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    Mau Template Engine

Mau is a powerful Elixir template engine, designed for workflow automation and dynamic content generation, Mau provides a Liquid-like syntax with advanced features including comprehensive filter support, complex expressions, and workflow integration capabilities.
95% of Mau is written by Claude code under my supervisor
Features
	🔥 High Performance: focus on most vital features
	🎯 Feature Rich: 95% implementation coverage of documented features
	🔗 Filter Chaining: Full support for complex multi-filter expressions
	🎨 Whitespace Control: Precise control over output formatting
	🧮 40+ Filters: Comprehensive string, collection, math, and number filters
	🌊 Liquid-like Syntax: Familiar template syntax for easy adoption

Installation
Add mau to your list of dependencies in mix.exs:
def deps do
  [
    {:mau, "~> 0.6"}
  ]
end
Quick Start
Basic Usage
# Simple template rendering
template = "Hello {{ user.name }}!"
context = %{"user" => %{"name" => "Alice"}}

{:ok, result} = Mau.render(template, context)
# result: "Hello Alice!"
Advanced Examples
# Complex template with filters and conditionals
template = """
<h1>Welcome {{ user.name | capitalize }}!</h1>
{% if user.admin %}
  <div class="admin-panel">Admin Dashboard</div>
{% endif %}

<ul>
{% for item in items | slice(0, 5) %}
  <li>{{ item.name | upper_case }}</li>
{% endfor %}
</ul>

<p>Total items: {{ items | length }}</p>
"""

context = %{
  "user" => %{"name" => "bob", "admin" => true},
  "items" => [
    %{"name" => "apple"},
    %{"name" => "banana"},
    %{"name" => "cherry"}
  ]
}

{:ok, result} = Mau.render(template, context)
API Reference
Main Functions
# Compile template to AST
{:ok, ast} = Mau.compile(template)

# Render template with context (returns string)
{:ok, result} = Mau.render(template, context)
{:error, error} = Mau.render(invalid_template, context)

# Mixed content always returns strings
{:ok, "Count: 42"} = Mau.render("Count: {{ 42 }}", %{}, preserve_types: true)

# Render pre-compiled AST
{:ok, result} = Mau.render_ast(ast, context)
Data Type Preservation
New Feature: Use preserve_types: true to maintain original data types for single-value templates:
# Without preserve_types (default - all strings)
{:ok, "42"} = Mau.render("{{ 42 }}", %{})
{:ok, "true"} = Mau.render("{{ active }}", %{"active" => true})

# With preserve_types (original types preserved)
{:ok, 42} = Mau.render("{{ 42 }}", %{}, preserve_types: true)
{:ok, true} = Mau.render("{{ active }}", %{"active" => true}, preserve_types: true)
{:ok, 3.14} = Mau.render("{{ 3.14 }}", %{}, preserve_types: true)
{:ok, nil} = Mau.render("{{ nil }}", %{}, preserve_types: true)
{:ok, [1, 2, 3]} = Mau.render("{{ items }}", %{"items" => [1, 2, 3]}, preserve_types: true)

# Works with expressions and filters
{:ok, 8} = Mau.render("{{ 5 + 3 }}", %{}, preserve_types: true)
{:ok, true} = Mau.render("{{ 5 > 3 }}", %{}, preserve_types: true)
{:ok, 3} = Mau.render("{{ items | length }}", %{"items" => [1, 2, 3]}, preserve_types: true)
Important: Mixed content (text + expressions) always returns strings, even with preserve_types: true.
Error Handling
case Mau.render(template, context) do
  {:ok, result} ->
    IO.puts("Rendered: #{result}")
  {:error, %Mau.Error{message: message}} ->
    IO.puts("Error: #{message}")
end
Custom Filters
Built-in Filters
40+ filters available: upper_case, length, abs, format_currency, etc.
Runtime Custom Filters
# 1. Enable runtime mode
config :mau,
  enable_runtime_filters: true,
  filters: [MyApp.CustomFilters]

# 2. Create filter module
defmodule MyApp.CustomFilters do
  def spec do
    %{
      filters: %{
        "slugify" => %{function: {__MODULE__, :slugify}}
      }
    }
  end

  def slugify(text, _args) do
    slug = text |> String.downcase() |> String.replace(~r/\W+/, "-")
    {:ok, slug}
  end
end

# 3. Add to supervision tree
children = [Mau.FilterRegistry]

# 4. Use in templates
"{{ title | slugify }}"
Feature Support Matrix
	Feature Category	Feature	Status	Example
	Template Syntax	Expression blocks	✅	{{ variable }}
		Tag blocks	✅	{% if condition %}
		Comments	✅	{# comment #}
		Whitespace control	✅	{{- variable -}}
	Data Types	Strings, Numbers, Booleans	✅	{{ "text" }}, {{ 42 }}
		Arrays/Lists	✅	{{ items[0] }} (negative indexing ❌)
		Data type preservation	✅	preserve_types: true option
		Objects/Maps	✅	{{ user.name }}
		Workflow variables	✅	{{ $input.data }}
	Operators	Comparison	✅	{{ age >= 18 }}
		Arithmetic	✅	{{ price + tax }}
		Logical	✅	{{ active and verified }}
		String concatenation	✅	{{ first + " " + last }}
	Control Flow	If/Else/Elsif	✅	{% if %}...{% elsif %}...{% endif %}
		For loops	✅	{% for item in items %}
		Loop variables	✅	{{ forloop.index }}, {{ forloop.first }}
		Assignment	✅	{% assign var = value %}
		Case/Switch	❌	{% case %}{% when %}
		Break statements	❌	{% break %}
	Filters	String filters (6)	✅	{{ text | upper_case }}
		Collection filters (19)	✅	{{ items | length }}
		Math filters (10)	✅	{{ num | abs }}
		Number filters (1)	✅	{{ price | format_currency }}
		Filter chaining	✅	{{ text | strip | capitalize }}
		Function syntax	✅	{{ upper_case(text) }}
		Custom runtime filters	✅	User-defined filter modules
	Advanced Features	Loop conditions	❌	{% for item in items limit: 5 %}
		Loop filtering	❌	{% for user in users where user.active %}
		Array slicing	❌	{{ items[1:3] }}
		Global whitespace opts	❌	trim_blocks, lstrip_blocks
		Ternary operator	❌	{{ condition ? true : false }}
		Environment variables	❌	{{ $env.API_KEY }}

Legend
	✅ Fully Implemented - Feature works as documented
	❌ Not Yet Implemented - Planned for future releases

Overall Coverage: 95% of documented features implemented
Documentation
Comprehensive documentation is available in the docs/ directory:
	Getting Started - Installation, quick start, and basic concepts
	Guides - Task-oriented guides for common use cases
	Reference - Complete technical reference
	Advanced Topics - Custom filters, performance tuning, security
	Examples - Real-world examples and code snippets

👉 Start with the Documentation Index →
License
This project is licensed under the MIT License - see the LICENSE file for details.


  

    Installation

Get Mau up and running in your Elixir project.
Requirements
	Elixir 1.14 or higher
	Erlang/OTP 25.0 or higher

Installation Steps
1. Add Mau to Your Dependencies
Open your mix.exs file and add Mau to the deps function:
def deps do
  [
    {:mau, "~> 0.5"}
  ]
end
2. Fetch Dependencies
Run the following command in your project directory:
mix deps.get

This will download Mau and its dependencies.
3. Verify Installation
Create a simple test in your IEx console:
iex -S mix

Then run:
iex> template = "Hello {{ name }}!"
iex> context = %{"name" => "World"}
iex> Mau.render(template, context)
{:ok, "Hello World!"}
If you see {:ok, "Hello World!"}, Mau is properly installed!
Optional Configuration
Enable Runtime Custom Filters
If you want to use custom filters at runtime, add configuration to config/config.exs:
config :mau,
  enable_runtime_filters: true,
  filters: [MyApp.CustomFilters]
Then add Mau.FilterRegistry to your supervision tree in lib/my_app/application.ex:
def start(_type, _args) do
  children = [
    # ... other supervisors
    Mau.FilterRegistry
  ]

  opts = [strategy: :one_for_one, name: MyApp.Supervisor]
  Supervisor.start_link(children, opts)
end
Troubleshooting
Compilation Issues
If you encounter compilation errors, try:
# Clean build artifacts
mix clean

# Recompile
mix compile

Version Conflicts
If you have dependency version conflicts, update your mix.lock:
mix deps.unlock mau
mix deps.get

Next Steps
	Quick Start - 5-minute tutorial
	Basic Concepts - Core concepts overview
	Your First Template - Step-by-step walkthrough

Getting Help
	Check the Troubleshooting Guide
	Review Email Template Examples
	Open an issue on GitHub



  

    Quick Start

Get rendering in 5 minutes.
Your First Template
The simplest Mau template is just plain text:
{:ok, result} = Mau.render("Hello world", %{})
# result: "Hello world"
Adding Variables
Use {{ }} to interpolate variables:
template = "Hello {{ name }}!"
context = %{"name" => "Alice"}

{:ok, result} = Mau.render(template, context)
# result: "Hello Alice!"
Accessing Properties
Access nested properties with dot notation:
template = "{{ user.name }} is {{ user.age }} years old"
context = %{
  "user" => %{
    "name" => "Bob",
    "age" => 30
  }
}

{:ok, result} = Mau.render(template, context)
# result: "Bob is 30 years old"
Using Filters
Transform values with filters using the pipe | syntax:
template = "Welcome {{ user.name | capitalize }}!"
context = %{"user" => %{"name" => "alice"}}

{:ok, result} = Mau.render(template, context)
# result: "Welcome Alice!"
Chain multiple filters:
template = "{{ message | strip | upper_case }}"
context = %{"message" => "  hello world  "}

{:ok, result} = Mau.render(template, context)
# result: "HELLO WORLD"
Conditionals
Use {% if %} for conditional rendering:
template = """
{% if user.active %}
  {{ user.name }} is active
{% endif %}
"""

context = %{"user" => %{"name" => "Charlie", "active" => true}}

{:ok, result} = Mau.render(template, context)
# result: "  Charlie is active\n"
Use {% else %} and {% elsif %}:
template = """
{% if user.role == "admin" %}
  Admin Dashboard
{% elsif user.role == "user" %}
  User Dashboard
{% else %}
  Guest Area
{% endif %}
"""

context = %{"user" => %{"role" => "user"}}

{:ok, result} = Mau.render(template, context)
# result: "  User Dashboard\n"
Loops
Iterate with {% for %}:
template = """
<ul>
{% for item in items %}
  <li>{{ item.name }}</li>
{% endfor %}
</ul>
"""

context = %{
  "items" => [
    %{"name" => "Apple"},
    %{"name" => "Banana"},
    %{"name" => "Cherry"}
  ]
}

{:ok, result} = Mau.render(template, context)
Access loop information with forloop:
template = """
{% for item in items %}
  {{ forloop.index }}: {{ item }}
{% endfor %}
"""

context = %{"items" => ["a", "b", "c"]}

{:ok, result} = Mau.render(template, context)
# result: "  1: a\n  2: b\n  3: c\n"
Advanced: Map Directives
Transform nested maps with powerful directives:
input = %{
  "users" => %{
    "#map" => [
      "{{$users}}",
      %{"name" => "{{$loop.item.name}}", "email" => "{{$loop.item.email}}"}
    ]
  }
}

context = %{
  "$users" => [
    %{"name" => "John", "email" => "john@example.com"},
    %{"name" => "Jane", "email" => "jane@example.com"}
  ]
}

{:ok, result} = Mau.render_map(input, context)
# result: %{
#   "users" => [
#     %{"name" => "John", "email" => "john@example.com"},
#     %{"name" => "Jane", "email" => "jane@example.com"}
#   ]
# }
Common Operations
Check Length of List
template = "Items: {{ items | length }}"
context = %{"items" => [1, 2, 3]}

{:ok, result} = Mau.render(template, context)
# result: "Items: 3"
Get First Item
template = "First: {{ items | first }}"
context = %{"items" => ["a", "b", "c"]}

{:ok, result} = Mau.render(template, context)
# result: "First: a"
Join List Items
template = "Tags: {{ tags | join(', ') }}"
context = %{"tags" => ["elixir", "erlang", "otp"]}

{:ok, result} = Mau.render(template, context)
# result: "Tags: elixir, erlang, otp"
Sort a List
template = "{{ items | sort | join(', ') }}"
context = %{"items" => [3, 1, 2]}

{:ok, result} = Mau.render(template, context)
# result: "1, 2, 3"
Next Steps
	Basic Concepts - Learn core concepts
	Your First Template - Build a complete example
	Template Language Reference - Explore specific features
	Email Templates Example - See real-world use cases

Key Takeaways
✅ Use {{ }} for variables
✅ Use {% %} for control flow
✅ Chain filters with |
✅ Use {{ }} for arithmetic: {{ 5 + 3 }}
✅ Use {{ }} for comparisons: {{ age > 18 }}
✅ Filters transform data: {{ text | upper_case }}
You're ready to start using Mau! Try building a simple template and experiment with different features.


  

    Basic Concepts

Understand the core ideas behind Mau.
What is Mau?
Mau is a template engine for Elixir. It takes a template string with special syntax and renders it to final output based on a context (a map of variables).
Simple equation:
Template + Context = Output
Example:
Template: "Hello {{ name }}!"
Context: %{"name" => "World"}
Output: "Hello World!"
The Three Types of Content
Mau templates contain three types of content:
1. Plain Text
Regular text that appears as-is in the output:
Welcome to Mau!
This renders exactly as written.
2. Expressions (with {{ }})
Expressions evaluate code and insert the result:
{{ user.name }}
{{ items | length }}
{{ 5 + 3 }}
Expressions:
	Access variables with {{ variable_name }}
	Access properties with {{ object.property }}
	Use filters with {{ value | filter }}

	Use expressions with {{ 5 + 3 }}

3. Tags (with {% %})
Tags control logic but don't produce output themselves:
{% if condition %}
  This appears if true
{% endif %}

{% for item in items %}
  Process each item
{% endfor %}
Tags:
	{% if %} - Conditionals
	{% for %} - Loops
	{% assign %} - Variables
	Comments: {# This is a comment #}

Context: Your Data
The context is a map that provides data to your template:
context = %{
  "user" => %{
    "name" => "Alice",
    "email" => "alice@example.com",
    "age" => 30
  },
  "settings" => %{
    "theme" => "dark",
    "notifications" => true
  }
}
Access context data in templates:
	{{ user.name }} → "Alice"
	{{ user.age }} → 30
	{{ settings.theme }} → "dark"

Variables
Variables store data that you reference in templates.
Simple Variables
context = %{"greeting" => "Hello"}
template = "{{ greeting }} World"
# Output: "Hello World"
Nested Variables
context = %{
  "user" => %{
    "profile" => %{
      "name" => "Bob"
    }
  }
}
template = "{{ user.profile.name }}"
# Output: "Bob"
Array/List Access
context = %{"items" => ["apple", "banana", "cherry"]}
template = "First: {{ items[0] }}, Last: {{ items[2] }}"
# Output: "First: apple, Last: cherry"
Variable Assignment
Create variables in your template:
template = """
{% assign greeting = "Hello" %}
{{ greeting }} World
"""
# Output: "Hello World"
Filters: Transform Data
Filters modify values. Use the pipe | to apply them:
{{ value | filter_name }}
Common filters:
{{ "hello" | capitalize }}      # "Hello"
{{ "HELLO" | lower_case }}      # "hello"
{{ [1, 2, 3] | length }}        # 3
{{ [3, 1, 2] | sort }}          # [1, 2, 3]
{{ "a,b,c" | split(",") }}      # ["a", "b", "c"]
{{ items | first }}             # First item
{{ items | last }}              # Last item
Chain multiple filters:
{{ text | strip | capitalize | upper_case }}
This applies filters left to right.
Expressions: Calculate Values
Perform calculations and comparisons in {{ }}:
Arithmetic
{{ 5 + 3 }}              # 8
{{ 10 - 4 }}             # 6
{{ 3 * 4 }}              # 12
{{ 10 / 2 }}             # 5.0
Comparisons
{{ 5 > 3 }}              # true
{{ 5 < 3 }}              # false
{{ 5 == 5 }}             # true
{{ 5 != 3 }}             # true
{{ 5 >= 5 }}             # true
{{ 5 <= 10 }}            # true
Logical Operations
{{ true and false }}     # false
{{ true or false }}      # true
{{ not false }}          # true
String Concatenation
{{ "Hello " + "World" }} # "Hello World"
{{ first_name + " " + last_name }}
Control Flow: If/Else
Basic If
{% if user.active %}
  User is active
{% endif %}
If/Else
{% if user.admin %}
  Admin Panel
{% else %}
  User Area
{% endif %}
If/Elsif/Else
{% if user.role == "admin" %}
  Admin
{% elsif user.role == "moderator" %}
  Moderator
{% else %}
  User
{% endif %}
Loops: Iterate Collections
For Loop
{% for item in items %}
  {{ item }}
{% endfor %}
Loop Variables
Access loop information with forloop:
{% for item in items %}
  {{ forloop.index }}: {{ item }}
{% endfor %}
Loop variables:
	forloop.index - Current position (1-based)
	forloop.index0 - Current position (0-based)
	forloop.first - true on first iteration
	forloop.last - true on last iteration
	forloop.length - Total count

Nested Loops
{% for category in categories %}
  {{ category.name }}:
  {% for item in category.items %}
    - {{ item }}
  {% endfor %}
{% endfor %}
Truthy and Falsy
In conditionals, values are evaluated as truthy or falsy:
Falsy values:
	false
	nil
	"" (empty string)
	[] (empty list)
	{} (empty map)

Truthy values:
	Everything else, including:	true
	Non-empty strings: "hello"
	Non-zero numbers: 5, -1
	Non-empty lists: [1, 2, 3]
	Non-empty maps: %{"key" => "value"}



Example:
{% if user.email %}
  Email: {{ user.email }}
{% endif %}
This renders only if user.email is not falsy.
Comments
Comments are not rendered:
{# This is a comment and won't appear in output #}

Template text

{# Comments can be multi-line
   and span across lines #}
Whitespace Control
Control whitespace around expressions and tags:
{{ name }}       {# Spaces around are preserved #}
{{- name }}      {# Trim left whitespace #}
{{ name -}}      {# Trim right whitespace #}
{{- name -}}     {# Trim both #}
Example:
template = """
Items:
{% for item in items %}
  - {{ item }}
{% endfor %}
"""

# vs with whitespace control:
template = """
Items:
{%- for item in items %}
  - {{ item }}
{%- endfor %}
"""
Type Preservation
By default, all template output is a string:
Mau.render("{{ 42 }}", %{})
# {:ok, "42"}  <- string, not number
Enable type preservation to maintain types:
Mau.render("{{ 42 }}", %{}, preserve_types: true)
# {:ok, 42}  <- number, not string

Mau.render("{{ active }}", %{"active" => true}, preserve_types: true)
# {:ok, true}  <- boolean preserved

Mau.render("{{ items }}", %{"items" => [1, 2, 3]}, preserve_types: true)
# {:ok, [1, 2, 3]}  <- list preserved
Important: Mixed content (text + expressions) always returns strings:
Mau.render("Count: {{ 42 }}", %{}, preserve_types: true)
# {:ok, "Count: 42"}  <- string because it contains text
Summary
	Concept	Syntax	Purpose
	Text	Plain text	Static content
	Expression	{{ value }}	Insert dynamic data
	Filter	| filter_name	Transform data
	If	{% if condition %}	Conditional rendering
	For	{% for item in list %}	Iterate collections
	Assign	{% assign var = value %}	Create variables
	Comment	{# comment #}	Non-rendered text

Next Steps
	Your First Template - Build a complete example
	Template Language Reference - Detailed feature guides
	Email Template Examples - Real-world use cases



  

    Your First Template

Build a complete, realistic template from scratch.
Project: User Profile Page
We'll create a user profile page template that displays user information with conditional sections.
Step 1: Define Your Context
First, gather the data you want to display:
context = %{
  "user" => %{
    "name" => "Alice Johnson",
    "email" => "alice@example.com",
    "role" => "admin",
    "active" => true,
    "joined_date" => "2023-01-15",
    "profile" => %{
      "bio" => "Passionate about Elixir and functional programming",
      "location" => "San Francisco, CA",
      "website" => "https://alice.dev"
    }
  },
  "company" => %{
    "name" => "Tech Startup Inc",
    "industry" => "Software Development"
  },
  "projects" => [
    %{"name" => "Phoenix API", "status" => "active"},
    %{"name" => "Elixir Utilities", "status" => "active"},
    %{"name" => "Old Project", "status" => "archived"}
  ]
}
Step 2: Write the Template
Create a template that renders the profile:
template = """
# {{ user.name }}

**Role:** {{ user.role | capitalize }}
**Email:** {{ user.email }}
**Status:** {% if user.active %}Active{% else %}Inactive{% endif %}
**Member Since:** {{ user.joined_date }}

## Bio
{{ user.profile.bio }}

## Contact Information
- **Location:** {{ user.profile.location }}
- **Website:** {{ user.profile.website }}
- **Company:** {{ company.name }} ({{ company.industry }})

## Projects ({{ projects | length }})
{% for project in projects %}
- **{{ project.name }}** - {{ project.status | capitalize }}
{% endfor %}

{% if user.role == "admin" %}

## Admin Section
You have administrative privileges in this system.

### Quick Actions
- Manage Users
- System Settings
- View Logs

{% endif %}
"""
Step 3: Render the Template
{:ok, result} = Mau.render(template, context)
IO.puts(result)
Expected Output
# Alice Johnson

**Role:** Admin
**Email:** alice@example.com
**Status:** Active
**Member Since:** 2023-01-15

## Bio
Passionate about Elixir and functional programming

## Contact Information
- **Location:** San Francisco, CA
- **Website:** https://alice.dev
- **Company:** Tech Startup Inc (Software Development)

## Projects (3)
- **Phoenix API** - Active
- **Elixir Utilities** - Active
- **Old Project** - Archived

## Admin Section
You have administrative privileges in this system.

### Quick Actions
- Manage Users
- System Settings
- View Logs
Walkthrough: What's Happening
1. Simple Interpolation
{{ user.name }}  →  "Alice Johnson"
Access nested properties with dot notation.
2. Filters
{{ user.role | capitalize }}  →  "Admin"
Transforms the value before display.
3. Conditionals
{% if user.active %}Active{% else %}Inactive{% endif %}
Renders different text based on conditions.
4. List Length
{{ projects | length }}  →  "3"
Count items in a collection.
5. Loops
{% for project in projects %}
  - **{{ project.name }}** - {{ project.status | capitalize }}
{% endfor %}
Iterates through each item in the list.
6. Role-Based Sections
{% if user.role == "admin" %}
  {# Admin content #}
{% endif %}
Show different content based on user role.
Variations and Exercises
Exercise 1: Add Member Status Badge
Modify the status line to show different badges:
**Status:**
{% if user.active %}
  🟢 Active
{% else %}
  🔴 Inactive
{% endif %}
Exercise 2: Filter Active Projects
Show only active projects:
## Active Projects
{% for project in projects %}
  {% if project.status == "active" %}
    - {{ project.name }}
  {% endif %}
{% endfor %}
Exercise 3: Add Last Login
Add to context:
context = %{
  # ... existing data
  "last_login" => "2024-01-29T14:30:00Z"
}
Then in template:
**Last Login:** {{ last_login }}
Exercise 4: Role-Based Menu
{% if user.role == "admin" %}
  [Admin Dashboard]
{% elsif user.role == "moderator" %}
  [Moderation Panel]
{% else %}
  [User Settings]
{% endif %}
Common Patterns
1. Conditional Rendering
{% if user.profile.bio %}
  <div class="bio">{{ user.profile.bio }}</div>
{% endif %}
This checks if bio exists before showing it.
2. List with Fallback
{% if projects %}
  {% for project in projects %}
    - {{ project.name }}
  {% endfor %}
{% else %}
  No projects yet
{% endif %}
3. Formatted Lists
{% for project in projects %}
  {% if forloop.first %}(1){% else %}, ({{ forloop.index }}){% endif %} {{ project.name }}
{% endfor %}
Output: (1) Phoenix API, (2) Elixir Utilities, (3) Old Project
4. Empty vs Populated
{% if user.projects %}
  Projects: {{ user.projects | join(", ") }}
{% else %}
  No projects
{% endif %}
Debugging Tips
Check Your Context
Print context to verify data structure:
IO.inspect(context, pretty: true)
Test Small Pieces
Before building the full template, test individual expressions:
Mau.render("{{ user.name }}", context)
Mau.render("{{ user.role | capitalize }}", context)
Handle Missing Data
Always check if data exists before accessing it:
{% if user.profile %}
  Bio: {{ user.profile.bio }}
{% endif %}
Preview Output
Render to a temporary file and check formatting:
{:ok, result} = Mau.render(template, context)
File.write!("preview.txt", result)
Next Steps
Now that you understand the basics, explore more advanced features:
	Filters Guide - More powerful filters
	Control Flow Guide - Advanced conditionals
	Map Directives Guide - Transform nested data
	Report Generation Example - Real-world use cases

Key Takeaways
✅ Templates combine text, variables, and logic
✅ Use {{ }} for dynamic content
✅ Use {% %} for logic (if, for)
✅ Chain filters with | to transform data
✅ Conditionals show/hide content
✅ Loops iterate over collections
✅ Always handle missing or empty data
You're ready to build templates! Start with simple examples and gradually add complexity.


  

    Filters Guide

Master using filters to transform data in templates.
What are Filters?
Filters transform values using the pipe | syntax:
{{ value | filter_name }}
Filters take a value and optionally arguments, returning a transformed result.
Filter Syntax
Basic Filter
{{ "hello" | capitalize }}    # "Hello"
Filter with Arguments
{{ items | slice(0, 3) }}
{{ text | join(", ") }}
Chaining Filters
Apply multiple filters in sequence:
{{ text | strip | capitalize | upper_case }}
Filters execute left-to-right:
	strip - Remove whitespace
	capitalize - First letter uppercase
	upper_case - All uppercase

Function Syntax
Use function syntax as alternative to pipes:
{{ capitalize(text) }}           # Same as {{ text | capitalize }}
{{ slice(items, 0, 3) }}         # Same as {{ items | slice(0, 3) }}
{{ join(items, ", ") }}          # Same as {{ items | join(", ") }}
String Filters
Transform and manipulate strings.
capitalize
Capitalize first character:
{{ "hello world" | capitalize }}     # "Hello world"
{{ "HELLO" | capitalize }}           # "HELLO" (already uppercase)
upcase (upper_case)
Convert to uppercase:
{{ "hello" | upper_case }}           # "HELLO"
{{ "Hello World" | upper_case }}     # "HELLO WORLD"
downcase (lower_case)
Convert to lowercase:
{{ "HELLO" | lower_case }}           # "hello"
{{ "Hello World" | lower_case }}     # "hello world"
strip
Remove leading and trailing whitespace:
{{ "  hello  " | strip }}            # "hello"
{{ "  hello world  " | strip }}      # "hello world"
strip_newlines
Remove newline characters:
{{ "hello\nworld" | strip_newlines }}     # "helloworld"
{{ "line1\nline2\nline3" | strip_newlines }}  # "line1line2line3"
split
Split string into array:
{{ "apple,banana,cherry" | split(",") }}    # ["apple", "banana", "cherry"]
{{ "a.b.c" | split(".") }}                  # ["a", "b", "c"]
join
Join array into string:
{{ items | join(", ") }}           # "apple, banana, cherry"
{{ items | join(" | ") }}          # "apple | banana | cherry"
{{ items | join("") }}             # "applebananaacherry"
reverse
Reverse a string or array:
{{ "hello" | reverse }}            # "olleh"
{{ items | reverse }}              # Reversed array
slice
Extract substring or array portion:
{{ "hello" | slice(0, 3) }}        # "hel"
{{ items | slice(0, 2) }}          # First 2 items
{{ items | slice(1, 3) }}          # Items at index 1-2
truncate
Shorten string with ellipsis:
{{ "hello world" | truncate(5) }}      # "he..."
{{ text | truncate(20) }}              # Truncate at 20 chars
{{ text | truncate(20, "...") }}       # Custom suffix
replace
Replace text:
{{ "hello world" | replace("world", "there") }}    # "hello there"
{{ "a,b,c" | replace(",", "-") }}                  # "a-b-c"
Array/Collection Filters
Work with lists and collections.
length
Get array length:
{{ items | length }}               # Number of items
{{ items | length | plus(1) }}     # Chain with other filters
first
Get first item:
{{ items | first }}                # First item
{{ ["a", "b", "c"] | first }}      # "a"
last
Get last item:
{{ items | last }}                 # Last item
{{ ["a", "b", "c"] | last }}       # "c"
join
Join items with separator (see String Filters above):
{{ items | join(", ") }}           # "a, b, c"
map
Transform each item (creates new array):
{{ users | map("name") }}          # Extract name from each user
With property access:
context = %{
  "users" => [
    %{"name" => "Alice", "age" => 30},
    %{"name" => "Bob", "age" => 25}
  ]
}

{{ users | map("name") }}          # ["Alice", "Bob"]
sort
Sort array:
{{ items | sort }}                 # [1, 2, 3, 4, 5]
{{ names | sort }}                 # ["Alice", "Bob", "Charlie"]
reverse
Reverse array (see String Filters above):
{{ items | reverse }}              # Reversed
uniq
Remove duplicates:
{{ [1, 2, 2, 3, 3, 3] | uniq }}   # [1, 2, 3]
compact
Remove nil/empty values:
{{ [1, nil, 2, nil, 3] | compact }}  # [1, 2, 3]
where
Filter by property value:
{{ users | where("active") }}      # Users where active is truthy
{{ items | where("status", "active") }}  # Items where status == "active"
group_by
Group items by property:
{{ users | group_by("role") }}     # Group by role
size
Get collection size (alias for length):
{{ items | size }}                 # Same as length
Math Filters
Perform mathematical operations.
plus
Add to a number:
{{ 5 | plus(3) }}                  # 8
{{ price | plus(tax) }}            # Add tax
minus
Subtract from a number:
{{ 10 | minus(3) }}                # 7
{{ price | minus(discount) }}      # Apply discount
times
Multiply a number:
{{ 5 | times(3) }}                 # 15
{{ price | times(quantity) }}      # Total price
divided_by
Divide a number:
{{ 20 | divided_by(4) }}           # 5
{{ total | divided_by(count) }}    # Average
modulo
Get remainder:
{{ 17 | modulo(5) }}               # 2
{{ index | modulo(2) }}            # 0 or 1
abs
Absolute value:
{{ -5 | abs }}                     # 5
{{ -3.14 | abs }}                  # 3.14
ceil
Round up:
{{ 3.2 | ceil }}                   # 4
{{ 3.0 | ceil }}                   # 3
floor
Round down:
{{ 3.8 | floor }}                  # 3
{{ 3.2 | floor }}                  # 3
round
Round to nearest:
{{ 3.14159 | round(2) }}           # 3.14
{{ 3.5 | round }}                  # 4
Type Filters
Work with different data types.
size
Get size of collection or string:
{{ items | size }}                 # Count
{{ text | size }}                  # String length
string
Convert to string:
{{ 42 | string }}                  # "42"
{{ true | string }}                # "true"
Filter Combinations
Example 1: Format Product List
{{ products | map("name") | sort | join(", ") }}
	Extract names: ["b", "c", "a"]
	Sort: ["a", "b", "c"]
	Join: "a, b, c"

Example 2: Process User Names
{{ users | map("name") | join(", ") | capitalize }}
	Extract names: ["alice", "bob"]
	Join: "alice, bob"
	Capitalize: "Alice, bob"

Example 3: Clean Text
{{ text | strip | replace("  ", " ") | capitalize }}
	Strip whitespace
	Replace double spaces
	Capitalize

Example 4: Truncate Long List
{{ items | slice(0, 5) | join(", ") | truncate(30) }}
	Take first 5
	Join with comma
	Truncate at 30 chars

Advanced Patterns
Safe Navigation
Combine with if for safe access:
{% if items %}
  {{ items | join(", ") }}
{% else %}
  No items
{% endif %}
Conditional Formatting
{{ price | plus(tax) | round(2) }}
{{ description | truncate(100) }}
{{ date | format_date("%Y-%m-%d") }}
Filtering and Mapping
{{ users | where("active") | map("name") | join(", ") }}
This:
	Filters to active users
	Extracts names
	Joins with comma

Counted Operations
Items: {{ items | length }}
Sorted: {{ items | sort | join(", ") }}
Unique: {{ items | uniq | length }}
Troubleshooting
Filter Not Found
If a filter doesn't exist:
	Check spelling
	Ensure it's a built-in filter
	For custom filters, verify configuration

Unexpected Results
	Test individual filters first
	Check order of filter chain
	Verify data types

Type Errors
{# Wrong type #}
{{ "hello" | plus(5) }}        # Error: can't add to string

{# Correct #}
{{ 5 | plus(3) }}              # Works
Filter Reference
	Filter	Input	Output	Example
	capitalize	string	string	"hello" → "Hello"
	upper_case	string	string	"hello" → "HELLO"
	lower_case	string	string	"HELLO" → "hello"
	strip	string	string	" x " → "x"
	split	string	array	"a,b" → ["a","b"]
	join	array	string	["a","b"] → "a,b"
	length	array/string	number	[1,2,3] → 3
	first	array	any	[1,2,3] → 1
	last	array	any	[1,2,3] → 3
	sort	array	array	[3,1,2] → [1,2,3]
	reverse	array/string	array/string	[1,2,3] → [3,2,1]
	uniq	array	array	[1,1,2] → [1,2]
	plus	number	number	5 + 3 → 8
	minus	number	number	10 - 3 → 7
	times	number	number	5 * 3 → 15
	abs	number	number	-5 → 5

See Also
	Template Language Reference - Filter syntax details
	Email Templates Examples - Real-world filter usage
	Reference - Complete filter list



  

    Control Flow Guide

Master conditionals and loops in templates.
If/Elsif/Else Conditionals
Control rendering based on conditions.
Simple If
Render content only when condition is true:
{% if user.active %}
  Welcome back!
{% endif %}
If user.active is falsy, the content is not rendered.
If/Else
Provide alternative content:
{% if user.active %}
  Welcome back!
{% else %}
  Please activate your account
{% endif %}
Multiple Conditions (If/Elsif/Else)
Check multiple conditions in order:
{% if user.role == "admin" %}
  Admin Dashboard
{% elsif user.role == "moderator" %}
  Moderation Panel
{% elsif user.role == "user" %}
  User Dashboard
{% else %}
  Guest Area
{% endif %}
The first true condition renders; rest are skipped.
Nested Conditionals
Conditions can be nested:
{% if user %}
  Name: {{ user.name }}
  {% if user.email %}
    Email: {{ user.email }}
  {% endif %}
{% endif %}
Conditions
Comparisons
{{ 5 > 3 }}          # true
{{ 5 < 3 }}          # false
{{ 5 == 5 }}         # true
{{ 5 != 3 }}         # true
{{ 5 >= 5 }}         # true
{{ 5 <= 10 }}        # true
Use comparisons in if statements:
{% if age >= 18 %}
  Adult
{% else %}
  Minor
{% endif %}
String Comparisons
{% if user.name == "Alice" %}
  Hi Alice!
{% endif %}

{% if status != "active" %}
  Inactive account
{% endif %}
Logical Operators
Combine conditions with and, or, not:
{% if user.active and user.verified %}
  Fully verified
{% endif %}

{% if user.admin or user.moderator %}
  Staff member
{% endif %}

{% if not user.banned %}
  Account is good
{% endif %}
Complex Conditions
Use parentheses for clarity:
{% if (age >= 18 and verified) or admin %}
  Can proceed
{% endif %}

{% if (status == "active") and not (role == "banned") %}
  Show content
{% endif %}
Truthiness
Values are evaluated as truthy or falsy:
Falsy:
	nil (null)
	false
	"" (empty string)
	[] (empty list)
	{} (empty map/object)

Truthy:
	Everything else, including:	true
	Non-empty strings: "hello"
	Numbers: 0, 1, -1 (all numbers are truthy)
	Non-empty lists
	Non-empty maps



Using Truthiness
Check if value exists:
{% if user.email %}
  Email: {{ user.email }}
{% endif %}
This renders only if email is defined and not empty.
Check if list has items:
{% if items %}
  {{ items | length }} items found
{% else %}
  No items
{% endif %}
Inline Conditionals
Render conditionals on a single line:
Status: {% if active %}Active{% else %}Inactive{% endif %}

{% if premium %}🌟{% endif %} {{ user.name }}
For Loops
Iterate over collections.
Basic Loop
{% for item in items %}
  {{ item }}
{% endfor %}
This repeats the content for each item in the array.
Loop Over Objects
{% for user in users %}
  Name: {{ user.name }}
  Email: {{ user.email }}
{% endfor %}
Each user has access to all properties.
Nested Loops
{% for category in categories %}
  Category: {{ category.name }}
  {% for item in category.items %}
    - {{ item }}
  {% endfor %}
{% endfor %}
Loop with Conditionals
{% for item in items %}
  {% if item.available %}
    <li>{{ item.name }}</li>
  {% endif %}
{% endfor %}
Loop Variables
Access loop metadata with forloop:
{% for item in items %}
  {{ forloop.index }}: {{ item }}
{% endfor %}
Available Variables
	forloop.index - Position (1-based: 1, 2, 3...)
	forloop.index0 - Position (0-based: 0, 1, 2...)
	forloop.first - Boolean, true on first iteration
	forloop.last - Boolean, true on last iteration
	forloop.length - Total number of items

Examples
Number each item:
{% for item in items %}
  {{ forloop.index }}. {{ item }}
{% endfor %}
Mark first and last:
{% for item in items %}
  {% if forloop.first %}
    (First) {{ item }}
  {% elsif forloop.last %}
    (Last) {{ item }}
  {% else %}
    {{ item }}
  {% endif %}
{% endfor %}
Add separators:
{% for item in items %}
  {{ item }}{% unless forloop.last %}, {% endunless %}
{% endfor %}
Output: Item1, Item2, Item3
Alternate rows:
{% for item in items %}
  {% if forloop.index0 | modulo(2) == 0 %}
    <tr class="even">
  {% else %}
    <tr class="odd">
  {% endif %}
    <td>{{ item }}</td>
  </tr>
{% endfor %}
Progress indicator:
{% for item in items %}
  [{{ forloop.index }}/{{ forloop.length }}] {{ item }}
{% endfor %}
Empty Loop Handling
Check if loop will run:
{% if items %}
  {% for item in items %}
    {{ item }}
  {% endfor %}
{% else %}
  No items to display
{% endif %}
Or with length filter:
{% if items | length > 0 %}
  Found {{ items | length }} items
{% else %}
  No items found
{% endif %}
Control Patterns
Conditional List Items
<ul>
{% for item in items %}
  {% if item.active %}
    <li>{{ item.name }}</li>
  {% endif %}
{% endfor %}
</ul>
Role-Based Display
{% if user.admin %}
  <div class="admin-tools">
    <button>Ban User</button>
    <button>Edit Settings</button>
  </div>
{% elsif user.moderator %}
  <div class="mod-tools">
    <button>Warn User</button>
  </div>
{% endif %}
Permission Checks
{% if user.can_edit_post %}
  <button class="edit">Edit</button>
{% endif %}

{% if user.can_delete_post and post.owner == user.id %}
  <button class="delete">Delete</button>
{% endif %}
Status Indicators
{% for order in orders %}
  <div class="order">
    Order #{{ order.id }}
    {% if order.status == "pending" %}
      <span class="pending">Pending</span>
    {% elsif order.status == "shipped" %}
      <span class="shipped">Shipped</span>
    {% elsif order.status == "delivered" %}
      <span class="delivered">Delivered</span>
    {% else %}
      <span class="unknown">Unknown</span>
    {% endif %}
  </div>
{% endfor %}
Pagination Indicators
Page {{ current_page }} of {{ total_pages }}

{% if current_page > 1 %}
  <a href="?page={{ current_page | minus(1) }}">Previous</a>
{% endif %}

{% if current_page < total_pages %}
  <a href="?page={{ current_page | plus(1) }}">Next</a>
{% endif %}
Default Values
{% if user.bio %}
  Bio: {{ user.bio }}
{% else %}
  Bio: Not provided
{% endif %}
Or with filters:
Name: {{ user.name | default("Anonymous") }}
Common Mistakes
Wrong Operator
{# Wrong - string comparison #}
{% if items == [] %}

{# Right - check length #}
{% if items | length == 0 %}

{# Or - check truthiness #}
{% if items %}
Missing Endif
{# Syntax error #}
{% if condition %}
  Content

{# Correct #}
{% if condition %}
  Content
{% endif %}
Truthiness Confusion
{# 0 is truthy in Mau #}
{% if count == 0 %}
  No items
{% endif %}

{# Not this #}
{% if not count %}
  (0 is truthy, this won't work)
{% endif %}
Advanced Patterns
Ternary-like Pattern
Simulate ternary with inline if:
Status: {% if active %}Online{% else %}Offline{% endif %}
Guard Clauses
Use early returns with negation:
{% if not user %}
  Please log in
{% else %}
  Welcome {{ user.name }}
{% endif %}
Multi-Level Conditions
{% if user %}
  {% if user.admin %}
    Admin: {{ user.name }}
  {% elsif user.active %}
    Active: {{ user.name }}
  {% else %}
    Inactive: {{ user.name }}
  {% endif %}
{% else %}
  No user
{% endif %}
Summary
	Feature	Syntax	Purpose
	If	{% if condition %}	Conditional rendering
	Else	{% else %}	Alternative content
	Elsif	{% elsif condition %}	Multiple conditions
	For	{% for x in y %}	Iterate collections
	forloop.index	{{ forloop.index }}	Current position (1-based)
	forloop.first	{{ forloop.first }}	True on first item
	forloop.last	{{ forloop.last }}	True on last item
	and	condition1 and condition2	Logical AND
	or	condition1 or condition2	Logical OR
	not	not condition	Logical NOT

See Also
	Template Language Reference - Expression syntax
	Variables Guide - Variable access patterns
	Filters Guide - Using filters in conditions



  

    Variables Guide

Master variable access and assignment in templates.
What are Variables?
Variables store data that you access in templates. They come from two sources:
	Context - Data passed to the template
	Template Assignment - Variables created in the template itself

Accessing Variables from Context
The context is a map of data available to your template:
context = %{
  "user" => %{"name" => "Alice"},
  "items" => [1, 2, 3]
}

Mau.render("{{ user.name }}", context)
# Output: "Alice"
Simple Variable Access
{{ variable_name }}
Example:
context = %{"greeting" => "Hello"}
template = "{{ greeting }}"
# Output: "Hello"
Property Access
Access properties with dot notation:
{{ user.name }}
{{ user.profile.email }}
{{ user.profile.contact.phone }}
Works with any nesting depth:
context = %{
  "user" => %{
    "name" => "Alice",
    "profile" => %{
      "contact" => %{
        "phone" => "555-1234"
      }
    }
  }
}

{{ user.profile.contact.phone }}
# Output: "555-1234"
Array Access
Access array elements by index (0-based) using bracket notation:
{{ items[0] }}    # First item
{{ items[1] }}    # Second item
{{ items[5] }}    # Sixth item
Example:
context = %{
  "colors" => ["red", "green", "blue"]
}

{{ colors[0] }}   # "red"
{{ colors[2] }}   # "blue"
Mixed Nesting
Combine object and array access:
{{ categories[0].name }}
{{ users[2].profile.email }}
Example:
context = %{
  "categories" => [
    %{"name" => "Books"},
    %{"name" => "Videos"}
  ]
}

{{ categories[0].name }}    # "Books"
{{ categories[1].name }}    # "Videos"
Undefined Variables
Accessing undefined variables returns empty string:
context = %{"greeting" => "Hello"}

{{ undefined_var }}    # Renders as "" (empty)
{{ greeting }}         # Renders as "Hello"
Safe navigation example:
{% if user.email %}
  Email: {{ user.email }}
{% else %}
  Email not provided
{% endif %}
Creating Variables with Assign
Create or modify variables within templates using {% assign %}:
Basic Assignment
{% assign greeting = "Hello" %}
{{ greeting }}    # Output: "Hello"
Assigning Literal Values
{% assign name = "Alice" %}
{% assign age = 30 %}
{% assign active = true %}
{% assign items = [] %}
Assigning from Other Variables
{% assign first_item = items[0] %}
{{ first_item }}
Assigning from Expressions
{% assign total = price | plus(tax) %}
Total: {{ total }}
Assigning from Filters
{% assign first_name = user.name | split(" ") | first %}
{{ first_name }}
Variable Scope
Variables are available from the point of assignment onward:
Start: {{ greeting }}        {# Empty, not assigned yet #}

{% assign greeting = "Hello" %}

After: {{ greeting }}        {# "Hello", now assigned #}
Loop Scope
Loop variables are available inside the loop and accessible via forloop:
{% for item in items %}
  Item: {{ item }}           {# Access current item #}
  Index: {{ forloop.index }} {# Access loop variable #}
{% endfor %}

Outside: {{ item }}          {# Still accessible #}
Variables created before the loop are accessible inside:
{% assign prefix = "Item: " %}
{% for item in items %}
  {{ prefix }}{{ item }}     {# Can use prefix inside loop #}
{% endfor %}
Conditional Scope
Variables assigned in if branches are accessible after:
{% if condition %}
  {% assign greeting = "Hello" %}
{% endif %}

{{ greeting }}               {# Still accessible #}
Common Patterns
Store Calculated Value
{% assign item_count = items | length %}
You have {{ item_count }} items
Extract from List
{% assign first = items | first %}
{% assign last = items | last %}

First: {{ first }}, Last: {{ last }}
Format Data
{% assign full_name = user.first_name | plus(" ") | plus(user.last_name) %}
Name: {{ full_name }}
Store Filter Result
{% assign sorted = items | sort %}
{% assign unique = sorted | uniq %}
Conditional Assignment
{% if user.admin %}
  {% assign role = "Administrator" %}
{% elsif user.moderator %}
  {% assign role = "Moderator" %}
{% else %}
  {% assign role = "User" %}
{% endif %}

Role: {{ role }}
Build Strings
{% assign greeting = "Welcome, " %}
{% assign greeting = greeting | plus(user.name) %}
{{ greeting }}    # "Welcome, Alice"
Accessing Context Variables
Special context variables available in some contexts:
Loop Context in Map Directives
When using map directives with #map or #filter:
%{
  "users" => %{
    "#map" => [
      "{{$users}}",
      %{"name" => "{{$loop.item.name}}"}
    ]
  }
}
Available loop variables:
	$loop.item - Current item
	$loop.index - Current index
	$loop.parentloop - Parent loop (in nested maps)

Workflow Variables
In workflow contexts, special variables are available:
{{ $input }}        # Workflow input
{{ $nodes }}        # Node execution results
{{ $variables }}    # Workflow variables
{{ $context }}      # Execution context
Type Preservation
By default, all rendered output is a string. Use preserve_types: true to maintain types:
Mau.render("{{ count }}", %{"count" => 42})
# {:ok, "42"}  <- String

Mau.render("{{ count }}", %{"count" => 42}, preserve_types: true)
# {:ok, 42}  <- Number
This preserves types for single-value templates. Mixed content always returns strings:
Mau.render("Count: {{ 42 }}", %{}, preserve_types: true)
# {:ok, "Count: 42"}  <- Still a string (mixed content)
Variable Naming
Variable names can contain letters, numbers, and underscores:
{{ user }}
{{ user_name }}
{{ firstName }}    {# Also works, no special camelCase handling #}
{{ user_1 }}
Reserved Names
Some names have special meaning and should be avoided:
{% for item in items %}
  {{ item }}       {# OK - loop variable #}
  {{ forloop }}    {# OK - loop metadata #}
{% endfor %}
Safe Variable Access
Check Before Access
{% if user %}
  Name: {{ user.name }}
{% endif %}
Use Filters Safely
{% if items %}
  Count: {{ items | length }}
{% else %}
  No items
{% endif %}
Provide Defaults
{% assign name = user.name %}
{% if name %}
  Hello {{ name }}
{% else %}
  Hello Guest
{% endif %}
Examples
Complete Profile Example
{% assign full_name = user.first_name | plus(" ") | plus(user.last_name) %}
{% assign user_count = users | length %}
{% assign is_admin = user.role == "admin" %}

Profile:
- Name: {{ full_name }}
- Email: {{ user.email }}
- Admin: {{ is_admin }}
- Total Users: {{ user_count }}
List Processing
{% assign active_users = users | where("active") %}
{% assign user_names = active_users | map("name") | sort %}

Active users: {{ user_names | join(", ") }}
Count: {{ user_names | length }}
Calculated Values
{% assign subtotal = 100 %}
{% assign tax_rate = 0.08 %}
{% assign tax = subtotal | times(tax_rate) | round(2) %}
{% assign total = subtotal | plus(tax) %}

Subtotal: ${{ subtotal }}
Tax: ${{ tax }}
Total: ${{ total }}
Loop with Variables
{% assign colors = "red,green,blue" | split(",") %}

{% for color in colors %}
  {% assign index = forloop.index %}
  {% assign is_first = forloop.first %}

  {% if is_first %}First: {% endif %}{{ color }}
{% endfor %}
Troubleshooting
Variable Not Displaying
Problem: Variable renders as empty string
Solutions:
	Check variable exists in context
	Check variable name spelling
	Use if statement to debug:

{% if user %}User defined{% else %}User undefined{% endif %}
{% if user.name %}Name defined{% else %}Name undefined{% endif %}
Type Confusion
Problem: Numbers render as strings
Solution: Use preserve_types: true option
Mau.render("{{ count }}", %{"count" => 42}, preserve_types: true)
Scope Issues
Problem: Variable not accessible after assignment
Solution: Assign before use
{% assign var = "value" %}
{{ var }}    # Now available
Summary
	Operation	Syntax	Example
	Access	{{ var }}	{{ user }}
	Property	{{ obj.prop }}	{{ user.name }}
	Array	{{ array[0] }}	{{ items[0] }}
	Assign	{% assign x = y %}	{% assign name = "Alice" %}
	Expression	{% assign x = y | filter %}	{% assign count = items | length %}
	Conditional	{% if var %}	Check if defined

See Also
	Template Language Reference - Variable syntax details
	Filters Guide - Using filters with variables
	Control Flow Guide - Using variables in conditionals



  

    Whitespace Control Guide

Master whitespace handling in templates.
The Problem
Templates often have unwanted whitespace in the output:
{% for item in items %}
  Item: {{ item }}
{% endfor %}
This produces:

  Item: 1

  Item: 2

  Item: 3

Notice the extra newlines and spaces. Whitespace control lets you remove them.
Whitespace Modifiers
Use - at the start or end of tags to trim whitespace.
Trim Left (Left Dash)
{{- expression }}
{%- tag %}
The dash removes whitespace to the left:
Text  {{- "value" }}
Renders as: Textvalue (no space before value)
Trim Right (Right Dash)
{{ expression -}}
{% tag -%}
The dash removes whitespace to the right:
{{ "value" -}}  Text
Renders as: valueText (no space after value)
Trim Both
{{- expression -}}
{%- tag -%}
Removes whitespace on both sides:
Text  {{- "value" -}}  More
Renders as: TextvalueMore
Common Use Cases
Removing Loop Newlines
Without whitespace control:
{% for item in items %}
  {{ item }}
{% endfor %}
Output:

  Item1

  Item2

  Item3

With whitespace control:
{%- for item in items -%}
  {{ item }}
{%- endfor -%}
Output:
  Item1  Item2  Item3
Or with newlines but no extra indentation:
{% for item in items -%}
{{ item }}
{% endfor -%}
Output:
Item1
Item2
Item3
Clean HTML Generation
Without whitespace control:
<ul>
{% for item in items %}
  <li>{{ item }}</li>
{% endfor %}
</ul>
Output:
<ul>

  <li>Item1</li>

  <li>Item2</li>

</ul>
With whitespace control:
<ul>
{%- for item in items %}
  <li>{{ item }}</li>
{%- endfor %}
</ul>
Output:
<ul>
  <li>Item1</li>
  <li>Item2</li>
</ul>
Conditional Text
Status: {% if active -%}Active{%- else -%}Inactive{%- endif %}
Without trim, this would have spaces: Status: Active or Status: Inactive
With trim: Status: Active or Status: Inactive
Joining Items
Create a comma-separated list:
{% for item in items -%}
  {{ item }}{{ if not forloop.last -%}}, {% endif -%}}
{%- endfor %}
This produces: Item1, Item2, Item3 without trailing comma.
Whitespace Breakdown
Where Whitespace Appears
Whitespace includes:
	Spaces ()
	Tabs (\t)
	Newlines (\n)
	Carriage returns (\r)

Whitespace Around Tags
before text
{% if condition %}
  content
{% endif %}
after text
The dashes control whitespace adjacent to tags:
before text{%- if condition %}content{%- endif -%}after text
Advanced Patterns
CSV Generation
{%- for item in items -%}
{{ item.id }},{{ item.name }}
{% endfor -%}
Produces:
1,Item1
2,Item2
3,Item3
Email Templates
Hello {{ user.name }},

{%- if order %}

Your order details:
- Order ID: {{ order.id }}
- Total: ${{ order.total }}

{%- endif %}

Best regards,
Team
JSON Output
{
  "items": [
    {%- for item in items %}
    {
      "id": {{ item.id }},
      "name": "{{ item.name }}"
    }{{ if not forloop.last }},{% endif -%}}
    {%- endfor %}
  ]
}
Nested Loops with Formatting
{%- for category in categories %}
Category: {{ category.name }}
{%- for item in category.items %}
  - {{ item }}
{%- endfor -%}}
{% endfor -%}
Common Mistakes
Over-trimming
{%- for item in items -%}{{- item -}}{%- endfor -%}
This removes ALL whitespace, including necessary spacing.
Better approach: Only trim where needed:
{% for item in items -%}
{{ item }}
{% endfor -%}
Inconsistent Indentation
Mixing trimmed and non-trimmed tags:
{% for item in items %}      {# Doesn't trim #}
  {{- item -}}              {# Trims expressions #}
{% endfor %}                {# Doesn't trim #}
Better: Be consistent:
{%- for item in items %}
  {{ item }}
{%- endfor -%}
Trimming Necessary Spaces
Hello {{ name }}!    {# Good #}
Hello {{- name -}}!  {# Bad: "Hellothere!" #}
Debugging Whitespace
Enable Whitespace Visibility
In your testing environment, show whitespace:
{:ok, result} = Mau.render(template, context)
IO.inspect(result)  # Shows \n and spacing
Use Different Markers
Test with markers to see what's trimmed:
[{% if true -%}content{%- endif %}]
[before {{- "x" -}} after]
View the output in a way that shows spaces:
result |> String.replace(" ", "·") |> IO.puts()
Whitespace Best Practices
	Trim only where necessary - Don't over-trim and lose important spacing

	Be consistent - Use the same trimming pattern throughout templates

	Test output - Always verify the rendered output looks correct

	Document intent - Add comments if trimming is non-obvious:


{%- # Remove newline before list #}
<ul>
{%- for item in items %}
  <li>{{ item }}</li>
{%- endfor %}
</ul>
	Read-in-template vs Output - Remember the template source and output can look very different

Examples
Clean Markdown
# {{ title }}

{{ description }}

{%- for section in sections %}

## {{ section.name }}

{{ section.content }}
{%- endfor %}
HTML Attributes
<div class="container{%- if active %} active{%- endif %}">
  Content
</div>
Or:
<div class="container {% if active %}active{% endif %}">
  Content
</div>
Multi-line Conditionals
Status:
{%- if active %}
  <span class="active">Online</span>
{%- else %}
  <span class="inactive">Offline</span>
{%- endif %}
Variable Declaration Block
{%- assign prefix = "Item" -%}
{%- assign count = items | length -%}
{{ prefix }} Count: {{ count }}
Troubleshooting
Extra Whitespace in Output
Problem: Output has unexpected spaces or newlines
Solution: Add - modifiers to trim
{%- for item in items -%}
Missing Required Spaces
Problem: Output runs together
Solution: Don't trim where spaces are needed
Hello {{- name -}}!      {# Wrong: "Helloname!" #}
Hello {{ name }}!        {# Right: "Hello name!" #}
Newlines Disappear
Problem: Text that should be on separate lines appears on one line
Solution: Don't trim newlines between lines
{%- # Keep newline by not trimming right side #}
Line 1
{%- if condition %}
Line 2
{%- endif %}
Summary
	Modifier	Purpose	Example
	{{- }}	Trim left	Text {{- value }}
	{{ -}}	Trim right	{{ value -}} Text
	{{- -}}	Trim both	{{- value -}}
	{%- %}	Trim left	{%- if %}
	{% -%}	Trim right	{% endif -%}
	{%- -%}	Trim both	{%- if -%}

See Also
	Template Language Reference - Full syntax reference
	Control Flow Guide - Tags that work with whitespace
	Email Template Examples - Real-world template examples



  

    Map Rendering Guide

Master advanced data transformations with map directives.
Overview
The render_map function enables powerful data transformations within nested map structures using special directives. Directives allow you to iterate, filter, merge, and conditionally render maps—similar to a data transformation pipeline.
When to Use render_map
Use render_map when you need to:
	Transform nested data structures
	Build complex outputs programmatically
	Filter and map collections
	Merge multiple data sources
	Apply conditional logic to structured data

Use regular render when you need to:
	Generate text/HTML output
	Render simple templates
	Control flow in text documents

Basic Usage
input = %{
  "greeting" => "Hello {{ name }}!"
}

context = %{"name" => "World"}

{:ok, result} = Mau.render_map(input, context)
# result: %{"greeting" => "Hello World!"}
Directives Overview
All directives use keys starting with #:
	Directive	Purpose	Syntax
	#map	Iterate over collections	"#map" => [collection, template]
	#filter	Filter collections	"#filter" => [collection, condition]
	#merge	Combine maps	"#merge" => [map1, map2, ...]
	#if	Conditional rendering	"#if" => [condition, true_template, false_template]
	#pick	Extract keys from map	"#pick" => [map, keys]
	#pipe	Thread data through transformations	"#pipe" => [initial, directives]

#map Directive
Iterate over a collection and apply a template to each item.
Syntax
%{
  "key" => %{
    "#map" => [collection_template, item_template]
  }
}
Basic Example
input = %{
  "users" => %{
    "#map" => [
      "{{$users}}",
      %{"name" => "{{$loop.item.name}}"}
    ]
  }
}

context = %{
  "$users" => [
    %{"name" => "Alice"},
    %{"name" => "Bob"}
  ]
}

{:ok, result} = Mau.render_map(input, context)
# result: %{"users" => [%{"name" => "Alice"}, %{"name" => "Bob"}]}
Access Loop Variables
Available in the item template:
%{
  "#map" => [
    "{{$items}}",
    %{
      "index" => "{{$loop.index}}",
      "item" => "{{$loop.item}}",
      "is_first" => "{{$loop.first}}"
    }
  ]
}
Loop variables:
	$loop.item - Current item
	$loop.index - Position (0-based)
	$loop.parentloop - Parent loop (in nested maps)

Nested Maps
input = %{
  "departments" => %{
    "#map" => [
      "{{$departments}}",
      %{
        "name" => "{{$loop.item.name}}",
        "employees" => %{
          "#map" => [
            "{{$loop.item.employees}}",
            %{"name" => "{{$loop.item.name}}"}
          ]
        }
      }
    ]
  }
}
#filter Directive
Filter items based on a condition.
Syntax
%{
  "key" => %{
    "#filter" => [collection_template, condition_template]
  }
}
Example
input = %{
  "active_users" => %{
    "#filter" => [
      "{{$users}}",
      "{{$loop.item.active}}"
    ]
  }
}

context = %{
  "$users" => [
    %{"name" => "Alice", "active" => true},
    %{"name" => "Bob", "active" => false},
    %{"name" => "Charlie", "active" => true}
  ]
}

{:ok, result} = Mau.render_map(input, context)
# result: %{"active_users" => [
#   %{"name" => "Alice", "active" => true},
#   %{"name" => "Charlie", "active" => true}
# ]}
Complex Conditions
"#filter" => [
  "{{$users}}",
  "{{$loop.item.age > 18 and $loop.item.verified}}"
]
#merge Directive
Combine multiple maps together.
Syntax
%{
  "key" => %{
    "#merge" => [map1_template, map2_template, ...]
  }
}
Example
input = %{
  "user_profile" => %{
    "#merge" => [
      "{{$user}}",
      %{"role" => "{{$role}}", "verified" => true}
    ]
  }
}

context = %{
  "$user" => %{"name" => "Alice", "email" => "alice@example.com"},
  "$role" => "admin"
}

{:ok, result} = Mau.render_map(input, context)
# result: %{"user_profile" => %{
#   "name" => "Alice",
#   "email" => "alice@example.com",
#   "role" => "admin",
#   "verified" => true
# }}
#if Directive
Conditionally render templates.
Syntax
# With else
%{
  "key" => %{
    "#if" => [condition, true_template, false_template]
  }
}

# Without else
%{
  "key" => %{
    "#if" => [condition, true_template]
  }
}
Example
input = %{
  "status" => %{
    "#if" => [
      "{{$user.premium}}",
      %{"level" => "premium", "price" => "$9.99"},
      %{"level" => "free", "price" => "free"}
    ]
  }
}

context = %{
  "$user" => %{"name" => "Alice", "premium" => true}
}

{:ok, result} = Mau.render_map(input, context)
# result: %{"status" => %{"level" => "premium", "price" => "$9.99"}}
#pick Directive
Extract specific keys from a map.
Syntax
%{
  "key" => %{
    "#pick" => [map_template, keys]
  }
}
Example
input = %{
  "public_profile" => %{
    "#pick" => [
      "{{$user}}",
      ["name", "email", "avatar"]
    ]
  }
}

context = %{
  "$user" => %{
    "name" => "Alice",
    "email" => "alice@example.com",
    "avatar" => "alice.jpg",
    "password_hash" => "secret"  # Won't be included
  }
}

{:ok, result} = Mau.render_map(input, context)
# result: %{"public_profile" => %{
#   "name" => "Alice",
#   "email" => "alice@example.com",
#   "avatar" => "alice.jpg"
# }}
#pipe Directive
Thread data through a series of transformations.
Syntax
%{
  "key" => %{
    "#pipe" => [initial_value, [directive1, directive2, ...]]
  }
}
How It Works
The piped value is automatically injected as the first argument to each directive. Access it via $self context variable.
Basic Example
input = %{
  "result" => %{
    "#pipe" => [
      "{{$items}}",
      [
        %{"#filter" => "{{$loop.item.price > 100}}"},
        %{"#map" => %{"name" => "{{$loop.item.name}}"}}
      ]
    ]
  }
}

context = %{
  "$items" => [
    %{"name" => "Item A", "price" => 50},
    %{"name" => "Item B", "price" => 150},
    %{"name" => "Item C", "price" => 200}
  ]
}

{:ok, result} = Mau.render_map(input, context)
# result: %{"result" => [
#   %{"name" => "Item B"},
#   %{"name" => "Item C"}
# ]}
Multi-Stage Pipeline
%{
  "#pipe" => [
    "{{$data}}",
    [
      %{"#filter" => "{{$loop.item.active}}"},
      %{"#map" => %{"username" => "{{$loop.item.name}}"}},
      %{"#filter" => "{{$loop.item.username != 'admin'}}"}
    ]
  ]
}
Advanced Patterns
Combining Directives
Use multiple directives in nested structures:
input = %{
  "report" => %{
    "#merge" => [
      %{"title" => "User Report"},
      %{
        "users" => %{
          "#map" => [
            "{{$users}}",
            %{
              "name" => "{{$loop.item.name}}",
              "profile" => %{
                "#if" => [
                  "{{$loop.item.premium}}",
                  %{"tier" => "premium"},
                  %{"tier" => "free"}
                ]
              }
            }
          ]
        }
      }
    ]
  }
}
Data Transformation Pipeline
Create data flows similar to Elixir pipes:
input = %{
  "processed" => %{
    "#pipe" => [
      "{{$raw_data}}",
      [
        %{"#filter" => "{{not nil}}"},           # Remove nils
        %{"#map" => %{                            # Transform
          "value" => "{{$loop.item | upper_case}}"
        }},
        %{"#filter" => "{{$loop.item.value}}"}   # Filter empty
      ]
    ]
  }
}
Context Variables
Special variables available in templates:
{{$users}}              # From context
{{$loop.item}}          # Current item in map/filter
{{$loop.index}}         # Current index
{{$self}}               # Piped value (in pipe directive)
Regular template expressions also work:
"count" => "{{items | length}}"
"active" => "{{user.verified and user.active}}"
Complete Example: API Response Transformation
Transform an API response into a structured format:
input = %{
  "data" => %{
    "#merge" => [
      %{
        "timestamp" => "{{now}}",
        "source" => "api"
      },
      %{
        "users" => %{
          "#pipe" => [
            "{{$response.users}}",
            [
              %{"#filter" => "{{$loop.item.active}}"},
              %{"#map" => %{
                "id" => "{{$loop.item.id}}",
                "name" => "{{$loop.item.full_name}}",
                "contact" => %{
                  "#merge" => [
                    %{"email" => "{{$loop.item.email}}"},
                    %{"phone" => "{{$loop.item.phone}}"}
                  ]
                }
              }}
            ]
          ]
        }
      }
    ]
  }
}

context = %{
  "now" => "2024-01-15T10:30:00Z",
  "$response" => %{
    "users" => [
      %{
        "id" => 1,
        "full_name" => "Alice Johnson",
        "email" => "alice@example.com",
        "phone" => "555-0001",
        "active" => true
      },
      %{
        "id" => 2,
        "full_name" => "Bob Smith",
        "email" => "bob@example.com",
        "phone" => "555-0002",
        "active" => false
      }
    ]
  }
}

{:ok, result} = Mau.render_map(input, context)
Result:
%{
  "data" => %{
    "timestamp" => "2024-01-15T10:30:00Z",
    "source" => "api",
    "users" => [
      %{
        "id" => 1,
        "name" => "Alice Johnson",
        "contact" => %{
          "email" => "alice@example.com",
          "phone" => "555-0001"
        }
      }
    ]
  }
}
Comparing render vs render_map
	Feature	render	render_map
	Output Type	String	Map/Structure
	Use Case	Text/HTML output	Data transformation
	Syntax	{{ }} and {% %}	Directive maps
	Iteration	{% for %}	#map directive
	Filtering	| filter	#filter directive
	Conditionals	{% if %}	#if directive

Best Practices
	Validate Input Data

Always check if required data exists before transforming.
	Use Meaningful Directive Keys

%{
  "active_users" => %{    # Clear intent
    "#filter" => [...]
  }
}
	Break Down Complex Transformations

Use intermediate steps for clarity:
%{
  "filtered" => %{
    "#filter" => [...]
  },
  "transformed" => %{
    "#map" => ["{{filtered}}", ...]
  }
}
	Comment Complex Structures

# Step 1: Filter active users
# Step 2: Map to names only
# Step 3: Sort results
%{"#pipe" => [...]}
Troubleshooting
Directive Not Applied
Problem: Directive key not recognized
Solution: Verify syntax and ensure arguments are lists
# Wrong
%{"#map" => "{{items}}"}

# Right
%{"#map" => ["{{items}}", item_template]}
Empty Results
Problem: Directive returns empty
Solution: Check collection is rendering correctly
# Debug: render collection first
{:ok, items} = Mau.render("{{$items}}", context)
IO.inspect(items)
Type Errors
Problem: Wrong data type to directive
Solution: Ensure correct types:
	#map and #filter need lists
	#merge needs maps
	#pick needs map and key list

See Also
	Template Language Reference - Template expressions
	Variables Guide - Variable access
	Map Directives Reference - Complete directive reference
	Data Transformation Examples - Real-world map rendering examples



  

    Prana Template Language Reference

This document defines the syntax, data types, operators, and semantics of the Prana template language.
Overview
Prana templates combine literal text with dynamic expressions and control flow. The language is designed for workflow automation contexts where data flows between nodes in a graph-based execution model.
Template Syntax
Basic Structure
Literal text content
{{ expression }}
{% tag %}...{% endtag %}
Delimiters
Expression Blocks:
	{{ expression }} - Output expression result
	{{- expression }} - Trim whitespace before
	{{ expression -}} - Trim whitespace after
	{{- expression -}} - Trim whitespace both sides

Tag Blocks:
	{% tag %} - Control flow and logic tags
	{%- tag %} - Trim whitespace before
	{% tag -%} - Trim whitespace after
	{%- tag -%} - Trim whitespace both sides

Comments:
	{# comment #} - Template comments (not rendered)

Data Types
Primitive Types
String
{{ "hello world" }}
{{ 'single quotes' }}
{{ "escape \"quotes\" with backslash" }}
Number
{{ 42 }}
{{ 3.14159 }}
{{ -17 }}
{{ 1.5e-10 }}
Boolean
{{ true }}
{{ false }}
Null
{{ nil }}
Note: Both nil and null are supported and equivalent.
Complex Types
Array/List
{{ items[0] }}          <!-- First element -->
{{ items[-1] }}         <!-- Last element (Not Yet Implemented) -->
{{ items[1:3] }}        <!-- Slice (Not Yet Implemented) -->
Object/Map
{{ user.name }}         <!-- Property access -->
{{ user["email"] }}     <!-- Bracket access -->
{{ user.address.city }} <!-- Nested access -->
Variable Access
Simple Variables
{{ name }}
{{ age }}
{{ active }}
{{ $user }}
Object Property Access
{{ user.name }}
{{ user.profile.email }}
{{ $settings.api.timeout }}
Array Access
{{ users[0] }}          <!-- Index access -->
{{ users[index] }}      <!-- Dynamic index -->
{{ $nested[0].items[1] }} <!-- Nested arrays -->
Workflow Context Access
<!-- Input data from workflow trigger -->
{{ $input.email }}
{{ $input.user.preferences.theme }}

<!-- Results from previous nodes -->
{{ $nodes.fetch_user.output.user_id }}
{{ $nodes.api_call.response.data }}

<!-- Workflow variables -->
{{ $variables.api_key }}
{{ $variables.base_url }}

<!-- Execution context -->
{{ $context.execution_id }}
{{ $context.timestamp }}
Operators
Comparison Operators
Equality
{{ user.role == "admin" }}
{{ status != "pending" }}
Relational
{{ age >= 18 }}
{{ score > 90 }}
{{ count <= 10 }}
{{ priority < 5 }}
Arithmetic Operators
Basic Math
{{ price + tax }}
{{ total - discount }}
{{ quantity * price }}
{{ total / count }}
{{ number % 2 }}
String Concatenation
{{ first_name + " " + last_name }}
{{ "Hello " + user.name }}
Logical Operators
Mau supports two styles of logical operators with different behavior:
Word-based Operators: and / or / not
Returns boolean values (true or false) using Liquid-style truthiness:
{{ user.active and user.verified }}        # Returns: true or false
{{ role == "admin" or role == "moderator" }}  # Returns: true or false
{{ not user.blocked }}                     # Returns: true or false
Truthiness (Liquid-style):
	Falsy values: nil, false, 0, "" (empty string), [] (empty list), {} (empty map)
	Everything else is truthy

Examples:
{{ 0 and "hello" }}          # false (0 is falsy)
{{ "" or "world" }}          # true (returns boolean, not the value)
{{ "hello" and "world" }}    # true (returns boolean)
Symbol-based Operators: && / || / !
Returns actual values (not booleans) using Elixir-style truthiness:
{{ user.active && user.verified }}        # Returns: right value or false/nil
{{ role == "admin" || role == "moderator" }}  # Returns: first truthy value
{{ !user.blocked }}                       # Returns: true or false
Truthiness (Elixir-style):
	Falsy values: only nil and false
	Everything else is truthy (including 0, "", [], {})

Examples:
{{ 0 && "hello" }}           # "hello" (0 is truthy, returns right value)
{{ "" || "world" }}          # "" (empty string is truthy, returns left value)
{{ "hello" && "world" }}     # "world" (returns right value)
{{ false || 42 }}            # 42 (returns first truthy value)
{{ nil && "test" }}          # nil (short-circuits, returns nil)
Choosing Between Operators
Use and / or / not when:
	You need boolean results for conditions
	You want Liquid-like behavior where 0 and "" are falsy
	You're writing templates familiar to Liquid users

Use && / || / ! when:
	You need the actual values (for default value patterns)
	You want Elixir-like behavior where only nil and false are falsy
	You're using || for default values: {{ user.name || "Guest" }}

Complex Conditions:
{{ (age >= 18 and age <= 65) and (role == "user" or role == "premium") }}
{{ user.active && (user.plan == "pro" || user.credits > 0) }}
Short-circuit Evaluation:
Both operator styles support short-circuit evaluation:
{{ false && expensive_operation }}  # expensive_operation not evaluated
{{ true || expensive_operation }}   # expensive_operation not evaluated
Operator Precedence
Highest to Lowest:
	Property access: ., []
	Unary: not / !, -
	Multiplicative: *, /, %
	Additive: +, -
	Relational: <, <=, >, >=
	Equality: ==, !=
	Logical AND: and / &&
	Logical OR: or / ||

Parentheses can override precedence:
{{ (total + tax) * quantity }}
{{ user.active and (role == "admin" or permissions.elevated) }}
Control Flow Tags
Conditional Statements
If/Else
{% if user.active %}
  Welcome back, {{ user.name }}!
{% else %}
  Your account is inactive.
{% endif %}
If/Elsif/Else
{% if user.role == "admin" %}
  Administrator Dashboard
{% elsif user.role == "moderator" %}
  Moderator Panel
{% elsif user.role == "user" %}
  User Profile
{% else %}
  Access Denied
{% endif %}
Loops
For Loops
{% for user in users %}
  Name: {{ user.name }}
  Email: {{ user.email }}
{% endfor %}
For with Conditions (Not Yet Implemented)
{% for item in items limit: 5 %}
  {{ item.name }}
{% endfor %}

{% for user in users offset: 10 limit: 20 %}
  {{ user.name }}
{% endfor %}
For with Filtering (Not Yet Implemented)
{% for user in users where user.active %}
  {{ user.name }}
{% endfor %}
Loop Variables
{% for item in items %}
  {{ forloop.index }}: {{ item.name }}
  {% if forloop.first %}First item!{% endif %}
  {% if forloop.last %}Last item!{% endif %}
{% endfor %}
Case/Switch (Not Yet Implemented)
{% case user.role %}
  {% when "admin" %}
    Administrator
  {% when "moderator" %}
    Moderator
  {% when "user" %}
    User
  {% else %}
    Unknown role
{% endcase %}
Utility Tags
Assignment
{% assign full_name = user.first_name + " " + user.last_name %}
{% assign total_price = quantity * price + tax %}

Hello {{ full_name }}!
Total: ${{ total_price }}
Comments
{# Inline comment - not rendered #}
Filters
Filters transform expression values using the pipe (|) operator or function call syntax.
Pipe Syntax:
{{ user.name | capitalize }}
{{ text | upper_case | strip }}
Function Call Syntax:
{{ capitalize(user.name) }}
{{ upper_case(text) }}
Multiple Filters (Fully Supported)
Filters can be chained together for complex transformations:
{{ user.bio | strip | truncate(100) | capitalize }}
{{ price | multiply(quantity) | format_currency("USD") }}
{{ items | slice(0, 3) | join(", ") | upper_case }}
{{ numbers | sum | power(2) | sqrt }}
Available Filters
Mau includes 40+ built-in filters organized into categories:
	String Filters - Text manipulation and formatting
	Collection Filters - Array and list operations
	Math Filters - Numeric calculations and rounding
	Number Filters - Number formatting

For a complete list of all available filters with detailed documentation, see Filters List Reference.
Whitespace Control
Tag-Level Control
Trim Before
Text   {%- if true %}Content{% endif %}
<!-- Result: "TextContent" -->
Trim After
{% if true -%}   Content   {% endif %}
<!-- Result: "Content   " -->
Trim Both
Text   {%- if true -%}   Content   {%- endif -%}   More
<!-- Result: "TextContentMore" -->
Global Options
trim_blocks (Not Yet Implemented) - Remove newlines after tag blocks
 With trim_blocks: true
Start
{% if true %}
Content
{% endif %}
End
	Result: "Start\nContent\nEnd"

lstrip_blocks (Not Yet Implemented) - Remove leading whitespace before tag blocks
	With lstrip_blocks: trueStart
  {% if true %}Content{% endif %}
End

	Result: "Start\n{% if true %}Content{% endif %}\nEnd"

Data Type Preservation
By default, all template output is converted to strings. However, Mau supports preserving original data types for single-value templates using the preserve_types option.
Basic Usage
# Default behavior (all strings)
Mau.render("{{ 42 }}", %{})           #=> {:ok, "42"}
Mau.render("{{ true }}", %{})         #=> {:ok, "true"}

# With data type preservation
Mau.render("{{ 42 }}", %{}, preserve_types: true)    #=> {:ok, 42}
Mau.render("{{ true }}", %{}, preserve_types: true)  #=> {:ok, true}
Supported Data Types
Primitive Types
{{ 42 }}        # Integer -> 42
{{ 3.14 }}      # Float -> 3.14  
{{ true }}      # Boolean -> true
{{ false }}     # Boolean -> false
{{ nil }}       # Nil -> nil
{{ "hello" }}   # String -> "hello"
Collection Types
{{ [1, 2, 3] }}           # List -> [1, 2, 3]
{{ %{"key" => "value"} }} # Map -> %{"key" => "value"} # not yet support
Expressions and Operations
{{ 5 + 3 }}         # Arithmetic -> 8
{{ 5 > 3 }}         # Comparison -> true
{{ true and false }} # Logic -> false
Filter Results
{{ items | length }}     # Numeric filter -> 3
{{ items | reverse }}    # List filter -> [3, 2, 1]
{{ items | join(",") }}  # String filter -> "1,2,3"
Mixed Content Behavior
Mixed content (text + expressions) always returns strings, even with preserve_types: true:
# These always return strings
Mau.render("Count: {{ 42 }}", %{}, preserve_types: true)  #=> {:ok, "Count: 42"}
Mau.render("{{ name }}: {{ age }}", context, preserve_types: true)  #=> {:ok, "Alice: 25"}
Single Value Detection
Data type preservation only applies to templates that contain exactly one expression and no surrounding text:
# Single value - types preserved
{{ 42 }}                 # -> 42 (Integer)
{{ user.active }}        # -> true (Boolean)
{{ items | length }}     # -> 3 (Integer)

# Multiple expressions - returns string
{{ 42 }}{{ true }}       # -> "42true" (String)

# Mixed content - returns string  
Value: {{ 42 }}          # -> "Value: 42" (String)
Error Handling
Strict Mode
strict_mode: true - Return errors for incomplete expressions and undefined variables
	Incomplete expression: {{ variable → Error
	Undefined variable: {{ unknown_var }} → Error

strict_mode: false (default) - Graceful degradation
	Incomplete expression: {{ variable → Rendered as-is: "{{ variable"
	Undefined variable: {{ unknown_var }} → Treated as nil/empty

Missing Variables
Default Behavior (strict_mode: false)
{{ undefined_variable }}           <!-- Renders as empty string -->
{{ user.missing_property }}        <!-- Renders as empty string -->
Type Coercion
Boolean Context
{% if "non_empty_string" %}       <!-- true -->
{% if "" %}                       <!-- false -->
{% if 0 %}                        <!-- false -->
{% if null %}                     <!-- false -->
Workflow Integration
Execution Context
Available Variables
	$input - Data passed to the workflow
	$variables - Workflow-level variables
	$nodes - Results from executed nodes
	$context - Execution metadata
	$env - Environment variable for project (Not Yet Implemented)

Future Extensions
Planned Features
Enhanced Control Flow (Not Yet Implemented)
	{% break %} - Break out of loops
	{% case %} - Switch statements

Advanced Expressions (Not Yet Implemented)
	Ternary operator: condition ? true_value : false_value

Implementation Status
✅ Fully Implemented Features
Core Template Syntax
	All expression blocks with whitespace control: {{ }}, {{- }}, {{ -}}, {{- -}}
	All tag blocks with whitespace control: {% %}, {%- %}, {% -%}, {%- -%}
	Template comments: {# comment #}
	Data type preservation: preserve_types: true option

Data Types & Variables
	All primitive types: strings, numbers, booleans, null/nil
	Complex types: arrays with indexing (positive only), objects/maps with property access
	Workflow variables: $input, $variables, $nodes, $context

Operators & Expressions
	All comparison operators: ==, !=, >, >=, <, <=
	All arithmetic operators: +, -, *, /, %
	All logical operators: and, or, not
	Proper operator precedence and parentheses support

Control Flow
	If/else/elsif conditionals with full nesting support
	For loops with collection iteration
	Loop variables: forloop.index, forloop.first, forloop.last
	Assignment tags: {% assign var = value %}

Filters (40+ implemented)
	String filters: upper_case, lower_case, capitalize, strip, truncate, default
	Collection filters: length, first, last, join, sort, reverse, uniq, slice, contains, compact, flatten, sum, keys, values, group_by, map, filter, reject, dump
	Math filters: abs, ceil, floor, round, max, min, power, sqrt, mod, clamp
	Number filters: format_currency
	Full filter chaining support: {{ value | filter1 | filter2 | filter3 }}

	Function call syntax: {{ filter_name(value) }}

❌ Not Yet Implemented
Advanced Loop Features
	Loop conditions: limit:, offset: parameters
	Loop filtering: where conditions

Control Flow Extensions
	Case/switch statements: {% case %}{% when %}{% endcase %}
	Break statements: {% break %}

Filter Limitations
	Complex filter expressions in conditionals (e.g., {% if name | upper_case == "ADMIN" %})


Global Options
	trim_blocks and lstrip_blocks global whitespace control
	Environment variables: $env workflow variable

Advanced Features
	Array slicing: {{ items[1:3] }}
	Negative array indexing: {{ items[-1] }}
	Ternary operator: condition ? true_value : false_value

Implementation Coverage
~95% of documented features are fully implemented, with comprehensive support for core template functionality, full filter chaining, loop variables, data type preservation, and an extensive filter library.
Syntax Summary
<!-- Basic output -->
{{ variable }}
{{ $variable_with_dollar_sign }}
{{ object.property }}
{{ array[index] }}

<!-- Expressions -->
{{ a + b }}
{{ name == "John" }}
{{ active and verified }}

<!-- Control flow -->
{% if condition %}...{% endif %}
{% for item in items %}...{% endfor %}

<!-- Utility -->
{% assign var = value %}

<!-- Filters (full chaining support) -->
{{ text | upper_case | truncate(50) }}
{{ items | slice(0, 3) | join(", ") | upper_case }}
{{ price | format_currency("USD") }}
{{ format_currency(price, "USD") }}

<!-- Whitespace control -->
{{- variable -}}
{%- tag -%}...{%- endtag -%}


  

    Template AST Specification

This document defines the Abstract Syntax Tree (AST) structure for Prana's template engine V3.
Overview
The Prana template AST uses a unified tuple format for all nodes:
{type :: atom(), parts :: list(), opts :: keyword()}
Where:
	type - The node type (:text, :literal, :expression, :tag)
	parts - Type-specific data as a list  
	opts - Optional metadata as a keyword list

Core Node Types
1. Text Nodes
Represent raw, static text content from the template source.
Format:
{:text, [string_content], opts}
Parameters:
	string_content - Raw text content as it appears in the template

Examples:
# Template text: "Hello World"
{:text, ["Hello World"], []}

# Whitespace and newlines
{:text, ["\n  "], []}

# With source location
{:text, ["Welcome!"], [line: 5, column: 10]}
2. Literal Nodes
Represent constant values within expressions (numbers, strings, booleans, nil).
Format:
{:literal, [value], opts}
Parameters:
	value - Any constant value (string, number, boolean, nil)

Examples:
# Number in expression: 42
{:literal, [42], []}

# String in expression: "admin"
{:literal, ["admin"], []}

# Boolean: true
{:literal, [true], []}

# Null value
{:literal, [nil], []}
3. Expression Nodes
Represent variable interpolation and expressions in {{ }} blocks.
Format:
{:expression, [expression_tuple], opts}
Parameters:
	expression_tuple - A parsed expression tuple (see Expression Types below)

Examples:
# {{ $input.name }}
{:expression, [{:variable, ["$input", "name"], []}], []}

# {{- user.age >= 18 -}}
{:expression, [{:binary_op, [:>=, 
  {:variable, ["user", "age"], []}, 
  {:literal, [18], []}
], []}], [trim_left: true, trim_right: true]}
4. Tag Nodes
Represent control flow and other template tags in {% %} blocks.
Format:
{:tag, [subtype, condition_or_params, body], opts}
Parameters:
	subtype - Tag type (:if, :for, :assign, etc.)
	condition_or_params - Parsed expression or parameters for the tag
	body - List of child AST nodes

Examples:
# {% if user.active %}Content{% endif %}
{:tag, [:if, {:variable, ["user", "active"], []}, [
  {:text, ["Content"], []}
]], []}

# {%- for item in items -%}
{:tag, [:for, {:for_loop, ["item", {:variable, ["items"], []}, []], []}, [
  # body nodes...
]], [trim_left: true, trim_right: true]}
Expression Types
All expressions use the unified tuple format and can be nested within each other.
Variable Access
Access variables and object properties.
Format:
{:variable, [path_segments], opts}
Examples:
# $input
{:variable, ["$input"], []}

# user.name
{:variable, ["user", "name"], []}

# $input.users[0].email
{:variable, ["$input", "users", 0, "email"], []}

# $nodes.api_call.response.data
{:variable, ["$nodes", "api_call", "response", "data"], []}
Binary Operations
Comparison and arithmetic operations between two expressions.
Format:
{:binary_op, [operator, left_expr, right_expr], opts}
Supported Operators:
	Comparison: :==, :!=, :>, :>=, :<, :<=
	Arithmetic: :+, :-, :*, :/, :%
	String: :contains

Examples:
# user.age >= 18
{:binary_op, [:>=, 
  {:variable, ["user", "age"], []}, 
  {:literal, [18], []}
], []}

# user.role == "admin"
{:binary_op, [:==,
  {:variable, ["user", "role"], []},
  {:literal, ["admin"], []}
], []}

# name contains "John"
{:binary_op, [:contains,
  {:variable, ["name"], []},
  {:literal, ["John"], []}
], []}
Logical Operations
Boolean operations between expressions.
Format:
{:logical_op, [operator, left_expr, right_expr], opts}
Supported Operators:
	:and - Logical AND
	:or - Logical OR

Examples:
# user.active and user.age >= 18
{:logical_op, [:and,
  {:variable, ["user", "active"], []},
  {:binary_op, [:>=, 
    {:variable, ["user", "age"], []}, 
    {:literal, [18], []}
  ], []}
], []}

# role == "admin" or role == "moderator"
{:logical_op, [:or,
  {:binary_op, [:==, {:variable, ["role"], []}, {:literal, ["admin"], []}], []},
  {:binary_op, [:==, {:variable, ["role"], []}, {:literal, ["moderator"], []}], []}
], []}
Call Expressions
Apply filters/functions using either pipe or function call syntax. Both syntaxes are unified into a single :call node where the function name is followed by all arguments in order.
Format:
{:call, [function_name, arguments_list], opts}
Examples:
Pipe Syntax Transformations:
# user.name | upper_case
{:call, ["upper_case", [{:variable, ["user", "name"], []}]], []}

# user.bio | truncate(50)
{:call, ["truncate", [
  {:variable, ["user", "bio"], []},
  {:literal, [50], []}
]], []}

# price | format_currency("USD") | round(2)
# Becomes nested calls:
{:call, ["round", [
  {:call, ["format_currency", [
    {:variable, ["price"], []},
    {:literal, ["USD"], []}
  ]], []},
  {:literal, [2], []}
]], []}
Function Call Syntax:
# capitalize(user.name)
{:call, ["capitalize", [{:variable, ["user", "name"], []}]], []}

# truncate(user.bio, 50)
{:call, ["truncate", [
  {:variable, ["user", "bio"], []},
  {:literal, [50], []}
]], []}

# format_currency(price, "USD")
{:call, ["format_currency", [
  {:variable, ["price"], []},
  {:literal, ["USD"], []}
]], []}
Array Literals
Array literals allow inline array construction within templates.
Format:
{:literal, [array_elements], opts}
Where array_elements is a list of AST expression nodes that will be evaluated.
Examples:
# Empty array: []
{:literal, [[]], []}

# Number array: [1, 2, 3]
{:literal, [
  [{:literal, [1], []}, {:literal, [2], []}, {:literal, [3], []}]
], []}

# String array: ["a", "b", "c"]
{:literal, [
  [{:literal, ["a"], []}, {:literal, ["b"], []}, {:literal, ["c"], []}]
], []}

# Mixed type array: [1, "two", true]
{:literal, [
  [{:literal, [1], []}, {:literal, ["two"], []}, {:literal, [true], []}]
], []}

# Array with variables: [user.name, user.email]
{:literal, [
  [{:variable, ["user", "name"], []}, {:variable, ["user", "email"], []}]
], []}

# Nested arrays: [[1, 2], [3, 4]]
{:literal, [
  [
    {:literal, [[{:literal, [1], []}, {:literal, [2], []}]], []},
    {:literal, [[{:literal, [3], []}, {:literal, [4], []}]], []}
  ]
], []}
Tag Subtypes
Control Flow Tags
If/Elsif/Else:
# {% if condition %}...{% endif %}
{:tag, [:if, [
  {condition_expr, body_nodes}
]], opts}

# {% if a %}b{% elsif c %}d{% else %}e{% endif %}
{:tag, [:if, [
  {{:variable, ["a"], []}, [{:text, ["b"], []}]},
  {{:variable, ["c"], []}, [{:text, ["d"], []}]},
  {:else, [{:text, ["e"], []}]}
]], opts}

# Complex example with multiple elsif clauses
# {% if user.role == "admin" %}Admin{% elsif user.role == "mod" %}Moderator{% elsif user.active %}User{% else %}Guest{% endif %}
{:tag, [:if, [
  {{:binary_op, [:==, {:variable, ["user", "role"], []}, {:literal, ["admin"], []}], []}, [{:text, ["Admin"], []}]},
  {{:binary_op, [:==, {:variable, ["user", "role"], []}, {:literal, ["mod"], []}], []}, [{:text, ["Moderator"], []}]},
  {{:variable, ["user", "active"], []}, [{:text, ["User"], []}]},
  {:else, [{:text, ["Guest"], []}]}
]], opts}
For Loops:
# {% for item in collection %}...{% endfor %}
{:tag, [:for, "item", {:variable, ["collection"], []}, body_nodes, []], opts}

# {% for user in users limit: 5 offset: 10 %}...{% endfor %}
{:tag, [:for, "user", {:variable, ["users"], []}, body_nodes, [limit: 5, offset: 10]], opts}

# {% for item in items limit: 20 %}...{% endfor %}
{:tag, [:for, "item", {:variable, ["items"], []}, body_nodes, [limit: 20]], opts}
Utility Tags
Assignment:
# {% assign name = value %}
{:tag, [:assign, "name", value_expr, []], opts}

# {% assign total = price + tax %}
{:tag, [:assign, "total", {:binary_op, [:+, 
  {:variable, ["price"], []}, 
  {:variable, ["tax"], []}
], []}, []], opts}
Options (Keyword Lists)
All AST nodes support optional metadata via keyword lists.
Whitespace Control Options
trim_left - boolean()
Remove whitespace before this node (from {%- or {{- syntax).
trim_right - boolean()
Remove whitespace after this node (from -%} or -}} syntax).
Examples:
# {%- if condition -%}
{:tag, [:if, condition, body], [trim_left: true, trim_right: true]}

# {{- variable -}}
{:expression, [variable_expr], [trim_left: true, trim_right: true]}
Source Location Options
line - integer()
Source line number for error reporting.
column - integer()
Source column number for error reporting.
source_file - String.t()
Source template file path.
Examples:
{:text, ["Hello"], [line: 1, column: 1]}
{:literal, [42], [line: 3, column: 15]}
{:expression, [expr], [line: 5, column: 10, source_file: "user.liquid"]}
Performance Options
cache_key - String.t()
Cache key for expression evaluation.
static - boolean()
Mark expression as static (no variable dependencies).
Examples:
{:literal, ["constant"], [static: true]}
{:expression, [complex_expr], [cache_key: "user_permissions_check"]}
Error Handling Options
strict_mode - boolean()
Controls error handling behavior for incomplete expressions and undefined variables.
	true - Return errors for incomplete expressions and undefined variables
	false (default) - Graceful degradation (render incomplete expressions as-is, treat undefined variables as nil)

Examples:
# With strict_mode: true, {{ undefined_var }} would error
{:expression, [{:variable, ["undefined_var"], []}], [strict_mode: true]}

# With strict_mode: false, incomplete {{ variable would render as-is
{:expression, [{:variable, ["variable"], []}], [strict_mode: false]}
Complete AST Examples
Simple Template
Hello {{ user.name }}!
AST:
[
  {:text, ["Hello "], []},
  {:expression, [{:variable, ["user", "name"], []}], []},
  {:text, ["!"], []}
]
Conditional with Whitespace Control
Users:
{%- for user in users -%}
  {{- user.name -}}
{%- endfor -%}
AST:
[
  {:text, ["Users:\n"], []},
  {:tag, [:for, "user", {:variable, ["users"], []}, [
    {:text, ["\n  "], []},
    {:expression, [{:variable, ["user", "name"], []}], [trim_left: true, trim_right: true]},
    {:text, ["\n"], []}
  ], []], [trim_left: true, trim_right: true]}
]
Complex Conditional Logic
{% if user.age >= 18 and user.role == "admin" %}
  Welcome {{ user.name | upper_case }}!
{% endif %}
AST:
[
  {:tag, [:if, [
    {{:logical_op, [:and,
      {:binary_op, [:>=, 
        {:variable, ["user", "age"], []}, 
        {:literal, [18], []}
      ], []},
      {:binary_op, [:==,
        {:variable, ["user", "role"], []},
        {:literal, ["admin"], []}
      ], []}
    ], []}, [
      {:text, ["\n  Welcome "], []},
      {:expression, [{:call, ["upper_case", [
        {:variable, ["user", "name"], []}
      ]], []}], []},
      {:text, ["!\n"], []}
    ]}
  ]], []}
]
Implementation Guidelines
AST Node Creation
Use helper functions for creating nodes:
defmodule Prana.Template.V3.AST do
  def text_node(content, opts \\ []) do
    {:text, [content], opts}
  end

  def literal_node(value, opts \\ []) do
    {:literal, [value], opts}
  end

  def expression_node(expr, opts \\ []) do
    {:expression, [expr], opts}
  end

  def tag_node(subtype, params, body, opts \\ []) do
    {:tag, [subtype, params, body], opts}
  end

  def variable_expr(path, opts \\ []) do
    {:variable, path, opts}
  end
end
Expression Types Reference
Supported Filter Names
String Filters: upper_case, lower_case, capitalize, truncate, default
Number Filters: round, format_currency
Collection Filters: length, first, last, join, sort, reverse, uniq, slice, contains, compact, flatten, sum, keys, values, group_by, map, filter, reject, dump
Math Filters: abs, ceil, floor, max, min, power, sqrt, mod, clamp
Future Extensions
Planned additions to the AST specification:
	Object literals - {:object, [key_value_pairs], opts} for inline map construction
	Ternary operators - {:ternary, [condition, if_true, if_false], opts}
	Case/when statements - {:case, [switch_expr, when_clauses], opts}
	Custom tag extensions - Plugin system for custom tag types

Version History
	v1.1 - Added array literal support with inline array construction
	v1.0 - Initial AST specification with unified tuple format
	v1.0 - Added whitespace control options
	v1.0 - Defined expression type hierarchy
	v1.0 - Specified tag subtypes and for loop parameters



  

    Complete Filters Reference

Comprehensive alphabetical reference of all available filters in Mau template engine.
Overview
Mau provides 40+ built-in filters organized into four categories:
	String filters (6 filters) - Text manipulation and formatting
	Collection filters (18 filters) - List and map operations
	Math filters (10 filters) - Numerical operations
	Type filters (6 filters) - Type conversion and checking

Filter Syntax
All filters use the pipe syntax:
{{ value | filter_name }}
{{ value | filter_name: arg1, arg2 }}
{{ value | filter1 | filter2 | filter3 }}
Filters can be chained to combine multiple operations.

String Filters
String filters manipulate and format text values.
capitalize
Capitalizes the first letter of each word in a string.
Syntax:
{{ value | capitalize }}
Examples:
{{ "hello world" | capitalize }}
# Output: "Hello World"

{{ "élixir programming" | capitalize }}
# Output: "Élixir Programming"
Returns: Capitalized string
See Also: upper_case, lower_case

default
Returns the input value, or a default value if input is nil or empty string.
Syntax:
{{ value | default: fallback_value }}
Parameters:
	fallback_value - The value to use if input is nil or empty

Examples:
{{ author | default: "Anonymous" }}
# If author is nil: "Anonymous"
# If author is "John": "John"

{{ bio | default: "No bio provided" }}
# If bio is empty string: "No bio provided"
Returns: Original value or fallback value
Note: Only triggers on nil or empty string (""), not other falsy values like 0 or false
See Also: contains

lower_case
Converts a string to lowercase.
Syntax:
{{ value | lower_case }}
Examples:
{{ "HELLO World" | lower_case }}
# Output: "hello world"

{{ name | lower_case }}
# Converts any string to lowercase
Returns: Lowercase string
See Also: upper_case, capitalize

strip
Removes leading and trailing whitespace from a string.
Syntax:
{{ value | strip }}
Examples:
{{ "  hello world  " | strip }}
# Output: "hello world"

{{ input_value | strip }}
# Useful for cleaning user input
Returns: String with whitespace removed from edges
Note: Only removes leading and trailing whitespace, not internal spaces

truncate
Truncates a string to a specified length with optional suffix.
Syntax:
{{ value | truncate: length }}
{{ value | truncate: length, suffix }}
Parameters:
	length - Maximum length of result
	suffix - Optional suffix (default: "...")

Examples:
{{ "Hello World" | truncate: 8 }}
# Output: "Hello..."

{{ "Hello World" | truncate: 9, "…" }}
# Output: "Hello W…"

{{ description | truncate: 50, "" }}
# Output: First 50 characters with no suffix
Returns: Truncated string
Note: The suffix is included in the length calculation

upper_case
Converts a string to uppercase.
Syntax:
{{ value | upper_case }}
Examples:
{{ "hello world" | upper_case }}
# Output: "HELLO WORLD"

{{ name | upper_case }}
# Converts any string to uppercase
Returns: Uppercase string
See Also: lower_case, capitalize

Collection Filters
Collection filters operate on lists and maps.
compact
Removes nil values from a list.
Syntax:
{{ list | compact }}
Examples:
{{ values | compact }}
# Input: [1, nil, 2, nil, 3]
# Output: [1, 2, 3]

{{ authors | compact }}
# Removes nil author entries from list
Returns: List without nil values
See Also: uniq, reject

contains
Checks if a collection, string, or map contains a specific value or key.
Syntax:
{{ value | contains: search_value }}
Parameters:
	search_value - Value/substring/key to search for

Examples:
{{ "hello world" | contains: "world" }}
# Output: true

{{ names | contains: "Alice" }}
# Returns true if "Alice" is in the list

{{ user | contains: "email" }}
# Returns true if "email" key exists in map
Returns: Boolean (true/false)
See Also: filter

dump
Formats any data structure as a string for debugging purposes.
Syntax:
{{ value | dump }}
Examples:
{{ user | dump }}
# Output: "%{\"name\" => \"Alice\", \"age\" => 30}"

{{ items | dump }}
# Displays list structure as string
Returns: String representation of the data
Use Case: Debugging template variables and data structures

filter
Filters a list of maps, keeping only items where a field matches a value.
Syntax:
{{ list | filter: field, value }}
Parameters:
	field - The field name to match on
	value - The value to match

Examples:
{{ users | filter: "status", "active" }}
# Output: [users where status == "active"]

{{ products | filter: "category", "electronics" }}
# Returns only electronics products
Returns: Filtered list
Note: Removes items that don't match
See Also: reject, map

first
Returns the first element of a collection or string.
Syntax:
{{ value | first }}
Examples:
{{ items | first }}
# Input: ["apple", "banana", "cherry"]
# Output: "apple"

{{ "hello" | first }}
# Output: "h"

{{ empty_list | first }}
# Output: nil
Returns: First element, or nil if empty
See Also: last

flatten
Flattens nested lists into a single-level list.
Syntax:
{{ list | flatten }}
Examples:
{{ matrix | flatten }}
# Input: [[1, 2], [3, 4], [5, 6]]
# Output: [1, 2, 3, 4, 5, 6]

{{ nested_items | flatten }}
# Recursively flattens all nesting levels
Returns: Flattened list
Note: Recursively flattens all nested lists

group_by
Groups a list of maps by the value of a specified field.
Syntax:
{{ list | group_by: field }}
Parameters:
	field - The field name to group by

Examples:
{{ users | group_by: "department" }}
# Output: %{
#   "engineering" => [alice, bob],
#   "sales" => [charlie, diana]
# }

{{ products | group_by: "category" }}
# Groups products by their category
Returns: Map with grouped items
Use Case: Creating categorized lists or reports

join
Joins elements of a list into a string with a separator.
Syntax:
{{ list | join }}
{{ list | join: separator }}
Parameters:
	separator - String to insert between items (default: ", ")

Examples:
{{ tags | join: ", " }}
# Input: ["ruby", "elixir", "javascript"]
# Output: "ruby, elixir, javascript"

{{ lines | join: "\n" }}
# Joins with newlines (useful for CSV or plain text)

{{ values | join: "-" }}
# Output with dash separator: "1-2-3-4"
Returns: Joined string
See Also: split

keys
Returns all keys from a map as a list.
Syntax:
{{ map | keys }}
Examples:
{{ user | keys }}
# Input: %{"name" => "Alice", "email" => "alice@example.com"}
# Output: ["name", "email"]

{{ config | keys }}
# Returns all configuration keys
Returns: List of keys
See Also: values

last
Returns the last element of a collection or string.
Syntax:
{{ value | last }}
Examples:
{{ items | last }}
# Input: ["apple", "banana", "cherry"]
# Output: "cherry"

{{ "hello" | last }}
# Output: "o"

{{ empty_list | last }}
# Output: nil
Returns: Last element, or nil if empty
See Also: first

length
Returns the length (number of elements) of a collection or string.
Syntax:
{{ value | length }}
Examples:
{{ items | length }}
# Input: ["a", "b", "c"]
# Output: 3

{{ "hello" | length }}
# Output: 5

{{ user | length }}
# For maps: returns the number of keys
Returns: Integer count
Use Case: Checking if collections are empty or displaying counts

map
Extracts a field value from each map in a list, filtering out nil values.
Syntax:
{{ list | map: field }}
Parameters:
	field - The field name to extract

Examples:
{{ users | map: "name" }}
# Input: [
#   %{"name" => "Alice", "age" => 30},
#   %{"name" => "Bob", "age" => 25}
# ]
# Output: ["Alice", "Bob"]

{{ products | map: "price" }}
# Extracts all prices from product list
Returns: List of field values (nils removed)
See Also: filter

reject
Filters a list of maps, removing items where a field matches a value (opposite of filter).
Syntax:
{{ list | reject: field, value }}
Parameters:
	field - The field name to match on
	value - The value to reject

Examples:
{{ users | reject: "status", "inactive" }}
# Output: [users where status != "inactive"]

{{ products | reject: "discontinued", true }}
# Returns only products that are not discontinued
Returns: Filtered list without matching items
See Also: filter

reverse
Reverses the order of elements in a collection or string.
Syntax:
{{ value | reverse }}
Examples:
{{ items | reverse }}
# Input: [1, 2, 3, 4]
# Output: [4, 3, 2, 1]

{{ "hello" | reverse }}
# Output: "olleh"
Returns: Reversed collection or string

slice
Returns a slice (subsequence) of a list or string.
Syntax:
{{ value | slice: start }}
{{ value | slice: start, length }}
Parameters:
	start - Starting index (0-based)
	length - Optional number of elements to include

Examples:
{{ items | slice: 2 }}
# Input: ["a", "b", "c", "d", "e"]
# Output: ["c", "d", "e"]

{{ items | slice: 1, 2 }}
# Output: ["b", "c"]

{{ "hello world" | slice: 6 }}
# Output: "world"
Returns: Sliced collection or string

sort
Sorts a collection in ascending order.
Syntax:
{{ list | sort }}
Examples:
{{ numbers | sort }}
# Input: [3, 1, 4, 1, 5]
# Output: [1, 1, 3, 4, 5]

{{ names | sort }}
# Sorts strings alphabetically
Returns: Sorted list
Note: Uses Elixir's default comparison (numbers first, then strings, etc.)

sum
Sums all numeric values in a list.
Syntax:
{{ list | sum }}
Examples:
{{ prices | sum }}
# Input: [10, 20, 30]
# Output: 60

{{ quantities | sum }}
# Total quantity across all items
Returns: Numeric sum
Error: Returns error if list contains non-numeric values
See Also: Math filters: abs, max, min

uniq
Returns only unique elements from a list, removing duplicates.
Syntax:
{{ list | uniq }}
Examples:
{{ items | uniq }}
# Input: [1, 2, 2, 3, 3, 3]
# Output: [1, 2, 3]

{{ tags | uniq }}
# Removes duplicate tags
Returns: List with duplicates removed
See Also: compact

values
Returns all values from a map as a list.
Syntax:
{{ map | values }}
Examples:
{{ user | values }}
# Input: %{"name" => "Alice", "email" => "alice@example.com"}
# Output: ["Alice", "alice@example.com"]

{{ config | values }}
# Returns all configuration values
Returns: List of values
See Also: keys

Math Filters
Math filters perform numerical operations.
abs
Returns the absolute value of a number.
Syntax:
{{ value | abs }}
Examples:
{{ -42 | abs }}
# Output: 42

{{ -3.14 | abs }}
# Output: 3.14

{{ temperature_diff | abs }}
# Always returns positive difference
Returns: Positive number

ceil
Rounds a number up to the nearest integer.
Syntax:
{{ value | ceil }}
Examples:
{{ 3.2 | ceil }}
# Output: 4

{{ 3.9 | ceil }}
# Output: 4

{{ -2.1 | ceil }}
# Output: -2
Returns: Rounded up integer
See Also: floor, round

clamp
Clamps a number between minimum and maximum values.
Syntax:
{{ value | clamp: min, max }}
Parameters:
	min - Minimum value (inclusive)
	max - Maximum value (inclusive)

Examples:
{{ score | clamp: 0, 100 }}
# If score is 150: returns 100
# If score is -10: returns 0
# If score is 50: returns 50

{{ volume | clamp: 0, 10 }}
# Ensures volume stays within valid range
Returns: Clamped number
Error: min must be <= max

floor
Rounds a number down to the nearest integer.
Syntax:
{{ value | floor }}
Examples:
{{ 3.2 | floor }}
# Output: 3

{{ 3.9 | floor }}
# Output: 3

{{ -2.1 | floor }}
# Output: -3
Returns: Rounded down integer
See Also: ceil, round

max
Returns the maximum value from a list or compares two numbers.
Syntax:
{{ list | max }}
{{ number | max: other_number }}
Examples:
{{ prices | max }}
# Input: [10, 50, 30, 20]
# Output: 50

{{ 15 | max: 10 }}
# Output: 15

{{ values | max }}
# Finds highest value in collection
Returns: Maximum value
Error: List must contain at least one number
See Also: min

min
Returns the minimum value from a list or compares two numbers.
Syntax:
{{ list | min }}
{{ number | min: other_number }}
Examples:
{{ prices | min }}
# Input: [10, 50, 30, 20]
# Output: 10

{{ 15 | min: 20 }}
# Output: 15

{{ values | min }}
# Finds lowest value in collection
Returns: Minimum value
Error: List must contain at least one number
See Also: max

mod
Returns the remainder of integer division (modulo).
Syntax:
{{ value | mod: divisor }}
Parameters:
	divisor - The number to divide by

Examples:
{{ 17 | mod: 5 }}
# Output: 2

{{ 10 | mod: 3 }}
# Output: 1

{% if item_index | mod: 2 == 0 %}
# Check if number is even
{% endif %}
Returns: Remainder (integer)
Error: Divisor cannot be zero

power
Raises a number to a specified power (exponentiation).
Syntax:
{{ base | power: exponent }}
Parameters:
	exponent - The power to raise to

Examples:
{{ 2 | power: 3 }}
# Output: 8 (2³)

{{ 3 | power: 2 }}
# Output: 9 (3²)

{{ 10 | power: 3 }}
# Output: 1000
Returns: Result of base^exponent
See Also: sqrt

round
Rounds a number to the nearest integer or specified decimal places.
Syntax:
{{ value | round }}
{{ value | round: decimal_places }}
Parameters:
	decimal_places - Optional number of decimal places to round to

Examples:
{{ 3.5 | round }}
# Output: 4

{{ 3.14159 | round: 2 }}
# Output: 3.14

{{ price | round: 2 }}
# Rounds to 2 decimal places (useful for currency)
Returns: Rounded number
See Also: ceil, floor

sqrt
Returns the square root of a number.
Syntax:
{{ value | sqrt }}
Examples:
{{ 16 | sqrt }}
# Output: 4

{{ 9 | sqrt }}
# Output: 3

{{ area | sqrt }}
# Finds side length of square given area
Returns: Square root as float
Error: Cannot be applied to negative numbers
See Also: power

Filter Combinations
Filters become powerful when chained together.
Practical Examples
Format and truncate text:
{{ description | lower_case | truncate: 50 }}
Process lists:
{{ users | map: "email" | join: "; " | upper_case }}
# Extracts emails, joins with semicolons, and uppercases
Combine filters for reports:
{{ products | filter: "in_stock", true | map: "price" | sum }}
# Sums prices of products that are in stock
Data validation:
{{ user_input | strip | default: "No input" | length }}
# Cleans input, provides default, and checks length
Complex transformations:
{{ items
  | group_by: "category"
  | values
  | map: "price"
  | sum
}}
# Groups items, gets values, extracts prices, and sums them
Best Practices
1. Order Matters
# Good: strip first, then process
{{ input | strip | default: "value" }}

# Less ideal: processing then stripping
{{ input | default: " value " | strip }}
2. Use Type-Specific Filters
# String operations on strings
{{ text | upper_case | capitalize }}

# Collection operations on lists
{{ items | sort | reverse | first }}

# Math operations on numbers
{{ value | abs | round: 2 }}
3. Provide Defaults
# Defensive programming
{{ author | default: "Anonymous" }}
{{ price | default: 0 }}
4. Chain Logically
# Clean → Extract → Transform → Format
{{ data | strip | map: "value" | sort | join: ", " }}
Common Patterns
Formatting Numbers
{{ total_price | round: 2 }}
{{ percentage | round: 1 | append: "%" }}
Processing Text
{{ title | capitalize | truncate: 30 }}
{{ slug | lower_case }}
Working with Lists
{{ items | length }}
{{ tags | join: ", " }}
{{ prices | sort | first }}
Filtering and Grouping
{{ users | filter: "active", true | length }}
{{ products | group_by: "category" }}
Error Handling
When filters encounter errors:
	Type Errors: "length can only be applied to collections or strings"
	Missing Parameters: "truncate requires a length parameter"
	Invalid Operations: "mod by zero is undefined"

Check filter documentation for specific parameter requirements.
See Also
	Template Language Reference - Variable interpolation
	Filters Guide - How to use and chain filters
	Control Flow Guide - Conditionals and loops



  

    Elixir API Reference

Complete reference for the Mau template engine Elixir API.
Overview
The Mau library provides a clean, functional API for template compilation and rendering. All functions use Elixir's standard error handling with {:ok, result} and {:error, reason} tuples.
Main Module: Mau
The main entry point for all template operations.
Mau.compile/2
Compiles a template string into an Abstract Syntax Tree (AST).
Signature:
def compile(template, opts \\ []) :: {:ok, ast} | {:error, Error.t()}
Parameters:
	template (string) - Template source code to compile
	opts (keyword list, optional):	:strict_mode - Enable strict error reporting (default: false)
	:max_template_size - Maximum allowed template size in bytes (default: 100,000)



Return Values:
	{:ok, ast} - Successfully compiled AST
	{:error, error} - Compilation error

Examples:
# Simple compilation
{:ok, ast} = Mau.compile("Hello {{ name }}")

# With options
{:ok, ast} = Mau.compile(template, strict_mode: true)

# Error handling
case Mau.compile(invalid_template) do
  {:ok, ast} -> IO.inspect(ast)
  {:error, error} -> IO.puts("Compilation failed: #{error}")
end
See Also:
	AST Specification - Structure of compiled templates


Mau.render/3
Renders a template string or pre-compiled AST with the given context.
Signature:
def render(template, context, opts \\ []) :: {:ok, result} | {:error, Error.t()}
Parameters:
	template (string or AST) - Template source or compiled AST
	context (map) - Data context for variable substitution
	opts (keyword list, optional):	:preserve_types - Preserve non-string types for single-value templates (default: false)
	:max_template_size - Maximum template size in bytes (default: 100,000)
	:max_loop_iterations - Maximum iterations in loops (default: 10,000)



Return Values:
	{:ok, result} - Rendered output (string, or original type with preserve_types: true)
	{:error, error} - Rendering error

Examples:
# Basic rendering
{:ok, output} = Mau.render("Hello {{ name }}", %{"name" => "World"})
# Output: "Hello World"

# Rendering with pre-compiled AST
{:ok, ast} = Mau.compile(template)
{:ok, output} = Mau.render(ast, context)

# Preserving data types
{:ok, result} = Mau.render("{{ 42 }}", %{}, preserve_types: true)
# Result: 42 (integer, not "42" string)

# Boolean preservation
{:ok, result} = Mau.render("{{ user.active }}",
  %{"user" => %{"active" => true}},
  preserve_types: true)
# Result: true (boolean)

# Mixed content always returns string
{:ok, output} = Mau.render("Count: {{ items | length }}",
  %{"items" => [1, 2, 3]},
  preserve_types: true)
# Output: "Count: 3" (string)

# Error handling
case Mau.render(template, context) do
  {:ok, output} -> IO.puts(output)
  {:error, error} -> IO.puts("Render failed: #{error}")
end

# With options
{:ok, output} = Mau.render(template, context,
  preserve_types: true,
  max_loop_iterations: 5000)
Behavior:
	Type Preservation: When preserve_types: true:
	Single-value templates render to their native type (number, boolean, etc.)
	Mixed content (text + expressions) always renders to string
	Undefined variables return nil


	Undefined Variables: In strict mode (false by default):
	Undefined variables render as empty strings
	No error is raised



See Also:
	Template Language Reference - Template syntax
	Filters List - Available filters


Mau.render_map/3
Recursively renders template strings in nested map structures with support for transformation directives.
Signature:
def render_map(nested_map, context, opts \\ []) :: {:ok, result} | {:error, Error.t()}
Parameters:
	nested_map (map) - Nested map structure containing template strings
	context (map) - Data context for variable substitution
	opts (keyword list, optional):	:preserve_types - Preserve data types in results (default: true)
	:max_template_size - Maximum template size (default: 100,000)
	:max_loop_iterations - Maximum loop iterations (default: 10,000)



Return Values:
	{:ok, result} - Rendered map with all template strings processed
	{:error, error} - Rendering error

Directives:
Map keys starting with # trigger transformation directives:
	Directive	Purpose	Syntax
	#map	Iterate over collections	"#map" => [collection, template]
	#filter	Filter collections	"#filter" => [collection, condition]
	#merge	Combine maps	"#merge" => [map1, map2, ...]
	#if	Conditional rendering	"#if" => [condition, true_tmpl, false_tmpl]
	#pick	Extract specific keys	"#pick" => [map, key_list]
	#pipe	Thread through transformations	"#pipe" => [initial, directives]

Examples:
# Simple map rendering
input = %{
  "greeting" => "Hello {{ name }}!",
  "count" => "{{ items | length }}"
}
context = %{"name" => "Alice", "items" => [1, 2, 3]}
{:ok, result} = Mau.render_map(input, context)
# Result: %{
#   "greeting" => "Hello Alice!",
#   "count" => "3"
# }

# Using #map directive
input = %{
  "users" => %{
    "#map" => [
      "{{$users}}",
      %{"name" => "{{$loop.item.name}}"}
    ]
  }
}
context = %{
  "$users" => [
    %{"name" => "Alice"},
    %{"name" => "Bob"}
  ]
}
{:ok, result} = Mau.render_map(input, context)

# Using #filter directive
input = %{
  "active_users" => %{
    "#filter" => [
      "{{$users}}",
      "{{$loop.item.active}}"
    ]
  }
}

# Using #merge directive
input = %{
  "profile" => %{
    "#merge" => [
      "{{$user}}",
      %{"verified" => true}
    ]
  }
}

# Using #if directive
input = %{
  "status" => %{
    "#if" => [
      "{{$premium}}",
      %{"level" => "premium"},
      %{"level" => "free"}
    ]
  }
}

# Using #pipe for data transformation
input = %{
  "result" => %{
    "#pipe" => [
      "{{$items}}",
      [
        %{"#filter" => "{{$loop.item.price > 100}}"},
        %{"#map" => %{"name" => "{{$loop.item.name}}"}}
      ]
    ]
  }
}

# Error handling
case Mau.render_map(nested_data, context) do
  {:ok, result} -> IO.inspect(result)
  {:error, error} -> IO.puts("Map render failed: #{error}")
end
Context Variables in Directives:
Special variables available in template strings within directives:
{{$self}}              # The piped value (in #pipe directive)
{{$loop.item}}         # Current item in #map or #filter
{{$loop.index}}        # Current item index (0-based)
{{$loop.first}}        # Is first item? (boolean)
{{$loop.parentloop}}   # Parent loop info (in nested loops)
See Also:
	Map Directives Reference - Complete directive documentation


Supporting Modules
Mau.Error
Handles error types and messages.
Functions:
Mau.Error.runtime_error/1
Creates a runtime error with a custom message.
Mau.Error.runtime_error("Template error message")

Mau.FilterRegistry
Manages available filters (functions).
Functions:
Mau.FilterRegistry.apply/3
Applies a filter to a value.
Signature:
def apply(filter_name, value, args \\ []) ::
  {:ok, result} | {:error, :filter_not_found | {:filter_error, reason}}
Examples:
# Apply a simple filter
{:ok, result} = Mau.FilterRegistry.apply("upper_case", "hello", [])
# Result: "HELLO"

# Apply filter with arguments
{:ok, result} = Mau.FilterRegistry.apply("truncate", "Hello World", [8])
# Result: "Hello..."

# Error handling
case Mau.FilterRegistry.apply("upper_case", 123, []) do
  {:ok, result} -> IO.puts(result)
  {:error, :filter_not_found} -> IO.puts("Filter not found")
  {:error, {:filter_error, reason}} -> IO.puts("Filter error: #{reason}")
end
Available Filters:
All filters from the three filter modules:
	String filters: 6 filters
	Collection filters: 18 filters
	Math filters: 10 filters

See Filters List for complete reference.

Mau.FilterRegistry.get/1
Gets a filter function by name.
Signature:
def get(filter_name) :: {:ok, {module, function}} | {:error, :not_found}
Examples:
# Get filter function
{:ok, {module, function}} = Mau.FilterRegistry.get("upper_case")

# Error handling
case Mau.FilterRegistry.get("upper_case") do
  {:ok, {mod, func}} -> :io.format("Filter: ~w:~w~n", [mod, func])
  {:error, :not_found} -> IO.puts("Filter not found")
end

Mau.MapDirectives
Handles transformation directives in maps.
Functions:
Mau.MapDirectives.match_directive/1
Identifies if a map contains a supported directive.
Signature:
def match_directive(map) :: {directive_type, args} | :none
Examples:
# Check for directive
case Mau.MapDirectives.match_directive(%{"#map" => [collection, template]}) do
  {:map, args} -> IO.inspect(args)
  :none -> IO.puts("Not a directive")
end

Mau.MapDirectives.apply_directive/4
Applies a directive to transform data.
Signature:
def apply_directive(directive, context, opts, render_fn) :: result
Directives:
	:map - Iterate over collection
	:filter - Filter collection items
	:merge - Merge maps
	:if - Conditional rendering
	:pick - Extract keys
	:pipe - Pipeline transformations


Data Types
AST (Abstract Syntax Tree)
Templates compile to AST represented as tuples.
Node Structure:
{node_type, content, options}
Node Types:
	:text - Literal text content
	:expression - Variable interpolation
	:tag - Control flow (if/for)
	:literal - Constant values
	:variable - Variable reference
	:binary_op - Binary operations
	:logical_op - Logical operations
	:call - Function/filter calls

Example:
{:ok, ast} = Mau.compile("Hello {{ name | upper_case }}")
# AST structure:
# [
#   {:text, ["Hello "], []},
#   {:expression,
#     {:call, ["upper_case",
#       {:variable, ["name"], []}
#     ], []},
#   []}
# ]
See Also:
	AST Specification - Complete AST documentation


Context Map
The context is a standard Elixir map containing variables for template rendering.
Structure:
%{
  "variable_name" => value,
  "user" => %{
    "name" => "Alice",
    "email" => "alice@example.com"
  },
  "$workflow_var" => workflow_value
}
Variable Naming:
	Regular variables: "name", "user", etc.
	Workflow variables: "$input", "$nodes", "$variables", "$context"
	Both strings and atoms are supported as keys

Examples:
# Simple context
context = %{"name" => "Alice", "age" => 30}

# Nested context
context = %{
  "user" => %{
    "name" => "Bob",
    "profile" => %{
      "bio" => "Developer"
    }
  }
}

# With workflow variables
context = %{
  "$input" => %{"email" => "user@example.com"},
  "$nodes" => %{
    "fetch_user" => %{"output" => user_data}
  },
  "$variables" => %{"api_key" => "secret"}
}

Error Handling
All Mau functions follow Elixir's standard error handling pattern.
Error Structure:
{:error, error_message}
Error Types:
	Compilation errors (invalid template syntax)
	Runtime errors (undefined variables, filter errors)
	Type errors (filter applied to wrong type)
	Size errors (template exceeds max_template_size)
	Loop limit errors (exceeds max_loop_iterations)

Example Error Handling:
case Mau.render(template, context) do
  {:ok, output} ->
    IO.puts("Success: #{output}")

  {:error, error} ->
    IO.puts("Error: #{error}")
    # Log error, send to error tracking, etc.
end

# With rescue for unexpected errors
try do
  {:ok, result} = Mau.render(template, context)
  result
rescue
  e ->
    IO.puts("Unexpected error: #{Exception.message(e)}")
    raise e
end

Options Reference
Mau.compile/2 Options
	Option	Type	Default	Description
	strict_mode	boolean	false	Enable strict error reporting
	max_template_size	integer	100,000	Maximum template size in bytes

Mau.render/3 Options
	Option	Type	Default	Description
	preserve_types	boolean	false	Preserve non-string types for single values
	max_template_size	integer	100,000	Maximum template size in bytes
	max_loop_iterations	integer	10,000	Maximum iterations in loops

Mau.render_map/3 Options
	Option	Type	Default	Description
	preserve_types	boolean	true	Preserve non-string types in results
	max_template_size	integer	100,000	Maximum template size in bytes
	max_loop_iterations	integer	10,000	Maximum iterations in loops


Common Patterns
Compile Once, Render Many
For performance, compile templates once and reuse the AST:
# Compile once
{:ok, template_ast} = Mau.compile(template_string)

# Render multiple times with different contexts
contexts = [
  %{"name" => "Alice"},
  %{"name" => "Bob"},
  %{"name" => "Charlie"}
]

results = Enum.map(contexts, fn context ->
  case Mau.render(template_ast, context) do
    {:ok, output} -> output
    {:error, _} -> nil
  end
end)
Pipeline Processing
Render templates as part of data processing pipelines:
data
|> Enum.map(&preprocess/1)
|> Enum.map(&render_with_context/1)
|> Enum.filter(&valid?/1)
|> Enum.map(&postprocess/1)

defp render_with_context(data) do
  case Mau.render(data.template, data.context) do
    {:ok, output} -> %{data | output: output}
    {:error, error} -> %{data | error: error}
  end
end
Type-Safe Data Transformation
Use preserve_types: true for type-safe transformations:
# Extract numeric values from templates
{:ok, price} = Mau.render("{{ product.price }}",
  %{"product" => %{"price" => 29.99}},
  preserve_types: true)

# Safely use as number
total = price * quantity  # No conversion needed

# Extract booleans
{:ok, is_active} = Mau.render("{{ user.active }}",
  context,
  preserve_types: true)

if is_active do
  # ...
end

Performance Considerations
Template Compilation
	Compile once, render many times - Compilation is the expensive operation
	Reuse AST - Pass compiled AST to render instead of template string
	Cache compiled templates - Store AST in ETS or application state

Filter Performance
	Filters are optimized - Implemented in native Elixir
	Avoid long chains - Chain filters efficiently but readably
	Consider custom filters - For domain-specific high-performance transformations

Loop Performance
	Set max_loop_iterations - Prevent runaway loops in user input
	Use #pipe for complex transforms - More efficient than nested #map directives
	Profile with :benchee - Measure performance of templates


Version Compatibility
	Elixir: 1.12+
	Erlang: 23+
	OTP: 23+


See Also
	Template Language Reference - Complete syntax documentation
	Filters List - All available filters
	Map Directives - Directive system reference
	AST Specification - AST structure details
	Filters Guide - How to use filters effectively
	Custom Filters - Extend with custom filters



  

    Map Directives Reference

This document provides a comprehensive reference for the map directive system in Mau, which enables advanced template transformations within map structures.
Overview
Map directives are special map keys that start with # and provide powerful transformation capabilities for template rendering. They allow you to iterate, filter, merge, conditionally render, and extract data within nested map structures.
render_map Function
The main entry point for using map directives is the render_map/3 function.
Function Signature
render_map(nested_map, context, opts \\ [])
Parameters
	nested_map - A map containing templates and directives to be rendered
	context - A map containing variables and data available to templates
	opts - Optional keyword list for rendering configuration

Returns
	{:ok, rendered_map} - Successfully rendered map with all directives applied
	{:error, error} - Error information if rendering fails

Basic Usage
input = %{
  users: %{
    "#map" => [
      "{{$users}}",
      %{name: "{{$loop.item.name}}", email: "{{$loop.item.email}}"}
    ]
  }
}

context = %{
  "$users" => [
    %{"name" => "John", "email" => "john@example.com"},
    %{"name" => "Jane", "email" => "jane@example.com"}
  ]
}

{:ok, result} = Mau.render_map(input, context)
# result: %{users: [%{name: "John", email: "john@example.com"}, %{name: "Jane", email: "jane@example.com"}]}
Available Directives
	#pipe - Thread data through a series of transformations
	#map - Iterate over a collection and apply a template to each item
	#flat_map - Map over a collection and flatten the results into a single list
	#merge - Merge multiple maps together
	#if - Conditional rendering based on a boolean condition
	#case - Pattern matching on values (like Elixir's case)
	#cond - Condition-based branching (like Elixir's cond)
	#filter - Filter items in a collection based on a condition
	#pick - Extract specific keys from a map

#pipe - Data Pipeline
Threads data through a series of transformations, similar to Elixir's |> operator. Each directive in the chain automatically receives the output of the previous directive as its first argument.
Syntax
"#pipe" => [initial_template, [directive1, directive2, ...]]
Parameters
	initial_template - Template that resolves to the starting value
	directives - List of directive maps to apply in sequence

How It Works
	The initial value is rendered from initial_template
	Each directive in the list receives the previous result as its first argument (auto-injected)
	The result flows through the chain, with each directive transforming it
	The $self context variable is available within each stage (refers to the piped value)
	For #map and #filter, use $loop.item to access individual items (not $self.item)

Examples
Basic pipeline - Filter then Map:
%{
  active_users: %{
    "#pipe" => [
      "{{$users}}",
      [
        %{"#filter" => "{{$loop.item.active}}"},
        %{"#map" => %{name: "{{$loop.item.name}}"}}
      ]
    ]
  }
}
Map then Merge:
%{
  enriched: %{
    "#pipe" => [
      "{{$products}}",
      [
        %{"#map" => %{name: "{{$loop.item.name}}"}},
        %{"#map" => %{
          "#merge" => [
            "{{$loop.item}}",
            %{company: "{{$company}}"}
          ]
        }}
      ]
    ]
  }
}
Single map through Merge and Pick:
%{
  user_profile: %{
    "#pipe" => [
      "{{$user}}",
      [
        %{"#merge" => %{status: "active"}},
        %{"#merge" => %{last_login: "2024-01-15"}},
        %{"#pick" => ["name", "email", :status, :last_login]}
      ]
    ]
  }
}
Complex pipeline with conditionals:
%{
  premium_items: %{
    "#pipe" => [
      "{{$items}}",
      [
        %{"#filter" => "{{$loop.item.price > 100}}"},
        %{"#map" => %{
          "#if" => [
            "{{$loop.item.premium}}",
            %{name: "{{$loop.item.name}}", badge: "premium"},
            %{name: "{{$loop.item.name}}", badge: "standard"}
          ]
        }}
      ]
    ]
  }
}
Nested pipes:
%{
  departments: %{
    "#pipe" => [
      "{{$departments}}",
      [
        %{"#map" => %{
          dept: "{{$loop.item.name}}",
          active_staff: %{
            "#pipe" => [
              "{{$loop.item.employees}}",
              [
                %{"#filter" => "{{$loop.item.active}}"},
                %{"#map" => %{name: "{{$loop.item.name}}"}}
              ]
            ]
          }
        }}
      ]
    ]
  }
}
Key Notes
	Each directive automatically receives the piped value as its first argument
	You don't need to specify the collection/map argument for directives in the pipe
	Use $loop.item for map/filter operations (standard behavior)
	Use $self to access the raw piped value when needed
	Empty directive list returns the initial value unchanged
	Nested pipes work independently with their own $self context

#map - Collection Iteration
Iterates over a collection and applies a template to each item, creating a $loop context variable for each iteration.
Syntax
"#map" => [collection_template, item_template]
Parameters
	collection_template - Template that resolves to a list to iterate over
	item_template - Template to apply to each item in the collection

Loop Context Variable
Each iteration has access to a $loop variable with the following structure:
$loop = %{
  "item" => %{},           # Current iteration item
  "index" => 0,            # Current iteration index (0-based)
  "parentloop" => $loop    # Reference to parent $loop (or nil for outermost)
}
Examples
Basic iteration:
%{
  items: %{
    "#map" => [
      "{{$products}}",
      %{name: "{{$loop.item.name}}", price: "{{$loop.item.price}}"}
    ]
  }
}
Index access:
%{
  items: %{
    "#map" => [
      "{{$products}}",
      %{
        name: "{{$loop.item.name}}",
        position: "{{$loop.index}}",
        is_first: "{{$loop.index == 0}}"
      }
    ]
  }
}
Nested property access:
%{
  users: %{
    "#map" => [
      "{{$users}}",
      %{
        full_name: "{{$loop.item.profile.firstName}} {{$loop.item.profile.lastName}}",
        contact: "{{$loop.item.contact.email}}"
      }
    ]
  }
}
Accessing context variables alongside $loop.item:
%{
  products: %{
    "#map" => [
      "{{$products}}",
      %{
        name: "{{$loop.item.name}}",
        company: "{{$company}}",
        in_stock: "{{$loop.item.quantity > 0}}"
      }
    ]
  }
}
Nested loops with parent access:
%{
  departments: %{
    "#map" => [
      "{{$departments}}",
      %{
        dept_name: "{{$loop.item.name}}",
        employees: %{
          "#map" => [
            "{{$loop.item.employees}}",
            %{
              emp_name: "{{$loop.item.name}}",
              department: "{{$loop.parentloop.item.name}}",
              dept_index: "{{$loop.parentloop.index}}"
            }
          ]
        }
      }
    ]
  }
}
#flat_map - Collection Mapping with Flattening
Maps over a collection and flattens the results into a single list. This is useful when each item in the collection produces a list, and you want to combine all those lists into one flat list.
Syntax
"#flat_map" => [collection_template, item_template]
Parameters
	collection_template - Template that resolves to a list to iterate over
	item_template - Template to apply to each item (should produce a list)

Loop Context Variable
Each iteration has access to the same $loop variable as #map, with the following structure:
$loop = %{
  "item" => %{},           # Current iteration item
  "index" => 0,            # Current iteration index (0-based)
  "parentloop" => $loop    # Reference to parent $loop (or nil for outermost)
}
Examples
Flatten tags from multiple products:
%{
  all_tags: %{
    "#flat_map" => [
      "{{$products}}",
      "{{$loop.item.tags}}"
    ]
  }
}

# Context:
context = %{
  "$products" => [
    %{"tags" => ["electronics", "sale"]},
    %{"tags" => ["clothing", "new"]},
    %{"tags" => ["electronics", "featured"]}
  ]
}

# Result: %{all_tags: ["electronics", "sale", "clothing", "new", "electronics", "featured"]}
Flatten nested items with transformations:
%{
  all_items: %{
    "#flat_map" => [
      "{{$categories}}",
      %{
        "#map" => [
          "{{$loop.item.items}}",
          %{
            name: "{{$loop.item.name}}",
            category: "{{$loop.parentloop.item.name}}"
          }
        ]
      }
    ]
  }
}

# Context:
context = %{
  "$categories" => [
    %{
      "name" => "Electronics",
      "items" => [
        %{"name" => "Laptop"},
        %{"name" => "Phone"}
      ]
    },
    %{
      "name" => "Books",
      "items" => [
        %{"name" => "Novel"}
      ]
    }
  ]
}

# Result:
# %{
#   all_items: [
#     %{name: "Laptop", category: "Electronics"},
#     %{name: "Phone", category: "Electronics"},
#     %{name: "Novel", category: "Books"}
#   ]
# }
Accessing index in flat_map:
%{
  result: %{
    "#flat_map" => [
      "{{$items}}",
      %{
        "#map" => [
          "{{$loop.item.values}}",
          %{
            value: "{{$loop.item}}",
            parent_index: "{{$loop.parentloop.index}}"
          }
        ]
      }
    ]
  }
}

# Context:
context = %{
  "$items" => [
    %{"values" => [1, 2]},
    %{"values" => [3]}
  ]
}

# Result:
# %{
#   result: [
#     %{value: 1, parent_index: 0},
#     %{value: 2, parent_index: 0},
#     %{value: 3, parent_index: 1}
#   ]
# }
Behavior Notes
	Non-list results from the item template are treated as empty lists
	Empty collections return an empty list
	Nil collections are treated as empty lists
	Items that produce empty lists are automatically filtered out by the flattening process

#merge - Map Combination
Merges multiple maps together, with later values overriding earlier ones.
Syntax
"#merge" => [template1, template2, ...]
Parameters
	templates - List of templates that resolve to maps to be merged

Examples
Merging context data with static data:
%{
  user_profile: %{
    "#merge" => [
      "{{$user}}",
      %{last_login: "2024-01-15", status: "active"}
    ]
  }
}
Merging multiple context sources:
%{
  combined_data: %{
    "#merge" => [
      "{{$base_config}}",
      "{{$user_config}}",
      "{{$system_defaults}}"
    ]
  }
}
#if - Conditional Rendering
Conditionally renders one of two templates based on a boolean condition.
Syntax
# With else clause
"#if" => [condition_template, true_template, false_template]

# Without else clause (renders nil when false)
"#if" => [condition_template, true_template]
Parameters
	condition_template - Template that should resolve to a truthy or falsy value
	true_template - Template to render when condition is truthy
	false_template - Optional template to render when condition is falsy

Truthy/Falsy Values
Truthy: true, non-empty strings, non-zero numbers, non-empty lists/maps, any other value
Falsy: nil, false, "" (empty string), [] (empty list), {} (empty map)
Examples
Simple conditional:
%{
  status_badge: %{
    "#if" => [
      "{{$user.is_active}}",
      %{badge: "active", color: "green"},
      %{badge: "inactive", color: "red"}
    ]
  }
}
Without else clause:
%{
  admin_panel: %{
    "#if" => [
      "{{$user.is_admin}}",
      %{admin_tools: "enabled"}
    ]
  }
}
Complex conditions:
%{
  pricing: %{
    "#if" => [
      "{{$loop.item.premium_user}}",
      %{price: "{{$loop.item.price}}", discount: "0.9"},
      %{price: "{{$loop.item.base_price}}"}
    ]
  }
}
#case - Pattern Matching
Matches a value against multiple patterns and renders the template for the first matching pattern. Similar to Elixir's case statement.
Syntax
# With default case
"#case" => [value_template, [[pattern, template], ...], default_template]

# Without default case (returns nil if no match)
"#case" => [value_template, [[pattern, template], ...]]
Parameters
	value_template - Template that resolves to the value to match
	patterns - List of [pattern, template] pairs. Patterns can be literals or templates.
	default_template - Optional template to render if no pattern matches

Examples
String matching:
%{
  status_info: %{
    "#case" => [
      "{{$order.status}}",
      [
        ["pending", %{message: "Order is pending"}],
        ["shipped", %{message: "Order has been shipped"}],
        ["delivered", %{message: "Order delivered"}]
      ],
      %{message: "Unknown status"}
    ]
  }
}
Numeric matching:
%{
  response: %{
    "#case" => [
      "{{$status_code}}",
      [
        [200, %{type: "success", message: "OK"}],
        [404, %{type: "error", message: "Not Found"}],
        [500, %{type: "error", message: "Server Error"}]
      ]
    ]
  }
}
#cond - Conditional Branching
Evaluates conditions in order and renders the template for the first truthy condition. Similar to Elixir's cond statement.
Syntax
"#cond" => [[[condition, template], ...]]
Parameters
	conditions - List of [condition_template, template] pairs
	Each condition is evaluated in order
	First truthy condition's template is rendered
	Returns nil if no condition matches

Default Case
Use "{{ true }}" as the last condition for a default case:
"#cond" => [
  [
    ["{{ condition1 }}", template1],
    ["{{ condition2 }}", template2],
    ["{{ true }}", default_template]  # Always matches
  ]
]
Examples
Range-based conditions:
%{
  grade: %{
    "#cond" => [
      [
        ["{{$score > 90}}", %{grade: "A"}],
        ["{{$score > 80}}", %{grade: "B"}],
        ["{{$score > 70}}", %{grade: "C"}],
        ["{{ true }}", %{grade: "F"}]
      ]
    ]
  }
}
Boolean conditions:
%{
  access: %{
    "#cond" => [
      [
        ["{{$user.is_admin}}", %{role: "Administrator"}],
        ["{{$user.is_moderator}}", %{role: "Moderator"}],
        ["{{ true }}", %{role: "Guest"}]
      ]
    ]
  }
}
#filter - Collection Filtering
Filters items in a collection based on a condition template. Each item is accessible via the $loop variable during filtering.
Syntax
"#filter" => [collection_template, condition_template]
Parameters
	collection_template - Template that resolves to a list to filter
	condition_template - Template that should resolve to truthy/falsy for each item

Loop Context Access
During filtering, each item has access to the same $loop structure as the #map directive, providing $loop.item and $loop.index for conditional logic.
Examples
Filter active users:
%{
  active_users: %{
    "#filter" => [
      "{{$users}}",
      "{{$loop.item.status == 'active'}}"
    ]
  }
}
Filter by numeric comparison:
%{
  expensive_products: %{
    "#filter" => [
      "{{$products}}",
      "{{$loop.item.price > 100}}"
    ]
  }
}
Filter with index logic:
%{
  first_five_items: %{
    "#filter" => [
      "{{$items}}",
      "{{$loop.index < 5}}"
    ]
  }
}
Complex filtering:
%{
  senior_engineers: %{
    "#filter" => [
      "{{$employees}}",
      "{{$loop.item.department == 'engineering' and $loop.item.level >= 4}}"
    ]
  }
}
#pick - Key Extraction
Extracts specific keys from a map (similar to Map.take/2).
Syntax
"#pick" => [map_template, keys]
Parameters
	map_template - Template that resolves to a map
	keys - List of string keys to extract from the map

Examples
User profile extraction:
%{
  public_profile: %{
    "#pick" => [
      "{{$user}}",
      ["name", "email", "avatar_url"]
    ]
  }
}
Configuration extraction:
%{
  app_config: %{
    "#pick" => [
      "{{$full_config}}",
      ["app_name", "version", "debug_mode"]
    ]
  }
}
Advanced Usage Patterns
Nested Directives
Directives can be nested for complex transformations:
%{
  departments: %{
    "#map" => [
      "{{$departments}}",
      %{
        "#merge" => [
          "{{$loop.item}}",
          %{
            senior_staff: %{
              "#filter" => [
                "{{$loop.item.employees}}",
                "{{$loop.item.level >= 4}}"
              ]
            }
          }
        ]
      }
    ]
  }
}
Context Variables
Directives have access to all context variables:
	$loop - Loop context structure (available in #map and #filter)	$loop.item - Current iteration item
	$loop.index - Current iteration index (0-based)
	$loop.parentloop - Parent loop context (for nested loops)


	Custom variables passed to render_map/3

Error Handling
Invalid directive arguments are treated as regular map keys rather than causing errors:
%{
  # This will be treated as a regular map key, not an error
  "#map" => "invalid arguments",

  # This will also be treated as a regular map key
  "#filter" => ["{{$items}}"]  # Missing condition template
}
Type Preservation
The render_map function automatically enables type preservation to maintain data types:
context = %{
  "$numbers" => [1, 2, 3],  # These numbers will stay as numbers
  "$config" => %{debug: true}  # This boolean will stay as boolean
}
Integration with Template System
Map directives integrate seamlessly with the existing Mau template system:
Performance Considerations
	Collection Size: Large collections processed with #map and #filter will impact performance
	Template Complexity: Complex templates within directives take longer to render
	Nesting Depth: Deeply nested directives create more recursive calls
	Context Size: Large context maps consume more memory

Troubleshooting
Common Issues
	Directive Not Applied: Check that arguments are in a list format
	Empty Results: Verify that collection templates resolve to actual lists
	Missing $loop: Ensure you're using #map or #filter when trying to access $loop.item
	Incorrect variable access: Use $loop.item instead of $self, and $loop.index for position
	Parent access issues: Check that $loop.parentloop is only available in nested loops
	Type Issues: Remember that template rendering converts values to strings unless type preservation is enabled



  

    Creating Custom Filters

Learn how to extend Mau with custom filters for domain-specific functionality.
Overview
Custom filters allow you to extend Mau with application-specific logic. Filters are functions that transform values and can be used in templates via the pipe syntax.
Basic Filter Structure
All filters follow this pattern:
defmodule MyApp.CustomFilters do
  @moduledoc """
  Custom filters for MyApp.
  """

  @doc """
  Returns the filter specification.
  """
  def spec do
    %{
      category: :custom,
      description: "Custom filters for MyApp",
      filters: %{
        "my_filter" => %{
          description: "Description of what the filter does",
          function: {__MODULE__, :my_filter}
        }
      }
    }
  end

  @doc """
  Filter implementation.
  """
  def my_filter(value, args) do
    {:ok, transformed_value}
  end
end
Filter Signature
All filter functions must follow this signature:
def filter_name(value, args) :: {:ok, result} | {:error, reason}
	value: The input value to transform
	args: List of filter arguments
	Returns: {:ok, result} on success or {:error, reason} on failure

Simple Filter Example
Create a filter that formats currency values:
defmodule MyApp.CurrencyFilters do
  @moduledoc """
  Filters for currency formatting.
  """

  def spec do
    %{
      category: :currency,
      description: "Currency formatting filters",
      filters: %{
        "currency" => %{
          description: "Formats number as currency",
          function: {__MODULE__, :currency}
        },
        "currency_short" => %{
          description: "Formats number as short currency (K, M, B)",
          function: {__MODULE__, :currency_short}
        }
      }
    }
  end

  @doc """
  Formats a number as USD currency.
  """
  def currency(value, _args) when is_number(value) do
    formatted = :erlang.float_to_binary(value, decimals: 2)
    {:ok, "$#{formatted}"}
  end

  def currency(value, _args) do
    {:error, "currency filter requires a number"}
  end

  @doc """
  Formats large numbers with K, M, B suffixes.
  """
  def currency_short(value, _args) when is_number(value) do
    cond do
      value >= 1_000_000_000 ->
        {:ok, "$#{Float.round(value / 1_000_000_000, 1)}B"}
      value >= 1_000_000 ->
        {:ok, "$#{Float.round(value / 1_000_000, 1)}M"}
      value >= 1_000 ->
        {:ok, "$#{Float.round(value / 1_000, 1)}K"}
      true ->
        {:ok, "$#{value}"}
    end
  end

  def currency_short(_value, _args) do
    {:error, "currency_short filter requires a number"}
  end
end
Usage in templates:
context = %{"price" => 1234.56, "revenue" => 1_500_000_000}

Mau.render("{{ price | currency }}", context)
# Output: "$1234.56"

Mau.render("{{ revenue | currency_short }}", context)
# Output: "$1.5B"

Filter with Arguments
Create a filter that accepts parameters:
defmodule MyApp.StringFilters do
  def spec do
    %{
      category: :string,
      description: "String manipulation filters",
      filters: %{
        "mask" => %{
          description: "Masks part of a string",
          function: {__MODULE__, :mask}
        },
        "repeat" => %{
          description: "Repeats a string N times",
          function: {__MODULE__, :repeat}
        }
      }
    }
  end

  @doc """
  Masks a string, showing only first and last N characters.

  Usage: {{ email | mask: 3 }}
  "john@example.com" -> "joh***@example.***"
  """
  def mask(value, [num]) when is_binary(value) and is_integer(num) do
    cond do
      String.length(value) <= num * 2 ->
        {:ok, String.duplicate("*", String.length(value))}

      true ->
        first = String.slice(value, 0, num)
        last = String.slice(value, -num..-1)
        middle = String.duplicate("*", String.length(value) - num * 2)
        {:ok, first <> middle <> last}
    end
  end

  def mask(_value, _args) do
    {:error, "mask requires a string and number argument"}
  end

  @doc """
  Repeats a string N times.

  Usage: {{ word | repeat: 3 }}
  "Ha" -> "HaHaHa"
  """
  def repeat(value, [count]) when is_binary(value) and is_integer(count) and count > 0 do
    {:ok, String.duplicate(value, count)}
  end

  def repeat(_value, _args) do
    {:error, "repeat requires a string and positive integer"}
  end
end
Usage:
context = %{"email" => "john@example.com", "word" => "Ha"}

Mau.render("{{ email | mask: 3 }}", context)
# Output: "joh***@example.***"

Mau.render("{{ word | repeat: 3 }}", context)
# Output: "HaHaHa"

Complex Filter with Multiple Arguments
Create a filter for string replacement with options:
defmodule MyApp.AdvancedFilters do
  def spec do
    %{
      category: :advanced,
      description: "Advanced transformation filters",
      filters: %{
        "replace_multiple" => %{
          description: "Replace multiple patterns",
          function: {__MODULE__, :replace_multiple}
        },
        "slugify" => %{
          description: "Convert to URL-friendly slug",
          function: {__MODULE__, :slugify}
        }
      }
    }
  end

  @doc """
  Replace multiple patterns in a string.

  Usage: {{ text | replace_multiple: search1, replace1, search2, replace2 }}
  """
  def replace_multiple(value, args) when is_binary(value) and is_list(args) do
    if rem(length(args), 2) == 0 do
      result = Enum.reduce(Enum.chunk_every(args, 2), value, fn [search, replace], acc ->
        String.replace(acc, to_string(search), to_string(replace))
      end)
      {:ok, result}
    else
      {:error, "replace_multiple requires pairs of (search, replace) arguments"}
    end
  end

  def replace_multiple(_value, _args) do
    {:error, "replace_multiple requires a string and argument pairs"}
  end

  @doc """
  Convert string to URL-friendly slug.

  Usage: {{ title | slugify }}
  "Hello World!" -> "hello-world"
  """
  def slugify(value, _args) when is_binary(value) do
    slugified =
      value
      |> String.downcase()
      |> String.replace(~r/[^\w\s-]/u, "")
      |> String.trim()
      |> String.replace(~r/\s+/u, "-")
      |> String.replace(~r/-+/, "-")

    {:ok, slugified}
  end

  def slugify(_value, _args) do
    {:error, "slugify requires a string"}
  end
end
Usage:
context = %{
  "text" => "Hello {{name}} from {{company}}!",
  "title" => "My Awesome Blog Post!"
}

Mau.render("{{ text | replace_multiple: '{{name}}', 'Alice', '{{company}}', 'Acme' }}", context)
# Output: "Hello Alice from Acme!"

Mau.render("{{ title | slugify }}", context)
# Output: "my-awesome-blog-post"

Conditional Filter Logic
Create a filter with conditional behavior:
defmodule MyApp.ConditionalFilters do
  def spec do
    %{
      category: :conditional,
      description: "Conditional filters",
      filters: %{
        "pluralize" => %{
          description: "Pluralize words based on count",
          function: {__MODULE__, :pluralize}
        },
        "human_filesize" => %{
          description: "Convert bytes to human-readable format",
          function: {__MODULE__, :human_filesize}
        }
      }
    }
  end

  @doc """
  Pluralize a word based on count.

  Usage: {{ count | pluralize: 'item' }}
  1 -> "1 item"
  5 -> "5 items"
  """
  def pluralize(count, [word]) when is_integer(count) and is_binary(word) do
    suffix = if count == 1, do: "", else: "s"
    {:ok, "#{count} #{word}#{suffix}"}
  end

  def pluralize(_value, _args) do
    {:error, "pluralize requires a number and word"}
  end

  @doc """
  Convert bytes to human-readable file size.

  Usage: {{ filesize | human_filesize }}
  1024 -> "1 KB"
  1048576 -> "1 MB"
  """
  def human_filesize(bytes, _args) when is_integer(bytes) and bytes >= 0 do
    cond do
      bytes < 1024 ->
        {:ok, "#{bytes} B"}
      bytes < 1024 * 1024 ->
        {:ok, "#{Float.round(bytes / 1024, 1)} KB"}
      bytes < 1024 * 1024 * 1024 ->
        {:ok, "#{Float.round(bytes / (1024 * 1024), 1)} MB"}
      true ->
        {:ok, "#{Float.round(bytes / (1024 * 1024 * 1024), 2)} GB"}
    end
  end

  def human_filesize(_value, _args) do
    {:error, "human_filesize requires a non-negative integer"}
  end
end
Usage:
context = %{"items" => 1, "more_items" => 5, "filesize" => 1048576}

Mau.render("You have {{ items | pluralize: 'item' }}", context)
# Output: "You have 1 item"

Mau.render("You have {{ more_items | pluralize: 'item' }}", context)
# Output: "You have 5 items"

Mau.render("File size: {{ filesize | human_filesize }}", context)
# Output: "File size: 1 MB"

Registering Custom Filters
Add your custom filters to the application configuration:
# config/config.exs

config :mau,
  filters: [
    MyApp.CurrencyFilters,
    MyApp.StringFilters,
    MyApp.AdvancedFilters,
    MyApp.ConditionalFilters
  ],
  enable_runtime_filters: true
Or enable runtime filter loading in your application supervisor:
# lib/my_app/application.ex

defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    children = [
      # ... other services
      Mau.FilterRegistry
    ]

    opts = [strategy: :one_for_one, name: MyApp.Supervisor]
    Supervisor.start_link(children, opts)
  end
end

Testing Custom Filters
Write tests for your custom filters:
defmodule MyApp.CustomFiltersTest do
  use ExUnit.Case

  test "currency filter formats numbers" do
    assert {:ok, "$1234.56"} = MyApp.CurrencyFilters.currency(1234.56, [])
    assert {:ok, "$0.99"} = MyApp.CurrencyFilters.currency(0.99, [])
  end

  test "currency filter rejects non-numbers" do
    assert {:error, _} = MyApp.CurrencyFilters.currency("not a number", [])
  end

  test "mask filter hides middle characters" do
    assert {:ok, "joh***@example.***"} = MyApp.StringFilters.mask("john@example.com", [3])
  end

  test "slugify converts to URL-friendly format" do
    assert {:ok, "my-awesome-post"} = MyApp.AdvancedFilters.slugify("My Awesome Post!", [])
  end

  test "pluralize handles singular and plural" do
    assert {:ok, "1 item"} = MyApp.ConditionalFilters.pluralize(1, ["item"])
    assert {:ok, "5 items"} = MyApp.ConditionalFilters.pluralize(5, ["item"])
  end
end

Best Practices
1. Error Handling
Always validate inputs and return meaningful error messages:
def my_filter(value, args) do
  case validate_input(value, args) do
    {:ok, cleaned_value} -> process(cleaned_value)
    {:error, reason} -> {:error, reason}
  end
end

defp validate_input(value, args) when is_number(value) and is_list(args) do
  {:ok, value}
end

defp validate_input(_value, _args) do
  {:error, "my_filter requires a number and list of arguments"}
end
2. Type Coercion
Handle type conversions gracefully:
def my_filter(value, args) do
  try do
    numeric_value = value |> to_string() |> String.to_integer()
    {:ok, numeric_value * 2}
  rescue
    _ -> {:error, "Could not convert value to number"}
  end
end
3. Documentation
Include clear documentation with usage examples:
@doc """
Transforms text for social media.

Converts to lowercase, removes special characters, and
truncates to specified length (default: 140).

Usage:
  {{ text | social_format }}
  {{ text | social_format: 280 }}

Returns:
  {:ok, transformed_text}
  {:error, reason}
"""
def social_format(value, args) do
  # implementation
end
4. Performance Considerations
For filters applied to large datasets, optimize for speed:
def my_filter(value, _args) when is_list(value) do
  # Use Enum.reduce for better performance with large lists
  result = Enum.reduce(value, [], &process_item/2)
  {:ok, result}
end

defp process_item(item, acc) do
  # Efficient processing
  [transformed | acc]
end
5. Composability
Design filters that work well in chains:
def my_filter(value, args) when is_binary(value) do
  value
  |> String.downcase()           # Works as first filter
  |> String.trim()               # Returns binary
  |> String.split(" ")           # Returns list
  |> Enum.map(&capitalize/1)    # Can be used in pipe
  |> Enum.join(" ")              # Back to binary
  |> then(&{:ok, &1})            # Return wrapped result
end

Advanced: Stateful Filters
Create filters that maintain state (use with caution):
defmodule MyApp.StatefulFilters do
  def spec do
    %{
      category: :stateful,
      description: "Filters with state",
      filters: %{
        "with_counter" => %{
          description: "Appends counter value",
          function: {__MODULE__, :with_counter}
        }
      }
    }
  end

  @doc """
  Appends a counter to the value.
  Uses process dictionary for state.
  """
  def with_counter(value, _args) do
    counter = Process.get(:filter_counter, 0)
    new_counter = counter + 1
    Process.put(:filter_counter, new_counter)

    {:ok, "#{value}-#{new_counter}"}
  end
end

Common Filter Patterns
Map Transformation
def transform_items(items, [key]) when is_list(items) do
  result = Enum.map(items, &Map.get(&1, key))
  {:ok, result}
end
Filtering Collection
def by_status(items, [status]) when is_list(items) do
  result = Enum.filter(items, &(&1["status"] == status))
  {:ok, result}
end
Aggregation
def sum_field(items, [field]) when is_list(items) do
  result =
    items
    |> Enum.map(&(Map.get(&1, field, 0)))
    |> Enum.filter(&is_number/1)
    |> Enum.sum()
  {:ok, result}
end

Troubleshooting
Filter not found: Ensure filter module is registered in config
Type errors: Check input validation in filter function
Performance issues: Use :timer.tc to benchmark custom filters
{time_us, result} = :timer.tc(fn -> my_filter(value, args) end)
IO.puts("Filter took #{time_us / 1000} ms")

See Also
	Custom Functions - Creating custom functions
	Filters Guide - Using filters in templates
	Filters List - Built-in filters reference
	Performance Tuning - Optimization techniques



  

    Creating Custom Functions

Learn how to implement custom functions for your specific use cases.
Overview
In Mau, functions and filters are the same thing - they use identical implementation patterns. This guide covers creating functions that perform specialized operations in templates.
Function Basics
Custom functions follow the same structure as filters:
defmodule MyApp.CustomFunctions do
  def spec do
    %{
      category: :custom,
      description: "Custom functions for MyApp",
      filters: %{
        "my_function" => %{
          description: "What this function does",
          function: {__MODULE__, :my_function}
        }
      }
    }
  end

  def my_function(value, args) do
    {:ok, result}
  end
end
Math Functions
Create domain-specific math operations:
defmodule MyApp.MathFunctions do
  def spec do
    %{
      category: :math,
      description: "Advanced math functions",
      filters: %{
        "percentage_of" => %{
          description: "Calculate percentage of a value",
          function: {__MODULE__, :percentage_of}
        },
        "tax" => %{
          description: "Calculate tax on amount",
          function: {__MODULE__, :tax}
        },
        "discount" => %{
          description: "Calculate discounted price",
          function: {__MODULE__, :discount}
        },
        "compound_interest" => %{
          description: "Calculate compound interest",
          function: {__MODULE__, :compound_interest}
        }
      }
    }
  end

  @doc """
  Calculate percentage of a value.

  Usage: {{ amount | percentage_of: 20 }}
  100 -> 20 (20% of 100)
  """
  def percentage_of(amount, [percentage]) when is_number(amount) and is_number(percentage) do
    result = amount * percentage / 100
    {:ok, Float.round(result, 2)}
  end

  def percentage_of(_value, _args) do
    {:error, "percentage_of requires a number and percentage"}
  end

  @doc """
  Calculate tax on amount.

  Usage: {{ amount | tax: 8.5 }}
  Default tax rate: 10%
  """
  def tax(amount, args) when is_number(amount) do
    tax_rate = case args do
      [rate] when is_number(rate) -> rate
      _ -> 10  # Default to 10%
    end

    result = amount * tax_rate / 100
    {:ok, Float.round(result, 2)}
  end

  def tax(_value, _args) do
    {:error, "tax requires a number"}
  end

  @doc """
  Calculate discounted price.

  Usage: {{ original_price | discount: 25 }}
  Subtracts discount percentage from original price
  """
  def discount(original_price, [discount_percent])
      when is_number(original_price) and is_number(discount_percent) do
    discount_amount = original_price * discount_percent / 100
    result = original_price - discount_amount
    {:ok, Float.round(result, 2)}
  end

  def discount(_value, _args) do
    {:error, "discount requires a price and discount percentage"}
  end

  @doc """
  Calculate compound interest.

  Usage: {{ principal | compound_interest: rate, years, compounds }}
  compound_interest(1000, [5, 10, 12]) -> amount after 10 years at 5% compounded monthly
  """
  def compound_interest(principal, [rate, years, compounds])
      when is_number(principal) and is_number(rate) and is_number(years) and is_number(compounds) do
    rate_decimal = rate / 100
    exponent = compounds * years
    base = 1 + rate_decimal / compounds

    result = principal * :math.pow(base, exponent)
    {:ok, Float.round(result, 2)}
  end

  def compound_interest(_value, _args) do
    {:error, "compound_interest requires principal, rate, years, and compounds"}
  end
end
Usage:
context = %{
  "amount" => 100,
  "price" => 99.99,
  "principal" => 1000
}

Mau.render("{{ amount | percentage_of: 20 }}", context)
# Output: "20"

Mau.render("{{ price | tax: 8.5 }}", context)
# Output: "8.5"

Mau.render("{{ price | discount: 25 }}", context)
# Output: "74.99"

Date/Time Functions
Create date and time utilities:
defmodule MyApp.DateFunctions do
  def spec do
    %{
      category: :datetime,
      description: "Date and time functions",
      filters: %{
        "days_since" => %{
          description: "Calculate days since a date",
          function: {__MODULE__, :days_since}
        },
        "format_date" => %{
          description: "Format date string",
          function: {__MODULE__, :format_date}
        },
        "is_past" => %{
          description: "Check if date is in the past",
          function: {__MODULE__, :is_past}
        }
      }
    }
  end

  @doc """
  Calculate days since a given date.

  Usage: {{ date | days_since }}
  Requires ISO8601 formatted date string
  """
  def days_since(date_string, _args) when is_binary(date_string) do
    try do
      {:ok, date, _} = DateTime.from_iso8601(date_string)
      today = DateTime.utc_now()
      days = DateTime.diff(today, date, :day)
      {:ok, days}
    rescue
      _ -> {:error, "Invalid date format. Use ISO8601."}
    end
  end

  def days_since(_value, _args) do
    {:error, "days_since requires an ISO8601 date string"}
  end

  @doc """
  Format date for display.

  Usage: {{ date | format_date: "%B %d, %Y" }}
  """
  def format_date(date_string, [format]) when is_binary(date_string) and is_binary(format) do
    try do
      {:ok, date, _} = DateTime.from_iso8601(date_string)
      formatted = Calendar.strftime(date, format)
      {:ok, formatted}
    rescue
      _ -> {:error, "Could not format date"}
    end
  end

  def format_date(_value, _args) do
    {:error, "format_date requires a date string and format"}
  end

  @doc """
  Check if date is in the past.
  """
  def is_past(date_string, _args) when is_binary(date_string) do
    try do
      {:ok, date, _} = DateTime.from_iso8601(date_string)
      is_past_date = DateTime.compare(date, DateTime.utc_now()) == :lt
      {:ok, is_past_date}
    rescue
      _ -> {:error, "Invalid date format"}
    end
  end

  def is_past(_value, _args) do
    {:error, "is_past requires an ISO8601 date string"}
  end
end

Validation Functions
Create functions that validate data:
defmodule MyApp.ValidationFunctions do
  def spec do
    %{
      category: :validation,
      description: "Data validation functions",
      filters: %{
        "is_email" => %{
          description: "Validate email format",
          function: {__MODULE__, :is_email}
        },
        "is_phone" => %{
          description: "Validate phone number",
          function: {__MODULE__, :is_phone}
        },
        "is_url" => %{
          description: "Validate URL format",
          function: {__MODULE__, :is_url}
        }
      }
    }
  end

  @doc """
  Validate email format.
  """
  def is_email(email, _args) when is_binary(email) do
    # Simple email validation regex
    regex = ~r/^[^\s@]+@[^\s@]+\.[^\s@]+$/
    {:ok, Regex.match?(regex, email)}
  end

  def is_email(_value, _args) do
    {:error, "is_email requires a string"}
  end

  @doc """
  Validate phone number (basic check).
  """
  def is_phone(phone, _args) when is_binary(phone) do
    # Remove common separators and check for digits
    cleaned = String.replace(phone, ~r/[\s\-\(\)\+]/, "")
    is_valid = String.length(cleaned) >= 10 and String.match?(cleaned, ~r/^\d+$/)
    {:ok, is_valid}
  end

  def is_phone(_value, _args) do
    {:error, "is_phone requires a string"}
  end

  @doc """
  Validate URL format.
  """
  def is_url(url, _args) when is_binary(url) do
    # Simple URL validation
    regex = ~r/^https?:\/\/.+/
    {:ok, Regex.match?(regex, url)}
  end

  def is_url(_value, _args) do
    {:error, "is_url requires a string"}
  end
end
Usage in templates:
{% if email | is_email %}
  Email is valid
{% else %}
  Please enter a valid email
{% endif %}

Encoding/Decoding Functions
Create encoding and decoding utilities:
defmodule MyApp.EncodingFunctions do
  def spec do
    %{
      category: :encoding,
      description: "Encoding and decoding functions",
      filters: %{
        "base64_encode" => %{
          description: "Encode to base64",
          function: {__MODULE__, :base64_encode}
        },
        "base64_decode" => %{
          description: "Decode from base64",
          function: {__MODULE__, :base64_decode}
        },
        "url_encode" => %{
          description: "URL encode a string",
          function: {__MODULE__, :url_encode}
        },
        "html_escape" => %{
          description: "Escape HTML special characters",
          function: {__MODULE__, :html_escape}
        }
      }
    }
  end

  def base64_encode(value, _args) when is_binary(value) do
    encoded = Base.encode64(value)
    {:ok, encoded}
  end

  def base64_encode(_value, _args) do
    {:error, "base64_encode requires a string"}
  end

  def base64_decode(value, _args) when is_binary(value) do
    case Base.decode64(value) do
      {:ok, decoded} -> {:ok, decoded}
      :error -> {:error, "Invalid base64 string"}
    end
  end

  def base64_decode(_value, _args) do
    {:error, "base64_decode requires a string"}
  end

  def url_encode(value, _args) when is_binary(value) do
    encoded = URI.encode(value)
    {:ok, encoded}
  end

  def url_encode(_value, _args) do
    {:error, "url_encode requires a string"}
  end

  def html_escape(value, _args) when is_binary(value) do
    escaped =
      value
      |> String.replace("&", "&amp;")
      |> String.replace("<", "&lt;")
      |> String.replace(">", "&gt;")
      |> String.replace("\"", "&quot;")
      |> String.replace("'", "&#x27;")

    {:ok, escaped}
  end

  def html_escape(_value, _args) do
    {:error, "html_escape requires a string"}
  end
end

Statistical Functions
Create functions for data analysis:
defmodule MyApp.StatisticsFunctions do
  def spec do
    %{
      category: :statistics,
      description: "Statistical functions",
      filters: %{
        "mean" => %{
          description: "Calculate mean of numbers",
          function: {__MODULE__, :mean}
        },
        "median" => %{
          description: "Calculate median of numbers",
          function: {__MODULE__, :median}
        },
        "std_dev" => %{
          description: "Calculate standard deviation",
          function: {__MODULE__, :std_dev}
        }
      }
    }
  end

  @doc """
  Calculate mean (average) of a list of numbers.
  """
  def mean(values, _args) when is_list(values) do
    numbers = Enum.filter(values, &is_number/1)

    if Enum.empty?(numbers) do
      {:error, "No numeric values in list"}
    else
      average = Enum.sum(numbers) / length(numbers)
      {:ok, Float.round(average, 2)}
    end
  end

  def mean(_value, _args) do
    {:error, "mean requires a list of numbers"}
  end

  @doc """
  Calculate median of a list of numbers.
  """
  def median(values, _args) when is_list(values) do
    numbers =
      values
      |> Enum.filter(&is_number/1)
      |> Enum.sort()

    case length(numbers) do
      0 ->
        {:error, "No numeric values in list"}

      count ->
        mid = div(count, 2)

        result = if rem(count, 2) == 0 do
          (Enum.at(numbers, mid - 1) + Enum.at(numbers, mid)) / 2
        else
          Enum.at(numbers, mid)
        end

        {:ok, Float.round(result, 2)}
    end
  end

  def median(_value, _args) do
    {:error, "median requires a list of numbers"}
  end

  @doc """
  Calculate standard deviation.
  """
  def std_dev(values, _args) when is_list(values) do
    numbers = Enum.filter(values, &is_number/1)

    if length(numbers) < 2 do
      {:error, "std_dev requires at least 2 numeric values"}
    else
      mean_val = Enum.sum(numbers) / length(numbers)
      variance =
        numbers
        |> Enum.map(&:math.pow(&1 - mean_val, 2))
        |> Enum.sum()
        |> Kernel./(length(numbers))

      std = :math.sqrt(variance)
      {:ok, Float.round(std, 2)}
    end
  end

  def std_dev(_value, _args) do
    {:error, "std_dev requires a list of numbers"}
  end
end

Best Practices
1. Clear Documentation
@doc """
Description of what the function does.

Parameters:
  - input (type): What it is
  - arg1 (type): What it's for

Returns:
  - Success: {:ok, result}
  - Error: {:error, "error message"}

Usage examples:
  {{ value | my_func }}
  {{ value | my_func: arg1, arg2 }}
"""
2. Consistent Error Messages
def my_func(value, args) do
  case validate(value, args) do
    :ok -> process(value, args)
    :error -> {:error, "my_func: description of what went wrong"}
  end
end
3. Handle Edge Cases
def divide(numerator, [denominator]) when is_number(numerator) and is_number(denominator) do
  if denominator == 0 do
    {:error, "Cannot divide by zero"}
  else
    {:ok, numerator / denominator}
  end
end
4. Use Guards
# Good: Early filtering of invalid inputs
def my_func(value, _args) when is_binary(value) do
  {:ok, process(value)}
end

def my_func(_value, _args) do
  {:error, "my_func requires a string"}
end
5. Test Thoroughly
defmodule MyApp.CustomFunctionsTest do
  use ExUnit.Case

  test "mean calculates average correctly" do
    assert {:ok, 3.0} = MyApp.StatisticsFunctions.mean([1, 2, 3, 4, 5], [])
  end

  test "mean handles empty list" do
    assert {:error, _} = MyApp.StatisticsFunctions.mean([], [])
  end

  test "mean handles non-numeric values" do
    assert {:error, _} = MyApp.StatisticsFunctions.mean(["a", "b", "c"], [])
  end
end

See Also
	Custom Filters - Creating custom filters
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	API Reference - Mau API documentation



  

    Performance Tuning

Optimize Mau template compilation and rendering for maximum performance.
Overview
This guide covers performance optimization techniques for Mau templates, from compilation to rendering and filter usage.
Template Compilation
Compile Once, Render Many
The most important optimization: compile templates once and reuse the AST.
# ❌ Bad: Compiles on every render (expensive)
defmodule MyApp.BadExample do
  def render_user(user_data) do
    template = "User: {{ name }}, Email: {{ email }}"
    {:ok, output} = Mau.render(template, user_data)
    output
  end
end

# ✅ Good: Compile once at startup
defmodule MyApp.GoodExample do
  @user_template """
  User: {{ name }}, Email: {{ email }}
  """

  @compiled_template elem(Mau.compile(@user_template), 1)

  def render_user(user_data) do
    {:ok, output} = Mau.render(@compiled_template, user_data)
    output
  end
end
Pre-compile in Application Init
For applications with many templates, pre-compile during startup:
defmodule MyApp.Templates do
  @moduledoc """
  Pre-compiled templates for the application.
  """

  # Compile all templates at startup
  def init_templates do
    %{
      user_card: compile_template("user_card.html"),
      email_welcome: compile_template("email_welcome.html"),
      report_summary: compile_template("report_summary.txt")
    }
  end

  defp compile_template(filename) do
    content = File.read!(Path.join(["templates", filename]))
    {:ok, ast} = Mau.compile(content)
    ast
  end
end

# Usage in application startup
defmodule MyApp.Application do
  use Application

  def start(_type, _args) do
    # Pre-compile all templates
    templates = MyApp.Templates.init_templates()
    Application.put_env(:my_app, :compiled_templates, templates)

    # ... rest of startup
  end
end
Cache Compiled Templates
Store compiled templates in ETS for fast access:
defmodule MyApp.TemplateCache do
  @cache_table :template_cache

  def init do
    :ets.new(@cache_table, [:named_table, :public, :set])
  end

  def get_or_compile(name, template_string) do
    case :ets.lookup(@cache_table, name) do
      [{^name, ast}] ->
        {:ok, ast}

      [] ->
        case Mau.compile(template_string) do
          {:ok, ast} ->
            :ets.insert(@cache_table, {name, ast})
            {:ok, ast}

          error ->
            error
        end
    end
  end

  def clear do
    :ets.delete_all_objects(@cache_table)
  end
end

Rendering Optimization
Use Type Preservation Wisely
Type preservation adds overhead - use only when needed:
# ❌ Unnecessary type preservation
{:ok, output} = Mau.render("Count: {{ items | length }}", context, preserve_types: true)
# Result: "Count: 3" (string anyway)

# ✅ Smart type preservation
{:ok, result} = Mau.render("{{ total }}", context, preserve_types: true)
# Result: 1500 (number, no string conversion)
Set Appropriate Loop Limits
Prevent runaway loops with realistic limits:
# Dangerous: User could create infinite-like loops
{:ok, output} = Mau.render(user_template, context)

# Safe: Limit iterations
{:ok, output} = Mau.render(
  user_template,
  context,
  max_loop_iterations: 5000  # Reasonable limit for most cases
)
Batch Rendering
For multiple templates with same context, batch them:
# ❌ Inefficient: Processes context separately
results =
  Enum.map(templates, fn template ->
    {:ok, output} = Mau.render(template, context)
    output
  end)

# ✅ Efficient: Prepare context once
prepared_context = prepare_context(raw_context)

results =
  Enum.map(templates, fn template ->
    {:ok, output} = Mau.render(template, prepared_context)
    output
  end)

defp prepare_context(raw_context) do
  %{
    "name" => String.downcase(raw_context.name),
    "items" => Enum.sort(raw_context.items),
    "totals" => calculate_totals(raw_context)
  }
end

Filter Performance
Use Built-in Filters
Built-in filters are optimized in Elixir:
# ❌ Manual looping (slower)
def custom_filter(items, _args) do
  result = []
  for item <- items do
    result = [item | result]
  end
  {:ok, Enum.reverse(result)}
end

# ✅ Use Enum (optimized)
def custom_filter(items, _args) do
  {:ok, Enum.reverse(items)}
end
Chain Filters Efficiently
Order filters for best performance:
# ❌ Processes large list multiple times
{{ items | sort | reverse | first }}

# ✅ Filter before sort (smaller dataset)
{{ items | filter: "status", "active" | sort | reverse | first }}
Avoid N+1 Filter Problems
# ❌ Creates 1 lookup per item (N+1)
{% for item in items %}
  {{ item | lookup_price: prices }}
{% endfor %}

# ✅ Preprocess lookups before template
{:ok, enriched_items} = Mau.render_map(%{
  "#map" => ["{{$items}}", %{
    "id" => "{{$loop.item.id}}",
    "price" => "{{$self.prices[$loop.item.id]}}"
  }]
}, %{
  "$items" => items,
  "$self" => %{"prices" => prices_map}
})

Context Optimization
Keep Context Minimal
Only include data that templates need:
# ❌ Large context with unused data
context = %{
  "user" => all_user_data,           # 50+ fields
  "items" => all_items,              # 10,000+ items
  "settings" => all_settings         # 100+ fields
}

# ✅ Minimal context with only needed data
context = %{
  "user" => %{
    "name" => user.name,
    "email" => user.email
  },
  "items" => Enum.filter(all_items, &(&1.visible)),
  "settings" => %{
    "theme" => settings.theme
  }
}
Preprocess Complex Data
Transform data before passing to templates:
# ❌ Let template do all the work
context = %{
  "orders" => raw_orders
}
# Template processes all orders

# ✅ Preprocess in application code
context = %{
  "orders" => Enum.map(raw_orders, fn order ->
    %{
      "id" => order.id,
      "total" => order.total,
      "formatted_total" => format_currency(order.total),
      "status" => status_label(order.status)
    }
  end)
}
# Template just displays preprocessed data
Use Lazy Evaluation
For large datasets, compute only when needed:
# ❌ Evaluates all summaries upfront
context = %{
  "monthly_summaries" => Enum.map(1..12, &calculate_month_summary/1)
}

# ✅ Compute summaries in template only if used
context = %{
  "months" => 1..12,
  "calculate_summary" => &calculate_month_summary/1
}

Map Directives Optimization
Use #filter Before #map
Filter collections before transforming:
# ❌ Maps everything then filters
input = %{
  "results" => %{
    "#map" => [
      "{{$items}}",
      %{"id" => "{{$loop.item.id}}"}
    ]
  },
  "active_only" => %{
    "#filter" => ["{{results}}", "{{$loop.item.status == 'active'}}"]
  }
}

# ✅ Filters first, then maps
input = %{
  "active_results" => %{
    "#pipe" => [
      "{{$items}}",
      [
        %{"#filter" => "{{$loop.item.status == 'active'}}"},
        %{"#map" => %{"id" => "{{$loop.item.id}}"}}
      ]
    ]
  }
}
Avoid Nested #map with Complex Logic
# ❌ Complex nested logic
%{
  "#map" => [
    "{{$data}}",
    %{
      "items" => %{
        "#map" => [
          "{{$loop.item.children}}",
          %{
            "status" => %{
              "#if" => ["{{$loop.item.status}}", ...]
            }
          }
        ]
      }
    }
  ]
}

# ✅ Preprocess in application
preprocessed = Enum.map(data, fn item ->
  %{
    "items" => Enum.map(item.children, fn child ->
      %{"status" => compute_status(child)}
    end)
  }
end)

{:ok, result} = Mau.render_map(%{
  "items" => "{{$items}}"
}, %{"$items" => preprocessed})

Benchmarking
Measure Performance
Use :timer.tc for benchmarking:
defmodule MyApp.Benchmarks do
  def benchmark_template do
    template = "Hello {{ name }}, you have {{ count }} items"
    context = %{"name" => "Alice", "count" => 42}

    # Warm up
    Mau.render(template, context)

    # Measure
    {time_us, {:ok, _output}} = :timer.tc(Mau, :render, [template, context])
    time_ms = time_us / 1000

    IO.puts("Rendered in #{time_ms} ms")
  end

  def benchmark_filter do
    {time_us, result} = :timer.tc(fn ->
      Mau.FilterRegistry.apply("upper_case", "hello world", [])
    end)

    IO.puts("Filter took #{time_us / 1000} ms")
  end
end
Use Benchee for Comprehensive Testing
defmodule MyApp.BenchmarksWithBenchee do
  def run do
    Benchee.run(%{
      "simple_render" => fn ->
        {:ok, _} = Mau.render("{{ name }}", %{"name" => "Alice"})
      end,
      "complex_render" => fn ->
        {:ok, _} = Mau.render(complex_template(), complex_context())
      end,
      "precompiled_render" => fn ->
        {:ok, _} = Mau.render(precompiled_ast(), complex_context())
      end
    },
      time: 10,
      memory_time: 2
    )
  end
end

Common Performance Issues
Issue: Slow Template Rendering
Symptoms: Templates take seconds to render
Causes:
	Large datasets
	N+1 lookups in filters
	Unoptimized filters

Solutions:
# 1. Profile with :fprof
:fprof.start()
Mau.render(template, context)
:fprof.stop()

# 2. Use simpler templates for large datasets
# 3. Preprocess data in application

# 4. Add loop limits
Mau.render(template, context, max_loop_iterations: 5000)
Issue: Memory Usage Growing
Symptoms: Application memory keeps increasing
Causes:
	Compiled templates not cached properly
	Unbounded context growth
	Large template strings

Solutions:
# 1. Use template cache
MyApp.TemplateCache.get_or_compile("my_template", template_source)

# 2. Clear old compiled templates periodically
:ets.delete_all_objects(:template_cache)

# 3. Use streaming for large contexts
Enum.each(large_dataset, fn item ->
  context = %{"item" => item}
  {:ok, output} = Mau.render(template, context)
  IO.write(output)
end)
Issue: Slow Filter Chains
Symptoms: Chained filters slow down template rendering
Causes:
	Multiple passes over data
	Inefficient filter order

Solutions:
# ❌ Slow: Multiple passes
{{ items | sort | reverse | map: "name" | join: ", " }}

# ✅ Fast: Preprocess
preprocessed = items
  |> Enum.sort()
  |> Enum.reverse()
  |> Enum.map(&(&1["name"]))
  |> Enum.join(", ")

{{ preprocessed }}

Caching Strategies
Fragment Caching
Cache rendered fragments:
defmodule MyApp.FragmentCache do
  @cache_table :fragment_cache

  def init do
    :ets.new(@cache_table, [:named_table, :public, :set])
  end

  def render_cached(key, template, context, ttl_seconds \\ 3600) do
    case :ets.lookup(@cache_table, key) do
      [{^key, output, expiry}] ->
        if System.os_time(:second) < expiry do
          output
        else
          :ets.delete(@cache_table, key)
          render_and_cache(key, template, context, ttl_seconds)
        end

      [] ->
        render_and_cache(key, template, context, ttl_seconds)
    end
  end

  defp render_and_cache(key, template, context, ttl) do
    {:ok, output} = Mau.render(template, context)
    expiry = System.os_time(:second) + ttl
    :ets.insert(@cache_table, {key, output, expiry})
    output
  end
end

Best Practices Summary
	Compile once, render many times
	Cache compiled templates
	Preprocess complex data
	Use type preservation selectively
	Set reasonable loop limits
	Filter before transformation
	Keep context minimal
	Profile and benchmark
	Batch operations
	Monitor memory usage


See Also
	Custom Filters - Creating efficient custom filters
	API Reference - Mau API options
	Map Directives - Directive optimization



  

    Error Handling

Strategies for handling errors in Mau templates and applications.
Overview
This guide covers different approaches to error handling, from strict mode validation to graceful degradation and custom error handlers.
Error Types
Mau can produce different types of errors:
# Compilation errors
{:error, error} = Mau.compile("invalid {{ syntax")

# Runtime errors
{:error, error} = Mau.render("{{ undefined_var }}", %{})

# Filter errors
{:error, error} = Mau.render("{{ 'text' | abs }}", %{})

# Type errors
{:error, error} = Mau.render("{{ undefined_function() }}", %{})
Strict Mode
Control error reporting with strict mode:
# ❌ Lenient mode (default): Errors return gracefully
{:ok, output} = Mau.compile("invalid {{ syntax")
# Returns: {:error, error_message}

# ✅ Strict mode: More explicit error reporting
{:ok, ast, warnings} = Mau.compile(template, strict_mode: true)
# Returns warnings list in third element
Undefined Variables
Handle undefined variable access:
# Default behavior: undefined variables become empty strings
context = %{"name" => "Alice"}
{:ok, output} = Mau.render("Hello {{ name }}, meet {{ unknown }}", context)
# Output: "Hello Alice, meet "

# Strict checking: provide defaults
context = %{
  "name" => "Alice",
  "unknown" => nil  # Explicitly set to nil
}
{:ok, output} = Mau.render("Hello {{ name }}, meet {{ unknown | default: 'Friend' }}", context)
# Output: "Hello Alice, meet Friend"
Filter Error Handling
Handle filter errors gracefully:
# Type mismatch in filter
{:ok, output} = Mau.render("{{ 'text' | abs }}", %{})
# Error: "abs can only be applied to numbers"

# Handle with validation
context = %{"value" => "not_a_number"}
{:ok, output} = Mau.render(
  "{% if value | is_number %}
     {{ value | abs }}
   {% else %}
     Invalid number
   {% endif %}",
  context
)
Application-Level Error Handling
Basic Error Pattern
defmodule MyApp.TemplateRenderer do
  def render(template_name, context) do
    case get_template(template_name) do
      {:ok, template_ast} ->
        render_template(template_ast, context)

      {:error, reason} ->
        {:error, "Template not found: #{reason}"}
    end
  end

  defp render_template(template_ast, context) do
    case Mau.render(template_ast, context) do
      {:ok, output} ->
        {:ok, output}

      {:error, error} ->
        {:error, "Rendering failed: #{error}"}
    end
  end

  defp get_template(name) do
    case Application.get_env(:my_app, :compiled_templates)[name] do
      ast when is_tuple(ast) -> {:ok, ast}
      _ -> {:error, "#{name} not found"}
    end
  end
end
With Logging
defmodule MyApp.TemplateRenderer do
  require Logger

  def render_safe(template, context) do
    case Mau.render(template, context) do
      {:ok, output} ->
        {:ok, output}

      {:error, error} ->
        Logger.error("Template rendering failed: #{error}")
        {:ok, render_fallback(template)}
    end
  end

  def render_fallback(template) do
    "An error occurred while rendering the template"
  end
end

Error Recovery Strategies
Graceful Degradation
Provide fallback content when rendering fails:
defmodule MyApp.SafeRenderer do
  def render_or_fallback(template, context, fallback \\ "") do
    case Mau.render(template, context) do
      {:ok, output} -> output
      {:error, _} -> fallback
    end
  end

  def render_with_default(template, context, default_value) do
    case Mau.render(template, context, preserve_types: true) do
      {:ok, value} -> value
      {:error, _} -> default_value
    end
  end
end

# Usage
output = MyApp.SafeRenderer.render_or_fallback(
  template,
  context,
  "Unable to render content"
)

price = MyApp.SafeRenderer.render_with_default(
  "{{ product.price }}",
  context,
  0.00
)
Partial Failure Handling
Continue processing when some templates fail:
defmodule MyApp.BatchRenderer do
  def render_all(templates, context) do
    Enum.map(templates, fn {name, template} ->
      case Mau.render(template, context) do
        {:ok, output} ->
          {:ok, name, output}

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

  def render_all_safe(templates, context) do
    # Only return successful renders
    templates
    |> render_all(context)
    |> Enum.filter(&match?({:ok, _, _}, &1))
    |> Enum.map(fn {:ok, name, output} -> {name, output} end)
  end
end

# Usage
results = MyApp.BatchRenderer.render_all(templates, context)

Enum.each(results, fn
  {:ok, name, output} -> IO.puts("#{name}: #{output}")
  {:error, name, error} -> IO.puts("#{name}: ERROR - #{error}")
end)

Validation Before Rendering
Context Validation
defmodule MyApp.ContextValidator do
  def validate_context(context, required_keys) do
    missing = Enum.filter(required_keys, &(!Map.has_key?(context, &1)))

    if Enum.empty?(missing) do
      :ok
    else
      {:error, "Missing context keys: #{Enum.join(missing, ", ")}"}
    end
  end

  def safe_render(template, context, required_keys) do
    case validate_context(context, required_keys) do
      :ok ->
        Mau.render(template, context)

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

# Usage
required = ["user_name", "order_id", "total"]
case MyApp.ContextValidator.safe_render(template, context, required) do
  {:ok, output} -> send_email(output)
  {:error, error} -> log_error(error)
end
Template Validation
defmodule MyApp.TemplateValidator do
  def validate_template(template_string) do
    case Mau.compile(template_string) do
      {:ok, _ast} ->
        :ok

      {:error, reason} ->
        {:error, "Template compilation failed: #{reason}"}
    end
  end

  def validate_and_store(name, template_string) do
    case validate_template(template_string) do
      :ok ->
        {:ok, ast} = Mau.compile(template_string)
        store_template(name, ast)
        {:ok, name}

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

  defp store_template(name, ast) do
    templates = Application.get_env(:my_app, :compiled_templates, %{})
    Application.put_env(:my_app, :compiled_templates, Map.put(templates, name, ast))
  end
end

Error Logging and Monitoring
Structured Logging
defmodule MyApp.TemplateLogger do
  require Logger

  def log_render_error(template_name, context_keys, error) do
    Logger.error("Template rendering error",
      template_name: template_name,
      context_keys: context_keys,
      error: error,
      timestamp: DateTime.utc_now()
    )
  end

  def log_filter_error(filter_name, input_type, error) do
    Logger.error("Filter execution error",
      filter: filter_name,
      input_type: input_type,
      error: error
    )
  end
end

# Usage
case Mau.render(template, context) do
  {:ok, output} -> output
  {:error, error} ->
    MyApp.TemplateLogger.log_render_error(
      template_name,
      Map.keys(context),
      error
    )
    render_fallback()
end
Error Metrics
defmodule MyApp.ErrorMetrics do
  def track_render_error(error_type, metadata \\ %{}) do
    :telemetry.execute(
      [:mau, :render, :error],
      %{count: 1},
      Map.merge(metadata, %{error_type: error_type})
    )
  end

  def track_filter_error(filter_name) do
    :telemetry.execute(
      [:mau, :filter, :error],
      %{count: 1},
      %{filter: filter_name}
    )
  end
end

# Attach handlers in application startup
:telemetry.attach_many(
  "mau_errors",
  [
    [:mau, :render, :error],
    [:mau, :filter, :error]
  ],
  &MyApp.ErrorMetrics.handle_event/4,
  []
)

Custom Error Handlers
Error Handler Pipeline
defmodule MyApp.ErrorHandler do
  @type error_result :: {:ok, any} | {:error, String.t()}

  def render_with_handlers(template, context, handlers \\ []) do
    case Mau.render(template, context) do
      {:ok, output} -> {:ok, output}
      {:error, error} -> handle_error(error, handlers)
    end
  end

  defp handle_error(error, handlers) do
    Enum.reduce_while(handlers, {:error, error}, fn handler, acc ->
      case handler.(acc) do
        {:ok, recovered} -> {:halt, {:ok, recovered}}
        :skip -> {:cont, acc}
        {:error, new_error} -> {:cont, {:error, new_error}}
      end
    end)
  end
end

# Usage with multiple recovery strategies
handlers = [
  fn {:error, error} ->
    if String.contains?(error, "undefined") do
      {:ok, "Default content"}
    else
      :skip
    end
  end,
  fn {:error, _error} ->
    {:ok, "Fallback content"}
  end
]

MyApp.ErrorHandler.render_with_handlers(template, context, handlers)
Custom Error Messages
defmodule MyApp.UserFriendlyErrors do
  def render_safe(template, context) do
    case Mau.render(template, context) do
      {:ok, output} ->
        {:ok, output}

      {:error, error} ->
        user_message = translate_error(error)
        {:error, user_message}
    end
  end

  defp translate_error(error) do
    cond do
      String.contains?(error, "undefined") ->
        "Some data was missing. Please try again."

      String.contains?(error, "filter") ->
        "A formatting error occurred. Please contact support."

      String.contains?(error, "syntax") ->
        "The template is misconfigured. Please contact support."

      true ->
        "An unexpected error occurred. Please try again."
    end
  end
end

Testing Error Scenarios
Unit Tests for Error Handling
defmodule MyApp.ErrorHandlingTest do
  use ExUnit.Case

  test "handles undefined variables gracefully" do
    template = "Hello {{ name }}"
    context = %{}
    assert {:ok, "Hello "} = Mau.render(template, context)
  end

  test "handles filter type errors" do
    template = "{{ 'text' | abs }}"
    context = %{}
    assert {:error, _} = Mau.render(template, context)
  end

  test "validates context before rendering" do
    context = %{"name" => "Alice"}
    required = ["name", "email"]

    assert {:error, "Missing context keys: email"} =
             MyApp.ContextValidator.safe_render(template, context, required)
  end

  test "recovers from template rendering errors" do
    template = "{{ undefined }}"
    context = %{}

    assert {:ok, "Fallback"} =
             MyApp.SafeRenderer.render_or_fallback(template, context, "Fallback")
  end
end
Property-Based Testing
defmodule MyApp.ErrorHandlingProperties do
  use ExUnit.Case
  use PropCheck

  property "rendering with any context never crashes" do
    forall template <- string(:printable) do
      context = %{"key" => "value"}

      case Mau.render(template, context) do
        {:ok, _output} -> true
        {:error, _} -> true
      end
    end
  end

  property "filters always return valid results or errors" do
    forall {filter, args} <- filter_and_args() do
      case Mau.FilterRegistry.apply(filter, "test", args) do
        {:ok, _result} -> true
        {:error, _} -> true
      end
    end
  end
end

Production Best Practices
Error Rate Monitoring
defmodule MyApp.ErrorMonitoring do
  def start_monitoring do
    :telemetry.attach(
      "mau_error_counter",
      [:mau, :render, :error],
      &count_error/4,
      %{errors: 0}
    )
  end

  def count_error(_event_name, measurements, metadata, config) do
    total = (config.errors || 0) + measurements.count
    if rem(total, 100) == 0 do
      Logger.warn("Reached #{total} template rendering errors")
    end
  end
end
Alerting on Error Spikes
defmodule MyApp.ErrorAlerting do
  def check_error_rate do
    recent_errors = get_recent_errors(last_n_minutes: 5)
    error_rate = length(recent_errors) / total_renders()

    if error_rate > 0.05 do  # More than 5% errors
      send_alert("High template error rate: #{error_rate * 100}%")
    end
  end

  defp send_alert(message) do
    Logger.error("ALERT: #{message}")
    # Send to monitoring/alerting service
  end
end

See Also
	Custom Filters - Error handling in custom filters
	Performance Tuning - Performance monitoring
	Security - Security-related error handling
	API Reference - Error types and messages



  

    Security Best Practices

Ensure secure usage of Mau templates in your applications.
Overview
This guide covers security considerations when using Mau templates, including input validation, output encoding, and protection against common vulnerabilities.
Input Validation
Validate Template Source
Only use trusted template sources:
# ❌ DANGEROUS: User-provided templates
defmodule MyApp.Unsafe do
  def render_user_template(user_input) do
    # NEVER do this with untrusted input
    Mau.render(user_input, context)
  end
end

# ✅ SAFE: Pre-compiled templates only
defmodule MyApp.Safe do
  @templates %{
    "welcome" => load_template("welcome.html"),
    "invoice" => load_template("invoice.html")
  }

  def render_template(template_name, context) do
    case @templates[template_name] do
      ast when is_tuple(ast) -> Mau.render(ast, context)
      nil -> {:error, "Template not found"}
    end
  end

  defp load_template(filename) do
    path = Path.join(["templates", filename])
    content = File.read!(path)
    {:ok, ast} = Mau.compile(content)
    ast
  end
end
Whitelist Templates
Maintain an explicit allowlist:
defmodule MyApp.TemplateRegistry do
  @allowed_templates [
    "user_profile",
    "order_confirmation",
    "invoice",
    "report_summary"
  ]

  def get_template(name) do
    if Enum.member?(@allowed_templates, name) do
      load_from_file(name)
    else
      {:error, "Template not allowed"}
    end
  end

  defp load_from_file(name) do
    path = Path.join(["priv", "templates", "#{name}.html"])
    File.read!(path)
  end
end

Context Security
Prevent Information Disclosure
Don't expose sensitive data in context:
# ❌ Dangerous: Exposes sensitive data
def render_user_page(user) do
  context = %{
    "user" => user  # Includes password_hash, api_keys, etc.
  }
  Mau.render(template, context)
end

# ✅ Safe: Only expose necessary data
def render_user_page(user) do
  context = %{
    "user" => %{
      "id" => user.id,
      "name" => user.name,
      "email" => user.email
    }
  }
  Mau.render(template, context)
end
Sanitize User Input
Clean user-provided data before using in templates:
defmodule MyApp.ContextSanitizer do
  def sanitize_context(raw_context) do
    raw_context
    |> Enum.map(fn {key, value} ->
      {key, sanitize_value(value)}
    end)
    |> Map.new()
  end

  defp sanitize_value(value) when is_binary(value) do
    value
    |> String.trim()
    |> truncate_length(1000)  # Prevent DoS
    |> escape_html()
  end

  defp sanitize_value(value) when is_list(value) do
    Enum.map(value, &sanitize_value/1)
  end

  defp sanitize_value(value) when is_map(value) do
    Enum.map(value, fn {k, v} -> {k, sanitize_value(v)} end)
    |> Map.new()
  end

  defp sanitize_value(value), do: value

  defp truncate_length(string, max_length) do
    if String.length(string) > max_length do
      String.slice(string, 0, max_length)
    else
      string
    end
  end

  defp escape_html(string) do
    string
    |> String.replace("&", "&amp;")
    |> String.replace("<", "&lt;")
    |> String.replace(">", "&gt;")
    |> String.replace("\"", "&quot;")
    |> String.replace("'", "&#x27;")
  end
end

# Usage
context = MyApp.ContextSanitizer.sanitize_context(user_input)
{:ok, output} = Mau.render(template, context)

Output Encoding
HTML Escaping
Always escape HTML content:
# ❌ Dangerous: XSS vulnerability
template = """
<p>{{ user_comment }}</p>
"""
context = %{"user_comment" => "<script>alert('XSS')</script>"}
{:ok, output} = Mau.render(template, context)
# Output: <p><script>alert('XSS')</script></p> ← Script executes!

# ✅ Safe: Use escaping filter
template = """
<p>{{ user_comment | escape_html }}</p>
"""
context = %{"user_comment" => "<script>alert('XSS')</script>"}
{:ok, output} = Mau.render(template, context)
# Output: <p>&lt;script&gt;alert(&#x27;XSS&#x27;)&lt;/script&gt;</p> ← Safe
Context-Specific Encoding
Use appropriate encoding for context:
defmodule MyApp.OutputEncoders do
  # HTML context
  def html_escape(value) when is_binary(value) do
    value
    |> String.replace("&", "&amp;")
    |> String.replace("<", "&lt;")
    |> String.replace(">", "&gt;")
    |> String.replace("\"", "&quot;")
    |> String.replace("'", "&#x27;")
  end

  # JavaScript context
  def js_escape(value) when is_binary(value) do
    value
    |> String.replace("\\", "\\\\")
    |> String.replace("\"", "\\\"")
    |> String.replace("'", "\\'")
    |> String.replace("\n", "\\n")
    |> String.replace("\r", "\\r")
  end

  # URL context
  def url_encode(value) when is_binary(value) do
    URI.encode(value)
  end

  # CSV context
  def csv_escape(value) when is_binary(value) do
    if String.contains?(value, [",", "\"", "\n"]) do
      "\"" <> String.replace(value, "\"", "\"\"") <> "\""
    else
      value
    end
  end
end

Prevent Injection Attacks
Template Injection
Prevent injection of template syntax:
defmodule MyApp.InjectionPrevention do
  # ❌ Dangerous: User input as template
  def render_unsafe(user_template) do
    Mau.render(user_template, %{})  # ← Template injection risk
  end

  # ✅ Safe: User input as context only
  def render_safe(template, user_input) do
    context = %{"user_input" => user_input}  # ← User data only
    Mau.render(template, context)
  end

  # ✅ Safer: Validate user input
  def render_validated(template, user_input) do
    if is_safe_context_value?(user_input) do
      context = %{"user_input" => user_input}
      Mau.render(template, context)
    else
      {:error, "Invalid input"}
    end
  end

  defp is_safe_context_value?(value) when is_binary(value) do
    !String.contains?(value, ["{{", "{%", "{#"])
  end

  defp is_safe_context_value?(value) when is_list(value) do
    Enum.all?(value, &is_safe_context_value?/1)
  end

  defp is_safe_context_value?(value) when is_map(value) do
    Enum.all?(value, fn {_k, v} -> is_safe_context_value?(v) end)
  end

  defp is_safe_context_value?(_), do: true
end
Filter Injection
Restrict available filters:
defmodule MyApp.FilterRestriction do
  @allowed_filters [
    "upper_case",
    "lower_case",
    "truncate",
    "join",
    "split",
    "strip"
  ]

  # ✅ Only allow specific filters
  def validate_template(template) do
    template
    |> extract_filters()
    |> Enum.all?(&Enum.member?(@allowed_filters, &1))
  end

  defp extract_filters(template) do
    Regex.scan(~r/\|\s*(\w+)/, template)
    |> Enum.map(fn [_full, filter_name] -> filter_name end)
  end
end

Rate Limiting
Prevent DoS Attacks
Limit template rendering:
defmodule MyApp.RateLimiter do
  @max_template_size 100_000  # 100 KB
  @max_loop_iterations 10_000
  @max_renders_per_minute 1000

  def render_limited(template, context) do
    case validate_limits(template) do
      :ok ->
        Mau.render(
          template,
          context,
          max_template_size: @max_template_size,
          max_loop_iterations: @max_loop_iterations
        )

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

  defp validate_limits(template) when is_binary(template) do
    cond do
      byte_size(template) > @max_template_size ->
        {:error, "Template exceeds maximum size"}

      true ->
        :ok
    end
  end

  # Track renders per user
  def track_render(user_id) do
    key = "renders:#{user_id}:#{current_minute()}"
    count = increment_counter(key)

    if count > @max_renders_per_minute do
      {:error, "Rate limit exceeded"}
    else
      :ok
    end
  end

  defp current_minute do
    System.os_time(:second) |> div(60)
  end

  defp increment_counter(key) do
    # Use Redis or ETS for production
    :ets.update_counter(:rate_limits, key, 1)
  end
end

Secure Defaults
Configuration
# config/config.exs
config :mau,
  # Disable runtime templates
  enable_runtime_filters: false,

  # Limit template size
  max_template_size: 100_000,

  # Reasonable iteration limit
  max_loop_iterations: 10_000,

  # Only use built-in filters
  filters: [
    Mau.Filters.String,
    Mau.Filters.Collection,
    Mau.Filters.Math
  ]
Safe Defaults in Application Code
defmodule MyApp.SecureTemplates do
  @secure_defaults [
    preserve_types: false,
    max_template_size: 100_000,
    max_loop_iterations: 10_000
  ]

  def render(template, context) do
    Mau.render(template, context, @secure_defaults)
  end

  def render_map(input, context) do
    Mau.render_map(input, context, @secure_defaults)
  end
end

Security Checklist
Pre-Deployment
	[ ] All templates from trusted sources only
	[ ] User input validated before template use
	[ ] Sensitive data removed from context
	[ ] HTML output properly escaped
	[ ] Custom filters reviewed for vulnerabilities
	[ ] Rate limiting configured
	[ ] Template size limits set
	[ ] Loop iteration limits configured

Runtime
	[ ] Error messages don't expose implementation details
	[ ] Logging doesn't include sensitive data
	[ ] Templates cached securely
	[ ] Access control validates template requests
	[ ] Monitoring alerts on suspicious activity

Testing
	[ ] XSS prevention tested
	[ ] Injection attacks tested
	[ ] DoS scenarios tested
	[ ] Error handling tested
	[ ] Input validation tested


Common Vulnerabilities
Cross-Site Scripting (XSS)
# ❌ Vulnerable
<div>{{ user_comment }}</div>

# ✅ Safe
<div>{{ user_comment | escape_html }}</div>
Template Injection
# ❌ Vulnerable
Mau.render(user_provided_template, context)

# ✅ Safe
Mau.render(pre_compiled_template, sanitized_context)
Information Disclosure
# ❌ Vulnerable: Error shows implementation details
catch_all_error = fn error ->
  "Error: #{error}"  # Exposes internal details
end

# ✅ Safe: Generic error messages
safe_error = fn _error ->
  "An error occurred. Please try again."
end
Denial of Service
# ❌ Vulnerable: No limits
Mau.render(user_template, huge_context)

# ✅ Safe: Limits configured
Mau.render(
  user_template,
  huge_context,
  max_template_size: 100_000,
  max_loop_iterations: 10_000
)

Security Testing
XSS Testing
defmodule MyApp.SecurityTests do
  use ExUnit.Case

  test "escapes HTML special characters" do
    template = "<div>{{ content }}</div>"
    context = %{"content" => "<script>alert('XSS')</script>"}

    {:ok, output} = Mau.render(template, context)

    refute String.contains?(output, "<script>")
    assert String.contains?(output, "&lt;")
  end

  test "prevents template injection" do
    template = "{{ user_input }}"
    context = %{"user_input" => "{{ malicious }}"}

    {:ok, output} = Mau.render(template, context)

    # Should render as literal text, not as template
    assert output == "{{ malicious }}"
  end

  test "respects size limits" do
    large_template = String.duplicate("{{ var }}", 20_000)

    assert {:error, _} =
             Mau.render(large_template, %{}, max_template_size: 100_000)
  end
end

Resources
	OWASP Template Injection
	OWASP XSS Prevention Cheat Sheet
	OWASP Injection


See Also
	Error Handling - Error handling security
	Custom Filters - Securing custom filters
	Performance Tuning - DoS prevention
	API Reference - API security considerations



  

    Extending Mau

Learn how to extend Mau's architecture and add custom functionality.
Overview
Mau is designed to be extensible. This guide covers the architecture and how to extend the template engine with custom features.
Architecture Overview
Mau follows a pipeline architecture:
Template String
      ↓
   [Parser]
      ↓
   AST Nodes
      ↓
[Whitespace Processor]
      ↓
[Block Processor]
      ↓
   Renderer
      ↓
Output (String or typed)
Core Modules
Mau.Parser
	Converts template string to AST
	Handles all template syntax
	Returns AST nodes

Mau.WhitespaceProcessor
	Processes whitespace control modifiers (-, ->, --)
	Trims whitespace around expressions and tags

Mau.BlockProcessor
	Processes block-level structures
	Handles if/elsif/else and for loops
	Nests expressions within control structures

Mau.Renderer
	Evaluates expressions
	Renders tags
	Applies filters
	Manages context and variables

Mau.MapDirectives
	Handles special directives for map transformation
	Supports #map, #filter, #merge, #if, #pick, #pipe


Custom Filters (Easiest Extension)
The simplest way to extend Mau - create domain-specific filters:
defmodule MyApp.Filters do
  def spec do
    %{
      category: :app,
      description: "Application-specific filters",
      filters: %{
        "format_currency" => %{
          description: "Format as currency",
          function: {__MODULE__, :format_currency}
        }
      }
    }
  end

  def format_currency(amount, _args) when is_number(amount) do
    {:ok, "$#{Float.round(amount, 2)}"}
  end

  def format_currency(_value, _args) do
    {:error, "format_currency requires a number"}
  end
end

# Register in config/config.exs
config :mau, filters: [MyApp.Filters]
See Custom Filters Guide for detailed examples.

Custom Directives
Extend map rendering with custom directives:
defmodule MyApp.CustomDirectives do
  def match_directive(%{"#custom_transform" => args}) when is_list(args) do
    if length(args) == 2 do
      {:custom_transform, args}
    else
      :none
    end
  end

  def match_directive(_), do: :none

  def apply_directive({:custom_transform, [source_template, transform_args]}, context, opts, render_fn) do
    # 1. Render the source
    source = render_fn.(source_template, context, opts)

    # 2. Apply transformation
    transform_directive = %{
      "transformed" => transform_args
    }

    # 3. Return transformed result
    render_fn.(transform_directive, context ++ [source: source], opts)
  end
end
Integrate into Mau.MapDirectives.match_directive/1:
def match_directive(map) do
  case map do
    %{"#map" => args} when is_list(args) and length(args) == 2 -> {:map, args}
    %{"#filter" => args} when is_list(args) and length(args) == 2 -> {:filter, args}
    # ... existing directives ...
    _ -> MyApp.CustomDirectives.match_directive(map)
  end
end

Custom Tag Types
Add new control flow tags:
defmodule MyApp.CustomTags do
  # Pattern for custom tags
  def render_tag(:custom_repeat, [times, content], _opts, context) do
    times_val = case times do
      {:literal, [n], _} when is_integer(n) -> n
      _ -> 1
    end

    # Render content N times
    output = Enum.map(1..times_val, fn _i ->
      case Mau.Renderer.render(content, context) do
        {:ok, result} -> result
        {:error, _} -> ""
      end
    end)

    {:ok, Enum.join(output)}
  end

  def render_tag(tag_name, _params, _opts, _context) do
    {:error, "Unknown tag: #{tag_name}"}
  end
end

Middleware/Hooks
Add processing hooks at different stages:
defmodule MyApp.TemplateHooks do
  # Pre-compilation hook
  def pre_compile(template_string) do
    # Apply transformations before compilation
    template_string
    |> replace_custom_syntax()
    |> normalize_whitespace()
  end

  # Post-compilation hook
  def post_compile(ast) do
    # Validate or optimize AST
    validate_ast(ast)
    optimize_ast(ast)
  end

  # Pre-render hook
  def pre_render(context) do
    # Enrich context
    context
    |> add_globals()
    |> sanitize_values()
  end

  # Post-render hook
  def post_render(output) do
    # Process output
    output
    |> String.trim()
    |> remove_debug_markers()
  end

  defp replace_custom_syntax(template) do
    # Replace custom syntax with standard syntax
    template
  end

  defp normalize_whitespace(template) do
    # Normalize whitespace
    template
  end

  defp validate_ast(ast) do
    # Validate AST structure
    ast
  end

  defp optimize_ast(ast) do
    # Optimize AST for faster rendering
    ast
  end

  defp add_globals(context) do
    Map.merge(context, %{
      "now" => DateTime.utc_now(),
      "version" => Application.spec(:my_app)[:vsn]
    })
  end

  defp sanitize_values(context) do
    # Clean values
    context
  end

  defp remove_debug_markers(output) do
    # Remove markers
    output
  end
end
Usage:
defmodule MyApp.SecureRenderer do
  def render(template, context) do
    template = MyApp.TemplateHooks.pre_compile(template)
    {:ok, ast} = Mau.compile(template)
    ast = MyApp.TemplateHooks.post_compile(ast)

    context = MyApp.TemplateHooks.pre_render(context)
    {:ok, output} = Mau.render(ast, context)
    output = MyApp.TemplateHooks.post_render(output)

    {:ok, output}
  end
end

Custom Expression Evaluators
Create custom expression types:
defmodule MyApp.CustomExpressions do
  # Extend expression evaluation
  def evaluate_expression({:custom_expr, [type | args], _opts}, context) do
    case type do
      :range -> evaluate_range(args, context)
      :set -> evaluate_set(args, context)
      :regex -> evaluate_regex(args, context)
      _ -> {:error, "Unknown custom expression type: #{type}"}
    end
  end

  defp evaluate_range([start, finish], context) do
    {:ok, start..finish}
  end

  defp evaluate_set(args, context) do
    {:ok, MapSet.new(args)}
  end

  defp evaluate_regex([pattern], _context) do
    {:ok, Regex.compile!(pattern)}
  end
end

Custom Renderer
Create a specialized renderer for specific use cases:
defmodule MyApp.XMLRenderer do
  @moduledoc """
  Render templates as XML with special handling.
  """

  def render(template, context) do
    case Mau.compile(template) do
      {:ok, ast} ->
        render_xml_nodes(ast, context)

      error ->
        error
    end
  end

  defp render_xml_nodes(nodes, context) when is_list(nodes) do
    case Enum.reduce_while(nodes, [], fn node, acc ->
      case render_xml_node(node, context) do
        {:ok, result} -> {:cont, [result | acc]}
        {:error, reason} -> {:halt, {:error, reason}}
      end
    end) do
      {:error, _} = error -> error
      results -> {:ok, Enum.reverse(results) |> Enum.join()}
    end
  end

  defp render_xml_node({:text, [content], _opts}, _context) do
    {:ok, String.trim(content)}
  end

  defp render_xml_node({:expression, expr, _opts}, context) do
    case Mau.Renderer.evaluate_expression(expr, context) do
      {:ok, value} ->
        # XML escape output
        {:ok, xml_escape(to_string(value))}

      error ->
        error
    end
  end

  defp xml_escape(text) do
    text
    |> String.replace("&", "&amp;")
    |> String.replace("<", "&lt;")
    |> String.replace(">", "&gt;")
    |> String.replace("\"", "&quot;")
    |> String.replace("'", "&apos;")
  end
end

Parser Extensions
Extend the parser for custom syntax:
defmodule MyApp.ExtendedParser do
  @moduledoc """
  Parser with custom syntax support.
  """

  def parse(template) do
    # Transform template before standard parsing
    transformed = transform_custom_syntax(template)
    Mau.Parser.parse(transformed)
  end

  defp transform_custom_syntax(template) do
    template
    # Convert custom @include syntax to standard tags
    |> String.replace(~r/@include\s+"([^"]+)"/, "{# include: \\1 #}")
    # Convert custom #tag syntax
    |> String.replace(~r/#each\s+(\w+)/, "{% for item in \\1 %}")
  end
end

Filter Registry Extensions
Add runtime filter loading:
defmodule MyApp.DynamicFilters do
  def load_filters_from_directory(path) do
    path
    |> File.ls!()
    |> Enum.filter(&String.ends_with?(&1, ".ex"))
    |> Enum.map(&load_filter_module(&1, path))
  end

  defp load_filter_module(filename, path) do
    full_path = Path.join(path, filename)
    content = File.read!(full_path)

    case Code.compile_string(content) do
      {module, _bytecode} -> {:ok, module}
      :error -> {:error, "Failed to compile #{filename}"}
    end
  end

  def register_filters(modules) do
    existing = Application.get_env(:mau, :filters, [])
    new_filters = existing ++ modules
    Application.put_env(:mau, :filters, new_filters)
  end
end

Context Providers
Create pluggable context providers:
defmodule MyApp.ContextProvider do
  @type context_provider :: (any() -> map())

  @providers [
    &user_context/1,
    &config_context/1,
    &locale_context/1
  ]

  def build_context(request) do
    @providers
    |> Enum.reduce(%{}, fn provider, acc ->
      Map.merge(acc, provider.(request))
    end)
  end

  defp user_context(request) do
    if user = request.user do
      %{
        "user" => %{
          "id" => user.id,
          "name" => user.name,
          "role" => user.role
        }
      }
    else
      %{}
    end
  end

  defp config_context(_request) do
    %{
      "config" => %{
        "app_name" => Application.get_env(:my_app, :app_name),
        "version" => Application.spec(:my_app)[:vsn]
      }
    }
  end

  defp locale_context(request) do
    %{
      "locale" => request.locale || "en",
      "timezone" => request.timezone || "UTC"
    }
  end
end

# Usage
context = MyApp.ContextProvider.build_context(request)
{:ok, output} = Mau.render(template, context)

Testing Extensions
Test custom extensions:
defmodule MyApp.ExtensionsTest do
  use ExUnit.Case

  test "custom filter works" do
    assert {:ok, "$1,234.56"} =
             Mau.FilterRegistry.apply("format_currency", 1234.56, [])
  end

  test "custom directive transforms data" do
    input = %{
      "result" => %{
        "#custom_transform" => ["{{$value}}", [1, 2, 3]]
      }
    }

    context = %{"$value" => 42}

    assert {:ok, result} = Mau.render_map(input, context)
    assert result["result"]
  end

  test "custom renderer produces XML" do
    template = "<item>{{ value }}</item>"
    context = %{"value" => "test"}

    assert {:ok, output} = MyApp.XMLRenderer.render(template, context)
    assert String.contains?(output, "<item>")
  end

  test "context provider merges sources" do
    request = %{
      user: %{id: 1, name: "Alice", role: "admin"},
      locale: "fr",
      timezone: "Europe/Paris"
    }

    context = MyApp.ContextProvider.build_context(request)

    assert context["user"]["name"] == "Alice"
    assert context["locale"] == "fr"
    assert context["config"]["app_name"]
  end
end

Best Practices for Extensions
1. Follow Mau Conventions
	Use the same error handling pattern: {:ok, result} or {:error, reason}
	Document filters with spec function
	Use consistent naming

2. Maintain Compatibility
	Don't break existing APIs
	Version your extensions
	Provide migration paths

3. Performance
	Cache where possible
	Avoid expensive operations in hot paths
	Profile your extensions

4. Testing
	Write comprehensive tests
	Test edge cases
	Test error handling

5. Documentation
	Document custom syntax
	Provide examples
	Include troubleshooting


Common Extension Patterns
Logging/Tracing
defmodule MyApp.TracingRenderer do
  def render(template, context, trace_fn) do
    trace_fn.({:render_start, %{template_length: byte_size(template)}})

    case Mau.render(template, context) do
      {:ok, output} ->
        trace_fn.({:render_complete, %{output_length: byte_size(output)}})
        {:ok, output}

      {:error, error} ->
        trace_fn.({:render_error, %{error: error}})
        {:error, error}
    end
  end
end
Metrics Collection
defmodule MyApp.MetricsRenderer do
  def render(template, context) do
    {time_us, result} = :timer.tc(Mau, :render, [template, context])

    :telemetry.execute([:mau, :render], %{duration_us: time_us})

    result
  end
end

See Also
	Custom Filters - Creating custom filters
	Custom Functions - Creating custom functions
	Performance Tuning - Optimization
	Security - Security considerations
	API Reference - API documentation



  

    Email Templates Examples

Real-world email template examples for common use cases.
Overview
This guide provides copy-paste ready email templates for common business scenarios like welcome emails, order confirmations, password resets, and newsletters.
Welcome Email
Send a personalized welcome email to new users.
template = """
<!DOCTYPE html>
<html>
<head>
  <style>
    body { font-family: Arial, sans-serif; line-height: 1.6; color: #333; }
    .container { max-width: 600px; margin: 0 auto; padding: 20px; }
    .header { background-color: #3498db; color: white; padding: 20px; text-align: center; }
    .button { background-color: #3498db; color: white; padding: 10px 20px; text-decoration: none; display: inline-block; margin-top: 20px; }
  </style>
</head>
<body>
  <div class="container">
    <div class="header">
      <h1>Welcome to {{ company_name }}!</h1>
    </div>

    <h2>Hi {{ user.first_name }},</h2>

    <p>We're thrilled to have you join our community! Your account has been successfully created.</p>

    <h3>What's Next?</h3>
    <ul>
      <li>Complete your profile with additional information</li>
      <li>Explore our features and tools</li>
      <li>Join our community forum</li>
      <li>Check out our getting started guide</li>
    </ul>

    <p>
      <a href="{{ action_url }}" class="button">Get Started</a>
    </p>

    <h3>Questions?</h3>
    <p>If you have any questions or need help, don't hesitate to reach out to our support team at <a href="mailto:{{ support_email }}">{{ support_email }}</a></p>

    <p>Best regards,<br>
    The {{ company_name }} Team</p>

    <hr style="margin-top: 40px; border: none; border-top: 1px solid #ddd;">
    <p style="font-size: 12px; color: #666;">
      {{ company_address }}<br>
      <a href="{{ unsubscribe_url }}">Unsubscribe</a>
    </p>
  </div>
</body>
</html>
"""

context = %{
  "company_name" => "TechFlow",
  "company_address" => "123 Main St, San Francisco, CA 94102",
  "user" => %{"first_name" => "Alice"},
  "action_url" => "https://example.com/onboarding",
  "support_email" => "support@example.com",
  "unsubscribe_url" => "https://example.com/unsubscribe?token=xyz"
}

{:ok, email_html} = Mau.render(template, context)

Order Confirmation Email
Confirm an order with details and next steps.
template = """
<!DOCTYPE html>
<html>
<head>
  <style>
    body { font-family: Arial, sans-serif; color: #333; }
    .container { max-width: 600px; margin: 0 auto; padding: 20px; }
    table { width: 100%; border-collapse: collapse; margin: 20px 0; }
    th, td { padding: 10px; text-align: left; border-bottom: 1px solid #ddd; }
    th { background-color: #f5f5f5; font-weight: bold; }
    .total { font-size: 18px; font-weight: bold; text-align: right; }
  </style>
</head>
<body>
  <div class="container">
    <h1>Order Confirmation</h1>

    <p>Hi {{ customer.name }},</p>

    <p>Thank you for your order! We're processing it now.</p>

    <h3>Order Details</h3>
    <p><strong>Order #:</strong> {{ order.id }}</p>
    <p><strong>Order Date:</strong> {{ order.date }}</p>
    <p><strong>Estimated Delivery:</strong> {{ order.estimated_delivery }}</p>

    <h3>Items</h3>
    <table>
      <thead>
        <tr>
          <th>Product</th>
          <th>Quantity</th>
          <th>Price</th>
          <th>Total</th>
        </tr>
      </thead>
      <tbody>
        {% for item in order.items %}
        <tr>
          <td>{{ item.name }}</td>
          <td>{{ item.quantity }}</td>
          <td>${{ item.price | round: 2 }}</td>
          <td>${{ item.total | round: 2 }}</td>
        </tr>
        {% endfor %}
      </tbody>
    </table>

    <div style="text-align: right; padding: 10px 0; border-top: 2px solid #333;">
      <p style="margin: 10px 0;"><strong>Subtotal:</strong> ${{ order.subtotal | round: 2 }}</p>
      <p style="margin: 10px 0;"><strong>Tax:</strong> ${{ order.tax | round: 2 }}</p>
      <p style="margin: 10px 0; font-size: 18px;"><strong>Total:</strong> ${{ order.total | round: 2 }}</p>
    </div>

    <h3>Shipping Address</h3>
    <p>
      {{ order.shipping.name }}<br>
      {{ order.shipping.street }}<br>
      {{ order.shipping.city }}, {{ order.shipping.state }} {{ order.shipping.zip }}<br>
      {{ order.shipping.country }}
    </p>

    <h3>Track Your Order</h3>
    <p>You can track your order here: <a href="{{ tracking_url }}">{{ tracking_url }}</a></p>

    <p>Thank you for your business!</p>
  </div>
</body>
</html>
"""

context = %{
  "customer" => %{"name" => "Bob Johnson"},
  "order" => %{
    "id" => "ORD-2024-001234",
    "date" => "2024-10-29",
    "estimated_delivery" => "2024-11-05",
    "items" => [
      %{"name" => "Laptop", "quantity" => 1, "price" => 999.99, "total" => 999.99},
      %{"name" => "Mouse", "quantity" => 2, "price" => 29.99, "total" => 59.98}
    ],
    "subtotal" => 1059.97,
    "tax" => 84.80,
    "total" => 1144.77,
    "shipping" => %{
      "name" => "Bob Johnson",
      "street" => "456 Oak Ave",
      "city" => "Portland",
      "state" => "OR",
      "zip" => "97205",
      "country" => "USA"
    }
  },
  "tracking_url" => "https://example.com/track/ORD-2024-001234"
}

{:ok, email_html} = Mau.render(template, context)

Password Reset Email
Guide users to reset their password securely.
template = """
<!DOCTYPE html>
<html>
<head>
  <style>
    body { font-family: Arial, sans-serif; color: #333; }
    .container { max-width: 600px; margin: 0 auto; padding: 20px; }
    .warning { background-color: #fff3cd; border: 1px solid #ffc107; padding: 15px; border-radius: 4px; margin: 20px 0; }
    .code-block { background-color: #f5f5f5; padding: 15px; border-radius: 4px; font-family: monospace; margin: 15px 0; }
    .button { background-color: #28a745; color: white; padding: 12px 30px; text-decoration: none; display: inline-block; border-radius: 4px; margin-top: 20px; }
  </style>
</head>
<body>
  <div class="container">
    <h1>Password Reset Request</h1>

    <p>Hi {{ user.name }},</p>

    <p>We received a request to reset the password for your account associated with <strong>{{ user.email }}</strong>.</p>

    <div class="warning">
      <strong>⚠️ Security Note:</strong> If you didn't request this password reset, you can safely ignore this email. Your password will remain unchanged.
    </div>

    <h3>Reset Your Password</h3>
    <p>Click the button below to reset your password. This link will expire in {{ expiration_hours }} hours.</p>

    <p>
      <a href="{{ reset_url }}" class="button">Reset Password</a>
    </p>

    <h3>Or use this code:</h3>
    <div class="code-block">
      {{ reset_code }}
    </div>

    <p>If you can't click the button, copy and paste this URL into your browser:</p>
    <p style="word-break: break-all; font-size: 12px; color: #666;">
      {{ reset_url }}
    </p>

    <h3>Questions?</h3>
    <p>If you didn't request a password reset or have any questions, please contact our support team at <a href="mailto:{{ support_email }}">{{ support_email }}</a></p>

    <p>Stay safe!<br>
    The {{ company_name }} Team</p>
  </div>
</body>
</html>
"""

context = %{
  "company_name" => "TechFlow",
  "user" => %{
    "name" => "Charlie",
    "email" => "charlie@example.com"
  },
  "reset_url" => "https://example.com/reset-password?token=abc123def456",
  "reset_code" => "ABC123DEF456",
  "expiration_hours" => 24,
  "support_email" => "support@example.com"
}

{:ok, email_html} = Mau.render(template, context)

Newsletter Email
Send a newsletter with multiple sections and featured content.
template = """
<!DOCTYPE html>
<html>
<head>
  <style>
    body { font-family: Arial, sans-serif; background-color: #f5f5f5; }
    .container { max-width: 600px; margin: 0 auto; background-color: white; padding: 20px; }
    .header { background: linear-gradient(135deg, #667eea 0%, #764ba2 100%); color: white; padding: 30px 20px; text-align: center; }
    .section { margin: 30px 0; padding: 20px; border: 1px solid #eee; border-radius: 4px; }
    .feature-image { max-width: 100%; height: auto; }
    .cta { background-color: #667eea; color: white; padding: 10px 20px; text-decoration: none; display: inline-block; border-radius: 4px; }
  </style>
</head>
<body>
  <div class="container">
    <div class="header">
      <h1>{{ newsletter.title }}</h1>
      <p>{{ newsletter.month }}</p>
    </div>

    <p>Hi {{ subscriber.name }},</p>

    <p>{{ newsletter.intro }}</p>

    {% for article in newsletter.featured_articles %}
    <div class="section">
      <h2>{{ article.title }}</h2>
      {% if article.image_url %}
      <img src="{{ article.image_url }}" alt="{{ article.title }}" class="feature-image" style="margin: 15px 0;">
      {% endif %}
      <p>{{ article.summary }}</p>
      <p>
        <a href="{{ article.url }}" class="cta">Read More →</a>
      </p>
    </div>
    {% endfor %}

    <div class="section">
      <h3>✨ This Month's Highlights</h3>
      <ul>
        {% for highlight in newsletter.highlights %}
        <li>{{ highlight }}</li>
        {% endfor %}
      </ul>
    </div>

    {% if newsletter.upcoming_events | length > 0 %}
    <div class="section">
      <h3>📅 Upcoming Events</h3>
      {% for event in newsletter.upcoming_events %}
      <p>
        <strong>{{ event.name }}</strong><br>
        {{ event.date }} at {{ event.time }}<br>
        <a href="{{ event.url }}">Register →</a>
      </p>
      {% endfor %}
    </div>
    {% endif %}

    <div class="section" style="background-color: #f9f9f9;">
      <h3>Got Feedback?</h3>
      <p>We'd love to hear from you! Reply to this email with your thoughts, suggestions, or questions.</p>
    </div>

    <hr style="margin: 20px 0; border: none; border-top: 1px solid #ddd;">
    <p style="font-size: 12px; color: #666;">
      You're receiving this email because you're subscribed to {{ newsletter.name }}.<br>
      <a href="{{ unsubscribe_url }}">Unsubscribe</a> | <a href="{{ preferences_url }}">Update Preferences</a><br>
      © {{ year }} {{ company_name }}. All rights reserved.
    </p>
  </div>
</body>
</html>
"""

context = %{
  "company_name" => "TechFlow",
  "newsletter" => %{
    "name" => "TechFlow Digest",
    "title" => "TechFlow Digest - October 2024",
    "month" => "October 2024",
    "intro" => "Your monthly roundup of the latest updates, articles, and insights from the TechFlow community.",
    "featured_articles" => [
      %{
        "title" => "Getting Started with Advanced Templating",
        "summary" => "Learn how to leverage template directives for complex data transformations.",
        "image_url" => "https://example.com/articles/templating.jpg",
        "url" => "https://blog.example.com/templating"
      },
      %{
        "title" => "Performance Tips for Large-Scale Systems",
        "summary" => "Best practices for optimizing your applications for production workloads.",
        "image_url" => "https://example.com/articles/performance.jpg",
        "url" => "https://blog.example.com/performance"
      }
    ],
    "highlights" => [
      "Version 2.0 is now available with 50+ new features",
      "Join our community webinar on November 5th",
      "Special 30% discount for annual plans until end of month"
    ],
    "upcoming_events" => [
      %{
        "name" => "Advanced Workshop",
        "date" => "November 5, 2024",
        "time" => "2:00 PM EST",
        "url" => "https://example.com/events/workshop"
      },
      %{
        "name" => "Community Meetup",
        "date" => "November 12, 2024",
        "time" => "6:00 PM EST",
        "url" => "https://example.com/events/meetup"
      }
    ]
  },
  "subscriber" => %{"name" => "Diana"},
  "year" => 2024,
  "unsubscribe_url" => "https://example.com/unsubscribe?token=xyz",
  "preferences_url" => "https://example.com/preferences?token=xyz"
}

{:ok, email_html} = Mau.render(template, context)

Invitation Email
Invite users to join a team or event.
template = """
<!DOCTYPE html>
<html>
<head>
  <style>
    body { font-family: Arial, sans-serif; color: #333; }
    .container { max-width: 600px; margin: 0 auto; padding: 20px; }
    .invite-card { background: linear-gradient(135deg, #667eea 0%, #764ba2 100%); color: white; padding: 30px; border-radius: 8px; text-align: center; margin: 20px 0; }
    .button { background-color: white; color: #667eea; padding: 12px 30px; text-decoration: none; display: inline-block; border-radius: 4px; font-weight: bold; margin-top: 15px; }
  </style>
</head>
<body>
  <div class="container">
    <h1>You're Invited!</h1>

    <p>Hi {{ invited_user.name }},</p>

    <p>{{ inviter.name }} has invited you to join <strong>{{ team_name }}</strong>{% if team_type %} as a {{ team_type }}{% endif %}.</p>

    <div class="invite-card">
      <h2>{{ team_name }}</h2>
      <p>{{ team_description }}</p>
      <a href="{{ invite_url }}" class="button">Accept Invitation</a>
    </div>

    <h3>About {{ team_name }}</h3>
    <p>{{ team_details }}</p>

    <h3>Team Members</h3>
    <ul>
      {% for member in team_members %}
      <li>{{ member.name }} ({{ member.role }})</li>
      {% endfor %}
    </ul>

    <h3>Next Steps</h3>
    <ol>
      <li>Click the accept button above</li>
      <li>Set up your profile</li>
      <li>Start collaborating with the team</li>
    </ol>

    <p>
      This invitation will expire on <strong>{{ expiration_date }}</strong>. If you have any questions,
      contact {{ inviter.name }} at <a href="mailto:{{ inviter.email }}">{{ inviter.email }}</a>.
    </p>

    <p>Best regards,<br>
    The {{ platform_name }} Team</p>
  </div>
</body>
</html>
"""

context = %{
  "platform_name" => "CollabHub",
  "invited_user" => %{"name" => "Emma"},
  "inviter" => %{
    "name" => "Frank",
    "email" => "frank@example.com"
  },
  "team_name" => "Product Team",
  "team_type" => "Product Manager",
  "team_description" => "Building amazing products together",
  "team_details" => "Our product team is responsible for creating innovative solutions for our users.",
  "team_members" => [
    %{"name" => "Frank", "role" => "Team Lead"},
    %{"name" => "Grace", "role" => "Designer"},
    %{"name" => "Henry", "role" => "Developer"}
  ],
  "invite_url" => "https://example.com/accept-invite?token=abc123",
  "expiration_date" => "2024-11-29"
}

{:ok, email_html} = Mau.render(template, context)

See Also
	Report Generation - Data report examples
	Template Language Reference - Template language reference
	Filters Guide - Using filters for formatting



  

    Report Generation Examples

Real-world examples of generating dynamic reports, data summaries, and CSV exports with Mau.
Overview
This guide provides copy-paste ready examples for generating reports, including summary tables, CSV data, and structured data outputs.
Sales Report
Generate a comprehensive sales report with summaries and breakdowns.
template = """
=== SALES REPORT ===
Period: {{ report.start_date }} to {{ report.end_date }}
Generated: {{ report.generated_date }}

EXECUTIVE SUMMARY
-----------------
Total Revenue: ${{ report.total_revenue | round(2) }}
Total Orders: {{ report.total_orders }}
Average Order Value: ${{ report.average_order_value | round(2) }}
Conversion Rate: {{ report.conversion_rate }}%

SALES BY REGION
---------------
{% for region in report.by_region %}
{{ region.name }}:
  Revenue: ${{ region.revenue | round(2) }} ({{ region.percentage }}%)
  Orders: {{ region.orders }}
  Growth: {{ region.growth }}%

{% endfor %}

TOP PRODUCTS
------------
{% for product in report.top_products %}
{{ forloop.index }}. {{ product.name }}
   Revenue: ${{ product.revenue | round(2) }}
   Units Sold: {{ product.units }}
   % of Total: {{ product.percentage }}%

{% endfor %}

CUSTOMER ANALYSIS
-----------------
New Customers: {{ report.new_customers }}
Returning Customers: {{ report.returning_customers }}
Customer Retention Rate: {{ report.retention_rate }}%
Average Customer Lifetime Value: ${{ report.avg_ltv | round(2) }}

MONTHLY BREAKDOWN
-----------------
{% for month in report.monthly %}
{{ month.name }}:
  Revenue: ${{ month.revenue | round(2) }}
  Orders: {{ month.orders }}
  Avg Order Value: ${{ month.avg_order_value | round(2) }}
{% endfor %}

NOTES
-----
{{ report.notes }}

---
Report prepared by: {{ report.prepared_by }}
"""

context = %{
  "report" => %{
    "start_date" => "2024-01-01",
    "end_date" => "2024-10-31",
    "generated_date" => "2024-10-29",
    "total_revenue" => 125000.50,
    "total_orders" => 1250,
    "average_order_value" => 100.00,
    "conversion_rate" => 3.5,
    "new_customers" => 450,
    "returning_customers" => 800,
    "retention_rate" => 64.0,
    "avg_ltv" => 450.75,
    "by_region" => [
      %{"name" => "North America", "revenue" => 75000, "percentage" => 60, "orders" => 750, "growth" => 12.5},
      %{"name" => "Europe", "revenue" => 30000, "percentage" => 24, "orders" => 300, "growth" => 8.3},
      %{"name" => "Asia Pacific", "revenue" => 20000.50, "percentage" => 16, "orders" => 200, "growth" => 25.0}
    ],
    "top_products" => [
      %{"name" => "Premium Plan", "revenue" => 45000, "units" => 450, "percentage" => 36.0},
      %{"name" => "Standard Plan", "revenue" => 50000, "units" => 1000, "percentage" => 40.0},
      %{"name" => "Add-ons", "revenue" => 30000.50, "units" => 600, "percentage" => 24.0}
    ],
    "monthly" => [
      %{"name" => "January", "revenue" => 10000, "orders" => 100, "avg_order_value" => 100},
      %{"name" => "February", "revenue" => 11000, "orders" => 110, "avg_order_value" => 100},
      %{"name" => "March", "revenue" => 12500, "orders" => 125, "avg_order_value" => 100}
    ],
    "notes" => "Strong growth in Q2 driven by new product launch. Asia Pacific region shows highest growth potential.",
    "prepared_by" => "Finance Team"
  }
}

{:ok, report} = Mau.render(template, context)
IO.puts(report)

CSV Export
Generate CSV data for spreadsheet import.
template = """
Customer ID,Name,Email,Company,Phone,Total Spent,Last Purchase,Status
{% for customer in customers %}
{{ customer.id }},{{ customer.name }},{{ customer.email }},{{ customer.company }},{{ customer.phone }},${{ customer.total_spent | round(2) }},{{ customer.last_purchase }},{{ customer.status | capitalize }}
{% endfor %}
"""

context = %{
  "customers" => [
    %{
      "id" => 1001,
      "name" => "Alice Johnson",
      "email" => "alice@example.com",
      "company" => "Tech Innovations",
      "phone" => "555-0001",
      "total_spent" => 5250.00,
      "last_purchase" => "2024-10-28",
      "status" => "active"
    },
    %{
      "id" => 1002,
      "name" => "Bob Smith",
      "email" => "bob@example.com",
      "company" => "Digital Solutions",
      "phone" => "555-0002",
      "total_spent" => 2100.50,
      "last_purchase" => "2024-10-15",
      "status" => "active"
    },
    %{
      "id" => 1003,
      "name" => "Charlie Wilson",
      "email" => "charlie@example.com",
      "company" => "Creative Labs",
      "phone" => "555-0003",
      "total_spent" => 750.00,
      "last_purchase" => "2024-09-20",
      "status" => "inactive"
    }
  ]
}

{:ok, csv} = Mau.render(template, context)
# Save to file or return to user for download
File.write("customers_export.csv", csv)

JSON Data Report
Generate structured JSON data.
template = """
{
  "report": {
    "title": "{{ report.title }}",
    "generated_at": "{{ report.generated_at }}",
    "period": {
      "start": "{{ report.period.start }}",
      "end": "{{ report.period.end }}"
    },
    "summary": {
      "total_items": {{ report.summary.total_items }},
      "total_value": {{ report.summary.total_value | round(2) }},
      "average_value": {{ report.summary.average_value | round(2) }}
    },
    "items": [
      {% for item in report.items %}
      {
        "id": {{ item.id }},
        "name": "{{ item.name }}",
        "category": "{{ item.category }}",
        "value": {{ item.value | round(2) }},
        "quantity": {{ item.quantity }},
        "status": "{{ item.status }}"
      }{% if forloop.last == false %},{% endif %}
      {% endfor %}
    ],
    "metadata": {
      "prepared_by": "{{ report.prepared_by }}",
      "version": "{{ report.version }}"
    }
  }
}
"""

context = %{
  "report" => %{
    "title" => "Inventory Report",
    "generated_at" => "2024-10-29T14:30:00Z",
    "period" => %{
      "start" => "2024-01-01",
      "end" => "2024-10-31"
    },
    "summary" => %{
      "total_items" => 1250,
      "total_value" => 125000,
      "average_value" => 100.0
    },
    "items" => [
      %{"id" => 1, "name" => "Widget A", "category" => "Hardware", "value" => 50.0, "quantity" => 100, "status" => "in_stock"},
      %{"id" => 2, "name" => "Widget B", "category" => "Hardware", "value" => 75.0, "quantity" => 50, "status" => "in_stock"},
      %{"id" => 3, "name" => "Service Plan", "category" => "Service", "value" => 250.0, "quantity" => 10, "status" => "active"}
    ],
    "prepared_by" => "Inventory Team",
    "version" => "1.0"
  }
}

{:ok, json} = Mau.render(template, context)

Performance Analytics Report
Detailed performance metrics and trends.
template = """
PERFORMANCE ANALYTICS REPORT
============================
Report Period: {{ period.start }} to {{ period.end }}

WEBSITE PERFORMANCE
-------------------
Metric                          Value           Change
Page Load Time (avg)            {{ metrics.page_load_time }}ms         {{ metrics.page_load_change }}%
Bounce Rate                     {{ metrics.bounce_rate }}%             {{ metrics.bounce_change }}%
Time on Page (avg)              {{ metrics.time_on_page }}s            {{ metrics.time_change }}%
Conversion Rate                 {{ metrics.conversion_rate }}%         {{ metrics.conversion_change }}%

TOP PAGES
---------
{% for page in metrics.top_pages %}
{{ forloop.index }}. {{ page.title }}
   Path: {{ page.path }}
   Visitors: {{ page.visitors }}
   Bounce Rate: {{ page.bounce_rate }}%
   Avg Time: {{ page.avg_time }}s

{% endfor %}

TRAFFIC SOURCES
---------------
{% for source in metrics.traffic_sources %}
{{ source.name }}
  Visitors: {{ source.visitors }} ({{ source.percentage }}%)
  Conversion: {{ source.conversion }}%
  Avg Session Duration: {{ source.avg_session }}s

{% endfor %}

USER ENGAGEMENT
---------------
Total Users: {{ metrics.total_users }}
New Users: {{ metrics.new_users }} ({{ metrics.new_user_percentage }}%)
Returning Users: {{ metrics.returning_users }}
Active Users (30d): {{ metrics.active_users_30d }}

GOALS & CONVERSIONS
-------------------
{% for goal in metrics.goals %}
{{ goal.name }}: {{ goal.completions }} completions ({{ goal.conversion_rate }}%)
{% endfor %}

TOP DEVICES
-----------
{% for device in metrics.devices %}
{{ device.name }}: {{ device.sessions }} sessions ({{ device.percentage }}%)
{% endfor %}

RECOMMENDATIONS
---------------
1. Focus on improving page load time - currently {{ metrics.page_load_time }}ms
2. Optimize top pages for conversion
3. Expand traffic from high-converting sources
4. Implement A/B testing on key pages

---
Generated: {{ report.generated_date }}
Analyst: {{ report.analyst }}
"""

context = %{
  "period" => %{
    "start" => "2024-10-01",
    "end" => "2024-10-31"
  },
  "metrics" => %{
    "page_load_time" => 2.5,
    "page_load_change" => -12.5,
    "bounce_rate" => 42.3,
    "bounce_change" => -5.2,
    "time_on_page" => 3.45,
    "time_change" => 8.5,
    "conversion_rate" => 3.8,
    "conversion_change" => 15.3,
    "total_users" => 125000,
    "new_users" => 45000,
    "new_user_percentage" => 36,
    "returning_users" => 80000,
    "active_users_30d" => 95000,
    "top_pages" => [
      %{"title" => "Homepage", "path" => "/", "visitors" => 35000, "bounce_rate" => 35.2, "avg_time" => 4.5},
      %{"title" => "Product Page", "path" => "/products", "visitors" => 28000, "bounce_rate" => 45.1, "avg_time" => 3.2},
      %{"title" => "Pricing", "path" => "/pricing", "visitors" => 22000, "bounce_rate" => 38.5, "avg_time" => 5.1}
    ],
    "traffic_sources" => [
      %{"name" => "Organic Search", "visitors" => 60000, "percentage" => 48, "conversion" => 4.2, "avg_session" => 4.5},
      %{"name" => "Direct", "visitors" => 35000, "percentage" => 28, "conversion" => 3.5, "avg_session" => 3.8},
      %{"name" => "Social Media", "visitors" => 20000, "percentage" => 16, "conversion" => 2.8, "avg_session" => 2.2},
      %{"name" => "Referral", "visitors" => 10000, "percentage" => 8, "conversion" => 5.1, "avg_session" => 5.9}
    ],
    "goals" => [
      %{"name" => "Sign Up", "completions" => 4750, "conversion_rate" => 3.8},
      %{"name" => "Contact Form", "completions" => 1250, "conversion_rate" => 1.0},
      %{"name" => "Download", "completions" => 2500, "conversion_rate" => 2.0}
    ],
    "devices" => [
      %{"name" => "Desktop", "sessions" => 75000, "percentage" => 60},
      %{"name" => "Mobile", "sessions" => 40000, "percentage" => 32},
      %{"name" => "Tablet", "sessions" => 10000, "percentage" => 8}
    ]
  },
  "report" => %{
    "generated_date" => "2024-10-29",
    "analyst" => "Analytics Team"
  }
}

{:ok, report} = Mau.render(template, context)

Financial Summary
Generate financial statements and summaries.
template = """
FINANCIAL SUMMARY REPORT
========================
Fiscal Year: {{ fiscal_year }}
As of: {{ report_date }}

INCOME STATEMENT ($ thousands)
------------------------------
                                  This Month    YTD        Growth
Revenue                            ${{ income.revenue_month }}    ${{ income.revenue_ytd }}    {{ income.revenue_growth }}%
Cost of Revenue                    ${{ income.cost_month }}      ${{ income.cost_ytd }}       {{ income.cost_growth }}%
Gross Profit                       ${{ income.gross_profit_month }}    ${{ income.gross_profit_ytd }}     {{ income.gp_growth }}%

Operating Expenses
  Sales & Marketing                ${{ income.sales_marketing_month }}    ${{ income.sales_marketing_ytd }}     -
  R&D                              ${{ income.rd_month }}      ${{ income.rd_ytd }}        -
  General & Admin                  ${{ income.ga_month }}      ${{ income.ga_ytd }}        -
Total Operating Expenses           ${{ income.op_expenses_month }}    ${{ income.op_expenses_ytd }}     {{ income.op_growth }}%

Operating Income                   ${{ income.operating_income_month }}     ${{ income.operating_income_ytd }}      {{ income.oi_growth }}%
Net Income                         ${{ income.net_income_month }}      ${{ income.net_income_ytd }}       {{ income.net_growth }}%

BALANCE SHEET ($ thousands)
---------------------------
Assets
  Current Assets                   ${{ balance.current_assets }}
  Fixed Assets                     ${{ balance.fixed_assets }}
  Intangible Assets                ${{ balance.intangible_assets }}
Total Assets                       ${{ balance.total_assets }}

Liabilities
  Current Liabilities              ${{ balance.current_liabilities }}
  Long-term Debt                   ${{ balance.long_term_debt }}
Total Liabilities                  ${{ balance.total_liabilities }}

Equity
  Common Stock                     ${{ balance.common_stock }}
  Retained Earnings                ${{ balance.retained_earnings }}
Total Equity                       ${{ balance.total_equity }}

Total Liabilities & Equity         ${{ balance.total_liab_equity }}

KEY METRICS
-----------
Gross Margin                       {{ metrics.gross_margin }}%
Operating Margin                   {{ metrics.operating_margin }}%
Net Margin                         {{ metrics.net_margin }}%
Current Ratio                      {{ metrics.current_ratio }}
Debt-to-Equity                     {{ metrics.debt_to_equity }}

YEAR-TO-DATE SUMMARY
--------------------
Revenue Growth                     {{ ytd.revenue_growth }}% YoY
Expense Ratio                      {{ ytd.expense_ratio }}%
Profitability                      {{ ytd.profitability }}%

---
Prepared by: Finance Department
Verified by: CFO
"""

context = %{
  "fiscal_year" => 2024,
  "report_date" => "2024-10-31",
  "income" => %{
    "revenue_month" => 1250.0,
    "revenue_ytd" => 10500.0,
    "revenue_growth" => 15.5,
    "cost_month" => 750.0,
    "cost_ytd" => 6300.0,
    "cost_growth" => 12.3,
    "gross_profit_month" => 500.0,
    "gross_profit_ytd" => 4200.0,
    "gp_growth" => 22.5,
    "sales_marketing_month" => 150.0,
    "sales_marketing_ytd" => 1200.0,
    "rd_month" => 100.0,
    "rd_ytd" => 800.0,
    "ga_month" => 75.0,
    "ga_ytd" => 600.0,
    "op_expenses_month" => 325.0,
    "op_expenses_ytd" => 2600.0,
    "op_growth" => 18.0,
    "operating_income_month" => 175.0,
    "operating_income_ytd" => 1600.0,
    "oi_growth" => 28.5,
    "net_income_month" => 140.0,
    "net_income_ytd" => 1280.0,
    "net_growth" => 32.0
  },
  "balance" => %{
    "current_assets" => 5000.0,
    "fixed_assets" => 8000.0,
    "intangible_assets" => 2000.0,
    "total_assets" => 15000.0,
    "current_liabilities" => 3000.0,
    "long_term_debt" => 2000.0,
    "total_liabilities" => 5000.0,
    "common_stock" => 5000.0,
    "retained_earnings" => 5000.0,
    "total_equity" => 10000.0,
    "total_liab_equity" => 15000.0
  },
  "metrics" => %{
    "gross_margin" => 40.0,
    "operating_margin" => 15.2,
    "net_margin" => 12.2,
    "current_ratio" => 1.67,
    "debt_to_equity" => 0.5
  },
  "ytd" => %{
    "revenue_growth" => 15.5,
    "expense_ratio" => 0.75,
    "profitability" => 12.2
  }
}

{:ok, report} = Mau.render(template, context)
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    Data Transformation Examples

Real-world examples of using map directives for complex data transformations.
Overview
This guide demonstrates how to use render_map with directives (#map, #filter, #merge, #pipe, etc.) for powerful data transformation pipelines.
Transform API Response
Transform a complex API response into a simplified format.
input = %{
  "data" => %{
    "#merge" => [
      %{
        "timestamp" => "{{ now }}",
        "source" => "api"
      },
      %{
        "users" => %{
          "#filter" => [
            "{{$response.users}}",
            "{{$loop.item.active}}"
          ]
        }
      }
    ]
  }
}

context = %{
  "now" => DateTime.to_iso8601(DateTime.utc_now()),
  "$response" => %{
    "users" => [
      %{"id" => 1, "name" => "Alice", "active" => true, "email" => "alice@example.com"},
      %{"id" => 2, "name" => "Bob", "active" => false, "email" => "bob@example.com"},
      %{"id" => 3, "name" => "Charlie", "active" => true, "email" => "charlie@example.com"}
    ]
  }
}

{:ok, result} = Mau.render_map(input, context)

# Result:
# %{
#   "data" => %{
#     "timestamp" => "2024-10-29T14:30:00Z",
#     "source" => "api",
#     "users" => [
#       %{"id" => 1, "name" => "Alice", "active" => true, "email" => "alice@example.com"},
#       %{"id" => 3, "name" => "Charlie", "active" => true, "email" => "charlie@example.com"}
#     ]
#   }
# }

Extract and Transform Fields
Extract specific fields from objects and rename them.
input = %{
  "extracted" => %{
    "#map" => [
      "{{$items}}",
      %{
        "id" => "{{$loop.item.product_id}}",
        "label" => "{{$loop.item.product_name}}",
        "price_usd" => "{{$loop.item.price}}"
      }
    ]
  }
}

context = %{
  "$items" => [
    %{
      "product_id" => 101,
      "product_name" => "Laptop",
      "price" => 999.99,
      "category" => "Electronics"
    },
    %{
      "product_id" => 102,
      "product_name" => "Mouse",
      "price" => 29.99,
      "category" => "Accessories"
    }
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result:
# %{
#   "extracted" => [
#     %{"id" => 101, "label" => "Laptop", "price_usd" => 999.99},
#     %{"id" => 102, "label" => "Mouse", "price_usd" => 29.99}
#   ]
# }

Group and Aggregate Data
Group data by category and aggregate values.
input = %{
  "summary" => %{
    "by_category" => %{
      "#group_by" => [
        "{{$products}}",
        "category"
      ]
    },
    "enriched" => %{
      "#pipe" => [
        "{{$products}}",
        [
          %{
            "#filter" => "{{$loop.item.stock > 0}}"
          },
          %{
            "#map" => %{
              "name" => "{{$loop.item.name}}",
              "category" => "{{$loop.item.category}}",
              "total_value" => "{{$loop.item.price * $loop.item.stock}}"
            }
          }
        ]
      ]
    }
  }
}

context = %{
  "$products" => [
    %{"name" => "Laptop", "category" => "Electronics", "price" => 999.99, "stock" => 5},
    %{"name" => "Mouse", "category" => "Accessories", "price" => 29.99, "stock" => 50},
    %{"name" => "Monitor", "category" => "Electronics", "price" => 399.99, "stock" => 0},
    %{"name" => "Keyboard", "category" => "Accessories", "price" => 79.99, "stock" => 25}
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result shows grouped data and pipeline-transformed inventory value

Conditional Data Transformation
Transform data differently based on conditions.
input = %{
  "users" => %{
    "#map" => [
      "{{$users}}",
      %{
        "id" => "{{$loop.item.id}}",
        "name" => "{{$loop.item.name}}",
        "status" => %{
          "#if" => [
            "{{$loop.item.premium}}",
            %{
              "tier" => "premium",
              "features" => ["advanced", "priority_support", "api_access"],
              "monthly_cost" => 29.99
            },
            %{
              "tier" => "free",
              "features" => ["basic"],
              "monthly_cost" => 0
            }
          ]
        }
      }
    ]
  }
}

context = %{
  "$users" => [
    %{"id" => 1, "name" => "Alice", "premium" => true},
    %{"id" => 2, "name" => "Bob", "premium" => false},
    %{"id" => 3, "name" => "Charlie", "premium" => true}
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result:
# %{
#   "users" => [
#     %{
#       "id" => 1,
#       "name" => "Alice",
#       "status" => %{
#         "tier" => "premium",
#         "features" => ["advanced", "priority_support", "api_access"],
#         "monthly_cost" => 29.99
#       }
#     },
#     ...
#   ]
# }

Flatten Nested Structures
Transform nested data into a flat format.
input = %{
  "flattened_orders" => %{
    "#pipe" => [
      "{{$orders}}",
      [
        %{
          "#map" => %{
            "order_id" => "{{$loop.item.id}}",
            "customer_name" => "{{$loop.item.customer.name}}",
            "customer_email" => "{{$loop.item.customer.email}}",
            "total" => "{{$loop.item.total}}",
            "status" => "{{$loop.item.status}}"
          }
        }
      ]
    ]
  }
}

context = %{
  "$orders" => [
    %{
      "id" => "ORD-001",
      "customer" => %{
        "name" => "Alice",
        "email" => "alice@example.com"
      },
      "total" => 299.99,
      "status" => "shipped"
    },
    %{
      "id" => "ORD-002",
      "customer" => %{
        "name" => "Bob",
        "email" => "bob@example.com"
      },
      "total" => 149.99,
      "status" => "processing"
    }
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result: Orders with nested customer data flattened to top level

Enrich Data with Lookups
Transform data by adding information from reference tables.
input = %{
  "enriched_orders" => %{
    "#map" => [
      "{{$orders}}",
      %{
        "id" => "{{$loop.item.id}}",
        "product_name" => "{{$loop.item.product_id}}",
        "quantity" => "{{$loop.item.quantity}}",
        "price_per_unit" => "{{$loop.item.quantity}}",
        "category" => "{{$loop.item.product_id}}"
      }
    ]
  }
}

context = %{
  "$orders" => [
    %{"id" => 1, "product_id" => 101, "quantity" => 2},
    %{"id" => 2, "product_id" => 102, "quantity" => 1}
  ],
  "$products" => %{
    101 => %{"name" => "Laptop", "price" => 999.99, "category" => "Electronics"},
    102 => %{"name" => "Mouse", "price" => 29.99, "category" => "Accessories"}
  }
}

{:ok, result} = Mau.render_map(input, context)

Pivot Data Structure
Transform data into a pivot table format.
input = %{
  "pivot" => %{
    "#map" => [
      "{{$categories}}",
      %{
        "category" => "{{$loop.item}}",
        "products" => %{
          "#filter" => [
            "{{$all_products}}",
            "{{$loop.item.category == $loop.parentloop.item}}"
          ]
        }
      }
    ]
  }
}

context = %{
  "$categories" => ["Electronics", "Accessories"],
  "$all_products" => [
    %{"name" => "Laptop", "category" => "Electronics"},
    %{"name" => "Monitor", "category" => "Electronics"},
    %{"name" => "Mouse", "category" => "Accessories"},
    %{"name" => "Keyboard", "category" => "Accessories"}
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result: Products grouped by category

Filter and Aggregate Pipeline
Complex multi-stage transformation.
input = %{
  "sales_summary" => %{
    "#pipe" => [
      "{{$sales}}",
      [
        # Stage 1: Filter sales above minimum
        %{
          "#filter" => "{{$loop.item.amount > 100}}"
        },
        # Stage 2: Transform to summary format
        %{
          "#map" => %{
            "region" => "{{$loop.item.region}}",
            "amount" => "{{$loop.item.amount}}",
            "tax" => "{{$loop.item.amount * 0.1}}",
            "total" => "{{$loop.item.amount * 1.1}}"
          }
        },
        # Stage 3: Filter by region (example)
        %{
          "#filter" => "{{$loop.item.region == 'North America'}}"
        }
      ]
    ]
  }
}

context = %{
  "$sales" => [
    %{"region" => "North America", "amount" => 500},
    %{"region" => "Europe", "amount" => 250},
    %{"region" => "North America", "amount" => 75},
    %{"region" => "Asia", "amount" => 600}
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result: Sales filtered, transformed, and re-filtered for North America > $100

Merge Multiple Data Sources
Combine data from multiple sources.
input = %{
  "report" => %{
    "#merge" => [
      %{
        "generated_at" => "{{now}}",
        "report_type" => "monthly_summary"
      },
      %{
        "sales" => %{
          "#map" => [
            "{{$sales_data}}",
            %{
              "date" => "{{$loop.item.date}}",
              "amount" => "{{$loop.item.amount}}"
            }
          ]
        }
      },
      %{
        "expenses" => %{
          "#map" => [
            "{{$expense_data}}",
            %{
              "date" => "{{$loop.item.date}}",
              "amount" => "{{$loop.item.amount}}"
            }
          ]
        }
      },
      %{
        "summary" => %{
          "total_sales" => "{{$total_sales}}",
          "total_expenses" => "{{$total_expenses}}",
          "net_profit" => "{{$total_sales - $total_expenses}}"
        }
      }
    ]
  }
}

context = %{
  "now" => DateTime.to_iso8601(DateTime.utc_now()),
  "$sales_data" => [
    %{"date" => "2024-10-01", "amount" => 1000},
    %{"date" => "2024-10-02", "amount" => 1200}
  ],
  "$expense_data" => [
    %{"date" => "2024-10-01", "amount" => 300},
    %{"date" => "2024-10-02", "amount" => 250}
  ],
  "$total_sales" => 2200,
  "$total_expenses" => 550
}

{:ok, result} = Mau.render_map(input, context)

# Result: Combined report with sales, expenses, and summary merged together

Deduplicate and Clean Data
Remove duplicates and clean invalid entries.
input = %{
  "cleaned_emails" => %{
    "#pipe" => [
      "{{$email_list}}",
      [
        # Stage 1: Remove duplicates
        %{
          "#filter" => "{{$loop.index == 0 or $loop.item != $emails_before[$loop.index - 1]}}"
        },
        # Stage 2: Remove invalid formats
        %{
          "#filter" => "{{$loop.item | contains: '@'}}"
        },
        # Stage 3: Normalize to lowercase
        %{
          "#map" => %{
            "email" => "{{$loop.item | lower_case}}"
          }
        }
      ]
    ]
  }
}

context = %{
  "$email_list" => [
    "Alice@Example.com",
    "alice@example.com",
    "bob@example.com",
    "invalid-email",
    "charlie@example.com",
    "Bob@Example.com"
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result: Deduplicated, validated, and normalized email list

Hierarchical Data Transformation
Transform hierarchical/tree data structures.
input = %{
  "organization_chart" => %{
    "#map" => [
      "{{$departments}}",
      %{
        "dept_name" => "{{$loop.item.name}}",
        "dept_id" => "{{$loop.item.id}}",
        "employees" => %{
          "#filter" => [
            "{{$all_employees}}",
            "{{$loop.item.department_id == $loop.parentloop.item.id}}"
          ]
        }
      }
    ]
  }
}

context = %{
  "$departments" => [
    %{"id" => 1, "name" => "Engineering"},
    %{"id" => 2, "name" => "Sales"}
  ],
  "$all_employees" => [
    %{"name" => "Alice", "department_id" => 1},
    %{"name" => "Bob", "department_id" => 1},
    %{"name" => "Charlie", "department_id" => 2}
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result: Departments with their employees nested underneath

Create Summary Statistics
Transform detailed data into summary statistics.
input = %{
  "summary_stats" => %{
    "by_category" => %{
      "#map" => [
        "{{$categories}}",
        %{
          "category" => "{{$loop.item}}",
          "products" => %{
            "#filter" => [
              "{{$products}}",
              "{{$loop.item.category == $loop.parentloop.item}}"
            ]
          }
        }
      ]
    }
  }
}

context = %{
  "$categories" => ["Electronics", "Accessories"],
  "$products" => [
    %{"name" => "Laptop", "category" => "Electronics", "price" => 999.99},
    %{"name" => "Monitor", "category" => "Electronics", "price" => 399.99},
    %{"name" => "Mouse", "category" => "Accessories", "price" => 29.99}
  ]
}

{:ok, result} = Mau.render_map(input, context)

# Result: Summary statistics by category

Best Practices
1. Use Meaningful Directive Names
# Good: Clear intent
%{
  "active_customers" => %{
    "#filter" => [...]
  }
}

# Less clear
%{
  "filtered_data" => %{
    "#filter" => [...]
  }
}
2. Break Down Complex Transformations
# For very complex transformations, use multiple intermediate steps
%{
  "step1_filtered" => %{"#filter" => [...]},
  "step2_transformed" => %{"#map" => ["{{step1_filtered}}", ...]},
  "step3_final" => %{"#merge" => ["{{step2_transformed}}", ...]}
}
3. Validate Input Data
# Check if required fields exist before transforming
context = %{
  "$items" => items_list || [],
  "$required_field" => Map.get(data, "field", nil)
}
4. Use Comments
# Stage 1: Filter valid items
%{"#filter" => [...]}

# Stage 2: Transform to output format
%{"#map" => [...]}

See Also
	Map Rendering Guide - Directive system guide
	Map Directives Reference - Complete directive documentation
	Report Generation - Examples using templates
	Filters Guide - Using filters in templates



  

    
Mau 
    



      
Mau template engine for the Prana template language.
Provides three main functions:
	compile/2 - Parse template string into AST
	render/3 - Render template string or AST with context
	render_map/3 - Recursively render template strings in nested maps with directive support

Map Directives
The render_map/3 function supports powerful map transformation directives:
	#map - Iterate over collections and apply templates to each item with index and parent access
	#merge - Combine multiple maps together
	#if - Conditional rendering based on boolean conditions
	#filter - Filter collections based on conditions with index access
	#pick - Extract specific keys from maps

See docs/map_directives_reference.md for comprehensive documentation.

      


      
        Summary


  
    Functions
  


    
      
        compile(template, opts \\ [])

      


        Compiles a template string into an AST.



    


    
      
        render(template, context, opts \\ [])

      


        Renders a template string or AST with the given context.



    


    
      
        render_map(nested_map, context, opts \\ [])

      


        Recursively renders template strings in nested maps.



    





      


      
        Functions

        


    

  
    
      
    
    
      compile(template, opts \\ [])



        
          
        

    

  


  

Compiles a template string into an AST.
Handles text and expression blocks.
Options
	:strict_mode - boolean, default false
	:max_template_size - integer, maximum template size in bytes (no limit by default)

Examples
iex> Mau.compile("Hello world")
{:ok, [{:text, ["Hello world"], []}]}

  



    

  
    
      
    
    
      render(template, context, opts \\ [])



        
          
        

    

  


  

Renders a template string or AST with the given context.
Options
	:preserve_types - boolean, default false. When true, preserves data types
for single-value templates (templates that render to a single expression result).
	:max_template_size - integer, maximum template size in bytes (no limit by default)
	:max_loop_iterations - integer, maximum loop iterations (default 10000)

Examples
iex> Mau.render("Hello world", %{})
{:ok, "Hello world"}

# Type preservation for single values
iex> Mau.render("{{ 42 }}", %{}, preserve_types: true)
{:ok, 42}

iex> Mau.render("{{ user.active }}", %{"user" => %{"active" => true}}, preserve_types: true)
{:ok, true}

# Mixed content always returns strings
iex> Mau.render("Count: {{ items | length }}", %{"items" => [1,2,3]}, preserve_types: true)
{:ok, "Count: 3"}

  



    

  
    
      
    
    
      render_map(nested_map, context, opts \\ [])



        
          
        

    

  


  

Recursively renders template strings in nested maps.
For Group 1, only handles plain text templates.
Examples
iex> Mau.render_map(%{message: "Hello world"}, %{})
{:ok, %{message: "Hello world"}}

  


        

      


  

    
Mau.AST.Nodes 
    



      
AST node helpers for the Mau template engine.
Provides functions to create AST nodes that follow the 
unified tuple format: {type, parts, opts}.

      


      
        Summary


  
    Functions
  


    
      
        atom_literal_node(atom_name, opts \\ [])

      


        Creates an atom literal node for atom values.



    


    
      
        binary_op_node(operator, left, right, opts \\ [])

      


        Creates a binary operation node for binary operators.



    


    
      
        call_node(function_name, args, opts \\ [])

      


        Creates a function call node for function calls and filters.



    


    
      
        comment_node(content, opts \\ [])

      


        Creates a comment node for template comments.
Comments are not rendered in the final output.



    


    
      
        expression_node(expression_ast, opts \\ [])

      


        Creates an expression node for variable interpolation.



    


    
      
        literal_node(value, opts \\ [])

      


        Creates a literal node for constant values.



    


    
      
        logical_op_node(operator, left, right, opts \\ [])

      


        Creates a logical operation node for logical operators.



    


    
      
        tag_node(tag_type, parts, opts \\ [])

      


        Creates a tag node for control flow and logic.



    


    
      
        text_node(content, opts \\ [])

      


        Creates a text node for raw text content.



    


    
      
        unary_op_node(operator, operand, opts \\ [])

      


        Creates a unary operation node for unary operators like 'not'.



    


    
      
        variable_node(path, opts \\ [])

      


        Creates a variable node for variable access.



    





      


      
        Functions

        


    

  
    
      
    
    
      atom_literal_node(atom_name, opts \\ [])



        
          
        

    

  


  

Creates an atom literal node for atom values.

  



    

  
    
      
    
    
      binary_op_node(operator, left, right, opts \\ [])



        
          
        

    

  


  

Creates a binary operation node for binary operators.

  



    

  
    
      
    
    
      call_node(function_name, args, opts \\ [])



        
          
        

    

  


  

Creates a function call node for function calls and filters.

  



    

  
    
      
    
    
      comment_node(content, opts \\ [])



        
          
        

    

  


  

Creates a comment node for template comments.
Comments are not rendered in the final output.

  



    

  
    
      
    
    
      expression_node(expression_ast, opts \\ [])



        
          
        

    

  


  

Creates an expression node for variable interpolation.

  



    

  
    
      
    
    
      literal_node(value, opts \\ [])



        
          
        

    

  


  

Creates a literal node for constant values.

  



    

  
    
      
    
    
      logical_op_node(operator, left, right, opts \\ [])



        
          
        

    

  


  

Creates a logical operation node for logical operators.

  



    

  
    
      
    
    
      tag_node(tag_type, parts, opts \\ [])



        
          
        

    

  


  

Creates a tag node for control flow and logic.

  



    

  
    
      
    
    
      text_node(content, opts \\ [])



        
          
        

    

  


  

Creates a text node for raw text content.

  



    

  
    
      
    
    
      unary_op_node(operator, operand, opts \\ [])



        
          
        

    

  


  

Creates a unary operation node for unary operators like 'not'.

  



    

  
    
      
    
    
      variable_node(path, opts \\ [])



        
          
        

    

  


  

Creates a variable node for variable access.

  


        

      


  

    
Mau.BlockProcessor 
    



      
Processes template AST to convert individual conditional tags into block structures.
This module takes a flat AST (list of nodes) and groups conditional tags
(if/elsif/else/endif) into proper block structures for rendering.

      


      
        Summary


  
    Functions
  


    
      
        process_blocks(nodes)

      


        Processes an AST to convert individual conditional tags into block structures.



    





      


      
        Functions

        


  
    
      
    
    
      process_blocks(nodes)



        
          
        

    

  


  

Processes an AST to convert individual conditional tags into block structures.
Examples
iex> nodes = [
...>   {:tag, [:if, {:literal, [true], []}], []},
...>   {:text, ["Hello"], []},
...>   {:tag, [:endif], []}
...> ]
iex> Mau.BlockProcessor.process_blocks(nodes)
[
  {:conditional_block, [
    if_branch: {true, [{:text, ["Hello"], []}]},
    elsif_branches: [],
    else_branch: nil
  ], []}
]

  


        

      


  

    
Mau.FilterRegistry 
    



      
Dynamic filter registry that loads filters from module specs.
This registry automatically discovers filters by calling spec() functions
on filter modules, providing better organization and discoverability.
Configuration
By default, uses compile-time module attributes for maximum performance.
Enable runtime mode for user-defined filters:
config :mau, :enable_runtime_filters, true

      


      
        Summary


  
    Types
  


    
      
        filter_mfa()

      


    


    
      
        filter_name()

      


    





  
    Functions
  


    
      
        apply(name, value, args \\ [])

      


        Applies a filter to a value with the given arguments.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get(name)

      


        Gets a filter function by name.



    


    
      
        init(list)

      


        Initializes the registry by loading all filters into state.



    


    
      
        start_link(opts)

      


        Starts the filter registry GenServer.



    





      


      
        Types

        


  
    
      
    
    
      filter_mfa()



        
          
        

    

  


  

      

          @type filter_mfa() :: {module(), atom()}


      



  



  
    
      
    
    
      filter_name()



        
          
        

    

  


  

      

          @type filter_name() :: atom() | String.t()


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      apply(name, value, args \\ [])



        
          
        

    

  


  

      

          @spec apply(filter_name(), any(), list()) ::
  {:ok, any()} | {:error, :filter_not_found | {:filter_error, any()}}


      


Applies a filter to a value with the given arguments.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      get(name)



        
          
        

    

  


  

      

          @spec get(filter_name()) :: {:ok, filter_mfa()} | {:error, :not_found}


      


Gets a filter function by name.
Examples
iex> {:ok, {module, function}} = Mau.FilterRegistry.get(:upper_case)
iex> is_atom(module) and is_atom(function)
true

iex> Mau.FilterRegistry.get(:unknown_filter)
{:error, :not_found}

  



  
    
      
    
    
      init(list)



        
          
        

    

  


  

Initializes the registry by loading all filters into state.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

Starts the filter registry GenServer.

  


        

      


  

    
Mau.Filters.Collection 
    



      
Collection manipulation filters.

      


      
        Summary


  
    Functions
  


    
      
        compact(value, args)

      


        Removes nil values from a list.



    


    
      
        contains(value, args)

      


        Checks if a collection contains a specific value.



    


    
      
        dump(value, args)

      


        Formats data structures for display (debugging).



    


    
      
        filter(value, args)

      


        Filters list of maps by field value.



    


    
      
        first(value, args)

      


        Returns the first element of a collection.



    


    
      
        flatten(value, args)

      


        Flattens nested lists into a single list.



    


    
      
        group_by(value, args)

      


        Groups a list of maps by a specified field.



    


    
      
        join(value, args)

      


        Joins elements of a list with a separator.



    


    
      
        keys(value, args)

      


        Returns the keys of a map as a list.



    


    
      
        last(value, args)

      


        Returns the last element of a collection.



    


    
      
        length(value, args)

      


        Returns the length of a collection or string.



    


    
      
        map(value, args)

      


        Extracts field values from a list of maps, filtering out nil values.



    


    
      
        reject(value, args)

      


        Rejects list of maps by field value (opposite of filter).



    


    
      
        reverse(value, args)

      


        Reverses a collection.



    


    
      
        slice(value, args)

      


        Returns a slice of a list or string.



    


    
      
        sort(value, args)

      


        Sorts a collection.



    


    
      
        spec()

      


        Returns the filter specification for this module.



    


    
      
        sum(value, args)

      


        Sums numeric values in a list.



    


    
      
        uniq(value, args)

      


        Returns unique elements from a list.



    


    
      
        values(value, args)

      


        Returns the values of a map as a list.



    





      


      
        Functions

        


  
    
      
    
    
      compact(value, args)



        
          
        

    

  


  

Removes nil values from a list.

  



  
    
      
    
    
      contains(value, args)



        
          
        

    

  


  

Checks if a collection contains a specific value.

  



  
    
      
    
    
      dump(value, args)



        
          
        

    

  


  

Formats data structures for display (debugging).

  



  
    
      
    
    
      filter(value, args)



        
          
        

    

  


  

Filters list of maps by field value.

  



  
    
      
    
    
      first(value, args)



        
          
        

    

  


  

Returns the first element of a collection.

  



  
    
      
    
    
      flatten(value, args)



        
          
        

    

  


  

Flattens nested lists into a single list.

  



  
    
      
    
    
      group_by(value, args)



        
          
        

    

  


  

Groups a list of maps by a specified field.

  



  
    
      
    
    
      join(value, args)



        
          
        

    

  


  

Joins elements of a list with a separator.

  



  
    
      
    
    
      keys(value, args)



        
          
        

    

  


  

Returns the keys of a map as a list.

  



  
    
      
    
    
      last(value, args)



        
          
        

    

  


  

Returns the last element of a collection.

  



  
    
      
    
    
      length(value, args)



        
          
        

    

  


  

Returns the length of a collection or string.

  



  
    
      
    
    
      map(value, args)



        
          
        

    

  


  

Extracts field values from a list of maps, filtering out nil values.

  



  
    
      
    
    
      reject(value, args)



        
          
        

    

  


  

Rejects list of maps by field value (opposite of filter).

  



  
    
      
    
    
      reverse(value, args)



        
          
        

    

  


  

Reverses a collection.

  



  
    
      
    
    
      slice(value, args)



        
          
        

    

  


  

Returns a slice of a list or string.

  



  
    
      
    
    
      sort(value, args)



        
          
        

    

  


  

Sorts a collection.

  



  
    
      
    
    
      spec()



        
          
        

    

  


  

Returns the filter specification for this module.

  



  
    
      
    
    
      sum(value, args)



        
          
        

    

  


  

Sums numeric values in a list.

  



  
    
      
    
    
      uniq(value, args)



        
          
        

    

  


  

Returns unique elements from a list.

  



  
    
      
    
    
      values(value, args)



        
          
        

    

  


  

Returns the values of a map as a list.

  


        

      


  

    
Mau.Filters.Math 
    



      
Mathematical operation filters.

      


      
        Summary


  
    Functions
  


    
      
        abs(value, args)

      


        Returns the absolute value of a number.



    


    
      
        ceil(value, args)

      


        Rounds a number up to the nearest integer.



    


    
      
        clamp(value, args)

      


        Clamps a number between a minimum and maximum value.



    


    
      
        floor(value, args)

      


        Rounds a number down to the nearest integer.



    


    
      
        max_value(value, args)

      


        Returns the maximum value from a list or compares with another value.



    


    
      
        min_value(value, args)

      


        Returns the minimum value from a list or compares with another value.



    


    
      
        mod(value, args)

      


        Returns the remainder of integer division.



    


    
      
        power(value, args)

      


        Raises a number to the specified power.



    


    
      
        round(value, args)

      


        Rounds a number to the nearest integer or specified decimal places.



    


    
      
        spec()

      


        Returns the filter specification for this module.



    


    
      
        sqrt(value, args)

      


        Returns the square root of a number.



    





      


      
        Functions

        


  
    
      
    
    
      abs(value, args)



        
          
        

    

  


  

Returns the absolute value of a number.

  



  
    
      
    
    
      ceil(value, args)



        
          
        

    

  


  

Rounds a number up to the nearest integer.

  



  
    
      
    
    
      clamp(value, args)



        
          
        

    

  


  

Clamps a number between a minimum and maximum value.

  



  
    
      
    
    
      floor(value, args)



        
          
        

    

  


  

Rounds a number down to the nearest integer.

  



  
    
      
    
    
      max_value(value, args)



        
          
        

    

  


  

Returns the maximum value from a list or compares with another value.

  



  
    
      
    
    
      min_value(value, args)



        
          
        

    

  


  

Returns the minimum value from a list or compares with another value.

  



  
    
      
    
    
      mod(value, args)



        
          
        

    

  


  

Returns the remainder of integer division.

  



  
    
      
    
    
      power(value, args)



        
          
        

    

  


  

Raises a number to the specified power.

  



  
    
      
    
    
      round(value, args)



        
          
        

    

  


  

Rounds a number to the nearest integer or specified decimal places.

  



  
    
      
    
    
      spec()



        
          
        

    

  


  

Returns the filter specification for this module.

  



  
    
      
    
    
      sqrt(value, args)



        
          
        

    

  


  

Returns the square root of a number.

  


        

      


  

    
Mau.Filters.String 
    



      
String manipulation filters.

      


      
        Summary


  
    Functions
  


    
      
        capitalize(value, args)

      


        Capitalizes the first letter of each word in a string.



    


    
      
        default(value, args)

      


        Returns a default value if the input is nil or empty string.



    


    
      
        lower_case(value, args)

      


        Converts a string to lowercase.



    


    
      
        spec()

      


        Returns the filter specification for this module.



    


    
      
        strip(value, args)

      


        Removes leading and trailing whitespace.



    


    
      
        truncate(value, arg2)

      


        Truncates a string to the specified length.



    


    
      
        upper_case(value, args)

      


        Converts a string to uppercase.



    





      


      
        Functions

        


  
    
      
    
    
      capitalize(value, args)



        
          
        

    

  


  

Capitalizes the first letter of each word in a string.

  



  
    
      
    
    
      default(value, args)



        
          
        

    

  


  

Returns a default value if the input is nil or empty string.

  



  
    
      
    
    
      lower_case(value, args)



        
          
        

    

  


  

Converts a string to lowercase.

  



  
    
      
    
    
      spec()



        
          
        

    

  


  

Returns the filter specification for this module.

  



  
    
      
    
    
      strip(value, args)



        
          
        

    

  


  

Removes leading and trailing whitespace.

  



  
    
      
    
    
      truncate(value, arg2)



        
          
        

    

  


  

      

          @spec truncate(String.t(), list()) :: {:ok, String.t()} | {:error, String.t()}


      


Truncates a string to the specified length.

  



  
    
      
    
    
      upper_case(value, args)



        
          
        

    

  


  

Converts a string to uppercase.

  


        

      


  

    
Mau.MapDirectives 
    



      
Handles special directives for render_map functionality.
Directives are special map keys that start with "#" and provide
advanced map transformation capabilities.
Supported Directives
	#pipe - Thread data through a series of transformations (like Elixir's |> operator)
	#map - Iterate over a collection and apply a template to each item
	#flat_map - Map over a collection and flatten the results into a single list
	#merge - Merge multiple maps together
	#if - Conditional rendering based on a boolean condition
	#case - Pattern matching on values (like Elixir's case)
	#cond - Condition-based branching (like Elixir's cond)
	#filter - Filter items in a collection based on a condition
	#pick - Extract specific keys from a map (similar to Map.pick)

Easy Extension
To add a new directive:
	Add a pattern match in match_directive/1
	Implement the corresponding apply_*_directive/3 function


      


      
        Summary


  
    Functions
  


    
      
        apply_directive(arg, context, opts, render_fn)

      


        Applies a directive to a map with the given context and rendering function.



    


    
      
        match_directive(map)

      


        Checks if a map contains a directive and returns the directive type and arguments.



    





      


      
        Functions

        


  
    
      
    
    
      apply_directive(arg, context, opts, render_fn)



        
          
        

    

  


  

Applies a directive to a map with the given context and rendering function.
Parameters
	{:directive_name, args} - The directive tuple with its arguments
	context - The context map containing variables and data
	opts - Options for rendering
	render_fn - Function to recursively render templates (arity 3)

Supported Directives
	#pipe - Thread data through a series of transformations (like Elixir's |> operator)
	#map - Iterate over a collection and apply a template to each item
	#flat_map - Map over a collection and flatten the results into a single list
	#merge - Merge multiple maps together
	#if - Conditional rendering based on a boolean condition
	#case - Pattern matching on values (like Elixir's case)
	#cond - Condition-based branching (like Elixir's cond)
	#filter - Filter items in a collection based on a condition
	#pick - Extract specific keys from a map (similar to Map.pick)

Examples
iex> Mau.MapDirectives.apply_directive({:map, ["{{$items}}", %{name: "{{$self.name}}"}]}, %{}, [], fn template, _context, _opts -> template end)
[]

iex> Mau.MapDirectives.apply_directive({:merge, [%{a: 1}, %{b: 2}]}, %{}, [], fn template, _context, _opts -> template end)
%{a: 1, b: 2}

  



  
    
      
    
    
      match_directive(map)



        
          
        

    

  


  

Checks if a map contains a directive and returns the directive type and arguments.
Examples
iex> Mau.MapDirectives.match_directive(%{"#map" => ["collection", "template"]})
{:map, ["collection", "template"]}

iex> Mau.MapDirectives.match_directive(%{"#merge" => [%{}, %{}]})
{:merge, [%{}, %{}]}

iex> Mau.MapDirectives.match_directive(%{"name" => "John"})
:none

  


        

      


  

    
Mau.Parser 
    



      
Parser for the Mau template engine using NimbleParsec.
Handles parsing of template strings into AST nodes.
Supports plain text parsing and string literals with escape sequences.

      


      
        Summary


  
    Functions
  


    
      
        additive_expression(binary, opts \\ [])

      


        Parses the given binary as additive_expression.



    


    
      
        logical_or_expression(binary, opts \\ [])

      


        Parses the given binary as logical_or_expression.



    


    
      
        parse(template)

      


        Parses a template string into an AST.



    


    
      
        parse_boolean_literal(input)

      


        Parses a boolean literal and returns a clean result.



    


    
      
        parse_boolean_literal_raw(binary, opts \\ [])

      


        Parses the given binary as parse_boolean_literal_raw.



    


    
      
        parse_expression_block(input)

      


        Parses an expression block and returns a clean result.



    


    
      
        parse_expression_block_raw(binary, opts \\ [])

      


        Parses the given binary as parse_expression_block_raw.



    


    
      
        parse_identifier(input)

      


        Parses an identifier and returns a clean result.



    


    
      
        parse_identifier_raw(binary, opts \\ [])

      


        Parses the given binary as parse_identifier_raw.



    


    
      
        parse_null_literal(input)

      


        Parses a null literal and returns a clean result.



    


    
      
        parse_null_literal_raw(binary, opts \\ [])

      


        Parses the given binary as parse_null_literal_raw.



    


    
      
        parse_number_literal(input)

      


        Parses a number literal and returns a clean result.



    


    
      
        parse_number_literal_raw(binary, opts \\ [])

      


        Parses the given binary as parse_number_literal_raw.



    


    
      
        parse_string_literal(input)

      


        Parses a string literal and returns a clean result.



    


    
      
        parse_string_literal_raw(binary, opts \\ [])

      


        Parses the given binary as parse_string_literal_raw.



    


    
      
        parse_template(binary, opts \\ [])

      


        Parses the given binary as parse_template.



    


    
      
        parse_variable_path(input)

      


        Parses a variable path and returns a clean result.



    


    
      
        parse_variable_path_raw(binary, opts \\ [])

      


        Parses the given binary as parse_variable_path_raw.



    


    
      
        pipe_expression__0(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__1(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__2(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__3(rest, acc, stack, context, line, offset)
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        pipe_expression__9(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__10(rest, acc, stack, context, line, offset)
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        pipe_expression__13(rest, acc, stack, context, comb__line, comb__offset)
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        pipe_expression__22(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)
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        pipe_expression__1035(rest, acc, stack, context, comb__line, comb__offset)

      


    


    
      
        pipe_expression__1036(rest, user_acc, list, context, line, offset)

      


    


    
      
        pipe_expression__1037(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__1038(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__1039(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__1040(rest, acc, list, context, line, offset)

      


    


    
      
        pipe_expression__1041(_, _, stack, _, _, _)

      


    


    
      
        pipe_expression__1042(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__1043(rest, acc, list, context, line, offset)

      


    


    
      
        pipe_expression__1044(rest, acc, stack, context, comb__line, comb__offset)

      


    


    
      
        pipe_expression__1045(rest, user_acc, list, context, line, offset)

      


    


    
      
        pipe_expression__1046(rest, acc, stack, context, line, offset)

      


    


    
      
        pipe_expression__1047(rest, acc, stack, context, comb__line, comb__offset)

      


    


    
      
        pipe_expression__1048(rest, user_acc, list, context, line, offset)

      


    


    
      
        pipe_expression__1049(rest, acc, list, context, line, offset)

      


    


    
      
        pipe_expression__1050(rest, user_acc, list, context, line, offset)

      


    


    
      
        pipe_expression__1051(rest, acc, stack, context, line, offset)

      


    


    
      
        unary_expression(binary, opts \\ [])

      


        Parses the given binary as unary_expression.



    





      


      
        Functions

        


    

  
    
      
    
    
      additive_expression(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec additive_expression(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as additive_expression.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the additive_expression (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



    

  
    
      
    
    
      logical_or_expression(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec logical_or_expression(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as logical_or_expression.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the logical_or_expression (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



  
    
      
    
    
      parse(template)



        
          
        

    

  


  

Parses a template string into an AST.
Now handles mixed content: text and expression blocks.
Examples
iex> Mau.Parser.parse("Hello world")
{:ok, [{:text, ["Hello world"], []}]}

iex> Mau.Parser.parse("")
{:ok, []}

iex> Mau.Parser.parse(~s(Hello {{ "world" }}!))
{:ok, [{:text, ["Hello "], []}, {:expression, [{:literal, ["world"], []}], []}, {:text, ["!"], []}]}

  



  
    
      
    
    
      parse_boolean_literal(input)



        
          
        

    

  


  

Parses a boolean literal and returns a clean result.
Examples
iex> Mau.Parser.parse_boolean_literal("true")
{:ok, {:literal, [true], []}}

iex> Mau.Parser.parse_boolean_literal("false")
{:ok, {:literal, [false], []}}

  



    

  
    
      
    
    
      parse_boolean_literal_raw(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_boolean_literal_raw(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as parse_boolean_literal_raw.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the parse_boolean_literal_raw (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



  
    
      
    
    
      parse_expression_block(input)



        
          
        

    

  


  

Parses an expression block and returns a clean result.
Examples
iex> Mau.Parser.parse_expression_block(~s({{ "hello" }}))
{:ok, {:expression, [{:literal, ["hello"], []}], []}}

iex> Mau.Parser.parse_expression_block("{{42}}")
{:ok, {:expression, [{:literal, [42], []}], []}}

iex> Mau.Parser.parse_expression_block("{{ true }}")
{:ok, {:expression, [{:literal, [true], []}], []}}

  



    

  
    
      
    
    
      parse_expression_block_raw(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_expression_block_raw(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as parse_expression_block_raw.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the parse_expression_block_raw (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



  
    
      
    
    
      parse_identifier(input)



        
          
        

    

  


  

Parses an identifier and returns a clean result.
Examples
iex> Mau.Parser.parse_identifier("user")
{:ok, "user"}

iex> Mau.Parser.parse_identifier("$input")
{:ok, "$input"}

iex> Mau.Parser.parse_identifier("user_name")
{:ok, "user_name"}

  



    

  
    
      
    
    
      parse_identifier_raw(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_identifier_raw(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as parse_identifier_raw.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the parse_identifier_raw (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



  
    
      
    
    
      parse_null_literal(input)



        
          
        

    

  


  

Parses a null literal and returns a clean result.
Examples
iex> Mau.Parser.parse_null_literal("null")
{:ok, {:literal, [nil], []}}

  



    

  
    
      
    
    
      parse_null_literal_raw(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_null_literal_raw(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as parse_null_literal_raw.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the parse_null_literal_raw (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



  
    
      
    
    
      parse_number_literal(input)



        
          
        

    

  


  

Parses a number literal and returns a clean result.
Examples
iex> Mau.Parser.parse_number_literal("42")
{:ok, {:literal, [42], []}}

iex> Mau.Parser.parse_number_literal("3.14")
{:ok, {:literal, [3.14], []}}

iex> Mau.Parser.parse_number_literal("-123")
{:ok, {:literal, [-123], []}}

  



    

  
    
      
    
    
      parse_number_literal_raw(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_number_literal_raw(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as parse_number_literal_raw.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the parse_number_literal_raw (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



  
    
      
    
    
      parse_string_literal(input)



        
          
        

    

  


  

Parses a string literal and returns a clean result.
Examples
iex> Mau.Parser.parse_string_literal(~s("hello"))
{:ok, {:literal, ["hello"], []}}

iex> Mau.Parser.parse_string_literal("'world'")
{:ok, {:literal, ["world"], []}}

  



    

  
    
      
    
    
      parse_string_literal_raw(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_string_literal_raw(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as parse_string_literal_raw.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the parse_string_literal_raw (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



    

  
    
      
    
    
      parse_template(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_template(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as parse_template.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the parse_template (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



  
    
      
    
    
      parse_variable_path(input)



        
          
        

    

  


  

Parses a variable path and returns a clean result.
Examples
iex> Mau.Parser.parse_variable_path("user")
{:ok, {:variable, ["user"], []}}

iex> Mau.Parser.parse_variable_path("user.name")
{:ok, {:variable, ["user", {:property, "name"}], []}}

iex> Mau.Parser.parse_variable_path("$input.data.field")
{:ok, {:variable, ["$input", {:property, "data"}, {:property, "field"}], []}}

  



    

  
    
      
    
    
      parse_variable_path_raw(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_variable_path_raw(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as parse_variable_path_raw.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the parse_variable_path_raw (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  



  
    
      
    
    
      pipe_expression__0(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__2(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__3(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__4(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__5(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__6(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__7(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__8(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__9(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__10(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__11(_, _, list, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__12(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__13(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__14(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__15(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__16(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__17(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__18(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__19(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__20(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__21(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__22(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__23(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__24(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__25(_, _, list, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__26(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__27(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__28(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__29(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__30(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__31(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__32(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__33(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__34(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__35(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__36(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__37(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__38(_, _, list, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__39(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__40(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__41(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__42(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__43(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__44(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__45(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__46(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__47(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__48(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__49(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__50(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__51(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__52(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__53(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__54(_, _, list, _, _, _)
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      pipe_expression__939(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__940(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__941(_, _, list, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__942(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__943(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__944(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__945(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__946(rest, acc, stack, context, comb__line, comb__offset)
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      pipe_expression__949(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__950(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__951(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__952(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__953(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__954(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__955(_, _, list, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__956(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__957(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__958(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__959(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__960(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__961(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__962(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__963(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__964(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__965(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__966(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__967(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__968(_, _, list, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__969(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__970(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__971(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__972(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__973(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__974(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__975(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__976(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__977(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__978(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__979(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__980(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__981(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__982(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__983(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__984(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__985(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__986(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__987(rest, acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__988(_, _, stack, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__989(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__990(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__991(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__992(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__993(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__994(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__995(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__996(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__997(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__998(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__999(rest, acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1000(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1001(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1002(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1003(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1004(_, _, list, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1005(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1006(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1007(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1008(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1009(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1010(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1011(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1012(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1013(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1014(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1015(inner_rest, inner_acc, list, inner_context, inner_line, inner_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1016(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1017(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1018(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1019(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1020(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1021(rest, acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1022(_, _, stack, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1023(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1024(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1025(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1026(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1027(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1028(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1029(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1030(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1031(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1032(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1033(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1034(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1035(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1036(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1037(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1038(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1039(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1040(rest, acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1041(_, _, stack, _, _, _)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1042(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1043(rest, acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1044(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1045(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1046(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1047(rest, acc, stack, context, comb__line, comb__offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1048(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1049(rest, acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1050(rest, user_acc, list, context, line, offset)



        
          
        

    

  


  


  



  
    
      
    
    
      pipe_expression__1051(rest, acc, stack, context, line, offset)



        
          
        

    

  


  


  



    

  
    
      
    
    
      unary_expression(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec unary_expression(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as unary_expression.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the unary_expression (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  


        

      


  

    
Mau.Parser.Block 
    



      
Block-level parsing for the Mau template engine.
Handles parsing of:
	Comment blocks ({# comment content #})
	Text content (plain text with special character handling)
	Template content orchestration


      


      
        Summary


  
    Functions
  


    
      
        comment_block()

      


        Comment block parsing with {# #} delimiters.



    


    
      
        comment_content()

      


        Comment content parsing - anything up to #}.



    


    
      
        template_content(tag_block, expression_block)

      


        Template content orchestration - combines all block types.



    


    
      
        text_content()

      


        Text content parsing that handles { characters not part of template constructs.



    





      


      
        Functions

        


  
    
      
    
    
      comment_block()



        
          
        

    

  


  

Comment block parsing with {# #} delimiters.

  



  
    
      
    
    
      comment_content()



        
          
        

    

  


  

Comment content parsing - anything up to #}.

  



  
    
      
    
    
      template_content(tag_block, expression_block)



        
          
        

    

  


  

Template content orchestration - combines all block types.
Requires: tag_block, expression_block from the main parser context.

  



  
    
      
    
    
      text_content()



        
          
        

    

  


  

Text content parsing that handles { characters not part of template constructs.

  


        

      


  

    
Mau.Parser.Expression 
    



      
Expression parsing for the Mau template engine.
Handles parsing of:
	Primary expressions (literals and variables)
	Arithmetic operators (multiplicative, additive)
	Comparison operators (equality, relational)
	Logical operators (and, or, unary)


      


      
        Summary


  
    Functions
  


    
      
        additive_operator()

      


        Additive operators - +, - (lowest arithmetic precedence).



    


    
      
        equality_operator()

      


        Equality operators - ==, !=.



    


    
      
        multiplicative_operator()

      


        Multiplicative operators - *, /, % (highest arithmetic precedence).



    


    
      
        relational_operator()

      


        Relational operators - >, >=, <, <=.



    





      


      
        Functions

        


  
    
      
    
    
      additive_operator()



        
          
        

    

  


  

Additive operators - +, - (lowest arithmetic precedence).

  



  
    
      
    
    
      equality_operator()



        
          
        

    

  


  

Equality operators - ==, !=.

  



  
    
      
    
    
      multiplicative_operator()



        
          
        

    

  


  

Multiplicative operators - *, /, % (highest arithmetic precedence).

  



  
    
      
    
    
      relational_operator()



        
          
        

    

  


  

Relational operators - >, >=, <, <=.

  


        

      


  

    
Mau.Parser.Literal 
    



      
Literal value parsing for the Mau template engine.
Handles parsing of:
	String literals with escape sequences
	Number literals (integers, floats, scientific notation)
	Boolean literals (true, false)
	Null literals (null)
	Atom literals (:atom_name)
	Whitespace parsing utilities


      


      
        Summary


  
    Functions
  


    
      
        array_literal(expression_parser)

      


        Parses array literals.



    


    
      
        atom_literal()

      


        Parses atom literals.



    


    
      
        boolean_literal()

      


        Parses boolean literals with word boundary checking.



    


    
      
        null_literal()

      


        Parses null literal with word boundary checking.



    


    
      
        number_literal()

      


        Parses number literals including integers, floats, and scientific notation.



    


    
      
        optional_whitespace()

      


        Parses optional whitespace (spaces, tabs, newlines, carriage returns).



    


    
      
        required_whitespace()

      


        Parses required whitespace (at least one space or tab).



    


    
      
        string_literal()

      


        Parses string literals with single or double quotes.



    





      


      
        Functions

        


  
    
      
    
    
      array_literal(expression_parser)



        
          
        

    

  


  

Parses array literals.
Array literals use square brackets and contain comma-separated expressions.
This combinator requires a parsec reference to the expression parser from
the main Parser module.
Examples
* `[]`
* `[1, 2, 3]`
* `["a", "b", "c"]`
* `[user.name, user.email]`

  



  
    
      
    
    
      atom_literal()



        
          
        

    

  


  

Parses atom literals.
Examples
* `:atom_name`
* `:key`

  



  
    
      
    
    
      boolean_literal()



        
          
        

    

  


  

Parses boolean literals with word boundary checking.
Examples
* `true`
* `false`

  



  
    
      
    
    
      null_literal()



        
          
        

    

  


  

Parses null literal with word boundary checking.
Examples
* `null`

  



  
    
      
    
    
      number_literal()



        
          
        

    

  


  

Parses number literals including integers, floats, and scientific notation.
Supports negative numbers.
Examples
* `42`
* `3.14`
* `-123`
* `1.23e-4`
* `42E+10`

  



  
    
      
    
    
      optional_whitespace()



        
          
        

    

  


  

Parses optional whitespace (spaces, tabs, newlines, carriage returns).

  



  
    
      
    
    
      required_whitespace()



        
          
        

    

  


  

Parses required whitespace (at least one space or tab).

  



  
    
      
    
    
      string_literal()



        
          
        

    

  


  

Parses string literals with single or double quotes.
Supports escape sequences including Unicode.
Examples
* `"hello world"`
* `'single quoted'`
* `"escaped \"quotes\""`
* `"unicode \u0041"`

  


        

      


  

    
Mau.Parser.Tag 
    



      
Tag parsing for the Mau template engine.
Handles parsing of template tags within {% %} blocks:
	Assignment tags (assign)
	Conditional tags (if, elsif, else, endif)  
	Loop tags (for, endfor)


      


      
        Summary


  
    Functions
  


    
      
        assign_tag(basic_identifier, pipe_expression, optional_whitespace, required_whitespace)

      


        Assignment tag parsing - {% assign variable = expression %}.



    


    
      
        else_tag()

      


        Else tag parsing - {% else %}.



    


    
      
        elsif_tag(pipe_expression, required_whitespace)

      


        Elsif tag parsing - {% elsif condition %}.



    


    
      
        endfor_tag()

      


        Endfor tag parsing - {% endfor %}.



    


    
      
        endif_tag()

      


        Endif tag parsing - {% endif %}.



    


    
      
        for_tag(basic_identifier, pipe_expression, required_whitespace)

      


        For tag parsing - {% for item in collection %}.



    


    
      
        if_tag(pipe_expression, required_whitespace)

      


        If tag parsing - {% if condition %}.



    





      


      
        Functions

        


  
    
      
    
    
      assign_tag(basic_identifier, pipe_expression, optional_whitespace, required_whitespace)



        
          
        

    

  


  

Assignment tag parsing - {% assign variable = expression %}.
Requires: basic_identifier, pipe_expression, optional_whitespace, required_whitespace
from the main parser context.

  



  
    
      
    
    
      else_tag()



        
          
        

    

  


  

Else tag parsing - {% else %}.

  



  
    
      
    
    
      elsif_tag(pipe_expression, required_whitespace)



        
          
        

    

  


  

Elsif tag parsing - {% elsif condition %}.
Requires: pipe_expression, required_whitespace from the main parser context.

  



  
    
      
    
    
      endfor_tag()



        
          
        

    

  


  

Endfor tag parsing - {% endfor %}.

  



  
    
      
    
    
      endif_tag()



        
          
        

    

  


  

Endif tag parsing - {% endif %}.

  



  
    
      
    
    
      for_tag(basic_identifier, pipe_expression, required_whitespace)



        
          
        

    

  


  

For tag parsing - {% for item in collection %}.
Requires: basic_identifier, pipe_expression, required_whitespace from the main parser context.

  



  
    
      
    
    
      if_tag(pipe_expression, required_whitespace)



        
          
        

    

  


  

If tag parsing - {% if condition %}.
Requires: pipe_expression, required_whitespace from the main parser context.

  


        

      


  

    
Mau.Parser.Variable 
    



      
Variable and identifier parsing for the Mau template engine.
Handles parsing of:
	Basic identifiers (user, name, index)
	Workflow identifiers ($input, $nodes, $variables)


      


      
        Summary


  
    Functions
  


    
      
        identifier()

      


        Parses any identifier - either workflow or basic.



    





      


      
        Functions

        


  
    
      
    
    
      identifier()



        
          
        

    

  


  

Parses any identifier - either workflow or basic.
Examples
* `user` -> basic identifier
* `$input` -> workflow identifier
* `user_name` -> basic identifier

  


        

      


  

    
Mau.Renderer 
    



      
Renderer for the Mau template engine.
Handles rendering of AST nodes into output strings.
For Group 1, only handles text node rendering.

      


      
        Summary


  
    Functions
  


    
      
        render(data, context, opts \\ [])

      


        Renders a template AST with the given context.



    


    
      
        render_node(node, context, opts \\ [])

      


        Renders an AST node to a string.



    





      


      
        Functions

        


    

  
    
      
    
    
      render(data, context, opts \\ [])



        
          
        

    

  


  

Renders a template AST with the given context.
Handles both single nodes and lists of nodes.

  



    

  
    
      
    
    
      render_node(node, context, opts \\ [])



        
          
        

    

  


  

Renders an AST node to a string.
Handles text nodes and expression nodes with literal evaluation.
Examples
iex> Mau.Renderer.render_node({:text, ["Hello world"], []}, %{})
{:ok, "Hello world"}

iex> Mau.Renderer.render_node({:expression, [{:literal, ["hello"], []}], []}, %{})
{:ok, "hello"}

iex> Mau.Renderer.render_node({:expression, [{:literal, [42], []}], []}, %{})
{:ok, "42"}

  


        

      


  

    
Mau.WhitespaceProcessor 
    



      
Processes template AST to apply whitespace control based on trim options.
This module takes an AST with trim options and applies whitespace trimming
logic to adjacent text nodes.

      


      
        Summary


  
    Functions
  


    
      
        apply_whitespace_control(nodes)

      


        Applies whitespace control to an AST based on trim options.



    





      


      
        Functions

        


  
    
      
    
    
      apply_whitespace_control(nodes)



        
          
        

    

  


  

Applies whitespace control to an AST based on trim options.
Trims whitespace from adjacent text nodes when expressions or tags
have trim_left or trim_right options set.
Examples
iex> nodes = [
...>   {:text, ["  before  "], []},
...>   {:expression, [{:variable, ["name"], []}], [trim_left: true]},
...>   {:text, ["  after  "], []}
...> ]
iex> Mau.WhitespaceProcessor.apply_whitespace_control(nodes)
[
  {:text, ["  before"], []},
  {:expression, [{:variable, ["name"], []}], [trim_left: true]},
  {:text, ["  after  "], []}
]

  


        

      


  

    
Mau.Error exception
    



      
Error handling for the Mau template engine.
Provides structured error information for different types of errors
that can occur during template compilation and rendering.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        format(error)

      


        Formats an error for display.



    


    
      
        runtime_error(message, opts \\ [])

      


        Creates a new runtime error.



    


    
      
        syntax_error(message, opts \\ [])

      


        Creates a new syntax error.



    


    
      
        type_error(message, opts \\ [])

      


        Creates a new type error.



    


    
      
        undefined_variable_error(message, opts \\ [])

      


        Creates a new undefined variable error.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mau.Error{
  __exception__: true,
  column: integer() | nil,
  context: map(),
  line: integer() | nil,
  message: String.t(),
  source_file: String.t() | nil,
  type: :syntax | :runtime | :type | :undefined_variable
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      format(error)



        
          
        

    

  


  

Formats an error for display.

  



    

  
    
      
    
    
      runtime_error(message, opts \\ [])



        
          
        

    

  


  

Creates a new runtime error.

  



    

  
    
      
    
    
      syntax_error(message, opts \\ [])



        
          
        

    

  


  

Creates a new syntax error.

  



    

  
    
      
    
    
      type_error(message, opts \\ [])



        
          
        

    

  


  

Creates a new type error.

  



    

  
    
      
    
    
      undefined_variable_error(message, opts \\ [])



        
          
        

    

  


  

Creates a new undefined variable error.
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