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    OpenGL Mathematics for the BEAM
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The binding of GLM for the Erlang and Elixir
programming language. Just like GLM itself, it is not limited to OpenGL and
can be used as a general-purpose math library.
Min = glm:float(0.0).
Max = glm:float(1.0).
Result = glm_common:clamp(glm:vec2(float, -1.0, 2.0), Min, Max).
0.0 = glm:vec2_x(Result).
1.0 = glm:vec2_y(Result).
Because arithmetic operations in a graphical application are often performance
critical, this binding is designed to be efficient. It keeps the BEAM-facing
API small and explicit while storing the underlying values in binaries so the
same data can move cleanly between BEAM code, native code, and graphics APIs.
[!NOTE]
Even if keeping data in binaries is less ergonomic, they will almost always
end up being passed down to the graphics card in the binary form.

[!NOTE]
Another strong argument in favor of keeping data in binaries is that the BEAM
does not implement floating point numbers according to the IEEE 754 standard
in a way that maps directly to the native layouts expected by graphics code.
At some point the exact bit representation matters, whether it is for SIMD,
packing helpers, NIF calls, or uploading data to the graphics card.

Most importantly, it provides a safe API, with constructors and runtime checks
that keep the wrapped data structures valid before any operation is performed.
With that said, it also provides a raw API that bypasses those checks when you
intentionally want the lower-level binary-oriented layer.
Written by the Erlangsters community and released under the MIT license.
Getting started
The glm module is the entry point. It defines the wrapped scalar, vector,
matrix, and quaternion values used throughout the binding, together with the
constructors and accessors that convert between regular BEAM numbers and the
binary-backed GLM representation.
Scalar = glm:scalar(float, 42.0).
42.0 = glm:scalar_value(Scalar).

Direction = glm_vector:normalize(glm:vec3(double, 3.0, 4.0, 0.0)).
0.6 = glm:vec3_x(Direction).
0.8 = glm:vec3_y(Direction).

Projection = glm_transform:perspective(
    glm:double(math:pi() / 2.0),
    glm:double(16.0 / 9.0),
    glm:double(0.1),
    glm:double(100.0)
).
At the BEAM boundary you still work with regular integer() and float()
values. The constructors and accessors in glm handle the conversion to and
from the wrapped binary-backed representation for you.
The wrapper shape is explicit because GLM is a C++ library built around
templates and overloads, while the BEAM has neither. Each wrapped value keeps
just enough metadata to dispatch to the right implementation.
-type scalar(Type) :: {scalar, Type, binary()}.
-type vec(Length, Type) :: {vec, Length, Type, binary()}.
-type mat(Columns, Rows, Type) :: {mat, Columns, Rows, Type, binary()}.
-type quat(Type) :: {quat, Type, binary()}.
The public API is organized by operation family rather than by upstream GLM
header layout:
	Module	Focus
	glm	Constructors, accessors, and public wrapped types
	glm_common	Common scalar and vector helpers such as clamp/3, rounding, and bit reinterpretation helpers
	glm_angle	Angle conversion, trigonometric, inverse-trigonometric, and hyperbolic functions
	glm_exponential	Power, exponential, logarithmic, and root functions
	glm_vector	Vector geometry such as dot/2, cross/2, normalize/1, and reflect/2
	glm_matrix	Matrix operations such as transpose/1, determinant/1, and inverse/1
	glm_transform	Projection, view, and matrix transform helpers
	glm_quat	Quaternion construction, conversion, interpolation, and rotation helpers
	glm_integer	Integer bit operations, integer predicates, and extended arithmetic helpers
	glm_relational	Component-wise comparison and bool-vector reduction helpers
	glm_packing	Packing and unpacking helpers for compact scalar representations
	glm_easing	Easing functions

The safe API is the default choice. It keeps the wrapped values consistent and
raises clear errors when a value does not match the requested GLM shape. For
instance, glm:uint8(256) fails immediately, and so does a call that mixes
incompatible wrapped operands.
Module guide
The glm module stays focused on the wrapped primitives themselves. It is the
place to construct scalars, vectors, matrices, and quaternions, to read their
components back, and to understand the public BEAM-facing shapes used
throughout the binding.
The glm_common, glm_angle, and glm_exponential modules cover the scalar
and vector helpers that tend to be used everywhere. glm_common contains the
small arithmetic and rounding helpers, glm_angle contains the angle,
trigonometric, and hyperbolic functions, and glm_exponential contains powers,
logarithms, roots, and inverse roots.
The glm_vector, glm_matrix, glm_transform, and glm_quat modules cover
the core graphics math workflow. glm_vector handles vector geometry,
glm_matrix handles matrix inspection and matrix operations,
glm_transform builds projection, view, and model-space transforms, and
glm_quat handles quaternion construction, interpolation, conversion, and
rotation helpers.
The glm_integer, glm_relational, glm_packing, and glm_easing modules
cover the more specialized helpers that still fit cleanly into the safe API.
glm_integer contains integer-specific bit and multiple operations,
glm_relational contains comparison and bool-vector reduction helpers,
glm_packing contains compact scalar packing and unpacking helpers, and
glm_easing contains easing curves on wrapped floating-point values.
Together these modules form the public safe surface. Most code should stay at
this level.
The raw layer
The glm_raw module sits beneath the safe API. It is the thin
binary-oriented layer used by the wrapper modules themselves.
It exists for code that already controls the binary layout and intentionally
wants to skip the safe-layer validation. It is lower level, more mechanical,
and intentionally less ergonomic. Most callers should avoid it unless they are
measuring a real need and are prepared to manage the unchecked representation
directly.
Not every upstream GLM function is exposed. The binding prioritizes the common
graphics math path: scalars, vectors of length 2 to 4, matrices of size 2 to 4,
quaternions, and the operations that map cleanly to stable Erlang shapes.


  

    API Mapping

The GLM binding does not mirror the upstream C++ API one symbol at a time.
Instead, it maps the template-heavy GLM surface to a small set of stable
BEAM-facing shapes and groups operations into semantic Erlang modules.
This document describes that public mapping.
Mapping rules
	glm owns the wrapped primitives used throughout the binding:
{scalar, T, Bin}, {vec, L, T, Bin}, {mat, C, R, T, Bin}, and
{quat, T, Bin}.
	Public modules are grouped by BEAM-facing behavior, not by upstream header
names. A single Erlang module may draw from several GLM headers when that
produces a cleaner public surface.
	Upstream camelCase names become snake_case Erlang functions.
	C++ overload families collapse onto wrapped-value dispatch. The binding
prefers one coherent public function over exposing qualifier, alias, and
template noise directly.
	The first public surface focuses on scalars, vectors of length 2 to 4,
matrices of size 2 to 4, quaternions, and the most broadly useful graphics
math operations on top of them.
	glm_raw remains available as the lower-level binary-oriented layer, but it
is not the primary public API described here.

Public module mapping
	Upstream provenance	BEAM module	Public scope
	Core primitive types and constructors	glm	Wrapped scalar, vector, matrix, and quaternion constructors, accessors, and shape-level helpers.
	Core common functions plus selected scalar and vector common helpers	glm_common	abs, ceil, clamp, floor, fma, fract, frexp, ldexp, max, min, mix, mod, modf, round, round_even, sign, smoothstep, step, trunc, floating-point bit casts, is_inf, and is_nan.
	Core angle and trigonometric functions	glm_angle	radians, degrees, trigonometric, inverse-trigonometric, and hyperbolic functions on wrapped scalars and vectors.
	Core exponential functions	glm_exponential	pow, exp, exp2, log, log2, sqrt, and inverse_sqrt.
	Core geometric functions plus selected vector-focused extensions	glm_vector	length, distance, dot, cross, normalize, face_forward, reflect, and refract.
	Core matrix functions plus selected GTC and GTX helpers	glm_matrix	Determinant, inverse, inverse transpose, transpose, component-wise matrix multiply, outer product, row and column access, and selected matrix helpers that fit the wrapped matrix surface.
	GLM_EXT_matrix_clip_space, GLM_EXT_matrix_projection, GLM_EXT_matrix_transform, and GLM_GTX_transform	glm_transform	frustum, infinite_perspective, look_at, ortho, perspective, perspective_fov, project, un_project, rotate, scale, and translate.
	GLM_GTC_quaternion plus selected quaternion extensions	glm_quat	Quaternion construction, decomposition, interpolation, matrix casts, Euler-angle helpers, and vector rotation.
	Core relational functions plus bool-vector reductions	glm_relational	equal, not_equal, ordering predicates, all, any, and not for wrapped vectors and bool vectors.
	Core integer functions plus selected integer extensions	glm_integer	Bit counting and bitfield helpers, find_lsb, find_msb, power-of-two and multiple helpers, and the carry, borrow, and extended-multiply operations.
	Core packing functions plus selected GTC packing helpers	glm_packing	Core pack and unpack operations together with half-float and normalized 8-bit and 16-bit packers and unpackers.
	Easing extensions	glm_easing	Easing curves on wrapped float and double scalars.

Collapsed upstream variants
Some upstream GLM families are intentionally collapsed rather than exposed as a
one-to-one copy of the C++ API.
	Qualifier variants and alias noise are not surfaced. The BEAM-facing type
metadata already carries the information needed for dispatch.
	Left-handed, right-handed, NO, and ZO projection variants are not exposed
as separate public functions today. glm_transform keeps the smaller default
transform surface that maps cleanly to the current binding.
	Template-only distinctions that do not improve the BEAM API are kept behind
the wrapped dispatch layer instead of becoming separate public symbols.

Deferred but plausible follow-ons
These upstream families remain reasonable future additions, but they are not
part of the first public surface.
	Upstream provenance	Likely module	Current status
	GLM_GTC_constants, GLM_EXT_scalar_constants	glm_constants	Deferred.
	GLM_GTC_epsilon	glm_epsilon	Deferred.
	Additional GLM_GTC_packing formats beyond the current half-float and normalized surface	glm_packing	Deferred.
	Extra matrix access and inverse helpers	glm_matrix	Deferred.
	GLM_EXT_matrix_integer, GLM_EXT_matrix_relational	glm_matrix	Deferred.
	GLM_EXT_quaternion_relational	glm_quat	Deferred.
	GLM_EXT_scalar_relational, GLM_EXT_vector_relational beyond the current comparison surface	glm_relational	Deferred.
	GLM_GTX_vector_angle, GLM_GTX_rotate_vector, GLM_GTX_rotate_normalized_axis, GLM_GTX_projection	glm_vector	Deferred.
	GLM_GTX_transform2, GLM_GTX_matrix_transform_2d	glm_transform	Deferred.
	GLM_GTX_matrix_query, GLM_GTX_matrix_operation, GLM_GTX_matrix_interpolation, GLM_GTX_matrix_cross_product, GLM_GTX_orthonormalize, GLM_GTX_matrix_decompose	glm_matrix	Deferred.

Intentionally out of scope for now
The following upstream families are not part of the planned near-release
surface unless a concrete Erlang use case changes the decision.
	GLM_GTC_random
	GLM_GTC_noise
	GLM_GTC_color_space
	GLM_GTC_ulp, GLM_EXT_scalar_ulp, GLM_EXT_vector_ulp
	GLM_EXT_scalar_reciprocal
	GLM_GTX_vector_query
	GLM_GTX_texture
	GLM_GTX_string_cast
	GLM_GTX_spline
	GLM_GTX_polar_coordinates
	GLM_GTX_pca
	GLM_GTX_optimum_pow
	GLM_GTX_normalize_dot, GLM_GTX_norm, GLM_GTX_normal, GLM_GTX_mixed_product
	GLM_GTX_matrix_major_storage, GLM_GTX_matrix_factorisation
	GLM_GTX_log_base
	GLM_GTX_intersect
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OpenGL Mathematics (GLM) for the BEAM.
It binds GLM for the Erlang and Elixir programming languages. Just like GLM
itself, it is not limited to OpenGL and can be used as a general-purpose math
library.
It is the entry point for the wrapped values used throughout the binding. GLM
operations work most naturally on compact native memory layouts, so the binding
carries scalars, vectors, matrices, and quaternions around as tagged Erlang
tuples with a binary payload. 
{scalar, float, Bin} = glm:float(42.0).
The tags keep the BEAM-facing shape visible,
while the binary keeps the value in a form that the native layer can pass
around efficiently. You normally do not inspect that binary directly.
The usual workflow is:
	construct wrapped values with functions such as double/1, vec3/4,
mat4/1, or quat/5
	pass those wrapped values to the focused glm_* modules
	read results back with accessors such as double_value/1, vec3_values/1,
mat4_element/3, or quat_values/1

Typical first steps look like:
Factor = glm:double(0.5).
0.5 = glm:double_value(Factor).

Position = glm:vec3(double, 1.0, 2.0, 3.0).
{1.0, 2.0, 3.0} = glm:vec3_values(Position).

UnitFactor = glm_common:clamp(Factor, glm:double(0.0), glm:double(1.0)).
0.5 = glm:double_value(UnitFactor).
These examples show the normal rhythm of the binding: build wrapped values in
glm, pass them to an operational module, and unwrap only when you need an
ordinary Erlang value.
The safe public surface is split into focused modules:
	Module	Focus
	glm_common	Common scalar and vector helpers such as clamp/3, rounding, and bit reinterpretation helpers
	glm_angle	Angle conversion, trigonometric, inverse-trigonometric, and hyperbolic functions
	glm_exponential	Power, exponential, logarithmic, and root functions
	glm_vector	Vector geometry such as dot/2, cross/2, normalize/1, and reflect/2
	glm_matrix	Matrix operations such as transpose/1, determinant/1, and inverse/1
	glm_transform	Projection, view, and matrix transform helpers
	glm_quat	Quaternion construction, conversion, interpolation, and rotation helpers
	glm_integer	Integer bit operations, integer predicates, and extended arithmetic helpers
	glm_relational	Component-wise comparison and bool-vector reduction helpers
	glm_packing	Packing and unpacking helpers for compact scalar representations
	glm_easing	Easing functions

These modules are the recommended way to use the binding. They preserve the
wrapped shapes, check that arguments match the documented types and sizes, and
perform extra validation when a public contract requires it.
The repository also provides glm_raw, which sits beneath this safe surface as
the thin binary-oriented layer used by the wrapper modules. It can bypass some
of the checks done by the safe API and may be useful for specialized
performance-sensitive code, but most callers should avoid it. Start with
glm plus the focused glm_* modules, and only reach for glm_raw when you
fully understand the trade-off and are prepared to manage the unchecked layer
yourself.
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    Types
  


    
      
        bool()

      


        Wrapped boolean scalar.



    


    
      
        columns()

      


        Supported matrix column counts.



    


    
      
        double()

      


        Wrapped double-precision floating-point scalar.



    


    
      
        float()

      


        Wrapped single-precision floating-point scalar.



    


    
      
        int8()

      


        Wrapped signed 8-bit scalar.



    


    
      
        int16()

      


        Wrapped signed 16-bit scalar.



    


    
      
        int32()

      


        Wrapped signed 32-bit scalar.



    


    
      
        int64()

      


        Wrapped signed 64-bit scalar.



    


    
      
        length()

      


        Supported vector lengths.



    


    
      
        mat2(T)

      


        Wrapped 2x2 matrix.



    


    
      
        mat2x2(Type)

      


        Wrapped 2x2 matrix.



    


    
      
        mat2x3(T)

      


        Wrapped 2x3 matrix.



    


    
      
        mat2x4(T)

      


        Wrapped 2x4 matrix.



    


    
      
        mat3(T)

      


        Wrapped 3x3 matrix.



    


    
      
        mat3x2(T)

      


        Wrapped 3x2 matrix.



    


    
      
        mat3x3(Type)

      


        Wrapped 3x3 matrix.



    


    
      
        mat3x4(T)

      


        Wrapped 3x4 matrix.



    


    
      
        mat4(T)

      


        Wrapped 4x4 matrix.



    


    
      
        mat4x2(T)

      


        Wrapped 4x2 matrix.



    


    
      
        mat4x3(T)

      


        Wrapped 4x3 matrix.



    


    
      
        mat4x4(Type)

      


        Wrapped 4x4 matrix.



    


    
      
        mat(Type)

      


        Wrapped matrix with any supported shape.



    


    
      
        mat(Length, Type)

      


        Wrapped square matrix with the given dimension and element type.



    


    
      
        mat(Columns, Rows, Type)

      


        Wrapped column-major matrix with an explicit shape and element type.



    


    
      
        quat(T)

      


        Wrapped quaternion with a floating-point element type.



    


    
      
        rows()

      


        Supported matrix row counts.



    


    
      
        scalar(T)

      


        Wrapped scalar value tagged with its GLM element type.



    


    
      
        type()

      


        Supported scalar element type tags.



    


    
      
        uint8()

      


        Wrapped unsigned 8-bit scalar.



    


    
      
        uint16()

      


        Wrapped unsigned 16-bit scalar.



    


    
      
        uint32()

      


        Wrapped unsigned 32-bit scalar.



    


    
      
        uint64()

      


        Wrapped unsigned 64-bit scalar.



    


    
      
        vec2(T)

      


        Wrapped 2-component vector.



    


    
      
        vec3(T)

      


        Wrapped 3-component vector.



    


    
      
        vec4(T)

      


        Wrapped 4-component vector.



    


    
      
        vec(Type)

      


        Wrapped vector with any supported length.



    


    
      
        vec(Length, Type)

      


        Wrapped vector with an explicit length and element type.



    





  
    Functions
  


    
      
        bool()

      


        Returns the wrapped boolean scalar initialized to false.



    


    
      
        bool(V)

      


        Wraps a BEAM boolean as a GLM boolean scalar.



    


    
      
        bool_value/1

      


        Extracts the BEAM boolean value from a wrapped GLM boolean scalar.



    


    
      
        double()

      


        Returns the wrapped double-precision scalar initialized to 0.0.



    


    
      
        double(V)

      


        Wraps a BEAM float as a double-precision GLM scalar.



    


    
      
        double_value/1

      


        Extracts the BEAM float value from a wrapped double-precision scalar.



    


    
      
        float()

      


        Returns the wrapped single-precision scalar initialized to 0.0.



    


    
      
        float(V)

      


        Wraps a BEAM float as a single-precision GLM scalar.



    


    
      
        float_value/1

      


        Extracts the BEAM float value from a wrapped single-precision scalar.



    


    
      
        int8()

      


        Returns the wrapped signed 8-bit scalar initialized to 0.



    


    
      
        int8(V)

      


        Wraps a BEAM integer as a signed 8-bit GLM scalar.



    


    
      
        int8_value/1

      


        Extracts the BEAM integer value from a wrapped signed 8-bit scalar.



    


    
      
        int16()

      


        Returns the wrapped signed 16-bit scalar initialized to 0.



    


    
      
        int16(V)

      


        Wraps a BEAM integer as a signed 16-bit GLM scalar.



    


    
      
        int16_value/1

      


        Extracts the BEAM integer value from a wrapped signed 16-bit scalar.



    


    
      
        int32()

      


        Returns the wrapped signed 32-bit scalar initialized to 0.



    


    
      
        int32(V)

      


        Wraps a BEAM integer as a signed 32-bit GLM scalar.



    


    
      
        int32_value/1

      


        Extracts the BEAM integer value from a wrapped signed 32-bit scalar.



    


    
      
        int64()

      


        Returns the wrapped signed 64-bit scalar initialized to 0.



    


    
      
        int64(V)

      


        Wraps a BEAM integer as a signed 64-bit GLM scalar.



    


    
      
        int64_value/1

      


        Extracts the BEAM integer value from a wrapped signed 64-bit scalar.



    


    
      
        mat2(T)

      


        Returns the wrapped 2x2 matrix initialized to zeroes.



    


    
      
        mat2(T, V)

      


        Returns a wrapped 2x2 matrix with every element initialized to V.



    


    
      
        mat2(T, M11, M21, M12, M22)

      


        Builds a wrapped 2x2 matrix from explicit column-major values.



    


    
      
        mat2_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat2_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat2_set_element/3

      


        Returns a copy of a wrapped 2x2 matrix with the element at linear index I
replaced by V.



    


    
      
        mat2_set_element/4

      


        Returns a copy of a wrapped 2x2 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat2_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        mat2x3(T)

      


        Returns the wrapped 2x3 matrix initialized to zeroes.



    


    
      
        mat2x3(T, V)

      


        Returns a wrapped 2x3 matrix with every element initialized to V.



    


    
      
        mat2x3(T, M11, M21, M12, M22, M13, M23)

      


        Builds a wrapped 2x3 matrix from explicit column-major values.



    


    
      
        mat2x3_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat2x3_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat2x3_set_element/3

      


        Returns a copy of a wrapped 2x3 matrix with the element at linear index I
replaced by V.



    


    
      
        mat2x3_set_element/4

      


        Returns a copy of a wrapped 2x3 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat2x3_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        mat2x4(T)

      


        Returns the wrapped 2x4 matrix initialized to zeroes.



    


    
      
        mat2x4(T, V)

      


        Returns a wrapped 2x4 matrix with every element initialized to V.



    


    
      
        mat2x4(T, M11, M21, M12, M22, M13, M23, M14, M24)

      


        Builds a wrapped 2x4 matrix from explicit column-major values.



    


    
      
        mat2x4_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat2x4_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat2x4_set_element/3

      


        Returns a copy of a wrapped 2x4 matrix with the element at linear index I
replaced by V.



    


    
      
        mat2x4_set_element/4

      


        Returns a copy of a wrapped 2x4 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat2x4_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        mat3(T)

      


        Returns the wrapped 3x3 matrix initialized to zeroes.



    


    
      
        mat3(T, V)

      


        Returns a wrapped 3x3 matrix with every element initialized to V.



    


    
      
        mat3(T, M11, M21, M31, M12, M22, M32, M13, M23, M33)

      


        Builds a wrapped 3x3 matrix from explicit column-major values.



    


    
      
        mat3_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat3_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat3_set_element/3

      


        Returns a copy of a wrapped 3x3 matrix with the element at linear index I
replaced by V.



    


    
      
        mat3_set_element/4

      


        Returns a copy of a wrapped 3x3 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat3_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        mat3x2(T)

      


        Returns the wrapped 3x2 matrix initialized to zeroes.



    


    
      
        mat3x2(T, V)

      


        Returns a wrapped 3x2 matrix with every element initialized to V.



    


    
      
        mat3x2(T, M11, M21, M31, M12, M22, M32)

      


        Builds a wrapped 3x2 matrix from explicit column-major values.



    


    
      
        mat3x2_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat3x2_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat3x2_set_element/3

      


        Returns a copy of a wrapped 3x2 matrix with the element at linear index I
replaced by V.



    


    
      
        mat3x2_set_element/4

      


        Returns a copy of a wrapped 3x2 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat3x2_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        mat3x4(T)

      


        Returns the wrapped 3x4 matrix initialized to zeroes.



    


    
      
        mat3x4(T, V)

      


        Returns a wrapped 3x4 matrix with every element initialized to V.



    


    
      
        mat3x4(T, M11, M21, M31, M12, M22, M32, M13, M23, M33, M14, M24, M34)

      


        Builds a wrapped 3x4 matrix from explicit column-major values.



    


    
      
        mat3x4_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat3x4_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat3x4_set_element/3

      


        Returns a copy of a wrapped 3x4 matrix with the element at linear index I
replaced by V.



    


    
      
        mat3x4_set_element/4

      


        Returns a copy of a wrapped 3x4 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat3x4_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        mat4(T)

      


        Returns the wrapped 4x4 matrix initialized to zeroes.



    


    
      
        mat4(T, V)

      


        Returns a wrapped 4x4 matrix with every element initialized to V.



    


    
      
        mat4(T, M11, M21, M31, M41, M12, M22, M32, M42, M13, M23, M33, M43, M14, M24, M34, M44)

      


        Builds a wrapped 4x4 matrix from explicit column-major values.



    


    
      
        mat4_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat4_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat4_set_element/3

      


        Returns a copy of a wrapped 4x4 matrix with the element at linear index I
replaced by V.



    


    
      
        mat4_set_element/4

      


        Returns a copy of a wrapped 4x4 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat4_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        mat4x2(T)

      


        Returns the wrapped 4x2 matrix initialized to zeroes.



    


    
      
        mat4x2(T, V)

      


        Returns a wrapped 4x2 matrix with every element initialized to V.



    


    
      
        mat4x2(T, M11, M21, M31, M41, M12, M22, M32, M42)

      


        Builds a wrapped 4x2 matrix from explicit column-major values.



    


    
      
        mat4x2_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat4x2_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat4x2_set_element/3

      


        Returns a copy of a wrapped 4x2 matrix with the element at linear index I
replaced by V.



    


    
      
        mat4x2_set_element/4

      


        Returns a copy of a wrapped 4x2 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat4x2_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        mat4x3(T)

      


        Returns the wrapped 4x3 matrix initialized to zeroes.



    


    
      
        mat4x3(T, V)

      


        Returns a wrapped 4x3 matrix with every element initialized to V.



    


    
      
        mat4x3(T, M11, M21, M31, M41, M12, M22, M32, M42, M13, M23, M33, M43)

      


        Builds a wrapped 4x3 matrix from explicit column-major values.



    


    
      
        mat4x3_element/2

      


        Returns the element at the 1-based linear index I in column-major order.



    


    
      
        mat4x3_element/3

      


        Returns the element at column C and row R.



    


    
      
        mat4x3_set_element/3

      


        Returns a copy of a wrapped 4x3 matrix with the element at linear index I
replaced by V.



    


    
      
        mat4x3_set_element/4

      


        Returns a copy of a wrapped 4x3 matrix with the element at column C and row
R replaced by V.



    


    
      
        mat4x3_values/1

      


        Returns the matrix elements as a BEAM tuple in column-major order.



    


    
      
        quat(T)

      


        Returns the wrapped quaternion initialized to the identity rotation.



    


    
      
        quat(T, W, X, Y, Z)

      


        Builds a wrapped quaternion from explicit w, x, y, and z components.



    


    
      
        quat_set_w/2

      


        Returns a copy of a wrapped quaternion with its w component replaced.



    


    
      
        quat_set_x/2

      


        Returns a copy of a wrapped quaternion with its x component replaced.



    


    
      
        quat_set_y/2

      


        Returns a copy of a wrapped quaternion with its y component replaced.



    


    
      
        quat_set_z/2

      


        Returns a copy of a wrapped quaternion with its z component replaced.



    


    
      
        quat_values/1

      


        Returns the components of a wrapped quaternion as a {W, X, Y, Z} tuple.



    


    
      
        quat_w/1

      


        Returns the w component of a wrapped quaternion.



    


    
      
        quat_x/1

      


        Returns the x component of a wrapped quaternion.



    


    
      
        quat_y/1

      


        Returns the y component of a wrapped quaternion.



    


    
      
        quat_z/1

      


        Returns the z component of a wrapped quaternion.



    


    
      
        scalar(T)

      


        Returns the zero-initialized wrapped scalar for the given GLM type tag.



    


    
      
        scalar(T, V)

      


        Wraps a BEAM value using an explicit GLM type tag.



    


    
      
        scalar_value/1

      


        Extracts the BEAM value stored in any wrapped scalar.



    


    
      
        uint8()

      


        Returns the wrapped unsigned 8-bit scalar initialized to 0.



    


    
      
        uint8(V)

      


        Wraps a non-negative BEAM integer as an unsigned 8-bit GLM scalar.



    


    
      
        uint8_value/1

      


        Extracts the BEAM integer value from a wrapped unsigned 8-bit scalar.



    


    
      
        uint16()

      


        Returns the wrapped unsigned 16-bit scalar initialized to 0.



    


    
      
        uint16(V)

      


        Wraps a non-negative BEAM integer as an unsigned 16-bit GLM scalar.



    


    
      
        uint16_value/1

      


        Extracts the BEAM integer value from a wrapped unsigned 16-bit scalar.



    


    
      
        uint32()

      


        Returns the wrapped unsigned 32-bit scalar initialized to 0.



    


    
      
        uint32(V)

      


        Wraps a non-negative BEAM integer as an unsigned 32-bit GLM scalar.



    


    
      
        uint32_value/1

      


        Extracts the BEAM integer value from a wrapped unsigned 32-bit scalar.



    


    
      
        uint64()

      


        Returns the wrapped unsigned 64-bit scalar initialized to 0.



    


    
      
        uint64(V)

      


        Wraps a non-negative BEAM integer as an unsigned 64-bit GLM scalar.



    


    
      
        uint64_value/1

      


        Extracts the BEAM integer value from a wrapped unsigned 64-bit scalar.



    


    
      
        vec2(T)

      


        Returns the wrapped 2-component vector initialized to zeroes.



    


    
      
        vec2(T, V)

      


        Returns a wrapped 2-component vector with both components initialized to V.



    


    
      
        vec2(T, X, Y)

      


        Builds a wrapped 2-component vector from explicit component values.



    


    
      
        vec2_set_x/2

      


        Returns a copy of a wrapped 2-component vector with its x component replaced.



    


    
      
        vec2_set_y/2

      


        Returns a copy of a wrapped 2-component vector with its y component replaced.



    


    
      
        vec2_values/1

      


        Returns the components of a wrapped 2-component vector as a BEAM tuple.



    


    
      
        vec2_x/1

      


        Returns the x component of a wrapped 2-component vector.



    


    
      
        vec2_y/1

      


        Returns the y component of a wrapped 2-component vector.



    


    
      
        vec3(T)

      


        Returns the wrapped 3-component vector initialized to zeroes.



    


    
      
        vec3(T, V)

      


        Returns a wrapped 3-component vector with every component initialized to V.



    


    
      
        vec3(T, X, Y, Z)

      


        Builds a wrapped 3-component vector from explicit component values.



    


    
      
        vec3_set_x/2

      


        Returns a copy of a wrapped 3-component vector with its x component replaced.



    


    
      
        vec3_set_y/2

      


        Returns a copy of a wrapped 3-component vector with its y component replaced.



    


    
      
        vec3_set_z/2

      


        Returns a copy of a wrapped 3-component vector with its z component replaced.



    


    
      
        vec3_values/1

      


        Returns the components of a wrapped 3-component vector as a BEAM tuple.



    


    
      
        vec3_x/1

      


        Returns the x component of a wrapped 3-component vector.



    


    
      
        vec3_y/1

      


        Returns the y component of a wrapped 3-component vector.



    


    
      
        vec3_z/1

      


        Returns the z component of a wrapped 3-component vector.



    


    
      
        vec4(T)

      


        Returns the wrapped 4-component vector initialized to zeroes.



    


    
      
        vec4(T, V)

      


        Returns a wrapped 4-component vector with every component initialized to V.



    


    
      
        vec4(T, X, Y, Z, W)

      


        Builds a wrapped 4-component vector from explicit component values.



    


    
      
        vec4_set_w/2

      


        Returns a copy of a wrapped 4-component vector with its w component replaced.



    


    
      
        vec4_set_x/2

      


        Returns a copy of a wrapped 4-component vector with its x component replaced.



    


    
      
        vec4_set_y/2

      


        Returns a copy of a wrapped 4-component vector with its y component replaced.



    


    
      
        vec4_set_z/2

      


        Returns a copy of a wrapped 4-component vector with its z component replaced.



    


    
      
        vec4_values/1

      


        Returns the components of a wrapped 4-component vector as a BEAM tuple.



    


    
      
        vec4_w/1

      


        Returns the w component of a wrapped 4-component vector.



    


    
      
        vec4_x/1

      


        Returns the x component of a wrapped 4-component vector.



    


    
      
        vec4_y/1

      


        Returns the y component of a wrapped 4-component vector.



    


    
      
        vec4_z/1

      


        Returns the z component of a wrapped 4-component vector.



    





      


      
        Types


        


  
    
      
    
    
      bool()



        
          
        

    

  


  

      

          -type bool() :: scalar(bool).


      


Wrapped boolean scalar.
{scalar, bool, Bin} = glm:bool(true).

  



  
    
      
    
    
      columns()



        
          
        

    

  


  

      

          -type columns() :: 2 | 3 | 4.


      


Supported matrix column counts.

  



  
    
      
    
    
      double()



        
          
        

    

  


  

      

          -type double() :: scalar(double).


      


Wrapped double-precision floating-point scalar.
{scalar, double, Bin} = glm:double(42.0).

  



  
    
      
    
    
      float()



        
          
        

    

  


  

      

          -type float() :: scalar(float).


      


Wrapped single-precision floating-point scalar.
{scalar, float, Bin} = glm:float(42.0).

  



  
    
      
    
    
      int8()



        
          
        

    

  


  

      

          -type int8() :: scalar({int, 8}).


      


Wrapped signed 8-bit scalar.
{scalar, {int, 8}, Bin} = glm:int8(-1).

  



  
    
      
    
    
      int16()



        
          
        

    

  


  

      

          -type int16() :: scalar({int, 16}).


      


Wrapped signed 16-bit scalar.
{scalar, {int, 16}, Bin} = glm:int16(-1).

  



  
    
      
    
    
      int32()



        
          
        

    

  


  

      

          -type int32() :: scalar({int, 32}).


      


Wrapped signed 32-bit scalar.
{scalar, {int, 32}, Bin} = glm:int32(-1).

  



  
    
      
    
    
      int64()



        
          
        

    

  


  

      

          -type int64() :: scalar({int, 64}).


      


Wrapped signed 64-bit scalar.
{scalar, {int, 64}, Bin} = glm:int64(-1).

  



  
    
      
    
    
      length()



        
          
        

    

  


  

      

          -type length() :: 2 | 3 | 4.


      


Supported vector lengths.

  



  
    
      
    
    
      mat2(T)



        
          
        

    

  


  

      

          -type mat2(Type) :: mat(2, 2, Type).


      


Wrapped 2x2 matrix.
{mat, 2, 2, double, Bin} = glm:mat2(double, 1.0).

  



  
    
      
    
    
      mat2x2(Type)



        
          
        

    

  


  

      

          -type mat2x2(Type) :: mat2(Type).


      


Wrapped 2x2 matrix.

  



  
    
      
    
    
      mat2x3(T)



        
          
        

    

  


  

      

          -type mat2x3(Type) :: mat(2, 3, Type).


      


Wrapped 2x3 matrix.

  



  
    
      
    
    
      mat2x4(T)



        
          
        

    

  


  

      

          -type mat2x4(Type) :: mat(2, 4, Type).


      


Wrapped 2x4 matrix.

  



  
    
      
    
    
      mat3(T)



        
          
        

    

  


  

      

          -type mat3(Type) :: mat(3, 3, Type).


      


Wrapped 3x3 matrix.
{mat, 3, 3, double, Bin} = glm:mat3(double, 1.0).

  



  
    
      
    
    
      mat3x2(T)



        
          
        

    

  


  

      

          -type mat3x2(Type) :: mat(3, 2, Type).


      


Wrapped 3x2 matrix.

  



  
    
      
    
    
      mat3x3(Type)



        
          
        

    

  


  

      

          -type mat3x3(Type) :: mat3(Type).


      


Wrapped 3x3 matrix.

  



  
    
      
    
    
      mat3x4(T)



        
          
        

    

  


  

      

          -type mat3x4(Type) :: mat(3, 4, Type).


      


Wrapped 3x4 matrix.

  



  
    
      
    
    
      mat4(T)



        
          
        

    

  


  

      

          -type mat4(Type) :: mat(4, 4, Type).


      


Wrapped 4x4 matrix.
{mat, 4, 4, double, Bin} = glm:mat4(double).

  



  
    
      
    
    
      mat4x2(T)



        
          
        

    

  


  

      

          -type mat4x2(Type) :: mat(4, 2, Type).


      


Wrapped 4x2 matrix.

  



  
    
      
    
    
      mat4x3(T)



        
          
        

    

  


  

      

          -type mat4x3(Type) :: mat(4, 3, Type).


      


Wrapped 4x3 matrix.

  



  
    
      
    
    
      mat4x4(Type)



        
          
        

    

  


  

      

          -type mat4x4(Type) :: mat4(Type).


      


Wrapped 4x4 matrix.

  



  
    
      
    
    
      mat(Type)



        
          
        

    

  


  

      

          -type mat(Type) :: mat(columns(), rows(), Type).


      


Wrapped matrix with any supported shape.

  



  
    
      
    
    
      mat(Length, Type)



        
          
        

    

  


  

      

          -type mat(Length, Type) :: mat(Length, Length, Type).


      


Wrapped square matrix with the given dimension and element type.

  



  
    
      
    
    
      mat(Columns, Rows, Type)



        
          
        

    

  


  

      

          -type mat(Columns, Rows, Type) :: {mat, Columns, Rows, Type, binary()}.


      


Wrapped column-major matrix with an explicit shape and element type.
{mat, 4, 4, double, Bin} = glm:mat4(double).

  



  
    
      
    
    
      quat(T)



        
          
        

    

  


  

      

          -type quat(Type) :: {quat, Type, binary()}.


      


Wrapped quaternion with a floating-point element type.
{quat, double, Bin} = glm:quat(double).

  



  
    
      
    
    
      rows()



        
          
        

    

  


  

      

          -type rows() :: 2 | 3 | 4.


      


Supported matrix row counts.

  



  
    
      
    
    
      scalar(T)



        
          
        

    

  


  

      

          -type scalar(T) :: {scalar, T, binary()}.


      


Wrapped scalar value tagged with its GLM element type.
{scalar, float, Bin} = glm:scalar(float, 42.0).

  



  
    
      
    
    
      type()



        
          
        

    

  


  

      

          -type type() :: bool | {int, 8 | 16 | 32 | 64} | {uint, 8 | 16 | 32 | 64} | float | double.


      


Supported scalar element type tags.

  



  
    
      
    
    
      uint8()



        
          
        

    

  


  

      

          -type uint8() :: scalar({uint, 8}).


      


Wrapped unsigned 8-bit scalar.
{scalar, {uint, 8}, Bin} = glm:uint8(1).

  



  
    
      
    
    
      uint16()



        
          
        

    

  


  

      

          -type uint16() :: scalar({uint, 16}).


      


Wrapped unsigned 16-bit scalar.
{scalar, {uint, 16}, Bin} = glm:uint16(1).

  



  
    
      
    
    
      uint32()



        
          
        

    

  


  

      

          -type uint32() :: scalar({uint, 32}).


      


Wrapped unsigned 32-bit scalar.
{scalar, {uint, 32}, Bin} = glm:uint32(1).

  



  
    
      
    
    
      uint64()



        
          
        

    

  


  

      

          -type uint64() :: scalar({uint, 64}).


      


Wrapped unsigned 64-bit scalar.
{scalar, {uint, 64}, Bin} = glm:uint64(1).

  



  
    
      
    
    
      vec2(T)



        
          
        

    

  


  

      

          -type vec2(Type) :: vec(2, Type).


      


Wrapped 2-component vector.
{vec, 2, float, Bin} = glm:vec2(float, 1.0, 2.0).

  



  
    
      
    
    
      vec3(T)



        
          
        

    

  


  

      

          -type vec3(Type) :: vec(3, Type).


      


Wrapped 3-component vector.
{vec, 3, float, Bin} = glm:vec3(float, 1.0, 2.0, 3.0).

  



  
    
      
    
    
      vec4(T)



        
          
        

    

  


  

      

          -type vec4(Type) :: vec(4, Type).


      


Wrapped 4-component vector.
{vec, 4, float, Bin} = glm:vec4(float, 1.0, 2.0, 3.0, 4.0).

  



  
    
      
    
    
      vec(Type)



        
          
        

    

  


  

      

          -type vec(Type) :: vec(length(), Type).


      


Wrapped vector with any supported length.
{vec, 4, float, Bin} = glm:vec4(float, 1.0).

  



  
    
      
    
    
      vec(Length, Type)



        
          
        

    

  


  

      

          -type vec(Length, Type) :: {vec, Length, Type, binary()}.


      


Wrapped vector with an explicit length and element type.
{vec, 3, float, Bin} = glm:vec3(float, 1.0, 2.0, 3.0).

  


        

      

      
        Functions


        


  
    
      
    
    
      bool()



        
          
        

    

  


  

      

          -spec bool() -> scalar(bool).


      


Returns the wrapped boolean scalar initialized to false.

  



  
    
      
    
    
      bool(V)



        
          
        

    

  


  

      

          -spec bool(boolean()) -> scalar(bool).


      


Wraps a BEAM boolean as a GLM boolean scalar.
True = glm:bool(true).
False = glm:bool(false).
Raises {invalid_value, {expected_boolean, V}} when V is not a boolean.

  



  
    
      
    
    
      bool_value/1



        
          
        

    

  


  

      

          -spec bool_value(scalar(bool)) -> boolean().


      


Extracts the BEAM boolean value from a wrapped GLM boolean scalar.
true = glm:bool_value(glm:bool(true)).

  



  
    
      
    
    
      double()



        
          
        

    

  


  

      

          -spec double() -> scalar(double).


      


Returns the wrapped double-precision scalar initialized to 0.0.
Zero = glm:double().

  



  
    
      
    
    
      double(V)



        
          
        

    

  


  

      

          -spec double(float()) -> scalar(double).


      


Wraps a BEAM float as a double-precision GLM scalar.
Scalar = glm:double(3.5).
Raises {invalid_value, {expected_double, V}} when V is not a float.

  



  
    
      
    
    
      double_value/1



        
          
        

    

  


  

      

          -spec double_value(scalar(double)) -> float().


      


Extracts the BEAM float value from a wrapped double-precision scalar.
3.5 = glm:double_value(glm:double(3.5)).

  



  
    
      
    
    
      float()



        
          
        

    

  


  

      

          -spec float() -> scalar(float).


      


Returns the wrapped single-precision scalar initialized to 0.0.
Zero = glm:float().

  



  
    
      
    
    
      float(V)



        
          
        

    

  


  

      

          -spec float(float()) -> scalar(float).


      


Wraps a BEAM float as a single-precision GLM scalar.
Scalar = glm:float(3.5).
Raises {invalid_value, {expected_float, V}} when V is not a float.

  



  
    
      
    
    
      float_value/1



        
          
        

    

  


  

      

          -spec float_value(scalar(float)) -> float().


      


Extracts the BEAM float value from a wrapped single-precision scalar.
3.5 = glm:float_value(glm:float(3.5)).

  



  
    
      
    
    
      int8()



        
          
        

    

  


  

      

          -spec int8() -> scalar({int, 8}).


      


Returns the wrapped signed 8-bit scalar initialized to 0.

  



  
    
      
    
    
      int8(V)



        
          
        

    

  


  

      

          -spec int8(integer()) -> scalar({int, 8}).


      


Wraps a BEAM integer as a signed 8-bit GLM scalar.
Int8 = glm:int8(-42).
Raises {invalid_value, {expected_int8, V}} when V falls outside the valid
8-bit signed range.

  



  
    
      
    
    
      int8_value/1



        
          
        

    

  


  

      

          -spec int8_value(scalar({int, 8})) -> integer().


      


Extracts the BEAM integer value from a wrapped signed 8-bit scalar.
-42 = glm:int8_value(glm:int8(-42)).

  



  
    
      
    
    
      int16()



        
          
        

    

  


  

      

          -spec int16() -> scalar({int, 16}).


      


Returns the wrapped signed 16-bit scalar initialized to 0.
Zero = glm:int16().

  



  
    
      
    
    
      int16(V)



        
          
        

    

  


  

      

          -spec int16(integer()) -> scalar({int, 16}).


      


Wraps a BEAM integer as a signed 16-bit GLM scalar.
Int16 = glm:int16(-1024).
Raises {invalid_value, {expected_int16, V}} when V falls outside the valid
16-bit signed range.

  



  
    
      
    
    
      int16_value/1



        
          
        

    

  


  

      

          -spec int16_value(scalar({int, 16})) -> integer().


      


Extracts the BEAM integer value from a wrapped signed 16-bit scalar.
-1024 = glm:int16_value(glm:int16(-1024)).

  



  
    
      
    
    
      int32()



        
          
        

    

  


  

      

          -spec int32() -> scalar({int, 32}).


      


Returns the wrapped signed 32-bit scalar initialized to 0.
Zero = glm:int32().

  



  
    
      
    
    
      int32(V)



        
          
        

    

  


  

      

          -spec int32(integer()) -> scalar({int, 32}).


      


Wraps a BEAM integer as a signed 32-bit GLM scalar.
Int32 = glm:int32(1 bsl 20).
Raises {invalid_value, {expected_int32, V}} when V falls outside the valid
32-bit signed range.

  



  
    
      
    
    
      int32_value/1



        
          
        

    

  


  

      

          -spec int32_value(scalar({int, 32})) -> integer().


      


Extracts the BEAM integer value from a wrapped signed 32-bit scalar.
1048576 = glm:int32_value(glm:int32(1 bsl 20)).

  



  
    
      
    
    
      int64()



        
          
        

    

  


  

      

          -spec int64() -> scalar({int, 64}).


      


Returns the wrapped signed 64-bit scalar initialized to 0.
Zero = glm:int64().

  



  
    
      
    
    
      int64(V)



        
          
        

    

  


  

      

          -spec int64(integer()) -> scalar({int, 64}).


      


Wraps a BEAM integer as a signed 64-bit GLM scalar.
Int64 = glm:int64(1 bsl 40).
Raises {invalid_value, {expected_int64, V}} when V falls outside the valid
64-bit signed range.

  



  
    
      
    
    
      int64_value/1



        
          
        

    

  


  

      

          -spec int64_value(scalar({int, 64})) -> integer().


      


Extracts the BEAM integer value from a wrapped signed 64-bit scalar.
1099511627776 = glm:int64_value(glm:int64(1 bsl 40)).

  



  
    
      
    
    
      mat2(T)



        
          
        

    

  


  

      

          -spec mat2(T) -> mat2(T) when T :: float | double.


      


Returns the wrapped 2x2 matrix initialized to zeroes.
Zero = glm:mat2(double).

  



  
    
      
    
    
      mat2(T, V)



        
          
        

    

  


  

      

          -spec mat2(T, float()) -> mat2(T) when T :: float | double.


      


Returns a wrapped 2x2 matrix with every element initialized to V.
Filled = glm:mat2(double, 1.0).

  



  
    
      
    
    
      mat2(T, M11, M21, M12, M22)



        
          
        

    

  


  

      

          -spec mat2(T, float(), float(), float(), float()) -> mat2(T) when T :: float | double.


      


Builds a wrapped 2x2 matrix from explicit column-major values.
Matrix = glm:mat2(double, 1.0, 2.0, 3.0, 4.0).

  



  
    
      
    
    
      mat2_element/2



        
          
        

    

  


  

      

          -spec mat2_element(mat2(T), 1..4) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
2.0 = glm:mat2_element(glm:mat2(double, 1.0, 2.0, 3.0, 4.0), 2).

  



  
    
      
    
    
      mat2_element/3



        
          
        

    

  


  

      

          -spec mat2_element(mat2(T), 1..2, 1..2) -> float() when T :: float | double.


      


Returns the element at column C and row R.
3.0 = glm:mat2_element(glm:mat2(double, 1.0, 2.0, 3.0, 4.0), 2, 1).

  



  
    
      
    
    
      mat2_set_element/3



        
          
        

    

  


  

      

          -spec mat2_set_element(mat2(T), 1..4, float()) -> mat2(T) when T :: float | double.


      


Returns a copy of a wrapped 2x2 matrix with the element at linear index I
replaced by V.
Updated = glm:mat2_set_element(glm:mat2(double), 3, 4.0).

  



  
    
      
    
    
      mat2_set_element/4



        
          
        

    

  


  

      

          -spec mat2_set_element(mat2(T), 1..2, 1..2, float()) -> mat2(T) when T :: float | double.


      


Returns a copy of a wrapped 2x2 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat2_set_element(glm:mat2(double), 2, 1, 4.0).

  



  
    
      
    
    
      mat2_values/1



        
          
        

    

  


  

      

          -spec mat2_values(mat2(T)) -> {float(), float(), float(), float()} when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
{1.0, 2.0, 3.0, 4.0} = glm:mat2_values(glm:mat2(double, 1.0, 2.0, 3.0, 4.0)).

  



  
    
      
    
    
      mat2x3(T)



        
          
        

    

  


  

      

          -spec mat2x3(T) -> mat2x3(T) when T :: float | double.


      


Returns the wrapped 2x3 matrix initialized to zeroes.
Zero = glm:mat2x3(double).

  



  
    
      
    
    
      mat2x3(T, V)



        
          
        

    

  


  

      

          -spec mat2x3(T, float()) -> mat2x3(T) when T :: float | double.


      


Returns a wrapped 2x3 matrix with every element initialized to V.
Filled = glm:mat2x3(double, 1.0).

  



  
    
      
    
    
      mat2x3(T, M11, M21, M12, M22, M13, M23)



        
          
        

    

  


  

      

          -spec mat2x3(T, float(), float(), float(), float(), float(), float()) -> mat2x3(T)
                when T :: float | double.


      


Builds a wrapped 2x3 matrix from explicit column-major values.
Matrix = glm:mat2x3(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0).

  



  
    
      
    
    
      mat2x3_element/2



        
          
        

    

  


  

      

          -spec mat2x3_element(mat2x3(T), 1..6) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
4.0 = glm:mat2x3_element(glm:mat2x3(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0), 4).

  



  
    
      
    
    
      mat2x3_element/3



        
          
        

    

  


  

      

          -spec mat2x3_element(mat2x3(T), 1..2, 1..3) -> float() when T :: float | double.


      


Returns the element at column C and row R.
6.0 = glm:mat2x3_element(glm:mat2x3(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0), 2, 3).

  



  
    
      
    
    
      mat2x3_set_element/3



        
          
        

    

  


  

      

          -spec mat2x3_set_element(mat2x3(T), 1..6, float()) -> mat2x3(T) when T :: float | double.


      


Returns a copy of a wrapped 2x3 matrix with the element at linear index I
replaced by V.
Updated = glm:mat2x3_set_element(glm:mat2x3(double), 6, 9.0).

  



  
    
      
    
    
      mat2x3_set_element/4



        
          
        

    

  


  

      

          -spec mat2x3_set_element(mat2x3(T), 1..2, 1..3, float()) -> mat2x3(T) when T :: float | double.


      


Returns a copy of a wrapped 2x3 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat2x3_set_element(glm:mat2x3(double), 2, 3, 9.0).

  



  
    
      
    
    
      mat2x3_values/1



        
          
        

    

  


  

      

          -spec mat2x3_values(mat2x3(T)) -> {float(), float(), float(), float(), float(), float()}
                       when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
{1.0, 2.0, 3.0, 4.0, 5.0, 6.0} =
    glm:mat2x3_values(glm:mat2x3(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0)).

  



  
    
      
    
    
      mat2x4(T)



        
          
        

    

  


  

      

          -spec mat2x4(T) -> mat2x4(T) when T :: float | double.


      


Returns the wrapped 2x4 matrix initialized to zeroes.
Zero = glm:mat2x4(double).

  



  
    
      
    
    
      mat2x4(T, V)



        
          
        

    

  


  

      

          -spec mat2x4(T, float()) -> mat2x4(T) when T :: float | double.


      


Returns a wrapped 2x4 matrix with every element initialized to V.
Filled = glm:mat2x4(double, 1.0).

  



  
    
      
    
    
      mat2x4(T, M11, M21, M12, M22, M13, M23, M14, M24)



        
          
        

    

  


  

      

          -spec mat2x4(T, float(), float(), float(), float(), float(), float(), float(), float()) -> mat2x4(T)
                when T :: float | double.


      


Builds a wrapped 2x4 matrix from explicit column-major values.
Matrix = glm:mat2x4(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0).

  



  
    
      
    
    
      mat2x4_element/2



        
          
        

    

  


  

      

          -spec mat2x4_element(mat2x4(T), 1..8) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
8.0 = glm:mat2x4_element(glm:mat2x4(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0), 8).

  



  
    
      
    
    
      mat2x4_element/3



        
          
        

    

  


  

      

          -spec mat2x4_element(mat2x4(T), 1..2, 1..4) -> float() when T :: float | double.


      


Returns the element at column C and row R.
8.0 = glm:mat2x4_element(glm:mat2x4(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0), 2, 4).

  



  
    
      
    
    
      mat2x4_set_element/3



        
          
        

    

  


  

      

          -spec mat2x4_set_element(mat2x4(T), 1..8, float()) -> mat2x4(T) when T :: float | double.


      


Returns a copy of a wrapped 2x4 matrix with the element at linear index I
replaced by V.
Updated = glm:mat2x4_set_element(glm:mat2x4(double), 8, 9.0).

  



  
    
      
    
    
      mat2x4_set_element/4



        
          
        

    

  


  

      

          -spec mat2x4_set_element(mat2x4(T), 1..2, 1..4, float()) -> mat2x4(T) when T :: float | double.


      


Returns a copy of a wrapped 2x4 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat2x4_set_element(glm:mat2x4(double), 2, 4, 9.0).

  



  
    
      
    
    
      mat2x4_values/1



        
          
        

    

  


  

      

          -spec mat2x4_values(mat2x4(T)) ->
                       {float(), float(), float(), float(), float(), float(), float(), float()}
                       when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
{1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0} =
    glm:mat2x4_values(glm:mat2x4(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0)).

  



  
    
      
    
    
      mat3(T)



        
          
        

    

  


  

      

          -spec mat3(T) -> mat3(T) when T :: float | double.


      


Returns the wrapped 3x3 matrix initialized to zeroes.
Zero = glm:mat3(double).

  



  
    
      
    
    
      mat3(T, V)



        
          
        

    

  


  

      

          -spec mat3(T, float()) -> mat3(T) when T :: float | double.


      


Returns a wrapped 3x3 matrix with every element initialized to V.
Filled = glm:mat3(double, 1.0).

  



  
    
      
    
    
      mat3(T, M11, M21, M31, M12, M22, M32, M13, M23, M33)



        
          
        

    

  


  

      

          -spec mat3(T, float(), float(), float(), float(), float(), float(), float(), float(), float()) ->
              mat3(T)
              when T :: float | double.


      


Builds a wrapped 3x3 matrix from explicit column-major values.
Basis = glm:mat3(double,
    1.0, 2.0, 3.0,
    4.0, 5.0, 6.0,
    7.0, 8.0, 9.0).

  



  
    
      
    
    
      mat3_element/2



        
          
        

    

  


  

      

          -spec mat3_element(mat3(T), 1..9) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
5.0 = glm:mat3_element(glm:mat3(double,
    1.0, 2.0, 3.0,
    4.0, 5.0, 6.0,
    7.0, 8.0, 9.0), 5).

  



  
    
      
    
    
      mat3_element/3



        
          
        

    

  


  

      

          -spec mat3_element(mat3(T), 1..3, 1..3) -> float() when T :: float | double.


      


Returns the element at column C and row R.
8.0 = glm:mat3_element(glm:mat3(double,
    1.0, 2.0, 3.0,
    4.0, 5.0, 6.0,
    7.0, 8.0, 9.0), 3, 2).

  



  
    
      
    
    
      mat3_set_element/3



        
          
        

    

  


  

      

          -spec mat3_set_element(mat3(T), 1..9, float()) -> mat3(T) when T :: float | double.


      


Returns a copy of a wrapped 3x3 matrix with the element at linear index I
replaced by V.
Updated = glm:mat3_set_element(glm:mat3(double), 5, 2.0).

  



  
    
      
    
    
      mat3_set_element/4



        
          
        

    

  


  

      

          -spec mat3_set_element(mat3(T), 1..3, 1..3, float()) -> mat3(T) when T :: float | double.


      


Returns a copy of a wrapped 3x3 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat3_set_element(glm:mat3(double), 2, 3, 6.0).

  



  
    
      
    
    
      mat3_values/1



        
          
        

    

  


  

      

          -spec mat3_values(mat3(T)) ->
                     {float(), float(), float(), float(), float(), float(), float(), float(), float()}
                     when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
{1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0} =
    glm:mat3_values(glm:mat3(double,
        1.0, 2.0, 3.0,
        4.0, 5.0, 6.0,
        7.0, 8.0, 9.0)).

  



  
    
      
    
    
      mat3x2(T)



        
          
        

    

  


  

      

          -spec mat3x2(T) -> mat3x2(T) when T :: float | double.


      


Returns the wrapped 3x2 matrix initialized to zeroes.
Zero = glm:mat3x2(double).

  



  
    
      
    
    
      mat3x2(T, V)



        
          
        

    

  


  

      

          -spec mat3x2(T, float()) -> mat3x2(T) when T :: float | double.


      


Returns a wrapped 3x2 matrix with every element initialized to V.
Filled = glm:mat3x2(double, 1.0).

  



  
    
      
    
    
      mat3x2(T, M11, M21, M31, M12, M22, M32)



        
          
        

    

  


  

      

          -spec mat3x2(T, float(), float(), float(), float(), float(), float()) -> mat3x2(T)
                when T :: float | double.


      


Builds a wrapped 3x2 matrix from explicit column-major values.
Matrix = glm:mat3x2(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0).

  



  
    
      
    
    
      mat3x2_element/2



        
          
        

    

  


  

      

          -spec mat3x2_element(mat3x2(T), 1..6) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
6.0 = glm:mat3x2_element(glm:mat3x2(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0), 6).

  



  
    
      
    
    
      mat3x2_element/3



        
          
        

    

  


  

      

          -spec mat3x2_element(mat3x2(T), 1..3, 1..2) -> float() when T :: float | double.


      


Returns the element at column C and row R.
6.0 = glm:mat3x2_element(glm:mat3x2(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0), 3, 2).

  



  
    
      
    
    
      mat3x2_set_element/3



        
          
        

    

  


  

      

          -spec mat3x2_set_element(mat3x2(T), 1..6, float()) -> mat3x2(T) when T :: float | double.


      


Returns a copy of a wrapped 3x2 matrix with the element at linear index I
replaced by V.
Updated = glm:mat3x2_set_element(glm:mat3x2(double), 6, 9.0).

  



  
    
      
    
    
      mat3x2_set_element/4



        
          
        

    

  


  

      

          -spec mat3x2_set_element(mat3x2(T), 1..3, 1..2, float()) -> mat3x2(T) when T :: float | double.


      


Returns a copy of a wrapped 3x2 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat3x2_set_element(glm:mat3x2(double), 3, 2, 9.0).

  



  
    
      
    
    
      mat3x2_values/1



        
          
        

    

  


  

      

          -spec mat3x2_values(mat3x2(T)) -> {float(), float(), float(), float(), float(), float()}
                       when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
{1.0, 2.0, 3.0, 4.0, 5.0, 6.0} =
    glm:mat3x2_values(glm:mat3x2(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0)).

  



  
    
      
    
    
      mat3x4(T)



        
          
        

    

  


  

      

          -spec mat3x4(T) -> mat3x4(T) when T :: float | double.


      


Returns the wrapped 3x4 matrix initialized to zeroes.
Zero = glm:mat3x4(double).

  



  
    
      
    
    
      mat3x4(T, V)



        
          
        

    

  


  

      

          -spec mat3x4(T, float()) -> mat3x4(T) when T :: float | double.


      


Returns a wrapped 3x4 matrix with every element initialized to V.
Filled = glm:mat3x4(double, 1.0).

  



  
    
      
    
    
      mat3x4(T, M11, M21, M31, M12, M22, M32, M13, M23, M33, M14, M24, M34)



        
          
        

    

  


  

      

          -spec mat3x4(T,
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float()) ->
                mat3x4(T)
                when T :: float | double.


      


Builds a wrapped 3x4 matrix from explicit column-major values.
Matrix = glm:mat3x4(double,
    1.0, 2.0, 3.0,
    4.0, 5.0, 6.0,
    7.0, 8.0, 9.0,
    10.0, 11.0, 12.0).

  



  
    
      
    
    
      mat3x4_element/2



        
          
        

    

  


  

      

          -spec mat3x4_element(mat3x4(T), 1..12) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
12.0 = glm:mat3x4_element(glm:mat3x4(double,
    1.0, 2.0, 3.0,
    4.0, 5.0, 6.0,
    7.0, 8.0, 9.0,
    10.0, 11.0, 12.0), 12).

  



  
    
      
    
    
      mat3x4_element/3



        
          
        

    

  


  

      

          -spec mat3x4_element(mat3x4(T), 1..3, 1..4) -> float() when T :: float | double.


      


Returns the element at column C and row R.
12.0 = glm:mat3x4_element(glm:mat3x4(double,
    1.0, 2.0, 3.0,
    4.0, 5.0, 6.0,
    7.0, 8.0, 9.0,
    10.0, 11.0, 12.0), 3, 4).

  



  
    
      
    
    
      mat3x4_set_element/3



        
          
        

    

  


  

      

          -spec mat3x4_set_element(mat3x4(T), 1..12, float()) -> mat3x4(T) when T :: float | double.


      


Returns a copy of a wrapped 3x4 matrix with the element at linear index I
replaced by V.
Updated = glm:mat3x4_set_element(glm:mat3x4(double), 12, 9.0).

  



  
    
      
    
    
      mat3x4_set_element/4



        
          
        

    

  


  

      

          -spec mat3x4_set_element(mat3x4(T), 1..3, 1..4, float()) -> mat3x4(T) when T :: float | double.


      


Returns a copy of a wrapped 3x4 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat3x4_set_element(glm:mat3x4(double), 3, 4, 9.0).

  



  
    
      
    
    
      mat3x4_values/1



        
          
        

    

  


  

      

          -spec mat3x4_values(mat3x4(T)) ->
                       {float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float()}
                       when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
Values = glm:mat3x4_values(glm:mat3x4(double,
    1.0, 2.0, 3.0,
    4.0, 5.0, 6.0,
    7.0, 8.0, 9.0,
    10.0, 11.0, 12.0)).

  



  
    
      
    
    
      mat4(T)



        
          
        

    

  


  

      

          -spec mat4(T) -> mat4(T) when T :: float | double.


      


Returns the wrapped 4x4 matrix initialized to zeroes.
Zero = glm:mat4(double).

  



  
    
      
    
    
      mat4(T, V)



        
          
        

    

  


  

      

          -spec mat4(T, float()) -> mat4(T) when T :: float | double.


      


Returns a wrapped 4x4 matrix with every element initialized to V.
Filled = glm:mat4(double, 1.0).

  



  
    
      
    
    
      mat4(T, M11, M21, M31, M41, M12, M22, M32, M42, M13, M23, M33, M43, M14, M24, M34, M44)



        
          
        

    

  


  

      

          -spec mat4(T,
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float()) ->
              mat4(T)
              when T :: float | double.


      


Builds a wrapped 4x4 matrix from explicit column-major values.
Transform = glm:mat4(double,
    1.0, 0.0, 0.0, 0.0,
    0.0, 1.0, 0.0, 0.0,
    0.0, 0.0, 1.0, 0.0,
    0.0, 0.0, 0.0, 1.0).

  



  
    
      
    
    
      mat4_element/2



        
          
        

    

  


  

      

          -spec mat4_element(mat4(T), 1..16) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
1.0 = glm:mat4_element(glm:mat4(double,
    1.0, 0.0, 0.0, 0.0,
    0.0, 1.0, 0.0, 0.0,
    0.0, 0.0, 1.0, 0.0,
    0.0, 0.0, 0.0, 1.0), 1).

  



  
    
      
    
    
      mat4_element/3



        
          
        

    

  


  

      

          -spec mat4_element(mat4(T), 1..4, 1..4) -> float() when T :: float | double.


      


Returns the element at column C and row R.
1.0 = glm:mat4_element(glm:mat4(double,
    1.0, 0.0, 0.0, 0.0,
    0.0, 1.0, 0.0, 0.0,
    0.0, 0.0, 1.0, 0.0,
    0.0, 0.0, 0.0, 1.0), 4, 4).

  



  
    
      
    
    
      mat4_set_element/3



        
          
        

    

  


  

      

          -spec mat4_set_element(mat4(T), 1..16, float()) -> mat4(T) when T :: float | double.


      


Returns a copy of a wrapped 4x4 matrix with the element at linear index I
replaced by V.
Updated = glm:mat4_set_element(glm:mat4(double), 16, 1.0).

  



  
    
      
    
    
      mat4_set_element/4



        
          
        

    

  


  

      

          -spec mat4_set_element(mat4(T), 1..4, 1..4, float()) -> mat4(T) when T :: float | double.


      


Returns a copy of a wrapped 4x4 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat4_set_element(glm:mat4(double), 4, 4, 1.0).

  



  
    
      
    
    
      mat4_values/1



        
          
        

    

  


  

      

          -spec mat4_values(mat4(T)) ->
                     {float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float()}
                     when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
Values = glm:mat4_values(glm:mat4(double,
    1.0, 0.0, 0.0, 0.0,
    0.0, 1.0, 0.0, 0.0,
    0.0, 0.0, 1.0, 0.0,
    0.0, 0.0, 0.0, 1.0)).

  



  
    
      
    
    
      mat4x2(T)



        
          
        

    

  


  

      

          -spec mat4x2(T) -> mat4x2(T) when T :: float | double.


      


Returns the wrapped 4x2 matrix initialized to zeroes.
Zero = glm:mat4x2(double).

  



  
    
      
    
    
      mat4x2(T, V)



        
          
        

    

  


  

      

          -spec mat4x2(T, float()) -> mat4x2(T) when T :: float | double.


      


Returns a wrapped 4x2 matrix with every element initialized to V.
Filled = glm:mat4x2(double, 1.0).

  



  
    
      
    
    
      mat4x2(T, M11, M21, M31, M41, M12, M22, M32, M42)



        
          
        

    

  


  

      

          -spec mat4x2(T, float(), float(), float(), float(), float(), float(), float(), float()) -> mat4x2(T)
                when T :: float | double.


      


Builds a wrapped 4x2 matrix from explicit column-major values.
Matrix = glm:mat4x2(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0).

  



  
    
      
    
    
      mat4x2_element/2



        
          
        

    

  


  

      

          -spec mat4x2_element(mat4x2(T), 1..8) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
8.0 = glm:mat4x2_element(glm:mat4x2(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0), 8).

  



  
    
      
    
    
      mat4x2_element/3



        
          
        

    

  


  

      

          -spec mat4x2_element(mat4x2(T), 1..4, 1..2) -> float() when T :: float | double.


      


Returns the element at column C and row R.
8.0 = glm:mat4x2_element(glm:mat4x2(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0), 4, 2).

  



  
    
      
    
    
      mat4x2_set_element/3



        
          
        

    

  


  

      

          -spec mat4x2_set_element(mat4x2(T), 1..8, float()) -> mat4x2(T) when T :: float | double.


      


Returns a copy of a wrapped 4x2 matrix with the element at linear index I
replaced by V.
Updated = glm:mat4x2_set_element(glm:mat4x2(double), 8, 9.0).

  



  
    
      
    
    
      mat4x2_set_element/4



        
          
        

    

  


  

      

          -spec mat4x2_set_element(mat4x2(T), 1..4, 1..2, float()) -> mat4x2(T) when T :: float | double.


      


Returns a copy of a wrapped 4x2 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat4x2_set_element(glm:mat4x2(double), 4, 2, 9.0).

  



  
    
      
    
    
      mat4x2_values/1



        
          
        

    

  


  

      

          -spec mat4x2_values(mat4x2(T)) ->
                       {float(), float(), float(), float(), float(), float(), float(), float()}
                       when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
{1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0} =
    glm:mat4x2_values(glm:mat4x2(double, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0)).

  



  
    
      
    
    
      mat4x3(T)



        
          
        

    

  


  

      

          -spec mat4x3(T) -> mat4x3(T) when T :: float | double.


      


Returns the wrapped 4x3 matrix initialized to zeroes.
Zero = glm:mat4x3(double).

  



  
    
      
    
    
      mat4x3(T, V)



        
          
        

    

  


  

      

          -spec mat4x3(T, float()) -> mat4x3(T) when T :: float | double.


      


Returns a wrapped 4x3 matrix with every element initialized to V.
Filled = glm:mat4x3(double, 1.0).

  



  
    
      
    
    
      mat4x3(T, M11, M21, M31, M41, M12, M22, M32, M42, M13, M23, M33, M43)



        
          
        

    

  


  

      

          -spec mat4x3(T,
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float()) ->
                mat4x3(T)
                when T :: float | double.


      


Builds a wrapped 4x3 matrix from explicit column-major values.
Matrix = glm:mat4x3(double,
    1.0, 2.0, 3.0, 4.0,
    5.0, 6.0, 7.0, 8.0,
    9.0, 10.0, 11.0, 12.0).

  



  
    
      
    
    
      mat4x3_element/2



        
          
        

    

  


  

      

          -spec mat4x3_element(mat4x3(T), 1..12) -> float() when T :: float | double.


      


Returns the element at the 1-based linear index I in column-major order.
12.0 = glm:mat4x3_element(glm:mat4x3(double,
    1.0, 2.0, 3.0, 4.0,
    5.0, 6.0, 7.0, 8.0,
    9.0, 10.0, 11.0, 12.0), 12).

  



  
    
      
    
    
      mat4x3_element/3



        
          
        

    

  


  

      

          -spec mat4x3_element(mat4x3(T), 1..4, 1..3) -> float() when T :: float | double.


      


Returns the element at column C and row R.
12.0 = glm:mat4x3_element(glm:mat4x3(double,
    1.0, 2.0, 3.0, 4.0,
    5.0, 6.0, 7.0, 8.0,
    9.0, 10.0, 11.0, 12.0), 4, 3).

  



  
    
      
    
    
      mat4x3_set_element/3



        
          
        

    

  


  

      

          -spec mat4x3_set_element(mat4x3(T), 1..12, float()) -> mat4x3(T) when T :: float | double.


      


Returns a copy of a wrapped 4x3 matrix with the element at linear index I
replaced by V.
Updated = glm:mat4x3_set_element(glm:mat4x3(double), 12, 9.0).

  



  
    
      
    
    
      mat4x3_set_element/4



        
          
        

    

  


  

      

          -spec mat4x3_set_element(mat4x3(T), 1..4, 1..3, float()) -> mat4x3(T) when T :: float | double.


      


Returns a copy of a wrapped 4x3 matrix with the element at column C and row
R replaced by V.
Updated = glm:mat4x3_set_element(glm:mat4x3(double), 4, 3, 9.0).

  



  
    
      
    
    
      mat4x3_values/1



        
          
        

    

  


  

      

          -spec mat4x3_values(mat4x3(T)) ->
                       {float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float()}
                       when T :: float | double.


      


Returns the matrix elements as a BEAM tuple in column-major order.
Values = glm:mat4x3_values(glm:mat4x3(double,
    1.0, 2.0, 3.0, 4.0,
    5.0, 6.0, 7.0, 8.0,
    9.0, 10.0, 11.0, 12.0)).

  



  
    
      
    
    
      quat(T)



        
          
        

    

  


  

      

          -spec quat(T) -> quat(T) when T :: float | double.


      


Returns the wrapped quaternion initialized to the identity rotation.
Identity = glm:quat(double).

  



  
    
      
    
    
      quat(T, W, X, Y, Z)



        
          
        

    

  


  

      

          -spec quat(T, float(), float(), float(), float()) -> quat(T) when T :: float | double.


      


Builds a wrapped quaternion from explicit w, x, y, and z components.
QuarterTurn = glm:quat(double, 0.7071067811865476, 0.0, 0.0, 0.7071067811865475).

  



  
    
      
    
    
      quat_set_w/2



        
          
        

    

  


  

      

          -spec quat_set_w(quat(T), float()) -> quat(T) when T :: float | double.


      


Returns a copy of a wrapped quaternion with its w component replaced.
Updated = glm:quat_set_w(glm:quat(double), 0.5).

  



  
    
      
    
    
      quat_set_x/2



        
          
        

    

  


  

      

          -spec quat_set_x(quat(T), float()) -> quat(T) when T :: float | double.


      


Returns a copy of a wrapped quaternion with its x component replaced.
Updated = glm:quat_set_x(glm:quat(double), 0.25).

  



  
    
      
    
    
      quat_set_y/2



        
          
        

    

  


  

      

          -spec quat_set_y(quat(T), float()) -> quat(T) when T :: float | double.


      


Returns a copy of a wrapped quaternion with its y component replaced.
Updated = glm:quat_set_y(glm:quat(double), 0.25).

  



  
    
      
    
    
      quat_set_z/2



        
          
        

    

  


  

      

          -spec quat_set_z(quat(T), float()) -> quat(T) when T :: float | double.


      


Returns a copy of a wrapped quaternion with its z component replaced.
Updated = glm:quat_set_z(glm:quat(double), 0.25).

  



  
    
      
    
    
      quat_values/1



        
          
        

    

  


  

      

          -spec quat_values(quat(T)) -> {float(), float(), float(), float()} when T :: float | double.


      


Returns the components of a wrapped quaternion as a {W, X, Y, Z} tuple.
{1.0, 0.0, 0.0, 0.0} = glm:quat_values(glm:quat(double)).

  



  
    
      
    
    
      quat_w/1



        
          
        

    

  


  

      

          -spec quat_w(quat(T)) -> float() when T :: float | double.


      


Returns the w component of a wrapped quaternion.
1.0 = glm:quat_w(glm:quat(double)).

  



  
    
      
    
    
      quat_x/1



        
          
        

    

  


  

      

          -spec quat_x(quat(T)) -> float() when T :: float | double.


      


Returns the x component of a wrapped quaternion.
0.0 = glm:quat_x(glm:quat(double)).

  



  
    
      
    
    
      quat_y/1



        
          
        

    

  


  

      

          -spec quat_y(quat(T)) -> float() when T :: float | double.


      


Returns the y component of a wrapped quaternion.
0.0 = glm:quat_y(glm:quat(double)).

  



  
    
      
    
    
      quat_z/1



        
          
        

    

  


  

      

          -spec quat_z(quat(T)) -> float() when T :: float | double.


      


Returns the z component of a wrapped quaternion.
0.0 = glm:quat_z(glm:quat(double)).

  



  
    
      
    
    
      scalar(T)



        
          
        

    

  


  

      

          -spec scalar(T) -> scalar(T) when T :: type().


      


Returns the zero-initialized wrapped scalar for the given GLM type tag.
{scalar, float, _} = glm:scalar(float).
{scalar, {int, 32}, _} = glm:scalar({int, 32}).

  



  
    
      
    
    
      scalar(T, V)



        
          
        

    

  


  

      

          -spec scalar(T, term()) -> scalar(T) when T :: type().


      


Wraps a BEAM value using an explicit GLM type tag.
{scalar, {uint, 16}, _} = glm:scalar({uint, 16}, 7).
{scalar, float, _} = glm:scalar(float, 1.5).
Raises the same {invalid_value, ...} exceptions as the specialized scalar
constructors when V does not match T.

  



  
    
      
    
    
      scalar_value/1



        
          
        

    

  


  

      

          -spec scalar_value(scalar(T)) -> term() when T :: type().


      


Extracts the BEAM value stored in any wrapped scalar.
7 = glm:scalar_value(glm:scalar({uint, 16}, 7)).
1.5 = glm:scalar_value(glm:scalar(float, 1.5)).

  



  
    
      
    
    
      uint8()



        
          
        

    

  


  

      

          -spec uint8() -> scalar({uint, 8}).


      


Returns the wrapped unsigned 8-bit scalar initialized to 0.
Zero = glm:uint8().

  



  
    
      
    
    
      uint8(V)



        
          
        

    

  


  

      

          -spec uint8(non_neg_integer()) -> scalar({uint, 8}).


      


Wraps a non-negative BEAM integer as an unsigned 8-bit GLM scalar.
Uint8 = glm:uint8(255).
Raises {invalid_value, {expected_uint8, V}} when V falls outside the valid
8-bit unsigned range.

  



  
    
      
    
    
      uint8_value/1



        
          
        

    

  


  

      

          -spec uint8_value(scalar({uint, 8})) -> non_neg_integer().


      


Extracts the BEAM integer value from a wrapped unsigned 8-bit scalar.
255 = glm:uint8_value(glm:uint8(255)).

  



  
    
      
    
    
      uint16()



        
          
        

    

  


  

      

          -spec uint16() -> scalar({uint, 16}).


      


Returns the wrapped unsigned 16-bit scalar initialized to 0.
Zero = glm:uint16().

  



  
    
      
    
    
      uint16(V)



        
          
        

    

  


  

      

          -spec uint16(non_neg_integer()) -> scalar({uint, 16}).


      


Wraps a non-negative BEAM integer as an unsigned 16-bit GLM scalar.
Uint16 = glm:uint16(4096).
Raises {invalid_value, {expected_uint16, V}} when V falls outside the
valid 16-bit unsigned range.

  



  
    
      
    
    
      uint16_value/1



        
          
        

    

  


  

      

          -spec uint16_value(scalar({uint, 16})) -> non_neg_integer().


      


Extracts the BEAM integer value from a wrapped unsigned 16-bit scalar.
4096 = glm:uint16_value(glm:uint16(4096)).

  



  
    
      
    
    
      uint32()



        
          
        

    

  


  

      

          -spec uint32() -> scalar({uint, 32}).


      


Returns the wrapped unsigned 32-bit scalar initialized to 0.
Zero = glm:uint32().

  



  
    
      
    
    
      uint32(V)



        
          
        

    

  


  

      

          -spec uint32(non_neg_integer()) -> scalar({uint, 32}).


      


Wraps a non-negative BEAM integer as an unsigned 32-bit GLM scalar.
Uint32 = glm:uint32(1 bsl 24).
Raises {invalid_value, {expected_uint32, V}} when V falls outside the
valid 32-bit unsigned range.

  



  
    
      
    
    
      uint32_value/1



        
          
        

    

  


  

      

          -spec uint32_value(scalar({uint, 32})) -> non_neg_integer().


      


Extracts the BEAM integer value from a wrapped unsigned 32-bit scalar.
16777216 = glm:uint32_value(glm:uint32(1 bsl 24)).

  



  
    
      
    
    
      uint64()



        
          
        

    

  


  

      

          -spec uint64() -> scalar({uint, 64}).


      


Returns the wrapped unsigned 64-bit scalar initialized to 0.
Zero = glm:uint64().

  



  
    
      
    
    
      uint64(V)



        
          
        

    

  


  

      

          -spec uint64(non_neg_integer()) -> scalar({uint, 64}).


      


Wraps a non-negative BEAM integer as an unsigned 64-bit GLM scalar.
Uint64 = glm:uint64(1 bsl 48).
Raises {invalid_value, {expected_uint64, V}} when V falls outside the
valid 64-bit unsigned range.

  



  
    
      
    
    
      uint64_value/1



        
          
        

    

  


  

      

          -spec uint64_value(scalar({uint, 64})) -> non_neg_integer().


      


Extracts the BEAM integer value from a wrapped unsigned 64-bit scalar.
281474976710656 = glm:uint64_value(glm:uint64(1 bsl 48)).

  



  
    
      
    
    
      vec2(T)



        
          
        

    

  


  

      

          -spec vec2(T) -> vec2(T) when T :: type().


      


Returns the wrapped 2-component vector initialized to zeroes.
Zero = glm:vec2(float).

  



  
    
      
    
    
      vec2(T, V)



        
          
        

    

  


  

      

          -spec vec2(T, term()) -> vec2(T) when T :: type().


      


Returns a wrapped 2-component vector with both components initialized to V.
Unit = glm:vec2(float, 1.0).

  



  
    
      
    
    
      vec2(T, X, Y)



        
          
        

    

  


  

      

          -spec vec2(T, term(), term()) -> vec2(T) when T :: type().


      


Builds a wrapped 2-component vector from explicit component values.
Position = glm:vec2(float, 10.0, 20.0).

  



  
    
      
    
    
      vec2_set_x/2



        
          
        

    

  


  

      

          -spec vec2_set_x(vec2(T), term()) -> vec2(T) when T :: type().


      


Returns a copy of a wrapped 2-component vector with its x component replaced.
Moved = glm:vec2_set_x(glm:vec2(float, 10.0, 20.0), 15.0).

  



  
    
      
    
    
      vec2_set_y/2



        
          
        

    

  


  

      

          -spec vec2_set_y(vec2(T), term()) -> vec2(T) when T :: type().


      


Returns a copy of a wrapped 2-component vector with its y component replaced.
Moved = glm:vec2_set_y(glm:vec2(float, 10.0, 20.0), 25.0).

  



  
    
      
    
    
      vec2_values/1



        
          
        

    

  


  

      

          -spec vec2_values(vec2(T)) -> {term(), term()} when T :: type().


      


Returns the components of a wrapped 2-component vector as a BEAM tuple.
{10.0, 20.0} = glm:vec2_values(glm:vec2(float, 10.0, 20.0)).

  



  
    
      
    
    
      vec2_x/1



        
          
        

    

  


  

      

          -spec vec2_x(vec2(T)) -> term() when T :: type().


      


Returns the x component of a wrapped 2-component vector.
10.0 = glm:vec2_x(glm:vec2(float, 10.0, 20.0)).

  



  
    
      
    
    
      vec2_y/1



        
          
        

    

  


  

      

          -spec vec2_y(vec2(T)) -> term() when T :: type().


      


Returns the y component of a wrapped 2-component vector.
20.0 = glm:vec2_y(glm:vec2(float, 10.0, 20.0)).

  



  
    
      
    
    
      vec3(T)



        
          
        

    

  


  

      

          -spec vec3(T) -> vec3(T) when T :: type().


      


Returns the wrapped 3-component vector initialized to zeroes.
Zero = glm:vec3(double).

  



  
    
      
    
    
      vec3(T, V)



        
          
        

    

  


  

      

          -spec vec3(T, term()) -> vec3(T) when T :: type().


      


Returns a wrapped 3-component vector with every component initialized to V.
Ones = glm:vec3(double, 1.0).

  



  
    
      
    
    
      vec3(T, X, Y, Z)



        
          
        

    

  


  

      

          -spec vec3(T, term(), term(), term()) -> vec3(T) when T :: type().


      


Builds a wrapped 3-component vector from explicit component values.
Axis = glm:vec3(double, 0.0, 1.0, 0.0).

  



  
    
      
    
    
      vec3_set_x/2



        
          
        

    

  


  

      

          -spec vec3_set_x(vec3(T), term()) -> vec3(T) when T :: type().


      


Returns a copy of a wrapped 3-component vector with its x component replaced.
Updated = glm:vec3_set_x(glm:vec3(double, 1.0, 2.0, 3.0), 4.0).

  



  
    
      
    
    
      vec3_set_y/2



        
          
        

    

  


  

      

          -spec vec3_set_y(vec3(T), term()) -> vec3(T) when T :: type().


      


Returns a copy of a wrapped 3-component vector with its y component replaced.
Updated = glm:vec3_set_y(glm:vec3(double, 1.0, 2.0, 3.0), 5.0).

  



  
    
      
    
    
      vec3_set_z/2



        
          
        

    

  


  

      

          -spec vec3_set_z(vec3(T), term()) -> vec3(T) when T :: type().


      


Returns a copy of a wrapped 3-component vector with its z component replaced.
Updated = glm:vec3_set_z(glm:vec3(double, 1.0, 2.0, 3.0), 6.0).

  



  
    
      
    
    
      vec3_values/1



        
          
        

    

  


  

      

          -spec vec3_values(vec3(T)) -> {term(), term(), term()} when T :: type().


      


Returns the components of a wrapped 3-component vector as a BEAM tuple.
{1.0, 2.0, 3.0} = glm:vec3_values(glm:vec3(double, 1.0, 2.0, 3.0)).

  



  
    
      
    
    
      vec3_x/1



        
          
        

    

  


  

      

          -spec vec3_x(vec3(T)) -> term() when T :: type().


      


Returns the x component of a wrapped 3-component vector.
1.0 = glm:vec3_x(glm:vec3(double, 1.0, 2.0, 3.0)).

  



  
    
      
    
    
      vec3_y/1



        
          
        

    

  


  

      

          -spec vec3_y(vec3(T)) -> term() when T :: type().


      


Returns the y component of a wrapped 3-component vector.
2.0 = glm:vec3_y(glm:vec3(double, 1.0, 2.0, 3.0)).

  



  
    
      
    
    
      vec3_z/1



        
          
        

    

  


  

      

          -spec vec3_z(vec3(T)) -> term() when T :: type().


      


Returns the z component of a wrapped 3-component vector.
3.0 = glm:vec3_z(glm:vec3(double, 1.0, 2.0, 3.0)).

  



  
    
      
    
    
      vec4(T)



        
          
        

    

  


  

      

          -spec vec4(T) -> vec4(T) when T :: type().


      


Returns the wrapped 4-component vector initialized to zeroes.
Zero = glm:vec4(float).

  



  
    
      
    
    
      vec4(T, V)



        
          
        

    

  


  

      

          -spec vec4(T, term()) -> vec4(T) when T :: type().


      


Returns a wrapped 4-component vector with every component initialized to V.
Color = glm:vec4(float, 1.0).

  



  
    
      
    
    
      vec4(T, X, Y, Z, W)



        
          
        

    

  


  

      

          -spec vec4(T, term(), term(), term(), term()) -> vec4(T) when T :: type().


      


Builds a wrapped 4-component vector from explicit component values.
Color = glm:vec4(float, 1.0, 0.5, 0.0, 1.0).

  



  
    
      
    
    
      vec4_set_w/2



        
          
        

    

  


  

      

          -spec vec4_set_w(vec4(T), term()) -> vec4(T) when T :: type().


      


Returns a copy of a wrapped 4-component vector with its w component replaced.
Updated = glm:vec4_set_w(glm:vec4(float, 1.0, 2.0, 3.0, 4.0), 8.0).

  



  
    
      
    
    
      vec4_set_x/2



        
          
        

    

  


  

      

          -spec vec4_set_x(vec4(T), term()) -> vec4(T) when T :: type().


      


Returns a copy of a wrapped 4-component vector with its x component replaced.
Updated = glm:vec4_set_x(glm:vec4(float, 1.0, 2.0, 3.0, 4.0), 5.0).

  



  
    
      
    
    
      vec4_set_y/2



        
          
        

    

  


  

      

          -spec vec4_set_y(vec4(T), term()) -> vec4(T) when T :: type().


      


Returns a copy of a wrapped 4-component vector with its y component replaced.
Updated = glm:vec4_set_y(glm:vec4(float, 1.0, 2.0, 3.0, 4.0), 6.0).

  



  
    
      
    
    
      vec4_set_z/2



        
          
        

    

  


  

      

          -spec vec4_set_z(vec4(T), term()) -> vec4(T) when T :: type().


      


Returns a copy of a wrapped 4-component vector with its z component replaced.
Updated = glm:vec4_set_z(glm:vec4(float, 1.0, 2.0, 3.0, 4.0), 7.0).

  



  
    
      
    
    
      vec4_values/1



        
          
        

    

  


  

      

          -spec vec4_values(vec4(T)) -> {term(), term(), term(), term()} when T :: type().


      


Returns the components of a wrapped 4-component vector as a BEAM tuple.
{1.0, 2.0, 3.0, 4.0} = glm:vec4_values(glm:vec4(float, 1.0, 2.0, 3.0, 4.0)).

  



  
    
      
    
    
      vec4_w/1



        
          
        

    

  


  

      

          -spec vec4_w(vec4(T)) -> term() when T :: type().


      


Returns the w component of a wrapped 4-component vector.
4.0 = glm:vec4_w(glm:vec4(float, 1.0, 2.0, 3.0, 4.0)).

  



  
    
      
    
    
      vec4_x/1



        
          
        

    

  


  

      

          -spec vec4_x(vec4(T)) -> term() when T :: type().


      


Returns the x component of a wrapped 4-component vector.
1.0 = glm:vec4_x(glm:vec4(float, 1.0, 2.0, 3.0, 4.0)).

  



  
    
      
    
    
      vec4_y/1



        
          
        

    

  


  

      

          -spec vec4_y(vec4(T)) -> term() when T :: type().


      


Returns the y component of a wrapped 4-component vector.
2.0 = glm:vec4_y(glm:vec4(float, 1.0, 2.0, 3.0, 4.0)).

  



  
    
      
    
    
      vec4_z/1



        
          
        

    

  


  

      

          -spec vec4_z(vec4(T)) -> term() when T :: type().


      


Returns the z component of a wrapped 4-component vector.
3.0 = glm:vec4_z(glm:vec4(float, 1.0, 2.0, 3.0, 4.0)).

  


        

      


  

    
glm_angle 
    



      
OpenGL Mathematics (GLM) angle and trigonometric functions for the BEAM.
It groups angle conversion together with trigonometric,
inverse-trigonometric, and hyperbolic functions on wrapped floating-point
scalars and vectors. It includes radians/1, degrees/1, sin/1, cos/1,
tan/1, asin/1, acos/1, atan/1, sinh/1, cosh/1, tanh/1,
asinh/1, acosh/1, and atanh/1.
Supported operands:
	float and double scalars
	vec2, vec3, and vec4 with float or double components

Typical calls look like:
QuarterTurn = glm_angle:radians(glm:double(90.0)).
HalfPi = glm:double_value(QuarterTurn).

UnitY = glm_angle:sin(glm:vec2(double, 0.0, HalfPi)).
0.0 = glm:vec2_x(UnitY).
1.0 = glm:vec2_y(UnitY).

BackToDegrees = glm_angle:degrees(glm:vec2(double, HalfPi, math:pi())).
90.0 = glm:vec2_x(BackToDegrees).
180.0 = glm:vec2_y(BackToDegrees).
These examples show the same wrapped unary workflow on both scalars and
vectors.

      


      
        Summary


  
    Functions
  


    
      
        acos/1

      


        Compute the arc cosine component-wise.



    


    
      
        acosh/1

      


        Compute the inverse hyperbolic cosine component-wise.



    


    
      
        asin/1

      


        Compute the arc sine component-wise.



    


    
      
        asinh/1

      


        Compute the inverse hyperbolic sine component-wise.



    


    
      
        atan/1

      


        Compute the arc tangent component-wise.



    


    
      
        atanh/1

      


        Compute the inverse hyperbolic tangent component-wise.



    


    
      
        cos/1

      


        Compute the cosine component-wise.



    


    
      
        cosh/1

      


        Compute the hyperbolic cosine component-wise.



    


    
      
        degrees/1

      


        Convert radians to degrees component-wise.



    


    
      
        radians/1

      


        Convert degrees to radians component-wise.



    


    
      
        sin/1

      


        Compute the sine component-wise.



    


    
      
        sinh/1

      


        Compute the hyperbolic sine component-wise.



    


    
      
        tan/1

      


        Compute the tangent component-wise.



    


    
      
        tanh/1

      


        Compute the hyperbolic tangent component-wise.



    





      


      
        Functions


        


  
    
      
    
    
      acos/1



        
          
        

    

  


  

      

          -spec acos(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the arc cosine component-wise.
Angle = glm_angle:acos(glm:double(1.0)).
0.0 = glm:double_value(Angle).

  



  
    
      
    
    
      acosh/1



        
          
        

    

  


  

      

          -spec acosh(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
           (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the inverse hyperbolic cosine component-wise.
Value = glm_angle:acosh(glm:double(1.0)).
0.0 = glm:double_value(Value).

  



  
    
      
    
    
      asin/1



        
          
        

    

  


  

      

          -spec asin(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the arc sine component-wise.
Angle = glm_angle:asin(glm:double(0.0)).
0.0 = glm:double_value(Angle).

  



  
    
      
    
    
      asinh/1



        
          
        

    

  


  

      

          -spec asinh(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
           (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the inverse hyperbolic sine component-wise.
Value = glm_angle:asinh(glm:double(0.0)).
0.0 = glm:double_value(Value).

  



  
    
      
    
    
      atan/1



        
          
        

    

  


  

      

          -spec atan(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the arc tangent component-wise.
Angle = glm_angle:atan(glm:double(1.0)).
_ = glm:double_value(Angle).

  



  
    
      
    
    
      atanh/1



        
          
        

    

  


  

      

          -spec atanh(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
           (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the inverse hyperbolic tangent component-wise.
Value = glm_angle:atanh(glm:double(0.0)).
0.0 = glm:double_value(Value).

  



  
    
      
    
    
      cos/1



        
          
        

    

  


  

      

          -spec cos(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the cosine component-wise.
Value = glm_angle:cos(glm:double(0.0)).
1.0 = glm:double_value(Value).

  



  
    
      
    
    
      cosh/1



        
          
        

    

  


  

      

          -spec cosh(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the hyperbolic cosine component-wise.
Value = glm_angle:cosh(glm:double(0.0)).
1.0 = glm:double_value(Value).

  



  
    
      
    
    
      degrees/1



        
          
        

    

  


  

      

          -spec degrees(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
             (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Convert radians to degrees component-wise.
Degrees = glm_angle:degrees(glm:double(math:pi())).
180.0 = glm:double_value(Degrees).

  



  
    
      
    
    
      radians/1



        
          
        

    

  


  

      

          -spec radians(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
             (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Convert degrees to radians component-wise.
Radians = glm_angle:radians(glm:double(180.0)).
_ = glm:double_value(Radians).

  



  
    
      
    
    
      sin/1



        
          
        

    

  


  

      

          -spec sin(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the sine component-wise.
Value = glm_angle:sin(glm:double(math:pi() / 2.0)).
1.0 = glm:double_value(Value).

  



  
    
      
    
    
      sinh/1



        
          
        

    

  


  

      

          -spec sinh(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the hyperbolic sine component-wise.
Value = glm_angle:sinh(glm:double(0.0)).
0.0 = glm:double_value(Value).

  



  
    
      
    
    
      tan/1



        
          
        

    

  


  

      

          -spec tan(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the tangent component-wise.
Value = glm_angle:tan(glm:double(math:pi() / 4.0)).
1.0 = glm:double_value(Value).

  



  
    
      
    
    
      tanh/1



        
          
        

    

  


  

      

          -spec tanh(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the hyperbolic tangent component-wise.
Value = glm_angle:tanh(glm:double(0.0)).
0.0 = glm:double_value(Value).

  


        

      


  

    
glm_common 
    



      
OpenGL Mathematics (GLM) common functions for the BEAM.
It exposes GLM's common scalar and vector helpers while preserving the wrapped
BEAM shapes defined in glm. It includes arithmetic helpers such as abs/1,
min/2, max/2, clamp/3, mix/3, step/2, and smoothstep/3, rounding
helpers such as ceil/1, floor/1, round/1, round_even/1, and trunc/1,
bit reinterpretation helpers, and tuple-returning operations such as frexp/1
and modf/1.
Functions that naturally produce more than one value return wrapped tuples
instead of raw payloads.

      


      
        Summary


  
    Functions
  


    
      
        abs/1

      


        Returns the absolute value of a wrapped scalar or of each component in a
wrapped vector.



    


    
      
        ceil/1

      


        Rounds each floating-point value upward while preserving the wrapped input
shape.



    


    
      
        clamp/3

      


        Clamps each value in X between MinVal and MaxVal.



    


    
      
        float_bits_to_int/1

      


        Reinterprets the bit pattern of a float scalar or vector as signed 32-bit
integers.



    


    
      
        float_bits_to_uint/1

      


        Reinterprets the bit pattern of a float scalar or vector as unsigned 32-bit
integers.



    


    
      
        floor/1

      


        Rounds each floating-point value downward while preserving the wrapped input
shape.



    


    
      
        fma/3

      


        Computes X * Y + Z for wrapped floating-point scalars or vectors.



    


    
      
        fract/1

      


        Returns the fractional part of each wrapped floating-point value.



    


    
      
        frexp/1

      


        Decomposes wrapped floating-point values into significand and exponent parts.



    


    
      
        int_bits_to_float/1

      


        Reinterprets signed 32-bit integer bits as floating-point values.



    


    
      
        is_inf/1

      


        Returns a wrapped bool vector indicating which components are infinite.



    


    
      
        is_nan/1

      


        Returns a wrapped bool vector indicating which components are NaN.



    


    
      
        ldexp/2

      


        Builds floating-point values from a significand and a base-2 exponent.



    


    
      
        max/2

      


        Returns the greater value of each numeric operand pair.



    


    
      
        min/2

      


        Returns the lesser value of each numeric operand pair.



    


    
      
        mix/3

      


        Linearly interpolates between X and Y using the interpolation factor A.



    


    
      
        mod/2

      


        Returns the floating-point remainder of X / Y.



    


    
      
        modf/1

      


        Splits each floating-point value into fractional and integral parts.



    


    
      
        round/1

      


        Rounds each floating-point vector component to the nearest integral value.



    


    
      
        round_even/1

      


        Rounds each floating-point vector component to the nearest even integral value.



    


    
      
        sign/1

      


        Returns the sign of each signed integer or floating-point value.



    


    
      
        smoothstep/3

      


        Performs smooth Hermite interpolation between 0 and 1 for values in the
range delimited by Edge0 and Edge1.



    


    
      
        step/2

      


        Evaluates the step function for each value in X against Edge.



    


    
      
        trunc/1

      


        Rounds each floating-point value toward zero while preserving the wrapped input
shape.



    


    
      
        uint_bits_to_float/1

      


        Reinterprets unsigned 32-bit integer bits as floating-point values.



    





      


      
        Functions


        


  
    
      
    
    
      abs/1



        
          
        

    

  


  

      

          -spec abs(glm:scalar(T)) -> glm:scalar(T)
             when T :: {int, 8} | {int, 16} | {int, 32} | {int, 64} | float | double;
         (glm:vec(L, T)) -> glm:vec(L, T)
             when T :: {int, 8} | {int, 16} | {int, 32} | {int, 64} | float | double, L :: glm:length().


      


Returns the absolute value of a wrapped scalar or of each component in a
wrapped vector.
It accepts signed integer and floating-point inputs and preserves the input
shape.
Absolute = glm_common:abs(glm:vec3(double, -1.0, 2.0, -3.0)).

  



  
    
      
    
    
      ceil/1



        
          
        

    

  


  

      

          -spec ceil(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Rounds each floating-point value upward while preserving the wrapped input
shape.
Ceiled = glm_common:ceil(glm:vec2(double, 1.2, -1.2)).

  



  
    
      
    
    
      clamp/3



        
          
        

    

  


  

      

          -spec clamp(glm:scalar(T), glm:scalar(T), glm:scalar(T)) -> glm:scalar(T)
               when
                   T ::
                       {int, 8} |
                       {int, 16} |
                       {int, 32} |
                       {int, 64} |
                       {uint, 8} |
                       {uint, 16} |
                       {uint, 32} |
                       {uint, 64} |
                       float | double;
           (glm:vec(L, T), glm:scalar(T), glm:scalar(T)) -> glm:vec(L, T)
               when
                   T ::
                       {int, 8} |
                       {int, 16} |
                       {int, 32} |
                       {int, 64} |
                       {uint, 8} |
                       {uint, 16} |
                       {uint, 32} |
                       {uint, 64} |
                       float | double,
                   L :: glm:length();
           (glm:vec(L, T), glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
               when
                   T ::
                       {int, 8} |
                       {int, 16} |
                       {int, 32} |
                       {int, 64} |
                       {uint, 8} |
                       {uint, 16} |
                       {uint, 32} |
                       {uint, 64} |
                       float | double,
                   L :: glm:length().


      


Clamps each value in X between MinVal and MaxVal.
Accepted operand shapes are scalar/scalar/scalar, vector/scalar/scalar, and
vector/vector/vector. All operands must use the same wrapped element type.
Clamped = glm_common:clamp(
	glm:vec3(double, -1.0, 0.5, 3.0),
	glm:double(0.0),
	glm:double(1.0)
).

  



  
    
      
    
    
      float_bits_to_int/1



        
          
        

    

  


  

      

          -spec float_bits_to_int(glm:float()) -> glm:int32();
                       (glm:vec(L, float)) -> glm:vec(L, {int, 32}) when L :: glm:length().


      


Reinterprets the bit pattern of a float scalar or vector as signed 32-bit
integers.
This is a bit-cast operation. It does not perform a numeric conversion.
IntBits = glm_common:float_bits_to_int(glm:float(1.0)).

  



  
    
      
    
    
      float_bits_to_uint/1



        
          
        

    

  


  

      

          -spec float_bits_to_uint(glm:float()) -> glm:uint32();
                        (glm:vec(L, float)) -> glm:vec(L, {uint, 32}) when L :: glm:length().


      


Reinterprets the bit pattern of a float scalar or vector as unsigned 32-bit
integers.
This is a bit-cast operation. It does not perform a numeric conversion.
UintBits = glm_common:float_bits_to_uint(glm:float(1.0)).

  



  
    
      
    
    
      floor/1



        
          
        

    

  


  

      

          -spec floor(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
           (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Rounds each floating-point value downward while preserving the wrapped input
shape.
Floored = glm_common:floor(glm:vec2(double, 1.8, -1.2)).

  



  
    
      
    
    
      fma/3



        
          
        

    

  


  

      

          -spec fma(glm:scalar(T), glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T), glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
             when T :: float | double, L :: glm:length().


      


Computes X * Y + Z for wrapped floating-point scalars or vectors.
The result keeps the same wrapped shape and element type as the inputs.
Combined = glm_common:fma(glm:double(2.0), glm:double(3.0), glm:double(4.0)).

  



  
    
      
    
    
      fract/1



        
          
        

    

  


  

      

          -spec fract(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
           (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Returns the fractional part of each wrapped floating-point value.
Fractional = glm_common:fract(glm:vec2(double, 1.25, -1.75)).

  



  
    
      
    
    
      frexp/1



        
          
        

    

  


  

      

          -spec frexp(glm:scalar(T)) -> {glm:scalar(T), glm:int32()} when T :: float | double;
           (glm:vec(L, T)) -> {glm:vec(L, T), glm:vec(L, {int, 32})}
               when T :: float | double, L :: glm:length().


      


Decomposes wrapped floating-point values into significand and exponent parts.
The result is a tuple of wrapped values. The significand keeps the input shape,
and the exponent is returned as glm:int32() or glm:vec(L, {int, 32}).
{Significand, Exponent} = glm_common:frexp(glm:double(12.0)).

  



  
    
      
    
    
      int_bits_to_float/1



        
          
        

    

  


  

      

          -spec int_bits_to_float(glm:int32()) -> glm:float();
                       (glm:vec(L, {int, 32})) -> glm:vec(L, float) when L :: glm:length().


      


Reinterprets signed 32-bit integer bits as floating-point values.
This is a bit-cast operation. It does not perform a numeric conversion.
FloatValue = glm_common:int_bits_to_float(glm:int32(16#3F800000)).

  



  
    
      
    
    
      is_inf/1



        
          
        

    

  


  

      

          -spec is_inf(glm:vec(L, T)) -> glm:vec(L, bool) when T :: float | double, L :: glm:length().


      


Returns a wrapped bool vector indicating which components are infinite.
Flags = glm_common:is_inf(glm:vec2(double, 1.0, 2.0)).

  



  
    
      
    
    
      is_nan/1



        
          
        

    

  


  

      

          -spec is_nan(glm:vec(L, T)) -> glm:vec(L, bool) when T :: float | double, L :: glm:length().


      


Returns a wrapped bool vector indicating which components are NaN.
Flags = glm_common:is_nan(glm:vec2(double, 1.0, 2.0)).

  



  
    
      
    
    
      ldexp/2



        
          
        

    

  


  

      

          -spec ldexp(glm:scalar(T), glm:int32()) -> glm:scalar(T) when T :: float | double;
           (glm:vec(L, T), glm:vec(L, {int, 32})) -> glm:vec(L, T)
               when T :: float | double, L :: glm:length().


      


Builds floating-point values from a significand and a base-2 exponent.
Restored = glm_common:ldexp(glm:double(0.75), glm:int32(4)).

  



  
    
      
    
    
      max/2



        
          
        

    

  


  

      

          -spec max(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T)
             when
                 T ::
                     {int, 8} |
                     {int, 16} |
                     {int, 32} |
                     {int, 64} |
                     {uint, 8} |
                     {uint, 16} |
                     {uint, 32} |
                     {uint, 64} |
                     float | double;
         (glm:vec(L, T), glm:scalar(T)) -> glm:vec(L, T)
             when
                 T ::
                     {int, 8} |
                     {int, 16} |
                     {int, 32} |
                     {int, 64} |
                     {uint, 8} |
                     {uint, 16} |
                     {uint, 32} |
                     {uint, 64} |
                     float | double,
                 L :: glm:length();
         (glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
             when
                 T ::
                     {int, 8} |
                     {int, 16} |
                     {int, 32} |
                     {int, 64} |
                     {uint, 8} |
                     {uint, 16} |
                     {uint, 32} |
                     {uint, 64} |
                     float | double,
                 L :: glm:length().


      


Returns the greater value of each numeric operand pair.
Accepted operand shapes are scalar/scalar, vector/scalar, and vector/vector.
Upper = glm_common:max(glm:vec3(double, 1.0, 4.0, 2.0), glm:double(2.5)).

  



  
    
      
    
    
      min/2



        
          
        

    

  


  

      

          -spec min(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T)
             when
                 T ::
                     {int, 8} |
                     {int, 16} |
                     {int, 32} |
                     {int, 64} |
                     {uint, 8} |
                     {uint, 16} |
                     {uint, 32} |
                     {uint, 64} |
                     float | double;
         (glm:vec(L, T), glm:scalar(T)) -> glm:vec(L, T)
             when
                 T ::
                     {int, 8} |
                     {int, 16} |
                     {int, 32} |
                     {int, 64} |
                     {uint, 8} |
                     {uint, 16} |
                     {uint, 32} |
                     {uint, 64} |
                     float | double,
                 L :: glm:length();
         (glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
             when
                 T ::
                     {int, 8} |
                     {int, 16} |
                     {int, 32} |
                     {int, 64} |
                     {uint, 8} |
                     {uint, 16} |
                     {uint, 32} |
                     {uint, 64} |
                     float | double,
                 L :: glm:length().


      


Returns the lesser value of each numeric operand pair.
Accepted operand shapes are scalar/scalar, vector/scalar, and vector/vector.
Lower = glm_common:min(glm:vec3(double, 1.0, 4.0, 2.0), glm:double(2.5)).

  



  
    
      
    
    
      mix/3



        
          
        

    

  


  

      

          -spec mix(glm:scalar(T), glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T), glm:vec(L, T), glm:scalar(T)) -> glm:vec(L, T)
             when T :: float | double, L :: glm:length();
         (glm:vec(L, T), glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
             when T :: float | double, L :: glm:length().


      


Linearly interpolates between X and Y using the interpolation factor A.
A can be a wrapped scalar or a wrapped vector depending on the accepted shape.
Midpoint = glm_common:mix(glm:double(0.0), glm:double(10.0), glm:double(0.5)).

  



  
    
      
    
    
      mod/2



        
          
        

    

  


  

      

          -spec mod(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T), glm:scalar(T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length();
         (glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Returns the floating-point remainder of X / Y.
Accepted operand shapes are scalar/scalar, vector/scalar, and vector/vector.
Remainder = glm_common:mod(glm:vec2(double, 5.5, 7.0), glm:double(2.0)).

  



  
    
      
    
    
      modf/1



        
          
        

    

  


  

      

          -spec modf(glm:scalar(T)) -> {glm:scalar(T), glm:scalar(T)} when T :: float | double;
          (glm:vec(L, T)) -> {glm:vec(L, T), glm:vec(L, T)} when T :: float | double, L :: glm:length().


      


Splits each floating-point value into fractional and integral parts.
The result is a tuple of wrapped values with the same shape and element type as
the input.
{Fractional, Integral} = glm_common:modf(glm:vec2(double, 1.25, -1.75)).

  



  
    
      
    
    
      round/1



        
          
        

    

  


  

      

          -spec round(glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Rounds each floating-point vector component to the nearest integral value.
Rounded = glm_common:round(glm:vec3(double, 1.2, 1.5, 1.8)).

  



  
    
      
    
    
      round_even/1



        
          
        

    

  


  

      

          -spec round_even(glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Rounds each floating-point vector component to the nearest even integral value.
Rounded = glm_common:round_even(glm:vec2(double, 0.5, 1.5)).

  



  
    
      
    
    
      sign/1



        
          
        

    

  


  

      

          -spec sign(glm:scalar(T)) -> glm:scalar(T)
              when T :: {int, 8} | {int, 16} | {int, 32} | {int, 64} | float | double;
          (glm:vec(L, T)) -> glm:vec(L, T)
              when T :: {int, 8} | {int, 16} | {int, 32} | {int, 64} | float | double, L :: glm:length().


      


Returns the sign of each signed integer or floating-point value.
It preserves the wrapped input shape.
Signs = glm_common:sign(glm:vec3(double, -2.0, 0.0, 5.0)).

  



  
    
      
    
    
      smoothstep/3



        
          
        

    

  


  

      

          -spec smoothstep(glm:scalar(T), glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
                (glm:scalar(T), glm:scalar(T), glm:vec(L, T)) -> glm:vec(L, T)
                    when T :: float | double, L :: glm:length();
                (glm:vec(L, T), glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
                    when T :: float | double, L :: glm:length().


      


Performs smooth Hermite interpolation between 0 and 1 for values in the
range delimited by Edge0 and Edge1.
Blend = glm_common:smoothstep(glm:double(0.0), glm:double(1.0), glm:double(0.25)).

  



  
    
      
    
    
      step/2



        
          
        

    

  


  

      

          -spec step(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:scalar(T), glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length();
          (glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Evaluates the step function for each value in X against Edge.
Mask = glm_common:step(glm:double(0.5), glm:vec3(double, 0.25, 0.5, 0.75)).

  



  
    
      
    
    
      trunc/1



        
          
        

    

  


  

      

          -spec trunc(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
           (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Rounds each floating-point value toward zero while preserving the wrapped input
shape.
Whole = glm_common:trunc(glm:vec2(double, 1.9, -1.9)).

  



  
    
      
    
    
      uint_bits_to_float/1



        
          
        

    

  


  

      

          -spec uint_bits_to_float(glm:uint32()) -> glm:float();
                        (glm:vec(L, {uint, 32})) -> glm:vec(L, float) when L :: glm:length().


      


Reinterprets unsigned 32-bit integer bits as floating-point values.
This is a bit-cast operation. It does not perform a numeric conversion.
FloatValue = glm_common:uint_bits_to_float(glm:uint32(16#3F800000)).

  


        

      


  

    
glm_easing 
    



      
OpenGL Mathematics (GLM) easing functions for the BEAM.
It exposes GLM's easing curves on wrapped floating-point scalars. It includes:
	back_ease_in/1, back_ease_in/2, back_ease_in_out/1, back_ease_in_out/2, back_ease_out/1, and back_ease_out/2
	bounce_ease_in/1, bounce_ease_in_out/1, and bounce_ease_out/1
	circular_ease_in/1, circular_ease_in_out/1, and circular_ease_out/1
	cubic_ease_in/1, cubic_ease_in_out/1, and cubic_ease_out/1
	elastic_ease_in/1, elastic_ease_in_out/1, and elastic_ease_out/1
	exponential_ease_in/1, exponential_ease_in_out/1, and exponential_ease_out/1
	linear_interpolation/1
	quadratic_ease_in/1, quadratic_ease_in_out/1, and quadratic_ease_out/1
	quartic_ease_in/1, quartic_ease_in_out/1, and quartic_ease_out/1
	quintic_ease_in/1, quintic_ease_in_out/1, and quintic_ease_out/1
	sine_ease_in/1, sine_ease_in_out/1, and sine_ease_out/1

All public functions accept a wrapped float or double scalar whose BEAM
value lies in the unit interval [0.0, 1.0], and the back_* variants also
accept a wrapped overshoot parameter.
Typical calls look like:
EaseIn = glm_easing:cubic_ease_in(glm:double(0.25)).
0.015625 = glm:double_value(EaseIn).

BackOut = glm_easing:back_ease_out(glm:double(0.25), glm:double(1.0)).
_ = glm:double_value(BackOut).
These examples show the common wrapped workflow: build the interpolation
factor, evaluate the easing curve, and unwrap the result when needed.

      


      
        Summary


  
    Functions
  


    
      
        back_ease_in/1

      


        Evaluates the back ease-in curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        back_ease_in/2

      


        Evaluates the back ease-in curve using an explicit overshoot amount.



    


    
      
        back_ease_in_out/1

      


        Evaluates the back ease-in-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        back_ease_in_out/2

      


        Evaluates the back ease-in-out curve using an explicit overshoot amount.



    


    
      
        back_ease_out/1

      


        Evaluates the back ease-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        back_ease_out/2

      


        Evaluates the back ease-out curve using an explicit overshoot amount.



    


    
      
        bounce_ease_in/1

      


        Evaluates the bounce ease-in curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        bounce_ease_in_out/1

      


        Evaluates the bounce ease-in-out curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        bounce_ease_out/1

      


        Evaluates the bounce ease-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        circular_ease_in/1

      


        Evaluates the circular ease-in curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        circular_ease_in_out/1

      


        Evaluates the circular ease-in-out curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        circular_ease_out/1

      


        Evaluates the circular ease-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        cubic_ease_in/1

      


        Evaluates the cubic ease-in curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        cubic_ease_in_out/1

      


        Evaluates the cubic ease-in-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        cubic_ease_out/1

      


        Evaluates the cubic ease-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        elastic_ease_in/1

      


        Evaluates the elastic ease-in curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        elastic_ease_in_out/1

      


        Evaluates the elastic ease-in-out curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        elastic_ease_out/1

      


        Evaluates the elastic ease-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        exponential_ease_in/1

      


        Evaluates the exponential ease-in curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        exponential_ease_in_out/1

      


        Evaluates the exponential ease-in-out curve for a wrapped interpolation factor
in the unit interval.



    


    
      
        exponential_ease_out/1

      


        Evaluates the exponential ease-out curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        linear_interpolation/1

      


        Evaluates the identity easing curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        quadratic_ease_in/1

      


        Evaluates the quadratic ease-in curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        quadratic_ease_in_out/1

      


        Evaluates the quadratic ease-in-out curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        quadratic_ease_out/1

      


        Evaluates the quadratic ease-out curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        quartic_ease_in/1

      


        Evaluates the quartic ease-in curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        quartic_ease_in_out/1

      


        Evaluates the quartic ease-in-out curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        quartic_ease_out/1

      


        Evaluates the quartic ease-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        quintic_ease_in/1

      


        Evaluates the quintic ease-in curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        quintic_ease_in_out/1

      


        Evaluates the quintic ease-in-out curve for a wrapped interpolation factor in
the unit interval.



    


    
      
        quintic_ease_out/1

      


        Evaluates the quintic ease-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        sine_ease_in/1

      


        Evaluates the sine ease-in curve for a wrapped interpolation factor in the unit
interval.



    


    
      
        sine_ease_in_out/1

      


        Evaluates the sine ease-in-out curve for a wrapped interpolation factor in the
unit interval.



    


    
      
        sine_ease_out/1

      


        Evaluates the sine ease-out curve for a wrapped interpolation factor in the
unit interval.



    





      


      
        Functions


        


  
    
      
    
    
      back_ease_in/1



        
          
        

    

  


  

      

          -spec back_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the back ease-in curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:back_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      back_ease_in/2



        
          
        

    

  


  

      

          -spec back_ease_in(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the back ease-in curve using an explicit overshoot amount.
Ease = glm_easing:back_ease_in(glm:double(0.25), glm:double(1.0)).

  



  
    
      
    
    
      back_ease_in_out/1



        
          
        

    

  


  

      

          -spec back_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the back ease-in-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:back_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      back_ease_in_out/2



        
          
        

    

  


  

      

          -spec back_ease_in_out(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the back ease-in-out curve using an explicit overshoot amount.
Ease = glm_easing:back_ease_in_out(glm:double(0.5), glm:double(1.0)).

  



  
    
      
    
    
      back_ease_out/1



        
          
        

    

  


  

      

          -spec back_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the back ease-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:back_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      back_ease_out/2



        
          
        

    

  


  

      

          -spec back_ease_out(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the back ease-out curve using an explicit overshoot amount.
Ease = glm_easing:back_ease_out(glm:double(0.75), glm:double(1.0)).

  



  
    
      
    
    
      bounce_ease_in/1



        
          
        

    

  


  

      

          -spec bounce_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the bounce ease-in curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:bounce_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      bounce_ease_in_out/1



        
          
        

    

  


  

      

          -spec bounce_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the bounce ease-in-out curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:bounce_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      bounce_ease_out/1



        
          
        

    

  


  

      

          -spec bounce_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the bounce ease-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:bounce_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      circular_ease_in/1



        
          
        

    

  


  

      

          -spec circular_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the circular ease-in curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:circular_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      circular_ease_in_out/1



        
          
        

    

  


  

      

          -spec circular_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the circular ease-in-out curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:circular_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      circular_ease_out/1



        
          
        

    

  


  

      

          -spec circular_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the circular ease-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:circular_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      cubic_ease_in/1



        
          
        

    

  


  

      

          -spec cubic_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the cubic ease-in curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:cubic_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      cubic_ease_in_out/1



        
          
        

    

  


  

      

          -spec cubic_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the cubic ease-in-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:cubic_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      cubic_ease_out/1



        
          
        

    

  


  

      

          -spec cubic_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the cubic ease-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:cubic_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      elastic_ease_in/1



        
          
        

    

  


  

      

          -spec elastic_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the elastic ease-in curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:elastic_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      elastic_ease_in_out/1



        
          
        

    

  


  

      

          -spec elastic_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the elastic ease-in-out curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:elastic_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      elastic_ease_out/1



        
          
        

    

  


  

      

          -spec elastic_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the elastic ease-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:elastic_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      exponential_ease_in/1



        
          
        

    

  


  

      

          -spec exponential_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the exponential ease-in curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:exponential_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      exponential_ease_in_out/1



        
          
        

    

  


  

      

          -spec exponential_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the exponential ease-in-out curve for a wrapped interpolation factor
in the unit interval.
Ease = glm_easing:exponential_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      exponential_ease_out/1



        
          
        

    

  


  

      

          -spec exponential_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the exponential ease-out curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:exponential_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      linear_interpolation/1



        
          
        

    

  


  

      

          -spec linear_interpolation(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the identity easing curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:linear_interpolation(glm:double(0.25)).
0.25 = glm:double_value(Ease).

  



  
    
      
    
    
      quadratic_ease_in/1



        
          
        

    

  


  

      

          -spec quadratic_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quadratic ease-in curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:quadratic_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      quadratic_ease_in_out/1



        
          
        

    

  


  

      

          -spec quadratic_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quadratic ease-in-out curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:quadratic_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      quadratic_ease_out/1



        
          
        

    

  


  

      

          -spec quadratic_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quadratic ease-out curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:quadratic_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      quartic_ease_in/1



        
          
        

    

  


  

      

          -spec quartic_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quartic ease-in curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:quartic_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      quartic_ease_in_out/1



        
          
        

    

  


  

      

          -spec quartic_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quartic ease-in-out curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:quartic_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      quartic_ease_out/1



        
          
        

    

  


  

      

          -spec quartic_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quartic ease-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:quartic_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      quintic_ease_in/1



        
          
        

    

  


  

      

          -spec quintic_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quintic ease-in curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:quintic_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      quintic_ease_in_out/1



        
          
        

    

  


  

      

          -spec quintic_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quintic ease-in-out curve for a wrapped interpolation factor in
the unit interval.
Ease = glm_easing:quintic_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      quintic_ease_out/1



        
          
        

    

  


  

      

          -spec quintic_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the quintic ease-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:quintic_ease_out(glm:double(0.75)).

  



  
    
      
    
    
      sine_ease_in/1



        
          
        

    

  


  

      

          -spec sine_ease_in(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the sine ease-in curve for a wrapped interpolation factor in the unit
interval.
Ease = glm_easing:sine_ease_in(glm:double(0.25)).

  



  
    
      
    
    
      sine_ease_in_out/1



        
          
        

    

  


  

      

          -spec sine_ease_in_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the sine ease-in-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:sine_ease_in_out(glm:double(0.5)).

  



  
    
      
    
    
      sine_ease_out/1



        
          
        

    

  


  

      

          -spec sine_ease_out(glm:scalar(T)) -> glm:scalar(T) when T :: float | double.


      


Evaluates the sine ease-out curve for a wrapped interpolation factor in the
unit interval.
Ease = glm_easing:sine_ease_out(glm:double(0.75)).

  


        

      


  

    
glm_exponential 
    



      
OpenGL Mathematics (GLM) exponential functions for the BEAM.
It groups the exponential family on wrapped floating-point scalars and
vectors. It includes exp/1, exp2/1, log/1, log2/1, sqrt/1,
inverse_sqrt/1, and pow/2.
Supported operands:
	float and double scalars
	vec2, vec3, and vec4 with float or double components

pow/2 follows the currently supported BEAM-facing shapes and accepts either
two scalars of the same type or two vectors of the same length and type.
Typical calls look like:
Eight = glm_exponential:exp2(glm:float(3.0)).
8.0 = glm:float_value(Eight).

Roots = glm_exponential:sqrt(glm:vec2(double, 1.0, 9.0)).
1.0 = glm:vec2_x(Roots).
3.0 = glm:vec2_y(Roots).

Powers = glm_exponential:pow(
	glm:vec2(float, 2.0, 9.0),
	glm:vec2(float, 3.0, 0.5)
).
8.0 = glm:vec2_x(Powers).
3.0 = glm:vec2_y(Powers).
These examples show the wrapped scalar and vector shapes used across the whole
module.

      


      
        Summary


  
    Functions
  


    
      
        exp2/1

      


        Compute $2^x$ component-wise.



    


    
      
        exp/1

      


        Compute $e^x$ component-wise.



    


    
      
        inverse_sqrt/1

      


        Compute $1 / \sqrt{x}$ component-wise.



    


    
      
        log2/1

      


        Compute the base-2 logarithm component-wise.



    


    
      
        log/1

      


        Compute the natural logarithm component-wise.



    


    
      
        pow/2

      


        Raise the left operand to the power of the right operand.



    


    
      
        sqrt/1

      


        Compute the square root component-wise.



    





      


      
        Functions


        


  
    
      
    
    
      exp2/1



        
          
        

    

  


  

      

          -spec exp2(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute $2^x$ component-wise.
Value = glm_exponential:exp2(glm:float(3.0)).
8.0 = glm:float_value(Value).

  



  
    
      
    
    
      exp/1



        
          
        

    

  


  

      

          -spec exp(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute $e^x$ component-wise.
Value = glm_exponential:exp(glm:double(1.0)).
2.718281828459045 = glm:double_value(Value).

  



  
    
      
    
    
      inverse_sqrt/1



        
          
        

    

  


  

      

          -spec inverse_sqrt(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
                  (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute $1 / \sqrt{x}$ component-wise.
Value = glm_exponential:inverse_sqrt(glm:double(0.25)).
2.0 = glm:double_value(Value).

  



  
    
      
    
    
      log2/1



        
          
        

    

  


  

      

          -spec log2(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the base-2 logarithm component-wise.
Value = glm_exponential:log2(glm:float(8.0)).
3.0 = glm:float_value(Value).

  



  
    
      
    
    
      log/1



        
          
        

    

  


  

      

          -spec log(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the natural logarithm component-wise.
Value = glm_exponential:log(glm:double(2.718281828459045)).
1.0 = glm:double_value(Value).

  



  
    
      
    
    
      pow/2



        
          
        

    

  


  

      

          -spec pow(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
         (glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Raise the left operand to the power of the right operand.
Currently supported shapes:
	scalar with scalar
	vector with vector of the same length and type

Value = glm_exponential:pow(glm:double(9.0), glm:double(0.5)).
3.0 = glm:double_value(Value).

  



  
    
      
    
    
      sqrt/1



        
          
        

    

  


  

      

          -spec sqrt(glm:scalar(T)) -> glm:scalar(T) when T :: float | double;
          (glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Compute the square root component-wise.
Value = glm_exponential:sqrt(glm:vec3(double, 1.0, 4.0, 9.0)).
1.0 = glm:vec3_x(Value).
2.0 = glm:vec3_y(Value).
3.0 = glm:vec3_z(Value).

  


        

      


  

    
glm_integer 
    



      
OpenGL Mathematics (GLM) integer functions for the BEAM.
It focuses on the common GLSL and GLM integer helpers that map cleanly to the
existing scalar and vector wrappers. It includes bit counting and bitfield
helpers, power-of-two and multiple predicates, next and previous multiple
helpers, and the carry, borrow, and extended-multiplication operations.
Supported operands:
	bit_count/1, bitfield_extract/3, bitfield_insert/4, bitfield_reverse/1, find_lsb/1, and find_msb/1 accept integer scalars and vec2 to vec4 integer vectors
	is_power_of_two/1, next_power_of_two/1, and prev_power_of_two/1 accept integer scalars and vec2 to vec4 integer vectors
	is_multiple/2, next_multiple/2, and prev_multiple/2 accept integer scalars, vecN with scalar multiples, and vecN with same-length integer vector multiples
	uadd_carry/2, usub_borrow/2, and umul_extended/2 accept uint32 scalars and vec2 to vec4 uvec32 values
	imul_extended/2 accepts int32 scalars and vec2 to vec4 ivec32 values

Deferred for now:
	find_nsb and the remaining lower-priority extension helpers

Typical calls look like:
3 = glm:int32_value(glm_integer:bit_count(glm:uint32(7))).
1 = glm:int32_value(glm_integer:find_lsb(glm:uint32(6))).

true = glm:bool_value(glm_integer:is_power_of_two(glm:uint32(8))).
16 = glm:uint32_value(glm_integer:next_power_of_two(glm:uint32(15))).

Mask = glm_integer:is_multiple(
	glm:vec3({int, 32}, 6, 7, 9),
	glm:int32(3)
).
{true, false, true} = glm:vec3_values(Mask).

{Result, Carry} = glm_integer:uadd_carry(glm:uint32(16#ffffffff), glm:uint32(1)).
0 = glm:uint32_value(Result).
1 = glm:uint32_value(Carry).
These examples cover the main wrapped integer shapes exposed by the module.

      


      
        Summary


  
    Functions
  


    
      
        bit_count/1

      


        Return the number of bits set to 1.



    


    
      
        bitfield_extract/3

      


        Extract the requested bit range from an integer value.



    


    
      
        bitfield_insert/4

      


        Insert the requested least-significant bits from one integer value into another.



    


    
      
        bitfield_reverse/1

      


        Reverse the bits in an integer value.



    


    
      
        find_lsb/1

      


        Return the index of the least significant set bit, or -1 for zero.



    


    
      
        find_msb/1

      


        Return the index of the most significant bit as defined by GLSL and GLM.



    


    
      
        imul_extended/2

      


        Multiply two signed 32-bit integers and return {Msb, Lsb}.



    


    
      
        is_multiple/2

      


        Return true when the integer value is a multiple of the provided divisor.



    


    
      
        is_power_of_two/1

      


        Return true when the integer value is a power of two.



    


    
      
        next_multiple/2

      


        Round up to the next multiple of the provided divisor.



    


    
      
        next_power_of_two/1

      


        Round up to the next power of two.



    


    
      
        prev_multiple/2

      


        Round down to the previous multiple of the provided divisor.



    


    
      
        prev_power_of_two/1

      


        Round down to the previous power of two.



    


    
      
        uadd_carry/2

      


        Add two unsigned 32-bit integers and return {Result, Carry}.



    


    
      
        umul_extended/2

      


        Multiply two unsigned 32-bit integers and return {Msb, Lsb}.



    


    
      
        usub_borrow/2

      


        Subtract two unsigned 32-bit integers and return {Result, Borrow}.



    





      


      
        Functions


        


  
    
      
    
    
      bit_count/1



        
          
        

    

  


  

      

          -spec bit_count(glm:scalar(T)) -> glm:int32()
                   when
                       T ::
                           {int, 8} |
                           {int, 16} |
                           {int, 32} |
                           {int, 64} |
                           {uint, 8} |
                           {uint, 16} |
                           {uint, 32} |
                           {uint, 64};
               (glm:vec(L, T)) -> glm:vec(L, {int, 32})
                   when
                       L :: glm:length(),
                       T ::
                           {int, 8} |
                           {int, 16} |
                           {int, 32} |
                           {int, 64} |
                           {uint, 8} |
                           {uint, 16} |
                           {uint, 32} |
                           {uint, 64}.


      


Return the number of bits set to 1.
Count = glm_integer:bit_count(glm:uint32(7)).
3 = glm:int32_value(Count).

  



  
    
      
    
    
      bitfield_extract/3



        
          
        

    

  


  

      

          -spec bitfield_extract(glm:scalar(T), glm:int32(), glm:int32()) -> glm:scalar(T)
                          when
                              T ::
                                  {int, 8} |
                                  {int, 16} |
                                  {int, 32} |
                                  {int, 64} |
                                  {uint, 8} |
                                  {uint, 16} |
                                  {uint, 32} |
                                  {uint, 64};
                      (glm:vec(L, T), glm:int32(), glm:int32()) -> glm:vec(L, T)
                          when
                              L :: glm:length(),
                              T ::
                                  {int, 8} |
                                  {int, 16} |
                                  {int, 32} |
                                  {int, 64} |
                                  {uint, 8} |
                                  {uint, 16} |
                                  {uint, 32} |
                                  {uint, 64}.


      


Extract the requested bit range from an integer value.
Value = glm_integer:bitfield_extract(
	glm:uint32(16#F0000000),
	glm:int32(28),
	glm:int32(4)
).
16#0000000F = glm:uint32_value(Value).

  



  
    
      
    
    
      bitfield_insert/4



        
          
        

    

  


  

      

          -spec bitfield_insert(glm:scalar(T), glm:scalar(T), glm:int32(), glm:int32()) -> glm:scalar(T)
                         when
                             T ::
                                 {int, 8} |
                                 {int, 16} |
                                 {int, 32} |
                                 {int, 64} |
                                 {uint, 8} |
                                 {uint, 16} |
                                 {uint, 32} |
                                 {uint, 64};
                     (glm:vec(L, T), glm:vec(L, T), glm:int32(), glm:int32()) -> glm:vec(L, T)
                         when
                             L :: glm:length(),
                             T ::
                                 {int, 8} |
                                 {int, 16} |
                                 {int, 32} |
                                 {int, 64} |
                                 {uint, 8} |
                                 {uint, 16} |
                                 {uint, 32} |
                                 {uint, 64}.


      


Insert the requested least-significant bits from one integer value into another.
Value = glm_integer:bitfield_insert(
	glm:uint32(16#FF000000),
	glm:uint32(16#000000FF),
	glm:int32(8),
	glm:int32(8)
).
16#FF00FF00 = glm:uint32_value(Value).

  



  
    
      
    
    
      bitfield_reverse/1



        
          
        

    

  


  

      

          -spec bitfield_reverse(glm:scalar(T)) -> glm:scalar(T)
                          when
                              T ::
                                  {int, 8} |
                                  {int, 16} |
                                  {int, 32} |
                                  {int, 64} |
                                  {uint, 8} |
                                  {uint, 16} |
                                  {uint, 32} |
                                  {uint, 64};
                      (glm:vec(L, T)) -> glm:vec(L, T)
                          when
                              L :: glm:length(),
                              T ::
                                  {int, 8} |
                                  {int, 16} |
                                  {int, 32} |
                                  {int, 64} |
                                  {uint, 8} |
                                  {uint, 16} |
                                  {uint, 32} |
                                  {uint, 64}.


      


Reverse the bits in an integer value.
Value = glm_integer:bitfield_reverse(glm:uint32(16#00000001)).
16#80000000 = glm:uint32_value(Value).

  



  
    
      
    
    
      find_lsb/1



        
          
        

    

  


  

      

          -spec find_lsb(glm:scalar(T)) -> glm:int32()
                  when
                      T ::
                          {int, 8} |
                          {int, 16} |
                          {int, 32} |
                          {int, 64} |
                          {uint, 8} |
                          {uint, 16} |
                          {uint, 32} |
                          {uint, 64};
              (glm:vec(L, T)) -> glm:vec(L, {int, 32})
                  when
                      L :: glm:length(),
                      T ::
                          {int, 8} |
                          {int, 16} |
                          {int, 32} |
                          {int, 64} |
                          {uint, 8} |
                          {uint, 16} |
                          {uint, 32} |
                          {uint, 64}.


      


Return the index of the least significant set bit, or -1 for zero.
Index = glm_integer:find_lsb(glm:uint32(6)).
1 = glm:int32_value(Index).

  



  
    
      
    
    
      find_msb/1



        
          
        

    

  


  

      

          -spec find_msb(glm:scalar(T)) -> glm:int32()
                  when
                      T ::
                          {int, 8} |
                          {int, 16} |
                          {int, 32} |
                          {int, 64} |
                          {uint, 8} |
                          {uint, 16} |
                          {uint, 32} |
                          {uint, 64};
              (glm:vec(L, T)) -> glm:vec(L, {int, 32})
                  when
                      L :: glm:length(),
                      T ::
                          {int, 8} |
                          {int, 16} |
                          {int, 32} |
                          {int, 64} |
                          {uint, 8} |
                          {uint, 16} |
                          {uint, 32} |
                          {uint, 64}.


      


Return the index of the most significant bit as defined by GLSL and GLM.
Index = glm_integer:find_msb(glm:uint32(4)).
2 = glm:int32_value(Index).

  



  
    
      
    
    
      imul_extended/2



        
          
        

    

  


  

      

          -spec imul_extended(glm:int32(), glm:int32()) -> {glm:int32(), glm:int32()};
                   (glm:vec(L, {int, 32}), glm:vec(L, {int, 32})) ->
                       {glm:vec(L, {int, 32}), glm:vec(L, {int, 32})}
                       when L :: glm:length().


      


Multiply two signed 32-bit integers and return {Msb, Lsb}.
{Msb, Lsb} = glm_integer:imul_extended(glm:int32(2), glm:int32(3)).
0 = glm:int32_value(Msb).
6 = glm:int32_value(Lsb).

  



  
    
      
    
    
      is_multiple/2



        
          
        

    

  


  

      

          -spec is_multiple(glm:scalar(T), glm:scalar(T)) -> glm:scalar(bool)
                     when
                         T ::
                             {int, 8} |
                             {int, 16} |
                             {int, 32} |
                             {int, 64} |
                             {uint, 8} |
                             {uint, 16} |
                             {uint, 32} |
                             {uint, 64};
                 (glm:vec(L, T), glm:scalar(T)) -> glm:vec(L, bool)
                     when
                         L :: glm:length(),
                         T ::
                             {int, 8} |
                             {int, 16} |
                             {int, 32} |
                             {int, 64} |
                             {uint, 8} |
                             {uint, 16} |
                             {uint, 32} |
                             {uint, 64};
                 (glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, bool)
                     when
                         L :: glm:length(),
                         T ::
                             {int, 8} |
                             {int, 16} |
                             {int, 32} |
                             {int, 64} |
                             {uint, 8} |
                             {uint, 16} |
                             {uint, 32} |
                             {uint, 64}.


      


Return true when the integer value is a multiple of the provided divisor.
Mask = glm_integer:is_multiple(
	glm:vec3({int, 32}, 6, 7, 9),
	glm:int32(3)
).
{true, false, true} = glm:vec3_values(Mask).

  



  
    
      
    
    
      is_power_of_two/1



        
          
        

    

  


  

      

          -spec is_power_of_two(glm:scalar(T)) -> glm:scalar(bool)
                         when
                             T ::
                                 {int, 8} |
                                 {int, 16} |
                                 {int, 32} |
                                 {int, 64} |
                                 {uint, 8} |
                                 {uint, 16} |
                                 {uint, 32} |
                                 {uint, 64};
                     (glm:vec(L, T)) -> glm:vec(L, bool)
                         when
                             L :: glm:length(),
                             T ::
                                 {int, 8} |
                                 {int, 16} |
                                 {int, 32} |
                                 {int, 64} |
                                 {uint, 8} |
                                 {uint, 16} |
                                 {uint, 32} |
                                 {uint, 64}.


      


Return true when the integer value is a power of two.
Flag = glm_integer:is_power_of_two(glm:uint32(8)).
true = glm:bool_value(Flag).

  



  
    
      
    
    
      next_multiple/2



        
          
        

    

  


  

      

          -spec next_multiple(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T)
                       when
                           T ::
                               {int, 8} |
                               {int, 16} |
                               {int, 32} |
                               {int, 64} |
                               {uint, 8} |
                               {uint, 16} |
                               {uint, 32} |
                               {uint, 64};
                   (glm:vec(L, T), glm:scalar(T)) -> glm:vec(L, T)
                       when
                           L :: glm:length(),
                           T ::
                               {int, 8} |
                               {int, 16} |
                               {int, 32} |
                               {int, 64} |
                               {uint, 8} |
                               {uint, 16} |
                               {uint, 32} |
                               {uint, 64};
                   (glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
                       when
                           L :: glm:length(),
                           T ::
                               {int, 8} |
                               {int, 16} |
                               {int, 32} |
                               {int, 64} |
                               {uint, 8} |
                               {uint, 16} |
                               {uint, 32} |
                               {uint, 64}.


      


Round up to the next multiple of the provided divisor.
Value = glm_integer:next_multiple(glm:uint32(8), glm:uint32(3)).
9 = glm:uint32_value(Value).

  



  
    
      
    
    
      next_power_of_two/1



        
          
        

    

  


  

      

          -spec next_power_of_two(glm:scalar(T)) -> glm:scalar(T)
                           when
                               T ::
                                   {int, 8} |
                                   {int, 16} |
                                   {int, 32} |
                                   {int, 64} |
                                   {uint, 8} |
                                   {uint, 16} |
                                   {uint, 32} |
                                   {uint, 64};
                       (glm:vec(L, T)) -> glm:vec(L, T)
                           when
                               L :: glm:length(),
                               T ::
                                   {int, 8} |
                                   {int, 16} |
                                   {int, 32} |
                                   {int, 64} |
                                   {uint, 8} |
                                   {uint, 16} |
                                   {uint, 32} |
                                   {uint, 64}.


      


Round up to the next power of two.
Value = glm_integer:next_power_of_two(glm:uint32(15)).
16 = glm:uint32_value(Value).

  



  
    
      
    
    
      prev_multiple/2



        
          
        

    

  


  

      

          -spec prev_multiple(glm:scalar(T), glm:scalar(T)) -> glm:scalar(T)
                       when
                           T ::
                               {int, 8} |
                               {int, 16} |
                               {int, 32} |
                               {int, 64} |
                               {uint, 8} |
                               {uint, 16} |
                               {uint, 32} |
                               {uint, 64};
                   (glm:vec(L, T), glm:scalar(T)) -> glm:vec(L, T)
                       when
                           L :: glm:length(),
                           T ::
                               {int, 8} |
                               {int, 16} |
                               {int, 32} |
                               {int, 64} |
                               {uint, 8} |
                               {uint, 16} |
                               {uint, 32} |
                               {uint, 64};
                   (glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
                       when
                           L :: glm:length(),
                           T ::
                               {int, 8} |
                               {int, 16} |
                               {int, 32} |
                               {int, 64} |
                               {uint, 8} |
                               {uint, 16} |
                               {uint, 32} |
                               {uint, 64}.


      


Round down to the previous multiple of the provided divisor.
Value = glm_integer:prev_multiple(glm:uint32(8), glm:uint32(3)).
6 = glm:uint32_value(Value).

  



  
    
      
    
    
      prev_power_of_two/1



        
          
        

    

  


  

      

          -spec prev_power_of_two(glm:scalar(T)) -> glm:scalar(T)
                           when
                               T ::
                                   {int, 8} |
                                   {int, 16} |
                                   {int, 32} |
                                   {int, 64} |
                                   {uint, 8} |
                                   {uint, 16} |
                                   {uint, 32} |
                                   {uint, 64};
                       (glm:vec(L, T)) -> glm:vec(L, T)
                           when
                               L :: glm:length(),
                               T ::
                                   {int, 8} |
                                   {int, 16} |
                                   {int, 32} |
                                   {int, 64} |
                                   {uint, 8} |
                                   {uint, 16} |
                                   {uint, 32} |
                                   {uint, 64}.


      


Round down to the previous power of two.
Value = glm_integer:prev_power_of_two(glm:uint32(15)).
8 = glm:uint32_value(Value).

  



  
    
      
    
    
      uadd_carry/2



        
          
        

    

  


  

      

          -spec uadd_carry(glm:uint32(), glm:uint32()) -> {glm:uint32(), glm:uint32()};
                (glm:vec(L, {uint, 32}), glm:vec(L, {uint, 32})) ->
                    {glm:vec(L, {uint, 32}), glm:vec(L, {uint, 32})}
                    when L :: glm:length().


      


Add two unsigned 32-bit integers and return {Result, Carry}.
{Result, Carry} = glm_integer:uadd_carry(glm:uint32(16#FFFFFFFF), glm:uint32(1)).
0 = glm:uint32_value(Result).
1 = glm:uint32_value(Carry).

  



  
    
      
    
    
      umul_extended/2



        
          
        

    

  


  

      

          -spec umul_extended(glm:uint32(), glm:uint32()) -> {glm:uint32(), glm:uint32()};
                   (glm:vec(L, {uint, 32}), glm:vec(L, {uint, 32})) ->
                       {glm:vec(L, {uint, 32}), glm:vec(L, {uint, 32})}
                       when L :: glm:length().


      


Multiply two unsigned 32-bit integers and return {Msb, Lsb}.
{Msb, Lsb} = glm_integer:umul_extended(glm:uint32(2), glm:uint32(3)).
0 = glm:uint32_value(Msb).
6 = glm:uint32_value(Lsb).

  



  
    
      
    
    
      usub_borrow/2



        
          
        

    

  


  

      

          -spec usub_borrow(glm:uint32(), glm:uint32()) -> {glm:uint32(), glm:uint32()};
                 (glm:vec(L, {uint, 32}), glm:vec(L, {uint, 32})) ->
                     {glm:vec(L, {uint, 32}), glm:vec(L, {uint, 32})}
                     when L :: glm:length().


      


Subtract two unsigned 32-bit integers and return {Result, Borrow}.
{Result, Borrow} = glm_integer:usub_borrow(glm:uint32(16), glm:uint32(17)).
1 = glm:uint32_value(Result).
1 = glm:uint32_value(Borrow).

  


        

      


  

    
glm_matrix 
    



      
OpenGL Mathematics (GLM) matrix operations for the BEAM.
It groups the first matrix operations on wrapped matrix and vector values. It
includes structural helpers such as transpose/1, row/2, and column/2,
matrix products such as matrix_comp_mult/2 and outer_product/2, and the
square-matrix helpers determinant/1, inverse/1, inverse_transpose/1, and
affine_inverse/1.
Supported operands:
	mat2, mat3, mat4, mat2x3, mat2x4, mat3x2, mat3x4, mat4x2,
and mat4x3 with float or double components where the operation makes
sense
	determinant/1, inverse/1, and inverse_transpose/1 are square-matrix
only
	affine_inverse/1 is currently limited to mat3 and mat4

Typical calls look like:
Transposed = glm_matrix:transpose(glm:mat2x3(double, 1.0, 3.0, 5.0, 2.0, 4.0, 6.0)).
1.0 = glm:mat3x2_element(Transposed, 1, 1).
4.0 = glm:mat3x2_element(Transposed, 2, 2).

Det = glm_matrix:determinant(glm:mat2(double, 1.0, 3.0, 2.0, 4.0)).
-2.0 = glm:double_value(Det).
These examples show both the shape-changing and scalar-producing operations in
the current matrix surface.

      


      
        Summary


  
    Functions
  


    
      
        affine_inverse/1

      


        Compute the affine inverse of a 3x3 or 4x4 matrix.



    


    
      
        column/2

      


        Extract a matrix column as a vector.



    


    
      
        determinant/1

      


        Compute the determinant of a square matrix.



    


    
      
        inverse/1

      


        Compute the inverse of a square matrix.



    


    
      
        inverse_transpose/1

      


        Compute the inverse transpose of a square matrix.



    


    
      
        matrix_comp_mult/2

      


        Multiply two matrices component-wise.



    


    
      
        outer_product/2

      


        Build a matrix from the outer product of two vectors.



    


    
      
        row/2

      


        Extract a matrix row as a vector.



    


    
      
        transpose/1

      


        Transpose a matrix.



    





      


      
        Functions


        


  
    
      
    
    
      affine_inverse/1



        
          
        

    

  


  

      

          -spec affine_inverse(glm:mat(3, 3, T)) -> glm:mat(3, 3, T) when T :: float | double;
                    (glm:mat(4, 4, T)) -> glm:mat(4, 4, T) when T :: float | double.


      


Compute the affine inverse of a 3x3 or 4x4 matrix.
Inverse = glm_matrix:affine_inverse(
	glm:mat4(double,
		2.0, 0.0, 0.0, 0.0,
		0.0, 3.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		4.0, 5.0, 6.0, 1.0
	)
).
0.5 = glm:mat4_element(Inverse, 1, 1).

  



  
    
      
    
    
      column/2



        
          
        

    

  


  

      

          -spec column(glm:mat(C, R, T), pos_integer()) -> glm:vec(R, T)
                when T :: float | double, C :: glm:length(), R :: glm:length().


      


Extract a matrix column as a vector.
Column = glm_matrix:column(
	glm:mat2x3(double, 1.0, 3.0, 5.0, 2.0, 4.0, 6.0),
	2
).
2.0 = glm:vec3_x(Column).
4.0 = glm:vec3_y(Column).
6.0 = glm:vec3_z(Column).

  



  
    
      
    
    
      determinant/1



        
          
        

    

  


  

      

          -spec determinant(glm:mat(N, N, T)) -> glm:scalar(T) when T :: float | double, N :: glm:length().


      


Compute the determinant of a square matrix.
Det = glm_matrix:determinant(glm:mat2(double, 1.0, 3.0, 2.0, 4.0)).
-2.0 = glm:double_value(Det).

  



  
    
      
    
    
      inverse/1



        
          
        

    

  


  

      

          -spec inverse(glm:mat(N, N, T)) -> glm:mat(N, N, T) when T :: float | double, N :: glm:length().


      


Compute the inverse of a square matrix.
Inverse = glm_matrix:inverse(glm:mat2(double, 1.0, 3.0, 2.0, 4.0)).
-2.0 = glm:mat2_element(Inverse, 1).

  



  
    
      
    
    
      inverse_transpose/1



        
          
        

    

  


  

      

          -spec inverse_transpose(glm:mat(N, N, T)) -> glm:mat(N, N, T)
                           when T :: float | double, N :: glm:length().


      


Compute the inverse transpose of a square matrix.
InverseTranspose = glm_matrix:inverse_transpose(glm:mat2(double, 1.0, 3.0, 2.0, 4.0)).
-2.0 = glm:mat2_element(InverseTranspose, 1).

  



  
    
      
    
    
      matrix_comp_mult/2



        
          
        

    

  


  

      

          -spec matrix_comp_mult(glm:mat(C, R, T), glm:mat(C, R, T)) -> glm:mat(C, R, T)
                          when T :: float | double, C :: glm:length(), R :: glm:length().


      


Multiply two matrices component-wise.
Product = glm_matrix:matrix_comp_mult(
	glm:mat2x3(double, 1.0, 3.0, 5.0, 2.0, 4.0, 6.0),
	glm:mat2x3(double, 6.0, 4.0, 2.0, 5.0, 3.0, 1.0)
).
6.0 = glm:mat2x3_element(Product, 1).

  



  
    
      
    
    
      outer_product/2



        
          
        

    

  


  

      

          -spec outer_product(glm:vec(R, T), glm:vec(C, T)) -> glm:mat(C, R, T)
                       when T :: float | double, C :: glm:length(), R :: glm:length().


      


Build a matrix from the outer product of two vectors.
Matrix = glm_matrix:outer_product(
	glm:vec3(double, 1.0, 2.0, 3.0),
	glm:vec2(double, 4.0, 5.0)
).
4.0 = glm:mat2x3_element(Matrix, 1, 1).
15.0 = glm:mat2x3_element(Matrix, 2, 3).

  



  
    
      
    
    
      row/2



        
          
        

    

  


  

      

          -spec row(glm:mat(C, R, T), pos_integer()) -> glm:vec(C, T)
             when T :: float | double, C :: glm:length(), R :: glm:length().


      


Extract a matrix row as a vector.
Row = glm_matrix:row(
	glm:mat2x3(double, 1.0, 3.0, 5.0, 2.0, 4.0, 6.0),
	3
).
5.0 = glm:vec2_x(Row).
6.0 = glm:vec2_y(Row).

  



  
    
      
    
    
      transpose/1



        
          
        

    

  


  

      

          -spec transpose(glm:mat(C, R, T)) -> glm:mat(R, C, T)
                   when T :: float | double, C :: glm:length(), R :: glm:length().


      


Transpose a matrix.
Transposed = glm_matrix:transpose(glm:mat2x3(double, 1.0, 3.0, 5.0, 2.0, 4.0, 6.0)).
1.0 = glm:mat3x2_element(Transposed, 1, 1).
4.0 = glm:mat3x2_element(Transposed, 2, 2).

  


        

      


  

    
glm_packing 
    



      
OpenGL Mathematics (GLM) packing functions for the BEAM.
It exposes the compact core GLSL packing surface that maps cleanly to fixed
BEAM shapes. It includes half-float packing, signed and unsigned normalized
packing, and the pack_double_2x32/1 plus unpack_double_2x32/1 round-trip
between uvec2 and double.
Supported surface:
	pack_double_2x32/1 and unpack_double_2x32/1 round-trip between uvec2
and double
	pack_half_1x16/1, pack_half_2x16/1, and pack_half_4x16/1 pack
  float, vec2(float), and vec4(float) into compact half-float lanes
	pack_snorm_1x8/1, pack_snorm_2x8/1, pack_snorm_1x16/1,
  pack_snorm_2x16/1, pack_snorm_4x8/1, and pack_snorm_4x16/1 pack
  normalized float values into compact signed integer lanes
	pack_unorm_1x8/1, pack_unorm_2x8/1, pack_unorm_1x16/1,
  pack_unorm_2x16/1, pack_unorm_4x8/1, and pack_unorm_4x16/1 pack
  normalized float values into compact unsigned integer lanes
	the matching unpack_* functions recover wrapped float, vec2(float),
  and vec4(float) values from those packed scalar formats

Typical calls look like:
Packed = glm_packing:pack_unorm_4x8(glm:vec4(float, 1.0, 0.0, 0.0, 1.0)).
16#FF0000FF = glm:uint32_value(Packed).

Roundtrip = glm_packing:unpack_half_2x16(glm:uint32(16#40003C00)).
{1.0, 2.0} = glm:vec2_values(Roundtrip).
These examples show both directions of the wrapped packing workflow.

      


      
        Summary


  
    Functions
  


    
      
        pack_double_2x32/1

      


        Pack a uvec2 into a double.



    


    
      
        pack_half_1x16/1

      


        Pack a float into a uint16 half-float lane.



    


    
      
        pack_half_2x16/1

      


        Pack two float values into a single uint32 using 16-bit half floats.



    


    
      
        pack_half_4x16/1

      


        Pack four float values into a single uint64 using 16-bit half floats.



    


    
      
        pack_snorm_1x8/1

      


        Pack a normalized float into a single signed 8-bit lane.



    


    
      
        pack_snorm_1x16/1

      


        Pack a normalized float into a single signed 16-bit lane.



    


    
      
        pack_snorm_2x8/1

      


        Pack two normalized float values into a single uint16 using signed 8-bit lanes.



    


    
      
        pack_snorm_2x16/1

      


        Pack two normalized float values into a single uint32 using signed 16-bit lanes.



    


    
      
        pack_snorm_4x8/1

      


        Pack four normalized float values into a single uint32 using signed 8-bit lanes.



    


    
      
        pack_snorm_4x16/1

      


        Pack four normalized float values into a single uint64 using signed 16-bit lanes.



    


    
      
        pack_unorm_1x8/1

      


        Pack a normalized float into a single unsigned 8-bit lane.



    


    
      
        pack_unorm_1x16/1

      


        Pack a normalized float into a single unsigned 16-bit lane.



    


    
      
        pack_unorm_2x8/1

      


        Pack two normalized float values into a single uint16 using unsigned 8-bit lanes.



    


    
      
        pack_unorm_2x16/1

      


        Pack two normalized float values into a single uint32 using unsigned 16-bit lanes.



    


    
      
        pack_unorm_4x8/1

      


        Pack four normalized float values into a single uint32 using unsigned 8-bit lanes.



    


    
      
        pack_unorm_4x16/1

      


        Pack four normalized float values into a single uint64 using unsigned 16-bit lanes.



    


    
      
        unpack_double_2x32/1

      


        Unpack a double into a uvec2.



    


    
      
        unpack_half_1x16/1

      


        Unpack a half float from a packed uint16.



    


    
      
        unpack_half_2x16/1

      


        Unpack two half floats from a packed uint32.



    


    
      
        unpack_half_4x16/1

      


        Unpack four half floats from a packed uint64.



    


    
      
        unpack_snorm_1x8/1

      


        Unpack a signed normalized 8-bit lane from a packed uint8.



    


    
      
        unpack_snorm_1x16/1

      


        Unpack a signed normalized 16-bit lane from a packed uint16.



    


    
      
        unpack_snorm_2x8/1

      


        Unpack two signed normalized 8-bit lanes from a packed uint16.



    


    
      
        unpack_snorm_2x16/1

      


        Unpack two signed normalized 16-bit lanes from a packed uint32.



    


    
      
        unpack_snorm_4x8/1

      


        Unpack four signed normalized 8-bit lanes from a packed uint32.



    


    
      
        unpack_snorm_4x16/1

      


        Unpack four signed normalized 16-bit lanes from a packed uint64.



    


    
      
        unpack_unorm_1x8/1

      


        Unpack an unsigned normalized 8-bit lane from a packed uint8.



    


    
      
        unpack_unorm_1x16/1

      


        Unpack an unsigned normalized 16-bit lane from a packed uint16.



    


    
      
        unpack_unorm_2x8/1

      


        Unpack two unsigned normalized 8-bit lanes from a packed uint16.



    


    
      
        unpack_unorm_2x16/1

      


        Unpack two unsigned normalized 16-bit lanes from a packed uint32.



    


    
      
        unpack_unorm_4x8/1

      


        Unpack four unsigned normalized 8-bit lanes from a packed uint32.



    


    
      
        unpack_unorm_4x16/1

      


        Unpack four unsigned normalized 16-bit lanes from a packed uint64.



    





      


      
        Functions


        


  
    
      
    
    
      pack_double_2x32/1



        
          
        

    

  


  

      

          -spec pack_double_2x32(glm:vec2({uint, 32})) -> glm:double().


      


Pack a uvec2 into a double.
Packed = glm_packing:pack_double_2x32(glm:vec2({uint, 32}, 16#01234567, 16#89ABCDEF)).
_ = glm:double_value(Packed).

  



  
    
      
    
    
      pack_half_1x16/1



        
          
        

    

  


  

      

          -spec pack_half_1x16(glm:float()) -> glm:uint16().


      


Pack a float into a uint16 half-float lane.
Packed = glm_packing:pack_half_1x16(glm:float(1.0)).
16#3C00 = glm:uint16_value(Packed).

  



  
    
      
    
    
      pack_half_2x16/1



        
          
        

    

  


  

      

          -spec pack_half_2x16(glm:vec2(float)) -> glm:uint32().


      


Pack two float values into a single uint32 using 16-bit half floats.
Packed = glm_packing:pack_half_2x16(glm:vec2(float, 1.0, 2.0)).
16#40003C00 = glm:uint32_value(Packed).

  



  
    
      
    
    
      pack_half_4x16/1



        
          
        

    

  


  

      

          -spec pack_half_4x16(glm:vec4(float)) -> glm:uint64().


      


Pack four float values into a single uint64 using 16-bit half floats.
Packed = glm_packing:pack_half_4x16(glm:vec4(float, 1.0, 2.0, 0.0, -2.0)).
16#C000000040003C00 = glm:uint64_value(Packed).

  



  
    
      
    
    
      pack_snorm_1x8/1



        
          
        

    

  


  

      

          -spec pack_snorm_1x8(glm:float()) -> glm:uint8().


      


Pack a normalized float into a single signed 8-bit lane.
Packed = glm_packing:pack_snorm_1x8(glm:float(1.0)).
16#7F = glm:uint8_value(Packed).

  



  
    
      
    
    
      pack_snorm_1x16/1



        
          
        

    

  


  

      

          -spec pack_snorm_1x16(glm:float()) -> glm:uint16().


      


Pack a normalized float into a single signed 16-bit lane.
Packed = glm_packing:pack_snorm_1x16(glm:float(1.0)).
16#7FFF = glm:uint16_value(Packed).

  



  
    
      
    
    
      pack_snorm_2x8/1



        
          
        

    

  


  

      

          -spec pack_snorm_2x8(glm:vec2(float)) -> glm:uint16().


      


Pack two normalized float values into a single uint16 using signed 8-bit lanes.
Packed = glm_packing:pack_snorm_2x8(glm:vec2(float, 1.0, 0.0)).
16#007F = glm:uint16_value(Packed).

  



  
    
      
    
    
      pack_snorm_2x16/1



        
          
        

    

  


  

      

          -spec pack_snorm_2x16(glm:vec2(float)) -> glm:uint32().


      


Pack two normalized float values into a single uint32 using signed 16-bit lanes.
Packed = glm_packing:pack_snorm_2x16(glm:vec2(float, 1.0, 0.0)).
16#00007FFF = glm:uint32_value(Packed).

  



  
    
      
    
    
      pack_snorm_4x8/1



        
          
        

    

  


  

      

          -spec pack_snorm_4x8(glm:vec4(float)) -> glm:uint32().


      


Pack four normalized float values into a single uint32 using signed 8-bit lanes.
Packed = glm_packing:pack_snorm_4x8(glm:vec4(float, 1.0, 0.0, -0.5, -1.0)).
16#81C0007F = glm:uint32_value(Packed).

  



  
    
      
    
    
      pack_snorm_4x16/1



        
          
        

    

  


  

      

          -spec pack_snorm_4x16(glm:vec4(float)) -> glm:uint64().


      


Pack four normalized float values into a single uint64 using signed 16-bit lanes.
Packed = glm_packing:pack_snorm_4x16(glm:vec4(float, 1.0, 0.0, -0.5, -1.0)).
16#8001C00000007FFF = glm:uint64_value(Packed).

  



  
    
      
    
    
      pack_unorm_1x8/1



        
          
        

    

  


  

      

          -spec pack_unorm_1x8(glm:float()) -> glm:uint8().


      


Pack a normalized float into a single unsigned 8-bit lane.
Packed = glm_packing:pack_unorm_1x8(glm:float(1.0)).
16#FF = glm:uint8_value(Packed).

  



  
    
      
    
    
      pack_unorm_1x16/1



        
          
        

    

  


  

      

          -spec pack_unorm_1x16(glm:float()) -> glm:uint16().


      


Pack a normalized float into a single unsigned 16-bit lane.
Packed = glm_packing:pack_unorm_1x16(glm:float(1.0)).
16#FFFF = glm:uint16_value(Packed).

  



  
    
      
    
    
      pack_unorm_2x8/1



        
          
        

    

  


  

      

          -spec pack_unorm_2x8(glm:vec2(float)) -> glm:uint16().


      


Pack two normalized float values into a single uint16 using unsigned 8-bit lanes.
Packed = glm_packing:pack_unorm_2x8(glm:vec2(float, 1.0, 0.5)).
16#80FF = glm:uint16_value(Packed).

  



  
    
      
    
    
      pack_unorm_2x16/1



        
          
        

    

  


  

      

          -spec pack_unorm_2x16(glm:vec2(float)) -> glm:uint32().


      


Pack two normalized float values into a single uint32 using unsigned 16-bit lanes.
Packed = glm_packing:pack_unorm_2x16(glm:vec2(float, 1.0, 0.0)).
16#0000FFFF = glm:uint32_value(Packed).

  



  
    
      
    
    
      pack_unorm_4x8/1



        
          
        

    

  


  

      

          -spec pack_unorm_4x8(glm:vec4(float)) -> glm:uint32().


      


Pack four normalized float values into a single uint32 using unsigned 8-bit lanes.
Packed = glm_packing:pack_unorm_4x8(glm:vec4(float, 1.0, 0.5, 0.0, 1.0)).
16#FF0080FF = glm:uint32_value(Packed).

  



  
    
      
    
    
      pack_unorm_4x16/1



        
          
        

    

  


  

      

          -spec pack_unorm_4x16(glm:vec4(float)) -> glm:uint64().


      


Pack four normalized float values into a single uint64 using unsigned 16-bit lanes.
Packed = glm_packing:pack_unorm_4x16(glm:vec4(float, 1.0, 0.5, 0.0, 1.0)).
16#FFFF00008000FFFF = glm:uint64_value(Packed).

  



  
    
      
    
    
      unpack_double_2x32/1



        
          
        

    

  


  

      

          -spec unpack_double_2x32(glm:double()) -> glm:vec2({uint, 32}).


      


Unpack a double into a uvec2.
Roundtrip = glm_packing:unpack_double_2x32(
	glm_packing:pack_double_2x32(glm:vec2({uint, 32}, 1, 2))
).
{1, 2} = glm:vec2_values(Roundtrip).

  



  
    
      
    
    
      unpack_half_1x16/1



        
          
        

    

  


  

      

          -spec unpack_half_1x16(glm:uint16()) -> glm:float().


      


Unpack a half float from a packed uint16.
Value = glm_packing:unpack_half_1x16(glm:uint16(16#3C00)).
1.0 = glm:float_value(Value).

  



  
    
      
    
    
      unpack_half_2x16/1



        
          
        

    

  


  

      

          -spec unpack_half_2x16(glm:uint32()) -> glm:vec2(float).


      


Unpack two half floats from a packed uint32.
Value = glm_packing:unpack_half_2x16(glm:uint32(16#40003C00)).
{1.0, 2.0} = glm:vec2_values(Value).

  



  
    
      
    
    
      unpack_half_4x16/1



        
          
        

    

  


  

      

          -spec unpack_half_4x16(glm:uint64()) -> glm:vec4(float).


      


Unpack four half floats from a packed uint64.
Value = glm_packing:unpack_half_4x16(glm:uint64(16#C000000040003C00)).
{1.0, 2.0, 0.0, -2.0} = glm:vec4_values(Value).

  



  
    
      
    
    
      unpack_snorm_1x8/1



        
          
        

    

  


  

      

          -spec unpack_snorm_1x8(glm:uint8()) -> glm:float().


      


Unpack a signed normalized 8-bit lane from a packed uint8.
Value = glm_packing:unpack_snorm_1x8(glm:uint8(16#C0)).
_ = glm:float_value(Value).

  



  
    
      
    
    
      unpack_snorm_1x16/1



        
          
        

    

  


  

      

          -spec unpack_snorm_1x16(glm:uint16()) -> glm:float().


      


Unpack a signed normalized 16-bit lane from a packed uint16.
Value = glm_packing:unpack_snorm_1x16(glm:uint16(16#C000)).
_ = glm:float_value(Value).

  



  
    
      
    
    
      unpack_snorm_2x8/1



        
          
        

    

  


  

      

          -spec unpack_snorm_2x8(glm:uint16()) -> glm:vec2(float).


      


Unpack two signed normalized 8-bit lanes from a packed uint16.
Value = glm_packing:unpack_snorm_2x8(glm:uint16(16#C07F)).
_ = glm:vec2_values(Value).

  



  
    
      
    
    
      unpack_snorm_2x16/1



        
          
        

    

  


  

      

          -spec unpack_snorm_2x16(glm:uint32()) -> glm:vec2(float).


      


Unpack two signed normalized 16-bit lanes from a packed uint32.
Value = glm_packing:unpack_snorm_2x16(glm:uint32(16#00007FFF)).
{1.0, 0.0} = glm:vec2_values(Value).

  



  
    
      
    
    
      unpack_snorm_4x8/1



        
          
        

    

  


  

      

          -spec unpack_snorm_4x8(glm:uint32()) -> glm:vec4(float).


      


Unpack four signed normalized 8-bit lanes from a packed uint32.
Value = glm_packing:unpack_snorm_4x8(glm:uint32(16#81C0007F)).
_ = glm:vec4_values(Value).

  



  
    
      
    
    
      unpack_snorm_4x16/1



        
          
        

    

  


  

      

          -spec unpack_snorm_4x16(glm:uint64()) -> glm:vec4(float).


      


Unpack four signed normalized 16-bit lanes from a packed uint64.
Value = glm_packing:unpack_snorm_4x16(glm:uint64(16#8001C00000007FFF)).
_ = glm:vec4_values(Value).

  



  
    
      
    
    
      unpack_unorm_1x8/1



        
          
        

    

  


  

      

          -spec unpack_unorm_1x8(glm:uint8()) -> glm:float().


      


Unpack an unsigned normalized 8-bit lane from a packed uint8.
Value = glm_packing:unpack_unorm_1x8(glm:uint8(16#80)).
_ = glm:float_value(Value).

  



  
    
      
    
    
      unpack_unorm_1x16/1



        
          
        

    

  


  

      

          -spec unpack_unorm_1x16(glm:uint16()) -> glm:float().


      


Unpack an unsigned normalized 16-bit lane from a packed uint16.
Value = glm_packing:unpack_unorm_1x16(glm:uint16(16#8000)).
_ = glm:float_value(Value).

  



  
    
      
    
    
      unpack_unorm_2x8/1



        
          
        

    

  


  

      

          -spec unpack_unorm_2x8(glm:uint16()) -> glm:vec2(float).


      


Unpack two unsigned normalized 8-bit lanes from a packed uint16.
Value = glm_packing:unpack_unorm_2x8(glm:uint16(16#80FF)).
_ = glm:vec2_values(Value).

  



  
    
      
    
    
      unpack_unorm_2x16/1



        
          
        

    

  


  

      

          -spec unpack_unorm_2x16(glm:uint32()) -> glm:vec2(float).


      


Unpack two unsigned normalized 16-bit lanes from a packed uint32.
Value = glm_packing:unpack_unorm_2x16(glm:uint32(16#0000FFFF)).
{1.0, 0.0} = glm:vec2_values(Value).

  



  
    
      
    
    
      unpack_unorm_4x8/1



        
          
        

    

  


  

      

          -spec unpack_unorm_4x8(glm:uint32()) -> glm:vec4(float).


      


Unpack four unsigned normalized 8-bit lanes from a packed uint32.
Value = glm_packing:unpack_unorm_4x8(glm:uint32(16#FF0080FF)).
_ = glm:vec4_values(Value).

  



  
    
      
    
    
      unpack_unorm_4x16/1



        
          
        

    

  


  

      

          -spec unpack_unorm_4x16(glm:uint64()) -> glm:vec4(float).


      


Unpack four unsigned normalized 16-bit lanes from a packed uint64.
Value = glm_packing:unpack_unorm_4x16(glm:uint64(16#FFFF00008000FFFF)).
_ = glm:vec4_values(Value).

  


        

      


  

    
glm_quat 
    



      
OpenGL Mathematics (GLM) quaternion operations for the BEAM.
It groups quaternion math, conversions, and vector-rotation helpers on wrapped
quaternion values. It includes construction and decomposition helpers such as
angle_axis/2, angle/1, and axis/1, normalization and interpolation
helpers such as normalize/1, mix/3, and slerp/3, matrix casts, Euler
angle extraction, and rotate/2 for vectors.
Supported operands:
	quat(float) and quat(double) values
	angle_axis/2 uses a scalar angle and a vec3 axis of the same type
	rotate/2 supports rotating vec3 and vec4 values by a quaternion
	quat_cast/1 currently accepts mat3 and mat4

Typical calls look like:
QuarterTurn = glm_quat:angle_axis(
	glm:double(math:pi() / 2.0),
	glm:vec3(double, 0.0, 0.0, 1.0)
).

Rotated = glm_quat:rotate(QuarterTurn, glm:vec3(double, 1.0, 0.0, 0.0)).
0.0 = glm:vec3_x(Rotated).
1.0 = glm:vec3_y(Rotated).

Matrix = glm_quat:mat3_cast(QuarterTurn).
0.0 = glm:mat3_element(Matrix, 1, 1).
-1.0 = glm:mat3_element(Matrix, 2, 1).
These examples show quaternion construction, vector rotation, and matrix
conversion in the wrapped API.

      


      
        Summary


  
    Functions
  


    
      
        angle/1

      


        Return the rotation angle represented by a quaternion.



    


    
      
        angle_axis/2

      


        Build a quaternion from an angle and rotation axis.



    


    
      
        axis/1

      


        Return the rotation axis represented by a quaternion.



    


    
      
        conjugate/1

      


        Return the quaternion conjugate.



    


    
      
        dot/2

      


        Compute the quaternion dot product.



    


    
      
        euler_angles/1

      


        Convert a quaternion to Euler angles.



    


    
      
        inverse/1

      


        Return the quaternion inverse.



    


    
      
        length/1

      


        Return the quaternion length.



    


    
      
        mat3_cast/1

      


        Convert a quaternion to a 3x3 rotation matrix.



    


    
      
        mat4_cast/1

      


        Convert a quaternion to a 4x4 rotation matrix.



    


    
      
        mix/3

      


        Interpolate between two quaternions.



    


    
      
        normalize/1

      


        Normalize a quaternion.



    


    
      
        pitch/1

      


        Return the quaternion pitch angle.



    


    
      
        quat_cast/1

      


        Convert a rotation matrix to a quaternion.



    


    
      
        roll/1

      


        Return the quaternion roll angle.



    


    
      
        rotate/2

      


        Rotate a vector by a quaternion.



    


    
      
        slerp/3

      


        Perform spherical linear interpolation between two quaternions.



    


    
      
        yaw/1

      


        Return the quaternion yaw angle.



    





      


      
        Functions


        


  
    
      
    
    
      angle/1



        
          
        

    

  


  

      

          -spec angle(glm:quat(T)) -> glm:scalar(T) when T :: float | double.


      


Return the rotation angle represented by a quaternion.
QuarterTurn = glm_quat:angle_axis(
	glm:double(math:pi() / 2.0),
	glm:vec3(double, 0.0, 0.0, 1.0)
).
Angle = glm_quat:angle(QuarterTurn).
math:pi() / 2.0 = glm:double_value(Angle).

  



  
    
      
    
    
      angle_axis/2



        
          
        

    

  


  

      

          -spec angle_axis(glm:scalar(T), glm:vec(3, T)) -> glm:quat(T) when T :: float | double.


      


Build a quaternion from an angle and rotation axis.
QuarterTurn = glm_quat:angle_axis(
	glm:double(math:pi() / 2.0),
	glm:vec3(double, 0.0, 0.0, 1.0)
).
_ = glm:quat_values(QuarterTurn).

  



  
    
      
    
    
      axis/1



        
          
        

    

  


  

      

          -spec axis(glm:quat(T)) -> glm:vec(3, T) when T :: float | double.


      


Return the rotation axis represented by a quaternion.
Axis = glm_quat:axis(
	glm_quat:angle_axis(
		glm:double(math:pi() / 2.0),
		glm:vec3(double, 0.0, 0.0, 1.0)
	)
).
0.0 = glm:vec3_x(Axis).
0.0 = glm:vec3_y(Axis).
1.0 = glm:vec3_z(Axis).

  



  
    
      
    
    
      conjugate/1



        
          
        

    

  


  

      

          -spec conjugate(glm:quat(T)) -> glm:quat(T) when T :: float | double.


      


Return the quaternion conjugate.
Conjugate = glm_quat:conjugate(glm:quat(double, 1.0, 2.0, 3.0, 4.0)).
{1.0, -2.0, -3.0, -4.0} = glm:quat_values(Conjugate).

  



  
    
      
    
    
      dot/2



        
          
        

    

  


  

      

          -spec dot(glm:quat(T), glm:quat(T)) -> glm:scalar(T) when T :: float | double.


      


Compute the quaternion dot product.
Dot = glm_quat:dot(
	glm:quat(double, 1.0, 2.0, 3.0, 4.0),
	glm:quat(double, 5.0, 6.0, 7.0, 8.0)
).
70.0 = glm:double_value(Dot).

  



  
    
      
    
    
      euler_angles/1



        
          
        

    

  


  

      

          -spec euler_angles(glm:quat(T)) -> glm:vec(3, T) when T :: float | double.


      


Convert a quaternion to Euler angles.
Angles = glm_quat:euler_angles(
	glm_quat:angle_axis(
		glm:double(math:pi() / 2.0),
		glm:vec3(double, 0.0, 0.0, 1.0)
	)
).
math:pi() / 2.0 = glm:vec3_z(Angles).

  



  
    
      
    
    
      inverse/1



        
          
        

    

  


  

      

          -spec inverse(glm:quat(T)) -> glm:quat(T) when T :: float | double.


      


Return the quaternion inverse.
Inverse = glm_quat:inverse(
	glm_quat:angle_axis(
		glm:double(math:pi() / 2.0),
		glm:vec3(double, 0.0, 0.0, 1.0)
	)
).
_ = glm:quat_values(Inverse).

  



  
    
      
    
    
      length/1



        
          
        

    

  


  

      

          -spec length(glm:quat(T)) -> glm:scalar(T) when T :: float | double.


      


Return the quaternion length.
Length = glm_quat:length(glm:quat(double, 1.0, 2.0, 2.0, 1.0)).
math:sqrt(10.0) = glm:double_value(Length).

  



  
    
      
    
    
      mat3_cast/1



        
          
        

    

  


  

      

          -spec mat3_cast(glm:quat(T)) -> glm:mat3(T) when T :: float | double.


      


Convert a quaternion to a 3x3 rotation matrix.
Matrix = glm_quat:mat3_cast(
	glm_quat:angle_axis(
		glm:double(math:pi() / 2.0),
		glm:vec3(double, 0.0, 0.0, 1.0)
	)
).
0.0 = glm:mat3_element(Matrix, 1, 1).
-1.0 = glm:mat3_element(Matrix, 2, 1).

  



  
    
      
    
    
      mat4_cast/1



        
          
        

    

  


  

      

          -spec mat4_cast(glm:quat(T)) -> glm:mat4(T) when T :: float | double.


      


Convert a quaternion to a 4x4 rotation matrix.
Matrix = glm_quat:mat4_cast(
	glm_quat:angle_axis(
		glm:double(math:pi() / 2.0),
		glm:vec3(double, 0.0, 0.0, 1.0)
	)
).
0.0 = glm:mat4_element(Matrix, 1, 1).
-1.0 = glm:mat4_element(Matrix, 2, 1).

  



  
    
      
    
    
      mix/3



        
          
        

    

  


  

      

          -spec mix(glm:quat(T), glm:quat(T), glm:scalar(T)) -> glm:quat(T) when T :: float | double.


      


Interpolate between two quaternions.
Mixed = glm_quat:mix(
	glm:quat(double),
	glm_quat:angle_axis(glm:double(math:pi()), glm:vec3(double, 0.0, 0.0, 1.0)),
	glm:double(0.5)
).
math:pi() / 2.0 = glm:double_value(glm_quat:angle(Mixed)).

  



  
    
      
    
    
      normalize/1



        
          
        

    

  


  

      

          -spec normalize(glm:quat(T)) -> glm:quat(T) when T :: float | double.


      


Normalize a quaternion.
Normalized = glm_quat:normalize(glm:quat(double, 1.0, 2.0, 2.0, 1.0)).
_ = glm:quat_values(Normalized).

  



  
    
      
    
    
      pitch/1



        
          
        

    

  


  

      

          -spec pitch(glm:quat(T)) -> glm:scalar(T) when T :: float | double.


      


Return the quaternion pitch angle.
Pitch = glm_quat:pitch(
	glm_quat:angle_axis(
		glm:double(math:pi() / 2.0),
		glm:vec3(double, 1.0, 0.0, 0.0)
	)
).
math:pi() / 2.0 = glm:double_value(Pitch).

  



  
    
      
    
    
      quat_cast/1



        
          
        

    

  


  

      

          -spec quat_cast(glm:mat3(T)) -> glm:quat(T) when T :: float | double;
               (glm:mat4(T)) -> glm:quat(T) when T :: float | double.


      


Convert a rotation matrix to a quaternion.
Quat = glm_quat:quat_cast(glm:mat3(
	double,
	0.0, 1.0, 0.0,
	-1.0, 0.0, 0.0,
	0.0, 0.0, 1.0
)).
Rotated = glm_quat:rotate(Quat, glm:vec3(double, 1.0, 0.0, 0.0)).
0.0 = glm:vec3_x(Rotated).
1.0 = glm:vec3_y(Rotated).

  



  
    
      
    
    
      roll/1



        
          
        

    

  


  

      

          -spec roll(glm:quat(T)) -> glm:scalar(T) when T :: float | double.


      


Return the quaternion roll angle.
Roll = glm_quat:roll(
	glm_quat:angle_axis(
		glm:double(math:pi() / 2.0),
		glm:vec3(double, 0.0, 0.0, 1.0)
	)
).
math:pi() / 2.0 = glm:double_value(Roll).

  



  
    
      
    
    
      rotate/2



        
          
        

    

  


  

      

          -spec rotate(glm:quat(T), glm:vec(3, T)) -> glm:vec(3, T) when T :: float | double;
            (glm:quat(T), glm:vec(4, T)) -> glm:vec(4, T) when T :: float | double.


      


Rotate a vector by a quaternion.
QuarterTurn = glm_quat:angle_axis(
	glm:double(math:pi() / 2.0),
	glm:vec3(double, 0.0, 0.0, 1.0)
).
Rotated = glm_quat:rotate(QuarterTurn, glm:vec3(double, 1.0, 0.0, 0.0)).
0.0 = glm:vec3_x(Rotated).
1.0 = glm:vec3_y(Rotated).

  



  
    
      
    
    
      slerp/3



        
          
        

    

  


  

      

          -spec slerp(glm:quat(T), glm:quat(T), glm:scalar(T)) -> glm:quat(T) when T :: float | double.


      


Perform spherical linear interpolation between two quaternions.
Interpolated = glm_quat:slerp(
	glm:quat(double),
	glm_quat:angle_axis(glm:double(math:pi()), glm:vec3(double, 0.0, 0.0, 1.0)),
	glm:double(0.5)
).
Rotated = glm_quat:rotate(Interpolated, glm:vec3(double, 1.0, 0.0, 0.0)).
0.0 = glm:vec3_x(Rotated).
1.0 = glm:vec3_y(Rotated).

  



  
    
      
    
    
      yaw/1



        
          
        

    

  


  

      

          -spec yaw(glm:quat(T)) -> glm:scalar(T) when T :: float | double.


      


Return the quaternion yaw angle.
Yaw = glm_quat:yaw(
	glm_quat:angle_axis(
		glm:double(math:pi() / 2.0),
		glm:vec3(double, 0.0, 1.0, 0.0)
	)
).
math:pi() / 2.0 = glm:double_value(Yaw).

  


        

      


  

    
glm_raw 
    



      
OpenGL Mathematics (GLM) raw binary helpers for the BEAM.
This module is the thin binary-oriented layer beneath the public wrapper
modules. Its functions operate on compact type and shape metadata together with
binary payloads, and either encode values directly or forward to the NIF layer.
Most callers should use the safe API exposed by glm and the glm_* family
modules instead of calling this module directly.

      


      
        Summary


  
    Functions
  


    
      
        abs(T, L, X)

      


        Applies abs to a raw scalar or vector payload.



    


    
      
        acos(T, L, X)

      


        Applies acos to a raw floating-point scalar or vector payload.



    


    
      
        acosh(T, L, X)

      


        Applies acosh to a raw floating-point scalar or vector payload.



    


    
      
        affine_inverse(T, Shape, X)

      


        Applies affine_inverse to a raw matrix payload.



    


    
      
        all(L, X)

      


        Applies all to a raw boolean vector payload.



    


    
      
        angle(T, X)

      


        Applies angle to a raw quaternion payload.



    


    
      
        angle_axis(T, Angle, Axis)

      


        Builds a raw quaternion payload from a raw angle payload and a raw axis-vector payload.



    


    
      
        any(L, X)

      


        Applies any to a raw boolean vector payload.



    


    
      
        asin(T, L, X)

      


        Applies asin to a raw floating-point scalar or vector payload.



    


    
      
        asinh(T, L, X)

      


        Applies asinh to a raw floating-point scalar or vector payload.



    


    
      
        atan(T, L, X)

      


        Applies atan to a raw floating-point scalar or vector payload.



    


    
      
        atanh(T, L, X)

      


        Applies atanh to a raw floating-point scalar or vector payload.



    


    
      
        axis(T, X)

      


        Extracts the rotation axis from a raw quaternion payload.



    


    
      
        back_ease_in(T, A)

      


        Applies back_ease_in to a raw scalar payload.



    


    
      
        back_ease_in(T, A, O)

      


        Applies back_ease_in to a raw scalar payload using a raw overshoot payload O.



    


    
      
        back_ease_in_out(T, A)

      


        Applies back_ease_in_out to a raw scalar payload.



    


    
      
        back_ease_in_out(T, A, O)

      


        Applies back_ease_in_out to a raw scalar payload using a raw overshoot payload O.



    


    
      
        back_ease_out(T, A)

      


        Applies back_ease_out to a raw scalar payload.



    


    
      
        back_ease_out(T, A, O)

      


        Applies back_ease_out to a raw scalar payload using a raw overshoot payload O.



    


    
      
        bit_count(T, L, X)

      


        Applies bit_count to a raw scalar or vector integer payload.



    


    
      
        bitfield_extract(T, L, Value, Offset, Bits)

      


        Applies bitfield_extract to raw scalar or vector integer payloads.



    


    
      
        bitfield_insert(T, L, Base, Insert, Offset, Bits)

      


        Applies bitfield_insert to raw scalar or vector integer payloads.



    


    
      
        bitfield_reverse(T, L, X)

      


        Applies bitfield_reverse to a raw scalar or vector integer payload.



    


    
      
        bool()

      


        Returns the raw binary representation of the boolean value false.



    


    
      
        bool(V)

      


        Encodes a BEAM boolean as the raw one-byte GLM boolean payload.



    


    
      
        bool_value(D)

      


        Decodes a raw GLM boolean payload into a BEAM boolean.



    


    
      
        bounce_ease_in(T, A)

      


        Applies bounce_ease_in to a raw scalar payload.



    


    
      
        bounce_ease_in_out(T, A)

      


        Applies bounce_ease_in_out to a raw scalar payload.



    


    
      
        bounce_ease_out(T, A)

      


        Applies bounce_ease_out to a raw scalar payload.



    


    
      
        ceil(T, L, X)

      


        Applies ceil to a raw scalar or vector payload.



    


    
      
        circular_ease_in(T, A)

      


        Applies circular_ease_in to a raw scalar payload.



    


    
      
        circular_ease_in_out(T, A)

      


        Applies circular_ease_in_out to a raw scalar payload.



    


    
      
        circular_ease_out(T, A)

      


        Applies circular_ease_out to a raw scalar payload.



    


    
      
        clamp(T, L, Pattern, X, MinVal, MaxVal)

      


        Clamps a raw scalar or vector payload between raw minimum and maximum payloads.



    


    
      
        column(T, Shape, Index, X)

      


        Extracts a raw matrix column payload from X.



    


    
      
        conjugate(T, X)

      


        Applies conjugate to a raw quaternion payload.



    


    
      
        cos(T, L, X)

      


        Applies cos to a raw floating-point scalar or vector payload.



    


    
      
        cosh(T, L, X)

      


        Applies cosh to a raw floating-point scalar or vector payload.



    


    
      
        cross(T, L, X, Y)

      


        Applies cross to raw 3-component vector payloads.



    


    
      
        cubic_ease_in(T, A)

      


        Applies cubic_ease_in to a raw scalar payload.



    


    
      
        cubic_ease_in_out(T, A)

      


        Applies cubic_ease_in_out to a raw scalar payload.



    


    
      
        cubic_ease_out(T, A)

      


        Applies cubic_ease_out to a raw scalar payload.



    


    
      
        degrees(T, L, X)

      


        Applies degrees to a raw floating-point scalar or vector payload.



    


    
      
        determinant(T, Shape, X)

      


        Applies determinant to a raw square matrix payload.



    


    
      
        distance(T, L, X, Y)

      


        Applies distance to raw floating-point vector payloads.



    


    
      
        dot(T, X, Y)

      


        Applies quaternion dot to raw quaternion payloads.



    


    
      
        dot(T, L, X, Y)

      


        Applies dot to raw floating-point vector payloads.



    


    
      
        double()

      


        Returns the raw binary representation of the 64-bit floating-point value 0.0.



    


    
      
        double(V)

      


        Encodes a BEAM floating-point value as a 64-bit raw payload.



    


    
      
        double_value(D)

      


        Decodes a 64-bit raw payload into a BEAM float.



    


    
      
        elastic_ease_in(T, A)

      


        Applies elastic_ease_in to a raw scalar payload.



    


    
      
        elastic_ease_in_out(T, A)

      


        Applies elastic_ease_in_out to a raw scalar payload.



    


    
      
        elastic_ease_out(T, A)

      


        Applies elastic_ease_out to a raw scalar payload.



    


    
      
        equal(T, L, X, Y)

      


        Applies equal to raw scalar or vector payloads of the same shape.



    


    
      
        euler_angles(T, X)

      


        Converts a raw quaternion payload into a raw Euler-angle vector payload.



    


    
      
        exp2(T, L, X)

      


        Applies exp2 to a raw floating-point scalar or vector payload.



    


    
      
        exp(T, L, X)

      


        Applies exp to a raw floating-point scalar or vector payload.



    


    
      
        exponential_ease_in(T, A)

      


        Applies exponential_ease_in to a raw scalar payload.



    


    
      
        exponential_ease_in_out(T, A)

      


        Applies exponential_ease_in_out to a raw scalar payload.



    


    
      
        exponential_ease_out(T, A)

      


        Applies exponential_ease_out to a raw scalar payload.



    


    
      
        face_forward(T, L, N, I, NRef)

      


        Applies face_forward to raw floating-point vector payloads.



    


    
      
        find_lsb(T, L, X)

      


        Applies find_lsb to a raw scalar or vector integer payload.



    


    
      
        find_msb(T, L, X)

      


        Applies find_msb to a raw scalar or vector integer payload.



    


    
      
        float()

      


        Returns the raw binary representation of the 32-bit floating-point value 0.0.



    


    
      
        float(V)

      


        Encodes a BEAM floating-point value as a 32-bit raw payload.



    


    
      
        float_bits_to_int(T, L, X)

      


        Reinterprets a raw floating-point payload as a raw signed 32-bit integer payload.



    


    
      
        float_bits_to_uint(T, L, X)

      


        Reinterprets a raw floating-point payload as a raw unsigned 32-bit integer payload.



    


    
      
        float_value(D)

      


        Decodes a 32-bit raw payload into a BEAM float.



    


    
      
        floor(T, L, X)

      


        Applies floor to a raw scalar or vector payload.



    


    
      
        fma(T, L, A, B, C)

      


        Applies fma to raw floating-point scalar or vector payloads.



    


    
      
        fract(T, L, X)

      


        Applies fract to a raw scalar or vector payload.



    


    
      
        frexp(T, L, X)

      


        Applies frexp to a raw floating-point scalar or vector payload.



    


    
      
        frustum(T, Left, Right, Bottom, Top, Near, Far)

      


        Applies frustum to raw scalar payloads and returns a raw projection-matrix payload.



    


    
      
        greater_than(T, L, X, Y)

      


        Applies greater_than to raw scalar or vector payloads of the same shape.



    


    
      
        greater_than_equal(T, L, X, Y)

      


        Applies greater_than_equal to raw scalar or vector payloads of the same shape.



    


    
      
        imul_extended(T, L, X, Y)

      


        Applies imul_extended to raw scalar or vector signed 32-bit payloads.



    


    
      
        infinite_perspective(T, Fovy, Aspect, Near)

      


        Applies infinite_perspective to raw scalar payloads and returns a raw projection-matrix payload.



    


    
      
        int8()

      


        Returns the raw binary representation of the signed 8-bit value 0.



    


    
      
        int8(V)

      


        Encodes a BEAM integer as a signed 8-bit raw payload.



    


    
      
        int8_value(D)

      


        Decodes a signed 8-bit raw payload into a BEAM integer.



    


    
      
        int16()

      


        Returns the raw binary representation of the signed 16-bit value 0.



    


    
      
        int16(V)

      


        Encodes a BEAM integer as a signed 16-bit raw payload.



    


    
      
        int16_value(D)

      


        Decodes a signed 16-bit raw payload into a BEAM integer.



    


    
      
        int32()

      


        Returns the raw binary representation of the signed 32-bit value 0.



    


    
      
        int32(V)

      


        Encodes a BEAM integer as a signed 32-bit raw payload.



    


    
      
        int32_value(D)

      


        Decodes a signed 32-bit raw payload into a BEAM integer.



    


    
      
        int64()

      


        Returns the raw binary representation of the signed 64-bit value 0.



    


    
      
        int64(V)

      


        Encodes a BEAM integer as a signed 64-bit raw payload.



    


    
      
        int64_value(D)

      


        Decodes a signed 64-bit raw payload into a BEAM integer.



    


    
      
        int_bits_to_float(T, L, X)

      


        Reinterprets a raw signed 32-bit integer payload as a raw floating-point payload.



    


    
      
        inverse(T, X)

      


        Applies quaternion inverse to a raw quaternion payload.



    


    
      
        inverse(T, Shape, X)

      


        Applies inverse to a raw square matrix payload.



    


    
      
        inverse_sqrt(T, L, X)

      


        Applies inverse_sqrt to a raw floating-point scalar or vector payload.



    


    
      
        inverse_transpose(T, Shape, X)

      


        Applies inverse_transpose to a raw square matrix payload.



    


    
      
        is_inf(T, L, X)

      


        Applies is_inf to a raw floating-point vector payload.



    


    
      
        is_multiple(T, L, Pattern, X, Y)

      


        Applies is_multiple to raw scalar or vector integer payloads.



    


    
      
        is_nan(T, L, X)

      


        Applies is_nan to a raw floating-point vector payload.



    


    
      
        is_power_of_two(T, L, X)

      


        Applies is_power_of_two to a raw scalar or vector integer payload.



    


    
      
        ldexp(T, L, X, Exp)

      


        Applies ldexp to raw floating-point scalar or vector payloads.



    


    
      
        length(T, X)

      


        Applies quaternion length to a raw quaternion payload.



    


    
      
        length(T, L, X)

      


        Applies length to a raw floating-point vector payload.



    


    
      
        less_than(T, L, X, Y)

      


        Applies less_than to raw scalar or vector payloads of the same shape.



    


    
      
        less_than_equal(T, L, X, Y)

      


        Applies less_than_equal to raw scalar or vector payloads of the same shape.



    


    
      
        linear_interpolation(T, A)

      


        Applies linear_interpolation to a raw scalar payload.



    


    
      
        log2(T, L, X)

      


        Applies log2 to a raw floating-point scalar or vector payload.



    


    
      
        log(T, L, X)

      


        Applies log to a raw floating-point scalar or vector payload.



    


    
      
        look_at(T, Eye, Center, Up)

      


        Applies look_at to raw vector payloads and returns a raw view-matrix payload.



    


    
      
        mat2/1

      


        Returns the zero-filled raw binary representation of a 2x2 matrix with element type T.



    


    
      
        mat2/2

      


        Returns the raw binary representation of a 2x2 matrix with every element set to V.



    


    
      
        mat2/5

      


        Returns the raw binary representation of a 2x2 matrix from explicit column-major element values.



    


    
      
        mat2_element/3

      


        Decodes the element at 1-based flat index I from a raw 2x2 matrix payload in column-major order.



    


    
      
        mat2_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 2x2 matrix payload.



    


    
      
        mat2_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 2x2 matrix payload.



    


    
      
        mat2_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 2x2 matrix payload.



    


    
      
        mat2_values/2

      


        Decodes a raw 2x2 matrix payload into a BEAM tuple in column-major order.



    


    
      
        mat2x3/1

      


        Returns the zero-filled raw binary representation of a 2x3 matrix with element type T.



    


    
      
        mat2x3/2

      


        Returns the raw binary representation of a 2x3 matrix with every element set to V.



    


    
      
        mat2x3/7

      


        Returns the raw binary representation of a 2x3 matrix from explicit column-major element values.



    


    
      
        mat2x3_element/3

      


        Decodes the element at 1-based flat index I from a raw 2x3 matrix payload in column-major order.



    


    
      
        mat2x3_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 2x3 matrix payload.



    


    
      
        mat2x3_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 2x3 matrix payload.



    


    
      
        mat2x3_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 2x3 matrix payload.



    


    
      
        mat2x3_values/2

      


        Decodes a raw 2x3 matrix payload into a BEAM tuple in column-major order.



    


    
      
        mat2x4/1

      


        Returns the zero-filled raw binary representation of a 2x4 matrix with element type T.



    


    
      
        mat2x4/2

      


        Returns the raw binary representation of a 2x4 matrix with every element set to V.



    


    
      
        mat2x4/9

      


        Returns the raw binary representation of a 2x4 matrix from explicit column-major element values.



    


    
      
        mat2x4_element/3

      


        Decodes the element at 1-based flat index I from a raw 2x4 matrix payload in column-major order.



    


    
      
        mat2x4_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 2x4 matrix payload.



    


    
      
        mat2x4_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 2x4 matrix payload.



    


    
      
        mat2x4_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 2x4 matrix payload.



    


    
      
        mat2x4_values/2

      


        Decodes a raw 2x4 matrix payload into a BEAM tuple in column-major order.



    


    
      
        mat3/1

      


        Returns the zero-filled raw binary representation of a 3x3 matrix with element type T.



    


    
      
        mat3/2

      


        Returns the raw binary representation of a 3x3 matrix with every element set to V.



    


    
      
        mat3/10

      


        Returns the raw binary representation of a 3x3 matrix from explicit column-major element values.



    


    
      
        mat3_cast(T, X)

      


        Converts a raw quaternion payload into a raw 3x3 matrix payload.



    


    
      
        mat3_element/3

      


        Decodes the element at 1-based flat index I from a raw 3x3 matrix payload in column-major order.



    


    
      
        mat3_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 3x3 matrix payload.



    


    
      
        mat3_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 3x3 matrix payload.



    


    
      
        mat3_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 3x3 matrix payload.



    


    
      
        mat3_values/2

      


        Decodes a raw 3x3 matrix payload into a BEAM tuple in column-major order.



    


    
      
        mat3x2/1

      


        Returns the zero-filled raw binary representation of a 3x2 matrix with element type T.



    


    
      
        mat3x2/2

      


        Returns the raw binary representation of a 3x2 matrix with every element set to V.



    


    
      
        mat3x2/7

      


        Returns the raw binary representation of a 3x2 matrix from explicit column-major element values.



    


    
      
        mat3x2_element/3

      


        Decodes the element at 1-based flat index I from a raw 3x2 matrix payload in column-major order.



    


    
      
        mat3x2_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 3x2 matrix payload.



    


    
      
        mat3x2_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 3x2 matrix payload.



    


    
      
        mat3x2_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 3x2 matrix payload.



    


    
      
        mat3x2_values/2

      


        Decodes a raw 3x2 matrix payload into a BEAM tuple in column-major order.



    


    
      
        mat3x4/1

      


        Returns the zero-filled raw binary representation of a 3x4 matrix with element type T.



    


    
      
        mat3x4/2

      


        Returns the raw binary representation of a 3x4 matrix with every element set to V.



    


    
      
        mat3x4/13

      


        Returns the raw binary representation of a 3x4 matrix from explicit column-major element values.



    


    
      
        mat3x4_element/3

      


        Decodes the element at 1-based flat index I from a raw 3x4 matrix payload in column-major order.



    


    
      
        mat3x4_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 3x4 matrix payload.



    


    
      
        mat3x4_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 3x4 matrix payload.



    


    
      
        mat3x4_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 3x4 matrix payload.



    


    
      
        mat3x4_values/2

      


        Decodes a raw 3x4 matrix payload into a BEAM tuple in column-major order.



    


    
      
        mat4/1

      


        Returns the zero-filled raw binary representation of a 4x4 matrix with element type T.



    


    
      
        mat4/2

      


        Returns the raw binary representation of a 4x4 matrix with every element set to V.



    


    
      
        mat4/17

      


        Returns the raw binary representation of a 4x4 matrix from explicit column-major element values.



    


    
      
        mat4_cast(T, X)

      


        Converts a raw quaternion payload into a raw 4x4 matrix payload.



    


    
      
        mat4_element/3

      


        Decodes the element at 1-based flat index I from a raw 4x4 matrix payload in column-major order.



    


    
      
        mat4_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 4x4 matrix payload.



    


    
      
        mat4_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 4x4 matrix payload.



    


    
      
        mat4_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 4x4 matrix payload.



    


    
      
        mat4_values/2

      


        Decodes a raw 4x4 matrix payload into a BEAM tuple in column-major order.



    


    
      
        mat4x2/1

      


        Returns the zero-filled raw binary representation of a 4x2 matrix with element type T.



    


    
      
        mat4x2/2

      


        Returns the raw binary representation of a 4x2 matrix with every element set to V.



    


    
      
        mat4x2/9

      


        Returns the raw binary representation of a 4x2 matrix from explicit column-major element values.



    


    
      
        mat4x2_element/3

      


        Decodes the element at 1-based flat index I from a raw 4x2 matrix payload in column-major order.



    


    
      
        mat4x2_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 4x2 matrix payload.



    


    
      
        mat4x2_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 4x2 matrix payload.



    


    
      
        mat4x2_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 4x2 matrix payload.



    


    
      
        mat4x2_values/2

      


        Decodes a raw 4x2 matrix payload into a BEAM tuple in column-major order.



    


    
      
        mat4x3/1

      


        Returns the zero-filled raw binary representation of a 4x3 matrix with element type T.



    


    
      
        mat4x3/2

      


        Returns the raw binary representation of a 4x3 matrix with every element set to V.



    


    
      
        mat4x3/13

      


        Returns the raw binary representation of a 4x3 matrix from explicit column-major element values.



    


    
      
        mat4x3_element/3

      


        Decodes the element at 1-based flat index I from a raw 4x3 matrix payload in column-major order.



    


    
      
        mat4x3_element(T, D, C, R)

      


        Decodes the element at column C and row R from a raw 4x3 matrix payload.



    


    
      
        mat4x3_set_element/4

      


        Returns D with the element at 1-based flat index I replaced by V in a raw 4x3 matrix payload.



    


    
      
        mat4x3_set_element(T, D, C, R, V)

      


        Returns D with the element at column C and row R replaced by V in a raw 4x3 matrix payload.



    


    
      
        mat4x3_values/2

      


        Decodes a raw 4x3 matrix payload into a BEAM tuple in column-major order.



    


    
      
        matrix_comp_mult(T, Shape, X, Y)

      


        Applies matrix_comp_mult to raw matrix payloads of the same shape.



    


    
      
        max(T, L, Pattern, X, Y)

      


        Applies max to raw scalar or vector payloads.



    


    
      
        min(T, L, Pattern, X, Y)

      


        Applies min to raw scalar or vector payloads.



    


    
      
        mix(T, X, Y, A)

      


        Applies quaternion mix to raw quaternion payloads using a raw interpolation payload.



    


    
      
        mix(T, L, Pattern, X, Y, A)

      


        Applies mix to raw scalar or vector payloads.



    


    
      
        mod(T, L, Pattern, X, Y)

      


        Applies mod to raw scalar or vector payloads.



    


    
      
        modf(T, L, X)

      


        Applies modf to a raw scalar or vector payload.



    


    
      
        next_multiple(T, L, Pattern, X, Y)

      


        Applies next_multiple to raw scalar or vector integer payloads.



    


    
      
        next_power_of_two(T, L, X)

      


        Applies next_power_of_two to a raw scalar or vector integer payload.



    


    
      
        normalize(T, X)

      


        Applies quaternion normalize to a raw quaternion payload.



    


    
      
        normalize(T, L, X)

      


        Applies normalize to a raw floating-point vector payload.



    


    
      
        'not'(L, X)

      


        Applies logical not to a raw boolean vector payload.



    


    
      
        not_equal(T, L, X, Y)

      


        Applies not_equal to raw scalar or vector payloads of the same shape.



    


    
      
        ortho(T, Left, Right, Bottom, Top, Near, Far)

      


        Applies ortho to raw scalar payloads and returns a raw projection-matrix payload.



    


    
      
        outer_product(T, Shape, X, Y)

      


        Builds a raw matrix payload from the outer product of two raw vector payloads.



    


    
      
        pack_double_2x32(T, X)

      


        Applies pack_double_2x32 to a raw double payload.



    


    
      
        pack_half_1x16(T, X)

      


        Applies pack_half_1x16 to a raw float payload.



    


    
      
        pack_half_2x16(T, X)

      


        Applies pack_half_2x16 to a raw float payload.



    


    
      
        pack_half_4x16(T, X)

      


        Applies pack_half_4x16 to a raw float payload.



    


    
      
        pack_snorm_1x8(T, X)

      


        Applies pack_snorm_1x8 to a raw float payload.



    


    
      
        pack_snorm_1x16(T, X)

      


        Applies pack_snorm_1x16 to a raw float payload.



    


    
      
        pack_snorm_2x8(T, X)

      


        Applies pack_snorm_2x8 to a raw float payload.



    


    
      
        pack_snorm_2x16(T, X)

      


        Applies pack_snorm_2x16 to a raw float payload.



    


    
      
        pack_snorm_4x8(T, X)

      


        Applies pack_snorm_4x8 to a raw float payload.



    


    
      
        pack_snorm_4x16(T, X)

      


        Applies pack_snorm_4x16 to a raw float payload.



    


    
      
        pack_unorm_1x8(T, X)

      


        Applies pack_unorm_1x8 to a raw float payload.



    


    
      
        pack_unorm_1x16(T, X)

      


        Applies pack_unorm_1x16 to a raw float payload.



    


    
      
        pack_unorm_2x8(T, X)

      


        Applies pack_unorm_2x8 to a raw float payload.



    


    
      
        pack_unorm_2x16(T, X)

      


        Applies pack_unorm_2x16 to a raw float payload.



    


    
      
        pack_unorm_4x8(T, X)

      


        Applies pack_unorm_4x8 to a raw float payload.



    


    
      
        pack_unorm_4x16(T, X)

      


        Applies pack_unorm_4x16 to a raw float payload.



    


    
      
        perspective(T, Fovy, Aspect, Near, Far)

      


        Applies perspective to raw scalar payloads and returns a raw projection-matrix payload.



    


    
      
        perspective_fov(T, Fov, Width, Height, Near, Far)

      


        Applies perspective_fov to raw scalar payloads and returns a raw projection-matrix payload.



    


    
      
        pitch(T, X)

      


        Extracts the pitch angle from a raw quaternion payload.



    


    
      
        pow(T, L, X, Y)

      


        Applies pow to raw floating-point scalar or vector payloads.



    


    
      
        prev_multiple(T, L, Pattern, X, Y)

      


        Applies prev_multiple to raw scalar or vector integer payloads.



    


    
      
        prev_power_of_two(T, L, X)

      


        Applies prev_power_of_two to a raw scalar or vector integer payload.



    


    
      
        project(T, Object, Model, Projection, Viewport)

      


        Applies project to raw vector, matrix, and viewport payloads.



    


    
      
        quadratic_ease_in(T, A)

      


        Applies quadratic_ease_in to a raw scalar payload.



    


    
      
        quadratic_ease_in_out(T, A)

      


        Applies quadratic_ease_in_out to a raw scalar payload.



    


    
      
        quadratic_ease_out(T, A)

      


        Applies quadratic_ease_out to a raw scalar payload.



    


    
      
        quartic_ease_in(T, A)

      


        Applies quartic_ease_in to a raw scalar payload.



    


    
      
        quartic_ease_in_out(T, A)

      


        Applies quartic_ease_in_out to a raw scalar payload.



    


    
      
        quartic_ease_out(T, A)

      


        Applies quartic_ease_out to a raw scalar payload.



    


    
      
        quat/1

      


        Returns the zero-filled raw binary representation of a quaternion with element type T.



    


    
      
        quat/5

      


        Returns the raw binary representation of a quaternion with scalar part W and vector part X, Y, and Z.



    


    
      
        quat_cast(T, Shape, X)

      


        Converts a raw 3x3 or 4x4 matrix payload into a raw quaternion payload.



    


    
      
        quat_set_w/3

      


        Returns D with the scalar w component of a raw quaternion payload replaced by W.



    


    
      
        quat_set_x/3

      


        Returns D with the x component of a raw quaternion payload replaced by X.



    


    
      
        quat_set_y/3

      


        Returns D with the y component of a raw quaternion payload replaced by Y.



    


    
      
        quat_set_z/3

      


        Returns D with the z component of a raw quaternion payload replaced by Z.



    


    
      
        quat_values/2

      


        Decodes a raw quaternion payload into a BEAM tuple in {W, X, Y, Z} order.



    


    
      
        quat_w/2

      


        Decodes the scalar w component from a raw quaternion payload.



    


    
      
        quat_x/2

      


        Decodes the x component from a raw quaternion payload.



    


    
      
        quat_y/2

      


        Decodes the y component from a raw quaternion payload.



    


    
      
        quat_z/2

      


        Decodes the z component from a raw quaternion payload.



    


    
      
        quintic_ease_in(T, A)

      


        Applies quintic_ease_in to a raw scalar payload.



    


    
      
        quintic_ease_in_out(T, A)

      


        Applies quintic_ease_in_out to a raw scalar payload.



    


    
      
        quintic_ease_out(T, A)

      


        Applies quintic_ease_out to a raw scalar payload.



    


    
      
        radians(T, L, X)

      


        Applies radians to a raw floating-point scalar or vector payload.



    


    
      
        reflect(T, L, I, N)

      


        Applies reflect to raw floating-point vector payloads.



    


    
      
        refract(T, L, I, N, Eta)

      


        Applies refract to raw floating-point vector payloads.



    


    
      
        roll(T, X)

      


        Extracts the roll angle from a raw quaternion payload.



    


    
      
        rotate(T, Q, X)

      


        Rotates a raw vector payload by a raw quaternion payload.



    


    
      
        rotate(T, Matrix, Angle, Axis)

      


        Applies matrix rotate to a raw transformation matrix using raw angle and axis payloads.



    


    
      
        round(T, L, X)

      


        Applies round to a raw scalar or vector payload.



    


    
      
        round_even(T, L, X)

      


        Applies round_even to a raw scalar or vector payload.



    


    
      
        row(T, Shape, Index, X)

      


        Extracts a raw matrix row payload from X.



    


    
      
        scale(T, Matrix, Vector)

      


        Applies scale to a raw transformation matrix payload using a raw scale-vector payload.



    


    
      
        sign(T, L, X)

      


        Applies sign to a raw scalar or vector payload.



    


    
      
        sin(T, L, X)

      


        Applies sin to a raw floating-point scalar or vector payload.



    


    
      
        sine_ease_in(T, A)

      


        Applies sine_ease_in to a raw scalar payload.



    


    
      
        sine_ease_in_out(T, A)

      


        Applies sine_ease_in_out to a raw scalar payload.



    


    
      
        sine_ease_out(T, A)

      


        Applies sine_ease_out to a raw scalar payload.



    


    
      
        sinh(T, L, X)

      


        Applies sinh to a raw floating-point scalar or vector payload.



    


    
      
        slerp(T, X, Y, A)

      


        Applies slerp to raw quaternion payloads using a raw interpolation payload.



    


    
      
        smoothstep(T, L, Pattern, Edge0, Edge1, X)

      


        Applies smoothstep to raw scalar or vector payloads.



    


    
      
        sqrt(T, L, X)

      


        Applies sqrt to a raw floating-point scalar or vector payload.



    


    
      
        step(T, L, Pattern, Edge, X)

      


        Applies step to raw scalar or vector payloads.



    


    
      
        tan(T, L, X)

      


        Applies tan to a raw floating-point scalar or vector payload.



    


    
      
        tanh(T, L, X)

      


        Applies tanh to a raw floating-point scalar or vector payload.



    


    
      
        translate(T, Matrix, Vector)

      


        Applies translate to a raw transformation matrix payload using a raw translation-vector payload.



    


    
      
        transpose(T, Shape, X)

      


        Applies transpose to a raw matrix payload.



    


    
      
        trunc(T, L, X)

      


        Applies trunc to a raw floating-point scalar or vector payload.



    


    
      
        uadd_carry(T, L, X, Y)

      


        Applies uadd_carry to raw scalar or vector unsigned 32-bit payloads.



    


    
      
        uint8()

      


        Returns the raw binary representation of the unsigned 8-bit value 0.



    


    
      
        uint8(V)

      


        Encodes a BEAM integer as an unsigned 8-bit raw payload.



    


    
      
        uint8_value(D)

      


        Decodes an unsigned 8-bit raw payload into a BEAM integer.



    


    
      
        uint16()

      


        Returns the raw binary representation of the unsigned 16-bit value 0.



    


    
      
        uint16(V)

      


        Encodes a BEAM integer as an unsigned 16-bit raw payload.



    


    
      
        uint16_value(D)

      


        Decodes an unsigned 16-bit raw payload into a BEAM integer.



    


    
      
        uint32()

      


        Returns the raw binary representation of the unsigned 32-bit value 0.



    


    
      
        uint32(V)

      


        Encodes a BEAM integer as an unsigned 32-bit raw payload.



    


    
      
        uint32_value(D)

      


        Decodes an unsigned 32-bit raw payload into a BEAM integer.



    


    
      
        uint64()

      


        Returns the raw binary representation of the unsigned 64-bit value 0.



    


    
      
        uint64(V)

      


        Encodes a BEAM integer as an unsigned 64-bit raw payload.



    


    
      
        uint64_value(D)

      


        Decodes an unsigned 64-bit raw payload into a BEAM integer.



    


    
      
        uint_bits_to_float(T, L, X)

      


        Reinterprets a raw unsigned 32-bit integer payload as a raw floating-point payload.



    


    
      
        umul_extended(T, L, X, Y)

      


        Applies umul_extended to raw scalar or vector unsigned 32-bit payloads.



    


    
      
        un_project(T, Window, Model, Projection, Viewport)

      


        Applies un_project to raw vector, matrix, and viewport payloads.



    


    
      
        unpack_double_2x32(T, X)

      


        Applies unpack_double_2x32 to a packed raw payload.



    


    
      
        unpack_half_1x16(T, X)

      


        Applies unpack_half_1x16 to a packed raw payload.



    


    
      
        unpack_half_2x16(T, X)

      


        Applies unpack_half_2x16 to a packed raw payload.



    


    
      
        unpack_half_4x16(T, X)

      


        Applies unpack_half_4x16 to a packed raw payload.



    


    
      
        unpack_snorm_1x8(T, X)

      


        Applies unpack_snorm_1x8 to a packed raw payload.



    


    
      
        unpack_snorm_1x16(T, X)

      


        Applies unpack_snorm_1x16 to a packed raw payload.



    


    
      
        unpack_snorm_2x8(T, X)

      


        Applies unpack_snorm_2x8 to a packed raw payload.



    


    
      
        unpack_snorm_2x16(T, X)

      


        Applies unpack_snorm_2x16 to a packed raw payload.



    


    
      
        unpack_snorm_4x8(T, X)

      


        Applies unpack_snorm_4x8 to a packed raw payload.



    


    
      
        unpack_snorm_4x16(T, X)

      


        Applies unpack_snorm_4x16 to a packed raw payload.



    


    
      
        unpack_unorm_1x8(T, X)

      


        Applies unpack_unorm_1x8 to a packed raw payload.



    


    
      
        unpack_unorm_1x16(T, X)

      


        Applies unpack_unorm_1x16 to a packed raw payload.



    


    
      
        unpack_unorm_2x8(T, X)

      


        Applies unpack_unorm_2x8 to a packed raw payload.



    


    
      
        unpack_unorm_2x16(T, X)

      


        Applies unpack_unorm_2x16 to a packed raw payload.



    


    
      
        unpack_unorm_4x8(T, X)

      


        Applies unpack_unorm_4x8 to a packed raw payload.



    


    
      
        unpack_unorm_4x16(T, X)

      


        Applies unpack_unorm_4x16 to a packed raw payload.



    


    
      
        usub_borrow(T, L, X, Y)

      


        Applies usub_borrow to raw scalar or vector unsigned 32-bit payloads.



    


    
      
        vec2/1

      


        Returns the zero-filled raw binary representation of a 2-component vector with element type T.



    


    
      
        vec2/2

      


        Returns the raw binary representation of a 2-component vector with both components set to V.



    


    
      
        vec2/3

      


        Returns the raw binary representation of a 2-component vector with explicit x and y component values.



    


    
      
        vec2_set_x/3

      


        Returns D with the x component of a raw 2-component vector payload replaced by V.



    


    
      
        vec2_set_y/3

      


        Returns D with the y component of a raw 2-component vector payload replaced by V.



    


    
      
        vec2_values/2

      


        Decodes a raw 2-component vector payload into a BEAM tuple.



    


    
      
        vec2_x/2

      


        Decodes the x component from a raw 2-component vector payload.



    


    
      
        vec2_y/2

      


        Decodes the y component from a raw 2-component vector payload.



    


    
      
        vec3/1

      


        Returns the zero-filled raw binary representation of a 3-component vector with element type T.



    


    
      
        vec3/2

      


        Returns the raw binary representation of a 3-component vector with all components set to V.



    


    
      
        vec3/4

      


        Returns the raw binary representation of a 3-component vector with explicit x, y, and z component values.



    


    
      
        vec3_set_x/3

      


        Returns D with the x component of a raw 3-component vector payload replaced by V.



    


    
      
        vec3_set_y/3

      


        Returns D with the y component of a raw 3-component vector payload replaced by V.



    


    
      
        vec3_set_z/3

      


        Returns D with the z component of a raw 3-component vector payload replaced by V.



    


    
      
        vec3_values/2

      


        Decodes a raw 3-component vector payload into a BEAM tuple.



    


    
      
        vec3_x/2

      


        Decodes the x component from a raw 3-component vector payload.



    


    
      
        vec3_y/2

      


        Decodes the y component from a raw 3-component vector payload.



    


    
      
        vec3_z/2

      


        Decodes the z component from a raw 3-component vector payload.



    


    
      
        vec4/1

      


        Returns the zero-filled raw binary representation of a 4-component vector with element type T.



    


    
      
        vec4/2

      


        Returns the raw binary representation of a 4-component vector with all components set to V.



    


    
      
        vec4/5

      


        Returns the raw binary representation of a 4-component vector with explicit x, y, z, and w component values.



    


    
      
        vec4_set_w/3

      


        Returns D with the w component of a raw 4-component vector payload replaced by V.



    


    
      
        vec4_set_x/3

      


        Returns D with the x component of a raw 4-component vector payload replaced by V.



    


    
      
        vec4_set_y/3

      


        Returns D with the y component of a raw 4-component vector payload replaced by V.



    


    
      
        vec4_set_z/3

      


        Returns D with the z component of a raw 4-component vector payload replaced by V.



    


    
      
        vec4_values/2

      


        Decodes a raw 4-component vector payload into a BEAM tuple.



    


    
      
        vec4_w/2

      


        Decodes the w component from a raw 4-component vector payload.



    


    
      
        vec4_x/2

      


        Decodes the x component from a raw 4-component vector payload.



    


    
      
        vec4_y/2

      


        Decodes the y component from a raw 4-component vector payload.



    


    
      
        vec4_z/2

      


        Decodes the z component from a raw 4-component vector payload.



    


    
      
        yaw(T, X)

      


        Extracts the yaw angle from a raw quaternion payload.



    





      


      
        Functions


        


  
    
      
    
    
      abs(T, L, X)



        
          
        

    

  


  

      

          -spec abs(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies abs to a raw scalar or vector payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      acos(T, L, X)



        
          
        

    

  


  

      

          -spec acos(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies acos to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      acosh(T, L, X)



        
          
        

    

  


  

      

          -spec acosh(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies acosh to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      affine_inverse(T, Shape, X)



        
          
        

    

  


  

      

          -spec affine_inverse(T :: float | double, Shape :: {3, 3} | {4, 4}, X :: binary()) -> binary().


      


Applies affine_inverse to a raw matrix payload.
Shape identifies whether X holds a raw 3x3 or 4x4 matrix payload.

  



  
    
      
    
    
      all(L, X)



        
          
        

    

  


  

      

          -spec all(L :: glm:length(), X :: binary()) -> binary().


      


Applies all to a raw boolean vector payload.
The result is a raw boolean scalar payload.

  



  
    
      
    
    
      angle(T, X)



        
          
        

    

  


  

      

          -spec angle(T :: float | double, X :: binary()) -> binary().


      


Applies angle to a raw quaternion payload.
The result is a raw scalar angle payload.

  



  
    
      
    
    
      angle_axis(T, Angle, Axis)



        
          
        

    

  


  

      

          -spec angle_axis(T :: float | double, Angle :: binary(), Axis :: binary()) -> binary().


      


Builds a raw quaternion payload from a raw angle payload and a raw axis-vector payload.

  



  
    
      
    
    
      any(L, X)



        
          
        

    

  


  

      

          -spec any(L :: glm:length(), X :: binary()) -> binary().


      


Applies any to a raw boolean vector payload.
The result is a raw boolean scalar payload.

  



  
    
      
    
    
      asin(T, L, X)



        
          
        

    

  


  

      

          -spec asin(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies asin to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      asinh(T, L, X)



        
          
        

    

  


  

      

          -spec asinh(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies asinh to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      atan(T, L, X)



        
          
        

    

  


  

      

          -spec atan(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies atan to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      atanh(T, L, X)



        
          
        

    

  


  

      

          -spec atanh(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies atanh to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      axis(T, X)



        
          
        

    

  


  

      

          -spec axis(T :: float | double, X :: binary()) -> binary().


      


Extracts the rotation axis from a raw quaternion payload.
The result is a raw 3-component vector payload.

  



  
    
      
    
    
      back_ease_in(T, A)



        
          
        

    

  


  

      

          -spec back_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies back_ease_in to a raw scalar payload.

  



  
    
      
    
    
      back_ease_in(T, A, O)



        
          
        

    

  


  

      

          -spec back_ease_in(T :: glm:type(), A :: binary(), O :: binary()) -> binary().


      


Applies back_ease_in to a raw scalar payload using a raw overshoot payload O.

  



  
    
      
    
    
      back_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec back_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies back_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      back_ease_in_out(T, A, O)



        
          
        

    

  


  

      

          -spec back_ease_in_out(T :: glm:type(), A :: binary(), O :: binary()) -> binary().


      


Applies back_ease_in_out to a raw scalar payload using a raw overshoot payload O.

  



  
    
      
    
    
      back_ease_out(T, A)



        
          
        

    

  


  

      

          -spec back_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies back_ease_out to a raw scalar payload.

  



  
    
      
    
    
      back_ease_out(T, A, O)



        
          
        

    

  


  

      

          -spec back_ease_out(T :: glm:type(), A :: binary(), O :: binary()) -> binary().


      


Applies back_ease_out to a raw scalar payload using a raw overshoot payload O.

  



  
    
      
    
    
      bit_count(T, L, X)



        
          
        

    

  


  

      

          -spec bit_count(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies bit_count to a raw scalar or vector integer payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      bitfield_extract(T, L, Value, Offset, Bits)



        
          
        

    

  


  

      

          -spec bitfield_extract(T :: glm:type(),
                       L :: undefined | glm:length(),
                       Value :: binary(),
                       Offset :: binary(),
                       Bits :: binary()) ->
                          binary().


      


Applies bitfield_extract to raw scalar or vector integer payloads.
Value, Offset, and Bits are all raw payloads encoded with the same shape.

  



  
    
      
    
    
      bitfield_insert(T, L, Base, Insert, Offset, Bits)



        
          
        

    

  


  

      

          -spec bitfield_insert(T :: glm:type(),
                      L :: undefined | glm:length(),
                      Base :: binary(),
                      Insert :: binary(),
                      Offset :: binary(),
                      Bits :: binary()) ->
                         binary().


      


Applies bitfield_insert to raw scalar or vector integer payloads.
Base, Insert, Offset, and Bits are all raw payloads encoded with the
same shape.

  



  
    
      
    
    
      bitfield_reverse(T, L, X)



        
          
        

    

  


  

      

          -spec bitfield_reverse(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies bitfield_reverse to a raw scalar or vector integer payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      bool()



        
          
        

    

  


  

      

          -spec bool() -> binary().


      


Returns the raw binary representation of the boolean value false.

  



  
    
      
    
    
      bool(V)



        
          
        

    

  


  

      

          -spec bool(boolean()) -> binary().


      


Encodes a BEAM boolean as the raw one-byte GLM boolean payload.

  



  
    
      
    
    
      bool_value(D)



        
          
        

    

  


  

      

          -spec bool_value(binary()) -> boolean().


      


Decodes a raw GLM boolean payload into a BEAM boolean.

  



  
    
      
    
    
      bounce_ease_in(T, A)



        
          
        

    

  


  

      

          -spec bounce_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies bounce_ease_in to a raw scalar payload.

  



  
    
      
    
    
      bounce_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec bounce_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies bounce_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      bounce_ease_out(T, A)



        
          
        

    

  


  

      

          -spec bounce_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies bounce_ease_out to a raw scalar payload.

  



  
    
      
    
    
      ceil(T, L, X)



        
          
        

    

  


  

      

          -spec ceil(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies ceil to a raw scalar or vector payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      circular_ease_in(T, A)



        
          
        

    

  


  

      

          -spec circular_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies circular_ease_in to a raw scalar payload.

  



  
    
      
    
    
      circular_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec circular_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies circular_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      circular_ease_out(T, A)



        
          
        

    

  


  

      

          -spec circular_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies circular_ease_out to a raw scalar payload.

  



  
    
      
    
    
      clamp(T, L, Pattern, X, MinVal, MaxVal)



        
          
        

    

  


  

      

          -spec clamp(T :: glm:type(),
            L :: undefined | glm:length(),
            Pattern :: {scalar, scalar, scalar} | {vector, scalar, scalar} | {vector, vector, vector},
            X :: binary(),
            MinVal :: binary(),
            MaxVal :: binary()) ->
               binary().


      


Clamps a raw scalar or vector payload between raw minimum and maximum payloads.
Pattern selects which overload shape is being used: scalar/scalar/scalar,
vector/scalar/scalar, or vector/vector/vector.

  



  
    
      
    
    
      column(T, Shape, Index, X)



        
          
        

    

  


  

      

          -spec column(T :: float | double,
             Shape :: {glm:length(), glm:length()},
             Index :: pos_integer(),
             X :: binary()) ->
                binary().


      


Extracts a raw matrix column payload from X.
Shape identifies the matrix dimensions and Index is 1-based.

  



  
    
      
    
    
      conjugate(T, X)



        
          
        

    

  


  

      

          -spec conjugate(T :: float | double, X :: binary()) -> binary().


      


Applies conjugate to a raw quaternion payload.

  



  
    
      
    
    
      cos(T, L, X)



        
          
        

    

  


  

      

          -spec cos(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies cos to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      cosh(T, L, X)



        
          
        

    

  


  

      

          -spec cosh(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies cosh to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      cross(T, L, X, Y)



        
          
        

    

  


  

      

          -spec cross(T :: float | double, L :: 3, X :: binary(), Y :: binary()) -> binary().


      


Applies cross to raw 3-component vector payloads.
X and Y must be encoded with the same floating-point element type.

  



  
    
      
    
    
      cubic_ease_in(T, A)



        
          
        

    

  


  

      

          -spec cubic_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies cubic_ease_in to a raw scalar payload.

  



  
    
      
    
    
      cubic_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec cubic_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies cubic_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      cubic_ease_out(T, A)



        
          
        

    

  


  

      

          -spec cubic_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies cubic_ease_out to a raw scalar payload.

  



  
    
      
    
    
      degrees(T, L, X)



        
          
        

    

  


  

      

          -spec degrees(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies degrees to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      determinant(T, Shape, X)



        
          
        

    

  


  

      

          -spec determinant(T :: float | double, Shape :: {2, 2} | {3, 3} | {4, 4}, X :: binary()) -> binary().


      


Applies determinant to a raw square matrix payload.
Shape identifies whether X holds a raw 2x2, 3x3, or 4x4 matrix payload.

  



  
    
      
    
    
      distance(T, L, X, Y)



        
          
        

    

  


  

      

          -spec distance(T :: float | double, L :: glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies distance to raw floating-point vector payloads.
L identifies the vector length shared by X and Y.

  



  
    
      
    
    
      dot(T, X, Y)



        
          
        

    

  


  

      

          -spec dot(T :: float | double, X :: binary(), Y :: binary()) -> binary().


      


Applies quaternion dot to raw quaternion payloads.
The result is a raw scalar payload.

  



  
    
      
    
    
      dot(T, L, X, Y)



        
          
        

    

  


  

      

          -spec dot(T :: float | double, L :: glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies dot to raw floating-point vector payloads.
L identifies the vector length shared by X and Y.

  



  
    
      
    
    
      double()



        
          
        

    

  


  

      

          -spec double() -> binary().


      


Returns the raw binary representation of the 64-bit floating-point value 0.0.

  



  
    
      
    
    
      double(V)



        
          
        

    

  


  

      

          -spec double(float()) -> binary().


      


Encodes a BEAM floating-point value as a 64-bit raw payload.

  



  
    
      
    
    
      double_value(D)



        
          
        

    

  


  

      

          -spec double_value(binary()) -> float().


      


Decodes a 64-bit raw payload into a BEAM float.

  



  
    
      
    
    
      elastic_ease_in(T, A)



        
          
        

    

  


  

      

          -spec elastic_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies elastic_ease_in to a raw scalar payload.

  



  
    
      
    
    
      elastic_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec elastic_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies elastic_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      elastic_ease_out(T, A)



        
          
        

    

  


  

      

          -spec elastic_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies elastic_ease_out to a raw scalar payload.

  



  
    
      
    
    
      equal(T, L, X, Y)



        
          
        

    

  


  

      

          -spec equal(T :: glm:type(), L :: glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies equal to raw scalar or vector payloads of the same shape.
The result is a raw boolean vector payload.

  



  
    
      
    
    
      euler_angles(T, X)



        
          
        

    

  


  

      

          -spec euler_angles(T :: float | double, X :: binary()) -> binary().


      


Converts a raw quaternion payload into a raw Euler-angle vector payload.

  



  
    
      
    
    
      exp2(T, L, X)



        
          
        

    

  


  

      

          -spec exp2(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies exp2 to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      exp(T, L, X)



        
          
        

    

  


  

      

          -spec exp(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies exp to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      exponential_ease_in(T, A)



        
          
        

    

  


  

      

          -spec exponential_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies exponential_ease_in to a raw scalar payload.

  



  
    
      
    
    
      exponential_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec exponential_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies exponential_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      exponential_ease_out(T, A)



        
          
        

    

  


  

      

          -spec exponential_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies exponential_ease_out to a raw scalar payload.

  



  
    
      
    
    
      face_forward(T, L, N, I, NRef)



        
          
        

    

  


  

      

          -spec face_forward(T :: float | double,
                   L :: glm:length(),
                   N :: binary(),
                   I :: binary(),
                   NRef :: binary()) ->
                      binary().


      


Applies face_forward to raw floating-point vector payloads.
N, I, and NRef must all use the same encoded vector shape.

  



  
    
      
    
    
      find_lsb(T, L, X)



        
          
        

    

  


  

      

          -spec find_lsb(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies find_lsb to a raw scalar or vector integer payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      find_msb(T, L, X)



        
          
        

    

  


  

      

          -spec find_msb(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies find_msb to a raw scalar or vector integer payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      float()



        
          
        

    

  


  

      

          -spec float() -> binary().


      


Returns the raw binary representation of the 32-bit floating-point value 0.0.

  



  
    
      
    
    
      float(V)



        
          
        

    

  


  

      

          -spec float(float() | not_a_number | infinity) -> binary().


      


Encodes a BEAM floating-point value as a 32-bit raw payload.

  



  
    
      
    
    
      float_bits_to_int(T, L, X)



        
          
        

    

  


  

      

          -spec float_bits_to_int(T :: float, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Reinterprets a raw floating-point payload as a raw signed 32-bit integer payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      float_bits_to_uint(T, L, X)



        
          
        

    

  


  

      

          -spec float_bits_to_uint(T :: float, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Reinterprets a raw floating-point payload as a raw unsigned 32-bit integer payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      float_value(D)



        
          
        

    

  


  

      

          -spec float_value(binary()) -> float().


      


Decodes a 32-bit raw payload into a BEAM float.

  



  
    
      
    
    
      floor(T, L, X)



        
          
        

    

  


  

      

          -spec floor(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies floor to a raw scalar or vector payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      fma(T, L, A, B, C)



        
          
        

    

  


  

      

          -spec fma(T :: float | double,
          L :: undefined | glm:length(),
          A :: binary(),
          B :: binary(),
          C :: binary()) ->
             binary().


      


Applies fma to raw floating-point scalar or vector payloads.
A, B, and C must all use the same encoded shape.

  



  
    
      
    
    
      fract(T, L, X)



        
          
        

    

  


  

      

          -spec fract(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies fract to a raw scalar or vector payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      frexp(T, L, X)



        
          
        

    

  


  

      

          -spec frexp(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> {binary(), binary()}.


      


Applies frexp to a raw floating-point scalar or vector payload.
The return value contains the raw significand payload and the raw exponent
payload.

  



  
    
      
    
    
      frustum(T, Left, Right, Bottom, Top, Near, Far)



        
          
        

    

  


  

      

          -spec frustum(T :: float | double,
              Left :: binary(),
              Right :: binary(),
              Bottom :: binary(),
              Top :: binary(),
              Near :: binary(),
              Far :: binary()) ->
                 binary().


      


Applies frustum to raw scalar payloads and returns a raw projection-matrix payload.

  



  
    
      
    
    
      greater_than(T, L, X, Y)



        
          
        

    

  


  

      

          -spec greater_than(T :: glm:type(), L :: glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies greater_than to raw scalar or vector payloads of the same shape.
The result is a raw boolean vector payload.

  



  
    
      
    
    
      greater_than_equal(T, L, X, Y)



        
          
        

    

  


  

      

          -spec greater_than_equal(T :: glm:type(), L :: glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies greater_than_equal to raw scalar or vector payloads of the same shape.
The result is a raw boolean vector payload.

  



  
    
      
    
    
      imul_extended(T, L, X, Y)



        
          
        

    

  


  

      

          -spec imul_extended(T :: {int, 32}, L :: undefined | glm:length(), X :: binary(), Y :: binary()) ->
                       {binary(), binary()}.


      


Applies imul_extended to raw scalar or vector signed 32-bit payloads.
The return value contains the raw most-significant and least-significant result
payloads.

  



  
    
      
    
    
      infinite_perspective(T, Fovy, Aspect, Near)



        
          
        

    

  


  

      

          -spec infinite_perspective(T :: float | double, Fovy :: binary(), Aspect :: binary(), Near :: binary()) ->
                              binary().


      


Applies infinite_perspective to raw scalar payloads and returns a raw projection-matrix payload.

  



  
    
      
    
    
      int8()



        
          
        

    

  


  

      

          -spec int8() -> binary().


      


Returns the raw binary representation of the signed 8-bit value 0.

  



  
    
      
    
    
      int8(V)



        
          
        

    

  


  

      

          -spec int8(integer()) -> binary().


      


Encodes a BEAM integer as a signed 8-bit raw payload.

  



  
    
      
    
    
      int8_value(D)



        
          
        

    

  


  

      

          -spec int8_value(binary()) -> integer().


      


Decodes a signed 8-bit raw payload into a BEAM integer.

  



  
    
      
    
    
      int16()



        
          
        

    

  


  

      

          -spec int16() -> binary().


      


Returns the raw binary representation of the signed 16-bit value 0.

  



  
    
      
    
    
      int16(V)



        
          
        

    

  


  

      

          -spec int16(integer()) -> binary().


      


Encodes a BEAM integer as a signed 16-bit raw payload.

  



  
    
      
    
    
      int16_value(D)



        
          
        

    

  


  

      

          -spec int16_value(binary()) -> integer().


      


Decodes a signed 16-bit raw payload into a BEAM integer.

  



  
    
      
    
    
      int32()



        
          
        

    

  


  

      

          -spec int32() -> binary().


      


Returns the raw binary representation of the signed 32-bit value 0.

  



  
    
      
    
    
      int32(V)



        
          
        

    

  


  

      

          -spec int32(integer()) -> binary().


      


Encodes a BEAM integer as a signed 32-bit raw payload.

  



  
    
      
    
    
      int32_value(D)



        
          
        

    

  


  

      

          -spec int32_value(binary()) -> integer().


      


Decodes a signed 32-bit raw payload into a BEAM integer.

  



  
    
      
    
    
      int64()



        
          
        

    

  


  

      

          -spec int64() -> binary().


      


Returns the raw binary representation of the signed 64-bit value 0.

  



  
    
      
    
    
      int64(V)



        
          
        

    

  


  

      

          -spec int64(integer()) -> binary().


      


Encodes a BEAM integer as a signed 64-bit raw payload.

  



  
    
      
    
    
      int64_value(D)



        
          
        

    

  


  

      

          -spec int64_value(binary()) -> integer().


      


Decodes a signed 64-bit raw payload into a BEAM integer.

  



  
    
      
    
    
      int_bits_to_float(T, L, X)



        
          
        

    

  


  

      

          -spec int_bits_to_float(T :: {int, 32}, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Reinterprets a raw signed 32-bit integer payload as a raw floating-point payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      inverse(T, X)



        
          
        

    

  


  

      

          -spec inverse(T :: float | double, X :: binary()) -> binary().


      


Applies quaternion inverse to a raw quaternion payload.

  



  
    
      
    
    
      inverse(T, Shape, X)



        
          
        

    

  


  

      

          -spec inverse(T :: float | double, Shape :: {2, 2} | {3, 3} | {4, 4}, X :: binary()) -> binary().


      


Applies inverse to a raw square matrix payload.
Shape identifies whether X holds a raw 2x2, 3x3, or 4x4 matrix payload.

  



  
    
      
    
    
      inverse_sqrt(T, L, X)



        
          
        

    

  


  

      

          -spec inverse_sqrt(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies inverse_sqrt to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      inverse_transpose(T, Shape, X)



        
          
        

    

  


  

      

          -spec inverse_transpose(T :: float | double, Shape :: {2, 2} | {3, 3} | {4, 4}, X :: binary()) ->
                           binary().


      


Applies inverse_transpose to a raw square matrix payload.
Shape identifies whether X holds a raw 2x2, 3x3, or 4x4 matrix payload.

  



  
    
      
    
    
      is_inf(T, L, X)



        
          
        

    

  


  

      

          -spec is_inf(T :: float | double, L :: glm:length(), X :: binary()) -> binary().


      


Applies is_inf to a raw floating-point vector payload.
The result is a raw boolean vector payload with the same length.

  



  
    
      
    
    
      is_multiple(T, L, Pattern, X, Y)



        
          
        

    

  


  

      

          -spec is_multiple(T :: glm:type(),
                  L :: undefined | glm:length(),
                  Pattern :: {scalar, scalar} | {vector, scalar} | {vector, vector},
                  X :: binary(),
                  Y :: binary()) ->
                     binary().


      


Applies is_multiple to raw scalar or vector integer payloads.
Pattern selects whether the call uses scalar-scalar, vector-scalar, or
vector-vector broadcasting.

  



  
    
      
    
    
      is_nan(T, L, X)



        
          
        

    

  


  

      

          -spec is_nan(T :: float | double, L :: glm:length(), X :: binary()) -> binary().


      


Applies is_nan to a raw floating-point vector payload.
The result is a raw boolean vector payload with the same length.

  



  
    
      
    
    
      is_power_of_two(T, L, X)



        
          
        

    

  


  

      

          -spec is_power_of_two(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies is_power_of_two to a raw scalar or vector integer payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      ldexp(T, L, X, Exp)



        
          
        

    

  


  

      

          -spec ldexp(T :: float | double, L :: undefined | glm:length(), X :: binary(), Exp :: binary()) ->
               binary().


      


Applies ldexp to raw floating-point scalar or vector payloads.
Exp is a raw exponent payload encoded with the same shape as X.

  



  
    
      
    
    
      length(T, X)



        
          
        

    

  


  

      

          -spec length(T :: float | double, X :: binary()) -> binary().


      


Applies quaternion length to a raw quaternion payload.
The result is a raw scalar payload.

  



  
    
      
    
    
      length(T, L, X)



        
          
        

    

  


  

      

          -spec length(T :: float | double, L :: glm:length(), X :: binary()) -> binary().


      


Applies length to a raw floating-point vector payload.
The return value is a raw scalar payload of the same floating-point type.

  



  
    
      
    
    
      less_than(T, L, X, Y)



        
          
        

    

  


  

      

          -spec less_than(T :: glm:type(), L :: glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies less_than to raw scalar or vector payloads of the same shape.
The result is a raw boolean vector payload.

  



  
    
      
    
    
      less_than_equal(T, L, X, Y)



        
          
        

    

  


  

      

          -spec less_than_equal(T :: glm:type(), L :: glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies less_than_equal to raw scalar or vector payloads of the same shape.
The result is a raw boolean vector payload.

  



  
    
      
    
    
      linear_interpolation(T, A)



        
          
        

    

  


  

      

          -spec linear_interpolation(T :: glm:type(), A :: binary()) -> binary().


      


Applies linear_interpolation to a raw scalar payload.

  



  
    
      
    
    
      log2(T, L, X)



        
          
        

    

  


  

      

          -spec log2(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies log2 to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      log(T, L, X)



        
          
        

    

  


  

      

          -spec log(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies log to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      look_at(T, Eye, Center, Up)



        
          
        

    

  


  

      

          -spec look_at(T :: float | double, Eye :: binary(), Center :: binary(), Up :: binary()) -> binary().


      


Applies look_at to raw vector payloads and returns a raw view-matrix payload.
Eye, Center, and Up must be encoded as compatible 3-component vectors.

  



  
    
      
    
    
      mat2/1



        
          
        

    

  


  

      

          -spec mat2(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 2x2 matrix with element type T.

  



  
    
      
    
    
      mat2/2



        
          
        

    

  


  

      

          -spec mat2(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 2x2 matrix with every element set to V.

  



  
    
      
    
    
      mat2/5



        
          
        

    

  


  

      

          -spec mat2(glm:type(), float(), float(), float(), float()) -> binary().


      


Returns the raw binary representation of a 2x2 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat2_element/3



        
          
        

    

  


  

      

          -spec mat2_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 2x2 matrix payload in column-major order.

  



  
    
      
    
    
      mat2_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat2_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 2x2 matrix payload.

  



  
    
      
    
    
      mat2_set_element/4



        
          
        

    

  


  

      

          -spec mat2_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 2x2 matrix payload.

  



  
    
      
    
    
      mat2_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat2_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 2x2 matrix payload.

  



  
    
      
    
    
      mat2_values/2



        
          
        

    

  


  

      

          -spec mat2_values(glm:type(), binary()) -> {float(), float(), float(), float()}.


      


Decodes a raw 2x2 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      mat2x3/1



        
          
        

    

  


  

      

          -spec mat2x3(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 2x3 matrix with element type T.

  



  
    
      
    
    
      mat2x3/2



        
          
        

    

  


  

      

          -spec mat2x3(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 2x3 matrix with every element set to V.

  



  
    
      
    
    
      mat2x3/7



        
          
        

    

  


  

      

          -spec mat2x3(glm:type(), float(), float(), float(), float(), float(), float()) -> binary().


      


Returns the raw binary representation of a 2x3 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat2x3_element/3



        
          
        

    

  


  

      

          -spec mat2x3_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 2x3 matrix payload in column-major order.

  



  
    
      
    
    
      mat2x3_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat2x3_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 2x3 matrix payload.

  



  
    
      
    
    
      mat2x3_set_element/4



        
          
        

    

  


  

      

          -spec mat2x3_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 2x3 matrix payload.

  



  
    
      
    
    
      mat2x3_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat2x3_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 2x3 matrix payload.

  



  
    
      
    
    
      mat2x3_values/2



        
          
        

    

  


  

      

          -spec mat2x3_values(glm:type(), binary()) -> {float(), float(), float(), float(), float(), float()}.


      


Decodes a raw 2x3 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      mat2x4/1



        
          
        

    

  


  

      

          -spec mat2x4(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 2x4 matrix with element type T.

  



  
    
      
    
    
      mat2x4/2



        
          
        

    

  


  

      

          -spec mat2x4(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 2x4 matrix with every element set to V.

  



  
    
      
    
    
      mat2x4/9



        
          
        

    

  


  

      

          -spec mat2x4(glm:type(), float(), float(), float(), float(), float(), float(), float(), float()) ->
                binary().


      


Returns the raw binary representation of a 2x4 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat2x4_element/3



        
          
        

    

  


  

      

          -spec mat2x4_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 2x4 matrix payload in column-major order.

  



  
    
      
    
    
      mat2x4_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat2x4_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 2x4 matrix payload.

  



  
    
      
    
    
      mat2x4_set_element/4



        
          
        

    

  


  

      

          -spec mat2x4_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 2x4 matrix payload.

  



  
    
      
    
    
      mat2x4_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat2x4_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 2x4 matrix payload.

  



  
    
      
    
    
      mat2x4_values/2



        
          
        

    

  


  

      

          -spec mat2x4_values(glm:type(), binary()) ->
                       {float(), float(), float(), float(), float(), float(), float(), float()}.


      


Decodes a raw 2x4 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      mat3/1



        
          
        

    

  


  

      

          -spec mat3(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 3x3 matrix with element type T.

  



  
    
      
    
    
      mat3/2



        
          
        

    

  


  

      

          -spec mat3(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 3x3 matrix with every element set to V.

  



  
    
      
    
    
      mat3/10



        
          
        

    

  


  

      

          -spec mat3(glm:type(), float(), float(), float(), float(), float(), float(), float(), float(), float()) ->
              binary().


      


Returns the raw binary representation of a 3x3 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat3_cast(T, X)



        
          
        

    

  


  

      

          -spec mat3_cast(T :: float | double, X :: binary()) -> binary().


      


Converts a raw quaternion payload into a raw 3x3 matrix payload.

  



  
    
      
    
    
      mat3_element/3



        
          
        

    

  


  

      

          -spec mat3_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 3x3 matrix payload in column-major order.

  



  
    
      
    
    
      mat3_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat3_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 3x3 matrix payload.

  



  
    
      
    
    
      mat3_set_element/4



        
          
        

    

  


  

      

          -spec mat3_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 3x3 matrix payload.

  



  
    
      
    
    
      mat3_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat3_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 3x3 matrix payload.

  



  
    
      
    
    
      mat3_values/2



        
          
        

    

  


  

      

          -spec mat3_values(glm:type(), binary()) ->
                     {float(), float(), float(), float(), float(), float(), float(), float(), float()}.


      


Decodes a raw 3x3 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      mat3x2/1



        
          
        

    

  


  

      

          -spec mat3x2(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 3x2 matrix with element type T.

  



  
    
      
    
    
      mat3x2/2



        
          
        

    

  


  

      

          -spec mat3x2(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 3x2 matrix with every element set to V.

  



  
    
      
    
    
      mat3x2/7



        
          
        

    

  


  

      

          -spec mat3x2(glm:type(), float(), float(), float(), float(), float(), float()) -> binary().


      


Returns the raw binary representation of a 3x2 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat3x2_element/3



        
          
        

    

  


  

      

          -spec mat3x2_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 3x2 matrix payload in column-major order.

  



  
    
      
    
    
      mat3x2_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat3x2_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 3x2 matrix payload.

  



  
    
      
    
    
      mat3x2_set_element/4



        
          
        

    

  


  

      

          -spec mat3x2_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 3x2 matrix payload.

  



  
    
      
    
    
      mat3x2_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat3x2_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 3x2 matrix payload.

  



  
    
      
    
    
      mat3x2_values/2



        
          
        

    

  


  

      

          -spec mat3x2_values(glm:type(), binary()) -> {float(), float(), float(), float(), float(), float()}.


      


Decodes a raw 3x2 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      mat3x4/1



        
          
        

    

  


  

      

          -spec mat3x4(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 3x4 matrix with element type T.

  



  
    
      
    
    
      mat3x4/2



        
          
        

    

  


  

      

          -spec mat3x4(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 3x4 matrix with every element set to V.

  



  
    
      
    
    
      mat3x4/13



        
          
        

    

  


  

      

          -spec mat3x4(glm:type(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float()) ->
                binary().


      


Returns the raw binary representation of a 3x4 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat3x4_element/3



        
          
        

    

  


  

      

          -spec mat3x4_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 3x4 matrix payload in column-major order.

  



  
    
      
    
    
      mat3x4_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat3x4_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 3x4 matrix payload.

  



  
    
      
    
    
      mat3x4_set_element/4



        
          
        

    

  


  

      

          -spec mat3x4_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 3x4 matrix payload.

  



  
    
      
    
    
      mat3x4_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat3x4_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 3x4 matrix payload.

  



  
    
      
    
    
      mat3x4_values/2



        
          
        

    

  


  

      

          -spec mat3x4_values(glm:type(), binary()) ->
                       {float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float()}.


      


Decodes a raw 3x4 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      mat4/1



        
          
        

    

  


  

      

          -spec mat4(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 4x4 matrix with element type T.

  



  
    
      
    
    
      mat4/2



        
          
        

    

  


  

      

          -spec mat4(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 4x4 matrix with every element set to V.

  



  
    
      
    
    
      mat4/17



        
          
        

    

  


  

      

          -spec mat4(glm:type(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float(),
           float()) ->
              binary().


      


Returns the raw binary representation of a 4x4 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat4_cast(T, X)



        
          
        

    

  


  

      

          -spec mat4_cast(T :: float | double, X :: binary()) -> binary().


      


Converts a raw quaternion payload into a raw 4x4 matrix payload.

  



  
    
      
    
    
      mat4_element/3



        
          
        

    

  


  

      

          -spec mat4_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 4x4 matrix payload in column-major order.

  



  
    
      
    
    
      mat4_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat4_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 4x4 matrix payload.

  



  
    
      
    
    
      mat4_set_element/4



        
          
        

    

  


  

      

          -spec mat4_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 4x4 matrix payload.

  



  
    
      
    
    
      mat4_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat4_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 4x4 matrix payload.

  



  
    
      
    
    
      mat4_values/2



        
          
        

    

  


  

      

          -spec mat4_values(glm:type(), binary()) ->
                     {float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float(),
                      float()}.


      


Decodes a raw 4x4 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      mat4x2/1



        
          
        

    

  


  

      

          -spec mat4x2(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 4x2 matrix with element type T.

  



  
    
      
    
    
      mat4x2/2



        
          
        

    

  


  

      

          -spec mat4x2(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 4x2 matrix with every element set to V.

  



  
    
      
    
    
      mat4x2/9



        
          
        

    

  


  

      

          -spec mat4x2(glm:type(), float(), float(), float(), float(), float(), float(), float(), float()) ->
                binary().


      


Returns the raw binary representation of a 4x2 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat4x2_element/3



        
          
        

    

  


  

      

          -spec mat4x2_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 4x2 matrix payload in column-major order.

  



  
    
      
    
    
      mat4x2_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat4x2_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 4x2 matrix payload.

  



  
    
      
    
    
      mat4x2_set_element/4



        
          
        

    

  


  

      

          -spec mat4x2_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 4x2 matrix payload.

  



  
    
      
    
    
      mat4x2_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat4x2_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 4x2 matrix payload.

  



  
    
      
    
    
      mat4x2_values/2



        
          
        

    

  


  

      

          -spec mat4x2_values(glm:type(), binary()) ->
                       {float(), float(), float(), float(), float(), float(), float(), float()}.


      


Decodes a raw 4x2 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      mat4x3/1



        
          
        

    

  


  

      

          -spec mat4x3(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 4x3 matrix with element type T.

  



  
    
      
    
    
      mat4x3/2



        
          
        

    

  


  

      

          -spec mat4x3(glm:type(), float()) -> binary().


      


Returns the raw binary representation of a 4x3 matrix with every element set to V.

  



  
    
      
    
    
      mat4x3/13



        
          
        

    

  


  

      

          -spec mat4x3(glm:type(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float(),
             float()) ->
                binary().


      


Returns the raw binary representation of a 4x3 matrix from explicit column-major element values.

  



  
    
      
    
    
      mat4x3_element/3



        
          
        

    

  


  

      

          -spec mat4x3_element(glm:type(), binary(), pos_integer()) -> float().


      


Decodes the element at 1-based flat index I from a raw 4x3 matrix payload in column-major order.

  



  
    
      
    
    
      mat4x3_element(T, D, C, R)



        
          
        

    

  


  

      

          -spec mat4x3_element(glm:type(), binary(), pos_integer(), pos_integer()) -> float().


      


Decodes the element at column C and row R from a raw 4x3 matrix payload.

  



  
    
      
    
    
      mat4x3_set_element/4



        
          
        

    

  


  

      

          -spec mat4x3_set_element(glm:type(), binary(), pos_integer(), float()) -> binary().


      


Returns D with the element at 1-based flat index I replaced by V in a raw 4x3 matrix payload.

  



  
    
      
    
    
      mat4x3_set_element(T, D, C, R, V)



        
          
        

    

  


  

      

          -spec mat4x3_set_element(glm:type(), binary(), pos_integer(), pos_integer(), float()) -> binary().


      


Returns D with the element at column C and row R replaced by V in a raw 4x3 matrix payload.

  



  
    
      
    
    
      mat4x3_values/2



        
          
        

    

  


  

      

          -spec mat4x3_values(glm:type(), binary()) ->
                       {float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float(),
                        float()}.


      


Decodes a raw 4x3 matrix payload into a BEAM tuple in column-major order.

  



  
    
      
    
    
      matrix_comp_mult(T, Shape, X, Y)



        
          
        

    

  


  

      

          -spec matrix_comp_mult(T :: float | double,
                       Shape :: {glm:length(), glm:length()},
                       X :: binary(),
                       Y :: binary()) ->
                          binary().


      


Applies matrix_comp_mult to raw matrix payloads of the same shape.
Shape identifies the matrix dimensions shared by X and Y.

  



  
    
      
    
    
      max(T, L, Pattern, X, Y)



        
          
        

    

  


  

      

          -spec max(T :: glm:type(),
          L :: undefined | glm:length(),
          Pattern :: {scalar, scalar} | {vector, scalar} | {vector, vector},
          X :: binary(),
          Y :: binary()) ->
             binary().


      


Applies max to raw scalar or vector payloads.
Pattern selects whether the call uses scalar-scalar, vector-scalar, or
vector-vector broadcasting.

  



  
    
      
    
    
      min(T, L, Pattern, X, Y)



        
          
        

    

  


  

      

          -spec min(T :: glm:type(),
          L :: undefined | glm:length(),
          Pattern :: {scalar, scalar} | {vector, scalar} | {vector, vector},
          X :: binary(),
          Y :: binary()) ->
             binary().


      


Applies min to raw scalar or vector payloads.
Pattern selects whether the call uses scalar-scalar, vector-scalar, or
vector-vector broadcasting.

  



  
    
      
    
    
      mix(T, X, Y, A)



        
          
        

    

  


  

      

          -spec mix(T :: float | double, X :: binary(), Y :: binary(), A :: binary()) -> binary().


      


Applies quaternion mix to raw quaternion payloads using a raw interpolation payload.

  



  
    
      
    
    
      mix(T, L, Pattern, X, Y, A)



        
          
        

    

  


  

      

          -spec mix(T :: glm:type(),
          L :: undefined | glm:length(),
          Pattern :: {scalar, scalar, scalar} | {vector, vector, scalar} | {vector, vector, vector},
          X :: binary(),
          Y :: binary(),
          A :: binary()) ->
             binary().


      


Applies mix to raw scalar or vector payloads.
Pattern selects scalar-scalar-scalar, vector-vector-scalar, or
vector-vector-vector interpolation.

  



  
    
      
    
    
      mod(T, L, Pattern, X, Y)



        
          
        

    

  


  

      

          -spec mod(T :: glm:type(),
          L :: undefined | glm:length(),
          Pattern :: {scalar, scalar} | {vector, scalar} | {vector, vector},
          X :: binary(),
          Y :: binary()) ->
             binary().


      


Applies mod to raw scalar or vector payloads.
Pattern selects whether the call uses scalar-scalar, vector-scalar, or
vector-vector broadcasting.

  



  
    
      
    
    
      modf(T, L, X)



        
          
        

    

  


  

      

          -spec modf(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> {binary(), binary()}.


      


Applies modf to a raw scalar or vector payload.
The return value contains the raw integer-part payload and the raw fractional
part payload.

  



  
    
      
    
    
      next_multiple(T, L, Pattern, X, Y)



        
          
        

    

  


  

      

          -spec next_multiple(T :: glm:type(),
                    L :: undefined | glm:length(),
                    Pattern :: {scalar, scalar} | {vector, scalar} | {vector, vector},
                    X :: binary(),
                    Y :: binary()) ->
                       binary().


      


Applies next_multiple to raw scalar or vector integer payloads.
Pattern selects whether the call uses scalar-scalar, vector-scalar, or
vector-vector broadcasting.

  



  
    
      
    
    
      next_power_of_two(T, L, X)



        
          
        

    

  


  

      

          -spec next_power_of_two(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies next_power_of_two to a raw scalar or vector integer payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      normalize(T, X)



        
          
        

    

  


  

      

          -spec normalize(T :: float | double, X :: binary()) -> binary().


      


Applies quaternion normalize to a raw quaternion payload.

  



  
    
      
    
    
      normalize(T, L, X)



        
          
        

    

  


  

      

          -spec normalize(T :: float | double, L :: glm:length(), X :: binary()) -> binary().


      


Applies normalize to a raw floating-point vector payload.
L identifies the vector length encoded in X.

  



  
    
      
    
    
      'not'(L, X)



        
          
        

    

  


  

      

          -spec 'not'(L :: glm:length(), X :: binary()) -> binary().


      


Applies logical not to a raw boolean vector payload.
The result is a raw boolean vector payload of the same length.

  



  
    
      
    
    
      not_equal(T, L, X, Y)



        
          
        

    

  


  

      

          -spec not_equal(T :: glm:type(), L :: glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies not_equal to raw scalar or vector payloads of the same shape.
The result is a raw boolean vector payload.

  



  
    
      
    
    
      ortho(T, Left, Right, Bottom, Top, Near, Far)



        
          
        

    

  


  

      

          -spec ortho(T :: float | double,
            Left :: binary(),
            Right :: binary(),
            Bottom :: binary(),
            Top :: binary(),
            Near :: binary(),
            Far :: binary()) ->
               binary().


      


Applies ortho to raw scalar payloads and returns a raw projection-matrix payload.

  



  
    
      
    
    
      outer_product(T, Shape, X, Y)



        
          
        

    

  


  

      

          -spec outer_product(T :: float | double,
                    Shape :: {glm:length(), glm:length()},
                    X :: binary(),
                    Y :: binary()) ->
                       binary().


      


Builds a raw matrix payload from the outer product of two raw vector payloads.
Shape identifies the shape of the result matrix.

  



  
    
      
    
    
      pack_double_2x32(T, X)



        
          
        

    

  


  

      

          -spec pack_double_2x32(T :: double, X :: binary()) -> binary().


      


Applies pack_double_2x32 to a raw double payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_half_1x16(T, X)



        
          
        

    

  


  

      

          -spec pack_half_1x16(T :: float, X :: binary()) -> binary().


      


Applies pack_half_1x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_half_2x16(T, X)



        
          
        

    

  


  

      

          -spec pack_half_2x16(T :: float, X :: binary()) -> binary().


      


Applies pack_half_2x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_half_4x16(T, X)



        
          
        

    

  


  

      

          -spec pack_half_4x16(T :: float, X :: binary()) -> binary().


      


Applies pack_half_4x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_snorm_1x8(T, X)



        
          
        

    

  


  

      

          -spec pack_snorm_1x8(T :: float, X :: binary()) -> binary().


      


Applies pack_snorm_1x8 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_snorm_1x16(T, X)



        
          
        

    

  


  

      

          -spec pack_snorm_1x16(T :: float, X :: binary()) -> binary().


      


Applies pack_snorm_1x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_snorm_2x8(T, X)



        
          
        

    

  


  

      

          -spec pack_snorm_2x8(T :: float, X :: binary()) -> binary().


      


Applies pack_snorm_2x8 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_snorm_2x16(T, X)



        
          
        

    

  


  

      

          -spec pack_snorm_2x16(T :: float, X :: binary()) -> binary().


      


Applies pack_snorm_2x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_snorm_4x8(T, X)



        
          
        

    

  


  

      

          -spec pack_snorm_4x8(T :: float, X :: binary()) -> binary().


      


Applies pack_snorm_4x8 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_snorm_4x16(T, X)



        
          
        

    

  


  

      

          -spec pack_snorm_4x16(T :: float, X :: binary()) -> binary().


      


Applies pack_snorm_4x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_unorm_1x8(T, X)



        
          
        

    

  


  

      

          -spec pack_unorm_1x8(T :: float, X :: binary()) -> binary().


      


Applies pack_unorm_1x8 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_unorm_1x16(T, X)



        
          
        

    

  


  

      

          -spec pack_unorm_1x16(T :: float, X :: binary()) -> binary().


      


Applies pack_unorm_1x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_unorm_2x8(T, X)



        
          
        

    

  


  

      

          -spec pack_unorm_2x8(T :: float, X :: binary()) -> binary().


      


Applies pack_unorm_2x8 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_unorm_2x16(T, X)



        
          
        

    

  


  

      

          -spec pack_unorm_2x16(T :: float, X :: binary()) -> binary().


      


Applies pack_unorm_2x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_unorm_4x8(T, X)



        
          
        

    

  


  

      

          -spec pack_unorm_4x8(T :: float, X :: binary()) -> binary().


      


Applies pack_unorm_4x8 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      pack_unorm_4x16(T, X)



        
          
        

    

  


  

      

          -spec pack_unorm_4x16(T :: float, X :: binary()) -> binary().


      


Applies pack_unorm_4x16 to a raw float payload.
The result is the packed raw integer payload produced by GLM.

  



  
    
      
    
    
      perspective(T, Fovy, Aspect, Near, Far)



        
          
        

    

  


  

      

          -spec perspective(T :: float | double,
                  Fovy :: binary(),
                  Aspect :: binary(),
                  Near :: binary(),
                  Far :: binary()) ->
                     binary().


      


Applies perspective to raw scalar payloads and returns a raw projection-matrix payload.

  



  
    
      
    
    
      perspective_fov(T, Fov, Width, Height, Near, Far)



        
          
        

    

  


  

      

          -spec perspective_fov(T :: float | double,
                      Fov :: binary(),
                      Width :: binary(),
                      Height :: binary(),
                      Near :: binary(),
                      Far :: binary()) ->
                         binary().


      


Applies perspective_fov to raw scalar payloads and returns a raw projection-matrix payload.

  



  
    
      
    
    
      pitch(T, X)



        
          
        

    

  


  

      

          -spec pitch(T :: float | double, X :: binary()) -> binary().


      


Extracts the pitch angle from a raw quaternion payload.
The result is a raw scalar payload.

  



  
    
      
    
    
      pow(T, L, X, Y)



        
          
        

    

  


  

      

          -spec pow(T :: float | double, L :: undefined | glm:length(), X :: binary(), Y :: binary()) -> binary().


      


Applies pow to raw floating-point scalar or vector payloads.
X and Y must use the same encoded shape.

  



  
    
      
    
    
      prev_multiple(T, L, Pattern, X, Y)



        
          
        

    

  


  

      

          -spec prev_multiple(T :: glm:type(),
                    L :: undefined | glm:length(),
                    Pattern :: {scalar, scalar} | {vector, scalar} | {vector, vector},
                    X :: binary(),
                    Y :: binary()) ->
                       binary().


      


Applies prev_multiple to raw scalar or vector integer payloads.
Pattern selects whether the call uses scalar-scalar, vector-scalar, or
vector-vector broadcasting.

  



  
    
      
    
    
      prev_power_of_two(T, L, X)



        
          
        

    

  


  

      

          -spec prev_power_of_two(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies prev_power_of_two to a raw scalar or vector integer payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      project(T, Object, Model, Projection, Viewport)



        
          
        

    

  


  

      

          -spec project(T :: float | double,
              Object :: binary(),
              Model :: binary(),
              Projection :: binary(),
              Viewport :: binary()) ->
                 binary().


      


Applies project to raw vector, matrix, and viewport payloads.
The result is a raw projected-window-coordinate payload.

  



  
    
      
    
    
      quadratic_ease_in(T, A)



        
          
        

    

  


  

      

          -spec quadratic_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies quadratic_ease_in to a raw scalar payload.

  



  
    
      
    
    
      quadratic_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec quadratic_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies quadratic_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      quadratic_ease_out(T, A)



        
          
        

    

  


  

      

          -spec quadratic_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies quadratic_ease_out to a raw scalar payload.

  



  
    
      
    
    
      quartic_ease_in(T, A)



        
          
        

    

  


  

      

          -spec quartic_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies quartic_ease_in to a raw scalar payload.

  



  
    
      
    
    
      quartic_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec quartic_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies quartic_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      quartic_ease_out(T, A)



        
          
        

    

  


  

      

          -spec quartic_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies quartic_ease_out to a raw scalar payload.

  



  
    
      
    
    
      quat/1



        
          
        

    

  


  

      

          -spec quat(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a quaternion with element type T.

  



  
    
      
    
    
      quat/5



        
          
        

    

  


  

      

          -spec quat(glm:type(), float(), float(), float(), float()) -> binary().


      


Returns the raw binary representation of a quaternion with scalar part W and vector part X, Y, and Z.

  



  
    
      
    
    
      quat_cast(T, Shape, X)



        
          
        

    

  


  

      

          -spec quat_cast(T :: float | double, Shape :: {3, 3} | {4, 4}, X :: binary()) -> binary().


      


Converts a raw 3x3 or 4x4 matrix payload into a raw quaternion payload.
Shape identifies the matrix dimensions encoded in X.

  



  
    
      
    
    
      quat_set_w/3



        
          
        

    

  


  

      

          -spec quat_set_w(glm:type(), binary(), float()) -> binary().


      


Returns D with the scalar w component of a raw quaternion payload replaced by W.

  



  
    
      
    
    
      quat_set_x/3



        
          
        

    

  


  

      

          -spec quat_set_x(glm:type(), binary(), float()) -> binary().


      


Returns D with the x component of a raw quaternion payload replaced by X.

  



  
    
      
    
    
      quat_set_y/3



        
          
        

    

  


  

      

          -spec quat_set_y(glm:type(), binary(), float()) -> binary().


      


Returns D with the y component of a raw quaternion payload replaced by Y.

  



  
    
      
    
    
      quat_set_z/3



        
          
        

    

  


  

      

          -spec quat_set_z(glm:type(), binary(), float()) -> binary().


      


Returns D with the z component of a raw quaternion payload replaced by Z.

  



  
    
      
    
    
      quat_values/2



        
          
        

    

  


  

      

          -spec quat_values(glm:type(), binary()) -> {float(), float(), float(), float()}.


      


Decodes a raw quaternion payload into a BEAM tuple in {W, X, Y, Z} order.

  



  
    
      
    
    
      quat_w/2



        
          
        

    

  


  

      

          -spec quat_w(glm:type(), binary()) -> float().


      


Decodes the scalar w component from a raw quaternion payload.

  



  
    
      
    
    
      quat_x/2



        
          
        

    

  


  

      

          -spec quat_x(glm:type(), binary()) -> float().


      


Decodes the x component from a raw quaternion payload.

  



  
    
      
    
    
      quat_y/2



        
          
        

    

  


  

      

          -spec quat_y(glm:type(), binary()) -> float().


      


Decodes the y component from a raw quaternion payload.

  



  
    
      
    
    
      quat_z/2



        
          
        

    

  


  

      

          -spec quat_z(glm:type(), binary()) -> float().


      


Decodes the z component from a raw quaternion payload.

  



  
    
      
    
    
      quintic_ease_in(T, A)



        
          
        

    

  


  

      

          -spec quintic_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies quintic_ease_in to a raw scalar payload.

  



  
    
      
    
    
      quintic_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec quintic_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies quintic_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      quintic_ease_out(T, A)



        
          
        

    

  


  

      

          -spec quintic_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies quintic_ease_out to a raw scalar payload.

  



  
    
      
    
    
      radians(T, L, X)



        
          
        

    

  


  

      

          -spec radians(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies radians to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      reflect(T, L, I, N)



        
          
        

    

  


  

      

          -spec reflect(T :: float | double, L :: glm:length(), I :: binary(), N :: binary()) -> binary().


      


Applies reflect to raw floating-point vector payloads.
I and N must use the same encoded vector shape.

  



  
    
      
    
    
      refract(T, L, I, N, Eta)



        
          
        

    

  


  

      

          -spec refract(T :: float | double, L :: glm:length(), I :: binary(), N :: binary(), Eta :: binary()) ->
                 binary().


      


Applies refract to raw floating-point vector payloads.
Eta is a raw scalar payload using the same floating-point element type.

  



  
    
      
    
    
      roll(T, X)



        
          
        

    

  


  

      

          -spec roll(T :: float | double, X :: binary()) -> binary().


      


Extracts the roll angle from a raw quaternion payload.
The result is a raw scalar payload.

  



  
    
      
    
    
      rotate(T, Q, X)



        
          
        

    

  


  

      

          -spec rotate(T :: float | double, Q :: binary(), X :: binary()) -> binary().


      


Rotates a raw vector payload by a raw quaternion payload.

  



  
    
      
    
    
      rotate(T, Matrix, Angle, Axis)



        
          
        

    

  


  

      

          -spec rotate(T :: float | double, Matrix :: binary(), Angle :: binary(), Axis :: binary()) -> binary().


      


Applies matrix rotate to a raw transformation matrix using raw angle and axis payloads.

  



  
    
      
    
    
      round(T, L, X)



        
          
        

    

  


  

      

          -spec round(T :: glm:type(), L :: glm:length(), X :: binary()) -> binary().


      


Applies round to a raw scalar or vector payload.
T uses the safe-layer GLM type tag and L identifies the encoded shape.

  



  
    
      
    
    
      round_even(T, L, X)



        
          
        

    

  


  

      

          -spec round_even(T :: glm:type(), L :: glm:length(), X :: binary()) -> binary().


      


Applies round_even to a raw scalar or vector payload.
T uses the safe-layer GLM type tag and L identifies the encoded shape.

  



  
    
      
    
    
      row(T, Shape, Index, X)



        
          
        

    

  


  

      

          -spec row(T :: float | double,
          Shape :: {glm:length(), glm:length()},
          Index :: pos_integer(),
          X :: binary()) ->
             binary().


      


Extracts a raw matrix row payload from X.
Shape identifies the matrix dimensions and Index is 1-based.

  



  
    
      
    
    
      scale(T, Matrix, Vector)



        
          
        

    

  


  

      

          -spec scale(T :: float | double, Matrix :: binary(), Vector :: binary()) -> binary().


      


Applies scale to a raw transformation matrix payload using a raw scale-vector payload.

  



  
    
      
    
    
      sign(T, L, X)



        
          
        

    

  


  

      

          -spec sign(T :: glm:type(), L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies sign to a raw scalar or vector payload.
T uses the safe-layer GLM type tag and L is undefined for scalars or the
vector length for vectors.

  



  
    
      
    
    
      sin(T, L, X)



        
          
        

    

  


  

      

          -spec sin(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies sin to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      sine_ease_in(T, A)



        
          
        

    

  


  

      

          -spec sine_ease_in(T :: glm:type(), A :: binary()) -> binary().


      


Applies sine_ease_in to a raw scalar payload.

  



  
    
      
    
    
      sine_ease_in_out(T, A)



        
          
        

    

  


  

      

          -spec sine_ease_in_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies sine_ease_in_out to a raw scalar payload.

  



  
    
      
    
    
      sine_ease_out(T, A)



        
          
        

    

  


  

      

          -spec sine_ease_out(T :: glm:type(), A :: binary()) -> binary().


      


Applies sine_ease_out to a raw scalar payload.

  



  
    
      
    
    
      sinh(T, L, X)



        
          
        

    

  


  

      

          -spec sinh(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies sinh to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      slerp(T, X, Y, A)



        
          
        

    

  


  

      

          -spec slerp(T :: float | double, X :: binary(), Y :: binary(), A :: binary()) -> binary().


      


Applies slerp to raw quaternion payloads using a raw interpolation payload.

  



  
    
      
    
    
      smoothstep(T, L, Pattern, Edge0, Edge1, X)



        
          
        

    

  


  

      

          -spec smoothstep(T :: glm:type(),
                 L :: undefined | glm:length(),
                 Pattern ::
                     {scalar, scalar, scalar} | {scalar, scalar, vector} | {vector, vector, vector},
                 Edge0 :: binary(),
                 Edge1 :: binary(),
                 X :: binary()) ->
                    binary().


      


Applies smoothstep to raw scalar or vector payloads.
Pattern selects scalar-scalar-scalar, scalar-scalar-vector, or
vector-vector-vector interpolation.

  



  
    
      
    
    
      sqrt(T, L, X)



        
          
        

    

  


  

      

          -spec sqrt(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies sqrt to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      step(T, L, Pattern, Edge, X)



        
          
        

    

  


  

      

          -spec step(T :: glm:type(),
           L :: undefined | glm:length(),
           Pattern :: {scalar, scalar} | {scalar, vector} | {vector, vector},
           Edge :: binary(),
           X :: binary()) ->
              binary().


      


Applies step to raw scalar or vector payloads.
Pattern selects scalar-scalar, scalar-vector, or vector-vector comparison.

  



  
    
      
    
    
      tan(T, L, X)



        
          
        

    

  


  

      

          -spec tan(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies tan to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      tanh(T, L, X)



        
          
        

    

  


  

      

          -spec tanh(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies tanh to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      translate(T, Matrix, Vector)



        
          
        

    

  


  

      

          -spec translate(T :: float | double, Matrix :: binary(), Vector :: binary()) -> binary().


      


Applies translate to a raw transformation matrix payload using a raw translation-vector payload.

  



  
    
      
    
    
      transpose(T, Shape, X)



        
          
        

    

  


  

      

          -spec transpose(T :: float | double, Shape :: {glm:length(), glm:length()}, X :: binary()) -> binary().


      


Applies transpose to a raw matrix payload.
Shape identifies the matrix dimensions encoded in X.

  



  
    
      
    
    
      trunc(T, L, X)



        
          
        

    

  


  

      

          -spec trunc(T :: float | double, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Applies trunc to a raw floating-point scalar or vector payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      uadd_carry(T, L, X, Y)



        
          
        

    

  


  

      

          -spec uadd_carry(T :: {uint, 32}, L :: undefined | glm:length(), X :: binary(), Y :: binary()) ->
                    {binary(), binary()}.


      


Applies uadd_carry to raw scalar or vector unsigned 32-bit payloads.
The return value contains the raw sum payload and the raw carry payload.

  



  
    
      
    
    
      uint8()



        
          
        

    

  


  

      

          -spec uint8() -> binary().


      


Returns the raw binary representation of the unsigned 8-bit value 0.

  



  
    
      
    
    
      uint8(V)



        
          
        

    

  


  

      

          -spec uint8(non_neg_integer()) -> binary().


      


Encodes a BEAM integer as an unsigned 8-bit raw payload.

  



  
    
      
    
    
      uint8_value(D)



        
          
        

    

  


  

      

          -spec uint8_value(binary()) -> non_neg_integer().


      


Decodes an unsigned 8-bit raw payload into a BEAM integer.

  



  
    
      
    
    
      uint16()



        
          
        

    

  


  

      

          -spec uint16() -> binary().


      


Returns the raw binary representation of the unsigned 16-bit value 0.

  



  
    
      
    
    
      uint16(V)



        
          
        

    

  


  

      

          -spec uint16(non_neg_integer()) -> binary().


      


Encodes a BEAM integer as an unsigned 16-bit raw payload.

  



  
    
      
    
    
      uint16_value(D)



        
          
        

    

  


  

      

          -spec uint16_value(binary()) -> non_neg_integer().


      


Decodes an unsigned 16-bit raw payload into a BEAM integer.

  



  
    
      
    
    
      uint32()



        
          
        

    

  


  

      

          -spec uint32() -> binary().


      


Returns the raw binary representation of the unsigned 32-bit value 0.

  



  
    
      
    
    
      uint32(V)



        
          
        

    

  


  

      

          -spec uint32(non_neg_integer()) -> binary().


      


Encodes a BEAM integer as an unsigned 32-bit raw payload.

  



  
    
      
    
    
      uint32_value(D)



        
          
        

    

  


  

      

          -spec uint32_value(binary()) -> non_neg_integer().


      


Decodes an unsigned 32-bit raw payload into a BEAM integer.

  



  
    
      
    
    
      uint64()



        
          
        

    

  


  

      

          -spec uint64() -> binary().


      


Returns the raw binary representation of the unsigned 64-bit value 0.

  



  
    
      
    
    
      uint64(V)



        
          
        

    

  


  

      

          -spec uint64(non_neg_integer()) -> binary().


      


Encodes a BEAM integer as an unsigned 64-bit raw payload.

  



  
    
      
    
    
      uint64_value(D)



        
          
        

    

  


  

      

          -spec uint64_value(binary()) -> non_neg_integer().


      


Decodes an unsigned 64-bit raw payload into a BEAM integer.

  



  
    
      
    
    
      uint_bits_to_float(T, L, X)



        
          
        

    

  


  

      

          -spec uint_bits_to_float(T :: {uint, 32}, L :: undefined | glm:length(), X :: binary()) -> binary().


      


Reinterprets a raw unsigned 32-bit integer payload as a raw floating-point payload.
L is undefined for scalars or the vector length for vectors.

  



  
    
      
    
    
      umul_extended(T, L, X, Y)



        
          
        

    

  


  

      

          -spec umul_extended(T :: {uint, 32}, L :: undefined | glm:length(), X :: binary(), Y :: binary()) ->
                       {binary(), binary()}.


      


Applies umul_extended to raw scalar or vector unsigned 32-bit payloads.
The return value contains the raw most-significant and least-significant result
payloads.

  



  
    
      
    
    
      un_project(T, Window, Model, Projection, Viewport)



        
          
        

    

  


  

      

          -spec un_project(T :: float | double,
                 Window :: binary(),
                 Model :: binary(),
                 Projection :: binary(),
                 Viewport :: binary()) ->
                    binary().


      


Applies un_project to raw vector, matrix, and viewport payloads.
The result is a raw object-space coordinate payload.

  



  
    
      
    
    
      unpack_double_2x32(T, X)



        
          
        

    

  


  

      

          -spec unpack_double_2x32(T :: double, X :: binary()) -> binary().


      


Applies unpack_double_2x32 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_half_1x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_half_1x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_half_1x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_half_2x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_half_2x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_half_2x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_half_4x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_half_4x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_half_4x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_snorm_1x8(T, X)



        
          
        

    

  


  

      

          -spec unpack_snorm_1x8(T :: float, X :: binary()) -> binary().


      


Applies unpack_snorm_1x8 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_snorm_1x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_snorm_1x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_snorm_1x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_snorm_2x8(T, X)



        
          
        

    

  


  

      

          -spec unpack_snorm_2x8(T :: float, X :: binary()) -> binary().


      


Applies unpack_snorm_2x8 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_snorm_2x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_snorm_2x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_snorm_2x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_snorm_4x8(T, X)



        
          
        

    

  


  

      

          -spec unpack_snorm_4x8(T :: float, X :: binary()) -> binary().


      


Applies unpack_snorm_4x8 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_snorm_4x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_snorm_4x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_snorm_4x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_unorm_1x8(T, X)



        
          
        

    

  


  

      

          -spec unpack_unorm_1x8(T :: float, X :: binary()) -> binary().


      


Applies unpack_unorm_1x8 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_unorm_1x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_unorm_1x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_unorm_1x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_unorm_2x8(T, X)



        
          
        

    

  


  

      

          -spec unpack_unorm_2x8(T :: float, X :: binary()) -> binary().


      


Applies unpack_unorm_2x8 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_unorm_2x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_unorm_2x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_unorm_2x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_unorm_4x8(T, X)



        
          
        

    

  


  

      

          -spec unpack_unorm_4x8(T :: float, X :: binary()) -> binary().


      


Applies unpack_unorm_4x8 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      unpack_unorm_4x16(T, X)



        
          
        

    

  


  

      

          -spec unpack_unorm_4x16(T :: float, X :: binary()) -> binary().


      


Applies unpack_unorm_4x16 to a packed raw payload.
The result is the raw floating-point payload produced by GLM.

  



  
    
      
    
    
      usub_borrow(T, L, X, Y)



        
          
        

    

  


  

      

          -spec usub_borrow(T :: {uint, 32}, L :: undefined | glm:length(), X :: binary(), Y :: binary()) ->
                     {binary(), binary()}.


      


Applies usub_borrow to raw scalar or vector unsigned 32-bit payloads.
The return value contains the raw difference payload and the raw borrow payload.

  



  
    
      
    
    
      vec2/1



        
          
        

    

  


  

      

          -spec vec2(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 2-component vector with element type T.

  



  
    
      
    
    
      vec2/2



        
          
        

    

  


  

      

          -spec vec2(glm:type(), term()) -> binary().


      


Returns the raw binary representation of a 2-component vector with both components set to V.

  



  
    
      
    
    
      vec2/3



        
          
        

    

  


  

      

          -spec vec2(glm:type(), term(), term()) -> binary().


      


Returns the raw binary representation of a 2-component vector with explicit x and y component values.

  



  
    
      
    
    
      vec2_set_x/3



        
          
        

    

  


  

      

          -spec vec2_set_x(glm:type(), binary(), term()) -> binary().


      


Returns D with the x component of a raw 2-component vector payload replaced by V.

  



  
    
      
    
    
      vec2_set_y/3



        
          
        

    

  


  

      

          -spec vec2_set_y(glm:type(), binary(), term()) -> binary().


      


Returns D with the y component of a raw 2-component vector payload replaced by V.

  



  
    
      
    
    
      vec2_values/2



        
          
        

    

  


  

      

          -spec vec2_values(glm:type(), binary()) -> {term(), term()}.


      


Decodes a raw 2-component vector payload into a BEAM tuple.

  



  
    
      
    
    
      vec2_x/2



        
          
        

    

  


  

      

          -spec vec2_x(glm:type(), binary()) -> term().


      


Decodes the x component from a raw 2-component vector payload.

  



  
    
      
    
    
      vec2_y/2



        
          
        

    

  


  

      

          -spec vec2_y(glm:type(), binary()) -> term().


      


Decodes the y component from a raw 2-component vector payload.

  



  
    
      
    
    
      vec3/1



        
          
        

    

  


  

      

          -spec vec3(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 3-component vector with element type T.

  



  
    
      
    
    
      vec3/2



        
          
        

    

  


  

      

          -spec vec3(glm:type(), term()) -> binary().


      


Returns the raw binary representation of a 3-component vector with all components set to V.

  



  
    
      
    
    
      vec3/4



        
          
        

    

  


  

      

          -spec vec3(glm:type(), term(), term(), term()) -> binary().


      


Returns the raw binary representation of a 3-component vector with explicit x, y, and z component values.

  



  
    
      
    
    
      vec3_set_x/3



        
          
        

    

  


  

      

          -spec vec3_set_x(glm:type(), binary(), term()) -> binary().


      


Returns D with the x component of a raw 3-component vector payload replaced by V.

  



  
    
      
    
    
      vec3_set_y/3



        
          
        

    

  


  

      

          -spec vec3_set_y(glm:type(), binary(), term()) -> binary().


      


Returns D with the y component of a raw 3-component vector payload replaced by V.

  



  
    
      
    
    
      vec3_set_z/3



        
          
        

    

  


  

      

          -spec vec3_set_z(glm:type(), binary(), term()) -> binary().


      


Returns D with the z component of a raw 3-component vector payload replaced by V.

  



  
    
      
    
    
      vec3_values/2



        
          
        

    

  


  

      

          -spec vec3_values(glm:type(), binary()) -> {term(), term(), term()}.


      


Decodes a raw 3-component vector payload into a BEAM tuple.

  



  
    
      
    
    
      vec3_x/2



        
          
        

    

  


  

      

          -spec vec3_x(glm:type(), binary()) -> term().


      


Decodes the x component from a raw 3-component vector payload.

  



  
    
      
    
    
      vec3_y/2



        
          
        

    

  


  

      

          -spec vec3_y(glm:type(), binary()) -> term().


      


Decodes the y component from a raw 3-component vector payload.

  



  
    
      
    
    
      vec3_z/2



        
          
        

    

  


  

      

          -spec vec3_z(glm:type(), binary()) -> term().


      


Decodes the z component from a raw 3-component vector payload.

  



  
    
      
    
    
      vec4/1



        
          
        

    

  


  

      

          -spec vec4(glm:type()) -> binary().


      


Returns the zero-filled raw binary representation of a 4-component vector with element type T.

  



  
    
      
    
    
      vec4/2



        
          
        

    

  


  

      

          -spec vec4(glm:type(), term()) -> binary().


      


Returns the raw binary representation of a 4-component vector with all components set to V.

  



  
    
      
    
    
      vec4/5



        
          
        

    

  


  

      

          -spec vec4(glm:type(), term(), term(), term(), term()) -> binary().


      


Returns the raw binary representation of a 4-component vector with explicit x, y, z, and w component values.

  



  
    
      
    
    
      vec4_set_w/3



        
          
        

    

  


  

      

          -spec vec4_set_w(glm:type(), binary(), term()) -> binary().


      


Returns D with the w component of a raw 4-component vector payload replaced by V.

  



  
    
      
    
    
      vec4_set_x/3



        
          
        

    

  


  

      

          -spec vec4_set_x(glm:type(), binary(), term()) -> binary().


      


Returns D with the x component of a raw 4-component vector payload replaced by V.

  



  
    
      
    
    
      vec4_set_y/3



        
          
        

    

  


  

      

          -spec vec4_set_y(glm:type(), binary(), term()) -> binary().


      


Returns D with the y component of a raw 4-component vector payload replaced by V.

  



  
    
      
    
    
      vec4_set_z/3



        
          
        

    

  


  

      

          -spec vec4_set_z(glm:type(), binary(), term()) -> binary().


      


Returns D with the z component of a raw 4-component vector payload replaced by V.

  



  
    
      
    
    
      vec4_values/2



        
          
        

    

  


  

      

          -spec vec4_values(glm:type(), binary()) -> {term(), term(), term(), term()}.


      


Decodes a raw 4-component vector payload into a BEAM tuple.

  



  
    
      
    
    
      vec4_w/2



        
          
        

    

  


  

      

          -spec vec4_w(glm:type(), binary()) -> term().


      


Decodes the w component from a raw 4-component vector payload.

  



  
    
      
    
    
      vec4_x/2



        
          
        

    

  


  

      

          -spec vec4_x(glm:type(), binary()) -> term().


      


Decodes the x component from a raw 4-component vector payload.

  



  
    
      
    
    
      vec4_y/2



        
          
        

    

  


  

      

          -spec vec4_y(glm:type(), binary()) -> term().


      


Decodes the y component from a raw 4-component vector payload.

  



  
    
      
    
    
      vec4_z/2



        
          
        

    

  


  

      

          -spec vec4_z(glm:type(), binary()) -> term().


      


Decodes the z component from a raw 4-component vector payload.

  



  
    
      
    
    
      yaw(T, X)



        
          
        

    

  


  

      

          -spec yaw(T :: float | double, X :: binary()) -> binary().


      


Extracts the yaw angle from a raw quaternion payload.
The result is a raw scalar payload.

  


        

      


  

    
glm_relational 
    



      
OpenGL Mathematics (GLM) relational functions for the BEAM.
It focuses on component-wise vector comparisons and reductions over bool
vectors. It includes equal/2, not_equal/2, the ordering predicates,
all/1, any/1, and not/1.
Supported operands:
	all/1, any/1, and not/1 operate on vec2(bool) to vec4(bool)
	equal/2 and not_equal/2 operate on vectors of the same length and type
	ordering predicates operate on non-bool vectors of the same length and type

Deferred for now:
	scalar epsilon and ULP comparisons
	matrix relational helpers
	quaternion relational helpers

Typical calls look like:
Mask = glm_relational:greater_than(
	glm:vec3(double, 2.0, 1.0, 3.0),
	glm:vec3(double, 1.0, 1.0, 4.0)
).
{true, false, false} = glm:vec3_values(Mask).

true = glm:bool_value(glm_relational:any(Mask)).
false = glm:bool_value(glm_relational:all(Mask)).
These examples show the usual flow from component-wise comparison to bool-vector
reduction.

      


      
        Summary


  
    Functions
  


    
      
        all/1

      


        Return true when all components of a bool vector are true.



    


    
      
        any/1

      


        Return true when any component of a bool vector is true.



    


    
      
        equal/2

      


        Perform a component-wise equality comparison.



    


    
      
        greater_than/2

      


        Perform a component-wise greater-than comparison.



    


    
      
        greater_than_equal/2

      


        Perform a component-wise greater-than-or-equal comparison.



    


    
      
        less_than/2

      


        Perform a component-wise less-than comparison.



    


    
      
        less_than_equal/2

      


        Perform a component-wise less-than-or-equal comparison.



    


    
      
        'not'/1

      


        Perform a component-wise logical negation on a bool vector.



    


    
      
        not_equal/2

      


        Perform a component-wise inequality comparison.



    





      


      
        Functions


        


  
    
      
    
    
      all/1



        
          
        

    

  


  

      

          -spec all(glm:vec(L, bool)) -> glm:scalar(bool) when L :: glm:length().


      


Return true when all components of a bool vector are true.
Flag = glm_relational:all(glm:vec3(bool, true, true, true)).
true = glm:bool_value(Flag).

  



  
    
      
    
    
      any/1



        
          
        

    

  


  

      

          -spec any(glm:vec(L, bool)) -> glm:scalar(bool) when L :: glm:length().


      


Return true when any component of a bool vector is true.
Flag = glm_relational:any(glm:vec4(bool, false, true, false, false)).
true = glm:bool_value(Flag).

  



  
    
      
    
    
      equal/2



        
          
        

    

  


  

      

          -spec equal(glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, bool) when L :: glm:length(), T :: glm:type().


      


Perform a component-wise equality comparison.
Mask = glm_relational:equal(
	glm:vec3(double, 1.0, 2.0, 3.0),
	glm:vec3(double, 1.0, 0.0, 3.0)
).
{true, false, true} = glm:vec3_values(Mask).

  



  
    
      
    
    
      greater_than/2



        
          
        

    

  


  

      

          -spec greater_than(glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, bool)
                      when
                          L :: glm:length(),
                          T ::
                              {int, 8} |
                              {int, 16} |
                              {int, 32} |
                              {int, 64} |
                              {uint, 8} |
                              {uint, 16} |
                              {uint, 32} |
                              {uint, 64} |
                              float | double.


      


Perform a component-wise greater-than comparison.
Mask = glm_relational:greater_than(
	glm:vec3({int, 32}, 3, 1, 2),
	glm:vec3({int, 32}, 2, 1, 5)
).
{true, false, false} = glm:vec3_values(Mask).

  



  
    
      
    
    
      greater_than_equal/2



        
          
        

    

  


  

      

          -spec greater_than_equal(glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, bool)
                            when
                                L :: glm:length(),
                                T ::
                                    {int, 8} |
                                    {int, 16} |
                                    {int, 32} |
                                    {int, 64} |
                                    {uint, 8} |
                                    {uint, 16} |
                                    {uint, 32} |
                                    {uint, 64} |
                                    float | double.


      


Perform a component-wise greater-than-or-equal comparison.
Mask = glm_relational:greater_than_equal(
	glm:vec2(double, 2.0, 1.0),
	glm:vec2(double, 1.0, 1.0)
).
{true, true} = glm:vec2_values(Mask).

  



  
    
      
    
    
      less_than/2



        
          
        

    

  


  

      

          -spec less_than(glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, bool)
                   when
                       L :: glm:length(),
                       T ::
                           {int, 8} |
                           {int, 16} |
                           {int, 32} |
                           {int, 64} |
                           {uint, 8} |
                           {uint, 16} |
                           {uint, 32} |
                           {uint, 64} |
                           float | double.


      


Perform a component-wise less-than comparison.
Mask = glm_relational:less_than(
	glm:vec3({uint, 32}, 1, 5, 2),
	glm:vec3({uint, 32}, 2, 5, 1)
).
{true, false, false} = glm:vec3_values(Mask).

  



  
    
      
    
    
      less_than_equal/2



        
          
        

    

  


  

      

          -spec less_than_equal(glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, bool)
                         when
                             L :: glm:length(),
                             T ::
                                 {int, 8} |
                                 {int, 16} |
                                 {int, 32} |
                                 {int, 64} |
                                 {uint, 8} |
                                 {uint, 16} |
                                 {uint, 32} |
                                 {uint, 64} |
                                 float | double.


      


Perform a component-wise less-than-or-equal comparison.
Mask = glm_relational:less_than_equal(
	glm:vec4(double, 1.0, 2.0, 3.0, 4.0),
	glm:vec4(double, 1.0, 1.0, 3.0, 5.0)
).
{true, false, true, true} = glm:vec4_values(Mask).

  



  
    
      
    
    
      'not'/1



        
          
        

    

  


  

      

          -spec 'not'(glm:vec(L, bool)) -> glm:vec(L, bool) when L :: glm:length().


      


Perform a component-wise logical negation on a bool vector.
Mask = glm_relational:'not'(glm:vec3(bool, true, false, true)).
{false, true, false} = glm:vec3_values(Mask).

  



  
    
      
    
    
      not_equal/2



        
          
        

    

  


  

      

          -spec not_equal(glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, bool)
                   when L :: glm:length(), T :: glm:type().


      


Perform a component-wise inequality comparison.
Mask = glm_relational:not_equal(
	glm:vec3({int, 16}, 1, 2, 3),
	glm:vec3({int, 16}, 0, 2, 4)
).
{true, false, true} = glm:vec3_values(Mask).

  


        

      


  

    
glm_transform 
    



      
OpenGL Mathematics (GLM) transform functions for the BEAM.
It focuses on the core projection and view matrix builders together with the
matrix-space transform helpers that are the most broadly useful in graphics
code. It includes frustum/6, ortho/6, perspective/4,
infinite_perspective/3, perspective_fov/5, look_at/3, project/4,
un_project/4, translate/2, scale/2, and rotate/3.
Supported operands:
	projection helpers return mat4(float) or mat4(double)
	look_at/3 uses three vec3 values of the same floating type
	project/4 and un_project/4 use a vec4 viewport of the same floating type
	translate/2, scale/2, and rotate/3 transform an existing mat4

Typical calls look like:
Projection = glm_transform:perspective(
	glm:double(math:pi() / 2.0),
	glm:double(16.0 / 9.0),
	glm:double(0.1),
	glm:double(100.0)
).

View = glm_transform:look_at(
	glm:vec3(double, 0.0, 0.0, 5.0),
	glm:vec3(double, 0.0, 0.0, 0.0),
	glm:vec3(double, 0.0, 1.0, 0.0)
).

Model = glm_transform:translate(
	glm:mat4(double),
	glm:vec3(double, 1.0, 2.0, 3.0)
).

1.0 = glm:mat4_element(Model, 4, 1).
2.0 = glm:mat4_element(Model, 4, 2).
3.0 = glm:mat4_element(Model, 4, 3).
These examples show the wrapped matrix shapes used for projection, view, and
model-space transforms.

      


      
        Summary


  
    Functions
  


    
      
        frustum/6

      


        Build a perspective frustum projection matrix.



    


    
      
        infinite_perspective/3

      


        Build an infinite-far-plane perspective projection matrix.



    


    
      
        look_at/3

      


        Build a right-handed view matrix from eye, center, and up vectors.



    


    
      
        ortho/6

      


        Build an orthographic projection matrix.



    


    
      
        perspective/4

      


        Build a symmetric perspective projection matrix.



    


    
      
        perspective_fov/5

      


        Build a perspective projection matrix from explicit field of view and viewport size.



    


    
      
        project/4

      


        Map object coordinates into window coordinates using model, projection, and viewport.



    


    
      
        rotate/3

      


        Rotate a matrix around an axis by the given angle.



    


    
      
        scale/2

      


        Scale a matrix by the provided vector.



    


    
      
        translate/2

      


        Translate a matrix by the provided vector.



    


    
      
        un_project/4

      


        Map window coordinates back into object coordinates using model, projection, and viewport.



    





      


      
        Functions


        


  
    
      
    
    
      frustum/6



        
          
        

    

  


  

      

          -spec frustum(glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T)) ->
                 glm:mat4(T)
                 when T :: float | double.


      


Build a perspective frustum projection matrix.
Projection = glm_transform:frustum(
	glm:double(-1.0),
	glm:double(1.0),
	glm:double(-1.0),
	glm:double(1.0),
	glm:double(1.0),
	glm:double(10.0)
).
1.0 = glm:mat4_element(Projection, 1, 1).

  



  
    
      
    
    
      infinite_perspective/3



        
          
        

    

  


  

      

          -spec infinite_perspective(glm:scalar(T), glm:scalar(T), glm:scalar(T)) -> glm:mat4(T)
                              when T :: float | double.


      


Build an infinite-far-plane perspective projection matrix.
Projection = glm_transform:infinite_perspective(
	glm:double(math:pi() / 2.0),
	glm:double(1.0),
	glm:double(1.0)
).
-1.0 = glm:mat4_element(Projection, 3, 3).

  



  
    
      
    
    
      look_at/3



        
          
        

    

  


  

      

          -spec look_at(glm:vec(3, T), glm:vec(3, T), glm:vec(3, T)) -> glm:mat4(T) when T :: float | double.


      


Build a right-handed view matrix from eye, center, and up vectors.
View = glm_transform:look_at(
	glm:vec3(double, 0.0, 0.0, 1.0),
	glm:vec3(double, 0.0, 0.0, 0.0),
	glm:vec3(double, 0.0, 1.0, 0.0)
).
-1.0 = glm:mat4_element(View, 4, 3).

  



  
    
      
    
    
      ortho/6



        
          
        

    

  


  

      

          -spec ortho(glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T)) ->
               glm:mat4(T)
               when T :: float | double.


      


Build an orthographic projection matrix.
Projection = glm_transform:ortho(
	glm:double(-1.0),
	glm:double(1.0),
	glm:double(-2.0),
	glm:double(2.0),
	glm:double(1.0),
	glm:double(11.0)
).
0.5 = glm:mat4_element(Projection, 2, 2).

  



  
    
      
    
    
      perspective/4



        
          
        

    

  


  

      

          -spec perspective(glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T)) -> glm:mat4(T)
                     when T :: float | double.


      


Build a symmetric perspective projection matrix.
Projection = glm_transform:perspective(
	glm:double(math:pi() / 2.0),
	glm:double(1.0),
	glm:double(1.0),
	glm:double(10.0)
).
1.0 = glm:mat4_element(Projection, 1, 1).

  



  
    
      
    
    
      perspective_fov/5



        
          
        

    

  


  

      

          -spec perspective_fov(glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T), glm:scalar(T)) ->
                         glm:mat4(T)
                         when T :: float | double.


      


Build a perspective projection matrix from explicit field of view and viewport size.
Projection = glm_transform:perspective_fov(
	glm:double(math:pi() / 2.0),
	glm:double(2.0),
	glm:double(2.0),
	glm:double(1.0),
	glm:double(10.0)
).
1.0 = glm:mat4_element(Projection, 1, 1).

  



  
    
      
    
    
      project/4



        
          
        

    

  


  

      

          -spec project(glm:vec(3, T), glm:mat4(T), glm:mat4(T), glm:vec(4, T)) -> glm:vec(3, T)
                 when T :: float | double.


      


Map object coordinates into window coordinates using model, projection, and viewport.
Window = glm_transform:project(
	glm:vec3(double, 0.25, -0.5, 0.0),
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	glm:vec4(double, 10.0, 20.0, 800.0, 600.0)
).
510.0 = glm:vec3_x(Window).
170.0 = glm:vec3_y(Window).

  



  
    
      
    
    
      rotate/3



        
          
        

    

  


  

      

          -spec rotate(glm:mat4(T), glm:scalar(T), glm:vec(3, T)) -> glm:mat4(T) when T :: float | double.


      


Rotate a matrix around an axis by the given angle.
Matrix = glm_transform:rotate(
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	glm:double(math:pi() / 2.0),
	glm:vec3(double, 0.0, 0.0, 1.0)
).
1.0 = glm:mat4_element(Matrix, 1, 2).

  



  
    
      
    
    
      scale/2



        
          
        

    

  


  

      

          -spec scale(glm:mat4(T), glm:vec(3, T)) -> glm:mat4(T) when T :: float | double.


      


Scale a matrix by the provided vector.
Matrix = glm_transform:scale(
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	glm:vec3(double, 2.0, 3.0, 4.0)
).
2.0 = glm:mat4_element(Matrix, 1, 1).
3.0 = glm:mat4_element(Matrix, 2, 2).
4.0 = glm:mat4_element(Matrix, 3, 3).

  



  
    
      
    
    
      translate/2



        
          
        

    

  


  

      

          -spec translate(glm:mat4(T), glm:vec(3, T)) -> glm:mat4(T) when T :: float | double.


      


Translate a matrix by the provided vector.
Matrix = glm_transform:translate(
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	glm:vec3(double, 1.0, 2.0, 3.0)
).
1.0 = glm:mat4_element(Matrix, 4, 1).
2.0 = glm:mat4_element(Matrix, 4, 2).
3.0 = glm:mat4_element(Matrix, 4, 3).

  



  
    
      
    
    
      un_project/4



        
          
        

    

  


  

      

          -spec un_project(glm:vec(3, T), glm:mat4(T), glm:mat4(T), glm:vec(4, T)) -> glm:vec(3, T)
                    when T :: float | double.


      


Map window coordinates back into object coordinates using model, projection, and viewport.
Viewport = glm:vec4(double, 10.0, 20.0, 800.0, 600.0),
Window = glm_transform:project(
	glm:vec3(double, 0.25, -0.5, 0.0),
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	Viewport
),
Object = glm_transform:un_project(
	Window,
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	glm:mat4(double,
		1.0, 0.0, 0.0, 0.0,
		0.0, 1.0, 0.0, 0.0,
		0.0, 0.0, 1.0, 0.0,
		0.0, 0.0, 0.0, 1.0
	),
	Viewport
).
0.25 = glm:vec3_x(Object).
-0.5 = glm:vec3_y(Object).

  


        

      


  

    
glm_vector 
    



      
OpenGL Mathematics (GLM) vector operations for the BEAM.
It groups the first vector-geometric operations on wrapped vector values. It
includes dot/2, cross/2, length/1, distance/2, normalize/1,
reflect/2, refract/3, and face_forward/3.
Supported operands:
	vec2, vec3, and vec4 with float or double components
	cross/2 is currently limited to vec3
	refract/3 takes a vector incident direction, a vector normal, and a
scalar refraction index ratio of the same floating type

Typical calls look like:
Projection = glm_vector:dot(
	glm:vec3(double, 1.0, 2.0, 3.0),
	glm:vec3(double, 4.0, 5.0, 6.0)
).
32.0 = glm:double_value(Projection).

Unit = glm_vector:normalize(glm:vec2(double, 3.0, 4.0)).
0.6 = glm:vec2_x(Unit).
0.8 = glm:vec2_y(Unit).
These examples show both scalar-returning and vector-returning operations in
the wrapped vector API.

      


      
        Summary


  
    Functions
  


    
      
        cross/2

      


        Compute the cross product of two 3D vectors.



    


    
      
        distance/2

      


        Compute the distance between two vectors.



    


    
      
        dot/2

      


        Compute the dot product of two vectors.



    


    
      
        face_forward/3

      


        Orient a normal so it faces away from the reference direction.



    


    
      
        length/1

      


        Compute the Euclidean length of a vector.



    


    
      
        normalize/1

      


        Normalize a vector.



    


    
      
        reflect/2

      


        Reflect an incident vector around a normal.



    


    
      
        refract/3

      


        Refract an incident vector through a surface with the given ratio of indices.



    





      


      
        Functions


        


  
    
      
    
    
      cross/2



        
          
        

    

  


  

      

          -spec cross(glm:vec(3, T), glm:vec(3, T)) -> glm:vec(3, T) when T :: float | double.


      


Compute the cross product of two 3D vectors.
Axis = glm_vector:cross(
	glm:vec3(double, 1.0, 0.0, 0.0),
	glm:vec3(double, 0.0, 1.0, 0.0)
).
0.0 = glm:vec3_x(Axis).
0.0 = glm:vec3_y(Axis).
1.0 = glm:vec3_z(Axis).

  



  
    
      
    
    
      distance/2



        
          
        

    

  


  

      

          -spec distance(glm:vec(L, T), glm:vec(L, T)) -> glm:scalar(T)
                  when T :: float | double, L :: glm:length().


      


Compute the distance between two vectors.
Distance = glm_vector:distance(
	glm:vec2(double, 0.0, 0.0),
	glm:vec2(double, 3.0, 4.0)
).
5.0 = glm:double_value(Distance).

  



  
    
      
    
    
      dot/2



        
          
        

    

  


  

      

          -spec dot(glm:vec(L, T), glm:vec(L, T)) -> glm:scalar(T) when T :: float | double, L :: glm:length().


      


Compute the dot product of two vectors.
Projection = glm_vector:dot(
	glm:vec3(double, 1.0, 2.0, 3.0),
	glm:vec3(double, 4.0, 5.0, 6.0)
).
32.0 = glm:double_value(Projection).

  



  
    
      
    
    
      face_forward/3



        
          
        

    

  


  

      

          -spec face_forward(glm:vec(L, T), glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T)
                      when T :: float | double, L :: glm:length().


      


Orient a normal so it faces away from the reference direction.
Normal = glm_vector:face_forward(
	glm:vec2(double, 0.0, 1.0),
	glm:vec2(double, 0.0, 1.0),
	glm:vec2(double, 0.0, 1.0)
).
0.0 = glm:vec2_x(Normal).
-1.0 = glm:vec2_y(Normal).

  



  
    
      
    
    
      length/1



        
          
        

    

  


  

      

          -spec length(glm:vec(L, T)) -> glm:scalar(T) when T :: float | double, L :: glm:length().


      


Compute the Euclidean length of a vector.
Magnitude = glm_vector:length(glm:vec2(double, 3.0, 4.0)).
5.0 = glm:double_value(Magnitude).

  



  
    
      
    
    
      normalize/1



        
          
        

    

  


  

      

          -spec normalize(glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Normalize a vector.
Unit = glm_vector:normalize(glm:vec2(double, 3.0, 4.0)).
0.6 = glm:vec2_x(Unit).
0.8 = glm:vec2_y(Unit).

  



  
    
      
    
    
      reflect/2



        
          
        

    

  


  

      

          -spec reflect(glm:vec(L, T), glm:vec(L, T)) -> glm:vec(L, T) when T :: float | double, L :: glm:length().


      


Reflect an incident vector around a normal.
Reflected = glm_vector:reflect(
	glm:vec2(double, 1.0, -1.0),
	glm:vec2(double, 0.0, 1.0)
).
1.0 = glm:vec2_x(Reflected).
1.0 = glm:vec2_y(Reflected).

  



  
    
      
    
    
      refract/3



        
          
        

    

  


  

      

          -spec refract(glm:vec(L, T), glm:vec(L, T), glm:scalar(T)) -> glm:vec(L, T)
                 when T :: float | double, L :: glm:length().


      


Refract an incident vector through a surface with the given ratio of indices.
Refracted = glm_vector:refract(
	glm:vec2(double, 0.0, -1.0),
	glm:vec2(double, 0.0, 1.0),
	glm:double(0.5)
).
0.0 = glm:vec2_x(Refracted).
-1.0 = glm:vec2_y(Refracted).
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