variables
    values = initialize_values(variables)
    %__MODULE__{variables: variables, values: values, scope_stack: []}
  end

  def process_record(state, record, scope_context) do
    state
    |> check_scope_resets(scope_context)
    |> update_variables(record)
  end

  defp update_variables(state, record) do
    Enum.reduce(state.variables, state, fn var, acc ->
      value = evaluate_expression(var.expression, record)
      update_accumulator(acc, var, value)
    end)
  end

  defp update_accumulator(state, %{type: :sum, name: name}, value) do
    current = Map.get(state.values, name, 0)
    put_value(state, name, current + value)
  end

  defp update_accumulator(state, %{type: :count, name: name}, _value) do
    current = Map.get(state.values, name, 0)
    put_value(state, name, current + 1)
  end

  defp update_accumulator(state, %{type: :average, name: name}, value) do
    {sum, count} = Map.get(state.values, name, {0, 0})
    put_value(state, name, {sum + value, count + 1})
  end
end
Scope Resets
Variables reset based on their reset_on setting:
defp check_scope_resets(state, %{scope_change: :group, group_level: level}) do
  Enum.reduce(state.variables, state, fn var, acc ->
    if var.reset_on == :group and var.group_level <= level do
      reset_variable(acc, var)
    else
      acc
    end
  end)
end
DependencyResolver
Location: lib/ash_reports/dependency_resolver.ex
DependencyResolver performs topological sort on variable dependencies.
Why Dependency Resolution?
Variables can depend on other variables:
variable :subtotal do
  type :sum
  expression expr(quantity * unit_price)
end

variable :tax do
  type :custom
  expression expr(subtotal * 0.1)  # Depends on subtotal
end

variable :total do
  type :custom
  expression expr(subtotal + tax)  # Depends on subtotal and tax
end
Topological Sort
graph TD
    S[subtotal] --> T[tax]
    S --> Tot[total]
    T --> Tot

    subgraph "Calculation Order"
        O1[1. subtotal]
        O2[2. tax]
        O3[3. total]
    end
Implementation
defmodule AshReports.DependencyResolver do
  def resolve(variables) do
    graph = build_dependency_graph(variables)
    topological_sort(graph)
  end

  defp build_dependency_graph(variables) do
    Enum.reduce(variables, %{}, fn var, graph ->
      deps = extract_dependencies(var.expression, variables)
      Map.put(graph, var.name, deps)
    end)
  end

  defp topological_sort(graph) do
    # Kahn's algorithm
    {sorted, remaining} = do_sort(graph, [], find_roots(graph))

    case map_size(remaining) do
      0 -> {:ok, sorted}
      _ -> {:error, :circular_dependency}
    end
  end
end
Caching and Performance
Result Caching
Location: lib/ash_reports/data_loader/cache.ex
defmodule AshReports.DataLoader.Cache do
  use GenServer

  def get(key) do
    case :ets.lookup(@table, key) do
      [{^key, value, expires_at}] when expires_at > now() ->
        {:ok, value}
      _ ->
        :miss
    end
  end

  def put(key, value, ttl \\ @default_ttl) do
    expires_at = now() + ttl
    :ets.insert(@table, {key, value, expires_at})
    :ok
  end
end
Cache Key Generation
def cache_key(report_name, params) do
  :crypto.hash(:sha256, :erlang.term_to_binary({report_name, params}))
  |> Base.encode16()
end
Performance Monitoring
Location: lib/ash_reports/data_loader/monitor.ex
defmodule AshReports.DataLoader.Monitor do
  def track(operation, fun) do
    start = System.monotonic_time()
    result = fun.()
    duration = System.monotonic_time() - start

    :telemetry.execute(
      [:ash_reports, :data_loader, operation],
      %{duration: duration},
      %{}
    )

    result
  end
end
Telemetry Events
	Event	Measurements	Metadata
	[:ash_reports, :data_loader, :query]	duration	report_name
	[:ash_reports, :data_loader, :execute]	duration, record_count	report_name
	[:ash_reports, :data_loader, :group]	duration, group_count	report_name
	[:ash_reports, :data_loader, :variables]	duration	report_name
	[:ash_reports, :data_loader, :cache_hit]	-	report_name
	[:ash_reports, :data_loader, :cache_miss]	-	report_name

Usage Example
# Load report data
{:ok, result} = AshReports.DataLoader.load_report(
  MyApp.Reporting,
  :sales_report,
  %{start_date: ~D[2024-01-01], end_date: ~D[2024-12-31]},
  stream: true,
  batch_size: 500,
  cache_ttl: :timer.minutes(5)
)

# Access results
Enum.count(result.records)          # 1000
result.variables.total_sales        # Decimal.new("150000.00")
result.groups["North"].aggregates   # %{sum: 50000, count: 250}
result.metadata.processing_time_ms  # 250
Next Steps
	Rendering System - How data is rendered
	Layout System - Layout computation
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    Rendering Pipeline

This guide explains how AshReports renders processed data to different output formats through the rendering pipeline.
Table of Contents
	Pipeline Overview
	RenderContext
	RenderConfig
	RenderPipeline
	Renderer Behaviour
	Format-Specific Renderers
	RendererIntegration

Pipeline Overview
The rendering system transforms processed data into format-specific output:
graph TB
    subgraph "Input"
        Data[DataLoader Result]
        Report[Report Definition]
        Config[RenderConfig]
    end

    subgraph "Context Creation"
        RC[RenderContext<br/>Immutable State Container]
    end

    subgraph "RenderPipeline (6 Stages)"
        S1[1. Initialize]
        S2[2. Layout]
        S3[3. Data Process]
        S4[4. Element Render]
        S5[5. Assembly]
        S6[6. Finalize]
    end

    subgraph "Format Renderers"
        HTML[IrHtmlRenderer]
        JSON[JsonRenderer]
        HEEX[HeexRenderer]
        PDF[PdfRenderer]
    end

    subgraph "Output"
        OH[HTML Document]
        OJ[JSON Data]
        OX[HEEX Template]
        OP[PDF File]
    end

    Data --> RC
    Report --> RC
    Config --> RC
    RC --> S1
    S1 --> S2
    S2 --> S3
    S3 --> S4
    S4 --> S5
    S5 --> S6
    S6 --> HTML
    S6 --> JSON
    S6 --> HEEX
    S6 --> PDF
    HTML --> OH
    JSON --> OJ
    HEEX --> OX
    PDF --> OP
RenderContext
Location: lib/ash_reports/renderers/render_context.ex
RenderContext is the central immutable state container that carries all information through the rendering pipeline.
Structure
defmodule AshReports.RenderContext do
  defstruct [
    # Report definition
    :report,

    # Data from DataLoader
    :data_result,
    :records,
    :variables,
    :groups,

    # Configuration
    :config,

    # Current state during rendering
    :current_record,
    :current_record_index,
    :current_band,
    :current_group,
    :current_group_level,

    # Layout state
    :layout_state,
    :current_position,
    :page_dimensions,

    # Rendered content
    :rendered_elements,
    :pending_elements,

    # Localization
    :locale,
    :text_direction,
    :locale_metadata,

    # Error tracking
    :errors,
    :warnings
  ]
end
Creating Context
def new(report, data_result, config) do
  %__MODULE__{
    report: report,
    data_result: data_result,
    records: data_result.records,
    variables: data_result.variables,
    groups: data_result.groups,
    config: config,
    current_record: nil,
    current_record_index: 0,
    current_band: nil,
    layout_state: %{},
    current_position: %{x: 0, y: 0},
    page_dimensions: page_dimensions(config),
    rendered_elements: [],
    pending_elements: [],
    locale: config.locale || "en",
    text_direction: text_direction(config.locale),
    errors: [],
    warnings: []
  }
end
Context Updates
Context is immutable - updates return new structs:
def set_current_record(context, record, index) do
  %{context | current_record: record, current_record_index: index}
end

def set_current_band(context, band) do
  %{context | current_band: band}
end

def add_rendered_element(context, element) do
  %{context | rendered_elements: [element | context.rendered_elements]}
end

def add_error(context, error) do
  %{context | errors: [error | context.errors]}
end
Accessing Data
def get_field_value(context, field_name) do
  case context.current_record do
    nil -> nil
    record -> Map.get(record, field_name)
  end
end

def get_variable_value(context, variable_name) do
  Map.get(context.variables, variable_name)
end

def get_group_value(context, group_name) do
  Map.get(context.groups, group_name)
end
RenderConfig
Location: lib/ash_reports/renderers/render_config.ex
RenderConfig holds all configuration for rendering.
Structure
defmodule AshReports.RenderConfig do
  defstruct [
    # Output format
    format: :html,

    # Page layout
    page_size: :a4,
    orientation: :portrait,
    margins: %{top: 20, right: 20, bottom: 20, left: 20},

    # Typography
    font_family: "Arial",
    font_size: 12,
    line_height: 1.5,

    # Colors
    primary_color: "#333333",
    background_color: "#ffffff",

    # Performance
    streaming: false,
    batch_size: 100,
    memory_limit: nil,

    # Localization
    locale: "en",
    timezone: "UTC",

    # Debug
    debug: false,
    include_metadata: false
  ]
end
Preset Configurations
def for_large_dataset do
  %__MODULE__{
    streaming: true,
    batch_size: 500,
    memory_limit: 100_000_000  # 100MB
  }
end

def for_debugging do
  %__MODULE__{
    debug: true,
    include_metadata: true
  }
end

def for_production do
  %__MODULE__{
    streaming: true,
    debug: false,
    include_metadata: false
  }
end
RenderPipeline
Location: lib/ash_reports/renderers/render_pipeline.ex
RenderPipeline orchestrates the 6-stage rendering process.
Pipeline Stages
graph TD
    subgraph "Stage 1: Initialize"
        I1[Validate Context]
        I2[Reset State]
        I3[Setup Renderer]
    end

    subgraph "Stage 2: Layout"
        L1[Calculate Band Positions]
        L2[Element Positioning]
        L3[Detect Overflows]
    end

    subgraph "Stage 3: Data Process"
        D1[Iterate Records]
        D2[Set Current Record]
        D3[Resolve Variables]
    end

    subgraph "Stage 4: Element Render"
        E1[Render Individual Elements]
        E2[Format Values]
        E3[Apply Styles]
    end

    subgraph "Stage 5: Assembly"
        A1[Call Renderer]
        A2[Format-Specific Logic]
        A3[Generate Output]
    end

    subgraph "Stage 6: Finalize"
        F1[Generate Metadata]
        F2[Cleanup Resources]
        F3[Return Result]
    end

    I1 --> I2 --> I3
    I3 --> L1 --> L2 --> L3
    L3 --> D1 --> D2 --> D3
    D3 --> E1 --> E2 --> E3
    E3 --> A1 --> A2 --> A3
    A3 --> F1 --> F2 --> F3
Implementation
defmodule AshReports.RenderPipeline do
  def execute(context, renderer) do
    context
    |> stage_initialize(renderer)
    |> stage_layout()
    |> stage_data_process()
    |> stage_element_render()
    |> stage_assembly(renderer)
    |> stage_finalize()
  end

  defp stage_initialize(context, renderer) do
    with :ok <- validate_context(context),
         :ok <- renderer.validate_context(context),
         {:ok, context} <- renderer.prepare(context) do
      {:ok, context}
    end
  end

  defp stage_layout({:ok, context}) do
    layout_state = AshReports.LayoutEngine.calculate(context)
    {:ok, %{context | layout_state: layout_state}}
  end

  defp stage_data_process({:ok, context}) do
    processed =
      Enum.reduce(context.records, context, fn record, ctx ->
        ctx
        |> set_current_record(record, ctx.current_record_index + 1)
        |> resolve_variables_for_record()
      end)

    {:ok, processed}
  end

  defp stage_element_render({:ok, context}) do
    rendered =
      Enum.reduce(context.report.bands, context, fn band, ctx ->
        render_band(ctx, band)
      end)

    {:ok, rendered}
  end

  defp stage_assembly({:ok, context}, renderer) do
    case renderer.render_with_context(context) do
      {:ok, content} -> {:ok, context, content}
      {:error, error} -> {:error, error}
    end
  end

  defp stage_finalize({:ok, context, content}) do
    {:ok, %{
      content: content,
      metadata: build_metadata(context),
      context: context
    }}
  end
end
Error Handling Strategies
defmodule AshReports.RenderPipeline do
  @strategies [:fail_fast, :continue_on_error, :collect_errors]

  def execute(context, renderer, opts \\ []) do
    strategy = Keyword.get(opts, :error_strategy, :fail_fast)

    case strategy do
      :fail_fast -> execute_fail_fast(context, renderer)
      :continue_on_error -> execute_continue(context, renderer)
      :collect_errors -> execute_collect(context, renderer)
    end
  end
end
Renderer Behaviour
Location: lib/ash_reports/renderers/renderer.ex
All renderers implement this behaviour:
defmodule AshReports.Renderer do
  @callback render_with_context(RenderContext.t()) ::
    {:ok, String.t()} | {:error, term()}

  @callback supports_streaming?() :: boolean()

  @callback file_extension() :: String.t()

  @callback content_type() :: String.t()

  # Optional callbacks
  @optional_callbacks validate_context: 1, prepare: 1, cleanup: 2

  @callback validate_context(RenderContext.t()) :: :ok | {:error, term()}

  @callback prepare(RenderContext.t()) :: {:ok, RenderContext.t()} | {:error, term()}

  @callback cleanup(RenderContext.t(), term()) :: :ok
end
Implementing a Renderer
defmodule MyApp.CustomRenderer do
  @behaviour AshReports.Renderer

  @impl true
  def render_with_context(context) do
    content = build_output(context)
    {:ok, content}
  end

  @impl true
  def supports_streaming?, do: false

  @impl true
  def file_extension, do: ".custom"

  @impl true
  def content_type, do: "application/x-custom"

  @impl true
  def validate_context(context) do
    # Custom validation
    :ok
  end
end
Format-Specific Renderers
IrHtmlRenderer
Location: lib/ash_reports/renderers/ir_html_renderer.ex
Renders Layout IR to HTML with CSS Grid:
defmodule AshReports.Renderers.IrHtmlRenderer do
  @behaviour AshReports.Renderer

  @impl true
  def render_with_context(context) do
    ir = AshReports.Layout.Transformer.to_ir(context)

    html =
      ir
      |> render_document()
      |> wrap_with_styles(context.config)

    {:ok, html}
  end

  defp render_document(ir) do
    """
    <!DOCTYPE html>
    <html>
    <head>#{render_head(ir)}</head>
    <body>#{render_body(ir)}</body>
    </html>
    """
  end

  defp render_body(ir) do
    ir.bands
    |> Enum.map(&render_band/1)
    |> Enum.join("\n")
  end

  defp render_band(%{type: type, elements: elements}) do
    """
    <div class="band band-#{type}">
      #{render_elements(elements)}
    </div>
    """
  end
end
JsonRenderer
Location: lib/ash_reports/renderers/json_renderer/json_renderer.ex
Serializes Layout IR to JSON:
defmodule AshReports.Renderers.JsonRenderer do
  @behaviour AshReports.Renderer

  @impl true
  def render_with_context(context) do
    ir = AshReports.Layout.Transformer.to_ir(context)

    json_data = %{
      report: serialize_report(context.report),
      bands: Enum.map(ir.bands, &serialize_band/1),
      records: context.records,
      variables: context.variables,
      groups: serialize_groups(context.groups),
      metadata: build_metadata(context)
    }

    {:ok, Jason.encode!(json_data)}
  end

  defp serialize_band(band) do
    %{
      name: band.name,
      type: band.type,
      elements: Enum.map(band.elements, &serialize_element/1)
    }
  end
end
HeexRenderer
Location: lib/ash_reports/renderers/heex_renderer/heex_renderer.ex
Generates Phoenix HEEX templates:
defmodule AshReports.Renderers.HeexRenderer do
  @behaviour AshReports.Renderer

  @impl true
  def render_with_context(context) do
    template = generate_heex_template(context)
    {:ok, template}
  end

  defp generate_heex_template(context) do
    """
    <div class="report" id="report-#{context.report.name}">
      <%= for band <- @bands do %>
        <.band band={band} records={@records} />
      <% end %>
    </div>
    """
  end
end
PdfRenderer / Typst
Location: lib/ash_reports/renderers/pdf_renderer.ex
Generates PDF via Typst:
defmodule AshReports.Renderers.PdfRenderer do
  @behaviour AshReports.Renderer

  @impl true
  def render_with_context(context) do
    typst_content = AshReports.Typst.DSLGenerator.generate(context)
    AshReports.Typst.BinaryWrapper.compile(typst_content)
  end
end
RendererIntegration
Location: lib/ash_reports/renderers/renderer_integration.ex
Bridges DataLoader and Rendering:
defmodule AshReports.RendererIntegration do
  def render_report(domain, report_name, params, opts \\ []) do
    format = Keyword.get(opts, :format, :html)
    renderer = get_renderer(format)

    with {:ok, data_result} <- DataLoader.load_report(domain, report_name, params, opts),
         {:ok, report} <- get_report(domain, report_name),
         config <- build_config(opts),
         context <- RenderContext.new(report, data_result, config),
         {:ok, result} <- RenderPipeline.execute(context, renderer) do
      {:ok, result}
    end
  end

  defp get_renderer(:html), do: AshReports.Renderers.IrHtmlRenderer
  defp get_renderer(:json), do: AshReports.Renderers.JsonRenderer
  defp get_renderer(:heex), do: AshReports.Renderers.HeexRenderer
  defp get_renderer(:pdf), do: AshReports.Renderers.PdfRenderer
end
Usage
# Render to HTML
{:ok, result} = AshReports.RendererIntegration.render_report(
  MyApp.Reporting,
  :sales_report,
  %{year: 2024},
  format: :html
)

# Access output
result.content      # HTML string
result.metadata     # %{render_time: 150, format: :html, ...}
result.context      # Final RenderContext

# Render to PDF
{:ok, pdf_result} = AshReports.RendererIntegration.render_report(
  MyApp.Reporting,
  :sales_report,
  %{year: 2024},
  format: :pdf
)

File.write!("report.pdf", pdf_result.content)
Next Steps
	Layout System - Layout computation and IR
	Chart System - Chart rendering
	PDF Generation - Typst integration
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    Layout System

This guide explains how AshReports computes layouts and uses an Intermediate Representation (IR) for format-agnostic rendering.
Table of Contents
	Overview
	Layout IR
	Layout Types
	IR Structures
	Layout Transformer
	Layout Engine
	RTL Support

Overview
The layout system provides a normalized intermediate representation between DSL definitions and rendered output:
graph LR
    subgraph "DSL"
        Bands[Band Definitions]
        Elements[Element Definitions]
        Grids[Grid Containers]
        Tables[Table Containers]
        Stacks[Stack Containers]
    end

    subgraph "Transformation"
        Trans[Layout.Transformer]
    end

    subgraph "IR (Intermediate Representation)"
        IR[Layout.IR]
        IRB[IR.Band]
        IRC[IR.Cell]
        IRR[IR.Row]
        IRS[IR.Style]
    end

    subgraph "Renderers"
        HTML[HTML Renderer]
        JSON[JSON Renderer]
        Typst[Typst Renderer]
    end

    Bands --> Trans
    Elements --> Trans
    Grids --> Trans
    Tables --> Trans
    Stacks --> Trans
    Trans --> IR
    IR --> IRB
    IR --> IRC
    IR --> IRR
    IR --> IRS
    IRB --> HTML
    IRB --> JSON
    IRB --> Typst
Benefits of IR
	Single source of truth for layout calculations
	Format-agnostic positioning and sizing
	Consistent output across all renderers
	Testable layout logic independent of rendering

Layout IR
Location: lib/ash_reports/layout/ir.ex
The IR is a normalized representation of the report layout:
defmodule AshReports.Layout.IR do
  defstruct [
    :report_name,
    :title,
    :page_dimensions,
    :margins,
    :bands,
    :metadata
  ]

  @type t :: %__MODULE__{
    report_name: atom(),
    title: String.t(),
    page_dimensions: %{width: number(), height: number()},
    margins: %{top: number(), right: number(), bottom: number(), left: number()},
    bands: [IR.Band.t()],
    metadata: map()
  }
end
Creating IR
def from_context(context) do
  %__MODULE__{
    report_name: context.report.name,
    title: context.report.title,
    page_dimensions: context.page_dimensions,
    margins: context.config.margins,
    bands: transform_bands(context.report.bands, context),
    metadata: %{
      locale: context.locale,
      text_direction: context.text_direction
    }
  }
end
Layout Types
Grid Layout
Location: lib/ash_reports/layout/grid.ex
CSS Grid-based layout for flexible positioning:
defmodule AshReports.Layout.Grid do
  defstruct [
    :name,
    :columns,           # Number of columns or template
    :rows,              # Number of rows or template
    :gap,               # Gap between cells
    :cells,             # List of GridCell
    :style
  ]

  @type t :: %__MODULE__{
    name: atom(),
    columns: pos_integer() | String.t(),
    rows: pos_integer() | String.t(),
    gap: number(),
    cells: [GridCell.t()],
    style: map()
  }
end
DSL usage:
band :header do
  type :page_header

  grids do
    grid :header_grid do
      columns 3
      gap 10

      cells do
        cell :logo do
          column 1
          content do
            image :company_logo do
              source "logo.png"
            end
          end
        end

        cell :title do
          column 2
          content do
            label :report_title do
              text "Sales Report"
            end
          end
        end

        cell :date do
          column 3
          content do
            field :report_date do
              source :generated_at
              format :date
            end
          end
        end
      end
    end
  end
end
Table Layout
Location: lib/ash_reports/layout/table.ex
Tabular layout for data presentation:
defmodule AshReports.Layout.Table do
  defstruct [
    :name,
    :columns,           # Column definitions
    :header,            # Header row
    :rows,              # Data rows
    :footer,            # Footer row
    :style
  ]

  @type t :: %__MODULE__{
    name: atom(),
    columns: [Column.t()],
    header: Header.t() | nil,
    rows: [Row.t()],
    footer: Footer.t() | nil,
    style: map()
  }
end
DSL usage:
band :detail do
  type :detail

  tables do
    table :sales_table do
      columns do
        column :product do
          width 200
          header "Product Name"
        end

        column :quantity do
          width 80
          header "Qty"
          align :right
        end

        column :amount do
          width 100
          header "Amount"
          align :right
        end
      end

      rows do
        row :data_row do
          cells do
            cell :product_name do
              source :product_name
            end

            cell :qty do
              source :quantity
            end

            cell :amt do
              source :amount
              format :currency
            end
          end
        end
      end
    end
  end
end
Stack Layout
Location: lib/ash_reports/layout/stack.ex
Flexbox-like stacking:
defmodule AshReports.Layout.Stack do
  defstruct [
    :name,
    :direction,         # :horizontal | :vertical
    :justify,           # :start | :center | :end | :space_between | :space_around
    :align,             # :start | :center | :end | :stretch
    :gap,
    :children,
    :style
  ]
end
DSL usage:
band :summary do
  type :summary

  stacks do
    stack :totals_stack do
      direction :horizontal
      justify :space_between
      gap 20

      children do
        label :total_label do
          text "Grand Total:"
        end

        aggregate :grand_total do
          type :sum
          field :amount
          format :currency
        end
      end
    end
  end
end
IR Structures
IR.Band
defmodule AshReports.Layout.IR.Band do
  defstruct [
    :name,
    :type,
    :position,          # %{x: number, y: number}
    :dimensions,        # %{width: number, height: number}
    :content,           # List of IR.Content
    :style,
    :visible
  ]
end
IR.Cell
defmodule AshReports.Layout.IR.Cell do
  defstruct [
    :name,
    :position,          # Grid/table position
    :span,              # Column/row span
    :content,           # Cell content
    :style,
    :alignment
  ]
end
IR.Row
defmodule AshReports.Layout.IR.Row do
  defstruct [
    :index,
    :cells,
    :height,
    :style
  ]
end
IR.Content
defmodule AshReports.Layout.IR.Content do
  defstruct [
    :type,              # :text | :field | :image | :chart | :line | :box
    :value,             # Resolved value
    :raw_value,         # Original value
    :format,            # Applied format
    :style,
    :position
  ]
end
IR.Line
defmodule AshReports.Layout.IR.Line do
  defstruct [
    :direction,         # :horizontal | :vertical
    :start,             # %{x: number, y: number}
    :end,               # %{x: number, y: number}
    :thickness,
    :color,
    :style              # :solid | :dashed | :dotted
  ]
end
IR.Style
defmodule AshReports.Layout.IR.Style do
  defstruct [
    # Typography
    :font_family,
    :font_size,
    :font_weight,
    :font_style,
    :text_align,
    :line_height,

    # Colors
    :color,
    :background_color,

    # Spacing
    :padding,
    :margin,

    # Borders
    :border,
    :border_radius,

    # Dimensions
    :width,
    :height,
    :min_width,
    :max_width
  ]
end
Layout Transformer
Location: lib/ash_reports/layout/transformer.ex
Transforms DSL structures to IR:
defmodule AshReports.Layout.Transformer do
  def to_ir(context) do
    %IR{
      report_name: context.report.name,
      title: context.report.title,
      page_dimensions: context.page_dimensions,
      margins: context.config.margins,
      bands: transform_bands(context),
      metadata: build_metadata(context)
    }
  end

  defp transform_bands(context) do
    context.report.bands
    |> Enum.map(&transform_band(&1, context))
    |> calculate_positions(context)
  end

  defp transform_band(band, context) do
    %IR.Band{
      name: band.name,
      type: band.type,
      content: transform_content(band, context),
      style: transform_style(band.style),
      visible: band.visible
    }
  end

  defp transform_content(band, context) do
    cond do
      band.grids != [] -> transform_grids(band.grids, context)
      band.tables != [] -> transform_tables(band.tables, context)
      band.stacks != [] -> transform_stacks(band.stacks, context)
      true -> transform_elements(band.elements, context)
    end
  end
end
Grid Transformation
defp transform_grids(grids, context) do
  Enum.flat_map(grids, fn grid ->
    grid.cells
    |> Enum.map(&transform_grid_cell(&1, grid, context))
    |> position_grid_cells(grid)
  end)
end

defp transform_grid_cell(cell, grid, context) do
  %IR.Cell{
    name: cell.name,
    position: %{column: cell.column, row: cell.row},
    span: %{columns: cell.column_span || 1, rows: cell.row_span || 1},
    content: transform_cell_content(cell.content, context),
    style: transform_style(cell.style)
  }
end
Table Transformation
defp transform_tables(tables, context) do
  Enum.flat_map(tables, fn table ->
    header = transform_table_header(table)
    rows = transform_table_rows(table, context)
    footer = transform_table_footer(table)

    [header, rows, footer]
    |> List.flatten()
    |> Enum.reject(&is_nil/1)
  end)
end
Layout Engine
Location: lib/ash_reports/engines/layout_engine.ex
Calculates positions and dimensions:
defmodule AshReports.LayoutEngine do
  def calculate(context) do
    ir = Layout.Transformer.to_ir(context)

    ir
    |> calculate_band_heights()
    |> calculate_band_positions()
    |> calculate_element_positions()
    |> detect_page_breaks()
  end

  defp calculate_band_heights(ir) do
    bands =
      Enum.map(ir.bands, fn band ->
        height = calculate_band_height(band)
        %{band | dimensions: %{width: page_width(ir), height: height}}
      end)

    %{ir | bands: bands}
  end

  defp calculate_band_positions(ir) do
    {bands, _} =
      Enum.reduce(ir.bands, {[], ir.margins.top}, fn band, {acc, y} ->
        positioned = %{band | position: %{x: ir.margins.left, y: y}}
        {[positioned | acc], y + band.dimensions.height}
      end)

    %{ir | bands: Enum.reverse(bands)}
  end
end
Position Calculation
defp calculate_element_positions(ir) do
  bands =
    Enum.map(ir.bands, fn band ->
      content = position_content(band.content, band.position, band.dimensions)
      %{band | content: content}
    end)

  %{ir | bands: bands}
end

defp position_content(content, band_pos, band_dims) when is_list(content) do
  Enum.map(content, &position_element(&1, band_pos, band_dims))
end

defp position_element(%IR.Cell{} = cell, band_pos, _band_dims) do
  # Grid cell positioning
  x = band_pos.x + calculate_column_offset(cell.position.column)
  y = band_pos.y + calculate_row_offset(cell.position.row)
  %{cell | position: %{x: x, y: y}}
end
RTL Support
Location: lib/ash_reports/engines/rtl_layout_engine.ex
Right-to-left layout for Arabic, Hebrew, etc.:
defmodule AshReports.RTLLayoutEngine do
  @rtl_locales ["ar", "he", "fa", "ur"]

  def apply_rtl(ir, locale) when locale in @rtl_locales do
    %{ir |
      bands: Enum.map(ir.bands, &mirror_band/1),
      metadata: Map.put(ir.metadata, :text_direction, "rtl")
    }
  end

  def apply_rtl(ir, _locale), do: ir

  defp mirror_band(band) do
    %{band |
      content: mirror_content(band.content, band.dimensions.width),
      style: Map.put(band.style, :direction, "rtl")
    }
  end

  defp mirror_content(content, page_width) when is_list(content) do
    Enum.map(content, &mirror_element(&1, page_width))
  end

  defp mirror_element(%{position: %{x: x}} = element, page_width) do
    mirrored_x = page_width - x - element_width(element)
    put_in(element.position.x, mirrored_x)
  end
end
Text Direction
defp transform_style(style, %{text_direction: "rtl"}) do
  style
  |> Map.put(:direction, "rtl")
  |> Map.put(:text_align, mirror_alignment(style[:text_align]))
end

defp mirror_alignment(:left), do: :right
defp mirror_alignment(:right), do: :left
defp mirror_alignment(other), do: other
Complete Example
# DSL Definition
band :detail do
  type :detail

  grids do
    grid :data_grid do
      columns 4
      gap 5

      cells do
        cell :name do
          column 1
          column_span 2
          content do
            field :customer_name do
              source :name
            end
          end
        end

        cell :amount do
          column 3
          content do
            field :order_amount do
              source :amount
              format :currency
            end
          end
        end

        cell :date do
          column 4
          content do
            field :order_date do
              source :created_at
              format :date
            end
          end
        end
      end
    end
  end
end

# Transformed to IR
%IR{
  bands: [
    %IR.Band{
      name: :detail,
      type: :detail,
      position: %{x: 20, y: 100},
      dimensions: %{width: 555, height: 30},
      content: [
        %IR.Cell{
          name: :name,
          position: %{x: 20, y: 100},
          span: %{columns: 2, rows: 1},
          content: %IR.Content{
            type: :field,
            value: "John Doe",
            style: %IR.Style{...}
          }
        },
        %IR.Cell{
          name: :amount,
          position: %{x: 298, y: 100},
          content: %IR.Content{
            type: :field,
            value: "$1,234.56",
            format: :currency
          }
        },
        %IR.Cell{
          name: :date,
          position: %{x: 437, y: 100},
          content: %IR.Content{
            type: :field,
            value: "2024-03-15",
            format: :date
          }
        }
      ]
    }
  ]
}
Next Steps
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    Chart System

This guide explains the AshReports chart architecture, including chart types, the generation pipeline, and supporting infrastructure.
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Architecture Overview
AshReports uses a two-level architecture for charts:
graph TB
    subgraph "Level 1: Chart Definitions (Reports Level)"
        CD[Chart Definition<br/>bar_chart :sales_by_region]
        DR[Driving Resource]
        TR[Transform Block]
        CF[Config Block]
    end

    subgraph "Level 2: Chart Elements (Band Level)"
        CE[Chart Element<br/>bar_chart :sales_by_region]
    end

    subgraph "Runtime Infrastructure"
        Reg[Registry GenServer<br/>Type Management]
        Cache[Cache GenServer<br/>SVG Caching]
        PM[PerformanceMonitor<br/>Telemetry]
    end

    subgraph "Generation Pipeline"
        DL[Data Loading]
        Trans[Transform]
        Build[Chart Build]
        Render[SVG Render]
    end

    CD --> DR
    CD --> TR
    CD --> CF
    CE -->|References| CD
    CD --> DL
    DL --> Trans
    Trans --> Build
    Build --> Render
    Reg --> Build
    Cache --> Render
    PM --> Render
Benefits
	Reusable: Charts defined once, used in multiple bands
	Testable: Chart logic independent of rendering
	Cacheable: SVG output cached by data signature

Chart Types
Location: lib/ash_reports/charts/types/
AshReports supports 7 chart types:
	Type	Module	Use Case
	Bar Chart	BarChart	Comparing categories
	Line Chart	LineChart	Trends over time
	Pie Chart	PieChart	Proportions
	Area Chart	AreaChart	Cumulative values
	Scatter Plot	ScatterPlot	Correlation
	Gantt Chart	GanttChart	Timelines
	Sparkline	Sparkline	Inline trends

Bar Chart
defmodule AshReports.Charts.Types.BarChart do
  @behaviour AshReports.Charts.Types.Behavior

  @impl true
  def build(data, config) do
    dataset = Contex.Dataset.new(data, ["category", "value"])

    Contex.BarChart.new(dataset)
    |> Contex.BarChart.type(config.type)  # :simple, :grouped, :stacked
    |> Contex.BarChart.orientation(config.orientation)
    |> Contex.BarChart.data_labels(config.data_labels)
    |> Contex.BarChart.padding(config.padding)
    |> apply_colours(config.colours)
  end

  @impl true
  def validate(data) do
    with :ok <- validate_category_value_format(data) do
      :ok
    end
  end
end
Line Chart
defmodule AshReports.Charts.Types.LineChart do
  @behaviour AshReports.Charts.Types.Behavior

  @impl true
  def build(data, config) do
    dataset = Contex.Dataset.new(data, ["x", "y"])

    Contex.LinePlot.new(dataset)
    |> Contex.LinePlot.smoothed(config.smoothed)
    |> apply_colours(config.colours)
  end
end
Pie Chart
defmodule AshReports.Charts.Types.PieChart do
  @impl true
  def build(data, config) do
    dataset = Contex.Dataset.new(data, ["label", "value"])

    Contex.PieChart.new(dataset)
    |> Contex.PieChart.colours(config.colours)
  end
end
Chart Behaviour
Location: lib/ash_reports/charts/types/behavior.ex
All chart types implement this behaviour:
defmodule AshReports.Charts.Types.Behavior do
  @callback build(data :: list(map()), config :: struct()) ::
    {:ok, Contex.chart()} | {:error, term()}

  @callback validate(data :: list(map())) ::
    :ok | {:error, term()}
end
Implementing Custom Chart Type
defmodule MyApp.Charts.CustomChart do
  @behaviour AshReports.Charts.Types.Behavior

  @impl true
  def build(data, config) do
    # Build custom chart using Contex or other library
    chart = build_custom_chart(data, config)
    {:ok, chart}
  end

  @impl true
  def validate(data) do
    # Validate data format
    case validate_data_format(data) do
      true -> :ok
      false -> {:error, "Invalid data format"}
    end
  end
end
Configuration System
Location: lib/ash_reports/charts/configs/
Each chart type has an Ecto schema for configuration:
Bar Chart Config
defmodule AshReports.Charts.Configs.BarChartConfig do
  use Ecto.Schema

  embedded_schema do
    field :width, :integer, default: 600
    field :height, :integer, default: 400
    field :title, :string
    field :type, Ecto.Enum, values: [:simple, :grouped, :stacked], default: :simple
    field :orientation, Ecto.Enum, values: [:vertical, :horizontal], default: :vertical
    field :data_labels, :boolean, default: true
    field :padding, :integer, default: 2
    field :colours, {:array, :string}, default: []
  end
end
Line Chart Config
defmodule AshReports.Charts.Configs.LineChartConfig do
  use Ecto.Schema

  embedded_schema do
    field :width, :integer, default: 600
    field :height, :integer, default: 400
    field :title, :string
    field :smoothed, :boolean, default: true
    field :stroke_width, :string, default: "2"
    field :colours, {:array, :string}, default: []
    field :axis_label_rotation, Ecto.Enum, values: [:auto, :"45", :"90"], default: :auto
  end
end
Config Validation
def validate_config(config_struct) do
  config_struct
  |> Ecto.Changeset.change()
  |> Ecto.Changeset.validate_number(:width, greater_than: 0)
  |> Ecto.Changeset.validate_number(:height, greater_than: 0)
  |> validate_colours()
end
Generation Pipeline
Location: lib/ash_reports/charts/charts.ex
Pipeline Flow
sequenceDiagram
    participant C as Caller
    participant Ch as Charts
    participant Cache as Cache
    participant Reg as Registry
    participant R as Renderer

    C->>Ch: generate(type, data, config)
    Ch->>Cache: check_cache(key)
    alt Cache Hit
        Cache-->>Ch: {:ok, svg}
        Ch-->>C: {:ok, svg}
    else Cache Miss
        Ch->>Reg: get_type(type)
        Reg-->>Ch: ChartModule
        Ch->>Ch: normalize_config(config)
        Ch->>Ch: apply_theme(config)
        Ch->>Ch: validate_data(data)
        Ch->>R: render(chart, data, config)
        R-->>Ch: {:ok, svg}
        Ch->>Cache: put(key, svg)
        Ch-->>C: {:ok, svg}
    end
Main API
defmodule AshReports.Charts do
  def generate(type, data, config, opts \\ []) do
    cache_enabled = Keyword.get(opts, :cache, true)
    cache_key = generate_cache_key(type, data, config)

    if cache_enabled do
      case Cache.get(cache_key) do
        {:ok, svg} -> {:ok, svg}
        :miss -> generate_and_cache(type, data, config, cache_key)
      end
    else
      do_generate(type, data, config)
    end
  end

  defp do_generate(type, data, config) do
    with {:ok, chart_module} <- Registry.get(type),
         config <- normalize_config(config, type),
         config <- Theme.apply(config),
         :ok <- chart_module.validate(data),
         {:ok, chart} <- chart_module.build(data, config),
         {:ok, svg} <- Renderer.render(chart, config) do
      emit_telemetry(:chart_generated, %{type: type})
      {:ok, svg}
    end
  end
end
Renderer
Location: lib/ash_reports/charts/renderer.ex
defmodule AshReports.Charts.Renderer do
  def render(chart, config) do
    plot =
      Contex.Plot.new(config.width, config.height, chart)
      |> Contex.Plot.titles(config.title, nil)
      |> Contex.Plot.plot_options(%{})

    svg = Contex.Plot.to_svg(plot)
    optimized = optimize_svg(svg)

    {:ok, optimized}
  end

  defp optimize_svg(svg) do
    svg
    |> String.replace(~r/\s+/, " ")
    |> String.trim()
  end
end
GenServer Infrastructure
Supervision Tree
graph TB
    Sup[AshReports.Supervisor<br/>:one_for_one]
    Sup --> Reg[Charts.Registry]
    Sup --> Cache[Charts.Cache]
    Sup --> PM[Charts.PerformanceMonitor]
Registry
Location: lib/ash_reports/charts/registry.ex
defmodule AshReports.Charts.Registry do
  use GenServer

  @table :ash_reports_chart_registry

  def start_link(_opts) do
    GenServer.start_link(__MODULE__, [], name: __MODULE__)
  end

  def init(_) do
    table = :ets.new(@table, [:named_table, :public, read_concurrency: true])
    register_defaults()
    {:ok, %{table: table}}
  end

  defp register_defaults do
    [
      {:bar_chart, AshReports.Charts.Types.BarChart},
      {:line_chart, AshReports.Charts.Types.LineChart},
      {:pie_chart, AshReports.Charts.Types.PieChart},
      {:area_chart, AshReports.Charts.Types.AreaChart},
      {:scatter_chart, AshReports.Charts.Types.ScatterPlot},
      {:gantt_chart, AshReports.Charts.Types.GanttChart},
      {:sparkline, AshReports.Charts.Types.Sparkline}
    ]
    |> Enum.each(fn {type, module} -> register(type, module) end)
  end

  def register(type, module) do
    :ets.insert(@table, {type, module})
  end

  def get(type) do
    case :ets.lookup(@table, type) do
      [{^type, module}] -> {:ok, module}
      [] -> {:error, :unknown_chart_type}
    end
  end

  def list do
    :ets.tab2list(@table)
    |> Enum.map(fn {type, _module} -> type end)
  end
end
Cache
Location: lib/ash_reports/charts/cache.ex
defmodule AshReports.Charts.Cache do
  use GenServer

  @table :ash_reports_chart_cache
  @stats_table :ash_reports_cache_stats
  @default_ttl :timer.minutes(5)
  @cleanup_interval :timer.seconds(60)
  @max_entries 1000
  @compression_threshold 10_000

  def start_link(_opts) do
    GenServer.start_link(__MODULE__, [], name: __MODULE__)
  end

  def init(_) do
    :ets.new(@table, [:named_table, :public, read_concurrency: true])
    :ets.new(@stats_table, [:named_table, :public])
    :ets.insert(@stats_table, {:hits, 0})
    :ets.insert(@stats_table, {:misses, 0})

    schedule_cleanup()
    {:ok, %{}}
  end

  def get(key) do
    case :ets.lookup(@table, key) do
      [{^key, svg, expires_at, _last_accessed}]
        when expires_at > :erlang.system_time(:millisecond) ->
        update_last_accessed(key)
        increment_hits()
        {:ok, decompress_if_needed(svg)}

      _ ->
        increment_misses()
        :miss
    end
  end

  def put(key, svg, ttl \\ @default_ttl) do
    expires_at = :erlang.system_time(:millisecond) + ttl
    last_accessed = :erlang.system_time(:millisecond)

    svg_data = compress_if_large(svg)
    :ets.insert(@table, {key, svg_data, expires_at, last_accessed})

    maybe_evict()
    :ok
  end

  defp compress_if_large(svg) when byte_size(svg) > @compression_threshold do
    {:compressed, :zlib.gzip(svg)}
  end
  defp compress_if_large(svg), do: {:uncompressed, svg}

  defp decompress_if_needed({:compressed, data}), do: :zlib.gunzip(data)
  defp decompress_if_needed({:uncompressed, svg}), do: svg

  defp maybe_evict do
    if :ets.info(@table, :size) > @max_entries do
      evict_oldest(div(@max_entries, 10))
    end
  end

  def stats do
    [{:hits, hits}] = :ets.lookup(@stats_table, :hits)
    [{:misses, misses}] = :ets.lookup(@stats_table, :misses)
    total = hits + misses
    hit_rate = if total > 0, do: hits / total, else: 0.0

    %{
      hits: hits,
      misses: misses,
      hit_rate: hit_rate,
      size: :ets.info(@table, :size)
    }
  end
end
PerformanceMonitor
Location: lib/ash_reports/charts/performance_monitor.ex
defmodule AshReports.Charts.PerformanceMonitor do
  use GenServer

  @table :ash_reports_performance_metrics

  def start_link(_opts) do
    GenServer.start_link(__MODULE__, [], name: __MODULE__)
  end

  def init(_) do
    :ets.new(@table, [:named_table, :public])
    attach_telemetry_handlers()
    {:ok, %{}}
  end

  defp attach_telemetry_handlers do
    :telemetry.attach_many(
      "ash-reports-charts",
      [
        [:ash_reports, :chart, :generate, :start],
        [:ash_reports, :chart, :generate, :stop],
        [:ash_reports, :chart, :cache, :hit],
        [:ash_reports, :chart, :cache, :miss]
      ],
      &handle_event/4,
      nil
    )
  end

  def handle_event([:ash_reports, :chart, :generate, :stop], measurements, _metadata, _config) do
    update_metric(:total_generated, 1)
    update_metric(:total_generation_time, measurements.duration)
  end

  def handle_event([:ash_reports, :chart, :cache, :hit], _measurements, _metadata, _config) do
    update_metric(:cache_hits, 1)
  end

  def metrics do
    %{
      total_generated: get_metric(:total_generated),
      avg_generation_time: calculate_avg_time(),
      cache_hit_rate: calculate_hit_rate()
    }
  end
end
Transform DSL
Location: lib/ash_reports/charts/transform_dsl.ex
Transform DSL specifies how to aggregate and map data:
defmodule AshReports.Charts.TransformDSL do
  defstruct [
    :group_by,
    :aggregates,
    :filters,
    :sort_by,
    :limit,
    :as_category,
    :as_value,
    :as_x,
    :as_y,
    :as_task,
    :as_start_date,
    :as_end_date,
    :as_values
  ]

  def to_transform(dsl) do
    %AshReports.Charts.Transform{
      group_by: dsl.group_by,
      aggregates: parse_aggregates(dsl.aggregates),
      filters: dsl.filters,
      sort_by: dsl.sort_by,
      limit: dsl.limit,
      field_mapping: build_field_mapping(dsl)
    }
  end

  defp build_field_mapping(dsl) do
    %{
      category: dsl.as_category,
      value: dsl.as_value,
      x: dsl.as_x,
      y: dsl.as_y,
      task: dsl.as_task,
      start_date: dsl.as_start_date,
      end_date: dsl.as_end_date,
      values: dsl.as_values
    }
    |> Enum.reject(fn {_k, v} -> is_nil(v) end)
    |> Map.new()
  end
end
DSL Usage
bar_chart :sales_by_region do
  driving_resource MyApp.Sales.Order

  transform do
    group_by :region
    as_category :group_key
    as_value :total

    aggregates do
      aggregate type: :sum, field: :amount, as: :total
      aggregate type: :count, as: :count
    end

    sort_by {:total, :desc}
    limit 10
  end

  config do
    width 800
    height 400
    title "Top 10 Regions by Sales"
    colours ["4285F4", "34A853", "FBBC04"]
  end
end
Contex Integration
AshReports uses Contex for SVG chart generation.
Supported Contex Charts
	AshReports Type	Contex Module
	Bar Chart	Contex.BarChart
	Line Chart	Contex.LinePlot
	Pie Chart	Contex.PieChart
	Area Chart	Custom on Contex.LinePlot
	Scatter Plot	Contex.PointPlot
	Gantt Chart	Contex.GanttChart
	Sparkline	Contex.Sparkline

Building with Contex
def build_bar_chart(data, config) do
  # Create dataset
  dataset = Contex.Dataset.new(data, ["category", "value"])

  # Create chart
  chart =
    Contex.BarChart.new(dataset)
    |> Contex.BarChart.type(:simple)
    |> Contex.BarChart.colours(:default)

  # Create plot
  plot =
    Contex.Plot.new(config.width, config.height, chart)
    |> Contex.Plot.titles(config.title, nil)

  # Generate SVG
  Contex.Plot.to_svg(plot)
end
Usage Examples
Generate Chart Programmatically
# Generate bar chart
{:ok, svg} = AshReports.Charts.generate(
  :bar_chart,
  [
    %{category: "North", value: 1500},
    %{category: "South", value: 1200},
    %{category: "East", value: 1800}
  ],
  %{
    width: 600,
    height: 400,
    title: "Sales by Region",
    colours: ["4285F4", "34A853", "FBBC04"]
  }
)
Register Custom Chart Type
# Register at application start
AshReports.Charts.Registry.register(:custom_chart, MyApp.Charts.CustomChart)

# Use in DSL
custom_chart :my_custom do
  driving_resource MyApp.Resource
  # ...
end
Next Steps
	PDF Generation - Chart embedding in PDFs
	Extending AshReports - Custom chart types
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    PDF Generation with Typst

This guide explains how AshReports generates PDF output through the Typst markup language and rendering pipeline.
Table of Contents
	Overview
	Typst Markup Language
	DSLGenerator
	BinaryWrapper
	DataProcessor
	ChartEmbedder
	ChartPreprocessor
	Typst Renderer
	Complete Pipeline

Overview
AshReports generates PDFs using Typst, a modern typesetting system that compiles markup to PDF. The pipeline transforms report DSL definitions into Typst templates, embeds data, and compiles to binary PDF output.
graph TB
    subgraph "Input"
        DSL[Report DSL]
        Data[Ash Records]
        Charts[Chart Elements]
    end

    subgraph "Template Generation"
        Gen[DSLGenerator]
        DP[DataProcessor]
        CP[ChartPreprocessor]
    end

    subgraph "Typst Compilation"
        Template[Typst Template]
        BW[BinaryWrapper]
        NIF[Typst NIF]
    end

    subgraph "Output"
        PDF[PDF Binary]
        PNG[PNG Image]
        SVG[SVG Output]
    end

    DSL --> Gen
    Data --> DP
    Charts --> CP
    DP --> Gen
    CP --> Gen
    Gen --> Template
    Template --> BW
    BW --> NIF
    NIF --> PDF
    NIF --> PNG
    NIF --> SVG
Key Components
	Component	Location	Responsibility
	DSLGenerator	lib/ash_reports/typst/dsl_generator.ex	DSL to Typst template conversion
	BinaryWrapper	lib/ash_reports/typst/binary_wrapper.ex	NIF interface for compilation
	DataProcessor	lib/ash_reports/typst/data_processor.ex	Ash struct to Typst data conversion
	ChartEmbedder	lib/ash_reports/typst/chart_embedder.ex	SVG chart embedding
	ChartPreprocessor	lib/ash_reports/typst/chart_preprocessor.ex	Pre-render charts for templates
	Typst Renderer	lib/ash_reports/renderer/typst.ex	IR to Typst markup

Typst Markup Language
Typst is a modern typesetting language designed as an alternative to LaTeX. AshReports leverages its features for report generation:
Basic Syntax
// Document configuration
#set page(paper: "a4", margin: (x: 2cm, y: 2cm))
#set text(font: "Liberation Serif", size: 11pt)

// Content blocks
[This is a content block]

// Variables and expressions
#let total = 1500
The total is #total

// Conditionals
#if total > 1000 [
  High value alert!
]

// Loops
#for item in data.records [
  #item.name: #item.value
]
Key Typst Constructs Used
	Construct	Purpose	Example
	#set page()	Page configuration	#set page(paper: "a4")
	#set text()	Typography defaults	#set text(size: 12pt)
	#grid()	CSS Grid-like layouts	#grid(columns: (1fr, 2fr))
	#table()	Tabular data	#table(columns: 3, ...)
	#image()	Image embedding	#image("chart.svg")
	#image.decode()	Base64 image embedding	#image.decode("...")
	for	Iteration over data	#for r in records [...]
	fold	Accumulation (grouping)	data.fold(init, fn)

DSLGenerator
Location: lib/ash_reports/typst/dsl_generator.ex
DSLGenerator converts AshReports DSL definitions into Typst templates. It handles the complex transformation of bands, elements, groups, and variables into Typst code.
Generation Flow
graph TD
    Report[Report Definition] --> Context[Build Generation Context]
    Context --> Page[Generate Page Setup]
    Page --> Content[Generate Report Content]
    Content --> Title[Title Bands]
    Content --> Headers[Column Headers]
    Content --> Data[Data Processing Section]
    Content --> Summary[Summary Bands]
    Data --> Grouping{Has Groups?}
    Grouping -->|Yes| Nested[Nested Group Loops]
    Grouping -->|No| Simple[Simple Detail Iteration]
    Nested --> Bands[Generate Band Content]
    Simple --> Bands
    Bands --> Template[Typst Template]
Main API
defmodule AshReports.Typst.DSLGenerator do
  @spec generate_template(Report.t(), Keyword.t()) :: {:ok, String.t()} | {:error, term()}
  def generate_template(report, options \\ [])

  # Options:
  # - :format - Target format (:pdf, :png, :svg), defaults to :pdf
  # - :theme - Theme name for styling, defaults to "default"
  # - :debug - Include debug comments in template, defaults to false
  # - :context - RenderContext with records and variables
end
Generated Template Structure
// Generated Typst template for report: sales_report
// Generated at: 2024-03-15T10:30:00Z

// Helper function for decimal formatting
#let format-decimal(value, places) = {
  // ... formatting logic
}

#let sales_report(data, config: (:)) = {
  // Page configuration
  set page(
    paper: "a4",
    margin: (x: 2cm, y: 2cm),
    header: [...],
    footer: [Page #counter(page).display() of #counter(page).final().at(0)]
  )

  // Document properties
  set document(title: "Sales Report", author: "AshReports")
  set text(font: "Liberation Serif", size: 11pt)

  // Title Section
  [= Sales Report]

  // Column Header Section
  #table(columns: 3, [Product], [Qty], [Amount])

  // Data Processing Section
  for record in data.records {
    #table(columns: 3, [#record.product], [#record.qty], [#record.amount])
  }

  // Summary Section
  [Total: #data.variables.total]
}

// Data serialization
#let report_data = (records: (...), variables: (:))
#sales_report(report_data, config: ())
Band Processing
The generator processes bands in a specific order:
	Title bands - Once at report start
	Page headers/footers - Set in page configuration
	Column headers - Once before data
	Group headers - At each group break
	Detail bands - For each record
	Group footers - At end of each group
	Summary bands - Once at report end

Grouping Logic
For grouped reports, DSLGenerator uses Typst's fold function to handle immutable variables:
// Grouping by region
{
  let get_group_value(record) = {
    record.at("region", default: none)
  }

  let result = data.records.fold(
    (prev: none, groups: (), current_records: ()),
    (acc, record) => {
      let current_val = get_group_value(record)
      if acc.prev != none and acc.prev != current_val {
        // Group break - save previous group and start new one
        let new_groups = acc.groups + ((key: acc.prev, records: acc.current_records),)
        (prev: current_val, groups: new_groups, current_records: (record,))
      } else {
        // Same group - accumulate
        (prev: current_val, groups: acc.groups, current_records: acc.current_records + (record,))
      }
    }
  )

  // Add the final group
  let all_groups = if result.current_records.len() > 0 {
    result.groups + ((key: result.prev, records: result.current_records),)
  } else {
    result.groups
  }

  // Render all groups
  for group in all_groups {
    [Group: #group.key]
    for record in group.records {
      [#record.name: #record.value]
    }
  }
}
Element Conversion
Each element type is converted to appropriate Typst code:
# Field element
generate_field_element(%{source: :amount, format: :currency, decimal_places: 2})
# => [\$#{ let v = record.amount; if v == none { "-" } else { format-decimal(v, 2) } }]

# Label element
generate_label_element(%{text: "Total: [total_amount]"})
# => [Total: #data.variables.total_amount]

# Aggregate element
generate_aggregate_element(%{function: :sum, source: :amount})
# => [Sum: #data.records.map(r => r.amount).sum()]

# Line element
generate_line_element(%{orientation: :horizontal, thickness: 1})
# => [#line(length: 100%, stroke: 1pt)]

# Image element
generate_image_element(%{source: "logo.png", scale_mode: :fit})
# => [#image("logo.png", width: 5cm, fit: "contain")]
Layout Transformation
Grid, Table, and Stack DSL entities are transformed via their IR representations:
defp generate_grid_content(grid, context) do
  alias AshReports.Layout.Transformer.Grid, as: GridTransformer
  alias AshReports.Renderer.Typst.Grid, as: GridRenderer

  case GridTransformer.transform(grid) do
    {:ok, ir} ->
      rendered = GridRenderer.render(ir, generate_refs: true)
      # Wrap in block with full width
      "block(width: 100%, above: 0pt, below: 0pt)[#{rendered}]"

    {:error, reason} ->
      "// Grid transformation failed: #{grid.name}"
  end
end
BinaryWrapper
Location: lib/ash_reports/typst/binary_wrapper.ex
BinaryWrapper provides a safe interface to the Typst Rust NIF for document compilation.
Compilation API
defmodule AshReports.Typst.BinaryWrapper do
  @spec compile(String.t(), Keyword.t()) :: {:ok, binary()} | {:error, term()}
  def compile(template, opts \\ [])

  # Options:
  # - :format - Output format (:pdf, :png, :svg). Defaults to :pdf
  # - :timeout - Compilation timeout in ms. Defaults to 30_000
  # - :working_dir - Working directory for template resolution
  # - :font_paths - Additional font directories

  @spec compile_file(String.t(), Keyword.t()) :: {:ok, binary()} | {:error, term()}
  def compile_file(file_path, opts \\ [])

  @spec validate_nif() :: :ok | {:error, :nif_not_loaded}
  def validate_nif()
end
Compilation Flow
sequenceDiagram
    participant C as Caller
    participant BW as BinaryWrapper
    participant V as Validator
    participant NIF as Typst NIF

    C->>BW: compile(template, opts)
    BW->>V: validate_template(template)
    V-->>BW: :ok
    BW->>V: validate_format(format)
    V-->>BW: :ok
    BW->>BW: prepare_template(template, opts)
    BW->>NIF: Task.async(Typst.render_to_pdf)
    Note over BW,NIF: Timeout protection
    NIF-->>BW: {:ok, binary}
    BW-->>C: {:ok, pdf_binary}
Error Handling
defp parse_typst_error(error) when is_binary(error) do
  cond do
    String.contains?(error, "syntax error") ->
      %{type: :syntax_error, message: error}

    String.contains?(error, "not found") ->
      %{type: :file_not_found, message: error}

    String.contains?(error, "font") ->
      %{type: :font_error, message: error}

    true ->
      %{type: :compilation_error, message: error}
  end
end
DataProcessor
Location: lib/ash_reports/typst/data_processor.ex
DataProcessor converts Ash resource structs into Typst-compatible data structures with proper type handling.
Type Conversion Strategy
	Ash Type	Typst Format	Example
	DateTime	ISO8601 string	"2024-01-15T10:30:00Z"
	Decimal	Float or string	1500.0 or "1500.00"
	Money	Formatted string	"$1,500.00"
	UUID	String	"550e8400-e29b-..."
	nil	Empty or default	""
	Structs	Flattened maps	%{address_city: "NYC"}

Conversion API
defmodule AshReports.Typst.DataProcessor do
  @spec convert_records([struct()], conversion_options()) ::
          {:ok, [typst_record()]} | {:error, term()}
  def convert_records(ash_records, options \\ [])

  # Options:
  # - :datetime_format - :iso8601 or :custom
  # - :decimal_precision - Decimal places (default: 2)
  # - :decimal_as_string - Output as string (default: false)
  # - :money_format - :symbol, :code, or :none
  # - :nil_replacement - Value for nils (default: "")
  # - :flatten_relationships - Include relationships (default: true)
  # - :relationship_depth - Max traversal depth (default: 3)
end
Relationship Flattening
# Input
%Customer{
  name: "Acme Corp",
  address: %Address{city: "New York", country: "US"}
}

# Output (flattened)
%{
  name: "Acme Corp",
  address_city: "New York",
  address_country: "US"
}
Data Serialization for Typst
DSLGenerator serializes converted records into Typst data literals:
defp serialize_records(records) when is_list(records) do
  serialized =
    records
    |> Enum.map(&serialize_record/1)
    |> Enum.join(",\n    ")

  "(#{serialized})"
end

defp serialize_value(%Decimal{} = decimal), do: Decimal.to_string(decimal)
defp serialize_value(%DateTime{} = dt), do: "\"#{DateTime.to_iso8601(dt)}\""
defp serialize_value(nil), do: "none"
defp serialize_value(value) when is_binary(value) do
  escaped = String.replace(value, "\"", "\\\"")
  "\"#{escaped}\""
end
ChartEmbedder
Location: lib/ash_reports/typst/chart_embedder.ex
ChartEmbedder converts SVG charts into Typst code for embedding in PDF documents.
Encoding Strategies
graph TD
    SVG[SVG Input] --> Size{Size > 1MB?}
    Size -->|Yes| File[File Path Encoding]
    Size -->|No| Base64[Base64 Encoding]
    Base64 --> Sanitize[Sanitize SVG]
    Sanitize --> Encode[Base64 Encode]
    Encode --> ImageDecode[#image.decode]
    File --> Compress[Gzip Compress]
    Compress --> Write[Write .svgz File]
    Write --> ImagePath[#image path]
    ImageDecode --> Typst[Typst Code]
    ImagePath --> Typst
Embedding API
defmodule AshReports.Typst.ChartEmbedder do
  @spec embed(String.t(), keyword()) :: {:ok, String.t()} | {:error, term()}
  def embed(svg, opts \\ [])

  # Options:
  # - :width - Chart width (e.g., "100%", "300pt")
  # - :height - Chart height
  # - :caption - Caption text below chart
  # - :title - Title text above chart
  # - :encoding - :base64 (default) or :file

  @spec embed_grid(list({String.t(), keyword()}), keyword()) ::
          {:ok, String.t()} | {:error, term()}
  def embed_grid(charts, layout_opts \\ [])
  # For grid layouts of multiple charts

  @spec embed_flow(list({String.t(), keyword()}), keyword()) ::
          {:ok, String.t()} | {:error, term()}
  def embed_flow(charts, opts \\ [])
  # For vertical stacking of charts

  @spec generate_and_embed(atom(), list(map()), Config.t(), keyword()) ::
          {:ok, String.t()} | {:error, term()}
  def generate_and_embed(chart_type, data, config, embed_opts \\ [])
  # Generate and embed in one operation
end
SVG Sanitization
ChartEmbedder sanitizes SVG to prevent XSS attacks:
defp sanitize_svg(svg) when is_binary(svg) do
  svg
  # Remove script tags
  |> String.replace(~r/<script\b[^<]*(?:(?!<\/script>)<[^<]*)*<\/script>/i, "")
  # Remove event handler attributes
  |> String.replace(~r/\s+on\w+\s*=\s*["'][^"']*["']/i, "")
  # Remove javascript: protocol
  |> String.replace(~r/href\s*=\s*["']javascript:[^"']*["']/i, "")
  # Remove foreignObject elements
  |> String.replace(~r/<foreignObject\b[^<]*(?:(?!<\/foreignObject>)<[^<]*)*<\/foreignObject>/i, "")
end
Generated Typst Code
// Base64 embedded chart
#image.decode("PHN2ZyB4bWxucz0iaHR0cDov...", format: "svg", width: 100%)

// With title and caption
#text(size: 14pt, weight: "bold")[Sales by Region]
#image.decode("...", format: "svg", width: 100%)
#text(size: 10pt, style: "italic")[Figure 1: Q3 Sales Distribution]
ChartPreprocessor
Location: lib/ash_reports/typst/chart_preprocessor.ex
ChartPreprocessor pre-renders chart elements before template generation for optimal performance.
Processing Flow
graph TD
    Report[Report Definition] --> Extract[Extract Chart Elements]
    Extract --> Parallel{Parallel Processing?}
    Parallel -->|Yes| AsyncStream[Task.async_stream]
    Parallel -->|No| Sequential[Sequential Processing]
    AsyncStream --> Process[Process Each Chart]
    Sequential --> Process
    Process --> Resolve[Resolve Chart Definition]
    Resolve --> Evaluate[Evaluate Data Source]
    Evaluate --> Generate[Generate SVG]
    Generate --> Embed[Embed via ChartEmbedder]
    Embed --> Result[Chart Data Map]
Preprocessing API
defmodule AshReports.Typst.ChartPreprocessor do
  @spec preprocess(Report.t(), data_context(), keyword()) ::
          {:ok, %{atom() => chart_data()}} | {:error, term()}
  def preprocess(report, data_context, opts \\ [])

  # Options:
  # - :parallel - Enable parallel processing (default: true)
  # - :max_concurrency - Max concurrent generations (default: CPU cores × 2)
  # - :timeout - Timeout per chart in ms (default: 10_000)
  # - :on_timeout - :kill_task or :error (default: :kill_task)

  @spec preprocess_lazy(Report.t(), data_context()) ::
          {:ok, %{atom() => (-> chart_data())}}
  def preprocess_lazy(report, data_context)
  # Returns lazy evaluator functions for on-demand generation
end
Data Context Format
%{
  records: [%{field: value, ...}, ...],
  config: %{param: value, ...},
  variables: %{var: value, ...},
  domain: MyApp.Reporting  # Required for chart definition lookup
}
Telemetry Events
	Event	Measurements	Metadata
	[:ash_reports, :chart_preprocessor, :preprocess, :start]	system_time	chart_count, parallel
	[:ash_reports, :chart_preprocessor, :preprocess, :stop]	duration	success_count
	[:ash_reports, :chart_preprocessor, :process_chart, :start]	system_time	chart_name, chart_type
	[:ash_reports, :chart_preprocessor, :process_chart, :stop]	duration, svg_size	success

Typst Renderer
Location: lib/ash_reports/renderer/typst.ex
The Typst Renderer converts Layout IR structures into Typst markup, coordinating with specialized sub-renderers.
Sub-Renderers
	Renderer	Location	Purpose
	Grid	lib/ash_reports/renderer/typst/grid.ex	#grid() layouts
	Table	lib/ash_reports/renderer/typst/table.ex	#table() layouts
	Stack	lib/ash_reports/renderer/typst/stack.ex	Stack layouts
	Lines	lib/ash_reports/renderer/typst/lines.ex	#line() elements

Rendering API
defmodule AshReports.Renderer.Typst do
  @spec render(IR.t(), keyword()) :: String.t()
  def render(ir, opts \\ [])
  # Renders single layout IR to Typst markup

  @spec render_report([IR.t()], map(), keyword()) :: String.t()
  def render_report(layouts, data \\ %{}, opts \\ [])
  # Renders complete report from multiple IRs

  @spec render_layouts([IR.t()], keyword()) :: String.t()
  def render_layouts(layouts, opts \\ [])
  # Renders multiple layouts in sequence
end
Generated Grid Markup
#grid(
  columns: (1fr, 2fr),
  gutter: 10pt,
  [Customer Name],
  [#record.name],
  [Order Amount],
  [#record.amount]
)
Generated Table Markup
#table(
  columns: 3,
  stroke: 0.5pt,
  table.header([Product], [Qty], [Amount]),
  ..for record in data.records {
    ([#record.product], [#record.qty], [#record.amount])
  }
)
Complete Pipeline
End-to-End PDF Generation
# 1. Load report data
{:ok, data_result} = AshReports.DataLoader.load_report(
  MyApp.Reporting,
  :sales_report,
  %{year: 2024}
)

# 2. Get report definition
{:ok, report} = AshReports.Info.report(MyApp.Reporting, :sales_report)

# 3. Convert data for Typst
{:ok, typst_records} = AshReports.Typst.DataProcessor.convert_records(
  data_result.records,
  decimal_precision: 2,
  flatten_relationships: true
)

# 4. Preprocess charts (if any)
data_context = %{
  records: typst_records,
  variables: data_result.variables,
  domain: MyApp.Reporting
}

{:ok, chart_data} = AshReports.Typst.ChartPreprocessor.preprocess(
  report,
  data_context,
  parallel: true
)

# 5. Generate Typst template
context = %{
  records: typst_records,
  variables: data_result.variables
}

{:ok, template} = AshReports.Typst.DSLGenerator.generate_template(
  report,
  context: context,
  debug: false
)

# 6. Compile to PDF
{:ok, pdf_binary} = AshReports.Typst.BinaryWrapper.compile(
  template,
  format: :pdf,
  timeout: 30_000
)

# 7. Write output
File.write!("report.pdf", pdf_binary)
Using RendererIntegration
The simpler approach uses RendererIntegration:
{:ok, result} = AshReports.RendererIntegration.render_report(
  MyApp.Reporting,
  :sales_report,
  %{year: 2024},
  format: :pdf
)

File.write!("report.pdf", result.content)
Pipeline Diagram
sequenceDiagram
    participant User
    participant RI as RendererIntegration
    participant DL as DataLoader
    participant DP as DataProcessor
    participant CP as ChartPreprocessor
    participant DSL as DSLGenerator
    participant BW as BinaryWrapper
    participant Typst as Typst NIF

    User->>RI: render_report(:pdf)
    RI->>DL: load_report()
    DL-->>RI: data_result
    RI->>DP: convert_records()
    DP-->>RI: typst_records
    RI->>CP: preprocess()
    CP-->>RI: chart_data
    RI->>DSL: generate_template()
    DSL-->>RI: template
    RI->>BW: compile()
    BW->>Typst: render_to_pdf()
    Typst-->>BW: pdf_binary
    BW-->>RI: {:ok, binary}
    RI-->>User: {:ok, result}
Next Steps
	Chart System - Chart generation details
	Layout System - Layout IR structures
	Extending AshReports - Custom renderers
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    Extending AshReports

This guide explains how to extend AshReports with custom functionality including custom renderers, chart types, element types, and format specifications.
Table of Contents
	Extension Points
	Custom Renderers
	Custom Chart Types
	Custom Element Types
	Custom Format Specifications
	Custom Verifiers
	Custom Transformers

Extension Points
AshReports provides several extension points through behaviours and the Spark DSL system:
graph TB
    subgraph "Rendering"
        RB[Renderer Behaviour]
        HB[Html.Behaviour]
        RB --> HtmlR[Html Renderer]
        RB --> JsonR[Json Renderer]
        RB --> PdfR[PDF Renderer]
        RB --> CustomR[Custom Renderer]
        HB --> GridR[Grid Renderer]
        HB --> TableR[Table Renderer]
        HB --> CustomL[Custom Layout]
    end

    subgraph "Charts"
        CB[Chart Behaviour]
        CB --> Bar[Bar Chart]
        CB --> Line[Line Chart]
        CB --> Pie[Pie Chart]
        CB --> CustomC[Custom Chart]
    end

    subgraph "DSL Extensions"
        Trans[Transformers]
        Verif[Verifiers]
        Trans --> BuildMod[Build Modules]
        Verif --> ValidR[Validate Reports]
        Verif --> CustomV[Custom Verifier]
    end
Available Behaviours
	Behaviour	Location	Purpose
	AshReports.Renderer	lib/ash_reports/renderers/renderer.ex	Format-specific renderers
	AshReports.Charts.Types.Behavior	lib/ash_reports/charts/types/behavior.ex	Chart type implementations
	AshReports.Renderer.Html.Behaviour	lib/ash_reports/renderer/html/behaviour.ex	HTML layout renderers

Custom Renderers
Create custom renderers to output reports in new formats (e.g., Excel, XML, Markdown).
Renderer Behaviour
defmodule AshReports.Renderer do
  @callback render_with_context(RenderContext.t(), opts :: keyword()) ::
              {:ok, render_result()} | {:error, term()}

  @callback supports_streaming?() :: boolean()

  @callback file_extension() :: String.t()

  @callback content_type() :: String.t()

  # Optional callbacks
  @callback validate_context(RenderContext.t()) :: :ok | {:error, term()}
  @callback prepare(RenderContext.t(), opts :: keyword()) :: {:ok, RenderContext.t()} | {:error, term()}
  @callback cleanup(RenderContext.t(), render_result()) :: :ok
end
Example: Markdown Renderer
defmodule MyApp.Renderers.MarkdownRenderer do
  @behaviour AshReports.Renderer

  alias AshReports.RenderContext

  @impl true
  def render_with_context(%RenderContext{} = context, opts \\ []) do
    markdown = build_markdown(context, opts)

    {:ok, %{
      content: markdown,
      metadata: %{format: :markdown, generated_at: DateTime.utc_now()},
      context: context
    }}
  end

  @impl true
  def supports_streaming?, do: false

  @impl true
  def file_extension, do: ".md"

  @impl true
  def content_type, do: "text/markdown"

  # Optional: validate context
  @impl true
  def validate_context(%RenderContext{records: records}) when is_list(records), do: :ok
  def validate_context(_), do: {:error, :invalid_records}

  # Private implementation

  defp build_markdown(context, _opts) do
    """
    # #{context.report.title || context.report.name}

    Generated: #{DateTime.utc_now() |> DateTime.to_iso8601()}

    ## Data

    #{render_records_table(context.records)}

    ## Summary

    #{render_variables(context.variables)}
    """
  end

  defp render_records_table([]), do: "_No data_"

  defp render_records_table([first | _] = records) do
    headers = Map.keys(first) |> Enum.reject(&internal_key?/1)

    header_row = "| " <> Enum.join(headers, " | ") <> " |"
    separator = "| " <> Enum.map(headers, fn _ -> "---" end) |> Enum.join(" | ") <> " |"

    data_rows = Enum.map(records, fn record ->
      values = Enum.map(headers, &format_value(Map.get(record, &1)))
      "| " <> Enum.join(values, " | ") <> " |"
    end)

    Enum.join([header_row, separator | data_rows], "\n")
  end

  defp render_variables(nil), do: "_No variables_"
  defp render_variables(variables) when map_size(variables) == 0, do: "_No variables_"

  defp render_variables(variables) do
    Enum.map(variables, fn {key, value} ->
      "- **#{key}**: #{format_value(value)}"
    end)
    |> Enum.join("\n")
  end

  defp internal_key?(key) when is_atom(key), do: key in [:__meta__, :__struct__]
  defp internal_key?(_), do: false

  defp format_value(nil), do: "-"
  defp format_value(%Decimal{} = d), do: Decimal.to_string(d)
  defp format_value(value), do: to_string(value)
end
Registering Custom Renderers
Use with RendererIntegration:
defmodule MyApp.Reports do
  def render_as_markdown(domain, report_name, params) do
    with {:ok, data_result} <- AshReports.DataLoader.load_report(domain, report_name, params),
         {:ok, report} <- AshReports.Info.report(domain, report_name) do
      config = %{format: :markdown}
      context = AshReports.RenderContext.new(report, data_result, config)
      MyApp.Renderers.MarkdownRenderer.render_with_context(context)
    end
  end
end
Custom Chart Types
Create custom chart types for specialized visualizations.
Chart Type Behaviour
defmodule AshReports.Charts.Types.Behavior do
  @callback build(data :: list(map()), config :: map()) :: term()
  @callback validate(data :: term()) :: :ok | {:error, String.t()}
end
Example: Radar Chart
defmodule MyApp.Charts.RadarChart do
  @moduledoc """
  Radar/Spider chart for multi-dimensional data comparison.

  ## Data Format

      [
        %{category: "Speed", value: 80},
        %{category: "Power", value: 65},
        %{category: "Accuracy", value: 90},
        %{category: "Defense", value: 70},
        %{category: "Agility", value: 85}
      ]
  """

  @behaviour AshReports.Charts.Types.Behavior

  defmodule Config do
    defstruct [
      :title,
      :width,
      :height,
      :colours,
      :max_value,
      :show_legend,
      :fill_opacity
    ]
  end

  @impl true
  def build(data, %Config{} = config) do
    # Build SVG radar chart
    # This example generates raw SVG; in production you might use a library
    svg = generate_radar_svg(data, config)
    {:ok, svg}
  end

  def build(data, config) when is_map(config) do
    config_struct = struct(Config, config)
    build(data, config_struct)
  end

  @impl true
  def validate(data) when is_list(data) and length(data) >= 3 do
    if Enum.all?(data, &valid_point?/1) do
      :ok
    else
      {:error, "All data points must have :category and :value keys"}
    end
  end

  def validate([]), do: {:error, "Data cannot be empty"}
  def validate(data) when is_list(data), do: {:error, "Radar charts need at least 3 data points"}
  def validate(_), do: {:error, "Data must be a list"}

  # Private implementation

  defp valid_point?(%{category: _, value: v}) when is_number(v), do: true
  defp valid_point?(_), do: false

  defp generate_radar_svg(data, config) do
    width = config.width || 400
    height = config.height || 400
    cx = width / 2
    cy = height / 2
    radius = min(cx, cy) * 0.8
    max_val = config.max_value || Enum.max_by(data, & &1.value).value

    n = length(data)
    angle_step = 2 * :math.pi() / n

    # Generate polygon points
    points = data
    |> Enum.with_index()
    |> Enum.map(fn {%{value: value}, i} ->
      angle = i * angle_step - :math.pi() / 2
      r = (value / max_val) * radius
      x = cx + r * :math.cos(angle)
      y = cy + r * :math.sin(angle)
      "#{x},#{y}"
    end)
    |> Enum.join(" ")

    # Generate axis lines and labels
    axes = data
    |> Enum.with_index()
    |> Enum.map(fn {%{category: cat}, i} ->
      angle = i * angle_step - :math.pi() / 2
      x2 = cx + radius * :math.cos(angle)
      y2 = cy + radius * :math.sin(angle)
      lx = cx + (radius + 20) * :math.cos(angle)
      ly = cy + (radius + 20) * :math.sin(angle)

      """
      <line x1="#{cx}" y1="#{cy}" x2="#{x2}" y2="#{y2}" stroke="#ccc" stroke-width="1"/>
      <text x="#{lx}" y="#{ly}" text-anchor="middle" font-size="12">#{cat}</text>
      """
    end)
    |> Enum.join("\n")

    fill_color = List.first(config.colours || ["#4A90D9"])
    opacity = config.fill_opacity || 0.3

    """
    <svg xmlns="http://www.w3.org/2000/svg" width="#{width}" height="#{height}" viewBox="0 0 #{width} #{height}">
      #{axes}
      <polygon points="#{points}" fill="#{fill_color}" fill-opacity="#{opacity}" stroke="#{fill_color}" stroke-width="2"/>
    </svg>
    """
  end
end
Registering Custom Chart Types
To use custom charts, reference them from band elements:
# In your report module
defmodule MyApp.Reporting do
  use Ash.Domain, extensions: [AshReports.Domain]

  reports do
    report :performance_report do
      driving_resource MyApp.Performance

      band :charts do
        type :summary

        elements do
          # Custom chart element would need DSL extension
          # For now, use the chart system with custom processing
        end
      end
    end
  end
end
Custom Element Types
Extend the element system with new element types.
Adding Element to DSL
This requires extending the Spark DSL. Create a new element entity:
defmodule MyApp.Elements.QRCodeElement do
  @moduledoc """
  QR Code element for embedding QR codes in reports.
  """

  defstruct [
    :name,
    :data,
    :size,
    :error_correction,
    :position,
    :style
  ]

  @type t :: %__MODULE__{
    name: atom(),
    data: String.t() | {:field, atom()},
    size: pos_integer(),
    error_correction: :low | :medium | :quartile | :high,
    position: keyword(),
    style: keyword()
  }
end
Element Transformer
Add transformation logic in a custom transformer:
defmodule MyApp.Transformers.TransformQRElements do
  use Spark.Dsl.Transformer

  def transform(dsl_state) do
    # Transform QR code elements in bands
    # This would integrate with the existing band/element transformation
    {:ok, dsl_state}
  end
end
Element Renderer
Implement rendering for the new element:
defmodule MyApp.Renderers.QRCodeRenderer do
  def render(%MyApp.Elements.QRCodeElement{} = element, context) do
    data = resolve_data(element.data, context)
    size = element.size || 100

    # Generate QR code (using a library like eqrcode)
    {:ok, qr} = EQRCode.encode(data)
    svg = EQRCode.svg(qr, width: size)

    {:ok, svg}
  end

  defp resolve_data({:field, field_name}, %{current_record: record}) do
    Map.get(record, field_name, "")
  end

  defp resolve_data(static_data, _context) when is_binary(static_data) do
    static_data
  end
end
Custom Format Specifications
Create custom format specifications for specialized value formatting.
Format Specification Structure
defmodule MyApp.Formats.PhoneNumberFormat do
  @moduledoc """
  Formats phone numbers in various international formats.
  """

  defstruct [
    :country_code,
    :format_style  # :national, :international, :e164
  ]

  def format(value, %__MODULE__{} = spec) do
    case spec.format_style do
      :national -> format_national(value, spec.country_code)
      :international -> format_international(value)
      :e164 -> format_e164(value)
    end
  end

  defp format_national(value, "US") do
    # Format as (XXX) XXX-XXXX
    digits = String.replace(value, ~r/\D/, "")

    case String.length(digits) do
      10 ->
        "(#{String.slice(digits, 0, 3)}) #{String.slice(digits, 3, 3)}-#{String.slice(digits, 6, 4)}"

      11 when String.starts_with?(digits, "1") ->
        digits = String.slice(digits, 1, 10)
        "(#{String.slice(digits, 0, 3)}) #{String.slice(digits, 3, 3)}-#{String.slice(digits, 6, 4)}"

      _ ->
        value
    end
  end

  defp format_international(value) do
    digits = String.replace(value, ~r/\D/, "")
    "+#{digits}"
  end

  defp format_e164(value) do
    digits = String.replace(value, ~r/\D/, "")
    "+#{digits}"
  end
end
Integrating with Value Formatting
Hook into the existing formatting pipeline:
defmodule MyApp.Formatters.CustomFormatter do
  def format_value(value, %MyApp.Formats.PhoneNumberFormat{} = spec) do
    MyApp.Formats.PhoneNumberFormat.format(value, spec)
  end

  def format_value(value, spec) do
    # Fall back to default formatting
    AshReports.Formatter.format_value(value, spec)
  end
end
Custom Verifiers
Add compile-time validation for your extensions.
Verifier Behaviour
Verifiers use Spark.Dsl.Verifier:
defmodule MyApp.Verifiers.ValidateCustomElements do
  @moduledoc """
  Validates custom elements in report definitions.
  """

  use Spark.Dsl.Verifier

  alias Spark.Dsl.Verifier
  alias Spark.Error.DslError

  @impl true
  def verify(dsl_state) do
    module = Verifier.get_persisted(dsl_state, :module)

    with :ok <- validate_qr_elements(dsl_state, module),
         :ok <- validate_custom_charts(dsl_state, module) do
      :ok
    end
  end

  defp validate_qr_elements(dsl_state, module) do
    reports = AshReports.Info.reports(dsl_state)

    Enum.reduce_while(reports, :ok, fn report, :ok ->
      qr_elements = find_qr_elements(report)

      case validate_qr_data_sources(qr_elements) do
        :ok -> {:cont, :ok}
        {:error, reason} ->
          {:halt, {:error, DslError.exception(
            message: reason,
            path: [:reports, report.name],
            module: module
          )}}
      end
    end)
  end

  defp validate_qr_data_sources(elements) do
    invalid = Enum.filter(elements, fn elem ->
      case elem.data do
        {:field, _} -> false
        data when is_binary(data) -> false
        _ -> true
      end
    end)

    if Enum.empty?(invalid) do
      :ok
    else
      names = Enum.map(invalid, & &1.name)
      {:error, "QR elements #{inspect(names)} have invalid data sources"}
    end
  end

  defp find_qr_elements(report) do
    report.bands
    |> Enum.flat_map(& &1.elements)
    |> Enum.filter(&match?(%MyApp.Elements.QRCodeElement{}, &1))
  end

  defp validate_custom_charts(_dsl_state, _module), do: :ok
end
Registering Verifiers
Add to your domain extension:
defmodule MyApp.ReportsExtension do
  use Spark.Dsl.Extension,
    verifiers: [
      MyApp.Verifiers.ValidateCustomElements
    ]
end
Custom Transformers
Add compile-time transformations for custom functionality.
Transformer Pattern
defmodule MyApp.Transformers.EnrichReportMetadata do
  @moduledoc """
  Adds metadata to reports at compile time.
  """

  use Spark.Dsl.Transformer

  alias Spark.Dsl.Transformer

  @impl true
  def transform(dsl_state) do
    reports = AshReports.Info.reports(dsl_state)

    enriched_reports = Enum.map(reports, fn report ->
      metadata = %{
        compiled_at: DateTime.utc_now() |> DateTime.to_iso8601(),
        band_count: length(report.bands),
        element_count: count_elements(report),
        has_groups: length(report.groups) > 0,
        has_charts: has_chart_elements?(report)
      }

      %{report | metadata: Map.merge(report.metadata || %{}, metadata)}
    end)

    {:ok, Transformer.persist(dsl_state, :reports, enriched_reports)}
  end

  @impl true
  def after?(AshReports.Transformers.BuildReportModules), do: false
  def after?(_), do: true

  defp count_elements(report) do
    report.bands
    |> Enum.map(fn band -> length(band.elements || []) end)
    |> Enum.sum()
  end

  defp has_chart_elements?(report) do
    chart_types = [
      AshReports.Element.BarChartElement,
      AshReports.Element.LineChartElement,
      AshReports.Element.PieChartElement
    ]

    report.bands
    |> Enum.flat_map(& &1.elements || [])
    |> Enum.any?(fn elem -> elem.__struct__ in chart_types end)
  end
end
Transformer Ordering
Control when your transformer runs:
# Run after specific transformers
def after?(AshReports.Transformers.BuildReportModules), do: true
def after?(_), do: false

# Run before specific transformers
def before?(SomeOtherTransformer), do: true
def before?(_), do: false
Best Practices
1. Follow Existing Patterns
Study the existing implementations before creating extensions:
	Look at AshReports.Renderers.IrHtmlRenderer for renderer patterns
	Study AshReports.Charts.Types.BarChart for chart patterns
	Review AshReports.Verifiers.ValidateReports for verifier patterns

2. Use Type Specifications
Always include type specifications:
@spec render(IR.t(), keyword()) :: String.t()
@spec build(list(map()), Config.t()) :: {:ok, term()} | {:error, term()}
3. Handle Errors Gracefully
Return tagged tuples for error handling:
def render(data, opts) do
  case validate(data) do
    :ok -> {:ok, do_render(data, opts)}
    {:error, reason} -> {:error, {:render_failed, reason}}
  end
end
4. Emit Telemetry Events
Add telemetry for observability:
:telemetry.execute(
  [:my_app, :custom_renderer, :render, :start],
  %{system_time: System.system_time()},
  %{format: :custom}
)
5. Document Your Extensions
Provide comprehensive documentation:
@moduledoc """
Custom renderer for XYZ format.

## Usage

    {:ok, result} = MyApp.CustomRenderer.render_with_context(context)

## Configuration

- `:option1` - Description (default: value)
- `:option2` - Description (default: value)

## Examples

    # Example usage
"""
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DSL components for AshReports.
This module provides the core DSL building blocks for defining reports,
including sections, entities, and their schemas.
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Domain extension for AshReports.
This extension adds reporting capabilities to an Ash domain, allowing you to define
reports that can query and present data from your domain's resources.
Usage
defmodule MyApp.Reporting do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    report :user_activity do
      title "User Activity Report"
      driving_resource MyApp.Accounts.User

      bands do
        band :header do
          type :title
          elements do
            label :title do
              text "User Activity Report"
            end
          end
        end

        band :details do
          type :detail
          elements do
            field :name do
              source :name
            end
            field :last_login do
              source :last_login_at
              format :datetime
            end
          end
        end
      end
    end
  end
end
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Transformer that builds report modules at compile time.
This transformer generates modules for each report defined in the domain,
creating the necessary infrastructure for report execution and rendering.
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AshReports is a comprehensive reporting extension for the Ash Framework.
It provides a declarative way to define complex reports with hierarchical band structures,
supports multiple output formats (PDF, HTML, HEEX), includes internationalization via CLDR,
and exposes reports through both an internal API server and an MCP server for LLM integration.
Usage
To use AshReports, add it as an extension to your Ash domain:
defmodule MyApp.MyDomain do
  use Ash.Domain,
    extensions: [AshReports.Domain]

  reports do
    report :sales_report do
      title "Sales Report"
      description "Monthly sales summary"
      driving_resource MyApp.Sales

      bands do
        band :title do
          type :title
          elements do
            label :title_label do
              text "Monthly Sales Report"
              position x: 0, y: 0, width: 100, height: 20
            end
          end
        end
      end
    end
  end
end
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          @spec generate(module(), atom(), map(), atom()) :: {:ok, map()} | {:error, term()}


      


Generates a report in the specified format.
This is a convenience wrapper around AshReports.Runner.run_report/4 that provides
a simpler API for the most common use case.
Parameters
	domain - The Ash domain containing the report definition
	report_name - The name of the report to generate (atom)
	params - Parameters to pass to the report (map)
	format - Output format (:html, :pdf, :json, or :heex)

Returns
{:ok, result} where result is a map containing:
	:content - The generated report content
	:metadata - Metadata about report generation
	:format - The output format used

Or {:error, reason} if generation fails.
Examples
# Generate HTML report
{:ok, result} = AshReports.generate(
  MyApp.Domain,
  :sales_report,
  %{start_date: ~D[2024-01-01], end_date: ~D[2024-12-31]},
  :html
)

html_content = result.content

# Generate PDF report
{:ok, result} = AshReports.generate(
  MyApp.Domain,
  :sales_report,
  %{start_date: ~D[2024-01-01], end_date: ~D[2024-12-31]},
  :pdf
)

pdf_content = result.content
Options
For more control over report generation, use AshReports.Runner.run_report/4 which
accepts additional options like :locale, :timezone, :streaming, etc.
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AshReports Application - Supervisor for runtime services.
This application module provides supervision for runtime services needed by
AshReports, including chart generation infrastructure.
Services Supervised
	Chart Registry: Tracks active chart instances
	Chart Cache: Caches chart data for performance
	Performance Monitor: Monitors system performance metrics

Data Streaming
AshReports now uses Ash.stream! natively for data loading with keyset pagination.
No GenStage infrastructure is needed as Ash Framework handles streaming efficiently.
Usage
This application is automatically started when AshReports is used. It can also
be started manually:
{:ok, pid} = AshReports.Application.start(:normal, [])
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Represents a band within a report structure.
Bands are the fundamental building blocks of reports and can be hierarchically nested.
They contain elements that define what data and formatting to display.
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        get_element(band, name)

      


        Gets the element with the given name from the band.



    


    
      
        get_elements_by_type(band, type)

      


        Gets all elements of a specific type from the band.



    


    
      
        group_band?(band)

      


        Checks if this is a group band (group_header or group_footer).



    


    
      
        new(name, opts \\ [])

      


        Creates a new Band struct with the given name and options.



    





      


      
        Types


        


  
    
      
    
    
      band_type()



    

  


  

      

          @type band_type() ::
  :title
  | :page_header
  | :column_header
  | :group_header
  | :detail_header
  | :detail
  | :detail_footer
  | :group_footer
  | :column_footer
  | :page_footer
  | :summary


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %AshReports.Band{
  bands: [t()] | nil,
  can_grow: boolean(),
  can_shrink: boolean(),
  columns: pos_integer() | String.t() | [String.t()] | nil,
  detail_number: pos_integer() | nil,
  elements: [AshReports.Element.t()],
  grids: [AshReports.Layout.Grid.t()] | nil,
  group_level: pos_integer() | nil,
  height: pos_integer() | nil,
  keep_together: boolean(),
  name: atom(),
  on_entry: Ash.Expr.t() | nil,
  on_exit: Ash.Expr.t() | nil,
  padding: keyword() | nil,
  repeat_on_pages: boolean() | nil,
  stacks: [AshReports.Layout.Stack.t()] | nil,
  tables: [AshReports.Layout.Table.t()] | nil,
  target_alias: Ash.Expr.t() | nil,
  type: band_type(),
  visible: Ash.Expr.t() | boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      all_bands(band)



    

  


  

      

          @spec all_bands(t()) :: [t()]


      


Gets all child bands recursively.

  



  
    
      
    
    
      detail_band?(band)



    

  


  

      

          @spec detail_band?(t()) :: boolean()


      


Checks if this is a detail band type.

  



  
    
      
    
    
      get_element(band, name)



    

  


  

      

          @spec get_element(t(), atom()) :: AshReports.Element.t() | nil


      


Gets the element with the given name from the band.

  



  
    
      
    
    
      get_elements_by_type(band, type)



    

  


  

      

          @spec get_elements_by_type(t(), atom()) :: [AshReports.Element.t()]


      


Gets all elements of a specific type from the band.

  



  
    
      
    
    
      group_band?(band)



    

  


  

      

          @spec group_band?(t()) :: boolean()


      


Checks if this is a group band (group_header or group_footer).

  



    

  
    
      
    
    
      new(name, opts \\ [])



    

  


  

      

          @spec new(atom(), Keyword.t()) :: t()


      


Creates a new Band struct with the given name and options.

  


        

      


  
    
    AshReports.CalculationEngine - ash_reports v0.1.0
    
    

    


  
  

    
AshReports.CalculationEngine 
    



      
Enhanced runtime expression evaluation engine for AshReports variables.
This module provides comprehensive expression evaluation capabilities for
all variable types, supporting:
	Field references and relationship traversal
	Arithmetic and logical operations
	Ash expression evaluation
	Custom calculation functions
	Type-safe value extraction and conversion
	Error handling with detailed context

Supported Expression Types
Simple Field References
	:field_name - Direct field access
	{:field, :relationship, :field} - Relationship traversal
	expr(field_name) - Ash expression syntax

Calculations
	Arithmetic: expr(price * quantity)
	Conditionals: expr(if(status == "active", 1, 0))
	Aggregations: expr(sum(line_items.amount))
	Functions: expr(round(average, 2))

Custom Functions
Functions registered with the engine can be called in expressions.
Usage
# Simple field evaluation
CalculationEngine.evaluate(:amount, %{amount: 100})
# => {:ok, 100}

# Complex expression evaluation
expression = expr(price * quantity)
CalculationEngine.evaluate(expression, %{price: 10.50, quantity: 3})
# => {:ok, 31.50}

# Error handling
CalculationEngine.evaluate(:missing_field, %{amount: 100})
# => {:error, {:field_not_found, :missing_field}}

      


      
        Summary


  
    Types
  


    
      
        data_context()

      


    


    
      
        evaluation_result()

      


    


    
      
        expression()

      


    





  
    Functions
  


    
      
        evaluate(expression, data_context)

      


        Evaluates an expression against a data context.



    


    
      
        evaluate!(expression, data_context)

      


        Evaluates an expression, raising on error.



    


    
      
        extract_field_references(expression)

      


        Extracts field references from an expression for dependency analysis.



    


    
      
        get_function(name)

      


        Gets a registered calculation function.



    


    
      
        list_functions()

      


        Lists all registered function names.



    


    
      
        register_function(name, function)

      


        Registers a custom calculation function.



    


    
      
        validate_expression(expression)

      


        Validates that an expression can be evaluated (without actually evaluating it).



    





      


      
        Types


        


  
    
      
    
    
      data_context()



    

  


  

      

          @type data_context() :: map()


      



  



  
    
      
    
    
      evaluation_result()



    

  


  

      

          @type evaluation_result() :: {:ok, any()} | {:error, {atom(), any()}}


      



  



  
    
      
    
    
      expression()



    

  


  

      

          @type expression() ::
  atom()
  | {atom()}
  | {atom(), atom()}
  | {:field, atom(), atom()}
  | function()
  | Ash.Expr.t()
  | any()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      evaluate(expression, data_context)



    

  


  

      

          @spec evaluate(expression(), data_context()) :: evaluation_result()


      


Evaluates an expression against a data context.
Returns {:ok, value} on success or {:error, reason} on failure.

  



  
    
      
    
    
      evaluate!(expression, data_context)



    

  


  

      

          @spec evaluate!(expression(), data_context()) :: any()


      


Evaluates an expression, raising on error.

  



  
    
      
    
    
      extract_field_references(expression)



    

  


  

      

          @spec extract_field_references(expression()) :: [atom()]


      


Extracts field references from an expression for dependency analysis.

  



  
    
      
    
    
      get_function(name)



    

  


  

      

          @spec get_function(atom()) :: {:ok, function()} | {:error, :not_found}


      


Gets a registered calculation function.

  



  
    
      
    
    
      list_functions()



    

  


  

      

          @spec list_functions() :: [atom()]


      


Lists all registered function names.

  



  
    
      
    
    
      register_function(name, function)



    

  


  

      

          @spec register_function(atom(), function()) :: :ok


      


Registers a custom calculation function.

  



  
    
      
    
    
      validate_expression(expression)



    

  


  

      

          @spec validate_expression(expression()) :: :ok | {:error, term()}


      


Validates that an expression can be evaluated (without actually evaluating it).

  


        

      


  
    
    AshReports.ChartEngine - ash_reports v0.1.0
    
    

    


  
  

    
AshReports.ChartEngine 
    



      
Core chart engine for AshReports.
Provides a unified interface for generating server-side SVG charts and visualizations
using Contex with automatic chart type selection and caching capabilities.
Features
	Server-Side SVG Generation: Pure Elixir chart generation using Contex
	Automatic Chart Selection: Intelligent chart type selection based on data characteristics
	Multi-Renderer Support: SVG output works across HTML, HEEX, PDF, and JSON renderers
	Internationalization: Integration with CLDR and translation systems
	Performance Optimization: Efficient chart data processing and ETS-based caching

Supported Chart Types
Basic Charts:
	Line Charts: Time series data, trends, continuous data
	Bar Charts: Categorical comparisons, rankings, grouped data
	Pie Charts: Proportional data, percentages, parts-of-whole
	Area Charts: Cumulative data, stacked comparisons

Advanced Charts:
	Scatter Plots: Correlation analysis, data distribution
	Histogram Charts: Frequency distribution, statistical analysis
	Box Plots: Statistical summaries, outlier detection
	Heatmaps: Density visualization, correlation matrices

Chart Generation
All charts are generated server-side using Contex, producing SVG output that can be:
	Embedded directly in HTML/HEEX templates
	Converted to images for PDF rendering
	Served as data through JSON APIs
	Cached for improved performance

Usage Examples
Basic Chart Generation
chart_config = %ChartConfig{
  type: :line,
  data: time_series_data,
  title: "Sales Trend"
}

{:ok, chart} = ChartEngine.generate(chart_config, context)
Automatic Chart Selection
data = %{
  sales_by_month: monthly_sales_data,
  profit_margins: percentage_data
}

charts = ChartEngine.auto_select_charts(data, context)
Real-time Chart Configuration
realtime_config = %ChartConfig{
  type: :bar,
  data: sales_data,
  real_time: true,
  update_interval: 30_000  # 30 seconds
}

{:ok, chart} = ChartEngine.generate(realtime_config, context)

      


      
        Summary


  
    Types
  


    
      
        chart_result()

      


    


    
      
        chart_type()

      


    





  
    Functions
  


    
      
        auto_select_charts(data, context)

      


        Automatically select appropriate chart types based on data characteristics.



    


    
      
        generate(config, context)

      


        Generate a chart using the specified configuration and render context.



    


    
      
        generate_chart_set(chart_configs, context)

      


        Generate multiple charts for comprehensive data visualization.



    


    
      
        get_metrics()

      


        Get chart generation statistics and performance metrics.



    





      


      
        Types


        


  
    
      
    
    
      chart_result()



    

  


  

      

          @type chart_result() ::
  {:ok, AshReports.ChartEngine.ChartData.t()} | {:error, String.t()}


      



  



  
    
      
    
    
      chart_type()



    

  


  

      

          @type chart_type() ::
  :line | :bar | :pie | :area | :scatter | :histogram | :boxplot | :heatmap


      



  


        

      

      
        Functions


        


  
    
      
    
    
      auto_select_charts(data, context)



    

  


  

      

          @spec auto_select_charts(map(), AshReports.RenderContext.t()) :: [
  AshReports.ChartEngine.ChartConfig.t()
]


      


Automatically select appropriate chart types based on data characteristics.
Analyzes the provided data and suggests the most suitable chart types
for visualization based on data patterns, types, and relationships.
Examples
data = %{
  revenue: [100, 150, 200, 175],
  months: ["Jan", "Feb", "Mar", "Apr"]
}

suggestions = ChartEngine.auto_select_charts(data, context)
# Returns: [%ChartConfig{type: :line, confidence: 0.9}, ...]

  



  
    
      
    
    
      generate(config, context)



    

  


  

      

          @spec generate(AshReports.ChartEngine.ChartConfig.t(), AshReports.RenderContext.t()) ::
  chart_result()


      


Generate a chart using the specified configuration and render context.
Uses Contex for server-side SVG generation.
Examples
config = %ChartConfig{
  type: :line,
  data: [[1, 10], [2, 20], [3, 15]],
  title: "Sales Trend"
}

{:ok, chart} = ChartEngine.generate(config, context)

  



  
    
      
    
    
      generate_chart_set(chart_configs, context)



    

  


  

      

          @spec generate_chart_set(map(), AshReports.RenderContext.t()) ::
  {:ok, map()} | {:error, String.t()}


      


Generate multiple charts for comprehensive data visualization.
Creates a set of related charts that provide different perspectives
on the same dataset for dashboard-style reporting.
Examples
chart_set = %{
  overview: %ChartConfig{type: :line, data: trend_data},
  breakdown: %ChartConfig{type: :pie, data: category_data},
  comparison: %ChartConfig{type: :bar, data: comparison_data}
}

{:ok, charts} = ChartEngine.generate_chart_set(chart_set, context)

  



  
    
      
    
    
      get_metrics()



    

  


  

      

          @spec get_metrics() :: map()


      


Get chart generation statistics and performance metrics.

  


        

      


  
    
    AshReports.ChartEngine.ChartConfig - ash_reports v0.1.0
    
    

    


  
  

    
AshReports.ChartEngine.ChartConfig 
    



      
Configuration structure for chart generation in AshReports.
Defines the chart type, data, styling options, and behavioral configuration
for generating server-side SVG charts using Contex across all renderers.

      


      
        Summary


  
    Types
  


    
      
        chart_type()

      


    


    
      
        interaction_type()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        interactive(type, data, opts \\ [])

      


        Create a configuration for an interactive chart.



    


    
      
        new(type, data, opts \\ [])

      


        Create a new ChartConfig with default values.



    


    
      
        real_time(type, data, opts \\ [])

      


        Create a configuration for real-time updating charts.



    


    
      
        validate(config)

      


        Validate chart configuration and ensure all required fields are present.



    





      


      
        Types


        


  
    
      
    
    
      chart_type()



    

  


  

      

          @type chart_type() ::
  :line | :bar | :pie | :area | :scatter | :histogram | :boxplot | :heatmap


      



  



  
    
      
    
    
      interaction_type()



    

  


  

      

          @type interaction_type() :: :none | :hover | :click | :drill_down | :filter | :zoom


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %AshReports.ChartEngine.ChartConfig{
  animation: boolean(),
  auto_type_selection: boolean(),
  cache_enabled: boolean(),
  colors: list(),
  confidence: float(),
  created_at: DateTime.t() | nil,
  custom_css: String.t() | nil,
  data: list() | map(),
  datasets: list(),
  export_formats: [atom()],
  exportable: boolean(),
  height: integer() | nil,
  interactions: [interaction_type()],
  interactive: boolean(),
  labels: list(),
  lazy_loading: boolean(),
  locale_aware: boolean(),
  options: map(),
  real_time: boolean(),
  reasoning: String.t() | nil,
  rtl_support: boolean(),
  subtitle: String.t() | nil,
  theme: atom(),
  title: String.t() | nil,
  type: chart_type(),
  update_interval: integer() | nil,
  updated_at: DateTime.t() | nil,
  width: integer() | nil
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      interactive(type, data, opts \\ [])



    

  


  

      

          @spec interactive(chart_type(), list() | map(), keyword()) :: t()


      


Create a configuration for an interactive chart.
Examples
config = ChartConfig.interactive(:bar, sales_data, 
  interactions: [:hover, :click, :drill_down],
  real_time: true,
  update_interval: 30_000
)

  



    

  
    
      
    
    
      new(type, data, opts \\ [])



    

  


  

      

          @spec new(chart_type(), list() | map(), keyword()) :: t()


      


Create a new ChartConfig with default values.
Examples
config = ChartConfig.new(:line, chart_data)
config = ChartConfig.new(:pie, chart_data, title: "Sales Distribution")

  



    

  
    
      
    
    
      real_time(type, data, opts \\ [])



    

  


  

      

          @spec real_time(chart_type(), list() | map(), keyword()) :: t()


      


Create a configuration for real-time updating charts.
Examples
config = ChartConfig.real_time(:line, stream_data,
  update_interval: 5000,
  max_data_points: 100
)

  



  
    
      
    
    
      validate(config)



    

  


  

      

          @spec validate(t()) :: {:ok, t()} | {:error, String.t()}


      


Validate chart configuration and ensure all required fields are present.

  


        

      


  
    
    AshReports.ChartEngine.ChartData - ash_reports v0.1.0
    
    

    


  
  

    
AshReports.ChartEngine.ChartData 
    



      
Data structure for processed chart data in AshReports Phase 5.1.
Represents chart data in a normalized format suitable for various chart
providers while maintaining metadata for internationalization and
interactive features.

      


      
        Summary


  
    Types
  


    
      
        data_type()

      


    


    
      
        format_type()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        aggregate(chart_data, aggregation_type)

      


        Apply statistical aggregation to the chart data.



    


    
      
        enable_real_time(chart_data, opts \\ [])

      


        Add real-time update capability to chart data.



    


    
      
        filter(chart_data, criteria)

      


        Filter chart data based on provided criteria.



    


    
      
        new(raw_data, opts \\ [])

      


        Create a new ChartData structure from raw data.



    


    
      
        sort(chart_data, field, direction \\ :asc)

      


        Sort chart data by specified field and direction.



    


    
      
        to_chartjs_format(chart_data)

      


        Convert chart data to Chart.js compatible format.



    


    
      
        to_d3_format(chart_data)

      


        Convert chart data to D3.js compatible format.



    


    
      
        to_plotly_format(chart_data)

      


        Convert chart data to Plotly compatible format.



    





      


      
        Types


        


  
    
      
    
    
      data_type()



    

  


  

      

          @type data_type() ::
  :numeric
  | :categorical
  | :coordinate_pairs
  | :multi_series
  | :time_series
  | :mixed


      



  



  
    
      
    
    
      format_type()



    

  


  

      

          @type format_type() :: :raw | :aggregated | :statistical | :normalized


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %AshReports.ChartEngine.ChartData{
  average_value: number() | nil,
  cache_key: String.t() | nil,
  data_type: data_type(),
  datasets: list(),
  date_format: String.t() | nil,
  drill_down_fields: list(),
  errors: list(),
  filterable_fields: list(),
  format_type: format_type(),
  has_gaps: boolean(),
  labels: list(),
  last_updated: DateTime.t() | nil,
  locale: String.t(),
  max_value: number() | nil,
  median_value: number() | nil,
  metadata: term(),
  min_value: number() | nil,
  number_format: String.t() | nil,
  processed_data: list(),
  processing_time_ms: number() | nil,
  raw_data: list() | map(),
  series_count: integer(),
  sortable_fields: list(),
  std_deviation: number() | nil,
  svg: term(),
  text_direction: String.t(),
  time_interval: atom() | nil,
  time_range: {DateTime.t(), DateTime.t()} | nil,
  value_count: integer(),
  warnings: list()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      aggregate(chart_data, aggregation_type)



    

  


  

      

          @spec aggregate(t(), atom()) :: t()


      


Apply statistical aggregation to the chart data.

  



    

  
    
      
    
    
      enable_real_time(chart_data, opts \\ [])



    

  


  

      

          @spec enable_real_time(
  t(),
  keyword()
) :: t()


      


Add real-time update capability to chart data.

  



  
    
      
    
    
      filter(chart_data, criteria)



    

  


  

      

          @spec filter(t(), map()) :: t()


      


Filter chart data based on provided criteria.

  



    

  
    
      
    
    
      new(raw_data, opts \\ [])



    

  


  

      

          @spec new(
  list() | map(),
  keyword()
) :: t()


      


Create a new ChartData structure from raw data.
Examples
# Numeric series data
data = ChartData.new([1, 2, 3, 4, 5])

# Coordinate pairs
data = ChartData.new([{1, 10}, {2, 20}, {3, 15}])

# Multi-series data
data = ChartData.new(%{
  "Series A" => [1, 2, 3],
  "Series B" => [4, 5, 6]
})

  



    

  
    
      
    
    
      sort(chart_data, field, direction \\ :asc)



    

  


  

      

          @spec sort(t(), atom(), :asc | :desc) :: t()


      


Sort chart data by specified field and direction.

  



  
    
      
    
    
      to_chartjs_format(chart_data)



    

  


  

      

          @spec to_chartjs_format(t()) :: map()


      


Convert chart data to Chart.js compatible format.

  



  
    
      
    
    
      to_d3_format(chart_data)



    

  


  

      

          @spec to_d3_format(t()) :: list()


      


Convert chart data to D3.js compatible format.

  



  
    
      
    
    
      to_plotly_format(chart_data)



    

  


  

      

          @spec to_plotly_format(t()) :: map()


      


Convert chart data to Plotly compatible format.
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AshReports.ChartEngine.ChartDataProcessor 
    



      
Universal chart data processing for all AshReports renderers.
Provides renderer-agnostic chart data preparation and optimization,
enabling consistent chart generation across HTML, HEEX, PDF, and JSON
renderers with appropriate format-specific optimizations.
Features
	Universal Processing: Single data pipeline for all renderer types
	Renderer Optimization: Format-specific optimizations for each output type
	Data Validation: Comprehensive validation for chart data integrity
	Format Conversion: Seamless conversion between chart data formats
	Performance Optimization: Caching and preprocessing for efficient rendering
	Error Handling: Graceful degradation for invalid or missing data

Usage Examples
Process for PDF Rendering
chart_data = ChartDataProcessor.process_for_renderer(
  chart_config,
  context,
  :pdf
)

# Result optimized for static PDF generation
Process for JSON API
json_data = ChartDataProcessor.process_for_renderer(
  chart_config,
  context,
  :json
)

# Result includes API metadata and serialization format
Universal Processing with Caching
cached_data = ChartDataProcessor.process_with_cache(
  chart_config,
  context,
  [:pdf, :json, :html]
)

      


      
        Summary


  
    Functions
  


    
      
        generate_chart_endpoints(chart_config)

      


        Generate API endpoints for chart operations.



    


    
      
        generate_chart_id(chart_config)

      


        Generate unique chart ID from configuration.



    


    
      
        get_locale_font(arg1)

      


        Get appropriate font for locale.



    


    
      
        process_for_multiple_renderers(chart_config, context, renderer_types)

      


        Process chart data for multiple renderers with shared caching.



    


    
      
        process_for_renderer(chart_config, context, renderer_type)

      


        Process chart data for specific renderer with optimizations.



    


    
      
        process_with_cache(chart_config, context, renderer_types)

      


        Prepare chart data with caching for improved performance.



    





      


      
        Functions


        


  
    
      
    
    
      generate_chart_endpoints(chart_config)



    

  


  

      

          @spec generate_chart_endpoints(AshReports.ChartEngine.ChartConfig.t()) :: map()


      


Generate API endpoints for chart operations.

  



  
    
      
    
    
      generate_chart_id(chart_config)



    

  


  

      

          @spec generate_chart_id(AshReports.ChartEngine.ChartConfig.t()) :: String.t()


      


Generate unique chart ID from configuration.

  



  
    
      
    
    
      get_locale_font(arg1)



    

  


  

      

          @spec get_locale_font(String.t()) :: String.t()


      


Get appropriate font for locale.

  



  
    
      
    
    
      process_for_multiple_renderers(chart_config, context, renderer_types)



    

  


  

      

          @spec process_for_multiple_renderers(
  AshReports.ChartEngine.ChartConfig.t(),
  AshReports.RenderContext.t(),
  [atom()]
) :: {:ok, map()} | {:error, String.t()}


      


Process chart data for multiple renderers with shared caching.

  



  
    
      
    
    
      process_for_renderer(chart_config, context, renderer_type)



    

  


  

      

          @spec process_for_renderer(
  AshReports.ChartEngine.ChartConfig.t(),
  AshReports.RenderContext.t(),
  atom()
) ::
  {:ok, map()} | {:error, String.t()}


      


Process chart data for specific renderer with optimizations.

  



  
    
      
    
    
      process_with_cache(chart_config, context, renderer_types)



    

  


  

      

          @spec process_with_cache(
  AshReports.ChartEngine.ChartConfig.t(),
  AshReports.RenderContext.t(),
  [atom()]
) ::
  {:ok, map()} | {:error, String.t()}


      


Prepare chart data with caching for improved performance.

  


        

      


  
    
    AshReports.ChartEngine.ChartImageGenerator - ash_reports v0.1.0
    
    

    


  
  

    
AshReports.ChartEngine.ChartImageGenerator 
    



      
Server-side chart image generation for PDF rendering in Phase 6.3.
Generates high-quality chart images for embedding in PDF reports using
headless browser rendering with Chart.js, D3.js, or Plotly for consistent
chart appearance across interactive and static formats.
Features
	High-Quality Image Generation: 300 DPI chart images for print quality
	Multi-Provider Support: Chart.js, D3.js, Plotly rendering
	Headless Browser Integration: Placeholder for future image generation support
	Performance Optimization: Image caching and parallel generation
	Format Support: PNG, SVG, JPEG with configurable quality
	RTL and Locale Support: International chart rendering

Usage Examples
Generate Chart Image for PDF
{:ok, image_data} = ChartImageGenerator.generate_chart_image(
  chart_config,
  context,
  %{format: :png, width: 800, height: 600, quality: 300}
)

# image_data contains binary PNG data for PDF embedding
Batch Image Generation
chart_images = ChartImageGenerator.generate_multiple_images(
  chart_configs,
  context,
  %{format: :png, quality: 300}
)
Cached Image Generation
{:ok, cached_image} = ChartImageGenerator.generate_with_cache(
  chart_config,
  context,
  image_options
)

      


      
        Summary


  
    Functions
  


    
      
        clear_image_cache()

      


        Clear image cache to free memory.



    


    
      
        generate_chart_image(chart_config, context, options \\ %{})

      


        Generate chart image for PDF embedding.



    


    
      
        generate_multiple_images(chart_configs, context, options \\ %{})

      


        Generate multiple chart images efficiently with parallel processing.



    


    
      
        generate_with_cache(chart_config, context, options \\ %{})

      


        Generate chart image with caching for performance.



    





      


      
        Functions


        


  
    
      
    
    
      clear_image_cache()



    

  


  

      

          @spec clear_image_cache() :: :ok


      


Clear image cache to free memory.

  



    

  
    
      
    
    
      generate_chart_image(chart_config, context, options \\ %{})



    

  


  

      

          @spec generate_chart_image(
  AshReports.ChartEngine.ChartConfig.t(),
  AshReports.RenderContext.t(),
  map()
) ::
  {:ok, binary()} | {:error, String.t()}


      


Generate chart image for PDF embedding.

  



    

  
    
      
    
    
      generate_multiple_images(chart_configs, context, options \\ %{})



    

  


  

      

          @spec generate_multiple_images(
  [AshReports.ChartEngine.ChartConfig.t()],
  AshReports.RenderContext.t(),
  map()
) :: {:ok, map()} | {:error, String.t()}


      


Generate multiple chart images efficiently with parallel processing.

  



    

  
    
      
    
    
      generate_with_cache(chart_config, context, options \\ %{})



    

  


  

      

          @spec generate_with_cache(
  AshReports.ChartEngine.ChartConfig.t(),
  AshReports.RenderContext.t(),
  map()
) ::
  {:ok, binary()} | {:error, String.t()}


      


Generate chart image with caching for performance.
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Main module for chart generation in AshReports.
This module provides the public API for generating SVG charts using pure Elixir
libraries (Contex). It supports various chart types including bar charts, line
charts, pie charts, and more.
Usage
# Generate a bar chart
data = [
  %{category: "Jan", value: 100},
  %{category: "Feb", value: 150},
  %{category: "Mar", value: 120}
]

config = %AshReports.Charts.BarChartConfig{
  title: "Monthly Sales",
  width: 600,
  height: 400
}

{:ok, svg} = AshReports.Charts.generate(:bar, data, config)
Supported Chart Types
	:bar - Bar charts (grouped, stacked, horizontal)
	:line - Line charts (single/multi-series)
	:pie - Pie charts (with percentage labels)
	:area - Area charts (stacked areas for time-series)
	:scatter - Scatter plots (with optional regression lines)

Caching
Chart SVG output is automatically cached using ETS for performance. The cache
key is generated from the chart type, data, and configuration.
Telemetry
This module emits the following telemetry events:
	[:ash_reports, :charts, :generate, :start] - Chart generation started
	[:ash_reports, :charts, :generate, :stop] - Chart generation completed
	[:ash_reports, :charts, :generate, :exception] - Chart generation failed


      


      
        Summary


  
    Functions
  


    
      
        generate(type, data, config \\ %{}, opts \\ [])

      


        Generates a chart and returns SVG string.



    


    
      
        list_types()

      


        Lists all available chart types.



    


    
      
        type_available?(type)

      


        Checks if a chart type is available.



    





      


      
        Functions


        


    

    

  
    
      
    
    
      generate(type, data, config \\ %{}, opts \\ [])



    

  


  

      

          @spec generate(atom(), [map()], map(), keyword()) ::
  {:ok, String.t()} | {:error, term()}


      


Generates a chart and returns SVG string.
Automatically caches generated charts for improved performance. Cache keys are
generated from chart type, data, and configuration to ensure deterministic caching.
Parameters
	type - Chart type atom (e.g., :bar, :line, :pie)
	data - List of maps containing chart data
	config - Chart configuration (type-specific config struct or map)
	opts - Options (keyword list)	:cache - Enable/disable caching (default: true)
	:cache_ttl - Cache time-to-live in milliseconds (default: 300_000 / 5 minutes)
	:compression_threshold - Minimum SVG size for compression (default: 10_000 bytes)



Returns
	{:ok, svg} - Successfully generated SVG string
	{:error, reason} - Error occurred during generation

Examples
# Generate a simple bar chart (with caching)
data = [%{x: "A", y: 10}, %{x: "B", y: 20}]
config = %AshReports.Charts.BarChartConfig{title: "Test Chart"}
{:ok, svg} = AshReports.Charts.generate(:bar, data, config)

# With custom configuration
config = %AshReports.Charts.LineChartConfig{
  title: "Sales Report",
  width: 800,
  height: 600,
  colours: ["#FF6B6B", "#4ECDC4", "#45B7D1"]
}
{:ok, svg} = AshReports.Charts.generate(:line, data, config)

# Disable caching
{:ok, svg} = AshReports.Charts.generate(:bar, data, config, cache: false)

# Custom cache TTL (10 minutes)
{:ok, svg} = AshReports.Charts.generate(:bar, data, config, cache_ttl: 600_000)

# Custom compression threshold (20KB)
{:ok, svg} = AshReports.Charts.generate(:bar, data, config, compression_threshold: 20_000)

  



  
    
      
    
    
      list_types()



    

  


  

      

          @spec list_types() :: [atom()]


      


Lists all available chart types.
Returns
List of chart type atoms that can be used with generate/3.
Examples
AshReports.Charts.list_types()
# => [:bar, :line, :pie, :area, :scatter]

  



  
    
      
    
    
      type_available?(type)



    

  


  

      

          @spec type_available?(atom()) :: boolean()


      


Checks if a chart type is available.
Parameters
	type - Chart type atom

Returns
Boolean indicating if the chart type is registered.
Examples
AshReports.Charts.type_available?(:bar)
# => true

AshReports.Charts.type_available?(:unknown)
# => false
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Specification for an aggregate operation in a chart transform.
Aggregates define calculations to be performed on grouped data, such as counting
records, summing values, calculating averages, etc.
Fields
	:type - The type of aggregation (:count, :sum, :avg, :min, :max)
	:field - The field to aggregate (optional for :count)
	:as - The name to use for the aggregate result (required)

Examples
# Count aggregation
%AggregateSpec{type: :count, field: nil, as: :total_count}

# Sum aggregation
%AggregateSpec{type: :sum, field: :amount, as: :total_amount}

# Average aggregation
%AggregateSpec{type: :avg, field: :price, as: :avg_price}

      


      
        Summary


  
    Types
  


    
      
        aggregate_type()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(type, field, as)

      


        Creates a new aggregate specification.



    


    
      
        to_tuple(aggregate_spec)

      


        Converts an AggregateSpec to the tuple format used by Transform.



    


    
      
        validate(aggregate_spec)

      


        Validates an aggregate specification.
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      aggregate_type()



    

  


  

      

          @type aggregate_type() :: :count | :sum | :avg | :min | :max


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %AshReports.Charts.AggregateSpec{
  as: atom(),
  field: atom() | nil,
  type: aggregate_type()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(type, field, as)



    

  


  

      

          @spec new(aggregate_type(), atom() | nil, atom()) :: t()


      


Creates a new aggregate specification.
Parameters
	type - The aggregate type
	field - The field to aggregate (optional for :count)
	as - The result name

Examples
AggregateSpec.new(:count, nil, :total)
AggregateSpec.new(:sum, :amount, :total_amount)

  



  
    
      
    
    
      to_tuple(aggregate_spec)



    

  


  

      

          @spec to_tuple(t()) :: tuple()


      


Converts an AggregateSpec to the tuple format used by Transform.
Examples
iex> spec = AggregateSpec.new(:sum, :amount, :total)
iex> AggregateSpec.to_tuple(spec)
{:sum, :amount, :total}

iex> spec = AggregateSpec.new(:count, nil, :total)
iex> AggregateSpec.to_tuple(spec)
{:count, :total}

  



  
    
      
    
    
      validate(aggregate_spec)



    

  


  

      

          @spec validate(t()) :: :ok | {:error, String.t()}


      


Validates an aggregate specification.
Examples
iex> spec = AggregateSpec.new(:sum, :amount, :total)
iex> AggregateSpec.validate(spec)
:ok

iex> spec = AggregateSpec.new(:sum, nil, :total)
iex> AggregateSpec.validate(spec)
{:error, "Aggregate type :sum requires a field"}
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Provides aggregation functions for chart data processing.
This module implements common aggregation operations needed for chart generation:
	Statistical aggregations (sum, count, avg, min, max)
	Grouped aggregations (group by field)
	Time-series aggregations (with bucketing)
	Custom aggregation functions

Reuses the ProducerConsumer aggregation logic from the streaming pipeline
for consistency and performance.
Features
	Standard Aggregations: sum, count, avg, min, max
	Grouped Aggregations: Group by one or more fields
	Streaming Support: Works with both lists and streams
	Type Safety: Handles various numeric types (Integer, Float, Decimal)
	Null Handling: Skips nil values in aggregations

Usage
Basic Aggregations
data = [
  %{amount: 100},
  %{amount: 200},
  %{amount: 150}
]

Aggregator.sum(data, :amount)
# => 450

Aggregator.avg(data, :amount)
# => 150.0
Grouped Aggregations
data = [
  %{category: "A", amount: 100},
  %{category: "B", amount: 200},
  %{category: "A", amount: 150}
]

Aggregator.group_by(data, :category, :amount, :sum)
# => [%{category: "A", value: 250}, %{category: "B", value: 200}]
Multiple Aggregations
Aggregator.aggregate(data, [
  {:total, :amount, :sum},
  {:average, :amount, :avg},
  {:count, :amount, :count}
])
# => %{total: 450, average: 150.0, count: 3}
Integration with Charts
# Prepare data for bar chart
sales_data = [...]
aggregated = Aggregator.group_by(sales_data, :product, :quantity, :sum)

Charts.generate(:bar, aggregated, config)
Performance
	List aggregation: O(n) for most operations
	Grouped aggregation: O(n * log(g)) where g = number of groups
	Streaming: Constant memory usage regardless of dataset size
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        aggregation()
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    Functions
  


    
      
        aggregate(data, specs)

      


        Applies multiple aggregations to data.



    


    
      
        avg(data, field)

      


        Calculates the average of values for a given field.



    


    
      
        count(data, field)

      


        Counts non-nil values for a given field.



    


    
      
        custom(data, field, initial, fun)

      


        Applies a custom aggregation function to data.



    


    
      
        field_max(data, field)

      


        Finds the maximum value for a given field.



    


    
      
        field_min(data, field)

      


        Finds the minimum value for a given field.



    


    
      
        group_by(data, group_field, value_field, aggregation)

      


        Groups data by a field and applies an aggregation to another field.



    


    
      
        sum(data, field)

      


        Calculates the sum of values for a given field.
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          @type aggregate_spec() :: {atom(), field(), aggregation()}


      



  



  
    
      
    
    
      aggregation()



    

  


  

      

          @type aggregation() :: :sum | :count | :avg | :min | :max


      



  



  
    
      
    
    
      field()



    

  


  

      

          @type field() :: atom() | String.t()
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      aggregate(data, specs)



    

  


  

      

          @spec aggregate(Enumerable.t(), [aggregate_spec()]) :: map()


      


Applies multiple aggregations to data.
Parameters
	data - List or stream of records
	specs - List of {output_key, field, aggregation} tuples

Returns
Map of output_key => aggregated_value
Examples
Aggregator.aggregate(data, [
  {:total, :amount, :sum},
  {:average, :amount, :avg},
  {:count, :amount, :count}
])
# => %{total: 450, average: 150.0, count: 3}

  



  
    
      
    
    
      avg(data, field)



    

  


  

      

          @spec avg(Enumerable.t(), field()) :: float()


      


Calculates the average of values for a given field.
Parameters
	data - List or stream of records
	field - Field name to average

Returns
Float average or 0.0 if no values
Examples
iex> Aggregator.avg([%{x: 10}, %{x: 20}, %{x: 30}], :x)
20.0

  



  
    
      
    
    
      count(data, field)



    

  


  

      

          @spec count(Enumerable.t(), field()) :: non_neg_integer()


      


Counts non-nil values for a given field.
Parameters
	data - List or stream of records
	field - Field name to count

Returns
Integer count
Examples
iex> Aggregator.count([%{x: 1}, %{x: nil}, %{x: 3}], :x)
2
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          @spec custom(Enumerable.t(), field(), term(), (term(), term() -> term())) :: term()


      


Applies a custom aggregation function to data.
Parameters
	data - List or stream of records
	field - Field to aggregate
	initial - Initial accumulator value
	fun - Function of arity 2 (value, acc) => new_acc

Returns
Final accumulator value
Examples
# Custom concatenation aggregation
Aggregator.custom(data, :name, "", fn value, acc ->
  if acc == "", do: value, else: acc <> ", " <> value
end)

  



  
    
      
    
    
      field_max(data, field)



    

  


  

      

          @spec field_max(Enumerable.t(), field()) :: number() | nil


      


Finds the maximum value for a given field.
Parameters
	data - List or stream of records
	field - Field name to find max

Returns
Maximum value or nil if no values
Examples
iex> Aggregator.field_max([%{x: 10}, %{x: 5}, %{x: 20}], :x)
20

  



  
    
      
    
    
      field_min(data, field)



    

  


  

      

          @spec field_min(Enumerable.t(), field()) :: number() | nil


      


Finds the minimum value for a given field.
Parameters
	data - List or stream of records
	field - Field name to find min

Returns
Minimum value or nil if no values
Examples
iex> Aggregator.field_min([%{x: 10}, %{x: 5}, %{x: 20}], :x)
5
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          @spec group_by(Enumerable.t(), field(), field(), aggregation()) :: [map()]


      


Groups data by a field and applies an aggregation to another field.
Parameters
	data - List or stream of records
	group_field - Field to group by
	value_field - Field to aggregate
	aggregation - Aggregation function (:sum, :count, :avg, :min, :max)

Returns
List of maps with group key and aggregated value
Examples
data = [
  %{category: "A", amount: 100},
  %{category: "B", amount: 200},
  %{category: "A", amount: 50}
]

Aggregator.group_by(data, :category, :amount, :sum)
# => [%{category: "A", value: 150}, %{category: "B", value: 200}]

  



  
    
      
    
    
      sum(data, field)



    

  


  

      

          @spec sum(Enumerable.t(), field()) :: number()


      


Calculates the sum of values for a given field.
Parameters
	data - List or stream of records
	field - Field name to sum

Returns
Numeric sum or 0 if no values
Examples
iex> Aggregator.sum([%{x: 1}, %{x: 2}, %{x: 3}], :x)
6
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Definition struct for an area chart.
This module represents a standalone area chart definition that can be
referenced in report bands. Area charts are similar to line charts but
with filled areas beneath the lines, ideal for showing cumulative totals
or volume over time.
DSL Usage
Define an area chart at the reports level:
reports do
  area_chart :cumulative_sales do
    data_source expr(get_cumulative_data())
    config do
      width 800
      height 400
      title "Cumulative Sales"
      mode :stacked
      opacity 0.7
      smooth_lines true
      colours ["36A2EB", "FF6384", "FFCE56"]
    end
  end

  report :sales_report do
    bands do
      band :trends do
        elements do
          area_chart :cumulative_sales
        end
      end
    end
  end
end
Fields
	name - Atom identifier for the chart (e.g., :cumulative_sales)
	data_source - Expression that evaluates to chart data at render time
	config - AreaChartConfig struct with chart configuration options

Data Source
The data_source field should be an expression that evaluates to data
in a format compatible with Contex LinePlot with area fill. The expression
is evaluated in the report's execution context with access to variables
and the current record scope.
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        new(name, opts \\ [])

      


        Creates a new AreaChart definition.
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      t()



    

  


  

      

          @type t() :: %AshReports.Charts.AreaChart{
  config: AshReports.Charts.AreaChartConfig.t() | nil,
  driving_resource: module() | nil,
  load_relationships: list() | nil,
  name: atom(),
  scope: (map() -> Ash.Query.t()) | nil,
  transform: AshReports.Charts.TransformDSL.t() | nil
}
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      new(name, opts \\ [])



    

  


  

      

          @spec new(
  atom(),
  keyword()
) :: t()


      


Creates a new AreaChart definition.
Parameters
	name - Atom identifier for the chart
	opts - Keyword list with optional :data_source and :config

Examples
iex> AreaChart.new(:my_chart, data_source: expr(get_data()), config: %AreaChartConfig{})
%AreaChart{name: :my_chart, data_source: {:expr, [get_data()]}, config: %AreaChartConfig{}}

  


        

      


  
    
    AshReports.Charts.AreaChartConfig - ash_reports v0.1.0
    
    

    


  
  

    
AshReports.Charts.AreaChartConfig 
    



      
Configuration struct for area charts using Contex LinePlot with area fill.
This module defines the configuration options for area chart generation.
Area charts are built on top of LinePlot with filled areas below the lines,
ideal for showing cumulative trends and volume over time.
Contex Mapping
Area charts use Contex.LinePlot internally with post-processing for area fill:
	Inherits all LinePlot options (smoothed, stroke_width, axis_label_rotation)
	mode → controls stacking behavior (:simple, :stacked)
	opacity → fill transparency (0.0-1.0)
	smooth_lines → whether to use smooth curves

DSL Usage
area_chart :cumulative_sales do
  data_source expr(daily_cumulative())
  config do
    width 800
    height 400
    title "Cumulative Sales"
    mode :simple
    opacity 0.7
    smooth_lines true
    smoothed true
    stroke_width "2"
    colours ["FF6384", "36A2EB"]
  end
end
Fields
	width - Chart width in pixels (default: 600)
	height - Chart height in pixels (default: 400)
	title - Chart title (optional)
	mode - Stacking mode: :simple, :stacked (default: :simple)
	opacity - Fill opacity from 0.0 to 1.0 (default: 0.7)
	smooth_lines - Use smooth curves (default: true)
	smoothed - LinePlot smoothing (default: true)
	stroke_width - Line thickness as string (default: "2")
	axis_label_rotation - X-axis label rotation: :auto, :"45", :"90" (default: :auto)
	colours - List of hex color codes without # (default: [])

Data Format
Area charts use the same format as line charts:
[
  %{x: 1, y: 100},
  %{x: 2, y: 150},
  %{x: 3, y: 120}
]
For stacked area charts with multiple series:
[
  %{date: ~D[2024-01-01], series_a: 100, series_b: 50},
  %{date: ~D[2024-01-02], series_a: 120, series_b: 60}
]
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        changeset(config \\ %__MODULE__{}, attrs)

      


        Creates a changeset for area chart configuration.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %AshReports.Charts.AreaChartConfig{
  axis_label_rotation: :auto | :"45" | :"90",
  colours: [String.t()],
  height: integer(),
  mode: :simple | :stacked,
  opacity: float(),
  smooth_lines: boolean(),
  smoothed: boolean(),
  stroke_width: String.t(),
  title: String.t() | nil,
  width: integer()
}
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      changeset(config \\ %__MODULE__{}, attrs)



    

  


  

Creates a changeset for area chart configuration.
Validations
	width must be a positive integer
	height must be a positive integer
	mode must be one of: :simple, :stacked
	opacity must be between 0.0 and 1.0
	stroke_width must be a string
	axis_label_rotation must be one of: :auto, :"45", :"90"
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Definition struct for a bar chart.
This module represents a standalone bar chart definition that can be
referenced in report bands. Bar charts are defined at the top level of
the reports DSL and can be reused across multiple bands.
DSL Usage
Define a bar chart at the reports level:
reports do
  bar_chart :sales_by_region do
    data_source expr(aggregate_sales_by_region())
    config do
      width 600
      height 400
      title "Sales by Region"
      type :grouped
      orientation :vertical
      data_labels true
    end
  end

  report :monthly_report do
    bands do
      band :summary do
        elements do
          bar_chart :sales_by_region
        end
      end
    end
  end
end
Fields
	name - Atom identifier for the chart (e.g., :sales_by_region)
	data_source - Expression that evaluates to chart data at render time
	config - BarChartConfig struct with chart configuration options

Data Source
The data_source field should be an expression that evaluates to data
in a format compatible with Contex BarChart. The expression is evaluated
in the report's execution context with access to variables and the current
record scope.
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        new(name, opts \\ [])

      


        Creates a new BarChart definition.
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          @type t() :: %AshReports.Charts.BarChart{
  config: AshReports.Charts.BarChartConfig.t() | nil,
  driving_resource: module() | nil,
  load_relationships: list() | nil,
  name: atom(),
  scope: (map() -> Ash.Query.t()) | nil,
  transform: AshReports.Charts.TransformDSL.t() | nil
}
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      new(name, opts \\ [])



    

  


  

      

          @spec new(
  atom(),
  keyword()
) :: t()


      


Creates a new BarChart definition.
Parameters
	name - Atom identifier for the chart
	opts - Keyword list with optional fields

Examples
iex> BarChart.new(:my_chart, driving_resource: MyResource)
%BarChart{name: :my_chart, driving_resource: MyResource}
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Configuration struct for bar charts using Contex BarChart.
This module defines the configuration options for bar chart generation,
mapping to Contex BarChart options. Bar charts are ideal for comparing
values across categories.
Contex Mapping
This struct maps to Contex.BarChart options:
	type → :type (:simple, :grouped, :stacked)
	orientation → :orientation (:vertical, :horizontal)
	data_labels → :data_labels (boolean)
	padding → :padding (integer between bars)
	colours → :colour_palette (list of hex colors without #)

DSL Usage
bar_chart :sales_by_region do
  data_source expr(aggregate_sales_by_region())
  config do
    width 600
    height 400
    title "Sales by Region"
    type :grouped
    orientation :vertical
    data_labels true
    padding 2
    colours ["FF6384", "36A2EB", "FFCE56"]
  end
end
Fields
	width - Chart width in pixels (default: 600)
	height - Chart height in pixels (default: 400)
	title - Chart title (optional)
	type - Bar chart type: :simple, :grouped, :stacked (default: :simple)
	orientation - Bar orientation: :vertical, :horizontal (default: :vertical)
	data_labels - Show data values on bars (default: true)
	padding - Padding between bars in pixels (default: 2)
	colours - List of hex color codes without # (default: [])

Data Format
Bar charts expect data with category and value fields:
[
  %{category: "North", value: 15000},
  %{category: "South", value: 12000},
  %{category: "East", value: 18000}
]
For grouped/stacked bars, use multiple value columns:
[
  %{category: "Q1", product_a: 100, product_b: 150},
  %{category: "Q2", product_a: 120, product_b: 180}
]
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        changeset(config \\ %__MODULE__{}, attrs)

      


        Creates a changeset for bar chart configuration.
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      t()



    

  


  

      

          @type t() :: %AshReports.Charts.BarChartConfig{
  colours: [String.t()],
  data_labels: boolean(),
  height: integer(),
  orientation: :vertical | :horizontal,
  padding: integer(),
  title: String.t() | nil,
  type: :simple | :grouped | :stacked,
  width: integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      changeset(config \\ %__MODULE__{}, attrs)



    

  


  

Creates a changeset for bar chart configuration.
Validations
	width must be a positive integer
	height must be a positive integer
	type must be one of: :simple, :grouped, :stacked
	orientation must be one of: :vertical, :horizontal
	padding must be non-negative
	colours must be a list of strings (hex codes without #)
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AshReports.Charts.Cache 
    



      
ETS-based caching system for compiled SVG charts with compression support.
This module provides fast in-memory caching of chart SVG output with
time-to-live (TTL) support for automatic expiration and optional compression.
Features
	Fast ETS-based storage
	TTL-based automatic expiration
	Periodic cleanup of expired entries
	SVG compression support for size reduction
	Cache key generation from chart parameters
	Cache hit/miss statistics
	Telemetry events for monitoring

Usage
# Cache an SVG with 5 minute TTL
Cache.put("chart_key", "<svg>...</svg>", ttl: 300_000)

# Cache with compression
Cache.put_compressed("chart_key", "<svg>...</svg>", ttl: 300_000)

# Retrieve from cache
{:ok, svg} = Cache.get("chart_key")

# Retrieve and decompress
{:ok, svg} = Cache.get_decompressed("chart_key")

# Generate cache key from chart parameters
key = Cache.generate_cache_key(:bar, data, config)

# Clear all cache
Cache.clear()

# Get statistics
Cache.stats()

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear()

      


        Clears all cached entries.



    


    
      
        generate_cache_key(chart_type, data, config)

      


        Generates a cache key from chart parameters.



    


    
      
        get(key)

      


        Retrieves an SVG from the cache.



    


    
      
        get_decompressed(key)

      


        Retrieves and decompresses an SVG from the cache.



    


    
      
        put(key, svg, opts \\ [])

      


        Stores an SVG in the cache with optional TTL.



    


    
      
        put_compressed(key, svg, opts \\ [])

      


        Stores a compressed SVG in the cache with optional TTL.



    


    
      
        start_link(opts \\ [])

      


        Starts the cache GenServer.



    


    
      
        stats()

      


        Gets cache statistics.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      clear()



    

  


  

      

          @spec clear() :: :ok


      


Clears all cached entries.
Returns
:ok
Examples
Cache.clear()
# => :ok

  



  
    
      
    
    
      generate_cache_key(chart_type, data, config)



    

  


  

      

          @spec generate_cache_key(atom(), [map()], map() | struct()) :: binary()


      


Generates a cache key from chart parameters.
Creates a unique cache key by hashing the chart type, data, and configuration.
Same parameters will always produce the same key.
Parameters
	chart_type - Chart type atom (:bar, :line, etc.)
	data - List of data maps for the chart
	config - Chart configuration struct or map

Returns
Binary cache key (SHA256 hash)
Examples
key = Cache.generate_cache_key(:bar, [%{x: 1, y: 2}], %{width: 800})
# => "a3f5c2..."

  



  
    
      
    
    
      get(key)



    

  


  

      

          @spec get(term()) :: {:ok, String.t()} | {:error, :not_found}


      


Retrieves an SVG from the cache.
Parameters
	key - Cache key

Returns
	{:ok, svg} - Cache hit, returns SVG
	{:error, :not_found} - Cache miss or expired

Examples
Cache.get("bar_chart_123")
# => {:ok, "<svg>...</svg>"}

Cache.get("unknown_key")
# => {:error, :not_found}

  



  
    
      
    
    
      get_decompressed(key)



    

  


  

      

          @spec get_decompressed(term()) :: {:ok, String.t()} | {:error, term()}


      


Retrieves and decompresses an SVG from the cache.
Handles both compressed and uncompressed cache entries.
Parameters
	key - Cache key

Returns
	{:ok, svg} - Cache hit, returns decompressed SVG
	{:error, :not_found} - Cache miss or expired
	{:error, :decompression_failed} - Decompression error

Examples
Cache.get_decompressed("bar_chart_123")
# => {:ok, "<svg>...</svg>"}

  



    

  
    
      
    
    
      put(key, svg, opts \\ [])



    

  


  

      

          @spec put(term(), String.t(), keyword()) :: :ok


      


Stores an SVG in the cache with optional TTL.
Parameters
	key - Cache key (string or atom)
	svg - SVG string to cache
	opts - Options	:ttl - Time to live in milliseconds (default: 300_000 / 5 minutes)



Returns
:ok
Examples
Cache.put("bar_chart_123", "<svg>...</svg>")
Cache.put("line_chart_456", "<svg>...</svg>", ttl: 600_000)

  



    

  
    
      
    
    
      put_compressed(key, svg, opts \\ [])



    

  


  

      

          @spec put_compressed(term(), String.t(), keyword()) ::
  {:ok, AshReports.Charts.Compression.compression_metadata()} | {:error, term()}


      


Stores a compressed SVG in the cache with optional TTL.
Automatically compresses the SVG if it meets the size threshold.
Parameters
	key - Cache key (string or atom)
	svg - SVG string to compress and cache
	opts - Options	:ttl - Time to live in milliseconds (default: 300_000 / 5 minutes)
	:threshold - Minimum size to trigger compression (default: 10,000 bytes)



Returns
{:ok, metadata} - Returns compression metadata
Examples
Cache.put_compressed("bar_chart_123", "<svg>...</svg>")
# => {:ok, %{compressed: true, ratio: 0.35, ...}}

  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  

Starts the cache GenServer.

  



  
    
      
    
    
      stats()



    

  


  

      

          @spec stats() :: map()


      


Gets cache statistics.
Returns
Map with cache statistics:
	total_entries - Total number of cached items
	total_size - Total size of original SVGs in bytes
	compressed_size - Total size of compressed data in bytes
	compression_ratio - Overall compression ratio
	expired_count - Number of expired entries
	cache_hits - Total cache hits
	cache_misses - Total cache misses
	hit_rate - Cache hit rate (0.0 to 1.0)

Examples
Cache.stats()
# => %{
#   total_entries: 42,
#   total_size: 125000,
#   compressed_size: 45000,
#   compression_ratio: 0.36,
#   expired_count: 3,
#   cache_hits: 150,
#   cache_misses: 50,
#   hit_rate: 0.75
# }
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SVG compression utilities for chart performance optimization.
Provides gzip compression/decompression with metadata tracking to reduce
embedded chart data size in Typst templates.
Compression Strategy
SVG files are highly compressible due to their repetitive XML structure.
Typical compression ratios range from 30-50% for chart SVGs.
Compression is automatically applied to SVGs larger than a configurable
threshold (default: 10KB) to balance compression overhead vs size savings.
Usage
# Compress an SVG string
{:ok, compressed, metadata} = Compression.compress(svg_data)
# => {:ok, <<gzipped_binary>>, %{original_size: 50000, compressed_size: 20000, ratio: 0.4}}

# Decompress back to original SVG
{:ok, svg_data} = Compression.decompress(compressed)

# Check if compression should be applied
Compression.should_compress?(svg_data, threshold: 10_000)
# => true (if size > 10KB)
Configuration
Compression can be configured via options:
	:threshold - Minimum SVG size in bytes to trigger compression (default: 10,000)
	:compression_level - Zlib compression level 0-9 (default: 6, balanced speed/ratio)


      


      
        Summary


  
    Types
  


    
      
        compression_metadata()

      


    





  
    Functions
  


    
      
        compress(svg_data, opts \\ [])

      


        Compresses SVG data using gzip compression.



    


    
      
        compress_if_needed(svg_data, opts \\ [])

      


        Compresses SVG data only if it meets the size threshold.



    


    
      
        compression_ratio(original, compressed)

      


        Calculates the compression ratio between original and compressed data.



    


    
      
        decompress(compressed_data, opts \\ [])

      


        Decompresses gzip-compressed SVG data with size limits to prevent decompression bombs.



    


    
      
        should_compress?(svg_data, opts \\ [])

      


        Determines whether SVG data should be compressed based on size threshold.



    


    
      
        validate_compression(compressed_data, original_data)

      


        Validates that compressed data can be successfully decompressed.



    





      


      
        Types


        


  
    
      
    
    
      compression_metadata()



    

  


  

      

          @type compression_metadata() :: %{
  original_size: non_neg_integer(),
  compressed_size: non_neg_integer(),
  ratio: float(),
  compression_time_ms: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      compress(svg_data, opts \\ [])



    

  


  

      

          @spec compress(
  binary(),
  keyword()
) :: {:ok, binary(), compression_metadata()} | {:error, term()}


      


Compresses SVG data using gzip compression.
Returns the compressed binary along with metadata about the compression.
Options
	:compression_level - Zlib compression level 0-9 (default: 6)
	:max_input_size - Maximum input size in bytes (default: 50MB)

Examples
iex> svg = "<svg>...</svg>"
iex> {:ok, compressed, metadata} = Compression.compress(svg)
iex> metadata.ratio < 1.0
true
Errors
	{:error, :input_too_large} - Input exceeds maximum allowed size


  



    

  
    
      
    
    
      compress_if_needed(svg_data, opts \\ [])



    

  


  

      

          @spec compress_if_needed(
  binary(),
  keyword()
) ::
  {:ok, :uncompressed, binary()}
  | {:ok, :compressed, binary(), compression_metadata()}
  | {:error, term()}


      


Compresses SVG data only if it meets the size threshold.
Returns {:ok, :uncompressed, svg_data} if compression is skipped,
or {:ok, :compressed, compressed_data, metadata} if compressed.
Examples
iex> small_svg = "<svg></svg>"
iex> Compression.compress_if_needed(small_svg)
{:ok, :uncompressed, "<svg></svg>"}

iex> large_svg = String.duplicate("<g>data</g>", 2000)
iex> {:ok, :compressed, _data, _meta} = Compression.compress_if_needed(large_svg)

  



  
    
      
    
    
      compression_ratio(original, compressed)



    

  


  

      

          @spec compression_ratio(binary(), binary()) :: float()


      


Calculates the compression ratio between original and compressed data.
Returns a float where 1.0 = no compression, 0.5 = 50% reduction, etc.
Examples
iex> Compression.compression_ratio(<<1::size(1000)>>, <<1::size(500)>>)
0.5

  



    

  
    
      
    
    
      decompress(compressed_data, opts \\ [])



    

  


  

      

          @spec decompress(
  binary(),
  keyword()
) :: {:ok, binary()} | {:error, term()}


      


Decompresses gzip-compressed SVG data with size limits to prevent decompression bombs.
Options
	:max_compressed_size - Maximum compressed input size in bytes (default: 10MB)
	:max_decompressed_size - Maximum decompressed output size in bytes (default: 50MB)

Examples
iex> {:ok, compressed, _meta} = Compression.compress("<svg>test</svg>")
iex> {:ok, svg} = Compression.decompress(compressed)
iex> svg
"<svg>test</svg>"
Errors
	{:error, :compressed_data_too_large} - Compressed input exceeds maximum allowed size
	{:error, :decompressed_data_too_large} - Decompressed output exceeds maximum allowed size
	{:error, {:decompression_failed, reason}} - Decompression failed


  



    

  
    
      
    
    
      should_compress?(svg_data, opts \\ [])



    

  


  

      

          @spec should_compress?(
  binary(),
  keyword()
) :: boolean()


      


Determines whether SVG data should be compressed based on size threshold.
Small SVGs may not benefit from compression due to overhead.
Options
	:threshold - Minimum SVG size in bytes (default: 10,000)

Examples
iex> small_svg = "<svg></svg>"
iex> Compression.should_compress?(small_svg)
false

iex> large_svg = String.duplicate("<g>data</g>", 2000)
iex> Compression.should_compress?(large_svg)
true

  



  
    
      
    
    
      validate_compression(compressed_data, original_data)



    

  


  

      

          @spec validate_compression(binary(), binary()) :: :ok | {:error, :validation_failed}


      


Validates that compressed data can be successfully decompressed.
Useful for testing compression integrity.
Examples
iex> {:ok, compressed, _meta} = Compression.compress("<svg>test</svg>")
iex> Compression.validate_compression(compressed, "<svg>test</svg>")
:ok

  


        

      


  
    
    AshReports.Charts.DataExtractor - ash_reports v0.1.0
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Extracts and prepares data from Ash resources for chart generation.
This module provides a unified interface for extracting data from Ash queries
with smart routing based on dataset size:
	Small datasets (<10K records): Direct query execution
	Large datasets (≥10K records): Ash.stream! with keyset pagination and aggregation

Features
	Smart Routing: Automatically chooses direct vs streaming based on count
	Ash Integration: Native support for Ash queries, resources, and calculations
	Performance Optimized: Streaming for large datasets, direct for small
	Field Selection: Extract specific fields for chart data
	Relationship Traversal: Support for nested data access
	Type Conversion: Automatic conversion to chart-friendly formats

Usage
Basic Field Extraction
query = MyApp.Sales.Order |> Ash.Query.new()

{:ok, data} = DataExtractor.extract(query,
  domain: MyApp.Domain,
  fields: [:customer_name, :total_amount, :order_date]
)

# Returns: [%{customer_name: "...", total_amount: 150.0, order_date: ~D[...]}]
With Count-Based Routing
# Automatically uses streaming if count ≥ 10,000
{:ok, data} = DataExtractor.extract(query,
  domain: MyApp.Domain,
  fields: [:category, :amount],
  threshold: 10_000  # configurable
)
Custom Field Mapping
{:ok, data} = DataExtractor.extract(query,
  domain: MyApp.Domain,
  field_mappings: %{
    label: :product_name,
    value: :quantity_sold,
    date: :sale_date
  }
)
Integration with Charts
# Extract data for a pie chart
query = Product |> Ash.Query.new()
{:ok, data} = DataExtractor.extract(query,
  domain: Domain,
  fields: [:name, :sales_count]
)

# Transform to chart format
chart_data = Enum.map(data, fn record ->
  %{category: record.name, value: record.sales_count}
end)

Charts.generate(:pie, chart_data, config)
Performance Characteristics
	Direct Query (<10K): 10-100ms typical
	Streaming with Ash.stream! (≥10K): ~1-5 seconds for 1M records → 1K datapoints
	Memory: Constant ~200KB regardless of dataset size (keyset pagination)


      


      
        Summary


  
    Types
  


    
      
        extract_options()

      


    


    
      
        field()

      


    





  
    Functions
  


    
      
        count_records(query, domain)

      


        Counts records in a query efficiently.



    


    
      
        extract(query, opts)

      


        Extracts data from an Ash query for chart generation.



    


    
      
        extract_stream(query, opts)

      


        Extracts data and returns a stream for large datasets.



    





      


      
        Types


        


  
    
      
    
    
      extract_options()



    

  


  

      

          @type extract_options() :: [
  domain: module(),
  fields: [field()],
  field_mappings: %{required(atom()) => atom()},
  threshold: pos_integer(),
  chunk_size: pos_integer(),
  stream_aggregation: boolean()
]


      



  



  
    
      
    
    
      field()



    

  


  

      

          @type field() :: atom() | {atom(), list()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      count_records(query, domain)



    

  


  

      

          @spec count_records(Ash.Query.t(), module()) ::
  {:ok, non_neg_integer()} | {:error, term()}


      


Counts records in a query efficiently.
Uses Ash's native count aggregation.
Parameters
	query - Ash.Query struct
	domain - Ash domain

Returns
	{:ok, non_neg_integer()} - Record count
	{:error, term()} - Count failed


  



  
    
      
    
    
      extract(query, opts)



    

  


  

      

          @spec extract(Ash.Query.t(), extract_options()) :: {:ok, [map()]} | {:error, term()}


      


Extracts data from an Ash query for chart generation.
Automatically routes to direct or streaming execution based on record count.
Parameters
	query - Ash.Query struct
	opts - Extraction options

Options
	:domain - Required. The Ash domain
	:fields - List of fields to extract (default: all)
	:field_mappings - Map of output_key => source_field
	:threshold - Record count threshold for streaming (default: 10,000)
	:chunk_size - Chunk size for streaming (default: 1,000)
	:stream_aggregation - Whether to aggregate during streaming (default: false)

Returns
	{:ok, [map()]} - Extracted data records
	{:error, term()} - Extraction failed

Examples
query = Order |> Ash.Query.new()
{:ok, data} = extract(query, domain: MyApp.Domain, fields: [:total, :date])

  



  
    
      
    
    
      extract_stream(query, opts)



    

  


  

      

          @spec extract_stream(Ash.Query.t(), extract_options()) ::
  {:ok, Enumerable.t()} | {:error, term()}


      


Extracts data and returns a stream for large datasets.
Always uses streaming regardless of count. Useful when you know the dataset
is large or want consistent streaming behavior.
Parameters
	query - Ash.Query struct
	opts - Extraction options

Returns
	{:ok, Enumerable.t()} - Stream of data records
	{:error, term()} - Extraction failed

Examples
query = Order |> Ash.Query.new()
{:ok, stream} = extract_stream(query, domain: MyApp.Domain)
chart_data = stream |> Enum.take(1000)
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Loads chart data through the AshReports pipeline architecture.
This module enables declarative chart definitions using driving_resource
and transform DSL blocks, integrating charts with the same pipeline
infrastructure used by reports (DataLoader, QueryBuilder, VariableState).
Purpose
Provides automatic optimization for chart data loading:
	Automatic relationship batch loading (eliminates N+1 problems)
	Query optimization via QueryBuilder
	Streaming support for large datasets
	Consistent telemetry and error handling
	Integration with report variables and parameters

Declarative Charts
Charts can be defined with driving_resource instead of imperative
data_source functions:
pie_chart :customer_status_distribution do
  driving_resource Customer

  transform do
    group_by :status
    aggregate :count
    as_category :status
    as_value :count
  end

  config do
    title "Customer Status Distribution"
    width 600
    height 400
  end
end
API
The primary entry point is load_chart_data/3 or load_chart_data/4:
{:ok, {records, metadata}} =
  AshReports.Charts.DataLoader.load_chart_data(
    MyApp.Domain,
    chart_definition,
    %{region: "CA"}
  )
Options
	:streaming - Enable streaming for large datasets (default: false)
	:chunk_size - Chunk size for streaming (default: 500)
	:timeout - Query timeout in milliseconds (optional, not supported by all data layers)
	:actor - Actor for authorization (default: nil)
	:load_relationships - Automatically load relationships (default: true)

Telemetry
Emits the following telemetry events:
	[:ash_reports, :charts, :data_loading, :start] - Data loading started
	[:ash_reports, :charts, :data_loading, :stop] - Data loading completed
	[:ash_reports, :charts, :data_loading, :exception] - Data loading failed

Examples
# Simple data loading
{:ok, {records, metadata}} = DataLoader.load_chart_data(
  MyApp.Domain,
  chart,
  %{}
)

# With streaming for large datasets
{:ok, {records, metadata}} = DataLoader.load_chart_data(
  MyApp.Domain,
  chart,
  %{},
  streaming: true,
  chunk_size: 1000
)

# With actor for authorization
{:ok, {records, metadata}} = DataLoader.load_chart_data(
  MyApp.Domain,
  chart,
  %{user_id: user_id},
  actor: current_user
)
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        load_result()

      


    


    
      
        metadata()

      


    


    
      
        options()

      


    


    
      
        params()

      


    





  
    Functions
  


    
      
        load_chart_data(domain, chart, params \\ %{})

      


        Loads chart data using the AshReports pipeline.



    


    
      
        load_chart_data(domain, chart, params, opts)

      


        Loads chart data with options.



    





      


      
        Types


        


  
    
      
    
    
      chart_definition()



    

  


  

      

          @type chart_definition() :: map()


      



  



  
    
      
    
    
      load_result()



    

  


  

      

          @type load_result() ::
  {:ok, {records :: [map()], metadata :: metadata()}} | {:error, term()}


      



  



  
    
      
    
    
      metadata()



    

  


  

      

          @type metadata() :: %{
  source_records: non_neg_integer(),
  execution_time_ms: non_neg_integer(),
  query_count: non_neg_integer(),
  cache_hit?: boolean()
}


      



  



  
    
      
    
    
      options()



    

  


  

      

          @type options() :: keyword()


      



  



  
    
      
    
    
      params()



    

  


  

      

          @type params() :: map()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      load_chart_data(domain, chart, params \\ %{})



    

  


  

      

          @spec load_chart_data(module(), chart_definition(), params()) :: load_result()


      


Loads chart data using the AshReports pipeline.
Parameters
	domain - The Ash domain module
	chart - Chart definition struct with driving_resource
	params - Parameters map for filtering/scoping

Returns
	{:ok, {records, metadata}} - Successfully loaded records with execution metadata
	{:error, reason} - Error occurred during loading

Examples
{:ok, {customers, metadata}} = DataLoader.load_chart_data(
  MyApp.Domain,
  customer_chart,
  %{region: "CA"}
)

IO.inspect(metadata.source_records)  # 1234
IO.inspect(metadata.execution_time_ms)  # 45

  



  
    
      
    
    
      load_chart_data(domain, chart, params, opts)



    

  


  

      

          @spec load_chart_data(module(), chart_definition(), params(), options()) ::
  load_result()


      


Loads chart data with options.
See module documentation for available options.
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Helper functions for optimizing chart data source queries.
Avoiding N+1 Query Problems
When working with large datasets, eagerly loading relationships with Ash.Query.load/2
can cause severe performance issues known as "N+1 query problems". This occurs when
loading a relationship for each record in a collection, resulting in N individual queries.
Example Problem
# ❌ BAD - This creates an N+1 query problem
data_source(fn ->
  InvoiceLineItem
  |> Ash.Query.load(product: :category)  # Loads product for EVERY line item!
  |> Ash.read!(domain: MyApp.Domain)
end)
With 325,000 line items, this performs 325,000+ individual lookups. This can take
8+ minutes on large datasets!
Solution Pattern
# ✅ GOOD - Load relationships separately and join in memory
data_source(fn ->
  # 1. Load main records without relationships
  items = InvoiceLineItem |> Ash.read!(domain: MyApp.Domain)

  # 2. Get unique related IDs
  product_ids = items |> Enum.map(& &1.product_id) |> Enum.uniq()

  # 3. Load related records once
  products =
    Product
    |> Ash.read!(domain: MyApp.Domain)
    |> build_lookup_map(:id)

  # 4. Join in memory using helper
  chart_data = join_and_aggregate(items, products, :product_id)
end)
This reduces execution time from 8 minutes to <1 second on large datasets!
Using the Helpers
This module provides helper functions to make the optimized pattern easier to implement:
	build_lookup_map/2 - Create fast lookup maps from collections
	extract_unique_ids/2 - Extract unique IDs from a collection
	load_related_batch/3 - Load related records in a single query
	join_with_lookup/3 - Join collections using a lookup map
	warn_if_loaded/2 - Runtime warning for potential N+1 issues

See individual function documentation for detailed usage examples.
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    Functions
  


    
      
        build_lookup_map(records, key_field)

      


        Builds a fast lookup map from a collection of records.



    


    
      
        extract_unique_ids(records, id_field)

      


        Extracts unique ID values from a collection of records.



    


    
      
        join_with_lookup(source_records, lookup_map, foreign_key)

      


        Joins source records with related records using a lookup map.



    


    
      
        load_related_batch(source_records, foreign_key, related_module, opts)

      


        Loads related records in a single batch query.



    


    
      
        load_with_relationship(source_module, related_module, foreign_key, opts)

      


        Optimized pattern for loading records with a single relationship.



    


    
      
        warn_if_loaded(records, relationship_fields)

      


        Warns if records were loaded with relationships (potential N+1 issue).
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      build_lookup_map(records, key_field)



    

  


  

      

          @spec build_lookup_map(list(), atom()) :: map()


      


Builds a fast lookup map from a collection of records.
This creates a map where keys are the specified field values and values are
the records themselves, enabling O(1) lookups instead of O(N) scans.
Parameters
	records - Collection of records to index
	key_field - Field name to use as the map key (atom)

Returns
A map with key_field values as keys and records as values.
Examples
# Create lookup map by ID
products = [%Product{id: 1, name: "A"}, %Product{id: 2, name: "B"}]
lookup = build_lookup_map(products, :id)
# => %{1 => %Product{id: 1, name: "A"}, 2 => %Product{id: 2, name: "B"}}

# Create lookup map by name
lookup = build_lookup_map(products, :name)
# => %{"A" => %Product{id: 1, name: "A"}, "B" => %Product{id: 2, name: "B"}}

  



  
    
      
    
    
      extract_unique_ids(records, id_field)



    

  


  

      

          @spec extract_unique_ids(list(), atom()) :: list()


      


Extracts unique ID values from a collection of records.
Filters out nil values and returns only unique IDs.
Parameters
	records - Collection of records
	id_field - Field name containing the ID (atom)

Returns
List of unique, non-nil ID values.
Examples
line_items = [
  %{product_id: 1},
  %{product_id: 1},
  %{product_id: 2},
  %{product_id: nil}
]

extract_un