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Elex is a powerful expression language library for Elixir that provides parsing, validation, and evaluation of mathematical and logical expressions.
Documentation
Full guides are available on hexdocs.pm:
	Getting Started
	Expression Language
	Functions
	Units
	Ash Integration
	Advanced Topics

Features
	Arithmetic Operations: +, -, *, /, unary -
	Comparison Operators: <, >, <=, >=, ==, != (numbers, strings, percents, and same-dimension quantities)
	Logical Operations: and, or, not (with short-circuit evaluation)
	Literals: Decimal numbers (including scientific notation), percent literals (50%, -10%), booleans (true/false, yes/no), strings, and null
	Variables: Dynamic variable substitution
	Functions: Built-in math, string, and utility functions (see Functions) and custom functions via Elex.Function
	Type System: Static type checking and validation
	Decimal Precision: Uses Decimal for accurate arithmetic
	Expression Inversion: Solve for variables in simple expressions
	Units: Optional caller-registered catalogs (quantities, conversion, dimensional validate)
	Autocomplete: Completions at a cursor byte offset for incomplete expressions (Elex.autocomplete/4)
	Ash Integration: Optional Ash validation for resource attributes

Installation
Add elex to your list of dependencies in mix.exs:
def deps do
  [
    {:elex, "~> 0.4.2"}
  ]
end
Quick Start
# Create a context with variables
context = Elex.new_context()
  |> Elex.add_variable!("price", 100)
  |> Elex.add_variable!("tax_rate", 0.08)

# Evaluate an expression
{:ok, result} = Elex.evaluate("price * (1 + tax_rate)", context)
# result => Decimal.new("108")

# Validate expression type
{:ok, :decimal} = Elex.validate("price + 10", context)
{:ok, :boolean} = Elex.validate("price > 50", context)

# Extract variables from an expression
{:ok, ["price", "quantity"]} = Elex.extract_variables("price * quantity", context)
Expression Syntax
Literals
# Numbers (decimal, including scientific notation)
Elex.evaluate("42", Elex.new_context())
Elex.evaluate("3.14", Elex.new_context())
Elex.evaluate("-5.5", Elex.new_context())
Elex.evaluate("1e3", Elex.new_context())
Elex.evaluate("1.5E-2", Elex.new_context())

# Booleans
Elex.evaluate("true", Elex.new_context())
Elex.evaluate("false", Elex.new_context())
Elex.evaluate("yes", Elex.new_context())  # alias for true
Elex.evaluate("no", Elex.new_context())   # alias for false

# Strings
Elex.evaluate("\"hello\"", Elex.new_context())

# Null
Elex.evaluate("null", Elex.new_context())
null compares equal only to null or nil variables (null == null, x == null when x is nil). It cannot be compared to numbers, booleans, or strings.
Variables
Variable names must start with a lowercase letter and may contain letters, digits, and underscores. The words and, or, not, null, true, false, yes, and no are reserved and cannot be used as variable names.
context =
  Elex.new_context()
  |> Elex.add_variable!("price", 100)
  |> Elex.add_variable!("tax_rate", 0.08)

{:ok, result} = Elex.evaluate("price * (1 + tax_rate)", context)
# result => #Decimal<108>
Arithmetic
context = Elex.new_context()

{:ok, result} = Elex.evaluate("10 + 5", context)   # => #Decimal<15>
{:ok, result} = Elex.evaluate("10 - 5", context)   # => #Decimal<5>
{:ok, result} = Elex.evaluate("10 * 5", context)   # => #Decimal<50>
{:ok, result} = Elex.evaluate("10 / 5", context)   # => #Decimal<2>
{:ok, result} = Elex.evaluate("100 * 50%", context) # => #Decimal<50>
{:ok, result} = Elex.evaluate("2 + 3 * 4", context) # => #Decimal<14> (respects precedence)
{:ok, result} = Elex.evaluate("-5", context)       # => #Decimal<-5> (unary minus)
{:ok, result} = Elex.evaluate("-(1 + 2)", context) # => #Decimal<-3>
Note: Elex.evaluate/2 returns {:ok, result} on success or {:error, reason} on failure. Number arithmetic returns a Decimal, a quantity keeps its unit, and percent +, -, and percent-times-percent return %Elex.Percent{}. * and / have higher precedence than + and -. A % suffix on a number literal is percent points (50% stores 50), so 100 * 50% evaluates to 50.

Comparisons
{:ok, true} = Elex.evaluate("10 > 5", Elex.new_context())
{:ok, false} = Elex.evaluate("10 < 5", Elex.new_context())
{:ok, true} = Elex.evaluate("10 >= 10", Elex.new_context())
{:ok, false} = Elex.evaluate("10 <= 5", Elex.new_context())
{:ok, true} = Elex.evaluate("10 == 10", Elex.new_context())
{:ok, true} = Elex.evaluate("10 != 5", Elex.new_context())

# String ordering (lexicographic)
{:ok, true} = Elex.evaluate(~s["a" < "b"], Elex.new_context())
{:ok, true} = Elex.evaluate(~s["b" >= "a"], Elex.new_context())
Comparison operands must have the same type (decimal, percent, boolean, string, null,
or same-dimension quantities when a catalog is attached). Percent points order
against another percent; a literal 0 is allowed and other numbers are rejected.
Logical Operations
{:ok, false} = Elex.evaluate("true and false", Elex.new_context())
{:ok, true} = Elex.evaluate("true or false", Elex.new_context())
{:ok, false} = Elex.evaluate("not true", Elex.new_context())
and, or, and if(condition, a, b) use short-circuit evaluation: the right-hand operand (or unselected branch) is not evaluated when its result cannot change the outcome. This avoids errors such as division by zero in guard expressions:
{:ok, false} = Elex.evaluate("false and (1 / 0 > 0)", Elex.new_context())
{:ok, true} = Elex.evaluate("true or (1 / 0 > 0)", Elex.new_context())
{:ok, result} = Elex.evaluate("if(false, 1 / 0, 2)", Elex.new_context()) # => #Decimal<2>
Functions
Math
	Function	Description
	abs(x)	Absolute value
	ceil(x), floor(x), round(x)	Rounding
	sqrt(x)	Square root
	pow(base, exp)	Exponentiation
	mod(a, b)	Floored modulo (sign follows the divisor)
	inc(value, rate), dec(value, rate)	Increase or decrease value by a percent rate
	max(a, b, …), min(a, b, …)	Largest or smallest of two or more numbers, percents, or same-category quantities (variadic)
	clamp(x, min, max)	Clamp x to an inclusive range
	between(x, low, high)	true when x is in the inclusive range
	pi()	Mathematical constant π
	if(cond, a, b)	Conditional (short-circuits; branches must share a type)
	convert(value, unit)	Convert a quantity into a named unit or formula (needs a catalog)
	add_unit(value, unit)	Wrap a number as a quantity of a registered symbol (needs a catalog)
	remove_unit(value)	Magnitude of a quantity as a number (needs a catalog)

context = Elex.new_context()

{:ok, result} = Elex.evaluate("max(10, 20)", context)           # => #Decimal<20>
{:ok, result} = Elex.evaluate("max(3, 7, 9)", context)         # => #Decimal<9>
{:ok, result} = Elex.evaluate("min(10, 20)", context)          # => #Decimal<10>
{:ok, result} = Elex.evaluate("abs(-5)", context)              # => #Decimal<5>
{:ok, result} = Elex.evaluate("pow(2, 3)", context)             # => #Decimal<8>
{:ok, result} = Elex.evaluate("mod(10, 3)", context)            # => #Decimal<1>
{:ok, result} = Elex.evaluate("clamp(15, 0, 10)", context)     # => #Decimal<10>
{:ok, result} = Elex.evaluate("between(5, 0, 10)", context)   # => true
{:ok, result} = Elex.evaluate("ceil(3.2)", context)            # => #Decimal<4>
{:ok, result} = Elex.evaluate("floor(3.8)", context)           # => #Decimal<3>
{:ok, result} = Elex.evaluate("round(3.5)", context)           # => #Decimal<4>
{:ok, result} = Elex.evaluate("sqrt(16)", context)              # => #Decimal<4>
{:ok, result} = Elex.evaluate("pi()", context)                  # => #Decimal<3.14159…>
{:ok, result} = Elex.evaluate("if(10 > 5, 1, 0)", context)    # => #Decimal<1>
See Units for convert, add_unit, and remove_unit.
Strings
	Function	Description
	concat(...)	Concatenate zero or more strings (variadic)
	length(s)	String length (character count)
	contains(haystack, needle)	Substring search
	match(text, pattern)	Regex match
	starts_with(s, prefix), ends_with(s, suffix)	Prefix/suffix test
	lower(s), upper(s), trim(s)	Case and whitespace transforms
	coalesce(a, b, …)	First non-null argument (variadic; short-circuits)

context = Elex.new_context()

{:ok, result} = Elex.evaluate(~s[concat("hello", " world")], context)     # => "hello world"
{:ok, result} = Elex.evaluate(~s[length("abc")], context)                  # => #Decimal<3>
{:ok, result} = Elex.evaluate(~s[contains("hello", "ell")], context)       # => true
{:ok, result} = Elex.evaluate(~s[match("hello123", "hello[0-9]+")], context)  # => true
{:ok, result} = Elex.evaluate(~s[starts_with("hello", "he")], context)     # => true
{:ok, result} = Elex.evaluate(~s[ends_with("hello", "lo")], context)        # => true
{:ok, result} = Elex.evaluate(~s[lower("ABC")], context)                      # => "abc"
{:ok, result} = Elex.evaluate(~s[upper("abc")], context)                   # => "ABC"
{:ok, result} = Elex.evaluate(~s[trim("  x  ")], context)                   # => "x"
{:ok, result} = Elex.evaluate("coalesce(null, 5)", context)                  # => #Decimal<5>
Units
Elex does not ship a catalog. Register categories and attach one with
Elex.Context.put_units/2 (or put_units!/2 when piping):
alias Elex.Units.Catalog

{:ok, catalog} = Catalog.add_category(Catalog.new(), :length, default: "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "mm", "value / 1000")

{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)

{:ok, qty} = Elex.evaluate("10mm", context)
# qty => #Elex.Quantity<10 mm>

{:ok, %Elex.Dimension{monomial: %{length: 1}}} = Elex.validate("10mm", context)

{:ok, qty} = Elex.evaluate("10mm", context, unit: "m")
# qty => #Elex.Quantity<0.01 m>

{:ok, qty} = Elex.evaluate(~s[convert(10mm, "m")], context)
# qty => #Elex.Quantity<0.01 m>
Suffixes attach to numeric literals: a registered name (10mm), a power
(5 m^2), an unbraced pipe (3 m|s), or a braced formula (1 {kg * m | s}).
Variables take {n, "unit"} or %Elex.Quantity{} with category::
{:ok, context} = Elex.add_variable(context, "width", {10, "mm"}, category: :length)
Formula strings use | for division ("km | h"), not /. Without a catalog,
glued suffixes are unexpected tokens (2mm → unexpected 'mm').
See the Units guide for derived
categories, aliases, identity:, non-additive temperature, and custom-function
units:.
Ash Integration
Elex provides an optional Ash validation for validating expressions in resource attributes:
defmodule MyApp.Resource do
  use Ash.Resource

  attributes do
    attribute :formula, :string do
      allow_nil? false
    end
  end

  validations do
    validate Elex.AshValidation,
      attribute: :formula,
      context: Elex.new_context(),
      expected_type: :decimal
  end
end
The expected_type option accepts :decimal, :boolean, :string, or :percent. When the context has a units catalog, it may also be a category atom such as :length. Use add_value_type_from_attribute to inject a value variable typed from another attribute — useful when validating formulas that reference the current value.
Expression Inversion
Elex can invert simple arithmetic expressions to solve for a variable:
alias Elex.{Parser, Inverter}

context = Elex.new_context()
{:ok, ast, _type} = Parser.parse("value * 2 + 5", context, validate: false)
{:ok, inverted_ast} = Inverter.invert(ast, "value")

# The inverted expression solves for "value":
# value = (result - 5) / 2
Custom Functions
Implement the Elex.Function behaviour and register your module with Elex.Context.add_function/2:
defmodule MyApp.Functions.Double do
  @behaviour Elex.Function

  @impl true
  def signature, do: %{name: :double, arity: 1}

  @impl true
  def validate([arg], ctx), do: Elex.Validator.validate(arg, ctx)

  @impl true
  def call([%Elex.Quantity{value: value, unit: unit}]) do
    {:ok, doubled} = call([value])
    {:ok, %Elex.Quantity{value: doubled, unit: unit}}
  end

  def call([arg]), do: {:ok, Decimal.mult(arg, Decimal.new(2))}

  @impl true
  def documentation, do: %{signature: "double(x)", description: "doubles a number"}
end

context =
  Elex.new_context()
  |> Elex.Context.add_function(MyApp.Functions.Double)

{:ok, result} = Elex.evaluate("double(5)", context)
Development
Setup
mix deps.get
mix test

Git Hooks
To enable the pre-commit hook that runs quality checks before each commit:
git config core.hooksPath .git-hooks

The pre-commit hook runs:
	Code compilation with warnings as errors
	Code formatting
	Credo linting
	Sobelow security checks
	Dependency audit
	All tests

You can also run these checks manually:
mix precommit

Code Quality
mix check          # Run all quality checks
mix format         # Format code
mix credo --strict # Run Credo linter
mix dialyzer       # Run Dialyzer type checker
mix sobelow        # Run security analysis

License
Copyright (c) 2025 bandesz
See LICENSE for details.


  

    Getting Started

This guide walks through the most common way to use Elex: parse, validate, and
evaluate expression strings with variables.
Installation
Add elex to your mix.exs dependencies:
def deps do
  [
    {:elex, "~> 0.4.2"}
  ]
end
If you plan to use Ash resource validation, also add Ash (Elex treats it as an
optional dependency):
{:ash, "~> 3.22"}
Your first expression
Create a context, add variables, and evaluate a formula:
context =
  Elex.new_context()
  |> Elex.add_variable!("price", 100)
  |> Elex.add_variable!("tax_rate", 0.08)

{:ok, result} = Elex.evaluate("price * (1 + tax_rate)", context)
# result => #Decimal<108>
Elex.evaluate/2 always returns {:ok, result} on success or {:error, reason}
on failure. Arithmetic uses the Decimal library, so numeric results are
Decimal structs rather than floats.
Building a context
Elex.new_context/0 creates a context with all built-in functions already
registered. Add variables one at a time or in bulk:
context =
  Elex.new_context()
  |> Elex.add_variable!("quantity", 3)
  |> Elex.add_variables!(%{"price" => 10, "discount" => 0.1})
Elex.add_variable/3 infers the variable type from the Elixir value and
returns {:ok, context}. Use add_variable!/3 (and add_variables!/2)
when piping:
	Elixir value	Inferred type
	integer, float, Decimal	:decimal
	string	:string
	boolean	:boolean
	nil	nil
	{number, "unit"} or %Elex.Quantity{}	that category (requires a catalog and category:)
	%Elex.Percent{value: Decimal}	:percent
	anything else	:unknown

A %Elex.Percent{} whose :value is not a decimal is an error
(variable 'rate' percent value must be a decimal). The anything-else row
is for values that are not a percent struct.
With a units catalog, pass category: for a quantity value (see
Optional units):
{:ok, context} = Elex.add_variable(context, "width", {10, "mm"}, category: :length)
For precise control, build a %Elex.Variable{} struct and use
Elex.Context.add_variable/3 instead.
Validating without evaluating
Use Elex.validate/2 when you need to check syntax and types but not compute a
result — for example, validating user input in a form:
context = Elex.new_context() |> Elex.add_variable!("price", 100)

{:ok, :decimal} = Elex.validate("price + 10", context)
{:ok, :boolean} = Elex.validate("price > 50", context)
{:error, reason} = Elex.validate("price + \"oops\"", context)
The returned type is one of :decimal, :boolean, :string, :percent, nil (for
expressions whose result is null), or %Elex.Dimension{} when a units
catalog is attached (length, length | time). See Units.
Optional units
Attach a catalog when expressions should carry quantities. evaluate then
returns %Elex.Quantity{}; validate returns %Elex.Dimension{}:
alias Elex.Units.Catalog

{:ok, catalog} = Catalog.add_category(Catalog.new(), :length, default: "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "mm", "value / 1000")
{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)

{:ok, qty} = Elex.evaluate("10mm + 1m", context)
# qty => #Elex.Quantity<1.01 m>

{:ok, qty} = Elex.evaluate("10mm", context, unit: "m")
# qty => #Elex.Quantity<0.01 m>
See Units for suffixes, derived categories, and convert/2.
Discovering variables
Extract variable names from an expression without requiring them to exist.
Pass a context so unit suffixes parse when a catalog is attached:
{:ok, ["price", "quantity"]} = Elex.extract_variables("price * quantity", context)
This is useful for building UIs that prompt users to supply values for every
referenced name.
Completing identifiers
Host UIs can call Elex.autocomplete/4 while the user is still typing. The
cursor is a 0-based UTF-8 byte offset. The call works on incomplete input
(1 + (2 * f still completes foo, along with other f matches such as
false and floor):
context = Elex.new_context() |> Elex.add_variable!("foo", 1)

{:ok, result} = Elex.autocomplete("1 + (2 * f", 10, context)
# result.range => {9, 10}
# result.suggestions includes %{kind: :keyword, text: "false"},
# %{kind: :function, text: "floor", ...}, and %{kind: :variable, text: "foo"}
# (sorted by text)
:range is the token under the cursor (exclusive end). Apply a suggestion by
replacing that byte range. Suggestion kinds are :variable, :unit,
:function, and :keyword.
By default empty_prefix: :none returns no suggestions when the prefix is
empty (1 + | → []). Pass empty_prefix: :all to list every candidate that
is legal in the current slot:
Elex.autocomplete("1 + ", 4, context)
#=> {:ok, %{range: {4, 4}, suggestions: []}}

Elex.autocomplete("1 + ", 4, context, empty_prefix: :all)
#=> {:ok, %{range: {4, 4}, suggestions: [..., %{kind: :variable, text: "foo"}, ...]}}
See Advanced Topics for suggestion maps, replacement of the
whole token, and invalid-cursor errors.
Handling errors
Parse, validation, and evaluation errors all come back as {:error, reason}
strings from Elex.evaluate/2 and Elex.validate/2:
# Parse error
{:error, "closing parenthesis is missing"} = Elex.evaluate("(1 + 2", context)

# Validation error
{:error, "variable 'missing' does not exist"} = Elex.evaluate("missing + 1", context)

# Evaluation error (e.g. division by zero)
{:error, "division by zero"} = Elex.evaluate("1 / 0", context)
Error messages are written for humans writing expressions, not for debugging
the parser grammar.
What to read next
	Expression Language — operators, types, precedence, and
short-circuit behaviour
	Functions — built-in math and string functions
	Units — optional unit catalogs, quantities, and convert/2
	Ash Integration — validating expressions on Ash resources
	Advanced Topics — AST format, expression inversion, autocomplete
details, and custom functions

For the full API reference, see the Elex module documentation.


  

    Expression Language

Elex expressions are strings that combine literals, variables, operators, and
function calls. This page describes the language syntax and semantics.
Literals
Numbers
Decimal numbers use standard notation. Unary minus is supported:
Elex.evaluate("42", context)      # #Decimal<42>
Elex.evaluate("3.14", context)    # #Decimal<3.14>
Elex.evaluate("-5.5", context)    # #Decimal<-5.5>
Elex.evaluate("-(1 + 2)", context) # #Decimal<-3>
All arithmetic is performed with Decimal for precision.
Scientific notation is part of the number (1e3, 1.5E-2, 2e+3). A unit
suffix may follow (1e3mm is 1000 millimetres). 10eV is ten of a unit named
eV — the exponent form requires a digit after e/E.
Unit suffixes
With a units catalog on the context (see Units), a number may be
followed by a registered name (10mm or 10 mm), a power suffix
(5 m^2), an unbraced pipe (3 m|s, 3 m | s^2), or a braced formula
(1 {kg * m | s}).
Registered aliases of a canonical unit (m2 for "m^2") are also
valid suffixes (5 m2).
e and E cannot be registered as unit names, so they stay available for
scientific notation.
Parse traps (10m / s, spaces around ^, copying inspect) are in
Units — Gotchas.
Percent
A % suffix on a number literal is percent points. 50% stores 50
(#Elex.Percent<50%>). A space before the suffix is allowed (50 %).
The suffix works with or without a units catalog (-10%, 1e2%). A
percent is not a catalog unit.
+ and - accept only percents: 10% + 20% is 30%. 10% + 0 and
100 + 10% are errors. * of two percents stays a percent (50% * 50%
is 25%). * of a percent and a number is a number (100 * 50% is
50). A quantity keeps its unit (100cm * 50% is 50 cm). Division
that touches a percent is cannot divide with a percent.
A literal 0 (also 0.0, -0) compares with a percent (100% > 0)
and is accepted by min, max, clamp, between, if, and
coalesce. + and - still reject 10% + 0.
Booleans
Elex.evaluate("true", context)
Elex.evaluate("false", context)
Elex.evaluate("yes", context)   # alias for true
Elex.evaluate("no", context)    # alias for false
Strings
Strings are double-quoted. Backslash introduces an escape sequence:
	Sequence	Meaning
	\"	double quote
	\\	backslash
	\n	newline
	\t	tab
	\r	carriage return
	\f	form feed
	\b	backspace

Any other \ sequence is a parse error. Use \\ when you need a literal
backslash, for example in regex patterns:
Elex.evaluate(~s["hello"], context)
Elex.evaluate(~s["say \"hi\""], context)
Elex.evaluate(~s["line1\\nline2"], context)
Elex.evaluate(~s[match("abc123", "\\\\d+")], context)
Null
The null literal represents an empty or missing value:
Elex.evaluate("null", context)  # nil
null compares equal only to null or nil variables. It cannot be compared
to numbers, booleans, or strings with <, >, etc.
Variables
Variable names start with a lowercase letter and may contain letters, digits, and
underscores (price, tax_rate, item2).
The words and, or, not, null, true, false, yes, and no are
reserved and cannot be used as variable names.
Variables must be present in the evaluation context (with a known type) before
an expression can be validated or evaluated.
Operators
Precedence (lowest to highest)
	Level	Operators
	1	or
	2	and
	3	==, !=, <, >, <=, >=
	4	+, - (binary)
	5	*, /
	6	not (unary)
	7	- (unary minus)

Parentheses override precedence: (1 + 2) * 3.
Arithmetic
+ and - add or subtract decimals, or quantities of the same dimension
(the right-hand unit converts into the left). They also add and subtract
percents (10% + 20% is 30%). Mixing a quantity with a
number is an error (1m + 2 is cannot add length and number). Point
categories such as temperature (additive: false) reject binary + − * /;
use add_unit / remove_unit for magnitude arithmetic. A non-additive
derived formula may cancel when its component categories are additive
(1 / 8 {L | 100 km} → 12.5 km | L; 8 {L | 100 km} * 100 km → 8 L).
In-place scaling, addition, and reciprocal units stay rejected. * and /
scale a quantity by a number, or combine two quantities (same-category
factors convert into the left unit first). Same-dimension division cancels
to a decimal (1m / 1m → 1; 1ha / 1 {m^2} → 10000 when hectare is
registered with a scale from square metres). Modulo is mod(a, b) (sign
follows the divisor).
Comparisons
Comparison operators return a boolean. Operands must have the same type:
	Decimals — numeric ordering
	Percents — percent points order against another percent (50% > 10%). A
literal 0 (also 0.0, -0) is allowed (100% > 0); other numbers are
rejected (100% > 1)
	Quantities — same dimension; the right-hand unit converts into the left
(non-additive categories also require the same unit). A literal 0
(also 0.0, -0) is allowed next to an additive quantity
(10cm > 0); a non-zero number is not (10cm > 1). Temperature-style
non-additive quantities still require a unit (1C > 0 is an error)
	Strings — lexicographic ordering
	Booleans — true/false ordering
	Null — equality (==, !=) only

{:ok, true}  = Elex.evaluate("10 > 5", context)
{:ok, true}  = Elex.evaluate(~s["a" < "b"], context)
{:ok, true}  = Elex.evaluate("null == null", context)
Logical operators
and, or, and not require boolean operands and return a boolean.
and, or, and if(condition, a, b) use short-circuit evaluation: the
right-hand operand (or unselected branch) is skipped when it cannot change the
result. This prevents errors in guard-style expressions:
{:ok, false} = Elex.evaluate("false and (1 / 0 > 0)", context)
{:ok, true}  = Elex.evaluate("true or (1 / 0 > 0)", context)
{:ok, result} = Elex.evaluate("if(false, 1 / 0, 2)", context)  # #Decimal<2>
Type system
Elex performs static type checking during parsing (by default). Each sub-expression
has a type; operators and functions enforce compatibility before evaluation.
	Type	Description	Example values
	:decimal	Numbers	#Decimal<3.14>
	:percent	Percent points	#Elex.Percent<50%>
	:boolean	True/false	true, false
	:string	Text	"hello"
	nil	Null	null, nil variables
	%Elex.Dimension{}	Unitful validate result	#Elex.Dimension<length>, #Elex.Dimension<length | time>

Type errors are reported as human-readable strings, for example:
'+' operator cannot be used on number and text
Function calls
Functions use familiar call syntax: name(arg1, arg2). See the
Functions reference for the full list.
min, max, and coalesce are variadic — they accept two or more arguments.
concat is also variadic and accepts zero or more string arguments.
pi() takes no arguments.
Limits
	Nesting depth — By default, parenthesis/function-call nesting deeper than
16 levels is rejected. Override with the :max_depth option on
Elex.Parser.parse/3.
	Reserved words — and, or, not, null, true, false, yes, and
no cannot be variable names.

Further reading
	Functions — built-in function reference
	Units — catalogs, quantities, conversion, and gotchas
	Advanced Topics — working with the AST directly



  

    Functions

All built-in functions are registered automatically in contexts created with
Elex.new_context/0. This page lists every function with its signature and a
brief description.
For usage examples, see the Elex.Functions.* module documentation or try
functions in Elex.evaluate/2.
Math functions
	Function	Description
	abs(x)	Absolute value
	ceil(x)	Round up to the nearest integer
	floor(x)	Round down to the nearest integer
	round(x)	Round to the nearest integer
	sqrt(x)	Square root
	pow(base, exp)	Exponentiation (base raised to exp)
	mod(a, b)	Floored modulo; sign follows the divisor
	inc(value, rate)	Increase value by a percent rate (value * (100% + rate))
	dec(value, rate)	Decrease value by a percent rate (value * (100% - rate))
	max(a, b, …)	Largest of two or more numbers, percents, or same-category quantities (variadic)
	min(a, b, …)	Smallest of two or more numbers, percents, or same-category quantities (variadic)
	clamp(x, min, max)	Clamp x to an inclusive [min, max] range
	convert(value, unit)	Convert a quantity into a named unit or formula (in-expression unit:)
	add_unit(value, unit)	Wrap a number as a quantity of a registered name or alias
	remove_unit(value)	Magnitude of a quantity as a number
	between(x, low, high)	true when x is in the inclusive [low, high] range
	pi()	Mathematical constant π
	if(cond, a, b)	Conditional; short-circuits; both branches must share a type

mod
mod(a, b) is floored modulo. The sign follows the divisor, so
mod(-10, 3) is 2. mod rejects unitful arguments.
clamp and between
clamp(x, min, max) returns x bounded to [min, max]. Returns an error when
min > max.
between(x, low, high) returns true when low <= x <= high, and false
otherwise. Also returns an error when low > high.
With a unit catalog, between accepts same-category quantities. On additive
categories it converts later arguments into the first argument’s unit
(between(50cm, 1m, 2m) is false — 50 cm is below 1 m). clamp, min,
and max do the same: min(1m, 1km) is valid. A literal 0 (0, 0.0,
-0) may stand in for the unique zero of an additive quantity
(clamp(width, 0, 10cm), if(width > 0, width, 0)). On non-additive
categories the units must already match — min(1C, 32F) is an error. See
Units for ceil / round on the current magnitude and for
additive: false.
convert
convert(value, unit) is the in-expression form of evaluate(..., unit:).
value must be unitful; unit is a string (registered name or formula).
alias Elex.Units.Catalog

{:ok, catalog} = Catalog.add_category(Catalog.new(), :length, default: "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "m", "value")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "mm", "value / 1000")
{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)

{:ok, qty} = Elex.evaluate(~s[convert(1m + 1mm, "mm")], context)
# qty => #Elex.Quantity<1001 mm>

# Same conversion at the root:
{:ok, qty} = Elex.evaluate("1m + 1mm", context, unit: "mm")
# qty => #Elex.Quantity<1001 mm>
The result stays in that category. A non-additive result stays
non-additive, so convert(32F, "C") / 1s is an error. A compound target
that includes a non-additive symbol ("F | s") is also an error
(cannot use non-additive unit 'F' in a compound target), even when the
dimensions would not match.
convert declares units: :convert, add_unit units: :wrap, and
remove_unit units: :unwrap. Those policies are what allow them to take
temperature quantities — not a built-in name exemption. Custom functions
that need the same behaviour set the same units: values.
abs, ceil, floor, round, min, max, clamp, between, if,
and coalesce declare units: :point. They keep the argument’s unit and
operate on the current magnitude, including non-additive points
(floor(1.8C) is 1 C). sqrt, pow, pi, mod,
and the string functions declare units: :none. inc and dec declare
units: :additive.
Percent
pow, abs, round, min, max, clamp, between,
coalesce, and if accept a percent.
pow(50%, 2) is 25%. floor and ceil
follow round: they operate on the percent points and keep a percent.
sqrt and mod do not.
inc(value, rate) is value * (100% + rate) and dec(value, rate) is
value * (100% - rate). rate must be a percent. inc(100, 10%) is
110 and dec(100, 10%) is 90. A quantity keeps its unit
(inc(100cm, 10%) is 110cm). A percent stays a percent
(inc(50%, 10%) is 55%). A non-additive quantity is rejected.
add_unit and remove_unit
This is the expression function add_unit/2, not
Catalog.add_unit/3 (which registers a unit on a catalog).
remove_unit(2C) returns the magnitude as a Decimal. add_unit(5, "C")
wraps a number as a quantity of a registered canonical name
or alias (including a formula-shaped name such as "m | s" once
registered). Together they are how you add temperatures:
alias Elex.Units.Catalog

{:ok, catalog} =
  Catalog.add_category(Catalog.new(), :temperature, default: "C", additive: false)

{:ok, catalog} = Catalog.add_unit(catalog, :temperature, "C", "value")
{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)

{:ok, qty} =
  Elex.evaluate(~s[add_unit(remove_unit(2C) + remove_unit(3C), "C")], context)
# qty => #Elex.Quantity<5 C>
remove_unit(1) and add_unit(1C, "F") error (add_unit cannot wrap a quantity that already has a unit). add_unit(1, "m | s") is
an error unless that string is a registered unit name — use convert or
10 * 1m / 1s. Helpers work on linear units too (remove_unit(1mm),
add_unit(10, "mm")). They wrap or strip a registered name only —
add_unit(remove_unit(1km), "m") is 1 m, not 1000 m. Use convert
to change units.
Examples
context = Elex.new_context()

{:ok, result} = Elex.evaluate("max(10, 20)", context)           # #Decimal<20>
{:ok, result} = Elex.evaluate("max(3, 7, 9)", context)           # #Decimal<9>
{:ok, result} = Elex.evaluate("abs(-5)", context)                  # #Decimal<5>
{:ok, result} = Elex.evaluate("pow(2, 3)", context)              # #Decimal<8>
{:ok, result} = Elex.evaluate("clamp(15, 0, 10)", context)      # #Decimal<10>
{:ok, result} = Elex.evaluate("between(5, 0, 10)", context)    # true
{:ok, result} = Elex.evaluate("if(10 > 5, 1, 0)", context)      # #Decimal<1>
{:ok, result} = Elex.evaluate("pi()", context)                    # #Decimal<3.14159…>
String functions
	Function	Description
	concat(...)	Concatenate zero or more strings (variadic)
	length(s)	Character count (returns a decimal)
	contains(haystack, needle)	true when needle is a substring of haystack
	match(text, pattern)	true when text matches the regex pattern
	starts_with(s, prefix)	Prefix test
	ends_with(s, suffix)	Suffix test
	lower(s)	Lowercase transform
	upper(s)	Uppercase transform
	trim(s)	Remove leading and trailing whitespace
	coalesce(a, b, …)	First non-null argument (variadic; short-circuits). With units: same category; result unit is the first quantity argument (coalesce(ceil(1.2m), floor(1.1cm)) is m).

match
match(text, pattern) returns true when text matches the regex pattern.
Patterns use Elixir/PCRE regex syntax. The
match succeeds when the pattern matches anywhere in text (like
contains, not full-string anchoring).
Literal backslashes in patterns must be escaped in the expression string — use
\\ (see Expression Language for all string
escapes). Invalid patterns are reported at evaluation time, not parse time.
context = Elex.new_context()

{:ok, result} = Elex.evaluate(~s[match("hello123", "hello[0-9]+")], context) # true
{:ok, result} = Elex.evaluate(~s[match("abc123", "abc\\\\d+")], context)        # true
{:ok, result} = Elex.evaluate(~s[match("HELLO", "(?i)hello")], context)     # true

{:error, reason} = Elex.evaluate(~s[match("x", "[")], context)
#=> {:error, "...invalid regex pattern..."}
Examples
context = Elex.new_context()

{:ok, result} = Elex.evaluate(~s[concat("hello", " world")], context)   # "hello world"
{:ok, result} = Elex.evaluate(~s[length("abc")], context)              # #Decimal<3>
{:ok, result} = Elex.evaluate(~s[contains("hello", "ell")], context)   # true
{:ok, result} = Elex.evaluate(~s[match("hello123", "hello[0-9]+")], context) # true
{:ok, result} = Elex.evaluate(~s[lower("ABC")], context)              # "abc"
{:ok, result} = Elex.evaluate("coalesce(null, 5)", context)            # #Decimal<5>
Custom functions
Implement the Elex.Function behaviour and register your module on the
context. signature/0 may include units: :point | :additive | :none | :convert | :wrap | :unwrap (default :additive). See
Advanced Topics
for how custom functions preserve a unit, convert later quantity arguments,
or reject unitful values. call/1 may receive %Elex.Quantity{}. Unmarked
custom double(1C) errors; double(1m) works.
Custom functions sit alongside built-ins in the same context and follow the same
validation rules: arguments are type-checked at parse time, then evaluated at
runtime.
Introspection API
Host applications can build documentation UIs without reaching into
context.functions directly:
context = Elex.new_context()

# List all registered functions with metadata
Elex.Context.list_functions(context)
#=> [
#     %{module: Elex.Functions.Abs, name: "abs", arity: 1,
#       signature: "abs(x)", description: "returns the absolute value of x",
#       category: :math},
#     %{module: Elex.Functions.Max, name: "max", arity: :variadic, min_arity: 2,
#       signature: "max(a, b, ...)", description: "returns the largest of the given values",
#       category: :math},
#     ...
#   ]

# Distinguish built-ins from custom functions
Elex.list_standard_function_modules()
#=> [Elex.Functions.Abs, Elex.Functions.AddUnit, ...]
Each built-in function's documentation/0 callback includes an optional
:category atom (:math, :string, etc.) so UIs can group functions without
hardcoding names. Custom functions can set :category in their own
documentation/0 implementation.
Further reading
	Expression Language — operators and types
	Advanced Topics — implementing custom functions
	Elex.Function — behaviour callbacks and types



  

    Units

Elex does not ship units. Register a catalog and attach it to a context;
until then, Elex.new_context/0 treats 1cm as a parse error.
Registering a catalog
Build an Elex.Units.Catalog, then put it on the context. put_units/2
returns {:ok, context} or {:error, reason}. Use put_units!/2 to pipe:
alias Elex.Units.Catalog

{:ok, catalog} = Catalog.add_category(Catalog.new(), :length, default: "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "mm", "value / 1000")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "cm", "value / 100")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "km", "value * 1000")
{:ok, catalog} = Catalog.add_category(catalog, :time, default: "s")
{:ok, catalog} = Catalog.add_unit(catalog, :time, "s")
{:ok, catalog} = Catalog.add_unit(catalog, :time, "h", "value * 3600")

{:ok, catalog} =
  Catalog.add_category(catalog, :speed, formula: "length | time", default: "m | s")

{:ok, catalog} = Catalog.add_unit(catalog, :speed, "m | s")

{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)
add_category/3 takes a category atom and default: — the conversion-default
unit (the hub used when converting between units of that category).
additive: defaults to true. add_unit/3 omits conversion ("value").
An explicit conversion is an Elex expression that converts value to that
default. Optional aliases: are extra input spellings of that canonical
name (add_unit(catalog, :area, "m^2", aliases: ["m2", "sqm"])). The inverse
is derived automatically. Offset conversions (to_default(0) ≠ 0) require
additive: false.
Unit symbols start with a letter, a degree sign (°), or a micro sign
(µ U+00B5 or μ U+03BC). The rest may be letters, digits, underscores,
and ohm (Ω U+03A9 or Ω U+2126), so °C, µm, kΩ, and Ω are names.
° and the micro signs are only valid as the first character (C° and
mµ are rejected). Digits are part of a canonical name:
s2 is not s^2, and a unit registered as "m2" stays m2. Register
"m^2" with aliases: ["m2", "sqm"] when you want 5 m2 and 5 sqm to
mean square metres. Derived categories also allow formula-shaped names
("m^2", "m | s"); base categories reject those (invalid unit name 'm^2').
They are case-sensitive. Reserved words
(and, or, not, null, true, false, yes, no, e, E) cannot be unit names. e and E are reserved so scientific notation (1e3mm) stays unambiguous.
Each category must have a unique dimension vector. A second category with the
same dimension as an existing one is a registration error (for example torque
and energy both as mass * length * length | time * time). Register those as
separate base categories if you need both.
Quantities and validation
With a catalog attached, a numeric literal may be followed by a unit suffix:
a registered name or alias (10mm or 10 mm), a power (5 m^2), an
unbraced pipe (3 m|s, 3 m | s^2), or a braced formula (1 {kg * m | s}).
Elex.validate/2 returns a category formula as
%Elex.Dimension{} (length, length | time, length^2) — never a derived
atom such as :speed. Optional category: :speed checks compatibility with
that category's formula; on success validate still returns the inferred
dimension. Elex.evaluate/2 returns %Elex.Quantity{} whose unit is a
unit monomial (cm | s, m^2) instead of a bare Decimal when the
result has a unit. category: and unit: raise ArgumentError when the
context has no catalog.
{:ok, %Elex.Dimension{monomial: %{length: 1}}} = Elex.validate("1mm", context)
{:ok, :decimal} = Elex.validate("1", context)

{:ok, dim} = Elex.validate("1cm / 1s", context, category: :speed)
# dim => #Elex.Dimension<length | time>

{:ok, qty} = Elex.evaluate("1cm / 1s", context)
# qty => #Elex.Quantity<1 cm | s>
# qty.unit => %Elex.Unit{monomial: %{"cm" => 1, "s" => -1}}

{:ok, qty} = Elex.evaluate("3 m|s", context)
# qty => #Elex.Quantity<3 m | s>
Inspect always formats the monomial with | and ^ (m^2, m | s^2),
not m * m or m / (s * s).
Addition and multiplication are left-to-right
Same-category addition converts the right operand into the left unit.
The same conversion applies to overlapping dimensions in * and /:
{:ok, qty} = Elex.evaluate("1m + 1mm", context)
# qty => #Elex.Quantity<1.001 m>

{:ok, qty} = Elex.evaluate("1mm + 1m", context)
# qty => #Elex.Quantity<1001 mm>

{:ok, qty} = Elex.evaluate("1m * 1mm", context)
# qty => #Elex.Quantity<0.001 m^2>
A number cannot be added to a quantity (1m + 2 and 10cm + 0 are both
cannot add length and number). Same-category division cancels to a
Decimal (4m / 2m → 2).
Comparisons (<, >, <=, >=, ==, !=) require the same category.
A literal 0 (0, 0.0, -0) may stand in for the unique zero of an
additive quantity on either side (10cm > 0, 0 < 10cm). Variables
and computed zeros (10cm > count, 10cm > (1 - 1)) stay type errors,
as does any other number (10cm > 1).
Target unit
Pass unit: to convert the result after evaluation. The target may be a
registered symbol, an alias, or a formula over registered symbols — you do
not need to register km | h as its own unit.
	unit: and convert take unbraced formula strings (`"km	h"`, not
	"km / h" or `"{m	s}"). Inside an expression,convert/2` is the same

conversion as unit::
{:ok, qty} = Elex.evaluate("1m + 1mm", context, unit: "mm")
# qty => #Elex.Quantity<1001 mm>

{:ok, qty} = Elex.evaluate(~s[convert(1m + 1mm, "mm")], context)
# qty => #Elex.Quantity<1001 mm>

{:ok, qty} = Elex.evaluate("10m / 1s", context, unit: "km | h")
# qty => #Elex.Quantity<36 km | h>
A target of a different category (unit: "kg" on a length) is
expression should return a valid mass result. The same mismatch from
convert(1m, "kg") is cannot convert length to mass.
Suffix and formula parse traps are in Gotchas.
Derived categories
A derived category is a formula over category atoms (length, time —
not unit symbols like m or s). The formula may name a derived category
(volume | length). default: is required: the conversion hub used
when converting between units of that category — not the unit evaluate
returns. put_units/2 then requires that hub to be among the category's
registered units, same as a base category. When every formula component is
a base category, it also requires a base-hub identity. That identity is
satisfied when
(a) default: parses to the product of the base hubs ("m^2" when
:length defaults to m), or (c) a registered unit name parses
to it ("kg * m | s^2"). Optional identity: on add_category names that
product (identity: "kg * m | s^2") and must parse to the same monomial; it
does not substitute for a registered unit. A derived category that has only
aliases (m2, ha) and none of those cannot attach:
{:error, "derived category :area needs a registered unit matching the base hubs (e.g. \"m * m\")"}.
identity: is rejected on base categories.
Catalog.kind/2 is {:ok, :base} when there is no formula:,
{:ok, :derived} when there is, and :error if the name is unknown.
| is the only fraction bar (m | s^2). Multiply with *, middot, or
whitespace (kg m is kg * m). At most one |; / and parentheses are
invalid ("km / h" is not a formula — write "km | h"). Use m | s^2 or m | s * s when you mean a squared denominator.
A formula unit cannot place the same category in both the numerator and the
denominator (N * s | s and N * s | hour are registration errors).
"m * m" is valid: both factors are in the numerator.
A formula-shaped unit name ("cm^2") whose components are already
registered must use a conversion that matches those components (cm at
value / 100 means "cm^2" is value / 10000, not an unrelated scale).
{:ok, catalog} =
  Catalog.add_category(catalog, :area,
    formula: "length * length",
    default: "m^2"
  )

{:ok, catalog} =
  Catalog.add_unit(catalog, :area, "m^2", aliases: ["m2", "sqm"])
{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)

Catalog.kind(catalog, :length)
# => {:ok, :base}

Catalog.kind(catalog, :area)
# => {:ok, :derived}
The canonical name is the inspect spelling. m2 and sqm are input
aliases of canonical "m^2", not an expansion of trailing digits.
"5 m2", "5 m^2", and "5 sqm" all evaluate to %{"m" => 2} and inspect
as m^2. N is canonical — #Elex.Quantity<1 N> — not an alias of
kg * m | s^2. default: must be a canonical unit name, not an alias
(default: "m2" is an error when "m^2" is the registered name). Without
that alias (and without a canonical unit m2),
"5 m2" is unknown unit 'm2'. During * / an alias expands through the
identity: "1m2 / 1m" evaluates as "1m * 1m / 1m" → 1 m. "1m * 2m"
validates as length^2 even without :area. Pass category: :area when the
result must match that category's formula; on success validate still returns
length^2. Evaluate of a product yields a unit monomial
(%Elex.Unit{monomial: %{"m" => 2}}), not the hub. Inspect uses ^.
1m2 / 1m / 1m is the number 1. Named hubs such as ha and N stay
those names unless they are registered as aliases of a formula unit. Force
is the same sugar: 1N / 1kg is 1 m | s^2.
{:ok, qty} = Elex.evaluate("1m * 2m", context)
# qty => #Elex.Quantity<2 m^2>

{:ok, qty} = Elex.evaluate("5 m2", context)
# qty => #Elex.Quantity<5 m^2>

{:ok, qty} = Elex.evaluate("5 m^2", context)
# qty => #Elex.Quantity<5 m^2>

{:ok, qty} = Elex.evaluate("1m2 / 1m", context)
# qty => #Elex.Quantity<1 m>

{:ok, qty} = Elex.evaluate("1m * 2m", context, unit: "m2")
# qty => #Elex.Quantity<2 m^2>

{:ok, qty} = Elex.evaluate(~s[convert(1m * 2m, "m^2")], context)
# qty => #Elex.Quantity<2 m^2>
Force is the same idea: the product stays a monomial until you convert.
Register :mass (and keep :length and :time) before the derived
category. Pass identity: "kg * m | s^2" so the hub "N" names that formula —
s2 would be a different name — and register the identity unit. After adding
units, attach the catalog again with put_units/2:
{:ok, catalog} = Catalog.add_category(catalog, :mass, default: "kg")
{:ok, catalog} = Catalog.add_unit(catalog, :mass, "kg")

{:ok, catalog} =
  Catalog.add_category(catalog, :force,
    formula: "mass * length | time^2",
    default: "N",
    identity: "kg * m | s^2"
  )

{:ok, catalog} = Catalog.add_unit(catalog, :force, "N")
{:ok, catalog} = Catalog.add_unit(catalog, :force, "kg * m | s^2")
{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)
{:ok, qty} = Elex.evaluate("1N / 1kg", context)
# qty => #Elex.Quantity<1 m | s^2>

{:ok, qty} = Elex.evaluate("1kg * 1m / (1s * 1s)", context)
# qty => #Elex.Quantity<1 kg * m | s^2>

{:ok, qty} = Elex.evaluate("1kg * 1m / (1s * 1s)", context, unit: "N")
# qty => #Elex.Quantity<1 N>

{:ok, qty} = Elex.evaluate("1 {kg * m | s}", context)
# qty => #Elex.Quantity<1 kg * m | s>
Numeric literals take a registered name, an alias, a power suffix
(10mm, 10mps2, 5 m2, 5 m^2), an unbraced pipe (3 m|s, 3 m | s^2),
or a braced formula (1 {kg * m | s}). A compound target such as m | s^2
on unit: / convert stays an unbraced formula string. Register :length
and :time first, then a named unit when you want a compact token:
{:ok, catalog} =
  Catalog.add_category(catalog, :acceleration,
    formula: "length | time^2",
    default: "m | s^2"
  )

{:ok, catalog} = Catalog.add_unit(catalog, :acceleration, "m | s^2", "value")
{:ok, catalog} = Catalog.add_unit(catalog, :acceleration, "mps2", "value")
{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)
10mps2 is the named unit. "m | s2" looks up the name s2 and is an
error unless that name exists.
Without category:, an unregistered product such as time * time is valid
and returns that formula (time^2). Pass category: :acceleration when the
result must match a registered category.
Register the identity unit when the hub is not that formula. identity: "m^2" without a registered "m^2" unit is a put_units error — the same
class as a derived category with no identity. That is required for Newton
(N plus "kg * m | s^2" at scale 1) and for hectare (ha plus "m^2"
at "value / 10000"). Elex does not invent 10000. When the hub is not 1:1
with the identity, the scale lives on the identity unit. That is a
separate :area catalog, not added next to a "m^2" hub:
{:ok, ha_catalog} = Catalog.add_category(Catalog.new(), :length, default: "m")
{:ok, ha_catalog} = Catalog.add_unit(ha_catalog, :length, "m")

{:ok, ha_catalog} =
  Catalog.add_category(ha_catalog, :area,
    formula: "length * length",
    default: "ha",
    identity: "m^2"
  )

{:ok, ha_catalog} = Catalog.add_unit(ha_catalog, :area, "ha")
{:ok, ha_catalog} = Catalog.add_unit(ha_catalog, :area, "m^2", "value / 10000")
{:ok, ha_context} = Elex.Context.put_units(Elex.new_context(), ha_catalog)
{:ok, qty} = Elex.evaluate("1ha", ha_context)
# qty => #Elex.Quantity<1 ha>
Denominator coefficients
A registered formula may carry one denominator coefficient, written before a
denominator symbol (L | 100 km). Register volume L and length km, then
a consumption category whose formula is volume | length. The category
default stays the per-1 identity L | km. The scaled unit converts with
"value / 100".
{:ok, catalog} = Catalog.add_category(Catalog.new(), :volume, default: "L")
{:ok, catalog} = Catalog.add_unit(catalog, :volume, "L")
{:ok, catalog} = Catalog.add_category(catalog, :length, default: "km")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "km")

{:ok, catalog} =
  Catalog.add_category(catalog, :consumption,
    formula: "volume | length",
    default: "L | km"
  )

{:ok, catalog} = Catalog.add_unit(catalog, :consumption, "L | km", "value")
{:ok, catalog} =
  Catalog.add_unit(catalog, :consumption, "L | 100 km", "value / 100")

{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)
8 {L | 100 km} and 8 L | 100 km are the same quantity. Convert to the
identity with unit: "L | km". Multiplying by 100 km cancels the
denominator.
{:ok, qty} = Elex.evaluate("8 {L | 100 km}", context)
# qty => #Elex.Quantity<8 L | 100 km>

{:ok, qty} = Elex.evaluate("8 L | 100 km", context)
# qty => #Elex.Quantity<8 L | 100 km>

{:ok, qty} = Elex.evaluate("8 {L | 100 km}", context, unit: "L | km")
# qty => #Elex.Quantity<0.08 L | km>

{:ok, qty} = Elex.evaluate("8 {L | 100 km} * 100 km", context)
# qty => #Elex.Quantity<8 L>
	`L	50 km` is an unknown unit until that exact scale is registered
	(`unknown unit 'L	50 km'`). A scaled unit is only that whole unit: an alias
	such as L100km may stand for `L	100 km`, but it cannot appear inside
	another formula (L100km * h, `L100km	10 h`). Multiplying the quantity by

another unit (8 {L100km} * 1 {h}) is ordinary arithmetic.
Inverse formulas
A non-additive category may register a formula whose dimension is the exact
inverse of the category when the conversion is a reciprocal (k / value).
Litres per 100 km and miles per gallon are that pair. Register volume L
and gallon (value * 3.785411784) and length km and mile
(value * 1.609344). Consumption is volume | length, default L | km,
with additive: false. mile | gallon maps to that default with
"3.785411784 / 1.609344 / value". The same reciprocal on an additive
category is a registration error.
{:ok, catalog} = Catalog.add_category(Catalog.new(), :volume, default: "L")
{:ok, catalog} = Catalog.add_unit(catalog, :volume, "L", "value")
{:ok, catalog} = Catalog.add_unit(catalog, :volume, "gallon", "value * 3.785411784")
{:ok, catalog} = Catalog.add_category(catalog, :length, default: "km")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "km", "value")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "mile", "value * 1.609344")

{:ok, catalog} =
  Catalog.add_category(catalog, :consumption,
    formula: "volume | length",
    default: "L | km",
    additive: false
  )

{:ok, catalog} = Catalog.add_unit(catalog, :consumption, "L | km", "value")

{:ok, catalog} =
  Catalog.add_unit(catalog, :consumption, "L | 100 km", "value / 100")

{:ok, catalog} =
  Catalog.add_unit(catalog, :consumption, "mile | gallon", "3.785411784 / 1.609344 / value")

{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)
8 {L | 100 km} with unit: "mile | gallon" converts through the category
default. The conversion string runs left to right at Decimal precision 34.
Converting that quantity back to L | 100 km inspects as
#Elex.Quantity<8.000000000000000000000000000000001 L | 100 km>.
{:ok, qty} = Elex.evaluate("8 {L | 100 km}", context, unit: "mile | gallon")
# qty => #Elex.Quantity<29.40182291666666666666666666666666 mile | gallon>
On that non-additive consumption catalog, a derived formula may cancel when
its component categories are additive. 1 / 8 {L | 100 km} is
#Elex.Quantity<12.5 km | L>, and 8 {L | 100 km} * 100 km is
#Elex.Quantity<8 L>.
{:ok, qty} = Elex.evaluate("1 / 8 {L | 100 km}", context)
# qty => #Elex.Quantity<12.5 km | L>

{:ok, qty} = Elex.evaluate("8 {L | 100 km} * 100 km", context)
# qty => #Elex.Quantity<8 L>
In-place scaling (2 * 8 {L | 100 km}, 8 {L | 100 km} / 2), addition, and
arithmetic on mile | gallon stay rejected.
Elex.evaluate("2 * 8 {L | 100 km}", context)              # error
Elex.evaluate("8 {L | 100 km} / 2", context)              # error
Elex.evaluate("8 {L | 100 km} + 2 {L | 100 km}", context) # error
Elex.evaluate("2 * 8 {mile | gallon}", context)           # error
Elex.evaluate("1 / 8 {mile | gallon}", context)           # error
Not-derivable units
derivable: false on add_unit keeps that unit's category atom in a
formula. Omitted means derivable and stores no flag. Derive :volume from
length * length * length with hub m^3. m^3 omits derivable:, so it
still expands and 1 m^3 / 1 m remains area. L is derivable: false at
"value / 1000", so a formula keeps the category atom volume. :fuel
names that derived category: formula volume | length, default L | km.
L | 100 km converts with "value / 100".
The denominator-coefficient and mile-per-gallon catalogs above keep
:volume as a base category. This catalog is separate.
{:ok, catalog} = Catalog.add_category(Catalog.new(), :length, default: "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "m")
{:ok, catalog} = Catalog.add_unit(catalog, :length, "km", "value * 1000")

{:ok, catalog} =
  Catalog.add_category(catalog, :volume,
    formula: "length * length * length",
    default: "m^3"
  )

{:ok, catalog} = Catalog.add_unit(catalog, :volume, "m^3", "value")

{:ok, catalog} =
  Catalog.add_unit(catalog, :volume, "L", "value / 1000", derivable: false)

{:ok, catalog} =
  Catalog.add_category(catalog, :fuel, formula: "volume | length", default: "L | km")

{:ok, catalog} = Catalog.add_unit(catalog, :fuel, "L | km", "value")

{:ok, catalog} =
  Catalog.add_unit(catalog, :fuel, "L | 100 km", "value / 100")

{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)
{:ok, qty} = Elex.evaluate("1 m^3 / 1 m", context)
# qty => #Elex.Quantity<1 m^2>
Functions
abs, ceil, floor, and round keep the argument’s unit and operate on the
current magnitude — they do not convert to the category hub first.
That includes non-additive points: floor(1.8C) is 1 C, not a conversion
to another temperature scale.
{:ok, qty} = Elex.evaluate("ceil(1.2mm)", context)
# qty => #Elex.Quantity<2 mm>

{:ok, qty} = Elex.evaluate("round(1.5mm)", context)
# qty => #Elex.Quantity<2 mm>
min, max, clamp, if, coalesce, and between (:point functions)
require the same category. On additive categories they convert later quantity
arguments into the first quantity argument's unit — min(1m, 1km) is
valid, and if(false, 1m, 100cm) returns metres. A literal 0 (0, 0.0,
-0) is also allowed next to an additive quantity (min(10cm, 0),
clamp(width, 0, 10cm), if(width > 0, width, 0)); variables and 1 - 1
are not. between(50cm, 1m, 2m) is false because 50 cm is below 1 m after
converting into centimetres. On non-additive categories the units must
already match; min(1C, 32F) is an error. sqrt, pow, and mod
reject unitful arguments.
Variables
Unit suffixes belong on numeric literals, not on names. Declare a variable's
category and give it a unitful value:
{:ok, context} = Elex.add_variable(context, "width", {10, "cm"}, category: :length)
{:ok, qty} = Elex.evaluate("width + 1mm", context)
# qty => #Elex.Quantity<10.1 cm>
A unitless number can still scale a quantity (count * 1mm). Passing a
quantity from evaluate back into add_variable works when category:
matches that unit's category. "width mm" is a parse error — units do not
follow names.
Catalog.add_unit/3 registers a unit on a catalog. The expression function
add_unit(value, unit) wraps a number as a quantity of a
registered canonical name or alias. They are not interchangeable.
See Non-additive categories.
Non-additive categories
Categories are additive by default. Temperature (and gauge pressure) are
points, not vectors: register them with additive: false. Offset
conversions (to_default(0) ≠ 0) are allowed only on non-additive
categories. Elex does not ship C, F, or K — this is a caller catalog:
alias Elex.Units.Catalog

{:ok, catalog} =
  Catalog.add_category(Catalog.new(), :temperature, default: "C", additive: false)

{:ok, catalog} = Catalog.add_unit(catalog, :temperature, "C", "value")
{:ok, catalog} = Catalog.add_unit(catalog, :temperature, "F", "(value - 32) * 5 / 9")

{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)

{:ok, qty} = Elex.evaluate("32F", context, unit: "C")
# qty => #Elex.Quantity<0 C>

{:ok, qty} = Elex.evaluate("0C", context, unit: "F")
# qty => #Elex.Quantity<32 F>
Point categories such as temperature reject binary + − * /, including
same-unit addition and scaling. A non-additive derived formula may cancel
when its component categories are additive; see
Inverse formulas.
Elex.evaluate("1C + 2C", context)    # error
Elex.evaluate("0C + 10F", context)   # error
Elex.evaluate("2 * 1C", context)     # error
Elex.evaluate("1C / 1s", context)    # error
Elex.evaluate("10C / 50C", context)  # error
Same-unit point operations are allowed: comparison, unary minus, and
:point builtins (min, max, if, between, clamp, ceil, floor,
round, abs).
Mixing units of a non-additive category is not — there is no silent F→C.
Linear :point functions still convert:
Elex.evaluate("1C > 0C", context)        # {:ok, true}
Elex.evaluate("1C > 0", context)         # error (unitless 0 is not unique across C/F/K)
Elex.evaluate("min(1C, 0)", context)     # error
Elex.evaluate("min(1C, 2C)", context)    # {:ok, #Elex.Quantity<1 C>}
Elex.evaluate("ceil(1.2C)", context)     # {:ok, #Elex.Quantity<2 C>}
Elex.evaluate("-5C", context)            # {:ok, #Elex.Quantity<-5 C>}
Elex.evaluate("min(1C, 32F)", context)   # error (mixed units)
Length examples need a length catalog (m, km, mm), not this
temperature-only context:
{:ok, length_catalog} = Catalog.add_category(Catalog.new(), :length, default: "m")
{:ok, length_catalog} = Catalog.add_unit(length_catalog, :length, "m", "value")
{:ok, length_catalog} = Catalog.add_unit(length_catalog, :length, "km", "value * 1000")
{:ok, length_catalog} = Catalog.add_unit(length_catalog, :length, "mm", "value / 1000")
{:ok, length_context} = Elex.Context.put_units(Elex.new_context(), length_catalog)

Elex.evaluate("min(1m, 1km)", length_context)  # {:ok, #Elex.Quantity<1 m>}
Convert a reading explicitly with convert/2 or unit:. Compound targets
that include a non-additive symbol ("F | s") also error.
Elex.evaluate(~s[min(1C, convert(33F, "C"))], context)
# both already C
Arithmetic on magnitudes uses the expression function remove_unit /
add_unit (not Catalog.add_unit/3, which registers a catalog unit). The
second argument of add_unit is a registered canonical name or alias
(including a formula-shaped name such as "m | s" or "m^2" once
registered). An unregistered formula is an error:
Elex.evaluate(~s[add_unit(remove_unit(2C) + remove_unit(3C), "C")], context)
# qty => #Elex.Quantity<5 C>
Helpers work on linear units too, once those symbols are registered.
They wrap or strip a name without converting: add_unit(remove_unit(1km), "m")
is 1 m, not 1000 m. Use convert to change units.
Elex.evaluate("remove_unit(1mm)", length_context)
# => #Decimal<1>

Elex.evaluate(~s[add_unit(10, "mm")], length_context)
# => #Elex.Quantity<10 mm>
add_unit(1, "m | s") errors unless "m | s" is registered — unregistered
formulas belong on convert or 10 * 1m / 1s. Already-unitful add_unit
and remove_unit of a number also error.
Forgetting additive: false on a C-only catalog leaves 2 * 1C legal
(linear by default). Offset F on an additive category is a registration
error.
Rates belong in a linear category with named units (Cps), not C | s.
Gotchas
These traps apply to unit suffixes on numeric literals and to unit: /
convert formula strings.
s2 is a name, not an exponent
Integer exponents use ^ in formulas (m | s^2) and on numeric literals
(5 m^2, 5m^2 — positive integer). s2 is the registered name s2.
Spaces around ^ are not a suffix
5m ^ 2 is not 5m^2. The error hints to write 5m^2.
/ is division, not "per"
10m / s is metres divided by the variable s. Write 10 m|s or
10 {m | s} for metres per second.
Unbraced pipes do not continue with * <unit>
3 m | s * 2 is six metres per second. 3 m | s * s and 3 m | s * h
(when h is a registered unit) are parse errors. Write 3 m|s^2 or
3 {m | s * s}.
Multi-factor units need braces in expressions
1 kg * m | s is invalid: * is expression multiply, so this is
(1 kg) * m then unexpected |. Write 1 {kg * m | s} or
1kg * 1m|s.
Inspect of a Quantity is not an expression
Inspect never inserts {}. Copying a multi-factor inspect into an
expression needs braces (1 {kg * m | s}) or factor arithmetic
(1kg * 1m|s):
#Elex.Quantity<1 m | s>
#Elex.Quantity<1 kg * m | s>
A cancelled formula unit is a syntax error
A formula that cancels to nothing (1 m|m, 1 {m^0}) or places the same
category in both the numerator and the denominator — including after
expanding derived units (1 m|mm, 1 {ha | m^2},
1 {N * s^2 | kg * m}) — is a syntax error. Empty units are not allowed.
Arithmetic cancel is different: 1m / 1m and 1ha / 1 {m^2} evaluate to
decimals.
unit: / convert reject / and braces
Write "km | h". "km / h" and "{m | s}" are invalid target strings.
What to read next
	Elex.Units.Catalog — category and unit registration
	Elex.Quantity — evaluated unitful results
	Elex.Unit — unit monomial on a quantity (convertible?/3, compatible?/3)
	Elex.Dimension — category formula returned by validate
	Getting Started — contexts, validate, and evaluate
	Functions — which built-ins accept quantities
	Advanced Topics — custom functions with units
	Ash Integration — expected_type may be a category
atom when the context has a catalog



  

    Ash Integration

Elex ships an optional Ash resource validation that type-checks expression
strings stored on Ash attributes. The validation runs when the attribute
changes on a changeset.
Setup
Add both Elex and Ash to your dependencies:
def deps do
  [
    {:elex, "~> 0.4.2"},
    {:ash, "~> 3.22"}
  ]
end
Elex.AshValidation is compiled only when Ash is available. Without Ash in
your dependency tree, the module is not present.
Basic usage
Validate that a :formula attribute contains an expression returning a decimal:
defmodule MyApp.Product do
  use Ash.Resource

  attributes do
    attribute :formula, :string do
      allow_nil? false
    end
  end

  validations do
    validate Elex.AshValidation,
      attribute: :formula,
      context: Elex.new_context(),
      expected_type: :decimal
  end
end
When a user submits an invalid expression, Ash returns a changeset error with a
human-readable message from Elex.
Options
	Option	Required	Description
	:attribute	yes	Atom name of the string attribute holding the expression
	:context	yes	Elex.Context with allowed variables and functions
	:expected_type	yes	:decimal, :boolean, :string, or :percent (a primitive type that does not need a catalog), or a catalog category atom (:length) when the context has a units catalog. Category atoms are passed as category: to Elex.validate/3 — not compared to a returned :length atom. Validate returns %Elex.Dimension{} for unitful results (length, length | time).
	:add_value_type_from_attribute	no	Attribute atom; adds a "value" variable typed from that attribute's current value
	:description	no	Custom text included in validation error messages

Context with variables
Pass a context that includes every variable your users may reference:
context =
  Elex.new_context()
  |> Elex.add_variables!(%{
    "price" => 0,
    "quantity" => 0
  })

validations do
  validate Elex.AshValidation,
    attribute: :formula,
    context: context,
    expected_type: :decimal
end
Variables in the context need types for validation to succeed, but their values
are not used during validation — only types matter.
Validating against the current value
Use :add_value_type_from_attribute when expressions may reference a value
variable representing the attribute being validated:
attributes do
  attribute :threshold, :decimal
  attribute :condition, :string
end

validations do
  validate Elex.AshValidation,
    attribute: :condition,
    context: Elex.new_context(),
    expected_type: :boolean,
    add_value_type_from_attribute: :threshold
end
This lets users write expressions like value > 100 where value is typed as
:decimal from the :threshold attribute.
Units: expected_type as a category
When the context has a units catalog, :expected_type may be a category atom.
That becomes Elex.validate(..., category: :length) — not a comparison of
validate's return value to :length. Dimensionless :decimal, :boolean,
:string, and :percent stay primitive when a catalog is attached.
validations do
  validate Elex.AshValidation,
    attribute: :distance_formula,
    context: length_context,
    expected_type: :length
end
"1mm + 2m" succeeds. "1 + 2" fails with length was expected, got number. A
speed-compatible quotient such as "1cm / 1s" succeeds only when
expected_type is :speed (or another category whose formula is
length | time).
What gets validated
On change, Elex.AshValidation:
	Reads the new value of the target attribute (skips validation when unchanged)
	Calls Elex.validate/3. Catalog category :expected_type values are passed
as category:; primitive types are checked against the returned atom
	Returns :ok or an Ash.Error.Changes.InvalidAttribute error

Parse and type errors surface as attribute errors with the expression string as
the invalid value.
Further reading
	Elex.AshValidation — full API reference
	Getting Started — building contexts and validating expressions
	Expression Language — syntax reference



  

    Advanced Topics

This guide covers lower-level APIs for applications that need direct access to
the parse tree, expression inversion, autocomplete details, or custom functions.
The parse → validate → evaluate pipeline
Most callers use Elex.evaluate/2, which runs all three stages. For more
control, use the modules directly:
context = Elex.new_context() |> Elex.add_variable!("x", 10)

{:ok, ast, type} = Elex.Parser.parse("x + 5", context)
# type => :decimal

Elex.Evaluator.evaluate(ast, context)
# => {:ok, #Decimal<15>}

Elex.Evaluator.evaluate!(ast, context)
# => #Decimal<15>
Elex.Parser.parse/3 validates by default. Pass validate: false to parse
without checking variable types — useful for extracting structure before a
context is fully built:
{:ok, ast, nil} = Elex.Parser.parse("x + y", context, validate: false)
Elex.Validator.validate(ast, context)
# => {:ok, :decimal} or {:error, reason}
Note: Elex.Evaluator.evaluate/2 returns {:ok, result} or
{:error, reason}. evaluate!/2 raises RuntimeError or Decimal.Error.
Elex.evaluate/2 is the string-based API and returns the same {:error, reason} strings without an extra prefix. Prefer the high-level API unless
you need the AST.

AST format
The parser produces plain Erlang terms (tagged tuples). Common shapes:
	Form	Meaning
	%Decimal{}	Decimal literal
	{:percent, decimal}	Percent literal (50%). -10% is one literal, not unary minus plus a percent
	true, false	Boolean literal
	"string"	String literal
	nil	Null literal
	{:var, "name"}	Variable reference
	{op, [left, right]}	Binary operator (:+, :-, :*, :/, comparisons, and, or)
	{:not, operand}	Logical not
	{-, operand}	Unary minus
	{:unit, decimal, "mm"}	Unit suffix on a numeric literal (10mm, 3 m|s, 1 {kg * m | s})
	{:func, name, arity, args}	Function call (name is a string, args is a list of AST nodes)

Example AST for max(x, 10) + 1:
{:+, [
  {:func, "max", 2, [{:var, "x"}, #Decimal<10>]},
  #Decimal<1>
]}
Autocomplete
Elex.autocomplete/4 completes identifiers at a 0-based UTF-8 byte offset,
including incomplete input. Getting Started shows the
basic call (1 + (2 * f → foo, range {9, 10}). Hosts replace the
returned :range with a suggestion's :text.
Suggestion maps:
	Kind	Fields
	:variable	:text
	:keyword	:text (true/false/yes/no/null/not/and/or)
	:unit	:text (registered name or alias that matched)
	:function	:text (name only, no (), :signature, :description, optional :category

The prefix is the bytes from the token start up to the cursor. Mid-token
fo|obar still replaces the whole token (range covers foobar). With
empty_prefix: :none (default), an empty prefix returns no suggestions;
:all dumps every candidate legal in the current slot.
The cursor must be an integer on a UTF-8 boundary in
0..byte_size(expression); otherwise {:error, "cursor is out of range"}.
Unknown opts or an invalid empty_prefix raise ArgumentError.
Parser debugging
Elex.Parser.debug/2 exposes raw NimbleParsec output for troubleshooting. It
does not validate against a context:
info = Elex.Parser.debug("( 1 + 2")
info.status   # :error
info.rest     # "( 1 + 2"
info.reason   # raw parser message
The result is a map documented as debug_info/0 on Elex.Parser. For end-user
error messages, use Elex.Parser.parse/3 or Elex.evaluate/2 instead.
Expression inversion
Elex.Inverter solves simple single-variable arithmetic expressions. Given an
AST and a target variable name, it returns an inverted AST representing the
inverse operation.
Supported operations: +, -, *, / (with the variable on one side only).
Any AST containing {:percent, _} returns
{:error, "cannot invert an expression that contains a percent"}.
alias Elex.{Parser, Inverter}

context = Elex.new_context() |> Elex.add_variable!("value", 0)

{:ok, ast, _} = Parser.parse("value * 2 + 5", context, validate: false)
{:ok, inverted} = Inverter.invert(ast, "value")

# Evaluate inverted AST with a known result to recover the original variable:
result_context = Elex.new_context() |> Elex.add_variable!("value", 21)
Elex.Evaluator.evaluate!(inverted, result_context)
# => #Decimal<8>  (because (8 * 2) + 5 = 21)
Inverter.invert/2 returns {:error, reason} when:
	The expression contains more than one variable
	The target variable is not present
	The expression uses unsupported operations (comparisons, functions, etc.)
	Any AST containing {:percent, _} ({:error, "cannot invert an expression that contains a percent"})
	Division by zero would occur during inversion

Custom functions
Implement the Elex.Function behaviour with four callbacks:
	Callback	Purpose
	signature/0	Function name and arity (or variadic spec)
	validate/2	Type-check unevaluated argument ASTs at parse time
	call/1	Execute with evaluated argument values
	documentation/0	Human-readable signature and description (optional :category atom for grouping)

call/1 arguments are already evaluated. With a unit catalog they may be
%Elex.Quantity{} as well as Decimal. Do not pass a quantity to
Decimal.mult/2 (or similar) — unwrap .value first.
signature/0 may include units: :point | :additive | :none | :convert | :wrap | :unwrap. Omitted units: is :additive.
	units:	Meaning
	:point	Same category. Result unit is the first quantity argument (boolean/null args are skipped, so if(cond, then, else) uses the then-branch). Additive: convert later quantity args into that unit. Non-additive: Elex.Unit.same?/2 required; no silent F→C.
	:additive	Reject non-additive arguments. Same-category linear args still convert into the first quantity argument's unit before call/1. Default.
	:none	Reject all quantities (sqrt, pow, pi, strings).
	:convert	First arg a quantity, second a string target; result unit is the target.
	:wrap	Number plus a registered name or alias (add_unit).
	:unwrap	Quantity to a number (remove_unit).

The evaluator converts later quantity arguments into the first quantity
argument's unit for :additive functions, and for :point functions on
additive categories. Static analysis uses the same rule for any
function — including custom ones — so if(false, coalesce(1m, 2m), 100cm)
and if(false, double(1m), 100cm) both return metres. Short-circuit
functions (if, coalesce) may implement evaluate_call/2; catalog-aware
functions (convert, add_unit) may implement call/2.
convert/2, add_unit/2, and remove_unit/1 declare :convert, :wrap,
and :unwrap. Custom functions that omit units: are :additive — an
unmarked double(1C) errors; double(1m) works. To preserve any quantity
including C, set units: :point (2 * 1C stays illegal as a language
op).
Use Elex.Validator.same_numeric_type/2 when every argument must be the same
numeric type. It unifies :decimal, one category, or :percent, including a
literal 0 next to a percent. It returns {:ok, type},
{:mismatch, type} when the first argument is not numeric,
{:mismatch, expected, got} when later arguments differ, or {:error, reason}.
Use Elex.Validator.numeric_mismatch_message/2 for the built-in wording
(cannot mix length and mass vs expects number arguments, got string).
Non-additive :point functions also require Elex.Unit.same?/2 (the validator
enforces this).
Pick one of three patterns.
Reject unitful arguments
sqrt-style: only numbers (no units). Set units: :none, check
{:ok, :decimal}, and leave call/1 matching on Decimal. String
functions use the same units: :none policy:
def signature, do: %{name: :sqrt, arity: 1, units: :none}

def validate([arg], ctx) do
  case Elex.Validator.validate(arg, ctx) do
    {:ok, :decimal} -> {:ok, :decimal}
    {:ok, type} -> {:error, "sqrt expects a number, got #{inspect(type)}"}
    {:error, reason} -> {:error, reason}
  end
end

def call([arg]) when is_struct(arg, Decimal) do
  {:ok, Decimal.sqrt(arg)}
end
Preserve the unit
abs-style: accept a number, a percent, or a quantity of one category. Set
units: :point so same-unit non-additive quantities (1C) are allowed.
Validate with same_numeric_type/2, unwrap the quantity in call/1, then
rewrap the same unit. Omitted units: is :additive and rejects 1C.
def signature, do: %{name: :abs, arity: 1, units: :point}

def validate([arg], ctx) do
  case Elex.Validator.same_numeric_type([arg], ctx) do
    {:ok, type} -> {:ok, type}
    {:mismatch, type} -> {:error, "abs expects a number, got #{inspect(type)}"}
    {:error, reason} -> {:error, reason}
  end
end

def call([%Elex.Quantity{value: value, unit: unit}]) do
  {:ok, result} = call([value])
  {:ok, %Elex.Quantity{value: result, unit: unit}}
end

def call([%Elex.Percent{value: value}]) do
  {:ok, result} = call([value])
  {:ok, %Elex.Percent{value: result}}
end

def call([arg]) when is_struct(arg, Decimal) do
  {:ok, Decimal.abs(arg)}
end
Same-category multi-arg
min / between-style: units: :point and same_numeric_type/2 so every
argument may be :decimal, :percent, or the same category. On additive categories, later
quantity arguments are already converted into the first quantity argument's unit, so
call/1 can compare or combine .value fields and rewrap the first unit
(or return a boolean). On non-additive categories the units must already
match (min(1C, 2C) works; min(1C, 32F) errors):
def signature, do: %{name: :min, variadic: true, min_arity: 2, units: :point}

def validate(args_ast, ctx) do
  case Elex.Validator.same_numeric_type(args_ast, ctx) do
    {:ok, type} -> {:ok, type}
    {:error, reason} -> {:error, reason}
    mismatch -> {:error, Elex.Validator.numeric_mismatch_message("min", mismatch)}
  end
end

def call([%Elex.Quantity{unit: unit} | _] = args) do
  {:ok, result} = call(Enum.map(args, & &1.value))
  {:ok, %Elex.Quantity{value: result, unit: unit}}
end

def call([%Elex.Percent{} | _] = args) do
  {:ok, result} = call(Enum.map(args, & &1.value))
  {:ok, %Elex.Percent{value: result}}
end

def call([first | rest]) do
  {:ok, Enum.reduce(rest, first, &Decimal.min/2)}
end
The optional :category atom (e.g. :math, :string, :utility) is included in
Elex.Context.list_functions/1 output so host applications can group functions in
documentation UIs.
Register the function on a context:
context =
  Elex.new_context()
  |> Elex.Context.add_function(MyApp.Functions.Double)

{:ok, result} = Elex.evaluate("double(5)", context)
# => #Decimal<10>
The Elex.Function Double example omits units:, so it is :additive.
double(1m) works; double(1C) errors. Language ops still reject
2 * 1C. Setting units: :point would allow double(1C) because
double is a function, not *.
Variadic functions
Return a variadic signature with min_arity:
def signature do
  %{name: :sum, variadic: true, min_arity: 2}
end
The context stores variadic functions under {name, :variadic}.
Localizing type error labels
Elex.Labels.label/1 maps type atoms and %Elex.Dimension{} structs to
human-readable names used in error messages (:decimal → "number",
%Elex.Dimension{monomial: %{length: 1}} → "length"). Override this
function in your application to integrate with Gettext for localization.
Further reading
	Elex.autocomplete/4 — identifier completions at a cursor byte offset
	Elex.Parser — parse options including :max_depth
	Elex.Validator — direct AST validation
	Elex.Evaluator — direct AST evaluation
	Elex.Function — behaviour reference
	Functions — built-in function list



  

    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]
0.4.2 - 2026-10-07
Added
	add_unit takes derivable: false so that unit keeps its category atom
in a formula (litre stays volume). Omitted and derivable: true store
no flag. A category formula: may name a derived category
(volume | length). Compatibility is additive: existing units and
all-base formulas behave as before

0.4.1 - 2026-10-06
Added
	Formulas and %Elex.Unit{} gained an additive denominator coefficient
(per, default 1), for example L | 100 km. A scaled unit is only that
whole unit and cannot be a component of another formula. Compatibility is
additive: existing per-1 formulas and units behave as before
	A non-additive category may register a formula whose dimension is the
exact inverse of the category when the conversion is a reciprocal
(k / value). mile | gallon on consumption (additive: false,
default L | km) uses "3.785411784 / 1.609344 / value", so
8 {L | 100 km} with unit: "mile | gallon" converts to miles per
gallon. Compatibility is additive: existing catalogs behave as before

0.4.0 - 2026-10-01
Breaking
	The % remainder operator and rem(a, b) are removed. % is now a percent suffix, so 10 % 3 is no longer valid. Use mod(a, b) (sign follows the divisor).

Added
	A % suffix on a number literal is a percent (50% stores 50 percent points). 10% + 20% is 30%, 50% * 50% is 25%, and 100 * 50% is the number 50
	inc(value, rate) and dec(value, rate) scale a number, quantity, or percent by 100% + rate and 100% - rate. rate must be a percent

0.3.4 - 2026-09-23
Added
	Unit names and aliases may start with ° (U+00B0), µ (U+00B5), μ (U+03BC), or ohm (Ω U+03A9, Ω U+2126). Ohm may also continue a name (kΩ, µΩ). A catalog can register °C, °F, µm, and kΩ

0.3.3 - 2026-09-22
Added
	Elex.autocomplete/4 — completions at a 0-based UTF-8 byte offset for
incomplete expressions (1 + (2 * f → foo). Option empty_prefix: :none (default) or :all. Result is %{range: {start, end}, suggestions: [...]} with kinds :variable | :unit | :function | :keyword

0.3.2 - 2026-09-18
Added
	Reciprocal conversions (k / value) on non-additive categories, such as
mpg ↔ L/100km. The same conversion on an additive category is a
registration error instead of raising

0.3.1 - 2026-09-04
Added
	Literal unitless 0 (0, 0.0, -0) next to an additive quantity in
comparisons and :point functions (10cm > 0, clamp(width, 0, 10cm),
if(width > 0, width, 0)). 10cm + 0 and non-additive 1C > 0 stay errors

0.3.0 - 2026-09-02
Added
	Opt-in unit catalogs via Elex.Units.Catalog and Elex.Context.put_units/2
(put_units!/2). Elex does not ship units; callers register categories,
conversions, aliases, and derived formulas
	Quantity results: %Elex.Quantity{value, unit: %Elex.Unit{}}. Validate
returns %Elex.Dimension{} for unitful types
	Literal suffixes on numeric literals: registered name or alias (10mm),
power (5m^2), unbraced pipe (3 m|s), braced formula (1 {kg * m | s})
	Scientific notation (1e3, 1.5E-2); e and E cannot be unit names
	Conversion: evaluate(..., unit: …), validate/evaluate category: …,
and expression convert/2, add_unit/2, remove_unit/1
	Derived categories (formula:, hub default:, optional identity: that
names the base-hub formula; a matching identity unit is still required);
aliases: on add_unit; Catalog.add_unit/3 omits conversion ("value");
Catalog.kind/2
	Non-additive categories (additive: false) for temperature-style points
	Function units: policies (:point | :additive | :none | :convert | :wrap | :unwrap);
optional call/2 and evaluate_call/2 on Elex.Function

	Bang helpers: add_variable!/3, add_variables!/2, put_units!/2,
Unit.new!/1, Evaluator.evaluate!/2
	Ash :expected_type may be a catalog category when a catalog is attached
	Helpers: Validator.same_numeric_type/2, Unit.convertible?/3,
Unit.compatible?/3, Unit.from_monomial/1

Changed
	Elex.extract_variables/2 requires a context so unit suffixes parse when
a catalog is attached (was extract_variables/1)
	Elex.add_variable/3 and Elex.add_variables/2 always return
{:ok, context} | {:error, reason} (use the bang variants to pipe)
	Elex.Evaluator.evaluate/2 returns {:ok, result} | {:error, reason}
(use evaluate!/2 to raise; previously raised RuntimeError)

	Elex.evaluate/2 no longer prefixes evaluation failures with
Evaluation error:; callers receive the same reason strings as
parse/validate (division by zero)
	Function evaluation errors with a string reason are no longer wrapped in
Error calling function name/arity: …
	Without a units catalog, glued suffixes are unexpected tokens
(width + 2mm → unexpected 'mm'), not a missing operand

0.2.3 - 2026-08-15
Changed
	concat is now variadic and accepts zero or more string arguments
(concat() returns ""; concat("a") returns "a")

0.2.2 - 2026-08-02
Added
	match(text, pattern) string function for regex matching
	String literal escapes: \", \\, \n, \t, \r, \f, \b
	Elex.Context.list_functions/1 to list registered functions with metadata
(:module, :name, :arity, :signature, :description, and optional
:category)
	Elex.list_standard_function_modules/0 to distinguish built-in functions from
custom ones
	Optional :category atom in the documentation/0 callback on Elex.Function
(set on all built-in functions as :math or :string)

Changed
	Unknown string escape sequences now report invalid escape sequence '\X' instead
of a generic missing closing quote

0.2.1 - 2026-07-12
Changed
	Relaxed decimal dependency to ~> 2.0 or ~> 3.0

0.2.0 - 2026-07-12
Added
	Unary minus operator (-x, -(1 + 2))
	Modulo operator (%) with *-level precedence
	null literal with equality comparisons to null and nil variables
	String ordering comparisons (<, >, <=, >=) for string operands
	Short-circuit evaluation for and, or, and if(condition, a, b)
	Math functions: abs, pow, mod, clamp, between
	Variadic min and max (two or more arguments)
	String functions: concat, length, contains, starts_with, ends_with, lower, upper, trim
	coalesce function (variadic; returns the first non-null argument)
	Hexdocs guides: Getting Started, Expression Language, Functions, Ash Integration, and Advanced Topics

Changed
	mod(a, b) now uses floored modulo (sign follows the divisor), distinct from rem(a, b) and %
	between(x, low, high) returns an error when low > high, matching clamp/3

0.1.0 - 2025-07-12
Changed
	Elex.evaluate/2 returns {:error, reason} for all evaluation failures, including division by zero
	Elex.Inverter.invert/2 returns {:ok, ast} or {:error, reason} instead of raising
	Updated decimal dependency to ~> 3.1 and ash to ~> 3.22

Added
	Expression parsing, type validation, and evaluation with Decimal arithmetic
	Arithmetic, comparison, and logical operators
	Built-in functions: ceil, floor, if, max, min, pi, rem, round, sqrt
	Variable substitution and variable extraction from expressions
	Expression inversion for simple single-variable arithmetic
	Optional Ash resource validation via Elex.AshValidation
	Elex.Function behaviour for custom functions



  

    License


MIT License

Copyright (c) 2025 bandesz

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

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

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



  

    
Elex.Percent 
    



      
A percent stored as percent points.
50% is %Elex.Percent{value: Decimal.new("50")}. Callers build the struct
directly.
Fields
	:value - The percent points as a Decimal.t()

Examples
%Elex.Percent{value: Decimal.new("50")}
%Elex.Percent{value: Decimal.new("-10")}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A percent with decimal percent points.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Elex.Percent{value: Decimal.t()}


      


A percent with decimal percent points.

  


        

      


  

    
Elex 
    



      
Elex is an expression language library for parsing, validating, and evaluating expressions.
It supports:
	Arithmetic operations (+, -, *, /) and unary minus
	Comparison operators (<, >, <=, >=, ==, !=) for decimals,
booleans, strings, null, percents, same-dimension quantities, and a
literal 0 next to an additive quantity or a percent
	Boolean operations (and, or, not) with short-circuit evaluation
	Literals: decimals, booleans (true/false, yes/no), strings, null,
percents (50%)
	Variables and built-in functions (abs, add_unit, between, ceil,
clamp, coalesce, concat, contains, convert, dec, ends_with,
floor, if, inc, length, lower, match, max, min, mod, pi,
pow, remove_unit, round, sqrt, starts_with, trim,
upper)
	Variadic min, max, and coalesce (two or more arguments) and
concat (zero or more arguments)
	Type checking and validation
	Optional caller-registered units (Elex ships no catalog); evaluate
returns %Elex.Quantity{} when the result has a unit. Non-additive
point categories (additive: false, such as temperature) reject
binary + − * /; use add_unit / remove_unit for magnitude
arithmetic. A non-additive derived formula may cancel when its
component categories are additive. Formula strings use | for
division (m | s, km | h), not /. evaluate/3 accepts unit:
and category:; validate/3 accepts category: only
	Identifier autocomplete (autocomplete/4) at a 0-based UTF-8 byte
offset; works on incomplete input. empty_prefix: :none (default)
or :all

Quick start
context =
  Elex.new_context()
  |> Elex.add_variable!("x", 10)
  |> Elex.add_variable!("y", 5)

Elex.evaluate("x + y * 2", context)
#=> {:ok, #Decimal<20>}

Elex.validate("x > 0", context)
#=> {:ok, :boolean}

Elex.extract_variables("x + y", context)
#=> {:ok, ["x", "y"]}
Guides
	Getting Started
	Expression Language
	Functions
	Units
	Ash Integration
	Advanced Topics

See Elex.Parser for parsing, Elex.Evaluator for
direct AST evaluation, and Elex.Context for custom variables and
functions.

      


      
        Summary


  
    Functions
  


    
      
        add_variable(context, name, value, opts \\ [])

      


        Add a single variable to a context.



    


    
      
        add_variable!(context, name, value, opts \\ [])

      


        Same as add_variable/3, but returns the context or raises ArgumentError.



    


    
      
        add_variables(context, variables_map)

      


        Add multiple variables to a context at once.



    


    
      
        add_variables!(context, variables_map)

      


        Same as add_variables/2, but returns the context or raises ArgumentError.



    


    
      
        autocomplete(expression, cursor, context, opts \\ [])

      


        Suggests completions at a cursor byte offset in an expression.



    


    
      
        evaluate(expression_string, context, opts \\ [])

      


        Parses, validates, and evaluates an expression string.



    


    
      
        extract_variables(expression_string, context)

      


        Extracts variable names referenced in an expression string.



    


    
      
        list_standard_function_modules()

      


        Returns the list of built-in function modules registered by new_context/0.



    


    
      
        new_context(variables \\ %{})

      


        Creates a new evaluation context with standard functions and optional variables.



    


    
      
        validate(expression_string, context, opts \\ [])

      


        Parses and validates an expression string without evaluating it.



    





      


      
        Functions


        


    

  
    
      
    
    
      add_variable(context, name, value, opts \\ [])



        
          
        

    

  


  

      

          @spec add_variable(Elex.Context.t(), String.t(), any(), keyword()) ::
  {:ok, Elex.Context.t()} | {:error, String.t()}


      


Add a single variable to a context.
Always returns {:ok, context} or {:error, reason}. A {number, unit}
or %Elex.Quantity{} value must be paired with category:. Use
add_variable!/3 when piping.
Examples
{:ok, context} = add_variable(new_context(), "setting_a", 42.5)

context = new_context() |> add_variable!("setting_a", 42.5)

{:ok, context} =
  add_variable(context, "width", {10, "cm"}, category: :length)

{:ok, context} =
  add_variable(context, "width", %Elex.Quantity{value: Decimal.new("10"), unit: "cm"},
    category: :length)

  



    

  
    
      
    
    
      add_variable!(context, name, value, opts \\ [])



        
          
        

    

  


  

      

          @spec add_variable!(Elex.Context.t(), String.t(), any(), keyword()) ::
  Elex.Context.t()


      


Same as add_variable/3, but returns the context or raises ArgumentError.

  



  
    
      
    
    
      add_variables(context, variables_map)



        
          
        

    

  


  

      

          @spec add_variables(Elex.Context.t(), map()) ::
  {:ok, Elex.Context.t()} | {:error, String.t()}


      


Add multiple variables to a context at once.
Returns {:ok, context} or {:error, reason}. Unitful {number, unit}
or %Elex.Quantity{} values are rejected here — they require
category: on add_variable/4. On error, later entries are not applied.
Use add_variables!/2 when piping.
Examples
{:ok, context} =
  add_variables(new_context(), %{"setting_a" => 10, "setting_b" => 20})

context =
  new_context()
  |> add_variables!(%{"setting_a" => 10, "setting_b" => 20})

  



  
    
      
    
    
      add_variables!(context, variables_map)



        
          
        

    

  


  

      

          @spec add_variables!(Elex.Context.t(), map()) :: Elex.Context.t()


      


Same as add_variables/2, but returns the context or raises ArgumentError.

  



    

  
    
      
    
    
      autocomplete(expression, cursor, context, opts \\ [])



        
          
        

    

  


  

      

          @spec autocomplete(String.t(), integer(), Elex.Context.t(), keyword()) ::
  {:ok, %{range: {non_neg_integer(), non_neg_integer()}, suggestions: [map()]}}
  | {:error, String.t()}


      


Suggests completions at a cursor byte offset in an expression.
Works on incomplete input. The cursor is a 0-based UTF-8 byte offset.
The result's :range is the whole token under the cursor (exclusive end);
:suggestions are filtered by the prefix from the token start up to the cursor.
Options
	empty_prefix: :none (default) returns no suggestions when the prefix is
empty; :all dumps matching candidates for the current slot. Unknown option
keys or an invalid empty_prefix raise ArgumentError.

Examples
context = Elex.new_context() |> Elex.add_variable!("foo", 1)
{:ok, %{range: {9, 10}, suggestions: suggestions}} =
  Elex.autocomplete("1 + (2 * f", 10, context)
# suggestions include %{kind: :keyword, text: "false"},
# %{kind: :function, text: "floor", ...}, and %{kind: :variable, text: "foo"}
# (sorted by text)

  



    

  
    
      
    
    
      evaluate(expression_string, context, opts \\ [])



        
          
        

    

  


  

      

          @spec evaluate(String.t(), Elex.Context.t(), keyword()) ::
  {:ok,
   Decimal.t()
   | boolean()
   | String.t()
   | nil
   | Elex.Quantity.t()
   | Elex.Percent.t()}
  | {:error, String.t()}


      


Parses, validates, and evaluates an expression string.
Returns {:ok, result} on success or {:error, reason} on parse, validation, or
evaluation failure (including arithmetic errors such as division by zero).
Parameters
	expression_string - The expression to evaluate
	context - A Elex.Context with variables and functions
	opts - Optional keywords. unit: converts a quantity result into a
registered symbol or a formula over registered symbols (for example
"mm", "km | h", or "m | s^2"). You do not need to register the
formula as its own unit. Inside an expression, convert(value, "mm")
is the same conversion as unit: "mm", but a dim mismatch from
convert/2 is cannot convert length to mass while root unit: is
expression should return a valid length result (the target's
category). category: is the same compatibility check as
validate/3 (for example category: :speed requires length | time).
unit: or category: with no catalog raises ArgumentError.
Unknown option keys raise ArgumentError.

Returns
	{:ok, result} - The evaluated result (Decimal.t(), boolean(), String.t(),
nil, Elex.Quantity.t(), or %Elex.Percent{})
	{:error, reason} - A human-readable error message

Examples
context = Elex.new_context() |> Elex.add_variable!("x", 10)
Elex.evaluate("x + 5", context)
#=> {:ok, #Decimal<15>}

# Quantity results and `unit:` need a catalog on the context
# (`unit:` raises without one). See the Units guide.

  



  
    
      
    
    
      extract_variables(expression_string, context)



        
          
        

    

  


  

      

          @spec extract_variables(String.t(), Elex.Context.t()) ::
  {:ok, [String.t()]} | {:error, String.t()}


      


Extracts variable names referenced in an expression string.
Parsing uses context (including a units catalog when attached) without
validation, so variables need not exist.
Parameters
	expression_string - The expression to analyse
	context - A Elex.Context (catalog, functions)

Returns
	{:ok, names} - A deduplicated list of variable name strings
	{:error, reason} - A parse error message

Examples
Elex.extract_variables("x + y * 2", Elex.new_context())
#=> {:ok, ["x", "y"]}

  



  
    
      
    
    
      list_standard_function_modules()



        
          
        

    

  


  

      

          @spec list_standard_function_modules() :: [module()]


      


Returns the list of built-in function modules registered by new_context/0.
Use this to distinguish standard functions from custom ones without relying on
module-name heuristics.
Examples
Elex.list_standard_function_modules()
#=> [Elex.Functions.Abs, Elex.Functions.AddUnit, ...]

  



    

  
    
      
    
    
      new_context(variables \\ %{})



        
          
        

    

  


  

      

          @spec new_context(%{optional(String.t()) => Elex.Variable.t()}) :: Elex.Context.t()


      


Creates a new evaluation context with standard functions and optional variables.
Parameters
	variables - Map of variable names to Elex.Variable structs.
Defaults to an empty map.

Returns
A Elex.Context struct ready for parsing and evaluation.
Examples
Elex.new_context()

Elex.new_context(%{
  "x" => %Elex.Variable{value: Decimal.new(1), type: :decimal}
})

  



    

  
    
      
    
    
      validate(expression_string, context, opts \\ [])



        
          
        

    

  


  

      

          @spec validate(String.t(), Elex.Context.t(), keyword()) ::
  {:ok,
   :decimal
   | :boolean
   | :string
   | :percent
   | :unknown
   | nil
   | Elex.Dimension.t()}
  | {:error, String.t()}


      


Parses and validates an expression string without evaluating it.
Parameters
	expression_string - The expression to validate
	context - A Elex.Context with variables and functions
	opts - Optional keywords. category: checks that a unitful result
matches that catalog category's formula (for example category: :speed
requires length | time). On success, validate still returns the
inferred dimension, not the category atom. category: with no catalog,
or an unknown category, raises ArgumentError. Unknown option keys
(including unit:) raise ArgumentError — convert with evaluate/3.

Returns
	{:ok, type} - The expression's result type (:decimal, :boolean,
:string, :percent, or Elex.Dimension.t() for unitful results)
	{:error, reason} - A human-readable error message

Examples
context = Elex.new_context() |> Elex.add_variable!("x", 10)
Elex.validate("x > 0", context)
#=> {:ok, :boolean}

# Unitful results and `category:` need a catalog on the context
# (`category:` raises without one). See the Units guide.

  


        

      


  

    
Elex.Context 
    



      
Holds variables and functions available when parsing and evaluating expressions.
A context is required by Elex.Parser and Elex.Evaluator.
Use Elex.new_context/0 to create one with standard built-in
functions, then add variables and custom functions as needed.
Fields
	:variables - Map of variable name strings to Elex.Variable structs
	:functions - Map of {name, arity} or {name, :variadic} tuples to modules
implementing Elex.Function
	:units - Optional Elex.Units.Catalog; nil (default)
keeps unit-unaware parse, validate, and evaluate behaviour

Examples
context =
  %Elex.Context{}
  |> Elex.Context.add_function(MyApp.Functions.Double)
  |> Elex.Context.add_variable("x", %Elex.Variable{value: Decimal.new(10), type: :decimal})

      


      
        Summary


  
    Types
  


    
      
        function_info()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add_function(ctx, funmod)

      


        Registers a function module on the context.



    


    
      
        add_variable(ctx, name, var)

      


        Adds a variable to the context.



    


    
      
        list_functions(context)

      


        Returns metadata for every function registered on the context.



    


    
      
        put_units(ctx, catalog)

      


        Attaches a units catalog to the context.



    


    
      
        put_units!(ctx, catalog)

      


        Same as put_units/2, but returns the context or raises ArgumentError.



    





      


      
        Types


        


  
    
      
    
    
      function_info()



        
          
        

    

  


  

      

          @type function_info() :: %{
  :module => module(),
  :name => String.t(),
  :arity => non_neg_integer() | :variadic,
  :signature => String.t(),
  :description => String.t(),
  optional(:min_arity) => non_neg_integer(),
  optional(:category) => atom()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Elex.Context{
  functions: %{
    optional({String.t(), non_neg_integer() | :variadic}) => module()
  },
  units: nil | Elex.Units.Catalog.t(),
  variables: %{optional(String.t()) => Elex.Variable.t()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_function(ctx, funmod)



        
          
        

    

  


  

      

          @spec add_function(t(), module()) :: t()


      


Registers a function module on the context.
Parameters
	ctx - The context to update
	funmod - A module implementing Elex.Function

Returns
An updated context with the function registered under its signature/0 name and arity.
Examples
context = Elex.new_context()
|> Elex.Context.add_function(MyApp.Functions.Double)

  



  
    
      
    
    
      add_variable(ctx, name, var)



        
          
        

    

  


  

      

          @spec add_variable(t(), String.t(), Elex.Variable.t()) :: t()


      


Adds a variable to the context.
Parameters
	ctx - The context to update
	name - Variable name as used in expressions (e.g. "x")
	var - A Elex.Variable struct with type and value

Returns
An updated context with the variable registered.
Examples
variable = %Elex.Variable{value: Decimal.new(42), type: :decimal}
Elex.Context.add_variable(Elex.new_context(), "answer", variable)

  



  
    
      
    
    
      list_functions(context)



        
          
        

    

  


  

      

          @spec list_functions(t()) :: [function_info()]


      


Returns metadata for every function registered on the context.
Each entry is a map with :module, :name, :arity, :signature, and
:description. Variadic functions use :arity of :variadic and include
:min_arity. When a function's documentation/0 callback includes
:category, that key is included as well.
The list is sorted by function name.
Examples
context = Elex.new_context()
Elex.Context.list_functions(context)
#=> [
#     %{module: Elex.Functions.Abs, name: "abs", arity: 1,
#       signature: "abs(x)", description: "...", category: :math},
#     ...
#   ]

  



  
    
      
    
    
      put_units(ctx, catalog)



        
          
        

    

  


  

      

          @spec put_units(t(), Elex.Units.Catalog.t()) :: {:ok, t()} | {:error, String.t()}


      


Attaches a units catalog to the context.
Parameters
	ctx - The context to update
	catalog - An Elex.Units.Catalog built by the caller

Returns
{:ok, context} with units set to the given catalog, or
{:error, String.t()} when a category default: hub is not among
that category's units, or a derived category has only aliases
(m2, ha) and no unit matching the base-hub product (m * m).
Examples
catalog = Elex.Units.Catalog.new()
{:ok, context} = Elex.Context.put_units(Elex.new_context(), catalog)

  



  
    
      
    
    
      put_units!(ctx, catalog)



        
          
        

    

  


  

      

          @spec put_units!(t(), Elex.Units.Catalog.t()) :: t()


      


Same as put_units/2, but returns the context or raises ArgumentError.

  


        

      


  

    
Elex.Variable 
    



      
A named value with a type used during expression validation and evaluation.
Variables are stored on a Elex.Context and referenced in expressions
by name. The :type field drives type checking in Elex.Validator;
the :value field is returned by Elex.Evaluator.
Fields
	:type - One of :decimal, :boolean, :string, :percent, nil,
:unknown, or a unit category atom such as :length
	:value - The runtime value (Decimal.t(), boolean(), String.t(),
Elex.Percent.t(), {number, unit} or
Elex.Quantity.t() for a categorized quantity, etc.)

Examples
%Elex.Variable{value: Decimal.new("3.14"), type: :decimal}
%Elex.Variable{value: true, type: :boolean}
%Elex.Variable{value: "hello", type: :string}
%Elex.Variable{value: %Elex.Percent{value: Decimal.new("50")}, type: :percent}
Use Elex.add_variable/3 to infer the type from a value.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A variable with a known type and runtime value.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Elex.Variable{type: atom(), value: any()}


      


A variable with a known type and runtime value.

  


        

      


  

    
Elex.Autocomplete 
    



      
Completes identifiers in an Elex expression without requiring a successful parse.
Elex.autocomplete/4 delegates here after validating options.
The scanner classifies the token under the cursor and the syntactic slot, then
prefix-filters candidates from the context.

      


      
        Summary


  
    Functions
  


    
      
        complete(expression, cursor, context, empty_prefix)

      


    





      


      
        Functions


        


  
    
      
    
    
      complete(expression, cursor, context, empty_prefix)



        
          
        

    

  


  

      

          @spec complete(String.t(), term(), Elex.Context.t(), :none | :all) ::
  {:ok, %{range: {non_neg_integer(), non_neg_integer()}, suggestions: [map()]}}
  | {:error, String.t()}


      



  


        

      


  

    
Elex.Evaluator 
    



      
Evaluates a parsed expression AST to a runtime value.
evaluate/2 returns {:ok, result} | {:error, reason}. evaluate!/2 raises
RuntimeError or Decimal.Error on evaluation failures. For a string-based API,
prefer Elex.evaluate/2.
Examples
context = Elex.new_context() |> Elex.add_variable!("x", 10)
{:ok, ast, _} = Elex.Parser.parse("x + 5", context)
Elex.Evaluator.evaluate(ast, context)
#=> {:ok, #Decimal<15>}

      


      
        Summary


  
    Functions
  


    
      
        evaluate(ast, ctx)

      


        Evaluates a parsed expression AST.



    


    
      
        evaluate!(ast, ctx)

      


        Same as evaluate/2, but returns the result or raises RuntimeError /
Decimal.Error.



    





      


      
        Functions


        


  
    
      
    
    
      evaluate(ast, ctx)



        
          
        

    

  


  

      

          @spec evaluate(term(), Elex.Context.t()) ::
  {:ok,
   Decimal.t()
   | boolean()
   | String.t()
   | nil
   | Elex.Quantity.t()
   | Elex.Percent.t()}
  | {:error, String.t()}


      


Evaluates a parsed expression AST.
Parameters
	ast - A parsed AST node from Elex.Parser
	ctx - A Elex.Context with variable values and functions

Returns
	{:ok, result} - The evaluated result (Decimal.t(), boolean(), String.t(),
nil, Elex.Quantity.t(), or %Elex.Percent{})
	{:error, reason} - A human-readable error message

Examples
context = Elex.new_context() |> Elex.add_variable!("x", 10)
{:ok, ast, _} = Elex.Parser.parse("x * 2", context)
Elex.Evaluator.evaluate(ast, context)
#=> {:ok, #Decimal<20>}

  



  
    
      
    
    
      evaluate!(ast, ctx)



        
          
        

    

  


  

      

          @spec evaluate!(term(), Elex.Context.t()) ::
  Decimal.t()
  | boolean()
  | String.t()
  | nil
  | Elex.Quantity.t()
  | Elex.Percent.t()


      


Same as evaluate/2, but returns the result or raises RuntimeError /
Decimal.Error.
Examples
context = Elex.new_context() |> Elex.add_variable!("x", 10)
{:ok, ast, _} = Elex.Parser.parse("x * 2", context)
Elex.Evaluator.evaluate!(ast, context)
#=> #Decimal<20>

  


        

      


  

    
Elex.Parser 
    



      
Parses Elex expression strings into AST tuples.
The parser is built with NimbleParsec and supports operator precedence, function calls,
literals, and variables. Parsing optionally validates the AST against a
Elex.Context via Elex.Validator.
Syntax overview
Literals: decimal numbers (3.14, -5), booleans (true, false, yes, no),
null (null), strings ("hello") with backslash escapes (", \, , ,
, , 
  
    
    Elex.Parser.ErrorFormatter - Elex v0.4.2
    
    

    


  
  

    
Elex.Parser.ErrorFormatter 
    



      
Translates low-level parser failures into human-readable error messages.
The underlying NimbleParsec parser reports failures in terms of the grammar
combinators it tried (for example "expected end of string"). Those messages
are meaningless to someone writing an expression, so this module inspects the
original input together with the unconsumed remainder and produces a short,
plain-English description of what went wrong.
It is used by Elex.Parser.parse/3; most callers do
not need to use it directly.

      


      
        Summary


  
    Functions
  


    
      
        humanize(expression, rest, byte_offset)

      


        Builds a human-readable message for a parser failure.



    





      


      
        Functions


        


  
    
      
    
    
      humanize(expression, rest, byte_offset)



        
          
        

    

  


  

      

          @spec humanize(String.t(), String.t(), non_neg_integer()) :: String.t()


      


Builds a human-readable message for a parser failure.
Parameters
	expression - the original expression string that failed to parse
	rest - the unconsumed remainder reported by the parser at the furthest
position it reached
	byte_offset - the byte offset of that position into expression

Examples
iex> Elex.Parser.ErrorFormatter.humanize("( 1 + 2", "( 1 + 2", 0)
"closing parenthesis is missing"

iex> Elex.Parser.ErrorFormatter.humanize("1 +", "+", 2)
"a value is missing after '+'"

iex> Elex.Parser.ErrorFormatter.humanize("max(1 2)", "2)", 6)
"arguments must be separated by commas"

  


        

      


  

  
    
    Elex.Validator - Elex v0.4.2
    
    

    


  
  

    
Elex.Validator 
    



      
Validates a parsed expression AST for type correctness.
Checks that operators are applied to compatible types, variables exist in the
context, and function calls match registered signatures. Used by
Elex.Parser during parsing and available for direct AST validation.
Examples
context = Elex.new_context() |> Elex.add_variable!("x", 10)
{:ok, ast, _} = Elex.Parser.parse("x + 5", context, validate: false)
Elex.Validator.validate(ast, context)
#=> {:ok, :decimal}

      


      
        Summary


  
    Functions
  


    
      
        numeric_mismatch_message(name, arg)

      


        Formats a same_numeric_type/2 mismatch as a function error message.



    


    
      
        same_numeric_type(asts, ctx)

      


        Checks that every AST node is the same numeric type.



    


    
      
        validate(ast, ctx)

      


        Validates an expression AST against a context.



    





      


      
        Functions


        


  
    
      
    
    
      numeric_mismatch_message(name, arg)



        
          
        

    

  


  

      

          @spec numeric_mismatch_message(
  String.t(),
  {:mismatch, atom() | Elex.Dimension.t()}
  | {:mismatch, atom() | Elex.Dimension.t(), atom() | Elex.Dimension.t()}
) :: String.t()


      


Formats a same_numeric_type/2 mismatch as a function error message.
Mixed categories become cannot mix length and mass. A number
mixed with a quantity is cannot mix number and length. A non-numeric first
argument stays name function expects number arguments, got ….

  



  
    
      
    
    
      same_numeric_type(asts, ctx)



        
          
        

    

  


  

      

          @spec same_numeric_type([term()], Elex.Context.t()) ::
  {:ok, atom() | Elex.Dimension.t()}
  | {:mismatch, atom() | Elex.Dimension.t()}
  | {:mismatch, atom() | Elex.Dimension.t(), atom() | Elex.Dimension.t()}
  | {:error, String.t()}


      


Checks that every AST node is the same numeric type.
Numeric types are :decimal, :percent, and %Elex.Dimension{}. Returns
{:ok, type} when all arguments match, {:mismatch, type} when the first
argument is not numeric, {:mismatch, expected, got} when later arguments
differ, or {:error, reason} when validation of an argument fails.
Use this from custom function validate/2 callbacks that can accept a
number, a percent, or a quantity of one category. See
Advanced Topics.

  



  
    
      
    
    
      validate(ast, ctx)



        
          
        

    

  


  

      

          @spec validate(term(), Elex.Context.t()) ::
  {:ok, atom() | Elex.Dimension.t()} | {:error, String.t()}


      


Validates an expression AST against a context.
Parameters
	ast - A parsed AST node from Elex.Parser
	ctx - A Elex.Context with variable types and functions

Returns
	{:ok, type} - The expression's result type (:decimal, :boolean, :string, :percent, nil, or %Elex.Dimension{})
	{:error, reason} - A human-readable validation error

Examples
context = Elex.new_context() |> Elex.add_variable!("x", 10)
{:ok, ast, _} = Elex.Parser.parse("x > 0", context, validate: false)
Elex.Validator.validate(ast, context)
#=> {:ok, :boolean}
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Elex.Dimension 
    



      
A category formula as a canonical monomial of category atoms.
Validate returns this for unitful results (category atoms → exponents).
All-base formulas store base category atoms (length | time, length^2,
length | mass * time^2). A formula that names a derived category stores
that atom (volume | length). Inspect uses the same formula language as
units.
Fields
	:monomial - A map of category atoms to integer exponents. A key may
name a base category or a derived category.

Examples
%Elex.Dimension{monomial: %{length: 1}}
%Elex.Dimension{monomial: %{length: 1, time: -1}}
%Elex.Dimension{monomial: %{volume: 1, length: -1}}

      


      
        Summary


  
    Types
  


    
      
        monomial()

      


        A monomial of category atoms to integer exponents.
A key may name a base category or a derived category.



    


    
      
        t()

      


        A category formula as a canonical monomial.



    





  
    Functions
  


    
      
        formula(dimension)

      


        Formats the category formula (length | time, length^2).



    





      


      
        Types


        


  
    
      
    
    
      monomial()



        
          
        

    

  


  

      

          @type monomial() :: %{optional(atom()) => integer()}


      


A monomial of category atoms to integer exponents.
A key may name a base category or a derived category.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Elex.Dimension{monomial: monomial()}


      


A category formula as a canonical monomial.

  


        

      

      
        Functions


        


  
    
      
    
    
      formula(dimension)



        
          
        

    

  


  

      

          @spec formula(t()) :: String.t()


      


Formats the category formula (length | time, length^2).
An empty monomial is number.
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Elex.Quantity 
    



      
A measured value with a unit.
Evaluate returns %Elex.Quantity{} for unitful results. The :unit is an
%Elex.Unit{} monomial (%{"N" => 1}, %{"m" => 2}, %{"m" => 1, "s" => -1}).
Fields
	:value - The numeric magnitude as a Decimal.t()
	:unit - An %Elex.Unit{}

Examples
%Elex.Quantity{value: Decimal.new("1.001"), unit: Elex.Unit.new!(%{"m" => 1})}
%Elex.Quantity{value: Decimal.new("10"), unit: Elex.Unit.new!(%{"m" => 1, "s" => -1})}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A quantity with a decimal magnitude and a unit.



    


    
      
        unit()

      


        An Elex.Unit carried by a quantity.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Elex.Quantity{unit: unit(), value: Decimal.t()}


      


A quantity with a decimal magnitude and a unit.

  



  
    
      
    
    
      unit()



        
          
        

    

  


  

      

          @type unit() :: Elex.Unit.t()


      


An Elex.Unit carried by a quantity.
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Elex.Unit 
    



      
A unit of measure as a canonical monomial and a denominator coefficient.
Evaluate returns a unit with a monomial and a denominator coefficient
(per, default 1). Zero exponents are dropped. Names
are not split on trailing digits (m2 stays %{"m2" => 1}). Inspect
always formats the monomial with | and ^ (m^2, m | s, m | s^2).
A single exponent-1 symbol prints as that symbol (N, mm). A coefficient
greater than 1 prints after | (L | 100 km, 1 | 100 s).
same?/2 compares monomials and per. convertible?/3 takes a catalog and
is true when both units have the same dimension vector (m and km of
:length), ignoring per. compatible?/3 maps a unit monomial to a
category formula and compares it to a category (cm | s vs :speed), also
ignoring per.
Fields
	:monomial - A map of symbols to integer exponents
	:per - A positive integer denominator coefficient, default 1

Examples
%Elex.Unit{monomial: %{"m" => 1}}
%Elex.Unit{monomial: %{"m" => 1, "s" => -1}}
%Elex.Unit{monomial: %{"L" => 1, "km" => -1}, per: 100}

      


      
        Summary


  
    Types
  


    
      
        monomial()

      


        A monomial of unit symbols to integer exponents.



    


    
      
        t()

      


        A unit as a canonical monomial.



    





  
    Functions
  


    
      
        compatible?(unit, category, catalog)

      


        Returns true when unit's category formula matches category in catalog.



    


    
      
        convertible?(left, right, catalog)

      


        Returns true when both units have the same dimension vector in catalog.



    


    
      
        from_monomial(monomial)

      


        Builds a unit from a monomial.



    


    
      
        new(source)

      


        Builds a unit from a formula string or monomial map.



    


    
      
        new!(source)

      


        Same as new/1, but returns the unit or raises ArgumentError.



    


    
      
        same?(left, right)

      


    





      


      
        Types


        


  
    
      
    
    
      monomial()



        
          
        

    

  


  

      

          @type monomial() :: %{optional(String.t()) => integer()}


      


A monomial of unit symbols to integer exponents.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Elex.Unit{monomial: monomial(), per: pos_integer()}


      


A unit as a canonical monomial.

  


        

      

      
        Functions


        


  
    
      
    
    
      compatible?(unit, category, catalog)



        
          
        

    

  


  

      

          @spec compatible?(t(), atom(), Elex.Units.Catalog.t()) :: boolean()


      


Returns true when unit's category formula matches category in catalog.
Each symbol in the unit monomial is mapped to its category and exponents
are combined. The result is compared to the category's formula (or dim).
A pure power of a derived category matches that category's stored dimension
scaled by the same exponent. cm | s is compatible with :speed even if
cm/s is not a registered unit.

  



  
    
      
    
    
      convertible?(left, right, catalog)



        
          
        

    

  


  

      

          @spec convertible?(t(), t(), Elex.Units.Catalog.t()) :: boolean()


      


Returns true when both units have the same dimension vector in catalog.
A pure power of a derived category (%{volume => n}) matches that
category's stored dimension scaled by n. A mixed vector is compared as
stored. Unknown symbols are not convertible.

  



  
    
      
    
    
      from_monomial(monomial)



        
          
        

    

  


  

      

          @spec from_monomial(monomial()) :: t() | nil


      


Builds a unit from a monomial.
An empty monomial is invalid (nil).

  



  
    
      
    
    
      new(source)



        
          
        

    

  


  

      

          @spec new(String.t() | monomial()) :: {:ok, t()} | {:error, String.t()}


      


Builds a unit from a formula string or monomial map.
An empty monomial (%{} or only zero exponents) is an error.
Returns
	{:ok, unit} - A parsed unit
	{:error, String.t()} - The formula could not be parsed


  



  
    
      
    
    
      new!(source)



        
          
        

    

  


  

      

          @spec new!(String.t() | monomial()) :: t()


      


Same as new/1, but returns the unit or raises ArgumentError.

  



  
    
      
    
    
      same?(left, right)



        
          
        

    

  


  

      

          @spec same?(t(), t()) :: boolean()
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Elex.Units.Catalog 
    



      
Caller-registered unit categories.
Elex does not ship units. A catalog is what the caller registers with
add_category/3 and add_unit/3 (optional conversion and aliases:).
Omitting conversion registers "value". Optional aliases: are extra
input spellings of a canonical unit. They must be symbol-pattern names,
unique catalog-wide, and are not valid as default::
Catalog.add_unit(catalog, :area, "m^2", aliases: ["m2", "sqm"])
Derived add_category may take identity: (a unit formula of the
base-hub product) so a named hub such as "N" can name that formula.
A matching identity unit must still be registered. identity: is
rejected on base categories, and when the formula names a derived
category. That formula stores each component category atom. put_units
then requires a registered per-1 unit of that nominal dimension.
add_unit/4 takes an explicit conversion string; aliases: defaults
to []. derivable: false keeps that unit's category atom in a formula;
omitted means derivable and stores no flag. The conversion must be a
string (value / 100), not a charlist.
A formula-shaped unit name whose components are already registered
must use a matching scale (cm at value / 100 means "cm^2" is
value / 10000). identity: names the base-hub formula; a matching
unit must still be registered (N plus "kg * m | s^2", ha plus
"m^2"). add_category!/3 and add_unit!/3 raise ArgumentError
instead of returning {:error, reason}.

      


      
        Summary


  
    Types
  


    
      
        category()

      


    


    
      
        t()

      


    


    
      
        unit()

      


    





  
    Functions
  


    
      
        add_category(catalog, name, opts)

      


        Registers a base or derived category.



    


    
      
        add_category!(catalog, name, opts)

      


        Same as add_category/3, but returns the catalog or raises ArgumentError.



    


    
      
        add_unit(catalog, category, name, to_default \\ "value", opts \\ [])

      


        Registers a unit with an invertible conversion to the category's conversion-default.



    


    
      
        add_unit!(catalog, category, name, to_default \\ "value", opts \\ [])

      


        Same as add_unit/3 (optional conversion and aliases:), but returns the catalog
or raises ArgumentError.



    


    
      
        canonical_name(catalog, name)

      


        Resolves a registered unit name or alias to the canonical unit name.



    


    
      
        categories(catalog)

      


        Returns a map of registered category names to their conversion-default unit symbols.



    


    
      
        category_for_dim(catalog, dim)

      


        Looks up the category whose dimension vector matches dim.



    


    
      
        category_for_unit(catalog, name)

      


        Looks up the category atom for a registered unit symbol or alias.



    


    
      
        dimension(catalog, category)

      


        Looks up a category's formula as a dimension.



    


    
      
        fetch_unit(catalog, name)

      


        Looks up a registered unit entry by canonical name or alias.



    


    
      
        kind(catalog, name)

      


        Returns whether name is a base or derived category.



    


    
      
        new()

      


        Returns an empty catalog.



    


    
      
        parse_formula(catalog, source)

      


        Parses a unit formula against this catalog.



    


    
      
        same_category_dim?(catalog, left, right)

      


        Returns true when left and right are the same category for arithmetic.



    


    
      
        validate(catalog)

      


        Returns :ok when every category default: hub is registered on that
category and every derived category has an identity unit. An all-base
formula needs a unit whose name is the base-hub product. A formula that
names a derived category needs a registered per-1 unit whose nominal
dimension equals the stored vector. identity: does not substitute for
that unit.



    





      


      
        Types


        


  
    
      
    
    
      category()



        
          
        

    

  


  

      

          @type category() :: %{
  :default => String.t(),
  :additive => boolean(),
  :units => %{optional(String.t()) => unit()},
  optional(:formula) => String.t(),
  optional(:dim) => %{optional(atom()) => integer()},
  optional(:identity) => String.t()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Elex.Units.Catalog{categories: %{optional(atom()) => category()}}


      



  



  
    
      
    
    
      unit()



        
          
        

    

  


  

      

          @type unit() :: %{
  :to_default => String.t(),
  :to_default_ast => term(),
  :from_default_ast => term(),
  optional(:aliases) => [String.t()],
  optional(:inverse) => true,
  optional(:derivable) => false
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_category(catalog, name, opts)



        
          
        

    

  


  

      

          @spec add_category(t(), atom(), keyword()) :: {:ok, t()} | {:error, String.t()}


      


Registers a base or derived category.
Base and derived categories take default: — the conversion-hub unit
(must be registered on that category before put_units/2). default:
may not include a denominator coefficient (L | 100 km). Derived
categories also take formula: over category names. An all-base formula
stores the reduced vector and may take identity: — a unit formula of
the base-hub product. A formula that names a derived category stores
that category's atom and rejects identity:. A matching identity unit
must still be registered before put_units/2: the base-hub product, or
a per-1 unit of the nominal dimension when the formula names a derived
category. identity: is rejected on base categories.
default_result_unit: is rejected; use
default:. additive: defaults to true; offset conversions
(to_default(0) ≠ 0) and reciprocal conversions (k / value) require
additive: false.
Returns
	{:ok, catalog} - Updated catalog
	{:error, String.t()} - Registration failed


  



  
    
      
    
    
      add_category!(catalog, name, opts)



        
          
        

    

  


  

      

          @spec add_category!(t(), atom(), keyword()) :: t()


      


Same as add_category/3, but returns the catalog or raises ArgumentError.

  



    

    

  
    
      
    
    
      add_unit(catalog, category, name, to_default \\ "value", opts \\ [])



        
          
        

    

  


  

      

          @spec add_unit(t(), atom(), String.t(), String.t(), keyword()) ::
  {:ok, t()} | {:error, String.t()}


      


Registers a unit with an invertible conversion to the category's conversion-default.
The conversion is an Elex expression in value (a string, not a charlist).
Omitting it (or passing only aliases:) registers "value". The inverse
is derived with Elex.Inverter.
A formula unit may not place the same category in both the numerator and the
denominator (N * s | s, N * s | hour). A formula-shaped name whose
components are already registered must match their combined scale.
A denominator coefficient (L | 100 km) expects that scale divided by the
coefficient. A second canonical name with the same monomial and the same
coefficient is the same unit (L|100km after L | 100 km). A different
coefficient is a different unit.
An inverse formula (every exponent negated, both dimensions non-empty, no
denominator coefficient) is accepted when the category is non-additive and
the conversion is a reciprocal (k / value).
aliases: are optional input-only symbol names for this canonical unit.
They must match ^[A-Za-z°µμΩΩ][A-Za-z0-9_ΩΩ]*$ and be unique catalog-wide
against unit names and other aliases. default: must be a canonical
unit name, not an alias.
derivable: false stores the flag on that catalog entry so a formula
keeps the category atom (volume for litre). Omitted and derivable: true
store no key and expand a derived category to its :dim. Aliases use the
canonical entry. The flag is not a field of %Elex.Unit{}.

  



    

    

  
    
      
    
    
      add_unit!(catalog, category, name, to_default \\ "value", opts \\ [])



        
          
        

    

  


  

      

          @spec add_unit!(t(), atom(), String.t(), String.t(), keyword()) :: t()


      


Same as add_unit/3 (optional conversion and aliases:), but returns the catalog
or raises ArgumentError.

  



  
    
      
    
    
      canonical_name(catalog, name)



        
          
        

    

  


  

      

          @spec canonical_name(t(), String.t()) :: {:ok, String.t()} | :error


      


Resolves a registered unit name or alias to the canonical unit name.

  



  
    
      
    
    
      categories(catalog)



        
          
        

    

  


  

      

          @spec categories(t()) :: %{optional(atom()) => String.t()}


      


Returns a map of registered category names to their conversion-default unit symbols.

  



  
    
      
    
    
      category_for_dim(catalog, dim)



        
          
        

    

  


  

      

          @spec category_for_dim(t(), %{optional(atom()) => integer()}) ::
  {:ok, atom()} | :error


      


Looks up the category whose dimension vector matches dim.
Base categories match %{category => 1}. Derived categories match
the stored :dim from their formula.

  



  
    
      
    
    
      category_for_unit(catalog, name)



        
          
        

    

  


  

      

          @spec category_for_unit(t(), String.t()) :: {:ok, atom()} | :error


      


Looks up the category atom for a registered unit symbol or alias.
Returns
	{:ok, category} - The category the unit belongs to
	:error - The symbol is not registered


  



  
    
      
    
    
      dimension(catalog, category)



        
          
        

    

  


  

      

          @spec dimension(t(), atom()) :: {:ok, Elex.Dimension.t()} | :error


      


Looks up a category's formula as a dimension.
Base categories are %{category => 1}. Derived categories use the stored
:dim from their formula.

  



  
    
      
    
    
      fetch_unit(catalog, name)



        
          
        

    

  


  

      

          @spec fetch_unit(t(), String.t()) :: {:ok, unit()} | :error


      


Looks up a registered unit entry by canonical name or alias.
Returns
	{:ok, unit} - The unit with conversion ASTs
	:error - The name is not a registered unit or alias


  



  
    
      
    
    
      kind(catalog, name)



        
          
        

    

  


  

      

          @spec kind(t(), atom()) :: {:ok, :base} | {:ok, :derived} | :error


      


Returns whether name is a base or derived category.
Returns
	{:ok, :base} - The category has no formula:
	{:ok, :derived} - The category was registered with formula:
	:error - The name is not a registered category
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          @spec new() :: t()


      


Returns an empty catalog.

  



  
    
      
    
    
      parse_formula(catalog, source)



        
          
        

    

  


  

      

          @spec parse_formula(t(), String.t()) ::
  {:ok, Elex.Units.Formula.monomial()}
  | {:ok, Elex.Units.Formula.monomial(), pos_integer()}
  | {:error, String.t()}


      


Parses a unit formula against this catalog.
Rejects an invalid formula, unknown symbols, a formula that places
the same category in both the numerator and the denominator (after
expanding derived units), and a formula that cancels to an empty unit.
per of 1 stays {:ok, monomial}, including a compound formula of known
symbols that is not one registered name (m | s). A denominator
coefficient succeeds as {:ok, monomial, per} only when a registered unit
has that monomial and that per. Spacing is not significant (L|100km
matches L | 100 km). When per is greater than 1 and nothing matches,
the error is unknown unit with the caller's spelling.

  



  
    
      
    
    
      same_category_dim?(catalog, left, right)



        
          
        

    

  


  

      

          @spec same_category_dim?(
  t(),
  %{optional(atom()) => integer()},
  %{optional(atom()) => integer()}
) :: boolean()


      


Returns true when left and right are the same category for arithmetic.
Each side is reduced with Unit.reduce_nominal_power/2. The dimensions
match when those reduced powers are equal, including when the unreduced
vectors differ (%{volume: 2} and %{length: 6}). A mixed vector such as
%{volume: 1, length: -1} is left unchanged.

  



  
    
      
    
    
      validate(catalog)



        
          
        

    

  


  

      

          @spec validate(t()) :: :ok | {:error, String.t()}


      


Returns :ok when every category default: hub is registered on that
category and every derived category has an identity unit. An all-base
formula needs a unit whose name is the base-hub product. A formula that
names a derived category needs a registered per-1 unit whose nominal
dimension equals the stored vector. identity: does not substitute for
that unit.
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Elex.Units.Formula 
    



      
Parses unit formulas such as m * m, kg * m | s^2, and m | s^2.
Formula language is not the expression language. Multiply with *, middot
(· U+00B7 or ⋅ U+22C5), or whitespace (kg m is kg * m; ms is the
symbol ms). At most one | (left numerator, right denominator). / and
parentheses are invalid.   Integer ^ binds tighter than multiplication. The
exponent must be a non-zero integer literal without a leading zero, not a
unit. A formula that cancels to nothing (m | m, m^0) is invalid. Trailing
digits in a symbol are part of the name (s2 is not s^2). Inverse is
s^-1 or 1 | s (not | s). One denominator coefficient, an integer >= 2
with no leading zero, may be juxtaposed before a denominator symbol
(L | 100 km); parse/1 returns that integer as per. per of 1 stays
{:ok, monomial}. / is invalid (m | s, not m / s).
Braces are only a quantity suffix (1 {m | s}), not a formula string.
Used when registering derived-category units and when converting an evaluate
result to a compound unit: target. Callers typically write formula strings
and do not invoke this module directly.
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          @type monomial() :: %{optional(String.t()) => integer()}
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          @spec parse(String.t()) ::
  {:ok, monomial()} | {:ok, monomial(), pos_integer()} | {:error, String.t()}
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Elex.AshValidation 
    



      
Ash resource validation for Elex expression strings.
Validates that a string attribute contains a syntactically valid expression that
type-checks against a Elex.Context and returns the expected type.
This module is only compiled when Ash.Resource.Validation is available (the :ash
dependency is optional).
Examples
defmodule MyApp.Resource do
  use Ash.Resource

  attributes do
    attribute :formula, :string do
      allow_nil? false
    end
  end

  validations do
    validate Elex.AshValidation,
      attribute: :formula,
      context: Elex.new_context(),
      expected_type: :decimal
  end
end
Options
	:attribute (required) — Atom name of the attribute containing the expression
	:context (required) — A Elex.Context defining allowed variables
and functions
	:expected_type (required) — Expected result type (:decimal, :boolean,
:string, or :percent). When the context has a units catalog, may also be a catalog
category atom such as :length; that is passed as category: to
Elex.validate/3, not compared to a returned atom.
	:add_value_type_from_attribute — When set to an attribute atom, adds a "value"
variable to the context with the type from that attribute's current value
	:description — Optional description shown in validation error messages


      




  

  
    
    Elex.Function - Elex v0.4.2
    
    

    


  
  

    
Elex.Function behaviour
    



      
Behaviour for implementing custom Elex functions.
Functions are registered on a Elex.Context via
Elex.Context.add_function/2 and invoked during
evaluation by Elex.Evaluator.
units:
signature/0 may include units: :point | :additive | :none | :convert | :wrap | :unwrap.
Omitted units: is :additive.
	:point — same category. The result unit is the first quantity
argument (boolean/null args are skipped). Additive categories convert
later quantity args into that unit. Non-additive categories require
Elex.Unit.same?/2 (no silent F→C). Custom functions that validate with
Elex.Validator.same_numeric_type/2 inherit the same literal-0 rule
as built-ins: a literal 0 (0, 0.0, -0) next to an additive
quantity is that quantity's zero. A literal 0 next to a percent
follows that same same_numeric_type/2 rule. Language + / - do
not use the helper and still reject 10cm + 0 and 10% + 0.
	:additive — reject non-additive arguments. Linear same-category args
still convert into the first quantity argument's unit. This is the
default, so unmarked double(1C) errors and double(1m) works.
	:none — reject all quantities (sqrt, pow, strings, pi).
	:convert — first arg a quantity, second a string target; result unit
is the target (convert/2).
	:wrap — number plus a registered name or alias (add_unit/2).
	:unwrap — quantity to a number (remove_unit/1).

Implementing a function
Preserve the unit of an additive quantity (unwrap, then rewrap). See
Advanced Topics for reject,
:point preserve, and same-category multi-arg patterns.
defmodule MyApp.Functions.Double do
  @behaviour Elex.Function

  @impl Elex.Function
  def signature, do: %{name: :double, arity: 1}

  @impl Elex.Function
  def validate([arg_ast], context) do
    case Elex.Validator.same_numeric_type([arg_ast], context) do
      {:ok, type} -> {:ok, type}
      {:mismatch, type} -> {:error, "double expects a number, got " <> inspect(type)}
      {:error, reason} -> {:error, reason}
    end
  end

  @impl Elex.Function
  def call([%Elex.Quantity{value: value, unit: unit}]) do
    {:ok, doubled} = call([value])
    {:ok, %Elex.Quantity{value: doubled, unit: unit}}
  end

  def call([%Elex.Percent{value: value}]) do
    {:ok, doubled} = call([value])
    {:ok, %Elex.Percent{value: doubled}}
  end

  def call([arg]) when is_struct(arg, Decimal) do
    {:ok, Decimal.mult(arg, Decimal.new(2))}
  end

  @impl Elex.Function
  def documentation do
    %{signature: "double(x)", description: "returns x multiplied by 2"}
  end
end
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        How the function treats unitful arguments.
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        An evaluated argument or return value. Numeric arguments may be
%Elex.Percent{}, or, with a unit catalog, an
Elex.Quantity.t().
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        Evaluates the function with already-evaluated argument values.



    


    
      
        call(args, context)

      


        Optionally evaluate with the context (for catalog-aware functions).



    


    
      
        documentation()

      


        Returns human-readable documentation for the function.



    


    
      
        evaluate_call(args_ast, context)

      


        Optionally evaluate a call from argument ASTs (for short-circuit).



    


    
      
        signature()

      


        Returns the function name, arity, and optional units: policy.



    


    
      
        validate(args_ast, context)

      


        Validates function arguments at parse time and returns the result type.
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        Returns the units: policy from a signature map or function module.
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          @type documentation() :: %{
  :signature => String.t(),
  :description => String.t(),
  optional(:category) => atom()
}


      



  



  
    
      
    
    
      error_reason()



        
          
        

    

  


  

      

          @type error_reason() :: term()


      



  



  
    
      
    
    
      units()



        
          
        

    

  


  

      

          @type units() :: :point | :additive | :none | :convert | :wrap | :unwrap


      


How the function treats unitful arguments.
	:point — same category; result unit is the first quantity argument
	:additive — reject non-additive args (default when units: is omitted)
	:none — reject all quantities
	:convert — convert a quantity into a string target unit
	:wrap — attach a registered symbol to a number
	:unwrap — strip a quantity's unit
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          @type value() ::
  String.t()
  | boolean()
  | Decimal.t()
  | Elex.Quantity.t()
  | Elex.Percent.t()
  | nil


      


An evaluated argument or return value. Numeric arguments may be
%Elex.Percent{}, or, with a unit catalog, an
Elex.Quantity.t().
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      call(args)



        
          
        

    

  


  

      

          @callback call(args :: [value()]) :: {:ok, value()} | {:error, error_reason()}


      


Evaluates the function with already-evaluated argument values.
Must return {:ok, value} on success or {:error, reason} on failure.
Numeric arguments may be %Elex.Percent{} the same way
they may be Elex.Quantity.t(), and :point functions
receive and return it. For :additive functions, and for :point
functions on additive categories, the evaluator converts later quantity
arguments into the first quantity argument's unit before call/1.
Functions that short-circuit (if, coalesce) may implement
evaluate_call/2 instead of relying on eager call/1. Functions that
need the catalog (convert, add_unit) may implement call/2.

  



  
    
      
    
    
      call(args, context)


        (optional)


        
          
        

    

  


  

      

          @callback call(args :: [value()], context :: Elex.Context.t()) ::
  {:ok, value()} | {:error, error_reason()}


      


Optionally evaluate with the context (for catalog-aware functions).
When call/2 is exported it is used instead of call/1.
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          @callback documentation() :: documentation()


      


Returns human-readable documentation for the function.
Used for introspection and documentation generation.
An optional :category atom (e.g. :math, :string, :utility) can be
included so host applications can group functions in documentation UIs.

  



  
    
      
    
    
      evaluate_call(args_ast, context)


        (optional)


        
          
        

    

  


  

      

          @callback evaluate_call(args_ast :: [term()], context :: Elex.Context.t()) ::
  {:ok, value()} | {:error, error_reason()}


      


Optionally evaluate a call from argument ASTs (for short-circuit).
When this callback is exported, the evaluator does not eagerly evaluate
every argument. Implement it on functions like if and coalesce.
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          @callback signature() ::
  %{
    :name => atom() | String.t(),
    :arity => non_neg_integer(),
    optional(:units) => units()
  }
  | %{
      :name => atom() | String.t(),
      :variadic => true,
      :min_arity => non_neg_integer(),
      optional(:units) => units()
    }


      


Returns the function name, arity, and optional units: policy.
The name is used in expression syntax (e.g. my_func(1, 2)).
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          @callback validate(args_ast :: [term()], context :: Elex.Context.t()) ::
  {:ok, return_type :: atom() | Elex.Dimension.t()} | {:error, reason :: term()}


      


Validates function arguments at parse time and returns the result type.
Receives unevaluated AST nodes for each argument.
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          @spec units(module() | map()) :: units()


      


Returns the units: policy from a signature map or function module.
When units: is omitted, the default is :additive.
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Elex.Inverter 
    



      
Inverts simple arithmetic expressions with a single variable.
Given an expression like "value + 5", it returns the inverse "value - 5".
This is useful for creating inverse transformations.
Supported operations:
	Addition (+) → Subtraction (-)
	Subtraction (-) → Addition (+)
	Multiplication (*) → Division (/)
	Division (/) → Multiplication (*)

Examples
context = Elex.new_context() |> Elex.add_variable!("value", 0)
{:ok, ast, _} = Elex.Parser.parse("value + 5", context, validate: false)
Elex.Inverter.invert(ast, "value")
#=> {:ok, {:-, [{:var, "value"}, #Decimal<5>]}}

{:ok, ast, _} = Elex.Parser.parse("value * 3", context, validate: false)
Elex.Inverter.invert(ast, "value")
#=> {:ok, {:/, [{:var, "value"}, #Decimal<3>]}}
See Elex.Parser for parsing and Elex.Evaluator
for evaluating the inverted AST.
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        Inverts an expression AST for the given target variable.
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          @spec invert(term(), String.t()) :: {:ok, term()} | {:error, String.t()}


      


Inverts an expression AST for the given target variable.
Parameters
	ast - The parsed expression AST
	target_var - The name of the variable to solve for (string)

Returns
	{:ok, ast} - The inverted AST that represents the inverse operation
	{:error, reason} - A human-readable error message when inversion is not possible
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Elex.Labels 
    



      
Provides human-readable labels for expression types.
Used by Elex.Validator and Elex.Evaluator
when formatting type error messages.
This module can be extended by applications to provide localized labels using Gettext.
Supported types
	Type	Label
	:decimal	"number"
	:string	"text"
	:boolean	"yes/no"
	nil	"empty"
	:unknown	"value"
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        Formats a got … clause for function type errors.



    


    
      
        label(dim)

      


        Returns a human-readable label for an expression type.
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Formats a got … clause for function type errors.
Primitive types stay got decimal. Category atoms become got length quantity
so length(1m) is not read as a tautology. Percent is got percent.
Examples
got(:decimal)
#=> "got decimal"

got(:length)
#=> "got length quantity"

got(:percent)
#=> "got percent"
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Returns a human-readable label for an expression type.
Can be overridden in applications that use Gettext for localization.
Parameters
	type - An expression type atom (:decimal, :string, :boolean, or :unknown)

Returns
A short human-readable label string.
Examples
label(:decimal)
#=> "number"

label(:boolean)
#=> "yes/no"
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Elex.Functions.Abs 
    



      
Returns the absolute value of x.
Expression syntax
abs(-5)
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Elex.Functions.AddUnit 
    



      
Wraps a number as a quantity of a registered unit symbol.
Expression syntax
add_unit(5, "C")
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Elex.Functions.Between 
    



      
Returns whether x is within the inclusive range between low and high.
Expression syntax
between(5, 0, 10)
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Elex.Functions.Ceil 
    



      
Returns the smallest integer greater than or equal to x.
Expression syntax
ceil(3.14)
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Elex.Functions.Clamp 
    



      
Clamps a value to the inclusive range between min and max.
Expression syntax
clamp(5, 0, 10)
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Returns the first non-null argument.
Expression syntax
coalesce(null, 5)
coalesce(null, null, 10)
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Elex.Functions.Concat 
    



      
Concatenates zero or more strings.
Expression syntax
concat()
concat("a")
concat("a", "b")
concat("a", "b", "c")
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Elex.Functions.Contains 
    



      
Returns whether haystack contains needle.
Expression syntax
contains("hello", "ell")
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Elex.Functions.Convert 
    



      
Converts a quantity into a named unit or unit formula.
Expression syntax
convert(1m + 1mm, "mm")
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Decreases a value by a percent rate.
dec(100, 10%) is 90, the same as 100 * (100% - 10%).
Expression syntax
dec(100, 10%)
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Returns whether text ends with suffix.
Expression syntax
ends_with("hello", "lo")
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Returns the largest integer less than or equal to x.
Expression syntax
floor(3.14)
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Returns value1 if condition is true, otherwise value2.
Expression syntax
if(x > 0, 1, -1)

      




  

  
    
    Elex.Functions.Inc - Elex v0.4.2
    
    

    


  
  

    
Elex.Functions.Inc 
    



      
Increases a value by a percent rate.
inc(100, 10%) is 110, the same as 100 * (100% + 10%).
Expression syntax
inc(100, 10%)
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Returns the length of a string as a decimal.
Expression syntax
length("hello")
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Returns the lowercase form of a string.
Expression syntax
lower("AbC")
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Returns whether text matches a regular expression pattern.
Expression syntax
match("hello123", "hello[0-9]+")
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Returns the larger of two or more values.
Expression syntax
max(3, 7)
max(3, 7, 9)
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Returns the smaller of two or more values.
Expression syntax
min(3, 7)
min(3, 7, 1)
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Returns the floored modulo of a divided by b (sign follows the divisor).
mod(-3, 2) returns 1.
Expression syntax
mod(10, 3)
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Returns the mathematical constant π (3.14159...).
Expression syntax
pi()
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Returns base raised to the power of exponent.
Expression syntax
pow(2, 3)
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Returns the magnitude of a quantity as a number.
Expression syntax
remove_unit(2C)
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Returns x rounded to the nearest integer.
Expression syntax
round(3.6)
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Returns the square root of x.
Expression syntax
sqrt(16)
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Returns whether text starts with prefix.
Expression syntax
starts_with("hello", "he")
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Returns a string with leading and trailing whitespace removed.
Expression syntax
trim("  hi  ")
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Elex.Functions.Upper 
    



      
Returns the uppercase form of a string.
Expression syntax
upper("AbC")
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