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A secure, non-evaluative condition engine for processing end-user boolean predicates in Elixir.
Predicator allows you to safely evaluate user-defined expressions without the security risks of dynamic code execution.
Features
	🔒 Secure: No eval() or dynamic code execution - safe for end-user input
	🎯 Simple: Clean, intuitive expression syntax (score > 85, name = 'John')
	🚀 Fast: Compiled expressions execute efficiently with minimal overhead
	🛡️ Type Safe: Built with comprehensive specs and rigorous testing
	🎨 Flexible: Support for literals, identifiers, comparisons, and parentheses
	📊 Observable: Detailed error reporting with line/column information
	🔄 Reversible: Convert AST back to string expressions with formatting options
	🧮 Arithmetic: Full arithmetic operations (+, -, *, /, %) with proper precedence
	📅 Date Support: Native date and datetime literals with ISO 8601 format
	📋 Lists: List literals with membership operations (in, contains)
	🧠 Smart Logic: Logical operators with proper precedence (AND, OR, NOT)
	🔧 Functions: Built-in functions for string, numeric, and date operations
	🌳 Nested Access: Dot notation and bracket access for deep data structures (user.profile.name, user['profile']['name'], items[0])

Installation
Add predicator to your list of dependencies in mix.exs:
def deps do
  [
    {:predicator, "~> 2.2"}
  ]
end
Quick Start
# Basic evaluation
iex> Predicator.evaluate!("score > 85", %{"score" => 92})
true

# String comparisons (double or single quotes)
iex> Predicator.evaluate!("name = 'Alice'", %{"name" => "Alice"})
true

iex> Predicator.evaluate!("name = \"Alice\"", %{"name" => "Alice"})
true

# Date and datetime literals
iex> Predicator.evaluate!("#2024-01-15# > #2024-01-10#", %{})
true

iex> Predicator.evaluate!("created_at < #2024-01-15T10:30:00Z#", %{"created_at" => ~U[2024-01-10 09:00:00Z]})
true

# List literals and membership
iex> Predicator.evaluate!("role in ['admin', 'manager']", %{"role" => "admin"})
true

iex> Predicator.evaluate!("[1, 2, 3] contains 2", %{})
true

# Arithmetic operations with proper precedence
iex> Predicator.evaluate!("2 + 3 * 4", %{})
14

iex> Predicator.evaluate!("(10 - 5) * 2", %{})
10

iex> Predicator.evaluate!("score + bonus > 100", %{"score" => 85, "bonus" => 20})
true

iex> Predicator.evaluate!("-amount > -50", %{"amount" => 30})
true

# Logical operators with proper precedence
iex> Predicator.evaluate!("score > 85 AND age >= 18", %{"score" => 92, "age" => 25})
true

iex> Predicator.evaluate!("role = 'admin' OR role = 'manager'", %{"role" => "admin"})  
true

iex> Predicator.evaluate!("NOT expired AND active", %{"expired" => false, "active" => true})
true

# Complex expressions with parentheses
iex> Predicator.evaluate!("(score > 85 OR admin) AND active", %{"score" => 80, "admin" => true, "active" => true})
true

# Built-in functions
iex> Predicator.evaluate!("len(name) > 3", %{"name" => "Alice"})
true

iex> Predicator.evaluate!("upper(role) = 'ADMIN'", %{"role" => "admin"})
true

iex> Predicator.evaluate!("year(created_at) = 2024", %{"created_at" => ~D[2024-03-15]})
true

# Compile once, evaluate many times for performance
iex> {:ok, instructions} = Predicator.compile("score > threshold AND active")
iex> Predicator.evaluate!(instructions, %{"score" => 95, "threshold" => 80, "active" => true})
true

# Using evaluate/2 (returns {:ok, result} or {:error, message})
iex> Predicator.evaluate("score > 85", %{"score" => 92})
{:ok, true}

iex> Predicator.evaluate("invalid >> syntax", %{})
{:error, "Expected number, string, boolean, date, datetime, identifier, function call, list, or '(' but found '>' at line 1, column 10"}

# Using evaluate/1 for expressions without context (strings or instruction lists)
iex> Predicator.evaluate("#2024-01-15# > #2024-01-10#")
{:ok, true}

iex> Predicator.evaluate([["lit", 42]])
{:ok, 42}

# Round-trip: parse and decompile expressions (preserves quote style)
iex> {:ok, ast} = Predicator.parse("name = 'John'")
iex> Predicator.decompile(ast)
"name = 'John'"

iex> {:ok, ast} = Predicator.parse("score > 85 AND #2024-01-15# in dates")
iex> Predicator.decompile(ast)
"score > 85 AND #2024-01-15# IN dates"
Nested Data Access
Predicator supports nested data structure access using both dot notation and bracket notation, allowing you to reference deeply nested values in your context:
# Context with nested data structures
context = %{
  "user" => %{
    "age" => 47,
    "name" => %{"first" => "John", "last" => "Doe"},
    "profile" => %{"role" => "admin"},
    "settings" => %{"theme" => "dark", "notifications" => true}
  },
  "config" => %{
    "database" => %{"host" => "localhost", "port" => 5432}
  },
  "items" => ["apple", "banana", "cherry"],
  "scores" => [85, 92, 78, 96]
}

# Access nested values with dot notation
iex> Predicator.evaluate("user.name.first = 'John'", context)
{:ok, true}

iex> Predicator.evaluate("user.age > 18", context)
{:ok, true}

iex> Predicator.evaluate("config.database.port = 5432", context)
{:ok, true}

# Access with bracket notation
iex> Predicator.evaluate("user['name']['first'] = 'John'", context)
{:ok, true}

iex> Predicator.evaluate("user['settings']['theme'] = 'dark'", context)
{:ok, true}

# Array access with bracket notation
iex> Predicator.evaluate("items[0] = 'apple'", context)
{:ok, true}

iex> Predicator.evaluate("scores[1] > 90", context)
{:ok, true}

# Mixed notation styles
iex> Predicator.evaluate("user.settings['theme'] = 'dark'", context)
{:ok, true}

iex> Predicator.evaluate("user['profile'].role = 'admin'", context)
{:ok, true}

# Dynamic array access
iex> Predicator.evaluate("scores[index] > 80", Map.put(context, "index", 2))
{:ok, false}

# Chained bracket access
iex> Predicator.evaluate("user['name']['first'] + ' ' + user['name']['last']", context)
{:ok, "John Doe"}

# Use in complex expressions
iex> Predicator.evaluate("user.profile.role = 'admin' AND user.settings.notifications", context)
{:ok, true}

# Missing paths return :undefined
iex> Predicator.evaluate("user.profile.email = 'test'", context)
{:ok, :undefined}

# Works with both string and atom keys
atom_context = %{user: %{name: %{first: "Jane"}}}
iex> Predicator.evaluate("user.name.first = 'Jane'", atom_context)
{:ok, true}

# Access nested lists
list_context = %{"user" => %{"hobbies" => ["reading", "coding"]}}
iex> Predicator.evaluate("'coding' in user.hobbies", list_context)
{:ok, true}
Key Features:
	Dot notation: user.profile.name for nested object access
	Bracket notation: user['profile']['name'] for dynamic key access  
	Array indexing: items[0], scores[index] for list access
	Mixed styles: user.settings['theme'] combining both notations
	Unlimited nesting depth: app.database.config.settings.ssl
	Mixed key types: Works with string keys, atom keys, or both
	Graceful fallback: Returns :undefined for missing paths or out-of-bounds access
	Type preservation: Maintains original data types (strings, numbers, booleans, lists)
	Backwards compatible: Simple variable names work exactly as before

Supported Operations
Arithmetic Operators
	Operator	Description	Example
	+	Addition	score + bonus, 2 + 3 * 4
	-	Subtraction	total - discount, 100 - 25
	*	Multiplication	price * quantity, 3 * 4
	/	Division (integer)	total / count, 10 / 3
	%	Modulo	id % 2, 17 % 5
	-	Unary minus	-amount, -(x + y)

Comparison Operators
	Operator	Description	Example
	>	Greater than	score > 85, #2024-01-15# > #2024-01-10#
	<	Less than	age < 30, created_at < #2024-01-15T10:00:00Z#
	>=	Greater than or equal	points >= 100
	<=	Less than or equal	count <= 5
	=	Equal	status = 'active', date = #2024-01-15#
	!=	Not equal	role != 'guest'

Logical Operators
	Operator	Description	Example
	AND	Logical AND (case-insensitive)	score > 85 AND age >= 18
	OR	Logical OR (case-insensitive)	role = 'admin' OR role = 'manager'
	NOT	Logical NOT (case-insensitive)	NOT expired

Membership Operators
	Operator	Description	Example
	in	Element in collection	role in ['admin', 'manager']
	contains	Collection contains element	[1, 2, 3] contains 2

Built-in Functions
String Functions
	Function	Description	Example
	len(string)	String length	len(name) > 3
	upper(string)	Convert to uppercase	upper(role) = 'ADMIN'
	lower(string)	Convert to lowercase	lower(name) = 'alice'
	trim(string)	Remove whitespace	len(trim(input)) > 0

Numeric Functions
	Function	Description	Example
	abs(number)	Absolute value	abs(balance) < 100
	max(a, b)	Maximum of two numbers	max(score1, score2) > 85
	min(a, b)	Minimum of two numbers	min(age, 65) >= 18

Date Functions
	Function	Description	Example
	year(date)	Extract year	year(created_at) = 2024
	month(date)	Extract month	month(birthday) = 12
	day(date)	Extract day	day(deadline) <= 15

Data Types
	Numbers: 42, -17 (integers)
	Strings: 'hello', 'world' (single-quoted) or "hello", "world" (double-quoted, with escape sequences)
	Booleans: true, false (or plain identifiers like active, expired)
	Dates: #2024-01-15# (ISO 8601 date format)
	DateTimes: #2024-01-15T10:30:00Z# (ISO 8601 datetime format with timezone)
	Lists: [1, 2, 3], ['admin', 'manager'] (homogeneous collections)
	Identifiers: score, user_name, is_active, user.profile.name, user['key'], items[0] (variable references with dot notation and bracket notation for nested data)

Architecture
Predicator uses a multi-stage compilation pipeline:
  Expression String  →  Lexer → Parser → Compiler → Evaluator
         ↓                ↓       ↓         ↓           ↓
'score > 85 OR admin' → Tokens → AST → Instructions → Result
Grammar
expression   → logical_or
logical_or   → logical_and ( ("OR" | "or") logical_and )*
logical_and  → logical_not ( ("AND" | "and") logical_not )*
logical_not  → ("NOT" | "not") logical_not | equality
equality     → comparison ( ("==" | "!=") comparison )*
comparison   → addition ( ( ">" | "<" | ">=" | "<=" | "=" | "!=" | "in" | "contains" ) addition )?
addition     → multiplication ( ( "+" | "-" ) multiplication )*
multiplication → unary ( ( "*" | "/" | "%" ) unary )*
unary        → ( "-" | "!" ) unary | postfix
postfix      → primary ( "[" expression "]" )*
primary      → NUMBER | STRING | BOOLEAN | DATE | DATETIME | IDENTIFIER | function_call | list | "(" expression ")"
function_call → FUNCTION_NAME "(" ( expression ( "," expression )* )? ")"
list         → "[" ( expression ( "," expression )* )? "]"
Core Components
	Lexer (Predicator.Lexer): Tokenizes input with position tracking
	Parser (Predicator.Parser): Builds Abstract Syntax Tree with error reporting  
	Compiler (Predicator.Compiler): Converts AST to executable instructions
	Evaluator (Predicator.Evaluator): Executes instructions against data
	Visitors: AST transformation modules	StringVisitor (Predicator.Visitors.StringVisitor): Converts AST back to expressions
	InstructionsVisitor (Predicator.Visitors.InstructionsVisitor): Converts AST to instructions


	Functions: Function system components	SystemFunctions (Predicator.Functions.SystemFunctions): Built-in system functions
	Registry (Predicator.Functions.Registry): Function registration and dispatch



Error Handling
Predicator provides detailed error information with exact positioning:
iex> Predicator.evaluate("score >> 85", %{})
{:error, "Unexpected character '>' at line 1, column 8"}

iex> Predicator.evaluate("score AND", %{})
{:error, "Expected number, string, boolean, date, datetime, identifier, function call, list, or '(' but found end of input at line 1, column 1"}
Advanced Usage
Custom Functions
You can provide custom functions when evaluating expressions using the functions: option:
# Define custom functions in a map
custom_functions = %{
  "double" => {1, fn [n], _context -> {:ok, n * 2} end},
  "user_role" => {0, fn [], context -> 
    {:ok, Map.get(context, "current_user_role", "guest")} 
  end},
  "divide" => {2, fn [a, b], _context ->
    if b == 0 do
      {:error, "Division by zero"}
    else
      {:ok, a / b}
    end
  end}
}

# Use custom functions in expressions
iex> Predicator.evaluate("double(score) > 100", %{"score" => 60}, functions: custom_functions)
{:ok, true}

iex> Predicator.evaluate("user_role() = 'admin'", %{"current_user_role" => "admin"}, functions: custom_functions)
{:ok, true}

iex> Predicator.evaluate("divide(10, 2) = 5", %{}, functions: custom_functions)
{:ok, true}

iex> Predicator.evaluate("divide(10, 0)", %{}, functions: custom_functions)
{:error, "Division by zero"}

# Custom functions can override built-in functions
override_functions = %{
  "len" => {1, fn [_], _context -> {:ok, "custom_result"} end}
}

iex> Predicator.evaluate("len('anything')", %{}, functions: override_functions)
{:ok, "custom_result"}

# Without custom functions, built-ins work as expected
iex> Predicator.evaluate("len('hello')", %{})
{:ok, 5}
Function Format
Custom functions must follow this format:
	Map Key: Function name (string)
	Map Value: {arity, function} tuple where:	arity: Number of arguments the function expects (integer)
	function: Anonymous function that takes [args], context and returns {:ok, result} or {:error, message}



String Formatting Options
The StringVisitor supports multiple formatting modes:
# Compact formatting (no spaces)
iex> Predicator.decompile(ast, spacing: :compact)
"score>85"

# Verbose formatting (extra spaces)  
iex> Predicator.decompile(ast, spacing: :verbose)
"score  >  85"

# Explicit parentheses
iex> Predicator.decompile(ast, parentheses: :explicit)
"(score > 85)"
Development
Setup
mix deps.get
mix test

Quality Checks
# Run all quality checks
mix quality

# Individual checks  
mix format              # Format code
mix credo --strict     # Linting
mix coveralls          # Test coverage  
mix dialyzer           # Type checking

Documentation
Full documentation is available at HexDocs.


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[Unreleased]
[2.2.0] - 2025-08-24
Added
Bracket Access and Property Access Enhancement
	Complete Bracket Notation Support: Implemented full bracket access functionality (obj['key'], arr[0], obj[variable])
	Parser Extensions: Added postfix parsing for bracket access with recursive chaining support
	Grammar Enhancement: Updated grammar with postfix operations: unary → postfix, postfix → primary ( "[" expression "]" )*
	New AST Node Type: Added {:bracket_access, object, key} AST node for bracket access expressions
	Evaluator Support: Implemented ["bracket_access"] instruction with comprehensive evaluation logic
	Mixed Access Patterns: Full support for chained access like data['users'][0]['name']
	Array Indexing: Complete array access with bounds checking (items[0], scores[index])
	Dynamic Key Access: Support for variable and expression-based keys (obj[key], items[i + 1])
	Type Safety: Comprehensive error handling for invalid key types with structured error messages
	String Visitor Support: Added round-trip string conversion for bracket access expressions
	Comprehensive Testing: Added 12 new parser tests covering all bracket access scenarios

Property Access Implementation Details
	Access Value Logic: Robust access_value/2 function supporting:	Map access with string, atom, and integer keys
	Array access with integer indices and bounds checking  
	Graceful fallback to :undefined for missing keys or out-of-bounds access
	Type coercion between string and atom keys


	Error Handling: Enhanced error system with bracket access specific errors:	Invalid key type validation with structured error messages
	Proper operation display names ("Bracket access requires a string, integer, or atom key")
	Integration with existing error architecture


	Instruction Compilation: Added visit({:bracket_access, object, key}, opts) in InstructionsVisitor
	Round-trip Support: Perfect string conversion preserving bracket notation syntax
	Integration Testing: Verified compatibility with existing arithmetic, comparison, and logical operations

Error Handling Architecture Refactoring
	Modular Error Structure: Refactored monolithic error handling into individual error modules under lib/predicator/errors/
	Shared Error Utilities: Created Predicator.Errors module with common utility functions for consistent error formatting
	Individual Error Modules: Split error handling into focused modules:	Predicator.Errors.TypeMismatchError - Type validation and mismatch errors
	Predicator.Errors.EvaluationError - Runtime evaluation errors (division by zero, insufficient operands)
	Predicator.Errors.UndefinedVariableError - Variable access errors
	Predicator.Errors.ParseError - Expression parsing and syntax errors


	Consistent Error Messages: Unified error message formatting across all error types
	Code Quality Improvements: Resolved all credo issues with proper module aliasing and organization

Error System Enhancements
	Shared Utility Functions: Common functions in Predicator.Errors module:	expected_type_name/1 - Formats type names with proper articles ("an integer", "a boolean")
	type_name_with_value/2 - Formats values with type information for error messages
	operation_display_name/1 - User-friendly operation names ("Arithmetic add", "Logical AND")


	Factory Functions: Each error module provides convenient factory functions for creating structured errors
	Direct Error Returns: Eliminated intermediate RuntimeError module for better performance and cleaner architecture
	Enhanced Type Safety: Comprehensive @type specifications and @spec annotations for all error functions

Technical Implementation Details
	File Organization: Organized error modules under lib/predicator/errors/ directory structure
	Module Aliasing: Added proper module aliases in evaluator for cleaner code (alias Predicator.Errors.{EvaluationError, TypeMismatchError})
	Error Message Consistency: Standardized operation display names across all error types
	Runtime Performance: Direct error struct returns eliminate conversion overhead
	Maintainability: Focused error modules with single responsibilities and clear interfaces
	Test Coverage: Maintained 100% test coverage (847 tests passing) throughout refactoring
	Documentation: Comprehensive @moduledoc and examples for all error modules

[2.1.0] - 2025-08-24
Added
SCXML Enhancement Phases 1.2-1.4: Arithmetic and Logical Operators
	Complete Parser Pipeline: Added full parsing support for arithmetic operators (+, -, *, /, %)
	Enhanced Logical Operators: Added && (logical AND), || (logical OR), ! (logical NOT) with complete parsing
	Equality Operator: Added == for strict equality comparison with proper precedence handling
	Grammar Extensions: Implemented proper operator precedence hierarchy in recursive descent parser
	AST Node Types: Added new AST node types for arithmetic, equality, and unary expressions
	Visitor Support: Updated InstructionsVisitor and StringVisitor to handle new node types
	Round-trip Compatibility: Full string ↔ AST ↔ string conversion for all new operators

Operator Support Details
# Arithmetic operators (FULLY IMPLEMENTED - parsing and evaluation complete)
2 + 3       # Addition - evaluates to 5
5 - 2       # Subtraction - evaluates to 3  
3 * 4       # Multiplication - evaluates to 12
8 / 2       # Division - evaluates to 4 (integer division)
7 % 3       # Modulo - evaluates to 1
-5          # Unary minus - evaluates to -5

# Logical operators (fully functional)
true && false   # Logical AND - works completely
true || false   # Logical OR - works completely
!active         # Logical NOT - works completely

# Equality operator (fully functional)  
x == y          # Strict equality - works completely
Arithmetic Evaluation Implementation
	Complete Pipeline: Full arithmetic evaluation now implemented in stack machine evaluator
	Instruction Handlers: Added execution support for ["add"], ["subtract"], ["multiply"], ["divide"], ["modulo"] instructions
	Unary Operations: Implemented ["unary_minus"] and ["unary_bang"] instruction evaluation
	Error Handling: Comprehensive type checking and division-by-zero protection
	Pattern Matching: Idiomatic Elixir implementation using pattern matching for each operation
	Integration Testing: Full pipeline testing from expression strings to computed results

Foundation for SCXML Value Expressions
	Complete Implementation: Finished lexer, parser, AST, and evaluation phases (1.2-1.4) of SCXML datamodel support
	Full Expression Support: Arithmetic expressions now work end-to-end from parsing to evaluation
	Production Ready: Complete arithmetic expression evaluation ready for SCXML integration
	Backward Compatibility: All existing functionality remains unchanged

Technical Implementation Details
	File Organization: Organized error modules under lib/predicator/errors/ directory structure
	Module Aliasing: Added proper module aliases in evaluator for cleaner code (alias Predicator.Errors.{EvaluationError, TypeMismatchError})
	Error Message Consistency: Standardized operation display names across all error types
	Runtime Performance: Direct error struct returns eliminate conversion overhead
	Maintainability: Focused error modules with single responsibilities and clear interfaces
	Test Coverage: Maintained 100% test coverage (847 tests passing) throughout refactoring
	Documentation: Comprehensive @moduledoc and examples for all error modules

[2.1.0] - 2025-08-24
Added
SCXML Enhancement Phases 1.2-1.4: Arithmetic and Logical Operators
	Complete Parser Pipeline: Added full parsing support for arithmetic operators (+, -, *, /, %)
	Enhanced Logical Operators: Added && (logical AND), || (logical OR), ! (logical NOT) with complete parsing
	Equality Operator: Added == for strict equality comparison with proper precedence handling
	Grammar Extensions: Implemented proper operator precedence hierarchy in recursive descent parser
	AST Node Types: Added new AST node types for arithmetic, equality, and unary expressions
	Visitor Support: Updated InstructionsVisitor and StringVisitor to handle new node types
	Round-trip Compatibility: Full string ↔ AST ↔ string conversion for all new operators

Operator Support Details
# Arithmetic operators (FULLY IMPLEMENTED - parsing and evaluation complete)
2 + 3       # Addition - evaluates to 5
5 - 2       # Subtraction - evaluates to 3  
3 * 4       # Multiplication - evaluates to 12
8 / 2       # Division - evaluates to 4 (integer division)
7 % 3       # Modulo - evaluates to 1
-5          # Unary minus - evaluates to -5

# Logical operators (fully functional)
true && false   # Logical AND - works completely
true || false   # Logical OR - works completely
!active         # Logical NOT - works completely

# Equality operator (fully functional)  
x == y          # Strict equality - works completely
Arithmetic Evaluation Implementation
	Complete Pipeline: Full arithmetic evaluation now implemented in stack machine evaluator
	Instruction Handlers: Added execution support for ["add"], ["subtract"], ["multiply"], ["divide"], ["modulo"] instructions
	Unary Operations: Implemented ["unary_minus"] and ["unary_bang"] instruction evaluation
	Error Handling: Comprehensive type checking and division-by-zero protection
	Pattern Matching: Idiomatic Elixir implementation using pattern matching for each operation
	Integration Testing: Full pipeline testing from expression strings to computed results

Foundation for SCXML Value Expressions
	Complete Implementation: Finished lexer, parser, AST, and evaluation phases (1.2-1.4) of SCXML datamodel support
	Full Expression Support: Arithmetic expressions now work end-to-end from parsing to evaluation
	Production Ready: Complete arithmetic expression evaluation ready for SCXML integration
	Backward Compatibility: All existing functionality remains unchanged

Technical Implementation
	Lexer Enhancement: Extended tokenization with 9 new token types
	Parser Grammar: Implemented arithmetic precedence hierarchy (unary → multiplication → addition → equality → comparison)
	AST Extensions: Added 4 new AST node types (:arithmetic, :equality, :unary, plus enhanced visitor support)
	Instruction Generation: Arithmetic expressions compile to proper stack machine instructions
	Evaluator Enhancement: Added 7 new instruction handlers with pattern matching for type safety
	Error Recovery: Comprehensive error messages for parsing and evaluation phases
	Test Coverage: 847 tests passing (92.6% coverage) with comprehensive arithmetic evaluation testing
	Code Quality: Idiomatic Elixir pattern matching implementation, all quality checks passing

[2.0.0] - 2025-08-21
Changed
Custom Function Architecture Overhaul
	Breaking Change: Removed global function registry system in favor of evaluation-time function parameters
	New API: Custom functions now passed via functions: option in Predicator.evaluate/3 calls
	Function Format: Custom functions use %{name => {arity, function}} format where function takes [args], context and returns {:ok, result} or {:error, message}
	Thread Safety: Eliminated global state for improved concurrency and thread safety
	Function Merging: SystemFunctions always available with custom functions merged in, allowing overrides
	Simplified Startup: No application-level function registry initialization required

Examples
# Old registry-based approach (removed)
Predicator.register_function("double", 1, fn [n], _context -> {:ok, n * 2} end)
Predicator.evaluate("double(21)", %{})

# New evaluation-time approach
custom_functions = %{"double" => {1, fn [n], _context -> {:ok, n * 2} end}}
Predicator.evaluate("double(21)", %{}, functions: custom_functions)

# Custom functions can override built-ins
custom_len = %{"len" => {1, fn [_], _context -> {:ok, "custom_result"} end}}
Predicator.evaluate("len('anything')", %{}, functions: custom_len)  # {:ok, "custom_result"}
Removed APIs
	Predicator.register_function/3 - Use functions: option instead
	Predicator.clear_custom_functions/0 - No longer needed
	Predicator.list_custom_functions/0 - No longer needed
	Predicator.Functions.Registry module - Entire registry system removed

Migration Guide
	Replace registry calls: Convert register_function calls to function maps passed to evaluate/3
	Update function definitions: Ensure functions return {:ok, result} or {:error, message}
	Remove initialization code: Delete any registry setup from application startup
	Update tests: Replace registry-based setup with evaluation-time function passing

Technical Implementation
	Evaluator Enhancement: Modified to accept :functions option and merge with system functions
	SystemFunctions Refactor: Added all_functions/0 to provide system functions in evaluator format
	Clean Architecture: Removed ETS-based global registry and associated complexity
	Backward Compatibility: evaluate/2 functions continue to work unchanged for expressions without custom functions

Security
	Improved Isolation: Custom functions scoped to individual evaluation calls
	No Global State: Eliminates potential race conditions and global state mutations

Performance
	Reduced Overhead: No ETS lookups or global registry management
	Better Concurrency: Thread-safe by design with no shared state

[1.1.0] - 2025-08-20
Added
Nested Data Structure Access
	Dot Notation Support: Access deeply nested data structures using dot notation syntax
	Enhanced Lexer: Extended identifier tokenization to include dots (.) as valid characters
	Recursive Context Loading: Added load_nested_value/2 function for traversing nested maps
	Mixed Key Type Support: Works seamlessly with string keys, atom keys, or mixed key types
	Graceful Error Handling: Returns :undefined for missing paths or non-map intermediate values
	Unlimited Nesting Depth: Support for arbitrarily deep nested structures

Single Quote String Support
	Dual Quote Types: Added support for single-quoted strings ('hello') alongside double-quoted strings ("hello")
	Quote Type Preservation: Round-trip parsing and decompilation preserves original quote type
	Enhanced Lexer: Extended string tokenization to handle both quote types with proper escaping
	AST Enhancement: New {:string_literal, value, quote_type} AST node for quote-aware string handling
	Escape Sequences: Full escape sequence support in both quote types (\', \", \n, \t, etc.)

Examples
# Basic nested access
context = %{"user" => %{"name" => %{"first" => "John"}}}
Predicator.evaluate("user.name.first = \"John\"", context)  # {:ok, true}

# Complex expressions with nested access  
Predicator.evaluate("user.profile.age > 18 AND config.enabled", context)

# Mixed key types
mixed_context = %{"user" => %{profile: %{"active" => true}}}
Predicator.evaluate("user.profile.active", mixed_context)  # {:ok, true}

# Single quoted strings with nested access
Predicator.evaluate("user.name.first = 'John'", context)  # {:ok, true}

# Quote type preservation in round-trip
{:ok, ast} = Predicator.parse("user.role = 'admin'")
Predicator.decompile(ast)  # "user.role = 'admin'"
Technical Implementation
	Lexer Enhancement: Modified take_identifier/3 to include dots in valid identifier characters
	Evaluator Enhancement: Enhanced load_from_context/2 with nested path detection and delegation
	Backwards Compatibility: Simple variable names continue to work exactly as before
	Comprehensive Testing: Added 100+ new tests covering nested access scenarios

Breaking Changes
	Dotted Variable Names: Variables containing dots (e.g., "user.email") are now parsed as nested access paths rather than literal key names
	Flat Key Behavior: Context keys like "user.profile.name" will no longer match the identifier user.profile.name - use proper nested structures instead

Security
	No security implications - nested access maintains the same safe evaluation model
	All nested paths are validated and type-checked during traversal

Performance
	Minimal performance impact - dot notation detection adds only a string contains check
	Recursive traversal is efficient and stops early for missing paths

[1.0.1] - 2025-08-20
Documentation
	Fixes main page for Hex docs

[1.0.0] - 2025-08-19
Added
Core Language Features
	Comparison Operators: Full support for >, <, >=, <=, =, != with proper type handling
	Logical Operators: Case-insensitive AND/and, OR/or, NOT/not with correct precedence
	Data Types: 	Numbers (integers): 42, -17
	Strings (double-quoted): "hello", "world"
	Booleans: true, false
	Date literals: #2024-01-15# (ISO 8601 format)
	DateTime literals: #2024-01-15T10:30:00Z# (ISO 8601 with timezone)
	List literals: [1, 2, 3], ["admin", "manager"]
	Identifiers: score, user_name, is_active



Advanced Operations
	Membership Operators: 	in for element-in-collection testing (role in ["admin", "manager"])
	contains for collection-contains-element testing ([1, 2, 3] contains 2)


	Parenthesized Expressions: Full support with proper precedence handling
	Plain Boolean Expressions: Support for bare identifiers (active, expired) without explicit = true

Function System
	Built-in System Functions:	String functions: len(string), upper(string), lower(string), trim(string)
	Numeric functions: abs(number), max(a, b), min(a, b)
	Date functions: year(date), month(date), day(date)


	Custom Function Registration: Register anonymous functions with Predicator.register_function/3
	Function Registry: ETS-based registry with automatic arity validation and error handling
	Context-Aware Functions: Functions receive evaluation context for dynamic behavior

Architecture & Performance
	Multi-Stage Compilation Pipeline: Expression → Lexer → Parser → Compiler → Instructions → Evaluator
	Compile-Once, Evaluate-Many: Pre-compile expressions for repeated evaluation
	Stack-Based Evaluator: Efficient instruction execution with minimal overhead
	Comprehensive Error Handling: Detailed error messages with line/column positioning

Developer Experience
	String Decompilation: Convert AST back to readable expressions with formatting options
	Multiple Evaluation APIs:	evaluate/2 - Returns {:ok, result} or {:error, message}
	evaluate!/2 - Returns result directly or raises exception
	compile/1 - Pre-compile expressions to instructions
	parse/1 - Parse expressions to AST for inspection


	Formatting Options: Configurable spacing (:normal, :compact, :verbose) and parentheses (:minimal, :explicit, :none)

Code Organization
	Modular Architecture: Clean separation of concerns across lexer, parser, compiler, evaluator
	Organized File Structure:	lib/predicator/functions/ - Function system components
	lib/predicator/visitors/ - AST transformation modules


	Comprehensive Testing: 616 tests with 66 doctests, achieving >90% code coverage

Technical Details
Grammar
The language supports a complete expression grammar with proper operator precedence:
expression   → logical_or
logical_or   → logical_and ( ("OR" | "or") logical_and )*
logical_and  → logical_not ( ("AND" | "and") logical_not )*
logical_not  → ("NOT" | "not") logical_not | comparison
comparison   → primary ( ( ">" | "<" | ">=" | "<=" | "=" | "!=" | "in" | "contains" ) primary )?
primary      → NUMBER | STRING | BOOLEAN | DATE | DATETIME | IDENTIFIER | list | function_call | "(" expression ")"
function_call → IDENTIFIER "(" ( expression ( "," expression )* )? ")"
list         → "[" ( expression ( "," expression )* )? "]"
Security
	No Dynamic Code Execution: All expressions compiled to safe instruction sequences
	Input Validation: Comprehensive validation at lexer and parser levels
	Type Safety: Strong typing throughout compilation and evaluation pipeline
	Sandboxed Evaluation: No access to system functions or arbitrary code execution

Performance
	Efficient Tokenization: Single-pass lexer with position tracking
	Recursive Descent Parser: Clean, maintainable parsing with excellent error recovery
	Optimized Instruction Set: Minimal instruction overhead for fast evaluation
	Memory Efficient: Low allocation during expression evaluation

Dependencies
	Runtime: Zero external dependencies for core functionality
	Development: Credo, Dialyzer, ExCoveralls for code quality and testing
	Minimum Elixir: ~> 1.11

Breaking Changes
⚠️ COMPLETE LIBRARY REWRITE ⚠️
Version 1.0.0 is a complete rewrite of the Predicator library with entirely new:
	API design and function signatures
	Expression syntax and grammar
	Internal architecture and data structures
	Feature set and capabilities

Migration Guide
Migration from versions < 1.0.0 has NOT been tested and is NOT guaranteed to work.
If you are upgrading from a pre-1.0.0 version:
	Treat this as a new library adoption, not an upgrade
	Review all documentation - APIs have completely changed
	Test thoroughly in development environments
	Expect to rewrite all integration code
	Plan for significant refactoring of existing expressions

Future 1.x.x versions will maintain backwards compatibility and include proper migration guides.

Legacy Versions (Pre-1.0.0)
The following versions are part of the original Predicator implementation, which has been completely rewritten for 1.0.0:
[0.9.2]
Documentation
	Adds additional information to README
	Adds documentation to functions in Predicator

Enhancements
	Adds compile!, evaluate, evaluate!, evaluate_instructions, evaluate_instructions! functions to Predicator
	Adds Ecto.PredicatorInstructions Ecto type

[0.9.1]
Documentation
	Moves project from predicator/predicator_elixir to riddler/predicator

[0.9.0]
Breaking Changes
	Evaluates compare instead of comparator to be compatible with ruby predicator lib

[0.8.1]
Enhancements
	Adds leex and parsing for and and or
	Adds leex and parsing for ! and boolean

[0.8.0]
Added
	Predicator.matches?/3 accepts evaluator options

Enhancements
	Adds leex and parsing for isblank and ispresent
	Supports escaped double quote strings

Fixed
	in and notin accept list of strings

[0.7.3]
Enhancements
	Adds leex and parsing for in, notin, between, startswith, endswith instructions

[0.7.1]
Added
	Adds between instruction for eval on dates

[0.7.0]
Added
	Adds 2 new comparison predicates for starts_with & ends_with

[0.6.0]
Added
	Adds 3 new evaluatable predicates for to_date, date_ago, and date_from_now

[0.5.0]
Changed
	Evaluator now reads new coercion instructions to_int, to_str, & to_bool

[0.4.0]
Added
	Adds 4 new functions to the Predicator module: eval/3, leex_string/1, parsed_lexed/1, & leex_and_parse/1

[0.3.0]
Enhancements
	Adds options to Predicator.Evaluator.execute/3 as a keyword list to define if the context map is a string keyed list [map_type: :string] or atom keyed for the default [map_type: :atom]


For detailed information about upcoming features and development roadmap, see the project README.
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A secure, non-evaluative condition engine for processing end-user boolean predicates.
Predicator transforms string conditions into executable instructions that can be
safely evaluated without direct code execution. It uses a stack-based virtual machine
to process instructions and supports flexible context-based condition checking.
Basic Usage
The simplest way to use Predicator is with the evaluate/2 function:
iex> instructions = [["lit", 42]]
iex> Predicator.evaluate(instructions)
{:ok, 42}

iex> instructions = [["load", "score"]]
iex> context = %{"score" => 85}
iex> Predicator.evaluate(instructions, context)
{:ok, 85}
Instruction Format
Instructions are lists where:
	First element is the operation name (string)
	Remaining elements are operation arguments

Currently supported instructions:
	["lit", value] - Push a literal value onto the stack
	["load", variable_name] - Load a variable from context onto the stack
	["compare", operator] - Compare top two stack values (GT, LT, EQ, GTE, LTE, NE)

Context
The context is a map containing variable bindings. Both string and atom keys
are supported for flexibility:
%{"score" => 85, "name" => "Alice"}
%{score: 85, name: "Alice"}
Architecture
Predicator uses a stack-based evaluation model:
	Instructions are processed sequentially
	Each instruction manipulates a stack
	The final result is the top value on the stack when execution completes


      


      
        Summary


  
    Functions
  


    
      
        compile(expression)

      


        Compiles a string expression to instruction list.



    


    
      
        compile!(expression)

      


        Compiles a string expression to instruction list, raising on errors.



    


    
      
        decompile(ast, opts \\ [])

      


        Converts an AST back to a string representation.



    


    
      
        evaluate(input, context \\ %{}, opts \\ [])

      


        Evaluates a predicate expression or instruction list.



    


    
      
        evaluate!(input, context \\ %{}, opts \\ [])

      


        Evaluates a predicate expression or instruction list, raising on errors.



    


    
      
        evaluator(instructions, context \\ %{})

      


        Creates a new evaluator state for low-level instruction processing.



    


    
      
        parse(expression)

      


        Parses an expression string into an Abstract Syntax Tree.



    


    
      
        run_evaluator(evaluator)

      


        Runs an evaluator until completion.



    





      


      
        Functions


        


  
    
      
    
    
      compile(expression)



        
          
        

    

  


  

      

          @spec compile(binary()) ::
  {:ok, Predicator.Types.instruction_list()} | {:error, binary()}


      


Compiles a string expression to instruction list.
This function allows you to pre-compile expressions for maximum performance
when evaluating the same expression multiple times with different contexts.
Parameters
	expression - String expression to compile

Returns
	{:ok, instructions} - Successfully compiled instructions
	{:error, message} - Parse error with details

Examples
iex> {:ok, instructions} = Predicator.compile("score > 85")
iex> instructions
[["load", "score"], ["lit", 85], ["compare", "GT"]]

iex> Predicator.compile("score >")
{:error, "Expected number, string, boolean, date, datetime, identifier, function call, list, or '(' but found end of input at line 1, column 8"}

  



  
    
      
    
    
      compile!(expression)



        
          
        

    

  


  

      

          @spec compile!(binary()) :: Predicator.Types.instruction_list()


      


Compiles a string expression to instruction list, raising on errors.
Similar to compile/1 but raises an exception for parse errors.
Examples
iex> Predicator.compile!("score > 85")
[["load", "score"], ["lit", 85], ["compare", "GT"]]

  



    

  
    
      
    
    
      decompile(ast, opts \\ [])



        
          
        

    

  


  

      

          @spec decompile(
  Predicator.Parser.ast(),
  keyword()
) :: binary()


      


Converts an AST back to a string representation.
This function takes an Abstract Syntax Tree and generates a readable string
representation. This is useful for debugging, displaying expressions to users,
and documentation purposes.
Parameters
	ast - The Abstract Syntax Tree to convert
	opts - Optional formatting options:	:parentheses - :minimal (default) | :explicit | :none

	:spacing - :normal (default) | :compact | :verbose




Returns
String representation of the AST
Examples
iex> ast = {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}
iex> Predicator.decompile(ast)
"score > 85"

iex> ast = {:literal, 42}
iex> Predicator.decompile(ast)
"42"

iex> ast = {:comparison, :eq, {:identifier, "active"}, {:literal, true}}
iex> Predicator.decompile(ast, parentheses: :explicit, spacing: :verbose)
"(active  =  true)"

  



    

    

  
    
      
    
    
      evaluate(input, context \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec evaluate(
  binary() | Predicator.Types.instruction_list(),
  Predicator.Types.context(),
  keyword()
) :: {:ok, Predicator.Types.value()} | {:error, struct()}


      


Evaluates a predicate expression or instruction list.
This is the main entry point for Predicator evaluation. It accepts either:
	A string expression (e.g., "score > 85") which gets compiled automatically
	A pre-compiled instruction list for maximum performance

Parameters
	input - String expression or instruction list to evaluate
	context - Optional context map with variable bindings (default: %{})
	opts - Optional keyword list of options:	:functions - Map of custom functions to make available during evaluation



Returns
	{:ok, result} on successful evaluation
	{:error, error_struct} if parsing or execution fails

Error Types
	Predicator.Errors.TypeMismatchError - Type mismatch in operation
	Predicator.Errors.UndefinedVariableError - Variable not found in context
	Predicator.Errors.EvaluationError - General evaluation error (division by zero, etc.)
	Predicator.Errors.ParseError - Expression parsing error

Examples
# Simple expressions
iex> Predicator.evaluate("true")
{:ok, true}

iex> Predicator.evaluate("2 + 3")
{:ok, 5}

# With context
iex> Predicator.evaluate("score > 85", %{"score" => 90})
{:ok, true}

# With custom functions
iex> custom_functions = %{"double" => {1, fn [n], _context -> {:ok, n * 2} end}}
iex> Predicator.evaluate("double(21)", %{}, functions: custom_functions)
{:ok, 42}

# Pre-compiled instruction lists
iex> Predicator.evaluate([["lit", 42]])
{:ok, 42}

# Error handling
iex> {:error, error} = Predicator.evaluate("score + 'hello'", %{"score" => 5})
iex> error.message
"Arithmetic add requires integers, got 5 (integer) and \"hello\" (string)"
iex> error.expected
:integer

  



    

    

  
    
      
    
    
      evaluate!(input, context \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec evaluate!(
  binary() | Predicator.Types.instruction_list(),
  Predicator.Types.context(),
  keyword()
) :: Predicator.Types.value()


      


Evaluates a predicate expression or instruction list, raising on errors.
Similar to evaluate/3 but raises an exception for error results instead
of returning error tuples. Follows the Elixir convention of bang functions.
Examples
iex> Predicator.evaluate!("score > 85", %{"score" => 90})
true

iex> Predicator.evaluate!([["lit", 42]])
42

# With custom functions
iex> custom_functions = %{"double" => {1, fn [n], _context -> {:ok, n * 2} end}}
iex> Predicator.evaluate!("double(21)", %{}, functions: custom_functions)
42

# This would raise an exception:
# Predicator.evaluate!("score >", %{})

  



    

  
    
      
    
    
      evaluator(instructions, context \\ %{})



        
          
        

    

  


  

      

          @spec evaluator(Predicator.Types.instruction_list(), Predicator.Types.context()) ::
  Predicator.Evaluator.t()


      


Creates a new evaluator state for low-level instruction processing.
This function is useful when you need fine-grained control over the
evaluation process or want to inspect the evaluator state.
Parameters
	instructions - List of instructions to prepare for execution
	context - Optional context map with variable bindings (default: %{})

Returns
An %Predicator.Evaluator{} struct ready for execution.
Examples
iex> evaluator = Predicator.evaluator([["lit", 42]])
iex> evaluator.instructions
[["lit", 42]]

iex> evaluator = Predicator.evaluator([["load", "x"]], %{"x" => 10})
iex> evaluator.context
%{"x" => 10}
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          @spec parse(binary()) ::
  {:ok, Predicator.Parser.ast()}
  | {:error, binary(), pos_integer(), pos_integer()}


      


Parses an expression string into an Abstract Syntax Tree.
Examples
iex> Predicator.parse("score > 85")
{:ok, {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}}

  



  
    
      
    
    
      run_evaluator(evaluator)



        
          
        

    

  


  

      

          @spec run_evaluator(Predicator.Evaluator.t()) ::
  {:ok, Predicator.Evaluator.t()} | {:error, term()}


      


Runs an evaluator until completion.
This provides direct access to the low-level evaluator API for cases
where you need more control than the execute/2 function provides.
Parameters
	evaluator - An %Predicator.Evaluator{} struct

Returns
	{:ok, final_evaluator_state} on success
	{:error, reason} on failure

Examples
iex> evaluator = Predicator.evaluator([["lit", 42]])
iex> {:ok, final_state} = Predicator.run_evaluator(evaluator)
iex> final_state.stack
[42]

  


        

      


  

    
Predicator.Compiler 
    



      
Compiler that converts AST to various representations using visitors.
The compiler orchestrates different visitors to transform Abstract Syntax Trees
into executable instructions, string representations, or other formats.
Examples
iex> ast = {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}
iex> Predicator.Compiler.to_instructions(ast)
[["load", "score"], ["lit", 85], ["compare", "GT"]]

# Future visitors will enable:
# iex> Predicator.Compiler.to_string(ast) 
# "score > 85"

# iex> Predicator.Compiler.to_dot(ast)
# "digraph {...}"

      


      
        Summary


  
    Functions
  


    
      
        to_instructions(ast, opts \\ [])

      


        Converts an AST to stack machine instructions.



    


    
      
        to_string(ast, opts \\ [])

      


        Converts an AST to a string representation.



    





      


      
        Functions


        


    

  
    
      
    
    
      to_instructions(ast, opts \\ [])



        
          
        

    

  


  

      

          @spec to_instructions(
  Predicator.Parser.ast(),
  keyword()
) :: [[binary() | term()]]


      


Converts an AST to stack machine instructions.
Uses the InstructionsVisitor to generate a list of instructions that can
be executed by the stack-based evaluator.
Parameters
	ast - The Abstract Syntax Tree to compile
	opts - Optional compiler options

Returns
List of instructions in the format [["operation", ...args]]
Examples
iex> ast = {:literal, 42}
iex> Predicator.Compiler.to_instructions(ast)
[["lit", 42]]

iex> ast = {:comparison, :eq, {:identifier, "name"}, {:literal, "John"}}
iex> Predicator.Compiler.to_instructions(ast)
[["load", "name"], ["lit", "John"], ["compare", "EQ"]]

  



    

  
    
      
    
    
      to_string(ast, opts \\ [])



        
          
        

    

  


  

      

          @spec to_string(
  Predicator.Parser.ast(),
  keyword()
) :: binary()


      


Converts an AST to a string representation.
Uses the StringVisitor to generate a readable string representation
of the Abstract Syntax Tree. This is useful for debugging, documentation,
and displaying expressions to users.
Parameters
	ast - The Abstract Syntax Tree to convert
	opts - Optional formatting options:	:parentheses - :minimal (default) | :explicit | :none

	:spacing - :normal (default) | :compact | :verbose




Returns
String representation of the AST
Examples
iex> ast = {:literal, 42}
iex> Predicator.Compiler.to_string(ast)
"42"

iex> ast = {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}
iex> Predicator.Compiler.to_string(ast)
"score > 85"

iex> ast = {:comparison, :gt, {:identifier, "age"}, {:literal, 21}}
iex> Predicator.Compiler.to_string(ast, parentheses: :explicit)
"(age > 21)"

  


        

      


  

    
Predicator.Errors 
    



      
Common utilities for error formatting across all Predicator error modules.
This module provides shared functions for formatting error messages,
type names, and operation names consistently across all error types.

      


      
        Summary


  
    Functions
  


    
      
        expected_type_name(type)

      


        Formats an expected type name for error messages with proper articles.



    


    
      
        operation_display_name(op)

      


        Formats an operation name for user-friendly error messages.



    


    
      
        type_name_with_value(type, value)

      


        Formats a type name with its value for error messages.



    





      


      
        Functions


        


  
    
      
    
    
      expected_type_name(type)



        
          
        

    

  


  

      

          @spec expected_type_name(atom()) :: String.t()


      


Formats an expected type name for error messages with proper articles.
Examples
iex> Predicator.Errors.expected_type_name(:integer)
"an integer"

iex> Predicator.Errors.expected_type_name(:boolean)
"a boolean"

iex> Predicator.Errors.expected_type_name(:custom_type)
"a custom_type"

  



  
    
      
    
    
      operation_display_name(op)



        
          
        

    

  


  

      

          @spec operation_display_name(atom()) :: String.t()


      


Formats an operation name for user-friendly error messages.
Examples
iex> Predicator.Errors.operation_display_name(:add)
"Arithmetic add"

iex> Predicator.Errors.operation_display_name(:logical_and)
"Logical AND"

iex> Predicator.Errors.operation_display_name(:unary_bang)
"Logical NOT"

  



  
    
      
    
    
      type_name_with_value(type, value)



        
          
        

    

  


  

      

          @spec type_name_with_value(atom(), any()) :: String.t()


      


Formats a type name with its value for error messages.
Examples
iex> Predicator.Errors.type_name_with_value(:string, "hello")
"\"hello\" (string)"

iex> Predicator.Errors.type_name_with_value(:integer, 42)
"42 (integer)"

iex> Predicator.Errors.type_name_with_value(:undefined, :undefined)
":undefined (undefined)"

  


        

      


  

    
Predicator.Errors.EvaluationError 
    



      
Error struct for general evaluation errors in Predicator evaluation.
This error occurs for runtime evaluation problems like division by zero,
function call errors, or insufficient operands.
Fields
	message - Human-readable error description
	reason - Structured reason code for the error
	operation - The operation that failed (optional)

Examples
%Predicator.Errors.EvaluationError{
  message: "Division by zero",
  reason: "division_by_zero",
  operation: :divide
}

%Predicator.Errors.EvaluationError{
  message: "Function len() expects 1 arguments, got 0",
  reason: "insufficient_arguments",
  operation: :function_call
}
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        insufficient_operands(operation, got, expected)

      


        Creates an evaluation error for insufficient operands.



    


    
      
        new(message, reason, operation \\ nil)

      


        Creates an evaluation error.
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          @type t() :: %Predicator.Errors.EvaluationError{
  message: binary(),
  operation: atom() | nil,
  reason: binary()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      insufficient_operands(operation, got, expected)



        
          
        

    

  


  

      

          @spec insufficient_operands(atom(), integer(), integer()) :: t()


      


Creates an evaluation error for insufficient operands.

  



    

  
    
      
    
    
      new(message, reason, operation \\ nil)



        
          
        

    

  


  

      

          @spec new(binary(), binary(), atom() | nil) :: t()


      


Creates an evaluation error.

  


        

      


  

    
Predicator.Errors.ParseError 
    



      
Error struct for parse errors in Predicator expressions.
This error occurs when the input expression cannot be parsed due to syntax errors.
Fields
	message - Human-readable error description
	line - Line number where the error occurred
	column - Column number where the error occurred

Examples
%Predicator.Errors.ParseError{
  message: "Expected number, string, boolean, date, datetime, identifier, function call, list, or '(' but found '>' at line 1, column 10",
  line: 1,
  column: 10
}
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(message, line, column)

      


        Creates a parse error.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Predicator.Errors.ParseError{
  column: pos_integer(),
  line: pos_integer(),
  message: binary()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(message, line, column)



        
          
        

    

  


  

      

          @spec new(binary(), pos_integer(), pos_integer()) :: t()


      


Creates a parse error.

  


        

      


  

    
Predicator.Errors.TypeMismatchError 
    



      
Error struct for type mismatch errors in Predicator evaluation.
This error occurs when an operation receives values of incorrect types,
such as trying to perform arithmetic on strings or logical operations on integers.
Fields
	message - Human-readable error description
	expected - The type that was expected (e.g., :integer, :boolean)
	got - The actual type(s) received (single type or tuple for binary operations)
	values - The actual value(s) that caused the error (optional, for debugging)
	operation - The operation that failed (e.g., :add, :logical_and)

Examples
%Predicator.Errors.TypeMismatchError{
  message: "Arithmetic add requires integers, got "hello" (string) and 5 (integer)",
  expected: :integer,
  got: {:string, :integer},
  values: {"hello", 5},
  operation: :add
}

%Predicator.Errors.TypeMismatchError{
  message: "Unary minus requires an integer, got "text" (string)",
  expected: :integer,
  got: :string,
  values: "text",
  operation: :unary_minus
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        binary(operation, expected, arg1, arg2)

      


        Creates a type mismatch error for binary operations.



    


    
      
        unary(operation, expected, got, value)

      


        Creates a type mismatch error for unary operations.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Predicator.Errors.TypeMismatchError{
  expected: atom(),
  got: atom() | {atom(), atom()},
  message: binary(),
  operation: atom(),
  values: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      binary(operation, expected, arg1, arg2)



        
          
        

    

  


  

      

          @spec binary(atom(), atom(), {atom(), atom()}, {any(), any()}) :: t()


      


Creates a type mismatch error for binary operations.

  



  
    
      
    
    
      unary(operation, expected, got, value)



        
          
        

    

  


  

      

          @spec unary(atom(), atom(), atom(), any()) :: t()


      


Creates a type mismatch error for unary operations.

  


        

      


  

    
Predicator.Errors.UndefinedVariableError 
    



      
Error struct for undefined variable errors in Predicator evaluation.
This error occurs when trying to access a variable that doesn't exist in the evaluation context.
Fields
	message - Human-readable error description
	variable - The name of the undefined variable

Examples
%Predicator.Errors.UndefinedVariableError{
  message: "Undefined variable: score",
  variable: "score"
}

%Predicator.Errors.UndefinedVariableError{
  message: "Undefined variable: user.profile.settings",
  variable: "user.profile.settings"
}
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(variable)

      


        Creates an undefined variable error.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Predicator.Errors.UndefinedVariableError{
  message: binary(),
  variable: binary()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(variable)



        
          
        

    

  


  

      

          @spec new(binary()) :: t()


      


Creates an undefined variable error.

  


        

      


  

    
Predicator.Evaluator 
    



      
Stack-based evaluator for predicator instructions.
The evaluator executes a list of instructions using a stack machine approach.
Instructions operate on a stack, with the most recent values at the top (head of list).
Supported instruction types:
	["lit", value] - Push literal value onto stack
	["load", variable_name] - Load variable from context onto stack  
	["compare", operator] - Compare top two stack values with operator
	["and"] - Logical AND of top two boolean values
	["or"] - Logical OR of top two boolean values
	["not"] - Logical NOT of top boolean value
	["in"] - Membership test (element in collection)
	["contains"] - Membership test (collection contains element)
	["add"] - Add top two integer values
	["subtract"] - Subtract top two integer values
	["multiply"] - Multiply top two integer values
	["divide"] - Divide top two integer values (integer division)
	["modulo"] - Modulo operation on top two integer values
	["unary_minus"] - Negate top integer value
	["unary_bang"] - Logical NOT of top boolean value
	["bracket_access"] - Pop key and object, push object[key] result
	["call", function_name, arg_count] - Call function with arguments from stack


      


      
        Summary


  
    Types
  


    
      
        t()

      


        Internal evaluator state



    





  
    Functions
  


    
      
        evaluate(instructions, context \\ %{}, opts \\ [])

      


        Evaluates a list of instructions with the given context and options.



    


    
      
        evaluate!(instructions, context \\ %{}, opts \\ [])

      


        Evaluates a list of instructions with the given context and options, raising on errors.



    


    
      
        run(evaluator)

      


        Runs the evaluator until it halts or encounters an error.



    


    
      
        step(evaluator)

      


        Executes a single instruction step.



    


    
      
        types_match(a, b)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Predicator.Evaluator{
  context: Predicator.Types.context(),
  functions: %{required(binary()) => {non_neg_integer(), function()}},
  halted: boolean(),
  instruction_pointer: non_neg_integer(),
  instructions: Predicator.Types.instruction_list(),
  stack: [Predicator.Types.value()]
}


      


Internal evaluator state

  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      evaluate(instructions, context \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec evaluate(
  Predicator.Types.instruction_list(),
  Predicator.Types.context(),
  keyword()
) ::
  Predicator.Types.internal_result()


      


Evaluates a list of instructions with the given context and options.
Returns the top value on the stack when evaluation completes,
or an error if something goes wrong.
Parameters
	instructions - List of instructions to execute
	context - Context map with variable bindings (default: %{})
	opts - Options keyword list:	:functions - Map of custom functions %{name => {arity, function}}



Examples
iex> Predicator.Evaluator.evaluate([["lit", 42]], %{})
42

iex> Predicator.Evaluator.evaluate([["load", "score"]], %{"score" => 85})
85

# With custom functions
iex> custom_functions = %{"double" => {1, fn [n], _context -> {:ok, n * 2} end}}
iex> instructions = [["lit", 21], ["call", "double", 1]]
iex> Predicator.Evaluator.evaluate(instructions, %{}, functions: custom_functions)
42

  



    

    

  
    
      
    
    
      evaluate!(instructions, context \\ %{}, opts \\ [])



        
          
        

    

  


  

      

          @spec evaluate!(
  Predicator.Types.instruction_list(),
  Predicator.Types.context(),
  keyword()
) ::
  Predicator.Types.value()


      


Evaluates a list of instructions with the given context and options, raising on errors.
Similar to evaluate/3 but raises an exception for error results instead
of returning error tuples. Follows the Elixir convention of bang functions.
Examples
iex> Predicator.Evaluator.evaluate!([["lit", 42]], %{})
42

iex> Predicator.Evaluator.evaluate!([["load", "score"]], %{"score" => 85})
85

# With custom functions
iex> custom_functions = %{"double" => {1, fn [n], _context -> {:ok, n * 2} end}}
iex> instructions = [["lit", 21], ["call", "double", 1]]
iex> Predicator.Evaluator.evaluate!(instructions, %{}, functions: custom_functions)
42

  



  
    
      
    
    
      run(evaluator)



        
          
        

    

  


  

      

          @spec run(t()) :: {:ok, t()} | {:error, struct()}


      


Runs the evaluator until it halts or encounters an error.
Returns {:ok, final_state} on success or {:error, reason} on failure.

  



  
    
      
    
    
      step(evaluator)



        
          
        

    

  


  

      

          @spec step(t()) :: {:ok, t()} | {:error, term()}


      


Executes a single instruction step.
Returns the updated evaluator state or an error.

  



  
    
      
    
    
      types_match(a, b)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
Predicator.Functions.SystemFunctions 
    



      
Built-in helper functions for use in predicator expressions.
This module provides a collection of utility functions that can be called
within predicator expressions using function call syntax. These functions
operate on values from the evaluation context and return computed results.
Available Functions
String Functions
	len(string) - Returns the length of a string
	upper(string) - Converts string to uppercase
	lower(string) - Converts string to lowercase
	trim(string) - Removes leading and trailing whitespace

Numeric Functions
	abs(number) - Returns the absolute value of a number
	max(a, b) - Returns the larger of two numbers
	min(a, b) - Returns the smaller of two numbers

Date Functions
	year(date) - Extracts the year from a date or datetime
	month(date) - Extracts the month from a date or datetime
	day(date) - Extracts the day from a date or datetime

Examples
iex> Predicator.BuiltInFunctions.call("len", ["hello"])
{:ok, 5}

iex> Predicator.BuiltInFunctions.call("upper", ["world"])
{:ok, "WORLD"}

iex> Predicator.BuiltInFunctions.call("max", [10, 5])
{:ok, 10}

iex> Predicator.BuiltInFunctions.call("unknown", [])
{:error, "Unknown function: unknown"}

      


      
        Summary


  
    Types
  


    
      
        function_result()

      


    





  
    Functions
  


    
      
        all_functions()

      


        Returns all system functions as a map in the format expected by the evaluator.
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      function_result()



        
          
        

    

  


  

      

          @type function_result() :: {:ok, Predicator.Types.value()} | {:error, binary()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      all_functions()



        
          
        

    

  


  

      

          @spec all_functions() :: %{required(binary()) => {non_neg_integer(), function()}}


      


Returns all system functions as a map in the format expected by the evaluator.
Returns
A map where keys are function names and values are {arity, function} tuples.
Examples
iex> functions = Predicator.Functions.SystemFunctions.all_functions()
iex> Map.has_key?(functions, "len")
true

iex> {arity, _function} = functions["len"]
iex> arity
1

  


        

      


  

    
Predicator.Lexer 
    



      
Lexical analyzer for predicator expressions.
The lexer converts input strings into a stream of tokens with complete
position tracking for detailed error reporting. Each token includes:
	Token type and value
	Line and column position
	Length for precise error highlighting

Example
iex> Predicator.Lexer.tokenize("score > 85")
{:ok, [
  {:identifier, 1, 1, 5, "score"},
  {:gt, 1, 7, 1, ">"},  
  {:integer, 1, 9, 2, 85},
  {:eof, 1, 11, 0, nil}
]}

      


      
        Summary


  
    Types
  


    
      
        lexer_state()

      


        Internal lexer state for position tracking.



    


    
      
        position()

      


        Position information for a token.



    


    
      
        result()

      


        Lexer result - either success with tokens or error with details.



    


    
      
        token()

      


        A lexical token with position information.



    





  
    Functions
  


    
      
        tokenize(input)

      


        Tokenizes an input string into a list of tokens.



    





      


      
        Types


        


  
    
      
    
    
      lexer_state()



        
          
        

    

  


  

      

          @type lexer_state() :: %{
  input: binary(),
  position: non_neg_integer(),
  line: pos_integer(),
  column: pos_integer(),
  tokens: [token()]
}


      


Internal lexer state for position tracking.

  



  
    
      
    
    
      position()



        
          
        

    

  


  

      

          @type position() ::
  {line :: pos_integer(), column :: pos_integer(), length :: pos_integer()}


      


Position information for a token.
Contains:
	line - 1-based line number
	column - 1-based column number  
	length - number of characters in the token


  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: {:ok, [token()]} | {:error, binary(), pos_integer(), pos_integer()}


      


Lexer result - either success with tokens or error with details.

  



  
    
      
    
    
      token()



        
          
        

    

  


  

      

          @type token() ::
  {:identifier, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:integer, pos_integer(), pos_integer(), pos_integer(), integer()}
  | {:string, pos_integer(), pos_integer(), pos_integer(), binary(),
     :double | :single}
  | {:boolean, pos_integer(), pos_integer(), pos_integer(), boolean()}
  | {:date, pos_integer(), pos_integer(), pos_integer(), Date.t()}
  | {:datetime, pos_integer(), pos_integer(), pos_integer(), DateTime.t()}
  | {:gt, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:lt, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:gte, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:lte, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:eq, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:ne, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:equal_equal, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:plus, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:minus, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:multiply, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:divide, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:modulo, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:and_and, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:or_or, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:bang, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:and_op, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:or_op, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:not_op, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:lparen, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:rparen, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:lbracket, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:rbracket, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:comma, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:in_op, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:contains_op, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:function_name, pos_integer(), pos_integer(), pos_integer(), binary()}
  | {:eof, pos_integer(), pos_integer(), pos_integer(), nil}


      


A lexical token with position information.
Format: {type, line, column, length, value}

  


        

      

      
        Functions


        


  
    
      
    
    
      tokenize(input)



        
          
        

    

  


  

      

          @spec tokenize(binary()) :: result()


      


Tokenizes an input string into a list of tokens.
Parameters
	input - The expression string to tokenize

Returns
	{:ok, tokens} - Successfully tokenized input
	{:error, message, line, column} - Lexical error with position

Examples
iex> Predicator.Lexer.tokenize("score > 85")
{:ok, [
  {:identifier, 1, 1, 5, "score"},
  {:gt, 1, 7, 1, ">"},
  {:integer, 1, 9, 2, 85},
  {:eof, 1, 11, 0, nil}
]}

iex> Predicator.Lexer.tokenize("age >= 18")
{:ok, [
  {:identifier, 1, 1, 3, "age"},
  {:gte, 1, 5, 2, ">="},
  {:integer, 1, 8, 2, 18},
  {:eof, 1, 10, 0, nil}
]}

iex> Predicator.Lexer.tokenize("name = \"John\"")
{:ok, [
  {:identifier, 1, 1, 4, "name"},
  {:eq, 1, 6, 1, "="},
  {:string, 1, 8, 6, "John", :double},
  {:eof, 1, 14, 0, nil}
]}

iex> Predicator.Lexer.tokenize("score > 85 AND age >= 18")
{:ok, [
  {:identifier, 1, 1, 5, "score"},
  {:gt, 1, 7, 1, ">"},
  {:integer, 1, 9, 2, 85},
  {:and_op, 1, 12, 3, "AND"},
  {:identifier, 1, 16, 3, "age"},
  {:gte, 1, 20, 2, ">="},
  {:integer, 1, 23, 2, 18},
  {:eof, 1, 25, 0, nil}
]}

  


        

      


  

    
Predicator.Parser 
    



      
Recursive descent parser for predicator expressions.
The parser converts a stream of tokens from the lexer into an Abstract Syntax Tree (AST)
with comprehensive error reporting including exact position information.
Grammar
The parser implements this grammar with proper operator precedence:
expression   → logical_or
logical_or   → logical_and ( "OR" | "||" logical_and )*
logical_and  → logical_not ( "AND" | "&&" logical_not )*
logical_not  → "NOT" | "!" logical_not | equality
equality     → comparison ( ( "==" | "!=" ) comparison )*
comparison   → addition ( ( ">" | "<" | ">=" | "<=" | "=" | "in" | "contains" ) addition )?
addition     → multiplication ( ( "+" | "-" ) multiplication )*
multiplication → unary ( ( "*" | "/" | "%" ) unary )*
unary        → ( "-" | "!" ) unary | postfix
postfix      → primary ( "[" expression "]" )*
primary      → NUMBER | STRING | BOOLEAN | DATE | DATETIME | IDENTIFIER | function_call | list | "(" expression ")"
function_call → FUNCTION_NAME "(" ( expression ( "," expression )* )? ")"
list         → "[" ( expression ( "," expression )* )? "]"
Examples
iex> {:ok, tokens} = Predicator.Lexer.tokenize("score > 85")
iex> Predicator.Parser.parse(tokens)
{:ok, {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}}

iex> {:ok, tokens} = Predicator.Lexer.tokenize("(age >= 18)")
iex> Predicator.Parser.parse(tokens)
{:ok, {:comparison, :gte, {:identifier, "age"}, {:literal, 18}}}

iex> {:ok, tokens} = Predicator.Lexer.tokenize("score > 85 AND age >= 18")
iex> Predicator.Parser.parse(tokens)
{:ok, {:logical_and, {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}, {:comparison, :gte, {:identifier, "age"}, {:literal, 18}}}}
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    Types
  


    
      
        arithmetic_op()

      


        Arithmetic operators in the AST.



    


    
      
        ast()

      


        Abstract Syntax Tree node types.



    


    
      
        comparison_op()

      


        Comparison operators in the AST.



    


    
      
        equality_op()

      


        Equality operators in the AST.



    


    
      
        membership_op()

      


        Membership operators in the AST.



    


    
      
        parser_state()

      


        Internal parser state for tracking position and tokens.



    


    
      
        result()

      


        Parser result - either success with AST or error with details.



    


    
      
        unary_op()

      


        Unary operators in the AST.



    


    
      
        value()

      


        A value that can appear in literals.



    





  
    Functions
  


    
      
        parse(tokens)

      


        Parses a list of tokens into an Abstract Syntax Tree.
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          @type arithmetic_op() :: :add | :subtract | :multiply | :divide | :modulo


      


Arithmetic operators in the AST.

  



  
    
      
    
    
      ast()



        
          
        

    

  


  

      

          @type ast() ::
  {:literal, value()}
  | {:string_literal, binary(), :double | :single}
  | {:identifier, binary()}
  | {:comparison, comparison_op(), ast(), ast()}
  | {:equality, equality_op(), ast(), ast()}
  | {:arithmetic, arithmetic_op(), ast(), ast()}
  | {:unary, unary_op(), ast()}
  | {:membership, membership_op(), ast(), ast()}
  | {:logical_and, ast(), ast()}
  | {:logical_or, ast(), ast()}
  | {:logical_not, ast()}
  | {:list, [ast()]}
  | {:function_call, binary(), [ast()]}
  | {:bracket_access, ast(), ast()}


      


Abstract Syntax Tree node types.
	{:literal, value} - A literal value (number, boolean, list, date, datetime)
	{:string_literal, value, quote_type} - A string literal with quote type information
	{:identifier, name} - A variable reference
	{:comparison, operator, left, right} - A comparison expression
	{:equality, operator, left, right} - An equality expression (== !=)
	{:arithmetic, operator, left, right} - An arithmetic expression (+, -, *, /, %)
	{:unary, operator, operand} - A unary expression (-, !)
	{:logical_and, left, right} - A logical AND expression
	{:logical_or, left, right} - A logical OR expression
	{:logical_not, operand} - A logical NOT expression
	{:list, elements} - A list literal
	{:membership, operator, left, right} - A membership operation (in/contains)
	{:function_call, name, arguments} - A function call with arguments
	{:bracket_access, object, key} - A bracket access expression (obj[key])


  



  
    
      
    
    
      comparison_op()



        
          
        

    

  


  

      

          @type comparison_op() :: :gt | :lt | :gte | :lte | :eq


      


Comparison operators in the AST.

  



  
    
      
    
    
      equality_op()



        
          
        

    

  


  

      

          @type equality_op() :: :equal_equal | :ne


      


Equality operators in the AST.

  



  
    
      
    
    
      membership_op()



        
          
        

    

  


  

      

          @type membership_op() :: :in | :contains


      


Membership operators in the AST.

  



  
    
      
    
    
      parser_state()



        
          
        

    

  


  

      

          @type parser_state() :: %{
  tokens: [Predicator.Lexer.token()],
  position: non_neg_integer()
}


      


Internal parser state for tracking position and tokens.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: {:ok, ast()} | {:error, binary(), pos_integer(), pos_integer()}


      


Parser result - either success with AST or error with details.

  



  
    
      
    
    
      unary_op()



        
          
        

    

  


  

      

          @type unary_op() :: :minus | :bang


      


Unary operators in the AST.

  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() ::
  boolean() | integer() | binary() | [value()] | Date.t() | DateTime.t()


      


A value that can appear in literals.

  


        

      

      
        Functions


        


  
    
      
    
    
      parse(tokens)



        
          
        

    

  


  

      

          @spec parse([Predicator.Lexer.token()]) :: result()


      


Parses a list of tokens into an Abstract Syntax Tree.
Parameters
	tokens - List of tokens from the lexer

Returns
	{:ok, ast} - Successfully parsed expression
	{:error, message, line, column} - Parse error with position

Examples
iex> {:ok, tokens} = Predicator.Lexer.tokenize("score > 85")
iex> Predicator.Parser.parse(tokens)
{:ok, {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}}

iex> {:ok, tokens} = Predicator.Lexer.tokenize("name = \"John\"")  
iex> Predicator.Parser.parse(tokens)
{:ok, {:comparison, :eq, {:identifier, "name"}, {:string_literal, "John", :double}}}

iex> {:ok, tokens} = Predicator.Lexer.tokenize("active = true")
iex> Predicator.Parser.parse(tokens)
{:ok, {:comparison, :eq, {:identifier, "active"}, {:literal, true}}}

  


        

      


  

    
Predicator.Types 
    



      
Core type definitions for the Predicator library.
This module defines all the fundamental types used throughout the
Predicator system for instructions, evaluation contexts, and results.

      


      
        Summary


  
    Types
  


    
      
        context()

      


        The evaluation context containing variable bindings.



    


    
      
        evaluator_state()

      


        The internal state of the stack machine evaluator.



    


    
      
        instruction()

      


        A single instruction in the stack machine.



    


    
      
        instruction_list()

      


        A list of instructions that form a complete program.



    


    
      
        internal_result()

      


        The internal result of evaluating a predicate from Evaluator functions.



    


    
      
        location_path()

      


        Location path for assignment expressions.



    


    
      
        location_result()

      


        Result type for location expression evaluation.



    


    
      
        result()

      


        The result of evaluating a predicate from public API functions.



    


    
      
        scxml_error()

      


        SCXML-compatible error result for enhanced error handling.



    


    
      
        scxml_result()

      


        SCXML-compatible result type for value expressions.



    


    
      
        value()

      


        A single value that can be used in predicates.



    





  
    Functions
  


    
      
        types_match?(a, b)

      


        Checks if two values have matching types for operations.



    


    
      
        undefined?(value)

      


        Checks if a value is undefined.
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      context()



        
          
        

    

  


  

      

          @type context() :: %{required(binary() | atom()) => value()}


      


The evaluation context containing variable bindings.
Context maps variable names (strings or atoms) to their values.
Both string and atom keys are supported for flexibility.
Examples
%{"score" => 85, "name" => "Alice"}
%{score: 85, name: "Alice"} 

  



  
    
      
    
    
      evaluator_state()



        
          
        

    

  


  

      

          @type evaluator_state() :: %{
  instructions: instruction_list(),
  instruction_pointer: non_neg_integer(),
  stack: [value()],
  context: context(),
  halted: boolean()
}


      


The internal state of the stack machine evaluator.
Contains:
	instructions - list of instructions to execute
	instruction_pointer - current position in instruction list
	stack - evaluation stack (top element is head of list)
	context - variable bindings
	halted - whether execution has stopped


  



  
    
      
    
    
      instruction()



        
          
        

    

  


  

      

          @type instruction() :: [binary() | value()]


      


A single instruction in the stack machine.
Instructions are lists where the first element is the operation name
and remaining elements are arguments.
Currently supported instructions:
	["lit", value()] - Push literal value onto stack  
	["load", binary()] - Load variable from context onto stack
	["compare", binary()] - Compare top two stack values with operator
	["and"] - Logical AND of top two boolean values
	["or"] - Logical OR of top two boolean values  
	["not"] - Logical NOT of top boolean value
	["in"] - Membership test (element in collection)
	["contains"] - Membership test (collection contains element)
	["add"] - Pop two values, add them, push result
	["subtract"] - Pop two values, subtract them, push result
	["multiply"] - Pop two values, multiply them, push result
	["divide"] - Pop two values, divide them, push result
	["modulo"] - Pop two values, modulo operation, push result
	["unary_minus"] - Pop one value, negate it, push result
	["unary_bang"] - Pop one value, logical NOT it, push result
	["bracket_access"] - Pop key and object, push object[key] result
	["call", binary(), integer()] - Call built-in function with arguments from stack

Examples
["lit", 42]           # Push literal 42 onto stack
["load", "score"]     # Load variable 'score' from context
["compare", "GT"]     # Pop two values, compare with >, push result
["and"]               # Pop two boolean values, push AND result
["or"]                # Pop two boolean values, push OR result
["not"]               # Pop one boolean value, push NOT result
["add"]               # Pop two values, add them, push result
["subtract"]          # Pop two values, subtract them, push result
["multiply"]          # Pop two values, multiply them, push result
["divide"]            # Pop two values, divide them, push result
["modulo"]            # Pop two values, modulo them, push result
["unary_minus"]       # Pop one value, negate it, push result
["unary_bang"]        # Pop one value, logical NOT it, push result
["bracket_access"]    # Pop key and object, push object[key]
["call", "len", 1]    # Pop 1 argument, call len function, push result
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          @type instruction_list() :: [instruction()]


      


A list of instructions that form a complete program.
Instructions are executed in order by the stack machine.

  



  
    
      
    
    
      internal_result()



        
          
        

    

  


  

      

          @type internal_result() :: value() | {:error, term()}


      


The internal result of evaluating a predicate from Evaluator functions.
Returns:
	value() - the final evaluation result value
	{:error, term()} - evaluation error with details


  



  
    
      
    
    
      location_path()



        
          
        

    

  


  

      

          @type location_path() :: [binary() | non_neg_integer()]


      


Location path for assignment expressions.
Represents the path to an assignable location in nested data structures:
	Simple property: ["user", "name"]
	Array index: ["items", 0, "price"] 
	Dynamic property: ["user", "settings", "theme"] (for user.settings["theme"])


  



  
    
      
    
    
      location_result()



        
          
        

    

  


  

      

          @type location_result() :: {:ok, location_path()} | scxml_error()


      


Result type for location expression evaluation.
Returns:
	{:ok, location_path()} - valid assignment path
	scxml_error() - error if location is not assignable


  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: {:ok, value()} | {:error, term()}


      


The result of evaluating a predicate from public API functions.
Returns:
	{:ok, value()} - successful evaluation with result value
	{:error, term()} - evaluation error with details


  



  
    
      
    
    
      scxml_error()



        
          
        

    

  


  

      

          @type scxml_error() ::
  {:error, :undefined_variable, %{variable: binary()}}
  | {:error, :type_mismatch, %{expected: atom(), got: atom()}}
  | {:error, :invalid_location, %{expression: binary()}}
  | {:error, :evaluation_error, %{reason: binary()}}
  | {:error, :parse_error,
     %{message: binary(), line: integer(), column: integer()}}


      


SCXML-compatible error result for enhanced error handling.
Returns structured error information for SCXML datamodel compatibility:
	{:error, :undefined_variable, %{variable: binary()}} - Variable not found in context
	{:error, :type_mismatch, %{expected: atom(), got: atom()}} - Type mismatch in operation
	{:error, :invalid_location, %{expression: binary()}} - Invalid assignment target
	{:error, :evaluation_error, %{reason: binary()}} - General evaluation error
	{:error, :parse_error, %{message: binary(), line: integer(), column: integer()}} - Parse error


  



  
    
      
    
    
      scxml_result()



        
          
        

    

  


  

      

          @type scxml_result() :: {:ok, value()} | scxml_error()


      


SCXML-compatible result type for value expressions.
Returns:
	{:ok, value()} - successful evaluation with result value
	scxml_error() - structured error with SCXML-compatible details


  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() ::
  boolean()
  | integer()
  | binary()
  | list()
  | Date.t()
  | DateTime.t()
  | :undefined


      


A single value that can be used in predicates.
Values can be:
	boolean() - true/false values
	integer() - numeric values  
	binary() - string values
	list() - lists of values
	Date.t() - date values
	DateTime.t() - datetime values
	:undefined - represents undefined/null values


  


        

      

      
        Functions


        


  
    
      
    
    
      types_match?(a, b)



        
          
        

    

  


  

      

          @spec types_match?(value(), value()) :: boolean()


      


Checks if two values have matching types for operations.
Two values have matching types if they are both:
	integers
	booleans  
	binaries (strings)
	lists
	dates
	datetimes

Examples
iex> Predicator.Types.types_match?(1, 2)
true

iex> Predicator.Types.types_match?("hello", "world")
true

iex> Predicator.Types.types_match?(1, "hello")
false

  



  
    
      
    
    
      undefined?(value)



        
          
        

    

  


  

      

          @spec undefined?(value()) :: boolean()


      


Checks if a value is undefined.
Examples
iex> Predicator.Types.undefined?(:undefined)
true

iex> Predicator.Types.undefined?(42)
false

  


        

      


  

    
Predicator.Visitor behaviour
    



      
Behaviour for AST visitors.
Visitors implement the visitor pattern to traverse and transform
Abstract Syntax Trees into various representations.
Examples
defmodule MyVisitor do
  @behaviour Predicator.Visitor

  @impl true
  def visit({:literal, value}, _opts) do
    value
  end

  @impl true  
  def visit({:identifier, name}, _opts) do
    name
  end

  @impl true
  def visit({:comparison, op, left, right}, opts) do
    left_result = visit(left, opts)
    right_result = visit(right, opts)
    {op, left_result, right_result}
  end
end

      


      
        Summary


  
    Callbacks
  


    
      
        visit(ast_node, opts)

      


        Visits an AST node and returns the transformed result.



    





  
    Functions
  


    
      
        accept(ast_node, visitor_module, opts \\ [])

      


        Utility function to accept a visitor and process an AST.



    





      


      
        Callbacks


        


  
    
      
    
    
      visit(ast_node, opts)



        
          
        

    

  


  

      

          @callback visit(ast_node :: Predicator.Parser.ast(), opts :: keyword()) :: term()


      


Visits an AST node and returns the transformed result.
Parameters
	ast_node - The AST node to visit
	opts - Optional visitor-specific options

Returns
The transformed representation (type depends on visitor implementation)

  


        

      

      
        Functions


        


    

  
    
      
    
    
      accept(ast_node, visitor_module, opts \\ [])



        
          
        

    

  


  

      

          @spec accept(Predicator.Parser.ast(), module(), keyword()) :: term()


      


Utility function to accept a visitor and process an AST.
This provides a convenient interface for applying visitors to AST nodes.
Examples
iex> ast = {:literal, 42}
iex> Predicator.Visitor.accept(ast, MyVisitor)
42

  


        

      


  

    
Predicator.Visitors.InstructionsVisitor 
    



      
Visitor that converts AST nodes to stack machine instructions.
This visitor implements post-order traversal to generate instruction lists
that can be executed by the stack-based evaluator. Instructions are generated
in the correct order for stack-based evaluation.
Examples
iex> ast = {:literal, 42}
iex> Predicator.Visitors.InstructionsVisitor.visit(ast, [])
[["lit", 42]]

iex> ast = {:identifier, "score"}
iex> Predicator.Visitors.InstructionsVisitor.visit(ast, [])
[["load", "score"]]

iex> ast = {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}
iex> Predicator.Visitors.InstructionsVisitor.visit(ast, [])
[["load", "score"], ["lit", 85], ["compare", "GT"]]

iex> ast = {:logical_and, {:literal, true}, {:literal, false}}
iex> Predicator.Visitors.InstructionsVisitor.visit(ast, [])
[["lit", true], ["lit", false], ["and"]]

iex> ast = {:function_call, "len", [{:identifier, "name"}]}
iex> Predicator.Visitors.InstructionsVisitor.visit(ast, [])
[["load", "name"], ["call", "len", 1]]

      


      
        Summary


  
    Functions
  


    
      
        visit(ast_node, opts \\ [])

      


        Visits an AST node and returns stack machine instructions.



    





      


      
        Functions


        


    

  
    
      
    
    
      visit(ast_node, opts \\ [])



        
          
        

    

  


  

      

          @spec visit(
  Predicator.Parser.ast(),
  keyword()
) :: [[binary() | term()]]


      


Visits an AST node and returns stack machine instructions.
Uses post-order traversal to ensure operands are pushed onto the stack
before operators are applied.
Parameters
	ast_node - The AST node to convert to instructions
	opts - Optional visitor options (currently unused)

Returns
List of instructions in the format [["operation", ...args]]

  


        

      


  

    
Predicator.Visitors.StringVisitor 
    



      
Visitor that converts AST nodes back to string expressions.
This visitor implements the inverse of parsing - it takes an Abstract Syntax Tree
and generates a readable string representation. This is useful for debugging,
documentation, and round-trip testing.
Examples
iex> ast = {:literal, 42}
iex> Predicator.Visitors.StringVisitor.visit(ast, [])
"42"

iex> ast = {:identifier, "score"}
iex> Predicator.Visitors.StringVisitor.visit(ast, [])
"score"

iex> ast = {:comparison, :gt, {:identifier, "score"}, {:literal, 85}}
iex> Predicator.Visitors.StringVisitor.visit(ast, [])
"score > 85"

iex> ast = {:comparison, :eq, {:identifier, "name"}, {:literal, "John"}}
iex> Predicator.Visitors.StringVisitor.visit(ast, [])
~s(name = "John")

iex> ast = {:logical_and, {:literal, true}, {:literal, false}}
iex> Predicator.Visitors.StringVisitor.visit(ast, [])
"true AND false"

iex> ast = {:logical_not, {:literal, true}}
iex> Predicator.Visitors.StringVisitor.visit(ast, [])
"NOT true"

iex> ast = {:function_call, "len", [{:identifier, "name"}]}
iex> Predicator.Visitors.StringVisitor.visit(ast, [])
"len(name)"

      


      
        Summary


  
    Functions
  


    
      
        visit(ast_node, opts \\ [])

      


        Visits an AST node and returns its string representation.



    





      


      
        Functions


        


    

  
    
      
    
    
      visit(ast_node, opts \\ [])



        
          
        

    

  


  

      

          @spec visit(
  Predicator.Parser.ast(),
  keyword()
) :: binary()


      


Visits an AST node and returns its string representation.
Parameters
	ast_node - The AST node to convert to a string
	opts - Optional visitor options:	:parentheses - :minimal (default) | :explicit | :none

	:spacing - :normal (default) | :compact | :verbose




Returns
String representation of the AST node
Options
	:parentheses controls parentheses generation:
	:minimal - only add parentheses when necessary for precedence
	:explicit - add parentheses around all comparisons
	:none - never add parentheses (may change meaning!)


	:spacing controls whitespace:
	:normal - standard spacing: "score > 85"
	:compact - minimal spacing: "score>85"  
	:verbose - extra spacing: "score  >  85"
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