OpenGL 4.6 API Reference Guide

OpenGLe is the only cross-platform graphics APl that enables
developers to create high-performance, visually-compelling graphics
software applications, in markets such as CAD, content creation,
energy, entertainment, game development, manufacturing, medical,

and virtual reality.

Specifications are available at www.

Command Execution [2.3]

OpenGL Errors [2.3.1]
enum GetError(void);

Graphics Reset Recovery [2.3.2]
enum GetGraphicsResetStatus(void);
Returns: NO_ERROR, GUILTY_CONTEXT_RESET,
{INNOCENT, UNKNOWN}_CONTEXT_RESET

GetIntegerv(RESET_NOTIFICATION_STRATEGY);
Returns: NO_RESET_NOTIFICATION,
LOSE_CONTEXT_ON_RESET
Flush and Finish [2.3.3]
void Flush(void); void Finish(void);
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Floating-Point Numbers [2.3.4]

16-Bit 1-bit sign, 5-bit exp., 10-bit mant.

Unsigned 11-Bit | no sign bit, 5-bit exp., 6-bit mant.
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o See FunctionName refers to functions on this reference card.
¢ [n.n.n] and [Table n.n] refer to sections and tables in the OpenGL 4.6 core specification.
o [n.n.n] refers to sections in the OpenGL Shading Language 4.60.1 specification.

OpenGL Command Syntax [2.2]
GL commands are formed from a return type, a name, and optionally up to 4 characters
(or character pairs) from the Command Letters table (to the left), as shown by the prototype:

Unsigned 10-Bit | no sign bit, 5-bit exp., 5-bit mant.

Command Letters [Tables 2.1, 2.2]
Where a letter denotes a type in a function
name, T within the prototype is the same type.

b- byte (8 bits) ub- ubyte (8 bits)

s-  short (16 bits) us- ushort (16 bits)

i- int(32bits) ui-  uint (32 bits)

‘ return-type Name{1234}b s ii64 f d ub us ui ui64}{v} (fargs,] Targl, ..., TargN [, args));

The arguments enclosed in brackets ([args ,] and [, args]) may or may not be present.

The argument type T and the number N of arguments may be indicated by the command name
suffixes. Nis 1, 2, 3, or 4 if present. If “v” is present, an array of N items is passed by a pointer.
For brevity, the OpenGL documentation and this reference may omit the standard prefixes.

The actual names are of the forms:  glFunctionName(), GL_CONSTANT, GLtype

i64- int64 (64bits)  ui64- uint64 (64 bits)
f-  float (32 bits) d-  double (64 bits)

Timer Queries [4.3]
Timer queries track the amount of time needed
to fully complete a set of GL commands.

void QueryCounter(uint id, TIMESTAMP);
void GetIntegerv(TIMESTAMP, int *data);
void GetInteger64v(TIMESTAMP, int64 *data);

Synchronization

Sync Objects and Fences [4.1]

void DeleteSync(sync sync);

sync FenceSync(enum condition, bitfield flags);

condition: SYNC_GPU_COMMANDS_COMPLETE
flags: must be 0

Buffer Objects [s]

void GenBuffers(sizei n, uint *buffers);
void CreateBuffers(sizei n, uint *buffers);
void DeleteBuffers(sizei n, const uint *buffers);

Create and Bind Buffer Objects [6.1]
void BindBuffer(enum target, uint buffer);
target: [Table 6.1] {ARRAY, UNIFORM}_BUFFER,
{ATOMIC_COUNTER, QUERY}_BUFFER,
COPY_{READ, WRITE}_BUFFER,
{DISPATCH, DRAW}_INDIRECT_BUFFER,
{ELEMENT_ARRAY, TEXTURE}_BUFFER,
PIXEL_[UNJPACK_BUFFER,
{PARAMETER, SHADER_STORAGE}_BUFFER,
TRANSFORM_FEEDBACK_BUFFER

void BindBufferRange(enum target,
uint index, uint buffer, intptr offset,
sizeiptr size);
target: ATOMIC_COUNTER_BUFFER,
{SHADER_STORAGE, UNIFORM}_BUFFER,
TRANSFORM_FEEDBACK_BUFFER

void BindBufferBase(enum target,
uint index, uint buffer);
target: See BindBufferRange

void BindBuffersRange(enum target,
uint first, sizei count, const uint *buffers,
const intptr *offsets, const sizeiptr *size);
target: See BindBufferRange

void BindBuffersBase(enum target,
uint first, sizei count,
const uint *buffers);
target: See BindBufferRange

Create/Modify Buffer Object Data [6.2]
void BufferStorage(enum target,
sizeiptr size, const void *data,
bitfield flags);
target: See BindBuffer
flags: Bitwise OR of MAP_{READ, WRITE}_BIT,
{DYNAMIC, CLIENT}_STORAGE_BIT,
MAP_{COHERENT, PERSISTENT}_BIT
void NamedBufferStorage(uint buffer,
sizeiptr size, const void *data,
bitfield flags);
flags: See BufferStorage

void BufferData(enum target, sizeiptr size,
const void *data, enum usage);
target: See BindBuffer
usage: DYNAMIC_{DRAW, READ, COPY},
{STATIC, STREAM}_{DRAW, READ, COPY}

void NamedBufferData(uint buffer, sizeiptr
size, const void *data, enum usage);
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Waiting for Sync Objects [4.1.1]
enum ClientWaitSync(sync sync,
bitfield flags, uint64 timeout_ns);
flags: SYNC_FLUSH_COMMANDS_BIT, or zero
void WaitSync(sync sync, bitfield flags,
uint64 timeout);
timeout: TIMEOUT_IGNORED

Sync Object Queries [4.1.3]
void GetSynciv(sync sync, enum pname,

sizei bufSize, sizei *length, int *values);
pname: OBJECT_TYPE, SYNC_{STATUS, CONDITION, FLAGS}

boolean IsSync(sync sync);

void BufferSubData(enum target,
intptr offset, sizeiptr size,
const void *data);
target: See BindBuffer

void NamedBufferSubData(uint buffer,

intptr offset, sizeiptr size,
const void *data);

void ClearBufferSubData(enum target,

enum internalFormat, intptr offset,
sizeiptr size, enum format, enum type,
const void *data);

target: See BindBuffer

internalformat: See TexBuffer on pg. 3 of this card

format: RED, GREEN, BLUE, RG, RGB, RGBA, BGR,
BGRA, {RED, GREEN, BLUE, RG, RGB}_INTEGER,
{RGBA, BGR, BGRA} _INTEGER, STENCIL_INDEX,
DEPTH_{COMPONENT, STENCIL}

void ClearNamedBufferSubData(

uint buffer, enum internalFormat,
intptr offset, sizeiptr size, enum format,
enum type, const void *data);

internalformat, format, type: See
ClearBufferSubData

void ClearBufferData(enum target,

enum internalformat, enum format,
enum type, const void *data);

target, internalformat, format: See
ClearBufferSubData

void ClearNamedBufferData(uint buffer,

enum internalformat, enum format,
enum type, const void *data);
internalformat, format, type: See ClearBufferData

Map/Unmap Buffer Data [6.3]
void *MapBufferRange(enum target,

intptr offset, sizeiptr length,
bitfield access);

target: See BindBuffer

access: The Bitwise OR of MAP_X_BIT, where X may
be READ, WRITE, PERSISTENT, COHERENT,
INVALIDATE_{BUFFER, RANGE},
FLUSH_EXPLICIT, UNSYNCHRONIZED

void *MapNamedBufferRange(uint buffer,

intptr offset, sizeiptr length,
bitfield access);

target: See BindBuffer

access: See MapBufferRange

void EndQuerylndexed(enum target,

Asynchronous Queries [4.2,4.2.1] i o,

void GenQueries(sizei n, uint *ids);
boolean IsQuery(uint id);
void GetQueryiv(enum target, enum pname,
int *params);
target: See BeginQuery, plus TIMESTAMP
pname: CURRENT_QUERY, QUERY_COUNTER_BITS

void GetQuerylndexediv(enum target,
uint index, enum pname, int *params);
target: See BeginQuery, plus TIMESTAMP
pname: CURRENT_QUERY, QUERY_COUNTER_BITS

void GetQueryObjectiv(uint id, enum pname,
int *params);

void GetQueryObjectuiv(uint id,
enum pname, uint *params);

void GetQueryObjecti64v(uint id,
enum pname, int64 *params);

void GetQueryObjectui64v(uint id,
enum pname, uint64 *params);
pname: QUERY_TARGET,
QUERY_RESULT[_NO_WAIT, _AVAILABLE]

void CreateQueries(enum target, sizei n,
uint *ids);
target: See BeginQuery, plus TIMESTAMP
void DeleteQueries(sizei n, const uint *ids);

void BeginQuery(enum target, uint id);
target: ANY_SAMPLES_PASSED[_CONSERVATIVE],

PRIMITIVES_GENERATED, SAMPLES_PASSED,
TIME_ELAPSED, {PRIMITIVES, VERTICES}_SUBMITTED,
TRANSFORM_FEEDBACK_PRIMITIVES_WRITTEN,
TRANSFORM_FEEDBACK_[STREAM_]OVERFLOW,
{COMPUTE, VERTEX}_SHADER_INVOCATIONS,
{FRAGMENT, GEOMETRY}_SHADER_INVOCATIONS,
TESS_EVALUATION_SHADER_INVOCATIONS,
TESS_CONTROL_SHADER_PATCHES,
GEOMETRY_SHADER_PRIMITIVES_EMITTED,
CLIPPING_{INPUT, OUTPUT}_PRIMITIVES

void BeginQueryIndexed(enum target,
uint index, uint id);
target: See BeginQuery

void EndQuery(enum target);

void GetBufferParameteri[64]v(
enum target, enum pname, int[64]*data);
target: See BindBuffer
pname: [Table 6.2] BUFFER_SIZE, BUFFER_USAGE,
BUFFER_{ACCESS[_FLAGS]}, BUFFER_MAPPED,
BUFFER_MAP_{OFFSET, LENGTH},
BUFFER_{IMMUTABLE_STORAGE, ACCESS_FLAGS}

void GetNamedBufferParameteri[64]v(
uint buffer, enum pname, int[64]*data);

void GetBufferPointerv(enum target,
enum pname, const void **params);
target: See BindBuffer
pname: BUFFER_MAP_POINTER
void GetNamedBufferPointerv(uint buffer,

enum pname, const void **params);
pname: BUFFER_MAP_POINTER

void *MapBuffer(enum target, enum access);
access: See MapBufferRange

void *MapNamedBuffer(uint buffer,
enum access);

access: See MapBufferRange

void FlushMappedBufferRange(intptr offset,
sizeiptr length);

void FlushMappedNamedBufferRange(
uint buffer, intptr offset, sizeiptr length);

boolean UnmapBuffer(enum target);
target: See BindBuffer

boolean UnmapNamedBuffer(uint buffer);
Invalidate Buffer Data [6.5]

void InvalidateBufferSubData(uint buffer,
intptr offset, sizeiptr length);

void InvalidateBufferData(uint buffer);
Buffer Object Queries [6, 6.7]
boolean IsBuffer(uint buffer);

void GetBufferSubData(enum target,
intptr offset, sizeiptr size, void *data);
target: See BindBuffer

void GetNamedBufferSubData(uint buffer,
intptr offset, sizeiptr size, void *data);

Copy Between Buffers [6.6]
void CopyBufferSubData(enum readTarget,
enum writeTarget, intptr readOffset,
intptr writeOffset, sizeiptr size);
readTarget and writeTarget: See BindBuffer

void CopyNamedBufferSubData(
uint readBuffer, uint writeBuffer,
intptr readOffset, intptr writeOffset,
sizeiptr size);

boolean IsShader(uint shader);

void ShaderBinary(sizei count,
const uint *shaders, enum binaryformat,
const void *binary, sizei length);

void SpecializeShader(uint shader,
const char *pEntryPoint,
uint numSpecializationConstants,
const uint *pConstantindex,
const int *pConstantValue );

Shaders and Programs

Shader Objects [7.1-2]
uint CreateShader(enum type);
type: {COMPUTE, FRAGMENT}_SHADER,
{GEOMETRY, VERTEX}_SHADER,
TESS_{EVALUATION, CONTROL}_SHADER

void ShaderSource(uint shader, sizei count,
const char * const * string, const int
*length);

void CompileShader(uint shader);
void ReleaseShaderCompiler(void);
void DeleteShader(uint shader);

Program Objects [7.3]
uint CreateProgram(void);
void AttachShader(uint program, uint shader);

(Continued on next page) p
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<« Shaders and Programs (cont.)

void DetachShader(uint program,
uint shader);

void LinkProgram(uint program);
void UseProgram(uint program);

uint CreateShaderProgramv(enum type,
sizei count, const char * const * strings);

void ProgramParameteri(uint program,
enum pname, int value);
pname: PROGRAM_SEPARABLE,
PROGRAM_BINARY_RETRIEVABLE_HINT
value: TRUE, FALSE

void DeleteProgram(uint program);
boolean IsProgram(uint program);

Program Interfaces [7.3.1]
void GetProgramlInterfaceiv(uint program,
enum programinterface, enum pname,
int *params);
programinterface:
ATOMIC_COUNTER_BUFFER, BUFFER_VARIABLE,
UNIFORM[_BLOCK], PROGRAM_{INPUT, OUTPUT},
SHADER_STORAGE_BLOCK,
{GEOMETRY, VERTEX}_SUBROUTINE,
TESS_{CONTROL, EVALUATION}_SUBROUTINE,
{FRAGMENT, COMPUTE}_SUBROUTINE,
TESS_CONTROL_SUBROUTINE_UNIFORM,
TESS_EVALUATION_SUBROUTINE_UNIFORM,
{GEOMETRY, VERTEX}_SUBROUTINE_UNIFORM,
{FRAGMENT, COMPUTE}_SUBROUTINE_UNIFORM,
TRANSFORM_FEEDBACK_{BUFFER, VARYING}
pname: ACTIVE_RESOURCES, MAX_NAME_LENGTH,
MAX_NUM_ACTIVE_VARIABLES,
MAX_NUM_COMPATIBLE_SUBROUTINES

uint GetProgramResourcelndex(
uint program, enum programinterface,
const char *name);

void GetProgramResourceName(
uint program, enum programinterface,
uint index, sizei bufSize, sizei *length,
char *name);

void GetProgramResourceiv(uint program,
enum programinterface, uint index,
sizei propCount, const enum *props,
sizei bufSize, sizei *length, int *params);
*props: [See Table 7.2]

int GetProgramResourceLocation(
uint program, enum programinterface,
const char *name);

int GetProgramResourceLocationindex(
uint program, enum programinterface,
const char *name);

Program Pipeline Objects [7.4]

void GenProgramPipelines(sizei n,
uint *pipelines);

void DeleteProgramPipelines(sizei n,
const uint *pipelines);

boolean IsProgramPipeline(uint pipeline);
void BindProgramPipeline(uint pipeline);

void CreateProgramPipelines(sizei n,
uint *pipelines);

void UseProgramStages(uint pipeline,
bitfield stages, uint program);
stages: ALL_SHADER_BITS or the bitwise OR of
TESS_{CONTROL, EVALUATION}_SHADER_BIT,
{VERTEX, GEOMETRY, FRAGMENT}_SHADER_BIT,
COMPUTE_SHADER_BIT

void ActiveShaderProgram(uint pipeline,
uint program);

Program Binaries [7.5]

void GetProgramBinary(uint program,
sizei bufSize, sizei *length,
enum *binaryFormat, void *binary);

void ProgramBinary(uint program,
enum binaryFormat, const void *binary,
sizei length);

Uniform Variables [7.6]

int GetUniformLocation(uint program,
const char *name);

void GetActiveUniformName(uint program,
uint uniformindex, sizei bufSize,
sizei *length, char *uniformName);

void GetUniformIndices(uint program,
sizei uniformCount,
const char * const *uniformNames,
uint *uniformindices);

void GetActiveUniform(uint program,
uint index, sizei bufSize, sizei *length,
int *size, enum *type, char *name);

*type returns: DOUBLE_{VECn, MATn, MATmxn},
DOUBLE, FLOAT_{VECn, MATn, MATmxn}, FLOAT,
INT, INT_VECh, UNSIGNED_INT[_VECn], BOOL,
BOOL_VECn, or any value in [Table 7.3]

void GetActiveUniformsiv(uint program,
sizei uniformCount,
const uint *uniformindices, enum pname,
int *params);

pname: [Table 7.6]

UNIFORM_{NAME_LENGTH, TYPE, OFFSET},
UNIFORM_{SIZE, BLOCK_INDEX, UNIFORM},
UNIFORM_{ARRAY, MATRIX}_STRIDE,
UNIFORM_IS_ROW_MAJOR,
UNIFORM_ATOMIC_COUNTER_BUFFER_INDEX

uint GetUniformBlockindex(uint program,
const char *uniformBlockName);

void GetActiveUniformBlockName(
uint program, uint uniformBlockindex,
sizei bufSize, sizei length,
char *uniformBlockName);

void GetActiveUniformBlockiv(
uint program, uint uniformBlockindex,
enum pname, int *params);

pname: UNIFORM_BLOCK_{BINDING, DATA_SIZE},

UNIFORM_BLOCK_NAME_LENGTH,
UNIFORM_BLOCK_ACTIVE_UNIFORMS[_INDICES],
UNIFORM_BLOCK_REFERENCED_BY_X_SHADER,
where X may be one of VERTEX, FRAGMENT,
COMPUTE, GEOMETRY, TESS_CONTROL, or
TESS_EVALUATION [Table 7.7]

void GetActiveAtomicCounterBufferiv(
uint program, uint bufferindex,
enum pname, int *params);
pname: See GetActiveUniformBlockiv, however
replace the prefix UNIFORM_BLOCK_ with
ATOMIC_COUNTER_BUFFER_

Load Uniform Vars. in Default Uniform Block

void Uniform{1234Xi f d ui}(int /ocation,
T value);

void Uniform{1234Xi f d ui}v(int location,
sizei count, const T *value);

void UniformMatrix{234}f d}v(
int location, sizei count, boolean transpose,
const float *value);

void
UniformMatrix{2x3,3x2,2x4,4x2,3x4, 4x3}
{fd}v( int location, sizei count,
boolean transpose, const float *value);
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void ProgramUniform{1234X{i f d}(
uint program, int location, T value);

void ProgramUniform{1234Ki f d}v(
uint program, int location, sizei count,
const T *value);

void ProgramUniform{1234}uiv(
uint program, int location, sizei count,
const T *value);

void ProgramUniform{1234}ui(
uint program, int location, T value);

void ProgramUniformMatrix{234}f d}v(
uint program, int location, sizei count,
boolean transpose, const T *value);

void ProgramUniformMatrixf{2x3,3x2,2x4,
4x2, 3x4, 4x3Xf d}v(
uint program, int location, sizei count,
boolean transpose, const T *value);

Uniform Buffer Object Bindings

void UniformBlockBinding(uint program,
uint uniformBlockindex,
uint uniformBlockBinding);

Shader Buffer Variables [7.8]

void ShaderStorageBlockBinding(
uint program, uint storageBlockindex,
uint storageBlockBinding);

Subroutine Uniform Variables [7.9]
Parameter shadertype for the functions in this
section may be {COMPUTE, VERTEX}_SHADER,
TESS_{CONTROL, EVALUATION}_SHADER, or
{FRAGMENT, GEOMETRY}_SHADER

int GetSubroutineUniformLocation(
uint program, enum shadertype,
const char *name);

uint GetSubroutinelndex(uint program,
enum shadertype, const char ¥*name);

void GetActiveSubroutineName(
uint program, enum shadertype,
uint index, sizei bufsize, sizei *length,
char *name);

void GetActiveSubroutineUniformName(
uint program, enum shadertype,
uint index, sizei bufsize, sizei *length,
char *name);

void GetActiveSubroutineUniformiv(
uint program, enum shadertype,
uint index, enum pname, int *values);
pname: [NUM_]COMPATIBLE_SUBROUTINES

void UniformSubroutinesuiv(
enum shadertype, sizei count,
const uint *indlices);

Shader Memory Access [7.12.2]
See diagram on page 6 for more information.

void MemoryBarrier(bitfield barriers);

barriers: ALL_BARRIER_BITS or the OR of
X_BARRIER_BIT where X may be: QUERY_BUFFER,
VERTEX_ATTRIB_ARRAY, ELEMENT_ARRAY,
UNIFORM, TEXTURE_FETCH, BUFFER_UPDATE,
SHADER_IMAGE_ACCESS, COMMAND,
PIXEL_BUFFER, TEXTURE_UPDATE, FRAMEBUFFER,
TRANSFORM_FEEDBACK, ATOMIC_COUNTER,
SHADER_STORAGE, CLIENT_MAPPED_BUFFER,

void MemoryBarrierByRegion(bitfield
barriers);
barriers: ALL_BARRIER_BITS or the OR of
X_BARRIER_BIT where X may be:
ATOMIC_COUNTER, FRAMEBUFFER,
SHADER_IMAGE_ACCESS, SHADER_STORAGE,
TEXTURE_FETCH, UNIFORM

Shader and Program Queries [7.13]
void GetShaderiv(uint shader, enum pname,
int *params);
pname: SHADER_TYPE, INFO_LOG_LENGTH,
{DELETE, COMPILE}_STATUS, COMPUTE_SHADER,
SHADER_SOURCE_LENGTH, SPIR_V_BINARY

void GetProgramiv(uint program,

enum pname, int *params);
pname: ACTIVE_ATOMIC_COUNTER_BUFFERS,

ACTIVE_ATTRIBUTES,
ACTIVE_ATTRIBUTE_MAX_LENGTH,
ACTIVE_UNIFORMS, ACTIVE_UNIFORM_BLOCKS,
ACTIVE_UNIFORM_BLOCK_MAX_NAME_LENGTH,
ACTIVE_UNIFORM_MAX_LENGTH,
ATTACHED_SHADERS, VALIDATE_STATUS,
COMPUTE_WORK_GROUP_SIZE, DELETE_STATUS,
GEOMETRY_{INPUT, OUTPUT}_TYPE,
GEOMETRY_SHADER_INVOCATIONS,
GEOMETRY_VERTICES_OUT, INFO_LOG_LENGTH,
LINK_STATUS, PROGRAM_SEPARABLE,
PROGRAM_BINARY_RETRIEVABLE_HINT,
TESS_CONTROL_OUTPUT_VERTICES,
TESS_GEN_{MODE, SPACING},
TESS_GEN_{VERTEX_ORDER, POINT_MODE},
TRANSFORM_FEEDBACK_BUFFER_MODE,
TRANSFORM_FEEDBACK_VARYINGS,
TRANSFORM_FEEDBACK_VARYING_MAX_LENGTH

void GetProgramPipelineiv(uint pipeline,
enum pname, int *params);
pname: ACTIVE_PROGRAM, VALIDATE_STATUS,
{VERTEX, FRAGMENT, GEOMETRY}_SHADER,
TESS_{CONTROL, EVALUATION}_SHADER,
INFO_LOG_LENGTH, COMPUTE_SHADER

void GetAttachedShaders(uint program,
sizei maxCount, sizei *count,
uint *shaders);

void GetShaderInfoLog(uint shader,
sizei bufSize, sizei *length, char *infoLog);

void GetProgramInfoLog(uint program,
sizei bufSize, sizei *length, char *infoLog);

void GetProgramPipelinelnfoLog(
uint pipeline, sizei bufSize,
sizei *length, char *infoLog);

void GetShaderSource(uint shader,
sizei bufSize, sizei *length, char *source);

void GetShaderPrecisionFormat(
enum shadertype, enum precisiontype,
int *range, int *precision);
shadertype: {VERTEX, FRAGMENT}_SHADER
precisiontype: {LOW, MEDIUM, HIGH}_{FLOAT, INT}

void GetUniform{f d i ui}v(uint program,
int location, T *params);

void GetnUniform{f d i ui}v(uint program,
int location, sizei bufSize, T *params);

void GetUniformSubroutineuiv(
enum shadertype, int location,
uint *params);

void GetProgramStageiv(uint program,
enum shadertype, enum pname,
int *values);
pname: ACTIVE_SUBROUTINES,
ACTIVE_SUBROUTINE_X where X may be
UNIFORMS, MAX_LENGTH, UNIFORM_LOCATIONS,
UNIFORM_MAX_LENGTH

Textures and Samplers [s]
void ActiveTexture(enum texture);

texture: TEXTUREi (where i is
[0, max(MAX_TEXTURE_COORDS,
MAX_COMBINED_TEXTURE_IMAGE_UNITS)-1])

Texture Objects [8.1]
void GenTextures(sizei n, uint *textures);

void BindTexture(enum target, uint texture);
target: TEXTURE_{1D, 2D}[_ARRAY],
TEXTURE_{3D, RECTANGLE, BUFFER},
TEXTURE_CUBE_MAP[_ARRAY],
TEXTURE_2D_MULTISAMPLE[_ARRAY]

void BindTextures(uint first, sizei count,
const uint *textures);
target: See BindTexture
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void BindTextureUnit(uint unit, uint texture);

void CreateTextures(enum target, sizein,
uint *textures);
target: See BindTexture

void DeleteTextures(sizei n,
const uint *textures);

boolean IsTexture(uint texture);

Sampler Objects [8.2]
void GenSamplers(sizei count, uint *samplers);

void CreateSamplers(sizei n, uint *samplers);
void BindSampler(uint unit, uint sampler);

void BindSamplers(uint first, sizei count,
const uint *samplers);

void SamplerParameter{i f}(uint sampler,
enum pname, T param);

void SamplerParameter{i f}v(uint sampler,
enum pname, const T *param);

void SamplerParameterI{i ui}v(uint sampler,
enum pname, const T *params);
pname: for all SamplerParameter* functions:
TEXTURE_X where X may be WRAP_{S, T, R},
{MIN, MAG}_FILTER, {MIN, MAX}_LOD,
BORDER_COLOR, LOD_BIAS, MAX_ANISOTROPY
COMPARE_{MODE, FUNC} [Table 23.18]

void DeleteSamplers(sizei count,
const uint *samplers);

boolean IsSampler(uint sampler);

Sampler Queries [8.3]
void GetSamplerParameter{i f}v(
uint sampler, enum pname, T *params);
pname: See SamplerParameter{if}
void GetSamplerParameterl{i ui}v(
uint sampler, enum pname, T *params);
pname: See SamplerParameter{if}

Pixel Storage Modes [8.4.1]
void PixelStore{i f}(enum pname, T param);
pname: [Tables 8.1, 18.1] [UN]PACK_X where X may
be SWAP_BYTES, LSB_FIRST, ROW_LENGTH,
SKIP_{IMAGES, PIXELS, ROWS}, ALIGNMENT,
IMAGE_HEIGHT, COMPRESSED_BLOCK_WIDTH,
COMPRESSED_BLOCK_{HEIGHT, DEPTH, SIZE}

(Continued on next page) p
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<« Textures and Samplers (cont.)

Texture Image Spec. [8.5]

void TexlImage3D(enum target, int level,

int internalformat, sizei width, sizei height,
sizei depth, int border, enum format,
enum type, const void *data);

target: [PROXY_JTEXTURE_CUBE_MAP_ARRAY,
[PROXY_JTEXTURE_2D_ARRAY, [PROXY_]TEXTURE_3D

internalformat: STENCIL_INDEX, RED,
DEPTH_{COMPONENT, STENCIL}, RG, RGB, RGBA,
COMPRESSED_{RED, RG, RGB, RGBA, SRGB,
SRGB_ALPHA), a sized internal format from
[Tables 8.12 - 8.13], or a COMPRESSED_ format
from [Table 8.14]

format: DEPTH_{COMPONENT, STENCIL}, RED,
GREEN, BLUE, RG, RGB, RGBA, BGR, BGRA,
{BGRA, RED, GREEN, BLUE}_INTEGER,
{RG, RGB, RGBA, BGR}_INTEGER,
STENCIL_INDEX, [Table 8.3]

type: [UNSIGNED_]{BYTE, SHORT, INT},
[HALF_]FLOAT, or a value from [Table 8.2]

void Texlmage2D(enum target, int level,

int internalformat, sizei width,
sizei height, int border, enum format,
enum type, const void *data);

target: [PROXY_]JTEXTURE_{2D, RECTANGLE},
[PROXY_JTEXTURE_{1D_ARRAY, CUBE_MAP},
TEXTURE_CUBE_MAP_POSITIVE_{X, Y, Z,
TEXTURE_CUBE_MAP_NEGATIVE_{X, Y, 2}

internalformat, format, type: See Teximage3D

void TexlmagelD(enum target, int level,
int internalformat, sizei width, int border,
enum format, enum type, const void *data);
target: TEXTURE_1D, PROXY_TEXTURE_1D
type, internalformat, format: See TexImage3D

Alternate Texture Image Spec. [8.6]
void CopyTexImage2D(enum target,
int level, enum internalformat, int x,
int y, sizei width, sizei height, int border);
target: TEXTURE_{2D, RECTANGLE, 1D_ARRAY},
TEXTURE_CUBE_MAP_{POSITIVE, NEGATIVE}_{X, Y, Z}
internalformat: See Teximage3D

void CopyTeximagelD(enum target,
int level, enum internalformat, int x,
int y, sizei width, int border);
target: TEXTURE_1D
internalformat: See Teximage3D

void TexSublmage3D(enum target, int level,

int xoffset, int yoffset, int zoffset,
sizei width, sizei height, sizei depth,
enum format, enum type,
const void *data);

target: TEXTURE_3D, TEXTURE_2D_ARRAY,
TEXTURE_CUBE_MAP_ARRAY

format, type: See Teximage3D

void TexSublmage2D(enum target,
int level, int xoffset, int yoffset, sizei width,
sizei height, enum format, enum type,
const void *data);
target: See CopyTeximage2D
format, type: See Teximage3D

void TexSublmagel1D(enum target, int level,
int xoffset, sizei width, enum format,
enum type, const void *data);
target, format, type: See CopyTeximagelD

void CopyTexSubimage3D(enum target,
int level, int xoffset, int yoffset, int zoffset,
int x, int y, sizei width, sizei height);
target: See TexSublmage3D

void CopyTexSublmage2D(enum target,
int level, int xoffset, int yoffset, int x,
int y, sizei width, sizei height);
target: See Teximage2D

void CopyTexSublmagelD(enum target,
int level, int xoffset, int x, int y, sizei width);
target: See TexSublmagelD

void TextureSublmage3D(uint texture, int level,
int xoffset, int yoffset, int zoffset,
sizei width, sizei height, sizei depth,
enum format, enum type,
const void *pixels);
format, type: See Teximage3D

void TextureSublmage2D(uint texture, int level,
int xoffset, int yoffset, sizei width,
sizei height, enum format, enum type,
const void *pixels);
format, type: See Teximage3D
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void TextureSublmagelD(uint texture, int level,
int xoffset, sizei width, enum format,
enum type, const void *pixels);
format, type: See Teximage3D

void CopyTextureSublmage3D(uint texture,
int level, int xoffset, int yoffset, int zoffset,
int x, int y, sizei width, sizei height);

void CopyTextureSublmage2D(uint texture,
int level, int xoffset, int yoffset, int x,
int y, sizei width, sizei height);

void CopyTextureSublmagel1D(uint texture,
int level, int xoffset, int x, int y, sizei width);

Compressed Texture Images [8.7]
void CompressedTexImage3D(enum target,
int level, enum internalformat, sizei width,
sizei height, sizei depth, int border,
sizei imageSize, const void *data);
target: See Teximage3D
internalformat: A COMPRESSED_
format from [Table 8.14]

void CompressedTexlmage2D(enum target,
int level, enum internalformat,
sizei width, sizei height, int border,
sizei imageSize, const void *data);
target: See Teximage2D
internalformat: May be one of the COMPRESSED_
formats from [Table 8.14]

void CompressedTexImagelD(enum target,
int level, enum internalformat,
sizei width, int border, sizei imageSize,
const void *data);
target: TEXTURE_1D, PROXY_TEXTURE_1D
internalformat: See Teximage1D, omitting
compressed rectangular texture formats

void CompressedTexSublmage3D(

enum target, int level, int xoffset,
int yoffset, int zoffset, sizei width,
sizei height, sizei depth, enum format,
sizei imageSize, const void *data);

target: See TexSublmage3D

format: See internalformat for
CompressedTeximage3D

void CompressedTexSublmage2D(
enum target, int level, int xoffset,
int yoffset, sizei width, sizei height,
enum format, sizei imageSize,
cont void *data);

target: See TexSublmage2D

format: See internalformat for

CompressedTeximage2D

void CompressedTexSublmage1D(
enum target, int level, int xoffset,
sizei width, enum format, sizei imageSize,
const void *data);
target: See TexSublmage1D
format: See internalformat for
CompressedTexImage1D

void CompressedTextureSubimage3D(
uint texture, int level, int xoffset,
int yoffset, int zoffset, sizei width,
sizei height, sizei depth, enum format,
sizei imageSize, const void *data);
format: See internalformat for
CompressedTeximage3D

void CompressedTextureSubimage2D(
uint texture, int level, int xoffset,
int yoffset, sizei width, sizei height,
enum format, sizei imageSize,
cont void *data);
format: See internalformat for
CompressedTeximage2D

void CompressedTextureSubimage1D(
uint texture, int level, int xoffset,
sizei width, enum format, sizei imageSize,
const void *data);
format: See internalformat for
CompressedTeximagelD

Multisample Textures [8.8]
void Texlmage3DMultisample(enum target,
sizei samples, int internalformat,
sizei width, sizei height, sizei depth,
boolean fixedsamplelocations);
target: [PROXY_]TEXTURE_2D_MULTISAMPLE_ARRAY
internalformat: RED, RG, RGB, RGBA, RGBA{32, 32Ul},
DEPTH_COMPONENT([16, 24, 32, 32F],
DEPTH{24, 32F}_STENCILS, STENCIL_INDEX{1, 4, 8, 16}

void TexlImage2DMultisample(enum target,
sizei samples, int internalformat, sizei width,
sizei height, boolean fixedsamplelocations);
target: [PROXY_]TEXTURE_2D_MULTISAMPLE
internalformat: See Teximage3DMultisample

Buffer Textures [8.9]

void TexBufferRange(enum target,
enum internalFormat, uint buffer,
intptr offset, sizeiptr size);

void TextureBufferRange(uint texture,
enum internalFormat, uint buffer,
intptr offset, sizeiptr size);
internalformat: See TexBuffer

void TexBuffer(enum target,

enum internalformat, uint buffer);

target: TEXTURE_BUFFER

internalformat: [Table 8.16] R8, R8{l, Ul}, R16,
R16{F, I, UI}, R32{F, 1, U}, RGS, RG8{, Ul}, RG16,
RG16{F, I, UI}, RG32{F, I, Ul}, RGB32F, RGB32{l, Ul},
RGBAS, RGBAS(l, Ul}, RGBA16, RGBA16{F, I, Ul},
RGBA32{F, I, Ul}

void TextureBuffer(uint texture,
enum internalformat, uint buffer);
internalformat: See TexBuffer

Texture Parameters [8.10]
void TexParameter{i f}(enum target,
enum pname, T param);
target: See BindTexture

void TexParameter{i f}v(enum target,
enum pname, const T *params);
target: See BindTexture

void TexParameterl{i ui}v(enum target,

enum pname, const T *params);

target: See BindTexture

pname for all TexParameter* functions:
DEPTH_STENCIL_TEXTURE_MODE or
TEXTURE_X where X may be one of
WRAP_{S, T, R}, BORDER_COLOR,
{MIN, MAG}_FILTER, LOD_BIAS,{MIN, MAX}_LOD,
{BASE, MAX}_LEVEL, SWIZZLE_{R, G, B, A, RGBA},
COMPARE_{MODE, FUNC} [Table 8.17]

void TextureParameter{i f}(uint texture,
enum pname, T param);
pname: See BindTexture

void TextureParameterf{i fiv(uint texture,
enum pname, const T *params);
pname: See BindTexture

void TextureParameterI{i ui}v(uint texture,
enum pname, const T *params);
pname for all TextureParameter* functions:
TEXTURE_{3D, RECTANGLE, MAX_ANISOTROPY},
TEXTURE_{1D, 2D, CUBE_MAP}[_ARRAY],
TEXTURE_2D_MULTISAMPLE[_ARRAY]

Texture Queries [8.11]
void GetTexParameter{ifjv(enum target,
enum pname, T * params);
target: See BindTexture
pname: See GetTexParameterI{i uijv

void GetTexParameterI{i ui}v(enum target,

enum pname, T * params);

target: See BindTexture

pname: IMAGE_FORMAT_COMPATIBILITY_TYPE,
TEXTURE_IMMUTABLE_{FORMAT, LEVELS},
TEXTURE_VIEW_MIN_{LEVEL, LAYER},
TEXTURE_VIEW_NUM_{LEVELS, LAYERS},
DEPTH_STENCIL_TEXTURE_MODE, or TEXTURE_X
where X may be one of WRAP_{S, T, R},
BORDER_COLOR, TARGET, {MIN, MAG}_FILTER,
LOD_BIAS,{MIN, MAX}_LOD, {BASE, MAX}_LEVEL,
SWIZZLE_{R, G, B, A, RGBA},
COMPARE_{MODE, FUNC} [Table 8.17]

void GetTextureParameter{if}v(uint texture,
enum pname, T *data);
pname: See GetTexParameterI{i uijv

void GetTextureParameterlI{i ui}v(uint texture,
enum pname, T *data);

pname: See GetTexParameterI{i uijv

void GetTexLevelParameter{i fjv(enum target,

int level, enum pname, T *params);

target: [PROXY_]JTEXTURE_{1D, 2D, 3D},
TEXTURE_BUFFER, PROXY_TEXTURE_CUBE_MAP,
[PROXY_]TEXTURE_{1D, 2D,CUBE_MAP}_ARRAY,
[PROXY_]TEXTURE_RECTANGLE,
TEXTURE_CUBE_MAP_NEGATIVE_{X, Y, Z},
TEXTURE_CUBE_MAP_POSITIVE_{X, Y, Z},
[PROXY_]TEXTURE_2D_MULTISAMPLE[_ARRAY]

pname: TEXTURE _*, where * may be WIDTH,
HEIGHT, DEPTH, FIXED_SAMPLE_LOCATIONS,
INTERNAL_FORMAT, SHARED_SIZE, COMPRESSED,
COMPRESSED_IMAGE_SIZE, SAMPLES,
BUFFER_{OFFSET, SIZE}, or X_{SIZE, TYPE}
where X can be RED, GREEN, BLUE, ALPHA, DEPTH

void GetTextureLevelParameter{i f}v(
uint texture, int level, enum pname,
T *params);
pname: See GetTexLevelParameter{i fiv

void GetTexImage(enum target, int level,

enum format, enum type, void *pixels);

target: TEXTURE_{1, 2)D[_ARRAY],
TEXTURE_{3D, RECTANGLE, CUBE_MAP_ARRAY},
TEXTURE_CUBE_MAP_NEGATIVE_{X, Y, Z},
TEXTURE_CUBE_MAP_POSITIVE_{X, Y, Z}

format: See Teximage3D

type: [UNSIGNED_]BYTE, SHORT, INT,
[HALF_]FLOAT, or a value from [Table 8.2]

void GetTexturelmage(uint texture, int level,
enum format, enum type, sizei bufSize,
void *pixels);
level: LOD level
format, type: See GetTexImage

void GetnTexImage(enum tex, int level,

enum format, enum type, sizei bufSize,
void *pixels);

tex: TEXTURE_{1D, 2D, 3D}[_ARRAY], TEXTURE_3D,
TEXTURE_{CUBE_MAP_ARRAY, RECTANGLE},
TEXTURE_CUBE_MAP_POSITIVE_{X, Y, Z},
TEXTURE_CUBE_MAP_NEGATIVE_{X, Y, 2}

level, format, type: See GetTexturelmage

void GetTextureSublmage(uint texture,
int level, int xoffset, int yoffset, int zoffset,
sizei width, sizei height, sizei depth,
enum format, enum type, sizei bufSize,
void *pixels);
level, format, type: See GetTexturelmage

void GetCompressedTexlmage(enum target,
int level, void *pixels);
target: See GetTexturelmage

void
GetCompressedTexturelmage(uint texture,
int level, sizei bufSize, void *pixels);
level: See GetTexturelmage

void GetnCompressedTexImage(enum target,
int level, sizei bufsize, void *pixels);
target: See GetCompressedTeximage
level: LOD level

void GetCompressedTextureSublmage(
uint texture, int level, int xoffset, int yoffset,
int zoffset, sizei width, sizei height,
sizei depth, sizei bufSize, void *pixels);
level: LOD level

Cube Map Texture Select [8.13.1]

Enable/Disable/IsEnabled(
TEXTURE_CUBE_MAP_SEAMLESS);

Manual Mipmap Generation [8.14.4]
void GenerateMipmap(enum target);
target: TEXTURE_{1D, 2D, 3D},
TEXTURE_{1D, 2D}_ARRAY,
TEXTURE_CUBE_MAP[_ARRAY]

void GenerateTextureMipmap(uint texture);

Texture Views [8.18]
void TextureView(uint texture, enum target,

uint origtexture, enum internalformat,
uint minlevel, uint numlevels, uint minlayer,
uint numlayers);

target: TEXTURE_{1D, 2D,CUBE_MAP}{_ARRAY],
TEXTURE_3D, TEXTURE_RECTANGLE,
TEXTURE_2D_MULTISAMPLE[_ARRAY]

internalformat:
R8, R8{UI, I}, R8_SNORM, R11F_G11