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Chapter 6. The OpenCL C Programming
Language

This document starts at chapter 6 to keep the section numbers historically
consistent with previous versions of the OpenCL and OpenCL C Programming
Language specifications.

This section describes the OpenCL C programming language. The OpenCL C programming language
may be used to write kernels that execute on an OpenCL device.

The OpenCL C programming language (also referred to as OpenCL C) is based on the ISO/IEC
9899:1999 Programming languages - C specification (also referred to as the C99 specification, or just
C99), with extensions and restrictions to support parallel kernels. In addition, some features of
OpenCL C are based on the ISO/IEC 9899:2011 Information technology - Programming languages - C
specification (also referred to as the C11 specification, or just C11).

This document describes the modifications and restrictions to C99 and C11 in OpenCL C. Please
refer to the C99 specification for a detailed description of the language grammar.

6.1. Unified Specification
This document specifies all versions of OpenCL C.

There are several ways that an OpenCL C feature may be described in terms of what versions of
OpenCL C specify that feature.

* Requires support for OpenCL C major.minor or newer: Features that were introduced in version
major.minor. Compilers for an earlier version of OpenCL C will not provide these features.

o In some instances the variation of "For OpenCL C major.minor or newer" is used, it has the
identical meaning.

* Requires support for OpenCL C 2.0, or OpenCL C 3.0 or newer and the __opencl_c_<feature_name>
feature: Features that were introduced in OpenCL C 2.0 as mandatory, but made optional in
OpenCL C 3.0. Compilers for versions of OpenCL C 1.2 or below will not provide these features,
compilers for OpenCL C 2.0 will provide these features, compilers for OpenCL C 3.0 or newer
may provide these features.

* Requires support for OpenCL C 3.0 or newer and the __opencl_c_<feature_name> feature:
Optional features that were introduced in OpenCL C 3.0. Compilers for an earlier version of
OpenCL C will not provide these features, compilers for OpenCL C 3.0 or newer may provide
these features.

* Deprecated by OpenCL C major.minor: Features that were deprecated in version major.minor,
see the definition of deprecation in the glossary of the main OpenCL specification.

» Universal: Features that have no mention of what version they are missing before or deprecated
by are specified for all versions of OpenCL C.



6.2. Optional functionality

Some language functionality is optional and will not be supported by all devices. Such functionality
is represented by optional language features or language extensions. Support of optional
functionality in OpenCL C is indicated by the presence of special predefined macros.

6.2.1. Features
o Feature test macros require support for OpenCL C 3.0 or newer.

Optional core language features are described in this document. They are optional from OpenCL C
3.0 onwards and therefore are not supported by all implementations. When an OpenCL C 3.0
optional feature is supported, an associated feature test macro will be predefined.

The following table describes OpenCL C 3.0 or newer features and their meaning. The naming
convention for the feature macros is __opencl_c_<feature_name>.

Feature macro identifiers are used as names of features in this document.

Table 1. Optional features in OpenCL C 3.0 or newer and their predefined macros.
Feature Macro/Name Brief Description

__opencl_c_3d_image_writes The OpenCL C compiler supports built-in
functions for writing to 3D image objects.

OpenCL C compilers that define the feature
macro __opencl_c_3d_image_writes must also
define the feature macro __opencl_c_images.

__opencl_c_atomic_order_acq_rel The OpenCL C compiler supports enumerations
and built-in functions for atomic operations with
acquire and release memory consistency orders.

__opencl_c_atomic_order_seq_cst The OpenCL C compiler supports enumerations
and built-in functions for atomic operations and
fences with sequentially consistent memory
consistency order.

__opencl_c_atomic_scope_device The OpenCL C compiler supports enumerations
and built-in functions for atomic operations and
fences with device memory scope.

__opencl_c_atomic_scope_all_devices The OpenCL C compiler supports enumerations
and built-in functions for atomic operations and
fences with all with memory scope across all
devices that can share SVM memory with each
other and the host process.



Feature Macro/Name

__opencl_c_device_enqueue

__opencl_c_generic_address_space

__opencl_c_fpb4

__opencl_c_images

__opencl_c_int64

__opencl_c_pipes

__opencl_c_program_scope_global_variables

__opencl_c_read_write_images

__opencl_c_subgroups

__opencl_c_work_group_collective_functions

Brief Description

The OpenCL C compiler supports built-in
functions to enqueue additional work from the
device.

OpenCL C compilers that define the feature
macro __opencl_c_device_enqueue must also
define __opencl_c_generic_address_space and
__opencl_c_program_scope_global_variables
feature macros.

The OpenCL C compiler supports the unnamed
generic address space.

The OpenCL C compiler supports types and built-
in functions with 64-bit floating-point types.

The OpenCL C compiler supports types and built-
in functions for images.

The OpenCL C compiler supports types and built-
in functions with 64-bit integers.

OpenCL C compilers for FULL profile devices or
devices with 64-bit pointers must always define
the __opencl_c_int64 feature macro.

The OpenCL C compiler supports the pipe
specifier and built-in functions to read and write
from a pipe.

OpenCL C compilers that define the feature
macro __opencl_c_pipes must also define the
feature macro __opencl_c_generic_address_space.

The OpenCL C compiler supports program scope
variables in the global address space.

The OpenCL C compiler supports reading from
and writing to the same image object in a kernel.

OpenCL C compilers that define the feature
macro __opencl_c_read_write_images must also
define the feature macro __opencl_c_images.

The OpenCL C compiler supports built-in
functions operating on sub-groupings of work-
items.

The OpenCL C compiler supports built-in
functions that perform collective operations
across a work-group.



Feature Macro/Name Brief Description

__opencl_c_integer_dot_product_input_4x8bit_  The OpenCL C compiler supports built-in
packed functions that perform dot products on 4x8 bit
(wWhen the cl_khr_integer_dot_product extension packed integer vectors.

macro is defined)

__opencl_c_integer_dot_product_input_4x8bit The OpenCL C compiler supports built-in
(when the c1_khr_integer_dot_product extension functions that perform dot products on 4x8 bit
macro is defined) integer vectors.

__opencl_c_kernel_clock_scope_device The OpenCL C compiler supports built-in
functions that sample the value from a clock
shared by all work-items executing on the
device.

__opencl_c_kernel_clock_scope_work_group The OpenCL C compiler supports built-in
functions that sample the value from a clock
shared by all work-items executing in the same
work-group.

__opencl_c_kernel_clock_scope_sub_group The OpenCL C compiler supports built-in
functions that sample the value from a clock
shared by all work-items executing in the same
sub-group.

In OpenCL C 3.0 or newer, feature macros must expand to the value 1 if the feature macro is
defined by the OpenCL C compiler. A feature macro must not be defined if the feature is not
supported by the OpenCL C compiler. A feature macro may expand to a different value in the
future, but if this occurs the value of the feature macro must compare greater than the prior value
of the feature macro.

As specified in section 7.1.3 of the C99 Specification double underscore identifiers are reserved and
therefore implementations for earlier OpenCL C versions are allowed to define feature test macros
but they are not required to do so. This means that applications which target earlier OpenCL C
versions should not rely on the presence of feature test macros because there is no guarantee that
feature test macros will be defined and that if defined they will indicate the presence of the
corresponding optional functionality.

6.2.2. Extensions

Other optional functionality may be described by language extensions to OpenCL C. Extensions are
described in the OpenCL Extension Specification. When an OpenCL C extension is supported an
associated extension macro will be predefined. Please refer to the OpenCL Extension Specification
for more information about predefined extension macros.

Prior to OpenCL C 3.0, support for some optional core language features was indicated using
predefined extension macros.

When an optional core language feature began as an extension it may have both an associated
feature macro and an associated extension macro. If an optional core language feature was an
optional extension to an earlier version of OpenCL C it can still be used as an extension, i.e. the



same predefined extension macros are still valid in OpenCL C 3.0 or newer, however the use of
feature macros is preferred whenever possible.

6.2.2.1. 3D Image Writes

The cl_khr_3d_image_writes extension was promoted to OpenCL 2.0, and to OpenCL 3.0 as the
__opencl_c_3d_image_writes feature. The extension adds Built-in Image Write Functions that allow a
kernel to write to 3D image objects in addition to 2D image objects.

6.2.2.2. Async Work-group Copy Fence

The c1_khr_async_work_group_copy_fence extension supports establishing a memory synchronization
ordering of asynchronous copies. The extension provides the async_work_group_copy_fence function,
as described in the Built-in Async Copy and Prefetch Functions table

6.2.2.3. Byte-Addressable Storage

The c1_khr_byte_addressable_store extension was promoted to OpenCL C 1.1. The extension relaxes
Restrictions on pointers to char, uchar, char2, uchar2, short, ushort and half, allowing applications to
read from and write to pointers to these types.

6.2.2.4. Depth Images

The c1_khr_depth_images extension was promoted to OpenCL 2.0. The extension provides new built-
in depth image types, as well as read functions, sampler-less read functions, write functions, and
image queries operating on those types.

6.2.2.5. Device Enqueue Local Argument Types

The c1_khr_device_enqueue_local_arg_types extension allows arguments to blocks that are passed to
the Built-in Kernel Enqueue Functions and to the Built-in Kernel Query Functions to be pointers to
any type (built-in or user-defined) in local memory, instead of requiring arguments to blocks to be
pointers to void in local memory.

6.2.2.6. Extended Async Copy Functions

The cl_khr_extended_async_copies extension provides additional Extended Async Copy Functions
which interpret the source and destination as 2D or 3D images.

6.2.2.7. Extended Bit Operations

The cl_khr_extended_bit_ops extension provides additional Extended Bit Operations including
bitfield insert, bitfield extract, and bit reverse.

6.2.2.8. Half-Precision Floating-Point

The c1_khr_fp16 extension was promoted to OpenCL C 1.2 as an optional feature, and to OpenCL 3.0
as the optional cl1_khr_fp16 feature. The extension provides 16-bit precision scalar and vector
floating-point data types and extends many functions to accept these types.



6.2.2.9. Double-Precision Floating-Point

The c1_khr_fp64 extension was promoted to OpenCL C 1.2 as an optional feature, and to OpenCL 3.0
as the optional cl_khr_fpb4 feature. The extension provides double-precision scalar and vector
floating-point data types and extends many functions to accept these types.

6.2.2.10. Multi-Sample Shared OpenCL/OpenGL Images

The c1_khr_gl_msaa_sharing extension adds support for multi-sample images shared with OpenGL
multi-sample textures. The extension provides new built-in multisample image types, as well as
sampler-less read functions and image queries operating on those types.

6.2.2.11. Global 32-Bit Base Atomics

The c1_khr_global_int32_base_atomics extension was promoted to OpenCL C 1.1, with the supported
functions renamed to use the atomic_ prefix rather than the atom_ prefix. The extension provides
base atomic functions for __global variables, as described in the Atomic Function Extensions table.

6.2.2.12. Global 32-Bit Extended Atomics

The cl_khr_global_int32_extended_atomics extension was promoted to OpenCL C 1.1, with the
supported functions renamed to use the atomic_ prefix rather than the atom_ prefix. The extension
provides extended atomic functions for _ global variables, as described in the Atomic Function
Extensions table.

6.2.2.13. Initializing Memory

The cl_khr_initialize_memory extension allows creating a context which initializes specified types
(local or private) of memory prior to the start of kernel execution.

There is one restriction on the timing of this initialization discussed in this document, although
most of the extension is defined by the OpenCL 3.0 API Specification.

6.2.2.14. 64-Bit Base Atomics

The c1_khr_int64_base_atomics extension provides base atomic functions for _global and __local 64-
bit signed and unsigned integer variables, as described in the Built-in 64-Bit Base Atomic Functions
table.

6.2.2.15. 64-Bit Extended Atomics

The cl_khr_int64_extended_atomics extension provides extended atomic functions for __global and
__local 64-bit signed and unsigned integer variables, as described in the Built-in 64-Bit Extended
Atomic Functions table.

6.2.2.16. Integer Dot Product

The c1_khr_integer_dot_product extension adds support for SPIR-V instructions and OpenCL C built-
in functions to compute the dot product of vectors of integers. The extension provides new built-in
vector integer argument functions operating on these types.



6.2.2.17. Kernel Clock

The c1_khr_kernel_clock extension adds support for SPIR-V instructions and OpenCL C built-in
functions to sample the value from one of three clocks provided by compute units. The extension
provides the following functions:

¢ Built-in Kernel Clock Functions

6.2.2.18. Local 32-Bit Base Atomics

The cl1_khr_local_int32_base_atomics extension was promoted to OpenCL C 1.1, with the supported
functions renamed to use the atomic_ prefix rather than the atom_ prefix. The extension provides
base atomic functions for _local variables, as described in the Atomic Function Extensions table.

6.2.2.19. Local 32-Bit Extended Atomics

The cl_khr_local_int32_extended_atomics extension was promoted to OpenCL C 1.1, with the
supported functions renamed to use the atomic_ prefix rather than the atom_ prefix. The extension
provides extended atomic functions for _ local variables, as described in the Atomic Function
Extensions table.

6.2.2.20. Mipmapped Image Reads and Queries

The c1_khr_mipmap_image extension adds support for mipmap images. The extension provides built-
in image read and image query functions operating on these images.

6.2.2.21. Mipmapped Image Writes

The cl_khr_mipmap_image_writes extension adds support for writing to mipmap images, and
requires support for the cl_khr_mipmap_image extension macro. The extension provides built-in
image write functions operating on these images.

6.2.2.22. Select Floating-Point Rounding Mode

The c1_khr_select_fprounding_mode extension allows specifying the floating-point rounding mode
for an instruction or group of instructions in the program source by use of a #pragma.

The extension was deprecated in OpenCL 1.1 and its use is not recommended.

6.2.2.23. sSRGB Image Write Functions

The cl_khr_srgb_image_writes extension adds support for writing to sRGB images using the
write_imagef functions. Color space conversion is performed by the function.

6.2.2.24. Sub-Groups

The c1_khr_subgroups extension was promoted to OpenCL C 2.1 as the __opencl_c_subgroups feature.
The extension provides the following functions:

* Built-in Work-Item Functions for Sub-Groups

* Built-in Synchronization Functions for Sub-Groups



Built-in Collective Functions for Sub-Groups
* Built-in Pipe Functions for Sub-Groups
¢ Built-in Kernel Query Functions for Sub-Groups

* The memory_scope_sub_group type and associated restrictions

6.2.2.25. Sub-Group Ballots

The c1_khr_subgroup_ballot extension adds the ability to collect and operate on ballots from work
items in a sub-group. The extension provides the following functions:

* Built-in Ballot Functions for Sub-Groups

6.2.2.26. Sub-Group Clustered Reductions

The c1_khr_subgroup_clustered_reduce extension adds support for clustered reductions that operate
on a subset of work items in the sub-group. The extension provides the following functions:

¢ Built-in Arithmetic Functions for Sub-Groups

* Built-in Bitwise Functions for Sub-Groups

* Built-in Logical Functions for Sub-Groups
6.2.2.27. Sub-Group Extended Types

The c1_khr_subgroup_extended_types extension adds additional supported data types to the existing
sub-group broadcast, scan, and reduction functions.

6.2.2.28. Sub-Group Non-Uniform Arithmetic

The cl_khr_subgroup_non_uniform_arithmetic extension adds the ability to use some sub-group
functions within non-uniform flow control, including additional scan and reduction operators.

The extension provides the following functions:

¢ Built-in Non-Uniform Arithmetic Functions for Sub-Groups

¢ Built-in Non-Uniform Bitwise Functions for Sub-Groups

* Built-in Non-Uniform Logical Functions for Sub-Groups
6.2.2.29. Sub-Group Non-Uniform Vote and Election Functions

The c1_khr_subgroup_non_uniform_vote extension adds the ability to elect a single work item from a
sub-group to perform a task and to hold votes among work items in a sub-group.

The extension provides the following functions:

¢ Built-in Non-Uniform Vote Functions for Sub-Groups



6.2.2.30. Sub-Group Rotation

The cl_khr_subgroup_rotate extension adds support for a new sub-group data exchange operation
that makes it possible to rotate values through the work items in a sub-group.

The extension provides the following functions:

* Built-in Rotation Functions for Sub-Groups

6.2.2.31. Sub-Group General Purpose Shuffles

The c1_khr_subgroup_shuffle extension adds additional ways to exchange data among work items in
a sub-group.

The extension provides the following functions:

* Built-in Shuffle Functions for Sub-Groups

6.2.2.32. Sub-Group Relative Shuffles

The cl1_khr_subgroup_shuffle_relative extension adds specialized ways to exchange data among
work items in a sub-group that may perform better on some implementations.

The extension provides the following functions:

* Built-in Relative Shuffle Functions for Sub-Groups

6.2.2.33. Work-group Collective Uniform Arithmetic Functions

The cl_khr_work_group_uniform_arithmetic extension adds additional work-group collective
functions, including work-group scans and reductions for the following operators:

* Logical operations (and, or, and xor).

* Bitwise operations (and, or, and xor).

* Integer multiplication (mul).

Floating-point multiplication (mul).
The extension provides the following functions:

* Built-in Work-group Logical Arithmetic Functions
* Built-in Work-group Bitwise Integer Functions

* Built-in Work-group Multiplicative Functions

6.3. Supported Data Types

The following data types are supported.



6.3.1. Built-in Scalar Data Types

The following table describes the list of built-in scalar data types.

Table 2. Built-in Scalar Data Types

Type

bool ™

char

unsigned char, uchar

short

unsigned short, ushort
int

unsigned int, uint

long

unsigned long, ulong ™

float

double ™

half

size t™

ptrdiff_t "

intptr_t ™

Description

A conditional data type which is either true or
false. The value true expands to the integer
constant 1 and the value false expands to the
integer constant 0.

A signed two’s complement 8-bit integer.
An unsigned 8-bit integer.

A signed two’s complement 16-bit integer.
An unsigned 16-bit integer.

A signed two’s complement 32-bit integer.
An unsigned 32-bit integer.

A signed two’s complement 64-bit integer.
An unsigned 64-bit integer.

A 32-bit floating-point number. The float data
type must conform to the IEEE 754 single
precision storage format.

A 64-bit floating-point number. The double data
type must conform to the IEEE 754 double-
precision storage format.

Requires support for double-precision.

A 16-bit floating-point number. The half data
type must conform to the IEEE 754-2008 half-
precision storage format.

The unsigned integer type of the result of the
sizeof operator.

A signed integer type that is the result of
subtracting two pointers.

A signed integer type with the property that any
valid pointer to void can be converted to this
type, then converted back to pointer to void, and
the result will compare equal to the original
pointer.



Type Description

uintptr_t ™ An unsigned integer type with the property that
any valid pointer to void can be converted to this
type, then converted back to pointer to void, and
the result will compare equal to the original
pointer.

void The void type comprises an empty set of values;
it is an incomplete type that cannot be
completed.

Most built-in scalar data types are also declared as appropriate types in the OpenCL API (and
header files) that can be used by an application. The following table describes the built-in scalar
data type in the OpenCL C programming language and the corresponding data type available to the
application:

Type in OpenCL Language API type for application
bool n/a

char cl_char
unsigned char, uchar cl_uchar
short cl_short
unsigned short, ushort cl_ushort
int cl_int
unsigned int, uint cl_uint
long cl_long
unsigned long, ulong cl_ulong
float cl_float
double c1_double
half cl_half
size t n/a
ptrdiff_t n/a
intptr_t n/a
uintptr_t n/a

void void

6.3.1.1. Double-Precision Floating-Point Support

Double-precision floating-point is supported if the c1_khr_fp64 extension macro is supported, or if
OpenCL 1.2 or newer is supported. In OpenCL 3.0, it also requires support for the __opencl_c_fp64
feature,

If double-precision is not supported, implementations may implicitly cast double-precision floating-
point literals to single-precision literals. The use of double-precision literals without double-



precision support should result in a diagnostic.

6.3.1.2. The half Data Type

The half data type must be IEEE 754-2008 compliant. half numbers have 1 sign bit, 5 exponent bits,
and 10 mantissa bits. The interpretation of the sign, exponent and mantissa is analogous to IEEE
754 floating-point numbers. The exponent bias is 15. The half data type must represent finite and
normal numbers, denormalized numbers, infinities and NaN. Denormalized numbers for the half
data type which may be generated when converting a float to a half using vstore_half and
converting a half to a float using vload_half cannot be flushed to zero. Conversions from float to
half correctly round the mantissa to 11 bits of precision. Conversions from half to float are
lossless; all half numbers are exactly representable as float values. Conversions from double to half
are correctly rounded. Conversions from half to double are lossless.

The half data type can only be used to declare a pointer to a buffer that contains half values. A few
valid examples are given below:

void
bar (__global half *p)
{

__kernel void
foo (__global half *pg, __local half *pl)

{
__global half *ptr;
int offset;
ptr = pg + offset;
bar(ptr);

}

Below are some examples that are not valid usage of the half type:

half a;

half b[100];

half *p;

a = *p; // not allowed. must use *vload_half* function

Loads from a pointer to a half and stores to a pointer to a half can be performed using the vector
data load and store functions vload_half, vload halfn, vloada_halfn and vstore_half,
vstore_halfn, and vstorea_halfn. The load functions read scalar or vector half values from
memory and convert them to a scalar or vector float value. The store functions take a scalar or
vector float value as input, convert it to a half scalar or vector value (with appropriate rounding
mode) and write the half scalar or vector value to memory.



6.3.2. Built-in Vector Data Types

The char, unsigned char, short, unsigned short, int, unsigned int, long, unsigned long, float and
double vector data types are supported. '’ The vector data type is defined with the type name, i.e.
char, uchar, short, ushort, int, uint, long, ulong, float, or double followed by a literal value n that
defines the number of elements in the vector. Supported values of n are 2, 3, 4, 8, and 16 for all
vector data types.

o Vector types with three elements, i.e. where n is 3, require support for OpenCL C
1.1 or newer.

The following table describes the list of built-in vector data types.

Table 3. Built-in Vector Data Types

Type Description

charn A vector of n 8-bit signed two’s complement
integer values.

ucharn A vector of n 8-bit unsigned integer values.

shortn A vector of n 16-bit signed two’s complement
integer values.

ushortn A vector of n 16-bit unsigned integer values.

intn A vector of n 32-bit signed two’s complement
integer values.

uintn A vector of n 32-bit unsigned integer values.

longn V" A vector of n 64-bit signed two’s complement
integer values.

ulongn A vector of n 64-bit unsigned integer values.

halfn ™ A vector of n 16-bit floating-point values.

floatn A vector of n 32-bit floating-point values.

doublen ™ A vector of n 64-bit floating-point values.

Requires support for double-precision.

The built-in vector data types are also declared as appropriate types in the OpenCL API (and header
files) that can be used by an application. The following table describes the built-in vector data type
in the OpenCL C programming language and the corresponding data type available to the
application:

Type in OpenCL Language API type for application
charn cl_charn
ucharn cl_ucharn

shortn cl_shortn



Type in OpenCL Language API type for application
ushortn cl_ushortn

intn cl_intn

uintn cl_uintn

longn cl_longn

ulongn cl_ulongn

halfn cl_halfn

floatn cl_floatn

doublen cl_doublen

6.3.3. Other Built-in Data Types

The following table describes the list of additional data types supported by OpenCL.

Table 4. Other Built-in Data Types

Type Description
image2d_t " A 2D image.
image3d_t " A 3D image.
image2d_array_t " A 2D image array.
Requires support for OpenCL C 1.2 or newer.
image1d_t " A 1D image.
Requires support for OpenCL C 1.2 or newer.
image1d_buffer_t " A 1D image created from a buffer object.
Requires support for OpenCL C 1.2 or newer.
image1d_array_t " A 1D image array.
Requires support for OpenCL C 1.2 or newer.
image2d_depth_t " A 2D depth image.

Requires support for OpenCL C 2.0 or newer, or
for the c1_khr_depth_images extension macro.

[10]

image2d_array_depth_t A 2D depth image array.

Requires support for OpenCL C 2.0 or newer, or
for the c1_khr_depth_images extension macro.

sampler_t ™" A sampler type.



Type

queue_t

ndrange_t

clk_event_t

reserve_id_t

event_t

cl_mem_fence_flags

Description

A device command-queue. This queue can only
be used to enqueue commands from kernels
executing on the device.

Requires support for OpenCL C 2.0, or OpenCL C
3.0 or newer and the __opencl_c_device_enqueue
feature.

The N-dimensional range over which a kernel
executes.

Requires support for OpenCL C 2.0, or OpenCL C
3.0 or newer and the __opencl_c_device_enqueue
feature.

A device-side event that identifies a command
enqueued to a device command-queue.

Requires support for OpenCL C 2.0, or OpenCL C
3.0 or newer and the __opencl_c_device_enqueue
feature.

A reservation ID. This opaque type is used to
identify the reservation for reading and writing

a pipe.

Requires support for OpenCL C 2.0, or OpenCL C
3.0 or newer and the __opencl_c_pipes feature.

An event. This can be used to identify async
copies from global to local memory and vice-
versa.

This is a bitfield and can be 0 or a combination
of the following values ORed together:

CLK_GLOBAL_MEM_FENCE
CLK_LOCAL_MEM_FENCE
CLK_IMAGE_MEM_FENCE

These flags are described in detail in the
synchronization functions section.



Type

image2d_msaa_t

image2d_array_msaa_t

image2d_msaa_depth_t

image2d_array_msaa_depth_t

The image2d_t,

image3d_t,

Description

A 2D multi-sample color image. Refer to the
Built-in Image Sampler-less Read Functions
section for a detailed description of the built-in
functions that use this type.

Requires support for the c1_khr_gl_msaa_sharing
extension macro.

A 2D multi-sample color image array. Refer to
the Built-in Image Sampler-less Read Functions
section for a detailed description of the built-in
functions that use this type.

Requires support for the c1_khr_gl_msaa_sharing
extension macro.

A 2D multi-sample depth image. Refer to the
Built-in Image Sampler-less Read Functions
section for a detailed description of the built-in
functions that use this type.

Requires support for the c1_khr_gl_msaa_sharing
extension macro.

A 2D multi-sample depth image array. Refer to
the Built-in Image Sampler-less Read Functions
section for a detailed description of the built-in
functions that use this type.

Requires support for the c1_khr_gl_msaa_sharing
extension macro.

image2d_array_t, imageld_t, imageld_buffer_t,

imagel1d_array_t, image2d_depth_t, image2d_array_depth_t and sampler_t types are

o only defined if the device supports images, i.e. the value of the CL_DEVICE_IMAGE_
SUPPORT device query) is CL_TRUE. If this is the case then an OpenCL C 3.0 or newer
compiler must also define the __opencl_c_images feature macro.

The C99 derived types (arrays, structs, unions, functions, and pointers), constructed from the built-
in scalar, vector, and other data types are supported, with specified restrictions.

The following tables describe the other built-in data types in OpenCL described in Other Built-in
Data Types and the corresponding data type available to the application:

Type in OpenCL C
image2d_t
image3d_t

API type for application
cl_mem

cl_mem



Type in OpenCL C
image2d_array_t
imageld_t
image1d_buffer_t
imageld_array_t
image2d_depth_t
image2d_array_depth_t
sampler_t

queue_t

ndrange_t
clk_event_t
reserve_id_t

event_t

cl_mem_fence_flags

6.3.4. Reserved Data Types

The data type names described in the following table are reserved and cannot be used by
applications as type names. The vector data type names defined in Built-in Vector Data Types, but

API type for application
cl_mem

cl_mem

cl_mem

cl_mem

cl_mem

cl_mem

cl_sampler

cl_command_queue
N/A
N/A
N/A
N/A
N/A

where n is any value other than 2, 3, 4, 8 and 16, are also reserved.

Table 5. Reserved Data Types

Type

booln

halfn

quad, quadn

complex half, complex halfn

imaginary half, imaginary halfn

complex float, complex floatn

imaginary float, imaginary floatn

complex double, complex doublen

imaginary double, imaginary doublen

complex quad, complex quadn

Description

A boolean vector.

A 16-bit floating-point vector.

A 128-bit floating-point scalar and vector.

A complex 16-bit floating-point scalar and
vector.

An imaginary 16-bit floating-point scalar and
vector.

A complex 32-bit floating-point scalar and
vector.

An imaginary 32-bit floating-point scalar and
vector.

A complex 64-bit floating-point scalar and
vector.

An imaginary 64-bit floating-point scalar and
vector.

A complex 128-bit floating-point scalar and
vector.



Type Description

imaginary quad, imaginary quadn An imaginary 128-bit floating-point scalar and
vector.
floatnxm An n x m matrix of single precision floating-

point values stored in column-major order.

doublenxm An n x m matrix of double-precision floating-
point values stored in column-major order.

long double, Tong doublen A floating-point scalar and vector type with at
least as much precision and range as a double
and no more precision and range than a quad.

long long, long longn A 128-bit signed integer scalar and vector.

unsigned long long, ulong long, ulong longn A 128-bit unsigned integer scalar and vector.

6.3.5. Alignment of Types

A data item declared to be a data type in memory is always aligned to the size of the data type in
bytes. For example, a float4 variable will be aligned to a 16-byte boundary, a char2 variable will be
aligned to a 2-byte boundary.

For 3-component vector data types, the size of the data type is 4 * sizeof(component). This means
that a 3-component vector data type will be aligned to a 4 * sizeof(component) boundary. The
vload3 and vstore3 built-in functions can be used to read and write, respectively, 3-component
vector data types from an array of packed scalar data type.

A built-in data type that is not a power of two bytes in size must be aligned to the next larger power
of two. This rule applies to built-in types only, not structs or unions.

The OpenCL compiler is responsible for aligning data items to the appropriate alignment as
required by the data type. For arguments to a __kernel function declared to be a pointer to a data
type, the OpenCL compiler can assume that the pointee is always appropriately aligned as required
by the data type. The behavior of an unaligned load or store is undefined, except for the vector data
load and store functions vloadn, vload_halfn, vstoren, and vstore_halfn. The vector load
functions can read a vector from an address aligned to the element type of the vector. The vector
store functions can write a vector to an address aligned to the element type of the vector.

6.3.6. Vector Literals

Vector literals can be used to create vectors from a list of scalars, vectors or a mixture thereof. A
vector literal can be used either as a vector initializer or as a primary expression. Whether a vector
literal can be used as an l-value is implementation-defined.

A vector literal is written as a parenthesized vector type followed by a parenthesized comma
delimited list of parameters. A vector literal operates as an overloaded function. The forms of the
function that are available is the set of possible argument lists for which all arguments have the
same element type as the result vector, and the total number of elements is equal to the number of
elements in the result vector. In addition, a form with a single scalar of the same type as the



element type of the vector is available. For example, the following forms are available for float4:

(float4)( float, float, float, float )
(float4)( float2, float, float )
(floatd4)( float, float2, float )
(float4)( float, float, float2 )
(float4)( float2, float2 )

(floatd4)( float3, float )

(float4)( float, float3 )

(floatd4)( float )

Operands are evaluated by standard rules for function evaluation, except that implicit scalar
widening shall not occur. The order in which the operands are evaluated is undefined. The
operands are assigned to their respective positions in the result vector as they appear in memory
order. That is, the first element of the first operand is assigned to result.x, the second element of
the first operand (or the first element of the second operand if the first operand was a scalar) is
assigned to result.y, etc. In the case of the form that has a single scalar operand, the operand is
replicated across all lanes of the vector.

Examples:

float4 f = (float4)(1.0f, 2.0f, 3.0f, 4.0f);

uint4d u = (uint4)(1); // u will be (1, 1, 1, 1).

floatd f = (float4)((float2)(1.0f, 2.0f), (float2)(3.0f, 4.0f));
float4 f = (float4)(1.0f, (float2)(2.0f, 3.0f), 4.0f);

float4 f = (float4)(1.0f, 2.0f); // error

6.3.7. Vector Components

The components of vector data types can be addressed as <vector_data_type>.xyzw. Vector data
types with two or more components, such as char2, can access .xy elements. Vector data types with
three or more components, such as uint3, can access .xyz elements. Vector data types with four or
more components, such as ulong4 or float8, can access .xyzw elements.

In OpenCL C 3.0, the components of vector data types can also be addressed as
<vector_data_type>.rgba. Vector data types with two or more components can access .rg elements.
Vector data types with three or more components can access .rgb elements. Vector data types with
four or more components can access .rgba elements.

Accessing components beyond those declared for the vector type is an error so, for example:

float2 coord;

coord.x = 1.0f; // is legal

coord.r = 1.0f; // is legal in OpenCL C 3.0

coord.z = 1.0f; // is illegal, since coord only has two components

float3 pos;



pos.z = 1.0f; // is legal
pos.b = 1.0f; // is legal in OpenCL C 3.0
pos.w = 1.0f; // is illegal, since pos only has three components

The component selection syntax allows multiple components to be selected by appending their

names after the period (.).

float4 c;

c.xyzw = (float4)(1.0f, 2.0f, 3.0f, 4.0f);
c.z = 1.0f;

c.xy = (float2)(3.0f, 4.0f);

c.xyz = (float3)(3.0f, 4.0f, 5.0f);

The component selection syntax also allows components to be permuted or replicated.

float4 pos = (floatd)(1.0f, 2.0f, 3.0f, 4.0f);

float4 swiz= pos.wzyx; // swiz = (4.0f, 3.0f, 2.0f, 1.0f)

float4 dup = pos.xxyy; // dup = (1.0f, 1.0f, 2.0f, 2.0f)

The component group notation can occur on the left hand side of an expression. To form an l-value,
swizzling must be applied to an l-value of vector type, contain no duplicate components, and it
results in an l-value of scalar or vector type, depending on number of components specified. Each

component must be a supported scalar or vector type.

float4 pos = (floatd)(1.0f, 2.0f, 3.0f, 4.0f),;

pos.xw = (float2)(5.0f, 6.0f);// pos = (5.0f, 2.0f, 3.0f, 6.0f)
pos.wx = (float2)(7.0f, 8.0f);// pos = (8.0f, 2.0f, 3.0f, 7.0f)
pos.xyz = (float3)(3.0f, 5.0f, 9.0f); // pos = (3.0f, 5.0f, 9.0f, 4.0f)

pos.xx = (float2)(3.0f, 4.0f);// illegal - 'x' used twice

// illegal - mismatch between float2 and float4
pos.xy = (float4)(1.0f, 2.0f, 3.0f, 4.0f);

float4 a, b, c, d;

float16 x;

X = (float16)(a, b, c, d);

x = (float16)(a.xxxx, b.xyz, c.xyz, d.xyz, a.yzw);

// 1llegal - component a.xxxxxxx 1s not a valid vector type
x = (float16)(a.xxxxxxx, b.xyz, c.xyz, d.xyz);

Elements of vector data types can also be accessed using a numeric

index to refer to the



appropriate element in the vector. The numeric indices that can be used are given in the table
below:

Table 6. Numeric indices for built-in vector data types

Vector Components Numeric indices that can be used
2-component 0,1

3-component 0,1,2

4-component 0,1,2,3

8-component 0,1,2,3,4,5,6,7

16-component 0,1,2,3,45,6,7,89,a,A,b,B,c,C,d,D,e,E,fF

The numeric indices must be preceded by the letter s or S.

In the following example
float8 f;

f.s0 refers to the 1% element of the float8 variable f and f.s7 refers to the 8" element of the float8
variable f.

In the following example
float16 x;

x.sa (or x.sA) refers to the 11™ element of the float16 variable x and x.sf (or x.sF) refers to the 16™
element of the float16 variable x.

The numeric indices used to refer to an appropriate element in the vector cannot be intermixed
with . xyzw notation used to access elements of a 1 .. 4 component vector.

For example

float4 f, a;

a = f.x12w; // illegal use of numeric indices with .xyzw
a.xyzw = f.s0123; // valid
Vector data types can use the .1o (or .even) and .hi (or .odd) suffixes to get smaller vector types or

to combine smaller vector types to a larger vector type. Multiple levels of .10 (or .even) and .hi (or
.odd) suffixes can be used until they refer to a scalar term.

The . 1o suffix refers to the lower half of a given vector. The .hi suffix refers to the upper half of a
given vector.



The .even suffix refers to the even elements of a vector. The .odd suffix refers to the odd elements of
a vector.

Some examples to help illustrate this are given below:

float4 vf;

float2 low = vf.lo; // returns vf.xy
float2 high = vf.hi; // returns vf.zw

float2 even = vf.even; // returns vf.xz
float2 odd = vf.odd; // returns vf.yw

The suffixes .1lo (or .even) and .hi (or .odd) for a 3-component vector type operate as if the 3-
component vector type is a 4-component vector type with the value in the w component undefined.

Some examples are given below:

float8 vf;

float4 odd = vf.odd;
float4 even = vf.even;
float2 high = vf.even.hi;
float2 low = vf.odd.lo;

// interleave LR stereo stream
float4 left, right;

float8 interleaved;
interleaved.even = left;
interleaved.odd = right;

// deinterleave
left = interleaved.even;
right = interleaved.odd;

// transpose a 4x4 matrix

void transpose( float4 m[4] )

{
// read matrix into a floatl16 vector
float16 x = (float16)( m[@], m[1], m[2], m[3] );
float16 t;

// transpose
t.even = x.lo;

t.odd = x.hi;
x.even = t.lo;
x.odd = t.hi;

// write back



m[@] = x.lo.10; // { m[@][@], m[1][@], m[2][0], m[3][0] }
m(1] = x.lo.hi; // { m[@][1], m[T][1], m(2][1], m[3][1] }
m[2] = x.hi.lo; // { m[@][2], m[1][2], m[2]1[2], m[3][2] }
m(3] = x.hi.hi; // { m[@][3], m[1][3], m2][3], m[3][3] }

}
float3 vf = (float3)(1.0f, 2.0f, 3.0f);

float2 low = vf.lo; // (1.0f, 2.0f);
float2 high = vf.hi; // (3.0f, _undefined_);

It is illegal to take the address of a vector element and will result in a compilation error. For

example:
float8 vf;
float *f = &vf.x; // s illegal
float2 *f2 = &vf.s07; // 1s illegal
float4 *odd = &vf.odd; // is illegal

float4 *even = &vf.even; // 1s illegal
float2 *high = &vf.even.hi; // is illegal
float2 *low = &vf.odd.lo; // is illegal

6.3.8. Aliasing Rules

OpenCL C programs shall comply with the C99 type-based aliasing rules defined in section 6.5, item
7 of the C99 Specification. The OpenCL C built-in vector data types are considered aggregate types
' for the purpose of applying these aliasing rules.

6.3.9. Keywords

The following names are reserved for use as keywords in OpenCL C and shall not be used
otherwise.

* Names reserved as keywords by C99.

* OpenCL C data types defined in Built-in Vector Data Types, Other Built-in Data Types, and
Reserved Data Types.

* Address space qualifiers: __global, global, __local, local, __constant, constant, __private, and

private. __generic and generic are reserved for future use.

b J—

» Function qualifiers: __kernel and kernel.

* Access qualifiers: __read_only, read_only, __write_only, write_only, __read_write and read_write.

e uniform, pipe.



6.4. Conversions and Type Casting

6.4.1. Implicit Conversions

Implicit conversions between scalar built-in types defined in Built-in Scalar Data Types (except void
and half "”) are supported. When an implicit conversion is done, it is not just a re-interpretation of
the expression’s value but a conversion of that value to an equivalent value in the new type. For
example, the integer value 5 will be converted to the floating-point value 5.0.

Implicit conversions from a scalar type to a vector type are allowed. In this case, the scalar may be
subject to the usual arithmetic conversion to the element type used by the vector. The scalar type is
then widened to the vector.

Implicit conversions between built-in vector data types are disallowed.

Implicit conversions for pointer types follow the rules described in the C99 Specification.

6.4.2. Explicit Casts

Standard typecasts for built-in scalar data types defined in Built-in Scalar Data Types will perform
appropriate conversion (except void and half "*). In the example below:

float f = 1.0f;
int i = (int)f;

f stores 0x3F800000 and i stores 0x1 which is the floating-point value 1.0f in f converted to an
integer value.

Explicit casts between vector types are not legal. The examples below will generate a compilation
error.

int4d 1i;
uint4 u = (uint4) i; // not allowed

floatd f;
int4 i = (int4) f; // not allowed

float4 f;
int8 i = (int8) f; // not allowed

Scalar to vector conversions may be performed by casting the scalar to the desired vector data type.
Type casting will also perform appropriate arithmetic conversion. The round to zero rounding
mode will be used for conversions to built-in integer vector types. The default rounding mode will
be used for conversions to floating-point vector types. When casting a bool to a vector integer data
type, the vector components will be set to -1 (i.e. all bits set) if the bool value is true and 0 otherwise.

Below are some correct examples of explicit casts.



float f = 1.0f;
float4 va = (floatd)f;

// va is a float4 vector with elements (f, f, f, f).

uchar u = OxFF;
float4 vb = (floatd)u;

// vb is a float4 vector with elements
// ((float)u, (float)u, (float)u, (float)u).

float f
int2 vc

2.0f;
(int2)f;

// vc is an int2 vector with elements ((int)f, (int)f).
uchar4 vtrue = (uchar4)true;
// vtrue is a uchar4 vector with elements (@Oxff, Oxff,

// Oxff, Oxff).

6.4.3. Explicit Conversions

Explicit conversions may be performed using the
convert_destType(sourceType)

suite of functions. These provide a full set of type conversions between supported scalar, vector,
and other data types except for the following types: bool, half, size_t, ptrdiff_t, intptr_t, uintptr_t,
and void.

The number of elements in the source and destination vectors must match.

In the example below:

uchar4 u;
int4 ¢ = convert_int4(u);

convert_int4 converts a uchar4 vector u to an int4 vector c.

float f;
int i = convert_int(f);

convert_int converts a float scalar f to an int scalar 1.

The behavior of the conversion may be modified by one or two optional modifiers that specify



saturation for out-of-range inputs and rounding behavior.

The full form of the scalar convert function is:

destType convert_destType<_sat><_roundingMode>(sourceType)

where dstType is the destination scalar type and sourceType is the source scalar type.

The full form of the vector convert function is:

destTypen convert_destTypen<_sat><_roundingMode>(sourceTypen)

where destTypen is the n-element destination vector type and sourceTypen is the n-element source
vector type.

6.4.3.1. Data Types

Conversions are available for the following scalar types: char, uchar, short, ushort, int, uint, long,
ulong, float, and built-in vector types derived therefrom. The operand and result type must have
the same number of elements. The operand and result type may be the same type in which case the
conversion has no effect on the type or value of an expression.

Conversions between integer types follow the conversion rules specified in sections 6.3.1.1 and
6.3.1.3 of the C99 Specification except for out-of-range behavior and saturated conversions.

6.4.3.2. Rounding Modes

Conversions to and from floating-point type shall conform to IEEE-754 rounding rules. Conversions
may have an optional rounding mode modifier described in the following table.

Table 7. Rounding Modes

Modifier Rounding Mode Description

_rte Round to nearest even

_rtz Round toward zero

_rtp Round toward positive infinity

_rtn Round toward negative infinity

no modifier specified Use the default rounding mode for this

destination type, _rtz for conversion to integers
or the default rounding mode for conversion to
floating-point types.

By default, conversions to integer type use the _rtz (round toward zero) rounding mode and
conversions to floating-point type " use the default rounding mode. The only default floating-point
rounding mode supported is round to nearest even i.e the default rounding mode will be _rte for
floating-point types.



6.4.3.3. Out-of-Range Behavior and Saturated Conversions

When the conversion operand is either greater than the greatest representable destination value or
less than the least representable destination value, it is said to be out-of-range. The result of out-of-
range conversion is determined by the conversion rules specified by section 6.3 of the C99
Specification. When converting from a floating-point type to integer type, the behavior is
implementation-defined.

Conversions to integer type may opt to convert using the optional saturated mode by appending the
_sat modifier to the conversion function name. When in saturated mode, values that are outside the
representable range shall clamp to the nearest representable value in the destination format. (NaN
should be converted to 0).

Conversions to floating-point type shall conform to IEEE-754 rounding rules. The _sat modifier may
not be used for conversions to floating-point formats.

6.4.3.4. Explicit Conversion Examples

Example 1:

short4 s;

// negative values clamped to 0
ushort4 u = convert_ushort4 sat( s );

// values > CHAR_MAX converted to CHAR_MAX
// values < CHAR_MIN converted to CHAR_MIN
char4 ¢ = convert_char4 _sat( s );

Example 2:

float4 f;

// values implementation-defined for
// f > INT_MAX, f < INT_MIN or NaN
int4 i = convert_int4( f );

// values > INT_MAX clamp to INT_MAX, values < INT_MIN clamp
// to INT_MIN. NaN should produce 0.
// The _rtz_ rounding mode is used to produce the integer values.

int4 i2 = convert_int4_sat( f );

// similar to convert_int4, except that floating-point values
// are rounded to the nearest integer instead of truncated
int4 i3 = convert_int4 rte( f );

// similar to convert_int4_sat, except that floating-point values
// are rounded to the nearest integer instead of truncated



int4 i4 = convert_int4_sat_rte( f );
Example 3:

int4 i;

// convert ints to floats using the default rounding mode.
float4 f = convert_float4( i );

// convert ints to floats. integer values that cannot

// be exactly represented as floats should round up to the
// next representable float.

float4 f = convert_floatd_rtp( i );

6.4.4. Reinterpreting Data as Another Type

It is frequently necessary to reinterpret bits in a data type as another data type in OpenCL. This is
typically required when direct access to the bits in a floating-point type is needed, for example to
mask off the sign bit or make use of the result of a vector relational operator on floating-point data
"l Several methods to achieve this (non-) conversion are frequently practiced in C, including
pointer aliasing, unions and memcpy. Of these, only memcpy is strictly correct in C99. Since OpenCL
does not provide memcpy, other methods are needed.

6.4.4.1. Reinterpreting Types Using Unions

The OpenCL language extends the union to allow the program to access a member of a union object
using a member of a different type. The relevant bytes of the representation of the object are
treated as an object of the type used for the access. If the type used for access is larger than the
representation of the object, then the value of the additional bytes is undefined.

Examples:

// d only if double-precision is supported
union { float f; uint u; double d; } u;

u.u=1; // u.f contains 2**-149, wu.d is undefined --
// depending on endianness the low or high half
// of d is unknown

u.f = 1.0f; // u.u contains 0x3f800000, u.d contains an
// undefined value -- depending on endianness
// the low or high half of d is unknown

u.d = 1.0; // u.u contains @x3ff0000G (big endian) or 0
// (little endian). u.f contains either 0x1.ep0f
// (big endian) or 0.0f (little endian)



6.4.4.2. Reinterpreting Types Using as_type() and as_typen()

All data types described in Built-in Scalar Data Types and Built-in Vector Data Types (except bool,
void, and half "") may be also reinterpreted as another data type of the same size using the
as_type() operator for scalar data types and the as_typen() operator "' for vector data types. When
the operand and result type contain the same number of elements, the bits in the operand shall be
returned directly without modification as the new type. The usual type promotion for function
arguments shall not be performed.

For example, as_float(0x3f800000) returns 1.0f, which is the value that the bit pattern 0x3f800000
has if viewed as an IEEE-754 single precision value.

When the operand and result type contain a different number of elements, the result shall be
implementation-defined except if the operand is a 4-component vector and the result is a 3-
component vector. In this case, the bits in the operand shall be returned directly without
modification as the new type. That is, a conforming implementation shall explicitly define a
behavior, but two conforming implementations need not have the same behavior when the
number of elements in the result and operand types does not match. The implementation may
define the result to contain all, some or none of the original bits in whatever order it chooses. It is
an error to use as_type() or as_typen() operator to reinterpret data to a type of a different number
of bytes.

Examples:

float f = 1.0f;
uint u = as_uint(f); // Legal. Contains: ©x3f800000

float4 f = (floatd)(1.0f, 2.0f, 3.0f, 4.0f);

// Legal. Contains:

// (int4)(0x31800000, 0x40000000, 0x40400000, 0x40800000)
int4 i = as_int4(f);

float4 f, g;
int4 is_less = f < g;

// Legal. f[i] = f[i] < g[i] ? f[i] : 0.0f
f = as_float4(as_int4(f) & is_less);

int i;
// Legal. Result is implementation-defined.
short2 j = as_short2(i);

int4 i;
// Legal. Result is implementation-defined.
short8 j = as_short8(i);

float4 f;
// Error. Result and operand have different sizes
double4 g = as_double4(f); // Only if double-precision is supported.



float4 f;
// Legal. g.xyz will have same values as f.xyz. g.w is undefined
float3 g = as_float3(f);

6.4.5. Pointer Casting

Pointers to old and new types may be cast back and forth to each other. Casting a pointer to a new
type represents an unchecked assertion that the address is correctly aligned. The developer will
also need to know the endianness of the OpenCL device and the endianness of the data to
determine how the scalar and vector data elements are stored in memory.

6.4.6. Usual Arithmetic Conversions

Many operators that expect operands of arithmetic type cause conversions and yield result types in
a similar way. The purpose is to determine a common real type for the operands and result. For the
specified operands, each operand is converted, without change of type domain, to a type whose
corresponding real type is the common real type. For this purpose, all vector types shall be
considered to have higher conversion ranks than scalars. Unless explicitly stated otherwise, the
common real type is also the corresponding real type of the result, whose type domain is the type
domain of the operands if they are the same, and complex otherwise. This pattern is called the
usual arithmetic conversions. If the operands are of more than one vector type, then an error shall
occur. Implicit conversions between vector types are not permitted.

Otherwise, if there is only a single vector type, and all other operands are scalar types, the scalar
types are converted to the type of the vector element, then widened into a new vector containing
the same number of elements as the vector, by duplication of the scalar value across the width of
the new vector. An error shall occur if any scalar operand has greater rank than the type of the
vector element. For this purpose, the rank order defined as follows:

1. The rank of a floating-point type is greater than the rank of another floating-point type, if the
first floating-point type can exactly represent all numeric values in the second floating-point
type. (For this purpose, the encoding of the floating-point value is used, rather than the subset of
the encoding usable by the device.)

2. The rank of any floating-point type is greater than the rank of any integer type.
3. The rank of an integer type is greater than the rank of an integer type with less precision.

4. The rank of an unsigned integer type is greater than the rank of a signed integer type with the
same precision "%,

5. The rank of the bool type is less than the rank of any other type.

6. The rank of an enumerated type shall equal the rank of the compatible integer type.

7. For all types, T1, T2 and T3, if T1 has greater rank than T2, and T2 has greater rank than T3, then
T1 has greater rank than T3.

Otherwise, if all operands are scalar, the usual arithmetic conversions apply, per section 6.3.1.8 of
the C99 Specification.

o Both the standard orderings in sections 6.3.1.8 and 6.3.1.1 of the C99 Specification



were examined and rejected. Had we used integer conversion rank here, int4 + 0U
would have been legal and had int4 return type. Had we used standard C99 usual
arithmetic conversion rules for scalars, then the standard integer promotion
would have been performed on vector integer element types and short8 + char
would either have return type of int8 or be illegal.

6.5. Operators

6.5.1. Arithmetic Operators

The arithmetic operators add (+), subtract (-), multiply (*) and divide (/) operate on built-in integer
and floating-point scalar, and vector data types. The arithmetic operator remainder (%) operates on
built-in integer scalar and integer vector data types. All arithmetic operators return result of the
same built-in type (integer or floating-point) as the type of the operands, after operand type
conversion. After conversion, the following cases are valid:

* The two operands are scalars. In this case, the operation is applied, resulting in a scalar.

* One operand is a scalar, and the other is a vector. In this case, the scalar may be subject to the
usual arithmetic conversion to the element type used by the vector operand. The scalar type is
then widened to a vector that has the same number of components as the vector operand. The
operation is done component-wise resulting in the same size vector.

* The two operands are vectors of the same type. In this case, the operation is done component-
wise resulting in the same size vector.

All other cases of implicit conversions are illegal. Division on integer types which results in a value
that lies outside of the range bounded by the maximum and minimum representable values of the
integer type will not cause an exception but will result in an unspecified value. A divide by zero
with integer types does not cause an exception but will result in an unspecified value. Division by
zero for floating-point types will result in +co or NaN as prescribed by the IEEE-754 standard. Use
the built-in functions dot and cross to get, respectively, the vector dot product and the vector cross
product.

6.5.2. Unary Operators

The arithmetic unary operators (+ and -) operate on built-in scalar and vector types.

6.5.3. Pre- and Post-Operators

The arithmetic post- and pre-increment and decrement operators (- and ++) operate on built-in
scalar and vector types except the built-in scalar and vector float types """, All unary operators
work component-wise on their operands. These result with the same type they operated on. For
post- and pre-increment and decrement, the expression must be one that could be assigned to (an 1-
value). Pre-increment and pre-decrement add or subtract 1 to the contents of the expression they
operate on, and the value of the pre-increment or pre-decrement expression is the resulting value
of that modification. Post-increment and post-decrement expressions add or subtract 1 to the
contents of the expression they operate on, but the resulting expression has the expression’s value
before the post-increment or post-decrement was executed.



6.5.4. Relational Operators

The relational operators greater than (>), less than (<), greater than or equal (>=), and less than or
equal (<=) operate on scalar and vector types “”. All relational operators result in an integer type.
After operand type conversion, the following cases are valid:

» The two operands are scalars. In this case, the operation is applied, resulting in an int scalar.

* One operand is a scalar, and the other is a vector. In this case, the scalar may be subject to the
usual arithmetic conversion to the element type used by the vector operand. The scalar type is
then widened to a vector that has the same number of components as the vector operand. The
operation is done component-wise resulting in the same size vector.

* The two operands are vectors of the same type. In this case, the operation is done component-
wise resulting in the same size vector.

All other cases of implicit conversions are illegal.

The result is a scalar signed integer of type int if the source operands are scalar and a vector signed
integer type of the same size as the source operands if the source operands are vector types. Vector
source operands of type charn and ucharn return a charn result; vector source operands of type
_halfn [2”, shortn and ushortn return a shortn result; vector source operands of type intn, uintn and
floatn return an intn result; vector source operands of type longn, ulongn and doublen return a longn
result.

For scalar types, the relational operators shall return 0 if the specified relation is false and return 1
if the specified relation is true. For vector types, the relational operators shall return 0 if the
specified relation is false and return -1 (i.e. all bits set) if the specified relation is true. The relational
operators always return 0 if either argument is not a number (NaN).

6.5.5. Equality Operators

The equality operators equal (==) and not equal (!=) operate on built-in scalar and vector types %

All equality operators result in an integer type. After operand type conversion, the following cases
are valid:

* The two operands are scalars. In this case, the operation is applied, resulting in a scalar.

* One operand is a scalar, and the other is a vector. In this case, the scalar may be subject to the
usual arithmetic conversion to the element type used by the vector operand. The scalar type is
then widened to a vector that has the same number of components as the vector operand. The
operation is done component-wise resulting in the same size vector.

» The two operands are vectors of the same type. In this case, the operation is done component-
wise resulting in the same size vector.

All other cases of implicit conversions are illegal.

The result is a scalar signed integer of type int if the source operands are scalar and a vector signed
integer type of the same size as the source operands if the source operands are vector types. Vector
source operands of type charn and ucharn return a charn result; vector source operands of type
_halfn ", shortn and ushortn return a shortn result; vector source operands of type intn, uintn and



floatn return an intn result; vector source operands of type longn, ulongn and doublen return a longn
result.

For scalar types, the equality operators shall return 0 if the specified relation is false and return 1 if
the specified relation is true. For vector types, the equality operators shall return 0 if the specified
relation is false and return -1 (i.e. all bits set) if the specified relation is true. The equality operator
equal (==) returns 0 if one or both arguments are not a number (NaN). The equality operator not
equal (!=) returns 1 (for scalar source operands) or -1 (for vector source operands) if one or both
arguments are not a number (NaN).

6.5.6. Bitwise Operators

The bitwise operators and (&), or (|), exclusive or (), and not (~) operate on all scalar and vector
built-in types except the built-in scalar and vector float types. For vector built-in types, the
operators are applied component-wise. If one operand is a scalar and the other is a vector, the
scalar may be subject to the usual arithmetic conversion to the element type used by the vector
operand. The scalar type is then widened to a vector that has the same number of components as
the vector operand. The operation is done component-wise resulting in the same size vector. Vector
source operands of type _halfn “* return a shortn result.

6.5.7. Logical Operators

The logical operators and (&&) and or (| |) operate on all scalar and vector built-in types. For scalar
built-in types only, and (&&) will only evaluate the right hand operand if the left hand operand
compares unequal to 0. For scalar built-in types only, or (||) will only evaluate the right hand
operand if the left hand operand compares equal to 0. For built-in vector types, both operands are
evaluated and the operators are applied component-wise. If one operand is a scalar and the other is
a vector, the scalar may be subject to the usual arithmetic conversion to the element type used by
the vector operand. The scalar type is then widened to a vector that has the same number of
components as the vector operand. The operation is done component-wise resulting in the same
size vector.

The logical operator exclusive or (M) is reserved.

The result is a scalar signed integer of type int if the source operands are scalar and a vector signed
integer type of the same size as the source operands if the source operands are vector types. Vector
source operands of type charn and ucharn return a charn result; vector source operands of type
_halfn ", shortn and ushortn return a shortn result; vector source operands of type intn, uintn and
floatn return an intn result; vector source operands of type longn, ulongn and doublen return a longn
result.

For scalar types, the logical operators shall return 0 if the result of the operation is false and return
1 if the result is true. For vector types, the logical operators shall return 0 if the result of the
operation is false and return -1 (i.e. all bits set) if the result is true.

6.5.8. Unary Logical Operator

The logical unary operator not (!) operates on all scalar and vector built-in types. For built-in vector
types, the operators are applied component-wise.



The result is a scalar signed integer of type int if the source operands are scalar and a vector signed
integer type of the same size as the source operands if the source operands are vector types. Vector
source operands of type charn and ucharn return a charn result; vector source operands of type
_halfn " shortn and ushortn return a shortn result; vector source operands of type intn, uintn and
floatn return an intn result; vector source operands of type longn, ulongn and doublen return a longn
result.

For scalar types, the logical unary operator shall return O if the value of its operand compares
unequal to 0, and return 1 if the value of its operand compares equal to 0. For vector types, the
unary operator shall return 0 if the value of its operand compares unequal to 0, and return -1 (i.e.
all bits set) if the value of its operand compares equal to 0.

6.5.9. Ternary Selection Operator

The ternary selection operator (?:) operates on three expressions (expl ? exp2 : exp3). This operator
evaluates the first expression exp1, which can be a scalar or vector result except float. If all three
expressions are scalar values, the C99 rules for ternary operator are followed. If the result is a
vector value, then this is equivalent to calling select(exp3, exp2, expl). The select function is
described in Built-in Scalar and Vector Relational Functions. The second and third expressions can
be any type, as long their types match, or there is an implicit conversion that can be applied to one
of the expressions to make their types match, or one is a vector and the other is a scalar and the
scalar may be subject to the usual arithmetic conversion to the element type used by the vector
operand and widened to the same type as the vector type. This resulting matching type is the type
of the entire expression.

6.5.10. Shift Operators

The operators right-shift (>>), left-shift (<<) operate on all scalar and vector built-in types except the
built-in scalar and vector float types. For built-in vector types, the operators are applied
component-wise. For the right-shift (>>), left-shift (<<) operators, the rightmost operand must be a
scalar if the first operand is a scalar, and the rightmost operand can be a vector or scalar if the first
operand is a vector.

The result of E1 << E2 is E1 left-shifted by log,(N) least significant bits in E2 viewed as an unsigned
integer value, where N is the number of bits used to represent the data type of E1 after integer
promotion " if E1 is a scalar, or the number of bits used to represent the type of E1 elements, if E
is a vector. The vacated bits are filled with zeros.

The result of E1 >> E2 is E1 right-shifted by log,(N) least significant bits in E2 viewed as an unsigned
integer value, where N is the number of bits used to represent the data type of E1 after integer
promotion, if E1 is a scalar, or the number of bits used to represent the type of E1 elements, if E1 is a
vector. If E1 has an unsigned type or if E1 has a signed type and a nonnegative value, the vacated
bits are filled with zeros. If E1 has a signed type and a negative value, the vacated bits are filled with
ones.

6.5.11. Sizeof Operator

The sizeof operator yields the size (in bytes) of its operand, including any padding bytes needed for
alignment, which may be an expression or the parenthesized name of a type. The size is



determined from the type of the operand. The result is of type size_t. If the type of the operand is a
variable length array “* type, the operand is evaluated; otherwise, the operand is not evaluated and
the result is an integer constant.

When applied to an operand that has type char or uchar, the result is 1. When applied to an operand
that has type short, ushort, or half the result is 2. When applied to an operand that has type int,
uint or float, the result is 4. When applied to an operand that has type long, ulong or double, the
result is 8. When applied to an operand that is a vector type, the result is the number of
components times the size of each scalar component “”. When applied to an operand that has array
type, the result is the total number of bytes in the array. When applied to an operand that has
structure or union type, the result is the total number of bytes in such an object, including internal
and trailing padding. The sizeof operator shall not be applied to an expression that has function
type or an incomplete type, to the parenthesized name of such a type, or to an expression that
designates a bit-field struct member “”.

The behavior of applying the sizeof operator to the bool, image2d_t, image3d_t, image2d_array_t,
image1d_t, imageld_buffer_t, imageld_array_t, image2d_depth_t, image2d_array_depth_t, sampler_t,
queue_t, ndrange_t, clk_event_t, reserve_id_t, and event_t types is implementation-defined.
Additionally, the behavior of applying the sizeof operator to a pipe object (a type with the pipe type
specifier keyword) is implementation-defined.

6.5.12. Comma Operator

The comma (,) operator operates on expressions by returning the type and value of the right-most
expression in a comma separated list of expressions. All expressions are evaluated, in order, from
left to right.

6.5.13. Indirection Operator

The unary (*) operator denotes indirection. If the operand points to an object, the result is an 1-
value designating the object. If the operand has type "pointer to type", the result has type "type". If

an invalid value has been assigned to the pointer, the behavior of the unary * operator is undefined
[31]

6.5.14. Address Operator

The unary (&) operator returns the address of its operand. If the operand has type "type", the result
has type "pointer to type". If the operand is the result of a unary * operator, neither that operator
nor the & operator is evaluated and the result is as if both were omitted, except that the constraints
on the operators still apply and the result is not an 1-value. Similarly, if the operand is the result of a
[1 operator, neither the & operator nor the unary * that is implied by the [] is evaluated and the
result is as if the & operator were removed and the [] operator were changed to a + operator.
Otherwise, the result is a pointer to the object designated by its operand .,

6.5.15. Assignment Operator
Assignments of values to variable names are done with the assignment operator (=), like

lvalue = expression



The assignment operator stores the value of expression into lvalue. The expression and lvalue must
have the same type, or the expression must have a type in Built-in Scalar Data Types, in which case
an implicit conversion will be done on the expression before the assignment is done.

If expression is a scalar type and lvalue is a vector type, the scalar is converted to the element type
used by the vector operand. The scalar type is then widened to a vector that has the same number
of components as the vector operand. The operation is done component-wise resulting in the same
size vector.

Any other desired type-conversions must be specified explicitly. L-values must be writable.
Variables that are built-in types, entire structures or arrays, structure fields, 1-values with the field
selector (.) applied to select components or swizzles without repeated fields, l-values within
parentheses, and l-values dereferenced with the array subscript operator ([1) are all I-values. Other
binary or unary expressions, function names, swizzles with repeated fields, and constants cannot
be l-values. The ternary operator (?:) is also not allowed as an l-value.

The order of evaluation of the operands is unspecified. If an attempt is made to modify the result of
an assignment operator or to access it after the next sequence point, the behavior is undefined.
Other assignment operators are the assignments add into (+=), subtract from (-=), multiply into (=),
divide into (/=), modulus into (%-=), left shift by (<<=), right shift by (>>=), and into (&=), inclusive or
into (| =), and exclusive or into (A=).

The expression
lvalue op = expression
is equivalent to
lvalue = lvalue op expression

and the lvalue and expression must satisfy the requirements for both operator op and assignment (
=).

o Except for the sizeof operator, the half data type cannot be used with any of the
operators described in this section.

6.6. Vector Operations

Vector operations are component-wise. Usually, when an operator operates on a vector, it is
operating independently on each component of the vector, in a component-wise fashion.

For example,

floatd v, u;
float f;

v=u+f;



will be equivalent to

V.X = U.X + T;

V.y = u.y + f;

V.Z = Uu.z + T;

V.w = u.w + f;
And

floatd v, u, w;

W=V + u;

will be equivalent to

W.X = V.X + U.X;
W.y = V.y + U.y;
W.Z = V.Z + U.Z;

W.W = V.W + U.W;

and likewise for most operators and all integer and floating-point vector types.

6.7. Address Space Qualifiers

OpenCL C has a hierarchical memory architecture represented by address spaces, as defined in
section 5 of the Embedded C Specification. It extends the C syntax to allow an address space name
as a valid type qualifier (section 5.1.2 of the Embedded C Specification). OpenCL implements
disjoint named address spaces with the spelling __global, __ constant and __private. The
address space qualifier may be used in variable declarations to specify the region where objects are
to be allocated. If the type of an object is qualified by an address space name, the object is allocated
in the specified address space. Similarly, for pointers, the type pointed to can be qualified by an
address space signaling the address space where the object pointed to is located.

local

p J—

The address space name spelling without the __ prefix, i.e. global, local, constant and private, are
valid and may be substituted for the corresponding address space names with the __ prefix.

Examples:

// declares a pointer p in the global address space that
// points to an object in the global address space
__global int *__global p;

void foo (...)

{

// declares an array of 4 floats in the private address space
__private float x[4];



For OpenCL C 2.0, or OpenCL C 3.0 with the __opencl_c_generic_address_space feature macro, there
is an additional unnamed generic address space.

Most of the restrictions from section 5.1.2 and section 5.3 of the Embedded C Specification apply in
OpenCL C, e.g. address spaces can not be used with a return type, a function parameter, or a
function type, and multiple address space qualifiers are not allowed. However, in OpenCL C it is
allowed to qualify local variables with an address space qualifier.

Examples:

// OK.
int f() { ... }

// Error. Address space qualifier cannot be used with a non-pointer return type.
private int f() { ... }

// OK. Address space qualifier can be used with a pointer return type.
local int *f() { ... }

// Error. Multiple address spaces specified for a type.
private local int i;

// 0K. The first address space qualifies the object pointed to and the second
// qualifies the pointer.
private int *local ptr;

The __global, __constant, __local, __private, global, constant, local, and private names are reserved
for use as address space qualifiers and shall not be used otherwise. The __generic and generic

names are reserved for future use.

) ——

The size of pointers to different address spaces may differ. It is not correct to
o assume that, for example, sizeof(__global int *) always equals sizeof(__local
int *).

6.7.1. __global (or global)

The __global or global address space name is used to refer to memory objects (buffer or image
objects) allocated from the global memory pool.

A buffer memory object can be declared as a pointer to a scalar, vector or user-defined struct. This
allows the kernel to read and/or write any location in the buffer.

The actual size of the memory object is determined when the memory object is allocated via
appropriate API calls in the host code.



Examples:

global float4 *color; // An array of float4 elements

typedef struct {
float a[3];
int b[2];

} foo_ t;

global foo_t *my_info; // An array of foo_t elements
As image objects are always allocated from the global address space, the __global or global

qualifier should not be specified for image types. The elements of an image object cannot be
directly accessed. Built-in functions to read from and write to an image object are provided.

Variables at program scope or static or extern variables inside functions can be declared in global
address space if the __opencl_c_program_scope_global_variables feature is supported. These
variables in the global address space have the same lifetime as the program, and their values
persist between calls to any of the kernels in the program. They are not shared across devices and
have distinct storage.

6.7.2. local (or local)

The __local or local address space name is used to describe variables that are allocated in local
memory and shared by all work-items in a work-group.

Examples:

kernel void my_func(...)

{
local float a; // A single float allocated
// in the local address space
local float b[10]; // An array of 10 floats
// allocated in the local address space
b

Varia