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1. Introduction

This specificationdescribes the OpenCL CMrapperAPI and is intended to be read alongside Ther@@i

1.1 $ecification The wrapper is designed to beilt on top of the OpenCL 1.1 C API and is not a replacement.
It is expected that any implementation of the C++ Wrapper API will make calls to underlying C APl and it is
assumed that the C API is a compliant implementation of the OpenCL 1.1 Specifgatiorm and runtime

API.

The interface is contained within a single C++ headecfitgopand all definitions are contained within the
namespacel. There is no additional requirement to inclwdlié and to use either the C++ or original C API it

is enough to simply includel.hpp

The C++ API corresponds closely to the underlying C API and introduces no additional execution overhead.
The API is divided into a number of classes that have a corresponding OpenCL C type, for example, there is
cl::Memory class that maps @_memin OpenCL C. When possible C++ inheritance is used to provide an extra
level of type correctness and abstraction, for exaripRuffer derives from the base clagds:Memorybut
represents the 1D memory subclass of all s£penCL memory objects.

The followingsections describe each of classletail.

2. C++ Platform layer

2.1 Querying Platform Info

The clas<l::Platform provides functionality for working with OpenCL platforms.
The list of platforms avilable can be olstad using the following static methiod

static cl int cl::Platform::get (VECTOR_CLASS<PIlatform> platformg
platformsis a vector of OpenCL platforms found.
cl::Platform::get retuns CL_SUCCESS if the function is executed successfully. Otherwise,ritgehe
following error:
1 CL_INVALID_VALUE if platformsis NULL.
The method

cl_int cl::Platform::getinfo (cl_platform_infoname
STRING_CLASS *param

gets specific information about the OpenCL platform. The information that can be queried isdpedt#ble
4.1.

! The C++ types VECTOR_CLASS and STRING_CLASS are described in section XXX.
Last Revision Date: 6/14/2010



nameis an enumeration constant that identifies the platform information being queried. It can be one of the
values specified in table 4.1.

paramis a pointer to a memory location where the appropriate values for a given
nameas specied in table 4.1 will be returned. plaramis NULL, it is ignored.

cl::Platform::getinfo returns CL_SUCCESS if the function is executed successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method
templae <cl_intname> typename
detail::param_traits<detail::cl_platform_infloame>::param_type

cl::Platform::getinfo (void)

gets specific information about the OpenCL platform. The information that can be queried is specified in table
4.1.

nameis a compilgime argument is an enumeration constant that identifies the platform information being
gueried. It can be one of the values specified in table 4.1.

cl::Platform::getinforeturns the appropriate value for a giveameas specified in table 4.1.
The listof devicesavailableon a platform can be obtained using the following method

cl_int cl::Platform::getDevices(cl_device_typdype
VECTOR_CLASS<Device> tlevice}

typeis a bitfield that identified the type of OpenCL device. Typecan be used tougry specific OpenCL
devices or all OpenCL devices availablbe valid values fotypeare specified in table 4.2.

devicegetuns a vector of OpenCL devices found. If devices argument is NULL, this argument is ignored.
cl::Platform::getDevicesreturnsCL_SUCCESS if the method is executed successfully. Otherwise, it returns
one of the following errors:

1 CL_INVALID_DEVICE_TYPE if typeis not a valid value.
1 CL_DEVICE_NOT_FOUND if no OpenCL devices that matciygaewere found.

2.2 Devices

The clas<l::Deviceprovides functionality for working with OpenCL devices.
The constructor

cl::Device::Devicdcl_device_id *deviceg
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creates an OpenCL deviegapper for a device ID.
deviceis an OpenCL device.
The method
template <typename>
cl_intcl::Device::getinfo(cl_device_infoname

T* param

gets specific information about the OpenCL device. The information that can be queried is specified in table 4
and inconjunctionwith table1?.

cl_device_info Return Type
CL_DEVICE_MAX_WORK_ITEM_SIZES | VECTOR CLASS$<:size t>
CL_DEVICE _NAME STRING CLASS
CL_DEVICE VENDOR STRING CLASS
CL_DEVICE PROFILE STRING CLASS
CL_DEVICE VERSION STRING CLASS
CL_DRIVER VERSION STRING CLASS
CL_DEVICE_OPENCL_C_VERSION STRING_CLASS
CL_DEVICE EXTENSIONS STRING CLASS

Table 1 Difference in return type for table 4.3 and cl::Context::getInfo

T is a compile time argument that is the return for the specific information being queried and corresponds to t
values in table 4.3.

nameis an enumeration constiathat identifies the device information being queried. It can be one of the values
specified in table 4.3.

paramis a pointer to a memory location where the appatpwalues for a givemameas specified in table 4.3

will be returned. Ifparamis NULL, it is ignored.

cl::Device::getinfo returns CL_SUCCESS if the function is executed successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method
template <cl_inhame> typename
detail::param_traits<detait! _device_infonames::param_type

cl::Device::getinfo(void)

gets specific information about the OpenCL device. The information that can be queried is specified in table 4
and inconjunctionwith tablel.

nameis a compile time argument is an enumematonstant that identifies the device information being
queried. It can be one of the values specified in table 4.3

% Table 4.3reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::-Device::getinfo functions
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cl::device::getinfo returns the appropriate value for a givexmeas specified in table 4.3.

2.3 Contexts

The clas<l::Contextprovides tinctionality for working with OpenCL contexts.
The constructor

cl::Context::Context(VECTOR_CLASS<Device& devices
cl_context_properties properties= NULL,
void (CL_CALLBACK * pfn_notify(
const char *errorinfo,
const void *private_info_size
;:Size_tch,
void * user_data = NULL,
void * user_data= NULL,
cl_int * err = NULL)

creates an OpenCL context.

deviceds a pointer to a vector ohique devices returned fay.:Platform::getDevices If more thamne device
is specified, a selectiarriteria may be applied to determine if the list of devices specified can be used together
to create a context.

propertiesspecifies a list of context property names and their corresponding valuegprBpetty name is
immediately followed by the correspondidgsired value. The list is terminategth 0. The list of supported
properties is described in table 4pdopertiescan be NULL inwhich case the platform that is selected is
implementatiordefined.

pfn_notifyis a callback function that can be registebg the application. This callback functiaill be used by
the OpenCL implementation to report information on errors that occur indhtext. This callback function
may be called asynchronously by the OpenCL implementation.
't i s t he popswilityteendure that ihescallbaeksfunction is threafe. The parameters to this
callback function are:

1 errinfois a pointer to an error string.

1 private_infoandcbrepresent a pointer to binary data that is returned by the Opemfldmentation

that can be used to log additional information helpful in debugging the error.
1 user datais a pointer to user supplied data.

If pfn_notifyis NULL, no callback function is registered.
user datawill be passed as theser_dataargument whepfn_notifyis caled. user datacan be NULL.
err will return an appropriate error codeelfr is NULL, no error code is returned.

cl::Context::Context returns a valid object of typs::Contexanderr is set to CL_SUCCESS if the context is
created successfully. Otherwijst returnne of the following error values arr:
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1 CL_INVALID_PROPERTY if context property name in properties is not a suppprtgeerty name, if

the value specified for a supported property name is not valid, orshthe property name is speafie

more than once.

CL_INVALID_VALUE if devicess of length equal to zero.

CL_INVALID_VALUE if pfn_notifyis NULL butuser_datais not NULL.

CL_INVALID_DEVICE if devices contains an invalid device.

CL_DEVICE_NOT_AVAILABLE if a device in devices is currenthot available evethough the

device was returned tny::Platform::getDevices.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptreCL
implementation on the host.

= =4 =4 -4

The constructor

cl::Context::Context(cl_device_typaype
cl_context_properties properties= NULL,
void (CL_CALLBACK * pfn_notify(
const char *errorinfo,
const void *private_info size
;:Size_tch,
void * user_data = NULL,
void * user_data= NULL,
cl_int * err = NULL)

creates an OpenCL context from aidewvtype that identifies the specific device(s) to use.

typeis a bitfield that identifies the type of device and is described in table 4.2 in section
4.2.

propertiesspecifies a list of context property names and their corresponding valuegrBpety name is
immediately followed by the corresponding desired value. The list is termwite@. The list of supported
properties is described in table 4.4. properties can be NUllhioch case the platform that is selected is
implementatiordefined.

pfn_notifyis a callback function that can be registered by the application. This callback function
will be used by the OpenCL implementation to report information on errors that occur in this
context. This callback function may be called asynchronouslizdppenCL implementation.
It is the applicationbés r espons.i bsafd. The paratmatersd¢orthssu r e
callback function are:

1 errinfois a pointer to an error string.

1 private infoandcb represent a pointer to binargtd that is returned by the Open@hplementation

that can be used to log additional information helpful in debugging the error.
1 user_datas a pointer to user supplied data.

If pfn_notifyis NULL, no callback function is registered.
user datawill be passed as theser_dataargument wheipfn_notifyis called.user_datacan be NULL.

err will return an appropriate error codeelfr is NULL, no error code is returned.

Last Revision Date: 6/14/2010



cl::Context::Context returns a valid object of type::Contextanderr is set to CL_SICCESS if the context is
created successfully. Otherwise, it retuong of the following error values @rr:

1 CL_INVALID_PROPERTY if context property name in properties is not a suppprtgeerty name, if
the value specified for a supported property neamt valid, or if thesame property name is specified
more than once.

CL_INVALID_VALUE if pfn_notifyis NULL but user_data is not NULL.

CL_INVALID_DEVICE_TYPE if typeis not a valid value.

CL_DEVICE_NOT_AVAILABLE if no devices that matctypeand propest valuesspecified in

properties are currently available.

1 CL_DEVICE_NOT_FOUND if no devices that mattpeand property valuespecified in properties
were found.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [ptreCL
implementation on the host.

= =4 =

The method

template <typename>
cl_int cl::Context::getinfo (cl_context_infoname
T* param

gets specific information about the OpenCL context. The information that can be queried is specified in table
4.5 and inconjunctionwith table 2.

cl_context info Return Type
CL_CONTEXT DEVICES VECTOR_CLASS«<cl::Device
CL_CONTEXT PROPERTIES VECTOR CLASS<cl context_properties

Table 2: Difference in return type for table 4.5 and cl::Context::getInfo.

T is a compile time argument that is the return for the specific information being queried and corresponds to t
values in tables 4.5.

nameis an enumeration constant that identifies the context information being queried. It can be one of the
values specifiedin table 4.5.

paramis a pointer to a memory location where the appatewalues for a givemameas specified in table 4.5
will be returned. lfparamis NULL, it is ignored.

cl::Context::getinfo returns CL_SUCCESS if the function is exexlisuccessfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method
template <cl_inhame> typename

detail::param_traits<detail::cl_context_infame>::param type
cl::Context::getinfo (void)

% Table2 reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::Context::getinfo functions
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gets specific idrmation about the OpenCL context. The information that can be queried is specified in table
4.5 and inconjunctionwith table2.

nameis a compile time argument is an enumeration constant that identifies the context information being
queried. It can bere of the values specified in table 4.5.

cl::Context::getinfo returns the appropriate value for a givexmeas specified in table 4.5.
The method

cl_int cl::Context::getSupportedimageFormatg
cl_mem_flagdlags
cl_mem_object_typenage type
VECTOR_Q.ASS$<ImageFormat> formatg

can be used to get the list of image formats supported by an OpenCL implementation, for the context, when t
following information about an image memory object is specified:

1 Context

1 Image type 2D, or 3D image.

1 Image objetallocation information

flagsis a bitfield that is used to specify allocation and usage information about the image memory object bein
created and is described in table 5.3.

image_typalescribes the image type and must be either CL_MEM_OBJECT_IMAG&?2D
CL_MEM_OBJECT_IMAGES3D.

formatsis a pointer to a memory location where the vector of supported image formats are returned. Each ent
describes anstanceof the clasgl::ImageFormat itself

a mapping forcl_image_formastructure supported by tli@penCL implementation. formatsis NULL, it is
ignored.

cl::Context::getSupportedimageFormatsreturns CL_SUCCESS if the functiondagecutedsuccessfully.
Otherwise, it returns one of ti@lowing errors:
1 CL_INVALID_VALUE if flagsorimage_typere notvalid.
1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required by the OpenCL
implementation on the device.
1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required by the OpenCL
implementation on the host.

3. C++ Runtime layer
3.1 Memory Objects

The clasgl::Memoryprovides a base class for working with OpenCL memory objects and is used to build
buffers and images in the following sections.

Last Revision Date: 6/14/2010



The method

template <typename>
cl_int cl::Memory::getinfo (cl_context_infoname
T* param

gets specific information about the OpenCL memory object. The information that can be queried is specified i
table 5.9 and iconjunctionwith table3®.

cl_memory_info Return Type

CL_MEM_ CONTEXT cl::Context

Table 3: Difference in return type for table 5.9 and cl::Memory::getinfo

T is a compile time argument that is the return for the specific information being queried and corresponds to |
values in tables 5.9.

nameis an enumeration constant that idees the context information being queried. It can be one of the
values specifieds in table 5.9.

paramis a pointer to a memory location where the appropriate values for argivegas specified in table 5.9
will be returned. Ifparamis NULL, it is ignaed.

cl::Memory::getinfo returns CL_SUCCESS if the function is executed successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method

template <cl_inhame> typename
detail::param_traits<detail::cl_contextfo, name::param_type
cl::Memory::getinfo (void)

gets specific information about the OpenCL memory object. The information that can be queried is specified i
table 5.9 and ironjunctionwith table 3

nameis a compile time argument is an enumeratonstant that identifies the memory object information
being queried. It can be one of the values specified in table 5.9.

cl::Memory::getinfo returns the appropriate value for a giveameas specified in table 5.9.
The method
cl_int cl::Memory::setDestructorCallback (
void (CL_CALLBACK * pfn_notify(cl_memmemobj

void * user_data,
void * user_data= NULL)

* Table3 reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::Memory::getinfo functions
Last Revision Date: 6/14/2010



registers a user callback function that will be called when the memory object is deleted and its resources free
See description aflSetMemObjectDestructorCallback, in section 5.4, for a detailed overview.

pfn_notifyis the callback function that can be registered by the application. This cdilivetion may be
called asynchronously by the Op espnbility tongnduee thatthe at i
callback function is threadafe. The parameters to this callb&aokction are:

1 memobjs the memory object being deleted.

1 user_datas a pointer to user supplied data.

user_datawill be passed as theser_dataargument whepfn_notifyis called.

cl::Memory::setDestructorCallbacketurns CL_SUCCESS éxecutedsuccessfully. Otherwisé returns one
of the following errors:
1 CL_INVALID_VALUE if pfn_notifyis NULL.
1 CL_OUT_OF_RESOURCES if there is a failure to allocate resouecgsred by th@©penCL
implementation on the device.
1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptreCL
implementation on the host.

3.2 Buffer Objects

The clas<l::Buffer : public Memoryprovides functionality for workig with OpenCL buffers.

The constructor
cl::Buffer::Buffer (

const Contex& context
cl_mem_flagsflags
::Size_tsize
void * host_ptr= NULL,
cl_int* err = NULL)

creates an OpenCL buffer object.

contextis a valid OpenCL context used to ceettie buffer object.

flagsis a bitfield that is used to specify allocation and usage information such as the nasmaythat should
be used to allocate the buffer object and how it will be used. Tabte5cBibeshe valid values foflags

sizeis the size in bytes of the buffer memory object to be allocated.
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host_ptris a pointer to the buffer data that may already be allocated by the application. Tafelsezluffer
thathost_ptrpoints to must be >sizebytes.

err will return an appropri& error code. lerr is NULL, no error code iseturned.

cl::Buffer::Buffer creates a valid nemero buffer dject anderr is set to CLSUCCESS ithe buffer object is
created successfully. Otherwise, it returns one ofdh@wing error valus returnedn err:

1 CL_INVALID_CONTEXT if context is not a valid context.

1 CL_INVALID_VALUE if values specified in flags are not valid.

1 CL_INVALID_BUFFER_SIZE if size is 0.

1 CL_INVALID_HOST_PTR ifhost_ptris NULL and CL_MEM_USE_HOST_PTR or
CL_MEM_COPY_HOST_PTR are skt flags or ifhost_ptris not NULL but
CL_MEM_COPY_HOST_PTR or CL_MEM_USE_HOST_PTR are not set in flags.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memorylgaffer
object.

1 CL_OUT_OF_RESOURCES if there is a failure to allocateusses required by tH@penCL
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptreCL
implementation on the host.

The method
cl::Buffer cl::Buffer::createSubBuffer (cl_mem_flagsflags
cl_buffer_create_typbuffer_create_type
const void *buffer_create_infp
cl_int* err = NULL)

can be used to create a new buffer object from an existing buffer object.

flagsis a bitfield that is usedo specify allocation and usage information about the imag@ory object being
created and is described in table 5.3.

buffer_create_typandbuffer_create_infaescribe the type of buffer object to be created.liBhef supported
values forbuffer_crete_typeand corresponding descriptor that

buffer_create_inf@oints to is described in table 5.4.
err will return an appropriate error codeelfr is NULL, no error code iseturned.
cl::Buffer::createSubBuffer returns CL_SUCCESS, #rr if the functon is executed successfully. Otherwise,
it returns one ofhe following errors irerr:
1 CL_INVALID_VALUE if values specified inflagsare not valid.
1 CL_INVALID_ VALUE if value specified inbuffer_create_types not valid.

1 CL_INVALID_ VALUE if value(s) specifed inbuffer_create_infdfor a givenbuffer_create_types
not valid or ifbuffer_create_infas NULL.

3.3 Images
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The clasgl::Image: public Memonyprovides a base class for working with OpenCL image objects and is used
to build 2D and 3D and imagestime following sections.

The method
template <typename>
cl_intcl::Image::getimagelnfo(cl_image_infoname
T* param

gets specific information about the OpenCL image object. The information that can be queried is specified in
table 5.8.

T is acompile time argument that is the return for the specific information being queried and corresponds to tt
values in tables 5.8.

nameis an enumeration constant that identifies the context information being queried. It can be one of the
values specifiedm table 5.8.

paramis a pointer to a memory location where the appropriate values for argivegas specified in table 5.8
will be returned. Ifparamis NULL, it is ignored.

cl::Memory::getimagelnfo returns CL_SUCCESS if the function is executed ssefodly. Otherwise, it

returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method
template <cl_inhame> typename
detail::param_traits<detail::cl_image_inftame>::param_type
cl::lmage::getimagelnfo(void)

gets specific inform&in about the OpenCL image object. The information that can be queried is specified in
table 5.8.

nameis a compile time argument is an enumeration constant that identifies the memory object information
being queried. It can be one of the values spedifi¢dble 5.8.

cl::Image::getimagelnfo returns the appropriate value for a givexmeas specified in table 5.8.

3.3.1Image 2D objects

The clasgl::Image2D : public Imag@rovides functionality for working with OpenCL 2D images.
The constructor

cl::lImage2D::Image2D(Contex& context
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cl_mem_flagsflags
ImageFormat format,
::size_twidth,

::size_t height,
::Ssize_trow_pitch= 0,
void * host ptr = NULL,
cl_int* err = NULL)

creates an OpenCL 2D image object.
contextis a valid OpenCL context on which the image object is to be created.

flagsis a bitfield that is used to specify allocation and usage information about the m&gery object being
created and is described in table 5.3.

formatis a clasthat describeformat properties of the image to be allocated. Refer to section 5.3.1.1 for a
detailed description of the image format descriptor.

width, andheightare the width and height of the image in pixels. These musilbes greater than or equal to
1.

row_pitchis the scadine pitch in bytesThis must be 0 ihost_ptris NULL and can beither O or >=width *
size of eement in bytes ihost_ptris not NULL. If host ptris notNULL androw_pitch= 0,row_pitchis
calculated asvidth * size ofelement in bys. Ifrow_pitchis not 0, it must be a multiple of the image element
size inbytes.

host ptris a pointer to the image data that may already be allocated by the application. The size

of the buffer thahod_ptr points to must be >row_pitch* height. The size ofeach element in bytes must be a
power of 2. The imagdata specified biost_ptris stored as Bbnear sequence of adjacent scanlines. Each
scanline is stored as a linear sequence of irelgeents.

retwill return an appropriate error coderdtis NULL, no error code iseturned.

cl::lmage2D::Image2Dreturns a valid ne-zero image object aretr is set to CL_SUCCESIBthe image
object is created successfully. Otherwise, it returns one dbllloaving error values irerr:

1 CL_INVALID CONTEXTIf context is not a valid context.

1 CL_INVALID_VALUE if values specified in flags are not valid.

1 CL_INVALID_IMAGE_FORMAT_DESCRIPTOR if values specified formatarenot valid.

1 CL_INVALID_IMAGE_SIZE if widthor heightare O or if they exceedhlues pecified in
CL_DEVICE_IMAGE2D MAX_WIDTH or CL_DEVICE_IMAGE2D_MAX_HEIGHT respectively
for all devices in context or if valuspecified byrow_pitchdo not follow rules described in the
argument descriptioabove.

f CL_INVALID_HOST_PTR ifhost_ptris NULL and CL_MBV_USE_HOST_PTR or
CL_MEM_COPY_HOST_PTR are set in flags ohdd_ptris not NULL but
CL_MEM_COPY_HOST_PTR or CL_MEM_USE_HOST_PTR are not set in flags.

1 CL_IMAGE_FORMAT_NOT_SUPPORTED if thimage_formats not supported.

> cl::lmageFormatis class a meping forcl_image formatstructure supported by the OpenCL implementation.
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1 CL_MEM_OBJECT_ALLOCATION_FAILURE ifthere is a failure to allocate memory forage
object.

1 CL_INVALID_OPERATION if there are no devices in context that support images
(i.e.CL_DEVICE_IMAGE_SUPPORT specified in table 4.3 is CL_FALSE).

1 CL_OUT_OF_RESOURCES if there is a failure to allocateusses required by tH@penCL
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptbreCL
implementation on the host.

3.3.2 Image 3D objects

The clas<l::Image3D : public Imaggrovides functionalityor working with OpenCL 3D images.
The constructor

cl::image3D::Image3D(const Contex& contexf
cl_mem_flagsflags
ImageFormatormat
::Size_twidth,
::size_theight,
::Size_tdepth,
::Size_trow_pitch=0,
::Size_tslice_pitch= 0,
void * host_ptr= NULL,
cl_int* err = NULL)

creates an OpenCL 3D image object.
contextis a valid OpenCL context on which the image object is to be created.

flagsis a bitfield that is used to specify alloéat and usage information about the image
memory object being created and is described in table 5.3.

formatis a clas&that describes format properties of the image to be allocated. Refer to section 5.3.1.1 for a
detailed description of the image fornakgscriptor.

width, andheightare the width and height of the image in pixels. These must be
values greater than or equal to 1.

depthis the depth of the image in pixels. This must be a value > 1.

row_pitchis the scafine pitch in bytes. This must likif host_ptris NULL and can be

either O or >=width * size of element in bytes ifost_ptris not NULL. If host_ptris not

NULL androw_pitch= 0,row_pitchis calculated awidth * size ofelement in bytes. lfow_pitchis not O, it
must be a multiplefahe image element size loytes.

® cl::imageFormatis class a mapping fal_image_formastructure supported by the OpenCL implementation.
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slice_pitchis the size in bytes of each 2D slice in the 3D image. This must be O if
hog_ptris NULL and can be either O or >sw_pitch* heightif hog_ptris not
NULL. If host_ptris not NULL andslice_pitch= 0, slice_pitchis calculated as
row_pitch* height If slice_pitchis not 0, it must be a multiple of tmew_pitch

host_ptris a pointer to the image data that may already be allocated by the application. The size
of the buffer thahost_ptrpoints to must be= slice_pitch* depth The size okach element in bytes must be a
power of 2. The image data specifiedimst_ptris stored as Bnear sequence of adjacent 2D slices. Each 2D
slice is a linear sequence of adjacent scanliBash scanline is a lineaequence of image elements.

ret will return anappropriate error code. tétis NULL, no error code iseturned.

cl::lmage3D::Image3Dreturns a valid nozero image object anetr is set to CL_SUCCESKthe image
object is created successfully. Othesgiit returns one of tifellowing error values irerr:

1 CL_INVALID_CONTEXT if context is not a valid context.

1 CL_INVALID_VALUE if values specified in flags are not valid.

1 CL_INVALID_IMAGE_FORMAT_DESCRIPTOR if values specified formatarenot valid.

1 CL_INVALID_IMAGE_SIZE if width, heightare 0 or ifdepth<= 1 or if they exceed values speei
in CL_DEVICE_IMAGE3D_MAX_WIDTH, CL_DEVICE_IMAGE3D_MAX_HEIGHT or
CL_DEVICE_IMAGE3D_MAX_ DEPTHrespectively for all devices in context or if values specified
by row_ptch andslice_pitchdo not follow rules described in the argument description above.

f CL_INVALID_HOST_PTR ifhost_ptris NULL and CL_MEM_USE_HOST_PTR or
CL_MEM_COPY_HOST_PTR are set in flags ohdst_ptris not NULL but
CL_MEM_COPY_HOST_PTR or CL_MEM_USHOST_PTR are not set in flags.
CL_IMAGE_FORMAT_NOT_SUPPORTED if thiemage_formats not supported.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memoryifoage
object.

1 CL_INVALID_OPERATION if there are no devices in context thatpsoang images (i.e.
CL_DEVICE_IMAGE_SUPPORT specified in table 4.3 is CL_FALSE).

1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate teses required by th@penCL
implementation on the host.

3.4 Samplers

The clas<l::Samplerprovides functionality for working with OpenCL samplers.
The constructor

cl::Sampler::Sampler(const Contex& context
cl_boolnormalized_coords
cl_addresing_modeddressing_mode
cl_filter_modefilter_mode
cl_int * err = NULL)

creates an OpenCL sampler object. Refer to section 6.11.13.1 for a detailed description of howwankplers
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contextmust be a valid OpenCL context.

normalized_coorddetegmines if the image coordinates specified are normalizet(ihalized_coordss
CL_TRUE) or not (ifnormalized_coords CL_FALSE).

addressing_modspecifies how oubf-range image coordinates are handled when readingdnoimage. This
can be set tolIC ADDRESS_MIRRORED_REPEAT, CL_ADDRESS_REPEAT,
CL_ADDRESS CLAMP_TO _EDGE, CL_ADDRESS CLAMP and CL_ADDRESS NONE.

filtering_modespecifies the type of filter that must be applied when reading an image. Thie can
CL_FILTER_NEAREST, or CL_FILTER_LINEAR.

err will return an appropriate error codeelfr is NULL, no error code iseturned.

cl::Sampler::Sampler constructs a valid nemero sampler object aradr is set to CL_SUCCESiBthe
sampler object is created successfully. Otherwise, it returns onefoflthvéing error values returned err:
1 CL_INVALID_CONTEXT if context is not a valid context.
1 CL_INVALID_VALUE if addressing_moddilter_modeor normalized_coordsr combination of these
argument values are not valid.
1 CL_INVALID_OPERATION if images are riasupported by any device associated wihtext (i.e.
CL_DEVICE_IMAGE_SUPPORT specified in table 4.3 is CL_FALSE).
1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.
1 CL_OUT_OF_HOST_MEMORYTf there is a failure to allocate resources required byOpenCL
implementation on the host.

The method
template<typenamer>
cl_intcl::Sampler::getinfo (cl_sampler_info name,

T* param

gets specific information about the OpenCL Samglbe information that can be queried is
specified in table 5.10 and @onjunctionwith table4’.

cl sampler info Return Type

CL_SAMPLER_CONTEXT cl::Context

Table 4: Difference in return type for table 5.10 and cl::Sampler::getinfo

T is a compile time argument that is the return for the specific information being queried and corresponds to t
values in tables 5.10.

nameis an enumeration constant that identifies the sampler information being queried. It can be one of the
values specifieds in table 5.10.

" Table4 reflects dfferences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::Sampler::getinfo functions
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paramis a pointer to a memory location where the appropriate values for argivezas specified in table
5.10 will be returned.

If paramis NULL, it is ignored.

cl::Sampler::getinfo returns CL_SUCCESS if the function iseeuted successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method
template <cl_inhame> typename
detail::param_traits<detail::cl_sampler_inf@me>::param_type

cl::Sampler::getinfo (void)

gets specifi information about the OpenCL sampler. The information that can be queried is specified in table
5.10 and irconjunctionwith table 4

nameis a compile time argument is an enumeration constant that identifies the sampler information being
gueried. It ca be one of the values specified in table 5.10.

cl::Sampler::getinfo returns the appropriate value for a giveameas specified in table 5.10.

3.5 Programs

The clas<l::Program provides functionality for working with OpenCL programs.

The clasgl::Programprovides two public typedefs for working with soufites and binaries, respectively
typedef VECTOR_CLASS<std::pair<const void*, ::size_tBinaries

and

typedef VECTOR_CLASS<std::pair<const char*, ::size_tScurces

The constructor
cl::Program::Program (const Contex& context
const Sources&ources,
cl_int * err = NULL)

creates an OpenCL program object for a context, and loads the source code specified by the text strings in e
element of the vect@ourcesanto the program object.

contextmust be a valid OpenCL context.

sourcess a vector of source/size tuples that make up the source code.
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err will return an appropriate error codeelr is NULL, no error code iseturned.

cl::Program::Program returns a valid program objeata@err is set to CL_SUCCESS if the program object is
created successfully. Otherwise, it returns one of the following error values retuered in

1 CL_INVALID_CONTEXT if context is not a valid context.

1 CL_INVALID_VALUE if any entry in sourcegontainsa typle with NULL or size of 0.
CL_OUT_OF_RESOURCES if there is a failure to allocate resources required Open€L
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptreCL
implementation on thkost.

The constructor

cl::Program::Program (const Contex& context
const VECTOR_CLASS<Devic&> devices
const Binarie& binaries
VECTOR_CLASS<cl_int* binaryStatuss NULL,
cl_int * err = NULL)

creates an OpenCL program object fooatext, and loads the binary bits specified by the binary in each
element of the vectdrinariesinto the program object.

contextmust be a valid OpenCL context.

devicesds a vector list of devicehat are in contextleviceanust be of notzero lengh. The binaries are loaded
for devices specified in this listhe devices associated with the program object will be the list of devices
specified bydevices The list of devices specified lofevicesnust be devices associated with context.

binariesis a \ector of program binaries to be loaded for devices specifielbbiges For each device given by
devicefi], the program binary for thatevice is given by binariesi].

binary_statugeturns whether the program binary for edelice specified imevicesvasloaded successfully
or not. Itis an array ohum_devicegntries and returns CL_SUCCESS in

binary_status]i]if binary was successfully loaded for dew specified bylevice§] ; otherwise
CL_INVALID_BINARY in binary_statusi]if program binary is noa valid binary for thepecified device. If
binary_statuss NULL, it is ignored.

err will return an appropriate error codeelfr is NULL, no error code iseturned.

cl::Program::Program returns a alid program object anelrr is set toCL_SUCCESS iflie program object is
created successfully. Otherwise, it returns one of the followirg ealues returned iarr:

1 CL_INVALID_CONTEXT if contextis not a valid context.

1 CL_INVALID_VALUE if devicess of lengthzero.

1 CL_INVALID_DEVICE if OpenCL devices liged indevicesare not in the list oflevices associated
with context.
CL_INVALID_VALUE if binariesis length 0 or if any entry ibinariedi] is not valid.
CL_INVALID_BINARY if an invalid program binary was encountered for any devigeary status
will return specific status for each device.

T
T
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1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [ptreCL
implementéon on the host.

The method

cl_int cl::Program::build (const VECTOR_CLASS<Devicegevices,
const char options= NULL,
(CL_CALLBACK * pfn_naotify)
(cl_program,
void * user_data = NULL,
void * data= NULL)

builds (compilers and links) a program executable from the program source or binary fodellitdes or a
specific device(s) in the OpenCL context associated with program.

devicesds a vector of devices amsated with program. ldevicess of length zerdghe program executable is
built for all devices associated with program for which a soard®nary has been loaded dévicess of non
zero lemgth, the program executable is bddt devices specifieth this list for which a source or binary has
been loaded.

optionsis a pointer to a string that describes the build options to be used for building the pezgrartable.
The list of supported options is described in section 5.6.3.

pfn_notifyis a furction pointer to a notification routine. The notification routine is a calllbacktion that an
application can register and which will be called when the program exechéablteeen built (successfully or
unsuccessfully). Ipfn_notifyis not NULL, cl:: Program::build doesnot need to wait for the build to complete
and can returrmmediately. Ifpfn_notifyis NULL, cl::Program::build does not return until the build has
completed. This callback function may taled asynchronously by the OpenCL implemgata It is the
applicat i on 0 ensurettsafpthe scaiibadk futhciion iy thrésade.

datawill be passed as an argument wipém_notifyis called.datacan be NULL.

cl::Program::build returns CL_SUCCESS if the function is executed succégstiherwise, ireturns one of
the following errors:
1 CL_INVALID_VALUE if pfn_notifyis NULL butdatais not NULL.
1 CL_INVALID_DEVICE if OpenCL devices listed idevicesare not in the list oflevices associated
with program
1 CL_INVALID_BINARY if program is created witlcl::Program::Program anddevices listed in
devicedo not have a valid program binary loaded.
CL_INVALID_BUILD_OPTIONS if the build options specified by options are invalid.
CL_INVALID_OPERATION if the build of a program executable for anyttad devicedisted in
devicedy a previous call tal::Program::build for program has natompleted.
1 CL_COMPILER_NOT_AVAILABLE if program is created from source and a compiler is not available
i.e.CL_DEVICE_COMPILER_AVAILABLE specified in table 4.3 i®sto CL_FALSE.
1 CL_BUILD_PROGRAM_FAILURE if there is a failure to build the program executaliies error will
be returned itl::Program::build does not return until the build hesmpleted.
1 CL_INVALID_OPERATION if there are kernel objects attached togoam.

= =4
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1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [ptreCL
implementation on the host.

The method
template <typename>
cl_intcl::Program::getinfo (cl_program_infaame
T* param

gets specific information about the OpenCL Program. The information that can be queried is specified in table
5.11 and irconjunctionwith table5®

cl_program info Return Type

CL_PROGRAM CONTEXT cl::Context

CL_PROGRAM DEVICES

VECTOR_CLASS<cl _device

CL_PROGRAM_SOURCE

STRING CLASS

CL_PROGRAM_BINARY _SIZES

VECTOR_CLASS<:size >t

CL_PROGRAM BINARIES

VECTOR_CLASS<char *>

Table 5: Difference in return type for table 5.11 and cl::Program::getinfo

T is a compile time argument that is the return for the specific information being queried and corresponds to t
values in tables 5.11.

nameis an enumeration constant that identifies thggm information being queried. It can be one of the
valuesspecifiedin table 5.11.

paramis a pointer to a memory location where the appropriate values for argivezas specified in table
5.11 will be returned. Iparamis NULL, it is ignored.

cl::Program::getinfo returns CL_SUCCESS if the function is executed successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method
template <cl_inhame> typename
detail::param_traits<detail::cl_program_inf@ne>::param_type

cl::Program::getinfo (void)

gets specific information about the OpenCL program. The information that can be queried is specified in table
5.11 and irconjunctionwith tableb5.

nameis a compile time argument is an enumeration constanidaitifies the program information being
gueried. It can be one of the values specified in table 5.11.

cl::Program::getinfo returns the appropriate value for a giveameas specified in table 5.11.

8 Table 5reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::Progarm::getinfo functions
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The method

template <typename>
cl_int cl::Program::getBuildInfdcl_program_build_infemame
T * param

returns build information for eaathevice in the program object. The information that can be queried is specified
in table 5.12 and igonjunctionwith table6®

cl_program info Return Type
CL_PRGGRAM BUILD_ OPTIONS STRING_CLASS
CL_PROGRAM_BUILD LOG STRING_CLASS

Table 6: in return type for table 5.12 and cl::Program::getBuildInfo

T is a compile time argument that is the return for the specific information being quadiedraesponds to the
values in tables 5.12.

nameis an enumeration constant that identifies the program build information being queried. It can be one of
the valuespecifiedin table 5.12.

paramis a pointer to a memory location where the approprialiges for a givemameas specified in table
5.12 will be returned. Iparamis NULL, it is ignored.

cl::Program::getinfo returns CL_SUCCESS if the function is executed successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supped values.

The method
template <cl_int name> typename
detail::param_traits<detail::cl_program_inf@ame>::param_type

cl::Program::getBuildInfo (void)

returns build information for each device in the program object. The information that can be gusyesgdfied
in table 5.12 and igonjunctionwith table 6

nameis a compile time argument is an enumeration constant that identifies the program information being
queried. It can be one of the values specified in table 5.12.

cl::Program::getBuildIinfo returns the approfate value for a givenameas specified in table 5.12.
The method
cl_intcl::Program::createKernels(const VECTOR_CLASS<Kernel>Kernel3

creates kernel objects (i.e. object of tgheKernel, seesection XXX) for all kernels in th@rogram.

® Table5 reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::Progarm::getBuildInfo functions
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kernelsis a memory pointer to a vector where the kernel objectssim®s in the program will be returned.

c::Program::createKernels will return CL_SUCCESS if the kernel objects were successdlithzated.
Otherwise, it returns one of tii@lowing errors:
1 CL_INVALID_PROGRAM_EXECUTABLE if there is no successfully built executabledoy device
in program.
1 CL_OUT_OF RESOURCES if there is a failure to allocate resources required QpereCL
implementation on the device.
1 CL_OUT_OF_HOST_MEMQY if there is a failure to allocate resources requirethkyOpenCL
implementation on the host.

3.6 Kernels

The clas<l::Kernelsprovides functionality for working with OpenCL kernels.
The constructor

cl::Program::Kernel (const Progra& program
const dar *name
cl_int * err = NULL)

will create a kernel object.
programis a program object with a successfully built executable.
nameis a function name in the program declared with the __kernel qualifier.

err will return an appropriate error codeelfr is NULL, no error code iseturned.
cl::Kernel::Kernel returns a valid kernellgect anderr is set to CL SUCCESS ithe kernel object is created
successfully. Otherwise, it returns one of fiblléowing error values returned &rr:

1 CL_INVALID_PROGRAM if program is not a valid program object.

1 CL_INVALID_PROGRAM_EXECUTABLE if there is no successfully built executablegargram.

1 CL_INVALID_KERNEL_NAME if nameis not found in program.

1 CL_INVALID_KERNEL_DEFINITION if the function definition for __kerndlinctiongiven byname
such as the number of arguments, the argument types are satitbdor all devices for which the
program executable has been built.

CL_INVALID_VALUE if nameis NULL.

CL_OUT_OF_RESOURCES if there is a failure to allocate resouecgsred by th®©penCL

implementation on the device.

1 CL_OUT_OF _HOST_MEMORY if there is a failure to allocate resources required by the OpenCL
implementation on the host.

= =

The method

template <typenam&>
cl_intcl::Kernel::getinfo (cl_kernel_info name,
T * param)
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gets specific information about the OpenCL kernel. The information that can be queried is specified in table
5.13 and irconjunctionwith table7°,

cl_kernel info Return Type
CL_KERNEL_FUNCTION NAME STRING CLASS
CL_KERNEL CONTEXT cl::Context
CL_KERNEL PROGRAM cl::Program

Table 7: Difference in return type for table 5.13 and cl::Kernel::getinfo

T is a compile time argument that is the return for the specific information being queried and corresponds to t
values in tables 5.13.

nameis an enumeration constant that identifies the kernel information being queried. It can be one of the valu
specifiedin table 5.13.

paramis a pointer to a memory location where the appropriate values for argivegas spedied in table
5.13 will be returned. Iparamis NULL, it is ignored.

cl::Kernel::getinfo returns CL_SUCCESS if the function is executed successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method
templae <cl_int name> typename
detail::param_traits<detail::cl_kernel_inftame>::param_type

cl::Kernel::getinfo (void)

gets specific information about the OpenCL kernel. The information that can be queried is specified in table
5.13 and irconjunctionwith table7.

nameis a compile time argument is an enumeration constant that identifies the kernel information being
gueried. It can be one of the values specified in table 5.13.

cl::Kernel::getinfo returns the appropriate value for a giveameas specifiedn table 5.13.
The method

template <typename>

cl_intcl::Kernel::getWorkGrouplinfo (cl_kernel _work _group_infoame

T* param

gets specific information about the OpenCL kernel object that may be specifc to a device. The information the
can be queed is specified in table 5.14 anddanjunctionwith table8™

19 Table 7reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the
cl::Kernel::getinfo functions
1 Table8 reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::Kernel::getWorkGrouplinfo functions
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cl_kernel _work group_info Return Type

CL_KERNEL_COMPILE_ WORK_GROUPSIZE | cl::size_t<33?

Table 8: Difference in return type for table 5.14 and cl::Kernel::getWorkGrouplnfo

T is a compile time argument that is the return for the specific information being queried and corresponds to t
values in tables 5.14.

nameis an enumeration constant that identifies the kernel information being queried. It can be one atthe val
specifiedin table 5.14.

paramis a pointer to a memory location where the appropriate ydtwea givemameas specified in table
5.14 will be returned. Iparamis NULL, it is ignored.

cl::Kernel::getinfo returns CL_SUCCESS if the function is exéd successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method

template <cl_inhame> typename
detail::param_traits<detail::cl_kernel_work_group_infame>::param_type
cl::Kernel::getWorkGroupInfo (void)

gets specific information about the OpenCL kernel object that mapdmficto a device. The information that
can be queried is specified in table 5.14 ancbimunctionwith table 8

nameis a compile time argument is an enumeration constanidiatifies the kernel information being
gueried. It can be one of the values specified in table 5.14.

cl::Kernel::getWorkGrouplnfo returns the appropriate value for a givexmeas specified in table 5.14.
The method

template <typename>
cl_intcl::Kernel::setArg (cl_uintindex
T valug

is used to set th@rgumentalue for a specific argument of a kernel.

T is a compile time argument that determines the type of a kernel argument being set. It can be one of the
following:

1 A cl::Memoryobject. eg. acl::Buffer or cl::Image3Dwould be possible values.

1 A cl::Samplerobject

1 A value of typecl::LocalSpaceArd’, which corresponds to an argument of __local in the kernel object.

12 cl::size_t<3>is a internal type that can be treated as a 3D array whose components corresponaadhies

of the workgroup size.
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1 A constant value that will be passed by value to the kernel.

indexis theargument index. Arguments to the kernel are referred by indices that go from 0
for the leftmost argument to-riL, where n is the total number of arguments declared by a kernel.

valueis the data that should be used aas rthe argument value for argpewfed byindex

cl::Kernel::setArg returns CL_SUCCESS if the function was executed successfully. Otherwetarits one
of the following errors:
1 CL_INVALID_ARG_INDEX if indexis not a valid argument index.
1 CL_INVALID_MEM_OBJECT for an argument deckd to be a memory object when gpecified
valueis not a valid memory object.
1 CL_INVALID_SAMPLER for an argument declared to be of tygheSamplerwhen thespecifiedvalue
is not a valid sampler object.

3.7 Events

The clasgl::Eventprovides functionatly for working with OpenCL events.
The method

template <typename>

cl_intcl::Event::getinfo (cl_event_infoname

T * param)

gets specific information about the OpenCL event. The information that can be queried is specified in table 5.
and inconjurction with table9™.

cl event info Return Type
CL_EVENT CONTEXT Cl::Context
CL_EVENT_COMMAND_ QUEUE cl::CommandQueue

Table 9: Difference in return type for table 5.15 and cl::Event::getinfo

T is a compile time argument thattige return for the specific information being queried and corresponds to the
values in tables 5.15.

nameis an enumeration constant that identifies the event information being queried. It can be one of the valug
specifiedin table 5.15.

paramis a poinér to a memory location where the appropriate values for a ga@eas specified in table
5.15 will be returned. Iparamis NULL, it is ignored.

“ The function cl::LocalSpaceArg cl:: local::size_t) can be used to construct arguments specifying the
size of a __local kernel argumeRbr example, cl::_local(100) would allocate sizeof(cl_char) * 100 of
local memoy.

14 Table9 reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::Event::getinfo functions
Last Revision Date: 6/14/2010



cl::Event::getinfo returns CL_SUCCESS if the function is executed successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method

template <cl_inhame> typename
detail::param_traits<detail::cl_event_infame>::param_type
cl::Event::getinfo (void)

gets specific information about the OpenCL event. The informéti@ncan be queried is specified in table 5.15
and inconjunctionwith table9.

nameis a compile time argument is an enumeration constant that identifies the event information being querie
It can be one of the values specified in table 5.15.

cl::Event::getinfo returns the appropriate value for a giveameas specified in table 5.15.
The method

template <typename>
cl_int cl::Event::getProfilinginfo (cl_profiling_info name
T * param

returns profilinginformationfor the command assoogt with event. The information that can be queried is
specified in table 5.16.

T is a compile time argument that is the return for the specific information being queried and corresponds to t
values in tables 5.16.

nameis an enumeration constant thdentifies the profiling information being queried. It can be one of the
valuesspecifiedin table 5.16.

paramis a pointer to a memory location where the appropriate values for argivezas specified in table
5.16 will be returned. Iparamis NULL, it is ignored.

cl::Event::getinfo returns CL_SUCCESS if the function is executed successfully. Otherwise, it returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method

template <cl_inhame> typename
detail::param_traits<detail::gbrofiling_info, name>::param_type
cl::Event::getProfilingInfo (void)

returns profilinginformationfor the command associated with event. The information that can be queried is
specified in table 5.16.

nameis a compile time argument is an enumeratiomstant that identifies the profiling information being
gueried. It can be one of the values specified in table 5.16.
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cl::Event::getProfilinginfo returns the appropriatvalue for a givenameas specified in table 5.16.
The method

cl_int cl::Event::wait (void)
waits on the host thread for the command associated with the particular event to complete.

cl::Event::wait returns CL_SUCCESS if the function was executed successfully. Otherwetayits one of
the following errors:
1 CL_OUT_OF_RESOURCES if the is a failure to allocate resources required byCthenCL
implementation on the device.
1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptbreCL
implementation on the host.

The method

cl_intcl:: Event::setCallback(cl_int type,
void (CL_CALLBACK * pfn_notify
(cl_eventevent
cl_intcommand_exec_status
void * user data),
void * user_data= NULL)

registers a user callback function for a specific command execution status. The regateaett functon will
be called when the execution status of command associated wittcbaages to the execution status specified
by command_exec_status

typespecifies the command execution status for which the callbaegisgtered. The command execution
callbackmask values for which a callback canrbgistered are: CLCOMPLETE. There is no guarantee that

the callback functions registered farious execution status values for an event will be called in the exact order
that the executiostatus of a command ahges.

pfn_notifyis the event callback function that can be registered by the applicatiortallback function may be
called asynchronously by the OpenCL implementation. Itisthpep | i cati onds responsik
callback function is theadsafe. The parametersttus callback function are:
1 events the event object for which the callback function is invoked.
1 command_exec_statuspresents the execution status of command for vthisttallback function is
invoked. Refer to table 5.15rfthe command executi®tatus values. If the callback is called as the
result of the command associated vatlent being abnormally terminated, an appropriate error code for
the error that causdte termination will be passedtommand_exec_statinstead.
1 user_datas a pointer to user supplied data.

user_datawill be passed as theser_dataargument whepfn_notifyis called.user_datacan be
NULL.

cl:Event::setCallback returns CL_SUCCESS if the function is executed successfully. Otherwistyrits one
of the following errors:
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1 CL_INVALID_VALUE if pfn_notifyis NULL or if commandexec_callback_typis not a valid
command execution status.

1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the dee.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptreCL
implementation on the host.

The static method

static cl_intcl::Event::waitForEvents (const VECTOR_CLASS<Eveng& event$

waits on the host thread for commaidisntified by event objects ieventdo complete. Acommand is
considered completif its execution status is CCOMPLETE or a negative valu€he events specified in
eventsact as synchronization points.

cl::Event::waitForEvents returns CL_SUCCESS ihe function was executed successfully. Otherwise, it
returns one of the following errors:
1 CL_INVALID_VALUE if eventss of length zero.
1 CL_INVALID_CONTEXT if events specified irventdo not belong to the santentext.
1 CL_INVALID_EVENT if event objects spcified ineventsare not valid event objects.
1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.
1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptbreCL
implementation on the host.

3.8 User Events

The clasgl::UserEvent : public Everpirovides functionality for working with OpenCL user events.
The constructor

cl::UserEvent::UserEvent(Contex& context
cl_int * err = NULL)

creates a user eventjebt. User events allow applications to enqueue commands that waitsen @vent to
finish before the command is executed by the device.

contextmust be a valid OpenCL context.
err will return an appopriate error code. Err is NULL, no error code iseturned.

cl::UserEvent::UserEventreturns a valid object aretr is set to CL_SUCCESKBthe user event object is
created successfully. Otherwise, it returns ontaeffollowing eror values returned iarr:
1 CL_INVALID_CONTEXT if context is not a valitontext.
1 CL_OUT_OF _RESOURCES if there is a failure to allocate resources required Op¢h€L
implementation on the device.
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1 CL_OUT_OF HOST_MEMORY if there is a failure to allocate resources required @pireCL
implementation on the host.

The method
cl_intcl::UserEvent::setStatugcl_int status)
sets the execution status of a user event object.

statusspecifies the new execution status to éeasid can be CL_COMPLETE onagative integer value to
indicate an error.

err will return an appropate error code. ¥rr is NULL, no error code is
returned.

cl::UserEvent::setStatusreturns CL_SUCCESS if the function was executed successfully.
Otherwise, it returns one of the following errors:

1 CL_INVALID_VALUE if the statusis not CL_COMPLETE or a n@fjve integenalue.

1 CL_INVALID_OPERATION if thestatusfor event has already been changedlpyrevious call to
cl::UserEvent::setStatus

1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptreCL
implementation on the host.

3.9 Command Queues

The clas<l::NDRangeprovides functionality for working with global and local NDRanges as described in
section 5.1. Tis is defined before command queues as it is a necessary type for certain enqueue commands,
the followingfor details.
Theconstructor

cl::NDRange::NDRangq::size_tsize0)

returns a 1D range.
sizeOdescribes the number of global or local wadmsin dimension O.

The consturctor
cl::NDRange::NDRange(::size_tsizeQ
.:Size_tsize)

returns a 2D range.
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sizeOdescribes the number of global or local wddms in dimension 0.
sizeldescribes the number of global or local wddms in dmension 1.
Theconstructor
cl::NDRange::NDRange(::size_tsizeQ

.:size_tsizel,

;:Size tsized
returns a B range.
sizeOdescribes the number of global or local wddms in dimension 0.
sizeldescribes the number of global or loeadrk-items in dimension 1.

size2describes the number of global or local wddms in dimension 2.

The operator

opeartor const ::sizect::NDRange::*() const

returns a pointer to an array of, 1, 2, or 3 elements of the range.

The method
::size_tcl::NDRange::dimensiongvoid)
returns the number of dimensions defined in the range.
The clas<l::CommandQueuprovides functionality for working with OpenCL commaqdeues.
The consturctor
cl::CommandQueue::CommandQueué¢
const Contex& context
cong Devicek device
cl_command queue_propertigsroperties= 0,
cl_int * err = NULL)

creates a commarglieue on a specific device.

devicemust be a device associated with context. It can either be in the list of devices spdwfiecbntext is
created gingcl::Context::Context.

propertiesspecifies a list of properties for the commaneeue. This is a biield and isdescribed in table 5.1.
Only commanehjueue properties specified in table 5.1 can be g@biperties; otherwise the value specified in
properties is considered to be not valid.
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err will return an appropriate error codeehir is NULL, no error code iseturned.

cl::CommandQueue::CommandQueuereturns a valid commangueue anerr is set to
CL_SUCCESS if the commarglieue is created suessfully. Otherwise, it returns one of the followirrgoe
values returned ierr:
1 CL_INVALID_CONTEXT if context is not a valid context.
1 CL_INVALID_DEVICE if device is not a valid device or is not associated with context.
1 CL_INVALID_VALUE if values specifed in properties are not valid.
1 CL_INVALID_QUEUE_PROPERTIES if values specified in properties are valid but@rsupported
by the device.
1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device
1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [ptreCL
implementation on the host.

The method
template <typename>
cl_intcl::CommandQueue::getinfo(cl_command_queue_inftame
T* param

gets specific iformation about the OpenCL event. The information that can be queried is specified in table 5.2
and inconjunctionwith table10".

cl_command_queue info Return Type
CL_QUEUE_CONTEXT cl::Context
CL_QUEUE_DEVICE cl::Device

Table 10: Difference in return type for table 5.2 and cl::CommandQueue::getinfo

T is a compile time argument that is the return for the specific information being queried and corresponds to t
values in tables 5.2.

nameis an enumeration constant that idees the commandjueue information being queried. It can be one of
the valuespecifiedin table 5.2.

paramis a pointer to a memory location where therappate values for a givamameas specified in table 5.2
will be returned. Ifparamis NULL, it is ignored.

cl::CommandQueue:.getinforeturns CL_SUCCESS if the function is executed successfully. Otherwise, it
returns:
1 CL_INVALID_VALUE if nameis not one of the supported values.

The method

15 Table10reflects differences in return types between the OpenCL C API and the OpenCL C++ API for the

cl::CommandQueue:getinfo functions
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template <cl_inhame> typename
detail::param_traits<detait] command_queue_infoame>::param_type
cl::CommandQueue::getinfo(void)

gets specific information about the OpenCL commagudue. The information that can be queried is specified
in table 5.2 and ionjunctionwith tablel0.

nameis a compile time agment is an enumeration constant that identifies the comiapagege information
being queried. It can be one of the values specified in table 5.2.

cl::CommandQueue::getinforeturns the approfate value for a givenameas specified in table 5.2.
The metlods

cl_intcl::CommandQueue::enqueueReadBuffef
const Buffe& buffer,
cl_boolblocking_read
::size_toffset
;:Size_tsize
const void *ptr,
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

cl_int cl::CommandQueue::enqueueWriteBuffer(
const Buffe& buffer,
cl_boolblocking_write
::Ssize_toffset
::Size_tsize
const void *ptr,
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

enqueue command to read and from a buffer object to host memory or write to a buffeirotnémost
memory.

bufferrefers to a valid buffer object.
blocking readandblocking_writeindicate if the read andnte operations are blocking apnblocking.

If blocking_reads CL_TRUE i.e. the read command is blockiog,CommandQueue::enqueuerRradBuffer
doesnot return until the buffer data has been read and copied into memory pointegtito by

If blocking_reads CL_FALSE i.e. the read command is Agocking,
cl::CommandQueue:.enqueueReadBuffequeues a neblocking read command and returfibe contents of

the buffer thaptr points tocannot be used until the read command has completed. The event argument returns
an evenbbject which can be used to query the execution status of the read command. Whencibvemesattl

has completed, the ctants of the buffer that ptr points to can be used bypipdication.
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If blocking_writeis CL_TRUE, the OpenCL implementation copies the data referredpt bpd enqueues

the write operation in the commaigdeue. The memory pointed to pl can bereused by the application after
thecl::CommandQueue::enqueueWriteBuffercall returns.

If blocking_writeis CL_FALSE, the OpenCL implementation will ys to perform a nonblockingrite. As

the write is norblocking the implementation can return immediat&hememory pointed to bptr cannot be
reused by the application after the call returns. The ergoiment returns an event object which can be used to
guery the execution status of the watammand. When the write command has completed, the merioitgg

to byptr can then beeused by the application.

offsetis the offset in bytes in the buffer object to read from or write to.
size is the size in bytes of data being read or written.
ptr is the pointer to buffer in host memory where data is teebd into or to be written from.

eventds the list of events that need to complete beforepiscular command can be executedevéntds
NULL or of zero length, then this particular commattks not wait on any event to complete. The events
specfied in eventsact as synchronization points. The context associated with evesusnitsand the
commanequeue must be the same.

eventreturns an event object that identifies this particular read / write command and can toequesg or
gueue a waitor this particular command to compleggentcan be NULL in whictcase it will not be possible
for the application to query the status of this command or quesad or this command to complete.

cl::CommandQueue::enqueueReadBuffeandcl::CommandQueue:enqueueWriteBuffer return

CL_SUCCESS if the function executed successfully. Otherwise, it returns one of the following errors:
1 CL_INVALID_CONTEXT if the context associated with commagdeue and buffer areot the same

or if the context associated Wwitommaneueue and events @ventsare not the same.

CL_INVALID_MEM_OBJECT if buffer is not a valid buffer object.

CL_INVALID_VALUE if the region being read or written specified by (offset, size) is oltoninds or

if ptris a NULL value.

CL_INVALID_EVENT_WAIT_LIST if event objects ireventsare not valid events.

CL_MISALIGNED_SUB_BUFFER_OFFSET if buffer is a stinffer object and offsetpecified when

the subbuffer object is created is not aligned@b_DEVICE_MEM_BASE_ADDR_ALIGN value for

device assaated with queue.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memorydata store
associated with buffer.

1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.

1 CL_OUT_CF HOST_MEMORY if there is a failure to allocate resources required b9pleaCL
implementation on the host.

)l
)l

= =4

The methods

cl_int cl::CommandQueue:.enqueueReadBufferRect
const Buffe& buffer,
cl_boolblocking read
const size_t<3buffer_offset
const sie_t<3>hog_offset
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const size t<3region,

::size_t buffer_row_pitch,

::size_t buffer_slice_pitch,

::size_t host_row_pitch,

::Size_t host_slice_pitch,

void * ptr,

const VECTOR_CLASS<Event>évents= NULL,
Event * event = NULL)

cl_int cl::CommandQueue:enqueueWriteBufferRect(
const Buffe& buffer,
cl_boolblocking write,
const size_t<3#& buffer_offset
const size t<3% hog_offset
const size_t<3>&egion,
::size_tbuffer_row_pitch
::size_tbuffer_slice_pitch
::size_thost_row_pitch
::size_thost_$ice_pitch
void * ptr,
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

enqueue command to read a 2D or 3D rectangular region from a buffer object to host memory or write a 2D ¢
3D rectangular region of a buffer object from host memory.

bufferrefers to a valid buffer object.
blocking_readandblocking_writeindicate if the read and write operations are blocking or nonblocking.

If blocking readis CL_TRUE i.e. the read command is blocking,
cl::ComamndQueue::enqueueReadBufferRectloes noreturn until the buffer data has been read and copied
into memory pointed to btr.

If blocking_reads CL_FALSE i.e. the read command is Agocking,
cl::ComamndQueue::enqueueReadBufferRectjueues a neblocking read command and returns. The
contens ofthe buffer thaptr points to cannot be used until the read command has completed. The event
argument returns an event object which can be used to query the execution status otthramead. When
the read command has completed, the contents biutter thatptr points tocan be used by the application.

If blocking writeis CL_TRUE, the OpenCL implementation copies the data referredytr by
and enqueues the write operation in the comnmprelie. The memory pointed to ply can bereused byhe
application after thel::ComamndQueue::enqueueWriteBufferRectcall returns.

If blocking_writeis CL_FALSE, the OpenCL implementation will use ptr to perform a nonbloakiitg. As

the write is norblocking the implementation can return immediately. frfganory pointed to bptr cannot be
reused by the application after the call returns. The eurgniment returns an event object which can be used to
guery the execution status of the watanmand. When the write command has completed, the memory pointed
to by ptr can then beeused by the application.
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buffer_origindefines the (x, y, z) offset in the memory region associated with buffer. Forecdgle region,
the z value given by buffer_origin[2] should be 0. The offset in bytes is

computed abuffer_origin[2] * buffer_slice_pitch+ buffer_origir{1] * buffer_row_pitcht+

buffer_origif0].

hod_origin defines the (X, y, z) offset in the memory region pointed to by ptr. For a 2D rectegigle, the z
value given byhod_origin[2] should be 0. The ofét in bytes is computed as
hod_origin[2] * hod_slice_pitch+ host_origirf1] * host_row_pitcht+ host_origirf0].

regiondefines the (width, height, depth) in bytes of the 2D or 3D rectangle being read or written.
For a 2D rectangle copy, the depth valueeg byregion2] should be 1.

buffer_row_pitchs the length of each row in bytes to be used for the memory region associated
with buffer. If buffer_row_pitchs 0, buffer_row_pitchis computed aszgiorn0].

buffer_slice_pitchs the length of each 2Dice in bytes to be used for the memory regassociated with
buffer. If buffer_slice_pitchs 0, buffer_slice_pitchs computed asegion1] * buffer_row_pitch

host_row pitchis the length of each row in bytes to be used for the memory region pariggtt. If
host_row_pitchis 0,host_row_pitcHs computed aszgiorn0].

host_slice_pitclis the length of each 2D slice in bytes to be used for the memory region goibtgotr. If
host_slice_pitclis 0,host_slice_pitchs computed as region[1]Host_row_pitch

ptr is the pointer to buffer in host memory where data is to be read into or to be written from.

eventsspecifies the events that need to complete beforgdnikular command can be executecvéntss
NULL or of zero length, then th particular commandoes not wait on any event to completevéntss not
NULL and nonzero length, the list of events mum& valid. The events specifiedenentsact as
synchronization points. The context associated with evemgentsand the coomandqueue must be the same.

eventreturns an event object that identifies this particular read / write command and can toequessg or
gueue a wait for this particular command to compktentcan be NULL in whictcase it will not be possible
for the application to query the status of this command or queuaét for this command to complete.

cl::CommandQueue::enqueueReadBufferRecandcl::CommandQueue::enqueueWriteBufferRectreturn
CL_SUCCESS if théunction is executed successfully. Otherwiseeiurns one of the following errors:

1 CL_INVALID_CONTEXT if the context associated with commagdeue andufferarenot the same
or if the context associated with commagueue and events @ventsare not the same.
CL_INVALID_MEM_OBJECT if buffer is nota valid buffer object.

CL_INVALID_VALUE if the region being read or written specified Hyuffer_offsetregion) is out of

bounds.

CL_INVALID_VALUE if ptris a NULL value.

CL_INVALID_EVENT_WAIT_LIST if event objects irevens are not valid events.

CL_MISALIGNED_SUB_BUFFER_OFFSET if buffer is a sbinffer object and offsetpecified when

the subbuffer object is created is not aligned to CL_DEVICE_MEM_BASE_ADDR_ALIGN value for

device associated with queue.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a faire to allocate memory falata store
associated with buffer.

)l
)l
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1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources requirdteidpenCL
implementation on the host.

The method

cl_int cl::CommandQueue::enqueueCopyBuffef
const Buffer& src,
const Buffer& dst,
::size_tsrc_offset
::Size_tdst_offset
;:Size_tsize
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

enqueues a command to copy a buffer object identifiestdtyp another buffer objeatientified bydst The
OpenCL context associated with commaqnaeue src anddstmust be the same.

srcrefers to the offset where begin copying data frorsrc.
dstrefers to the offset where begin copying data intdst
sizerefers to the size in bytes to copy.

eventsspecifies events that need to complete beforeptiniicular command can be executedevéntds

NULL or of length zero, then this parti@alcommandloes not wait on anyent to complete. léventss not
NULL and a non zero length, thistlof events pointed to gvens must be valid. The events specified in
eventsact as synchronization points. The context associated with eveatsrisand the commanrdueue must
be the same.

eventreturns an event object that identifies this particular copy command and can be used to

guery or queue a wait for this particular command to compdetntcan be NULL in whickcase it will not be
possiblefor the application to query the status of this command or queaé &or this command to complete.
cl::CommandQueue::enqueueBrrier can be used instead.

cl::ComamndQueue::enqueueCopyBuffereturns CL_SUCCESS if the function is executed successfully.
Otherwise, it returns one of the following errors:

1 CL_INVALID_CONTEXT if the context associated thithe commandjueue src anddstare not the
same or if the context associated with the comngualie and evenis eventsare not the same.
CL_INVALID_MEM_OBJECT if srcanddstare not valid buffer objects.

CL_INVALID_VALUE if src, dst size src + sizeor dst+ sizerequire acessing elements outside the
src anddstbuffer objectgespectively.

CL_INVALID_EVENT_WAIT_LIST if event objects ireventsare not valil events.
CL_MISALIGNED_SUB_BUFFER_OFFSET #rcis a subbuffer object and offsetpecified when the
subbuffer object is created is not aligneddb_DEVICE_MEM_BASE_ADDR_ALIGN value for
device associated with queue.

)l
1
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1 CL_MISALIGNED_SUB BUFFER_OFFSET d4g is a subbuffer object and offsetpecified when the
subbuffer object is created is not aligned@b_DEVICE_MEM_BASE_ADDR_ALIGN value for
device associated with queue.

1 CL_MEM_COPY_OVERLAP ifsrcanddstare the same buffer object ate source and disation
regions overlap.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memorydata store
associated witlsrc or dst

1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the dena.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptreCL
implementation on the host.

The method

cl_int cl::CommandQueue::enqueueCopyBufferRedt
const Buffer&src_buffer
const Buffer&dst_buffer
const size_t<3>&rc_origin,
const size_t<3>&lst_origin
const size_t<3>&egion,
::Size_t src_row_pitch,
::Size_t src_slice_pitch,
::Size_tdd_row_pitch
::Size_tdst_slice pitch
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

enqueues a command to cap®D or 3D rectangular region from the buffer object identified by
srcto a 2D or 3D region in the buffer object identifieddst TheOpenCL context associatedth the
commandqueuesrc anddstmust be the same.

src_origindefines the (x, y, z) off$én the memory region associated wstic _buffer For a 2Drectangle
region, the z value given ksyc_origin2] should be 0. The offset in bytes is computed
assrc_origin2] * src_slice_pitcht src_origin1] * src_row_pitch+ src_origin0].

dst_origin defines the (X, y, z) offset in the memory region associated adgthbuffer For a 2Drectangle
region, the z value given last_origiff2] should be 0. The offset in bytes is compudsdst_origif2] *
dst_slice_pitch+ d¢_origin[1] * dst_row_pitch+ dst _origin[0].

regiondefines the (width, height, depth) in bytes of the 2D or 3D rectangle being copied. For a
2D rectangle, the depth value givenregion2] should be 1.

src_row_pitchis the length of each row in bytes to be used for the memory regioniatedwith src_buffer If
src_row_pitchis 0,src_row_pitchis computed asegior0].

src_slice pitchis the length of each 2D slice in bytes to be used for the memory &ggoniated with

src_buffer If src_slice_pitchs 0,src_slice_pitchs comptied agegion1] *
src_row_pitch
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dst_row_pitchs the length of each row in bytes to be used for the memory region assectatddt _buffer If
dst_row_pitchis 0,dst_row_pitchs computed asegion0].

dst_slice pitchis the length of each 2D sliae bytes to be used for the memory regi@msociated with
dst_buffer If dst_slice_pitchs 0,dst_slice_pitchs computed asegion1] *
dst_row pitch.

eventsspecifies events that need to complete beforeptiniicularcommand can be executed. Neesis

NULL or of length zero, then this particular commattks not wait on any event tmmplete. Ifeventds not
NULL and a non zero length, the list@fents pointed to bgvens must be valid. The events specified in
eventsact as synchronization mts. The context associated with eventswentsand the commanrdueue must
be the same.

eventreturns an event object that identifies this particular copy command and can beaisery tar queue a
wait for this particular command to completgentcan be NULL in whichcase it will not be possible for the
application to query the status of this command or queuestdor this command to complete.

cl::CommandQueue::enqueueCopyBufferRecteturns CL_SUCCESS if the function is executed

successfullyOtherwise, it returns one of the following errors:

1 CL_INVALID_CONTEXT if the context associated with tatemmandqueuesrc_bufferand
dst_bufferare not the same or if the context associated with the commqewe and evenis eventsare
not the same.

CL_INVALID_MEM_OBJECT if src_bufferanddst_bufferare not valid buffer objects.

CL_INVALID_VALUE if ( src_offsetregion) or @Ist_offsetregion) require accessimiements outside

thesrc_bufferanddst_bufferbuffer objects respectively.

CL_INVALID_EVENT_WAIT_LIST if event objects irventsare not valid events.

CL_MISALIGNED_SUB_BUFFER_OFFSET #rc_bufferis a subbuffer object and offsespecified

when the sulbuffer object is created is not aligneddb_DEVICE_MEM_BASE_ADDR_ALIGN

value for device assode&d with queue.

1 CL_MISALIGNED_SUB_BUFFER_OFFSET dst_bufferis a subbuffer object and offsetpecified
when the sulbuffer object is created is not aligneddb_DEVICE_MEM_BASE_ADDR_ALIGN
value for device associated with queue.

1 CL_MEM_COPY_OVERLAP ifsrc_bufferanddst_bufferare the same buffer object atie source
and destination regions overlap.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memorydata store
associated witlsrc_bufferor dst_buffer

1 CL_OUT_OF_RESOURCES if #gre is a failure to allocate resources required byihnenCL
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptreCL
implementation on the host.

= =

E
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The method

cl_intcl::CommandQueue:.enqueueReadlmagé
const Image&image
cl_boolblocking_read
const size t<3>&irigin,
const size_t<3>&egion,
::Size_trow_pitch
::Size_tslice_pitch
void * ptr,
const VECTOR_CLASS<Event>events= NULL,
Event *event= NULL)

cl_int cl::CommandQueue::enqueueWritdmage(
const Image&image
cl_boolblocking write,
const size_t<3>&irigin,
const size_t<3>&egion,
::Size_trow_pitch
::Size_tslice_pitch
const void *ptr,
const VECTOR_CLASS<Event>eventss NULL,
Event *event= NULL)

enqueuscommands to read from a 2D or 3D image object to meshory or write to a 2D or 3D image object
from host memory.

imagerefers to a valid 2D or 3D image object.
blocking_readandblocking_writeindicate if the read andnte operations are blocking apnblocking.

If blocking_reads CL_TRUE i.e. the read command is blockiog,CommandQueue::enqueueReadlmage
doesnot return until the buffer data has been read and copied into memory pointegtito by

If blocking_reads CL_FALSE i.e. the read commarsdnonblocking,
cl::CommandQueue::enqueueReadimagegueues a neblocking read command and returns. The contents of
the buffer thaptr points tocannot be used until the read command has completed. The event argument returns
an evenbbject which can besed to query the execution status of the read command. When the read comman
has completed, the contents of the buffer giepoints to can be used by the application.

If blocking_writeis CL_TRUE, the OpenCL implementation copies the data referregptr bnd enqueues the
write command in the commastiieue. The memory pointed to ply can bereused by the application after the
cl:: CommandQueue::enqueueWritelmagecall returns

If blocking_writeis CL_FALSE, the OpenCL implementation will ys to perform a nonblockingvrite. As

the write is norblocking the implementation can return immediately. frfemory pointed to bptr cannot be
reused by the application after the call returns. The ergniment returns an event object which can be used to
quey the execution status of the wrdtemmand. When the write command has completed, the memory pointed
to byptr can then beeused by the application.
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origin defines the (X, y, z) offset in pixels in the image from where to read or write. If image is a
2D image object, the z value given bgigin[2] must be 0.

regiondefines the (width, height, depth) in pixels of the 2D or 3D rectangle being readten. If image is a
2D image object, the depth value givenrbgion2] must be 1.

row_pitchin cl::CommandQueue::enqueueReadimagandinput_row_pitchin
cl::CommandQueue::enqueueWritelmageis thelength of each row in bytes. This value must be greater than
or equal to the element size in bytesidth. If row_pitch(or input_row pitch) is set to O, theppropriate row

pitch is calculatethased on the size of each element in bytes multiplied by width.

slice_pitchin cl::CommandQueue::enqueueReadlmagandinput_slice pitchn
cl::CommandQueue::enqueueWritelmageis the sizan bytes of the 2D slice of theb3region of a 3D image
being read or written respectively. Thist be O if image is a 2D image. This value must be griteteror
equal torow_pitch* height. Ifslice_pitch(or input_slice_pitchis set to O, the appropriate slice pitch is
calculatedbased on theow_pitch* height.

ptr is the pointer to a buffer in host memory where image data is to be read from or to be written
to.

eventsspecifies events that need to complete beforeptinisicular command can be executedvéntds

NULL or of length zero, then this particular commalwes not wait on anyent to complete. Iéventss not
NULL and a non zero length, the list of events pointed teusns must be valid. The events specified in
eventsact as synchronization points. The contesdaziated with events gventsand the commandueue must
be the same.

eventreturns an event object that identifies this particular copy command and can beaisery tr queue a
wait for this particulacommand to completeventcan be NULL in whickcase it will not be possible for the
application to query the status of this command or queuestdor this command to complete.

cl::CommandQueue::enqueueReadimagandcl::CommandQueue::enqueueWritelmagereturn
CL_SUCCESS if the function executed gccessfully. Otherwise, it returns one of the following errors:

1 CL_INVALID_CONTEXT if the context associated with the commanetue and image anet the
same or if the context associated with the comngualie and events @ventsare not the same.
CL_INVALID_MEM_OBJECT if image is not a valid image object.

CL_INVALID_VALUE if the region being read or written specified byigin andregionis out of

bounds or ifptr is a NULL value.

1 CL_INVALID_VALUE if image is a2D image object anarigin[2] is not equato O orregior2] is not

equal to 1 oslice_pitchis not equal to 0.

CL_INVALID_EVENT_WAIT_LIST if event objects ireventsare not valid events.

CL_INVALID_IMAGE_SIZE if image dimensions (image width, height, specified¢@mpute row

and/or slice pitchjor image are not supported by device associatedquidue.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memorydata store
associated with image.

1 CL_INVALID_OPERATION if the device associated with the commapetue does nauppat
images (i.e. CL_DEVICE_IMAGE_SUPPORT specified in table 4@BLiSFALSE).

1 CL_OUT_OF _RESOURCES if there is a failure to allocate resources required Op¢h€L
implementation on the device.

)l
)l
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1 CL_OUT_OF HOST_MEMORY if there is a failure to allocate reseamrequired by th@penCL
implementation on the host.

The method

cl_int cl::CommandQueue::enqueueCopylmagé
const Image&src_image
const Image&dst_image
const size_t <3>&rc_origin,
const size_t <3>&lst_origin
const size t<3>& region,
const VEQ OR_CLASS<Event> tvents= NULL,
Event *event= NULL)

enqueues a command to copy image objects.

src_imageanddst_imagecan be 2D or 3D imagabjects allowing us to perform the following actions:
1 Copy a 2D image object to a 2D image object.
1 Copy a 2Dimage object to a 2D slice of a 3D image object.
1 Copy a 2D slice of a 3D image object to a 2D image object.
1 Copy a 3D image object to a 3D image object.

The OpenCL context associated with commguondue src_imageandds_imagemust be the same.

src_orign defines the starting (X, y, z) location in pixelssic_imagerom where to start theata copy. If
src_imagds a 2D image object, the z value givendoy _origin2] must be 0.

dst_origindefines the starting (X, y, z) location in pixelsish_imagefrom where to start the datapy. If
dst_images a 2D image object, the z value givendsy_origif2] must be 0

regiondefines the (width, height, depth) in pixels of the 2D or 3D rectangle to cagg. imageor dst_image
is a 2D image object, theedth value given byegiorf2] must be 1.

eventsspecifies events that need to complete beforeptisicular command can be executedvéntss

NULL or of length zero, then this particular commatags not wait on any event to completesvéntss not
NULL and a non zero length, the list of events pointed teusns must be valid. The events specified in
eventsact as synchronization points. The context associated with eveatsriteand the commandueue must
be the same.

eventreturns an everdbject that identifies this particular copy command and can be usgeny or queue a
wait for this particular command to compledgentcan be NULL in whickcase it will not be possible for the
application to query the status of this command or gaeue

wait for this command to complete.

It is currently a requirement that teec_imageanddst_imagemage memory objects for
cl::CommandQueue::enqueueCopylmagenust have the exact same image for(nat thecl_image format
descriptor specified whesrc_imageanddst_imageare created must match).

cl::CommandQueue::enqueueCopylmageeturns CL_SUCCESS if the function is executed successfully.
Otherwise, it returns one of the following errors:
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1 CL_INVALID _CONTEXT if the context associated withdltommaneueue,src_imageand

dst_imagere not the same or if the context associated with the comqange and evenis events

are not the same.

CL_INVALID_MEM_OBJECT if src_imageanddst_imageare not valid image objects.

CL_IMAGE_FORMAT_MISMATCH if src_imageand dst imagedo not use the sanmage format.

CL_INVALID_VALUE if the 2D or 3D rectangular region specified bsc_originandsrc_origin+

regionrefers to a region outsidgc_image or if the 2D or 3D rectangulaegion specified byst_origin

anddst_aigin + region refers to a region outsidst_image

1 CL_INVALID_VALUE if src_imageis a 2D image object argic_origin2] is not equal t® or
region2] is not equal to 1.

1 CL_INVALID_VALUE if dst_imageas a 2D image object ardbt_origir{2] is not equal t® or

region2] is not equal to 1

CL_INVALID_EVENT_WAIT_LIST if event objects ireventsare not valid events.

CL_INVALID_IMAGE_SIZE if image dimensions (image width, height, specified¢@mpute row

and/or slice pitch) fosrc_imageare not supported byedlice associatedith queue.

1 CL_INVALID_IMAGE_SIZE if image dimensions (image width, height, specifie¢@mpute row
and/or slice pitch) fodst_imageare not supported by device associatéth queue.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failerto allocate memory fatata store
associated witlsrc_imageor dst_image

1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resesnequired by th@®penCL
implementation on the host.

= =4 =

The method

cl_int cl::CommandQueue::enqueueCopylmageToBuffef
const Image&src_image
const Buffer&dst_buffer
const size_t <3>&rc_origin,
const size_t<3>&egion,
const ::size_tlst offset
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

enqueues a command to copy an image object to a buffer object. The OpenCL context assocthted with
commandqueuesrc_imageanddst_buffermust be the same.

src_images a valid image glect.
dst_bufferis a valid buffer object.

src_origindefines the (x, y, z) offset in pixels in the image from where to cogyc limages a
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2D image object, the z value given &rg_origif2] must be 0.

regiondefines the (width, height, depth) irxels of the 2D or 3D rectangle to copy.dfc_imageis a 2D
image object, the depth value givenregion2] must be 1.

dst_offsetefers to the offset where to begin copying datadsto buffer The size in bytes dhe region to be
copied referreda asdst_chis computed as width * height * depth * bytes/imaement ifsrc_imageas a 3D
image object and is computed as width * height * bytes/inedgi@ent ifsrc_imagds a 2D image object.

eventsspecifies events that need to complete beforeptmiicular command can be executedevéntds

NULL or of length zero, then this particular commattks not wait on any event to completeevéntss not
NULL and a non zero length, the list of events pointed teusns must be valid. The events gjifeed in
eventsact as synchronization points. The contsdociated with events gventsand the commanrdueue must
be the same.

eventreturns an event object that identifies this particular copy command and can be used to
guery or queue a wait fonis particular command to complegaentcan be NULL in whickcase it will not be
possible for the application to query the status of this command or quaitfar this command to complete.

cl::CommandQueue::enqueueCopylmageToBuffereturns CL_SUCCES if the function is executed
successfullyOtherwise, it returns one of the following errors:

1 CL_INVALID_CONTEXT if the context associated withdltommaneueue src_imageand
dst_bufferare not the same or if the context associated with the comqend and events eventsare
not the same.

1 CL_INVALID_MEM_OBJECT if src_images not a valid image object dist_bufferis nota valid
buffer object.

1 CL_INVALID_VALUE if the 2D or 3D rectangular region specified bsc_originandsrc_origin+
regionrefersto a region outsiderc_imageor if the region specified byst_offseanddst_offset
dst_chto aregion outsidelst_buffer

1 CL_INVALID_VALUE if src_imageds a 2D image object argic_origin2] is not equal t® or

region2] is not equal to 1.

CL_INVALID_EVENT_WAIT_LIST if event objects ieventsare not valid events.

CL_MISALIGNED_SUB_BUFFER_OFFSET dst_buffelis a subbuffer object and offsedpecified

when the sulbuffer object is created is not aligneddb_DEVICE_MEM_BASE_ADDR_ALIGN

value for deice associated with queuelL_INVALID IMAGE_SIZE if image dimensions (image

width, height, specified aompute row and/or slice pitch) ferc_imageare not supported by device

associatedavith queue.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failur® allocate memory fadata store
associated witlsrc_imageor ds_buffer.

1 CL_INVALID_OPERATION if the device associated with the commapgue does naupport
images (i.e. CL_DEVICE_IMAGE_SUPPORT specified in table 4BLisSFALSE).

1 CL_OUT_OF_RESOURCES ihere is a failure to allocate resources required byihenCL
implementation on the device.

1 CL_OUT_OF HOST_MEMORY if there is a failure to allocate resources required @pireCL
implementation on the host.

= =

The method

cl_int cl::CommandQueue::enquaieCopyBufferTolmage
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const Biffer& src_buffer

const Image&dst_image

const ::size_src_offset

const size_t <3>&lst_origin

const size_t<3>&egion,

const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

enqueues a command to copy afbubbject to an image object. The OpenCL context associatedhaith
commandqueuesrc_bufferanddst_imagamust be the same.

src_bufferis a valid buffer object.

dst_images a valid image object.
src_offsetefers to the offset where to begin copydeaja fromsrc_buffer

dst_originrefers to the (X, y, z) offset in pixels where to begin copying dalattoamagelf
dst_images a 2D image object, the z value givendsy origif2] must be 0.

regiondefines the (width, height, depth) in pixels lmé2Dor 3D rectangle to copy. tfst_imagas a 2D image
object, thedepth value given bregionf2] must be 1The size in bytes of the regionke copied from
src_bufferreferred to asrc_cbis computed awidth * height * depth * bytes/image elemehtlst_imageas a
3D image object and is computad width * height * bytes/image elemendst imageis a 2D image object.

eventsspecifies events that need to complete beforeptimiscular command can be executedvintsis

NULL or of length zerothen this particular commarttbes not wait on any event to completeuéntss not
NULL and a non zero length, the list of events pointed teusns must be valid. Thevents specified in
eventsact as synchronization points. The context associatitdewents ireventsand the commandueue must
be the same.

eventreturns an event object that identifies this particular copy command and can be used to
guery or queue a wait for this particular command to compdetntcan be NULL in whickcase it wil not be
possible for the application to query the status of this command or quaitfar this command to complete.

cl::CommandQueue::enqueueCopyBufferTolmageeturns CL_SUCCESS if the function is executed
successfullyOtherwise, it returns one dié following errors:

1 CL_INVALID_CONTEXT if the context associated with the commanduesrc_bufferand
dst_imageare not the same or if the context associated with the comqandce and evenis events
are not the same.

1 CL_INVALID_MEM_OBJECT if src_buféris not a valid buffer object ast_imageas nota valid
image object.

1 CL_INVALID_ VALUE if the 2D or 3D rectangular regn specified bylst_originanddst_origin+
region refer to a region outsidst_image or if the region specified bsrc_offseandsrc_offset src_cb
refer to aregion outsidesrc_buffer
CL_INVALID_EVENT_WAIT_LIST if event objects ireventsare not valid events.
CL_MISALIGNED_SUB_BUFFER_OFFSET #rc_bufferis a subbuffer object and offsedpecified
when the sulbuffer object is agated is not aligned ©©L_DEVICE_MEM_BASE_ADDR_ALIGN
value for device associated with queGé. INVALID IMAGE_SIZE if image dimensions (image
width, height, specified aompute row and/or slice pitch) fdst_imageare not supported by device
associateavith queue.
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1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memorydata store
associated witlsrc_bufferor dst_image

1 CL_INVALID_OPERATION if the device associated with the commapeue does na@upport
images (i.e. CL_DEVICE_IMAGESUPPORT specified in table 4.3 is CL_FALSE).

1 CL_OUT_OF_RESOURCES if there is a failure to allocate resources required @peh€L
implementation on the device.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required [QptbreCL
implementation on the host.

The method

void * cl::CommandQueue::enqueudapBuffer (
const Buffe& buffer,
cl_boolblocking map
cl_map map flags
::Size_toffset,
::Size_tsize
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL,
cl_int * err =NULL)

engueues a command to map a region of the buffer object givanffieyinto the host address space and
returns a pointer to this mapped region.

blocking_magpndicates if the map operationbsockingor non-blocking

If blocking_maps CL_TRUE,cl::CommandQueue::enqueueMapBufferdoes not return until the specified
region inbuffercan be mapped.

If blocking_maps CL_FALSE i.e. map operation is neplocking, the pointer to the mapped region returned

by cl::CommandQueue::enqueueMapBuffercannotbe used until the map command has completed. The
eventargument returns an event object which can be used to query the execution status of the map commanc
When the map command is completed, the application can access the contents of the mappeihgtien u
pointer returned bgl::CommandQueue::enqueueMapBuffer

map_flaggs a bitfield and can be set to CL_MAP_READ to indicate that the region specifienffsgi(size
in the buffer object is being mapped for reading, and/or CL_MAP_WRITE to tedicat the region specified
by (offset sizg in the buffer object is being mapped for writing.

bufferis a valid buffer object. The OpenCL context associated @athmand_queugndbuffermust be the
same.

offsetandsizeare the offset in bytes and thize of the region in thieuffer object that is being mapped.

eventsspecifies events that need to complete before this particular command can be execatdnthidf e
NULL or of length zero, then this particular command does not wait on any event teetartfigventss not
NULL and a non zero length, the list of events pointed teusns must be valid. The events specified in
eventsact as synchronization points. The context associated with eveatsriteand the commandueue must
be the same.
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eventreturns an event object that identifies this particular copy command and can be used to
guery or queue a wait for this particular command to compdetntcan be NULL in which case it will not be

possible for the application to query the status sf¢bmmand or queue a wait for this command to complete.
err will return an appropriate error code. elfris NULL, no error code is returned.

cl::CommandQueue::enqueueMapBuffer will return a ponter to the mapped region aerd is set to
CL_SUCCESS.

A NULL pointer is returned otherwise with one of the following error values returnea:in

1 CL_INVALID_CONTEXT if context associated with ttdommand queuandbufferare not the same or

if the context associated with tbemmand queuand events irventsare not the same.

CL_INVALID_MEM_OBJECT if bufferis not a valid buffer object.

CL_INVALID_VALUE if region being mapped given byffset sizg is out of bounds or if values

specified inmap_flagsare not valid.

CL_INVALID_EVENT_WAIT_LIST if event objectsn eventsare not valid events.

CL_MISALIGNED_SUB_BUFFER_OFFSET Wufferis a subbuffer object anaffsetspecified when

the subbuffer object is created is not aligned to CL_DEVICE_MEM_BASE_ADDR_ALIGN value for

device associated witlueue

1 CL_MAP_FAILURE if there is a failure to map the requested region into the host address space. This
error cannot occur for buffer objects created with CL_MEM_USE_HOST_PTR or
CL_MEM_ALLOC _HOST_PTR.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate meg&or data store
associated withuffer.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required by the OpenCL
implementation on the host.

E
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The pointer returned maps a region startingfsietand is ateastsizebytes in size. The sealt of a memory
access outside this region is undefined.

The method

void * cl::CommandQueue::enqueudaplimage(
const Buffe& image
cl_boolblocking map
cl_map map_flags
::size_t<3>&origin,
:Size_t<3>&region,
::Size_t* row_pitch
::Size_t* slice pitch,
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL,
cl_int* err = NULL)

engqueues a command to map a region in the image object giwveradginto the host address space and
returns a pointer to this mapped region.
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imageis a validimage object. The OpenCL context associated witltdinemand queuandimagemust be the
same.

blocking_magpndicates if the map operationbsockingor nonblocking

If blocking_maps CL_TRUE,cl::CommandQueue::enqueueMaplmagedoes not return untihe specified
region inimageis mapped.

If blocking_maps CL_FALSEi.e. map operation is ndplocking, the pointer to the mapped region returned by
cl::CommandQueue::enqueueMaplmagecannot be used until the map command has completedevVEmne
argumenteturns an event object which can be used to query the execution status of the map command. Whe
the map command is completed, the application can access the contents of the mapped region using the poi
returned bycl::CommandQueue::enqueueMaplmage

map_flagds a bitfield and can be set to CL_MAP_READ to indicate that the region specifieatigyn(
region) in the image object is being mapped for reading, and/or CL_MAP_WRITE to indicate that the region
specified by ¢rigin, region) in the image olgct is being mapped for writing.

origin andregiondefine the X, y, 2) offset in pixels andwidth, height,depth in pixels of the 2D or 3D
rectangle region that is to be mappedimifgeis a 2D image object, ttevalue given byorigin[2] must be 0
ard thedepthvalue given byegion2] must be 1.

row_pitchreturns the scaline pitch in bytes for the mapped region. This must be aNidbL value.

slice_pitchreturns the size in bytes of each 2D slice for the mapped region. For a 2D image, zeroead et
this argumenis not NULL. For a 3D imageslice_pitchmust be a notNULL value.

eventsspecifies events that need to complete before this particular command can be exeadpthidf e
NULL or of length zero, then this particular command duo&swait on any event to complete elentss not
NULL and a non zero length, the list of events pointed teusns must be valid. The events specified in
eventsact as synchronization points. The context associated with eveatsriteand the commathqueue must
be the same.

eventreturns an event object that identifies this particular copy command and can be used to
guery or queue a wait for this particular command to compdetntcan be NULL in whickcase it will not be

possible for the applicain to query the status of this command or quewaitifor this command to complete.
err will return an appropriate error code. eliris NULL, no error code is returned.

cl::CommandQueue::enqueueMaplimagewill return a pointer to the mapped region andis set to
CL_SUCCESS.

A NULL pointer is returned otherwise with one of the following error values returnea:in

1 CL_INVALID_CONTEXT if context associated with tredmmand queuandimageare not the same
or if context associated with ttemmand queeand events ieventsare not the same.
CL_INVALID_MEM_OBJECT if imageis not a valid image object.

CL_INVALID_VALUE if region being mapped given by(igin, origin+region) is out of bounds or if
values specified imap_flagsare not valid.

T
il
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1 CL_INVALID VA LUE if imageis a 2D image object aratigin[2] is not equal to O aregion2] is not

equal to 1.

CL_INVALID_VALUE if row_pitchis NULL.

CL_INVALID_VALUE if imageis a 3D image object drslice_pitchis NULL.

CL_INVALID_EVENT_WAIT_LIST if event objects irevents are not valid events.

CL_INVALID_IMAGE_SIZE if image dimensions (image width, height, specified or compute row

and/or slice pitch) fobmageare not supported by device associated witbue

1 CL_MAP_FAILURE if there is a failure to map the requestegion into the host address space. This
error cannot occur for image objects created with CL_ MEM_USE_HOST_PTR or
CL_MEM_ALLOC_HOST_PTR.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memory for data store
associated withuffer.

1 CL_INVALID_OPERATION if the device associated withecommandjueuedoes not support images
(i.e. CL_DEVICE_IMAGE_SUPPORT specified fable 4.3is CL_FALSE).

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required by the OpenCL
implementéon on the host.

= =4 =4 =4

The pointer returned maps a 2D or 3D region startirgigin and is ateast fow_pitch * region[1] +
region[0]) pixels in size for a 2D image, and idedst §lice_pitch * region[2] +row_pitch * region[1] +
region[0]) pixels in sizefor a 3D image. The result of a memory access outside this region is undefined.

If the image object is created with CL_MEM_USE_HOST_PTR setam_flagsthe following will be true:

1 Thehost_ptrspecified incl::Image{2D|3D} is guaranteed to contain tleest bits in the region being
mapped when the::CommandQueue::enqueueMaplmagecommand has completed.

1 The pointer value returned loy:CommandQueue::enqueueMaplmagewill be derived from the
host_ptrspecified when the image object is created.

Mapped inage objects are unmapped usiigCommandQueue::enqueueUnmapMemObject This is
describedn the following text

cl_int cl::CommandQueue::enqueu®&nmapMemObject(
const Memory&memory
void * mapped_ptr
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

engqueues a command to unmap a previously mapped region of a memory object. Reads or writes from the f
using the pointer returned lay.: CommandQueue::enqueueMapBuffer or
cl::CommandQueue::enqueueMaplmageare considered to be complete.

memobjs a valid memory object. The OpenCL context associatedoeitimand _queugndmemobjmust be
the same.

mapped_ptis the host address returned by a previous calt i8ommandQueue::enqueueMapBuffer or
cl::CommandQueue::enqueueMaplmagdor memdaj.
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eventsspecifies events that need to complete before this particular command can be execatdnthidf e
NULL or of length zero, then this particular command does not wait on any event to comgesatds not
NULL and a non zero length, thetlisf events pointed to bgvens must be valid. The events specified in
eventsact as synchronization points. The context associated with eveatsriteand the commandueue must
be the same.

eventreturns an event object that identifies this particatgpy command and can be used to
guery or queue a wait for this particular command to compdetntcan be NULL in which case it will not be

possible for the application to query the status of this command or queue a wait for this command to complet:
Cl::CommandQueue::enqueueBarriercan be used instead.

Cl::CommandQueue::enqueueUnmapMemObjecteturns CL_SUCCESS if the function is executed
successfully. Otherwise it returns one of the following errors:

1 CL_INVALID_MEM_OBJECT if memobjs not a valid meory object.

1 CL_INVALID_VALUE if mapped_ptis not a valid pointer returned by

cl::CommandQueue::enqueueMapBuffer or clCommandQueue::enqueueMaplmagdor memobj

CL_INVALID_EVENT_WAIT_LIST if event objects in events are not valid events.

CL_OUT_OF_HOST_MMORY if there is a failure to allocate resources required by the OpenCL

implementation on the host.

1 CL_INVALID_CONTEXT if context associated with trtdmmand queuandmemobjare not the same
or if the context associated with tbemmand queuand eventsn eventsare not the same.

E

cl::CommandQueue::enqueueMapBuffer, andcl::CommandQueue::enqueueMaplmageancrements the
mapped count of the memory object. The initial mapped count value of the memory object is zero. Multiple
calls tocl::CommandQueue::enqueueMapBuffer, or cl::CommandQueue::enqueueMaplmageon the same
memory object will increment this mapped count by appropriate number of calls.
cl::CommandQueue::enqueueUnmapMemObjectdecrements the mapped count of the memory object.

cl::CommandQueue::enqueueMapBuffer, andcl::CommandQueue::enqueueMaplimageact as
synchronization points for a region of the buffer object being mapped.

The method

cl_intcl::CommandQueue::enqueudDRangeKernel
const Kernel&kernel
const NDRangeé& offset
const NDRange& globa
const NDRange& local
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

enqueues a command to execute a kernel on a device.

kernelis a valid kernel object. The OpenChntextassociated witlkerneland thecommand queusaust be the
same.
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offsetcan be used to specify an arrayafrk _dimunsigned values that describe the offset used to calculate the
global ID of a workitem. Ifoffseti s c¢| : : NULLRange, the gl obal | Ds s

globapoints to an array affork_dimunsigned values that describe the number of global-itenks in
work_dimdimensions that will execute the kernel function. The total number of globaliteank is computed
asglobal[ 0] ‘Ylobé&[wdrk dimi 1].

local points to an array ofork_dimunsigned values that describe the number of viterks that make up a
work-group (also referred to as the size of the wgndwp) that will execute the kernel specifiedkeynel The
total number of worktems in a workgroup is computed dscall 0] **1ocafwork_dimi 1]. The total
number of workitems in the workgroup must be less than or equal to the
CL_DEVICE_MAX_WORK_GROUP_SIZE value specifiedtable 4.3and the number of woritems

specified inlocal[ 0] JocaHwork_dimi 1] must be lesthan or equal to the corresponding values specified
by CL_DEVICE_MAX_WORK_ITEM_SI ZES[O0], é. OworkDimVvI C
T 1]. The explicitly specifiedbcal will be used to determine how to break the global witekns specified by
globalinto appropriate worgroup instances. lbcalis specified, the values specifiedgiobal[ 0 ] globad
[work _dim- 1] must be evenly divisible by the corresponding values specifiedah|[ 0 ] localéwork dim

i 1].

The workgroup size to be used fkernelcan also be specified in the program source using the
__attribute_ ((reqd_work_group_size(X, Y, Z)))qualifier (refeseation 6.8.2 In this case the size of work
group specified byocal must match the value specified by the reqd_work_groap atribute qualifier.

local can also be a cl::NULLRange value in which case the OpenCL implementation will determine how to be
break the global workems into appropriate worgroup instances.

These workgroup instances are executed in parallel acnogltiple compute units or concurrently on the same
compute unit.

Each workitem is uniquely identified by a global identifier. The global ID, which can be read inside the kernel
is computed using the value givendigbal work_sizendglobal_work_offet In addition, a worktem is

also identified within a worgroup by a unique local ID. The local ID, which can also be read by the kernel, is
computed using the value given logal_work_size The starting | ocal | D i s

eventsspedfies events that need to complete before this particular command can be execwveusi e

NULL or of length zero, then this particular command does not wait on any event to comgesatds not
NULL and a non zero length, the list of eventsnped to byevens must be valid. The events specified in
eventsact as synchronization points. The context associated with evaatsriteand the command queue must
be the same.

eventreturns an event object that identifies this particular copy comewacidan be used to
guery or queue a wait for this particular command to compdetntcan be NULL in which case it will not be

possible for the application to query the status of this command or queue a wait for this command to complet:
cl::CommandQueue:enqueueBarrier can be used instead.

cl::CommandQueue::enqueueNDRangeKerneteturns CL_SUCCESS if the kernel execution was
successfully queued. Otherwise, it returns one of the following errors:
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CL_INVALID_PROGRAM_EXECUTABLE if there is no successfullyitt program executable
available for device associated with teenmand queue

CL_INVALID_KERNEL if kernelis not a valid kernel object.

CL_INVALID_CONTEXT if context associated with tteemmand queuandkernelare not the same

or if the context assoced with thecommand queuand events ieventsare not the same.
CL_INVALID_KERNEL_ARGS if the kernel argument values have not been specified.
CL_INVALID_GLOBAL_WORK_SIZE if globalis cl::NULLRange, or if any of the values specified
in global[ O ] globa[work_dimi 1] are O or exceed the range given by the sizeof(size_t) for the
device on which the kernel execution will be enqueued.

CL_INVALID_GLOBAL_OFFSET if the value specified iglobal + the corresponding valuesgtobal
for any dimensions is greatthan the sizeof(size t) for the device on which the kernel execution will be
enqueued.

CL_INVALID_WORK_GROUP_SIZE iflocal is specified and number of weitems specified by
globalis not evenly divisible by size of woiroup given byocal or does notnatch the worigroup

size specified fokernelusing the __ attribute_ ((reqd_work_group_size(X, Y, Z))) qualifier in program
source.

CL_INVALID_WORK_GROUP_SIZE iflocal is specified and the total number of wet&ms in the
work-group computed decal [0] *  Bcal [work_dimi 1] is greater than the value specified by
CL_DEVICE_MAX_WORK_GROUP_SIZE inable 4.3

CL_INVALID_WORK_GROUP_SIZE iflocalis NULL and the

__attribute_ ((reqd_work_group_size(X, Y, Z))) qualifier is used to declare theguoul sizeor
kernelin the program source.

CL_INVALID_WORK_ITEM_SIZE if the number of woritems specified in any dbcal[ 0 ] Jocak
[work_dimi 1] is greater than the corresponding values specified by

CL_DEVI CE_MAX_WORK_I TEM_SI ZES[ 0], é.
CL_DEVICE_MAX_WORK_ITEM_SIZESwork_dimi 1].
CL_MISALIGNED_SUB_BUFFER_OFFSET if a stliuffer object is specified as the value for an
argument that is a buffer object and titsetspecified when the sduffer object is created is not
aligned to CL_DEVICE_MEM_BASE_ADDR_AIGN value for device associated wiheue
CL_INVALID_IMAGE_SIZE if an image object is specified as an argument value and the image
dimensions (image width, height, specified or compute row and/or slice pitch) are not supported by
device associated witlueue

CL_OUT_OF_RESOURCES if there is a failure to queue the execution instakemefon the
commanequeue because of insufficient resources needed to execute the kernel. For example, the
explicitly specifiedlocal causes a failure to execute the kéberause of insufficient resources such as
registers or local memory. Another example would be the number ebrdyadnage args used in
kernelexceed the CL_DEVICE_MAX_ READ_IMAGE_ARGS value for device or the number of-write
only image args used kerrel exceed the CL_DEVICE_MAX_WRITE_IMAGE_ARGS value for
device or the number of samplers uselldmelexceed CL_DEVICE_MAX_ SAMPLERS for device.
CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memory for data store
associated with imagar buffer objects specified as argumentkamel
CL_INVALID_EVENT_WAIT_LIST if event objects in events are not valid events.
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1 CL_OUT_OF HOST_ MEMORY if there is a failure to allocate resources required by the OpenCL
implementation on the host.

The method

cl_int cl::CommandQueue::enqueud ask(
const Kernel&kernel
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

enqueues a command to execute a kernel on a device. The kernel is executed using a siitgha.work

kernelis a valid kernebbject. The OpenCtontextassociated witlkernelandcommanequeuemust be the
same.

eventsspecifies events that need to complete before this particular command can be exeadpthidf e
NULL or of length zero, then this particular command doesmaitt on any event to complete.df’entss not
NULL and a non zero length, the list of events pointed teusns must be valid. The events specified in
eventsact as synchronization points. The context associated with eveasriteand the command gue must
be the same.

eventreturns an event object that identifies this particular copy command and can be used to

guery or queue a wait for this particular command to compdetntcan be NULL in which case it will not be
possible for the applicaticiw query the status of this command or queue a wait for this command to complete.
cl::CommandQueue::enqueueBarriercan be used instead.

cl::CommandQueue::EnqueueTasks equivalent to callingl::CommandQueue::enqueueNDRangeKernel
with work_dim= 1, global= NULLRange global[0] set to 1 andiocal [0] set to 1.

Cl::CommandQueue::enqueueTasketurns CL_SUCCESS if the kernel execution was successfully queued.
Otherwise, it returns one of the following errors:

1 CL_INVALID_PROGRAM_EXECUTABLE if there is no suessfully built program executable

available for device associated with temmand queue

CL_INVALID_KERNEL if kernelis not a valid kernel object.

CL_INVALID_CONTEXT if context associated with tteemmand queuandkernelare not the same

or if the contekassociated with theommand queuand events ieventsare not the same.

CL_INVALID_KERNEL_ARGS if the kernel argument values have not been specified.

CL_INVALID _WORK_GROUP_SIZE if a worlgroup size is specified f&ernelusing the

__attribute__ ((reqd_wrk_group_size(X, Y, Z))) qualifier in program source and is not (1, 1, 1).

1 CL_MISALIGNED_SUB_BUFFER_OFFSET if a sthuffer object is specified as the value for an
argument that is a buffer object and difsetspecified when the sdbuffer object is cread is not
aligned to CL_DEVICE_MEM_BASE_ADDR_ALIGN value for device associated witaue

1 CL_INVALID_IMAGE_SIZE if an image object is specified as an argument value and the image
dimensions (image width, height, specified or compute row and/or sli¢tg pite not supported by
device associated witllueue

1 CL_OUT_OF_RESOURCES if there is a failure to queue the execution instakemefon the
commanedqueue because of insufficient resources needed to execute the kernel.

)l
)l

= =4
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1 CL_MEM_OBJECT_ALLOCATION_FAILUREIf there is a failure to allocate memory for data store
associated with image or buffer objects specified as argumekesnel
CL_INVALID_EVENT_WAIT_LIST if event objects in events are not valid events.

CL_OUT_OF_HOST_MEMORY if there is a failure to@dhte resources required by the OpenCL
implementation on the host.

= =4

The method

cl_int cl::CommandQueue::enqueudativeKernel(
void (*user_func) (void *),
std::pair<void*, ::size_t> args,
const VECTOR_CLASSMemory> * mem_objects NULL,
const VECTOR_CLASSeonst void * * mem_locss NULL,
const VECTOR_CLASS<Event>éventss NULL,
Event *event= NULL)

engueues a command to execute a native C/C++ function not compiled using the OpenCL compiler.

A native user function can only be executed on a command qreated on a device that has
CL_EXEC_NATIVE_KERNEL capability set in CL_DEVICE_EXECUTION_CAPABILITIES as specified in
table 4.3

user_funds a pointer to a hostallable user function.

argsis tuple containing a pointer to the args list tisgr_funcshodd be called with and the is the size in bytes
of the arggumentlist thatargspoints to.

The data pointed to lgrgsfstandargssndbytes in size will be copied and a pointer to this copied region will
bepassed taiser_func The copy needs to be ddmecause the memory objects (cl_mem values)atysmay
contain need to be modified and replaced by appropriate pointers to global memory. When
cl::CommandQueue::enqueueNativeKernelreturns, the memory region pointed todrgscan be reused by
the applcation.

mem_objectss a list of validbuffer objects. The buffer object values specifiednem_objectare memory
objects €l::Memory values) returned bgl::Buffer .

mem_lods a vector of appropriate locations thagspoints to where memory objedid::Memory values) are
stored. Before thaserfunction is executed, the memory object handles are replaced by pointers to global
memory.

eventsspecifies events that need to complete before this particular command can be exeadpthidf e

NULL or of length zero, then this particular command does not wait on any event to com@esatdls not
NULL and a non zero length, the list of events pointed teusns must be valid. The events specified in
eventsact as synchronization points. The @xitassociated with eventsernentsand the command queue must
be the same.

eventreturns an event object that identifies this particular copy command and can be used to
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guery or queue a wait for this particular command to compdetntcan be NULL inwhich case it will not be
possible for the application to query the status of this command or queue a wait for this command to complet:
cl::CommandQueue::enqueueBarriercan be used instead.

Cl::CommandQueue::enqueueNativeKerneketurns CL_SUCCESS if thesar function execution instance
was successfully queued. Otherwise, it returns one of the following errors:

1 CL_INVALID_CONTEXT if context associated with trtdommand queuand events ieventsare not

the same.

CL_INVALID_VALUE if user_funds NULL.

CL_INVALID_VALUE i f args.fstis a NULL value andrgs.snd> 0, or ifargs.fstis a NULL value

and then length ahem_objects 0.

CL_INVALID_VALUE if args.fstis not NULL andargs.snds O.

CL_INVALID_VALUE if the length oimem_objects 0 andmem_locss NULL.

CL_INVALID_VALUE if length ofmem_objectss 0 andmem_locss not NULL.

CL_INVALID_OPERATION if devicecannot execute the native kernel.

CL_INVALID_MEM_OBJECT if one or more memory objects specifiedriam_objectare not valid

or are not buffer objgs.

1 CL_OUT_OF_RESOURCES if there is a failure to queue the execution instakemefon the
commanedqueue because of insufficient resources needed to execute the kernel.

1 CL_MEM_OBJECT_ALLOCATION_FAILURE if there is a failure to allocate memory foladstbre

associated with buffer objects specified as argumernksrieel

CL_INVALID_EVENT_WAIT_LIST if event objects in events are not valid events.

CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required by the OpenCL

implementation onhe host.

= =

= =4 =4 -4 A

= =

The method

cl_intcl::CommandQueue::enqueudarker (Event *event= NULL)
engueues a marker command to themmandqueueThe marker command returnsearentwhich can be used
by to queue a wait on this marker event i.e. wait for all commanelsegiubefore the marker command to

complete.

cl::CommandQueue::enqueueMarkerreturns CL_SUCCESS if the function is successfully executed.
Otherwise, it returns one of the following errors:

9 CL_INVALID VALUE if eventis a NULL value.
1 CL_OUT_OF_HOST_MEMORYf there is a failure to allocate resources required by the OpenCL
implementation on the host.

The method

cl_int cl::CommandQueue::enqueudVaitForEvents(
const VECTOR_CLASSEvent& evens)

enqueues a wait for a specific event or a list of events to etenpéfore any future commands queued in the
command queue are executed. Each evemientanust be a valid event object returned by a previous call to
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cl::CommandQueue::enqueueNDRangeKernegll::CommandQueue::enqueueTask
cl::CommandQueue::enqueueNatreKernel,
cl::CommandQueue::enqueue{Read|Write|Map}Buffer|Image}
cl::CommandQueue::enqueue{Read|Write}BufferRect
cl::CommandQueue::enqueueCopy{Buffer|Image}cl::CommandQueue::enqueueCopyBufferRect
cl::CommandQueue::enqueueCopyBufferTolmage, cl::CommadQueue:.enqueueCopylmageToBuffer
or cl::CommandQueue::enqueueMarker.

The events specified Eventsact as synchronization points. The context associated with evewsriteand
thencommand queumust be the same.

cl::CommandQueue::enqueueWaitForEverts returns CL_SUCCESS if the function was successfully
executed. Otherwise, it returns one of the following errors:

1 CL_INVALID_CONTEXT if the context associated witbmmand_queuand events irvent_listare
not the same.

f CL_INVALID_VALUE if the length o eventss 0.

1 CL_INVALID_EVENT if event objects specified iaventsare not valid events.

1 CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required by the OpenCL
implementation on the host.

The method
cl_intcl::CommandQueue::enqueudarrier (void)

enqueues a barrier operation. TheCommandQueue::enqueueBarriercommand ensures that all queued
commands irtommand_queueave finished execution before the next batch of commands can begin executior
Thecl::CommandQueue::enqueueBarriercommand is a synchronization point.

Cl::CommandQueue::enqueueBarrierreturns CL_SUCCESS if the function was executed successfully. It
returns CL_OUT_OF_ HOST_MEMORY if there is a failure to allocate resources required by the OpenCL
implementation on the Ist

The method
cl_int cl::CommandQueue:flush(void)

issues all previously queued OpenCL commands iedh@nand queut® the device.
Cl::CommandQueue::flush only guarantees that all queued command®tomand queuget issued to the
appropriate deviceThere is no guarantee that they will be complete aft&fommandQueue::flushreturns.

Cl::CommandQueue::flush returns CL_SUCCESS if the function call was executed successfully. Otherwise
it returns CL_OUT_OF_HOST_MEMORY if there is a failure to aditecresources required by the OpenCL
implementation on the host.

The method

cl_int cl::CommandQueue:finish(void)
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blocks until all previously queued OpenCL commands irctiremand queuare issued to the associated
device and have complete@l::CommandQueue::finish does not return until all queued commands in then
command queueave been processed and complet@d.:CommandQueue::finish is also a synchronization
point.

cl::CommandQueue::Finishreturns CL_SUCCESS if the function call was executed ssftds Otherwise
it returns CL_OUT_OF_HOST_MEMORY if there is a failure to allocate resources required by the OpenCL
implementation on the host.

4. Exceptions

The use of C++ exceptions can provide a structured approach to error handling for large @pphacatithe
C++ API provides the ability to use C++ exceptions to track and handle errors generated by the underlying
OpenCL C APL.

However, it is understood that the use of C++ exceptions is not universal and their use should to optional. In t
case thiaexceptions are not used the resulting application must compile and work without exception support.

By default C++ exceptions are not enabled and the OpenCL error code is returned, or set, as per the underly
C APL.

To use exceptiothe user must eXigitly define the preprocessor macro:

__CL_ENABLE_EXCEPTIONS
Once enabled an error, i.e. a value other than CL_SUCCESS, originally reported via ealagimill be
reported by throwing the exception classError. By default thanethodcl::Error ::what() will return a const
pointer to a string naming the particular C API call that reported the error, e.g. "clGetDevicelnfo

"clGetPlatformInfo"”, and so on.

It is possible to override the default behaviordbrError:: what() by defining the prepressor macro
__CL_USER_OVERRIDE_ERROR_STRINGS

and providing string comants for each of thereprocessor macrafined in Table 11.

Preprocessor macro name Default value

_ GET _DEVICE_INFO_ERR ificl Get Devicelnfo
_ GET PLATFORM_INFO _ERR Acl Get Phdobbor m

_ GET DEVICE_IDS _ERR Acl Get Devicel dso
_ GET_CONTEXT INFO_ERR Acl Get Context Il nf
__ GET_EVENT_INFO_ERR Acl Get Event |l nf oo
_ GET_EVENT_PROFILE_INFO_ERR ificl Get Event Pr of i
_ GET_MEM_OBJECT _INFO_ERR Acl Get MemObj ect |
_ GET IMAGE_INFO_ERR AcltGemagel nf 00

_ GET _SAMPLER_INFO_ERR ifcl Get Sampl el nfo
_ GET_KERNEL_INFO_ERR Aficl Get Kernel I nfo
_ GET_KERNEL WORK_GROUP_INFO_ERR Aficl Get Kernel Wor k
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_ GET_PROGRAM_INFO_ERR Aficl Get Programlnf
__ GET_PROGRAM_BUILD_INFO_ERR Afcl Get Progr amBui
_ GET_COMMAND_ QUEUE_INFO ERR Acl Get CommandQue
_ CREATE_CONTEXT_FROM_ TYPE ERR Acl CreateCont xt F
_ GET_SUPPORTED_IMAGE_FORMATS ERR Afcl Get Supportedl]I
_ CREATE BUFFER _ERR Aficl CreateBuffero
_ CREATE_SUBBUFFER _ERR Afcl CreateSubBuff
_ CREATE_GL BUFFER_ERR Aicl CreateGLBuffe
_ CREATE_IMAGE2D_ERR Aficl Createl mage2D
_ CREATE_IMAGE3D_ERR ificl Createl mage3D
_ SET_MEM_OBJECT DESTRUCTOR_CALLBACK ERR|fic| Set MemObj ect D
_ CREATE_USER_EVENT_ERR ificl CreateUser Ev
__ SET_USER_FENT_STATUS_ERR Ancl Set User Event
__SET_EVENT_CALLBACK_ERR ncl Set Event Cal |
__WAIT_FOR_EVENTS_ERR Ancl Wait For Event
__CREATE_KERNEL_ERR ncl CreateKernel
__SET_KERNEL_ARGS_ERR Aficl Set Kernel Ar g
__ CREATE_PROGRAM_WITH_SOURCE_ERR ncl CreatWweRmhdGgpua
_ CREATE_PROGRAM_WITH_BINARY_ERR ncl CreateProgr a
__BUILD_PROGRAM_ERR Acl Buil dProgr anm
__ CREATE_KERNELS_IN_PROGRAM_ERR ncl CreateKernel
_ CREATE_COMMAND_QUEUE_ERR Aficl Creat eComman
__SET_COMMAND_QUEUE_PROPERTY_ERR Ancl Set Command Qu
__ENQUEUE_READ_BUFFER_ERR Aicl EnhqueueReadB
_ ENQUEUE_READ_BUFFER_RECT_ERR Afcl EhnhqueueReadB
__ ENQUEUE_WRITE_BUFFER_ERR Ancl EnqueueWrite
_ ENQUEUE_WRITE_BUFFER_RECT_ERR Acl EnqueueWrite
__ENQEUE COPY_BUFFER_ERR Ancl EnqueueCopyB
__ENQEUE_COPY_BUFFER_RECT _ERR icl EnqueueCopyB
__ENQUEUE_READ_IMAGE_ERR ncl EnqueueRead]l
__ ENQUEUE_WRITE_IMAGE_ERR Acl EnqueueWrite
__ENQUEUE_COPY_IMAGE_ERR icl EnqueueCopyl
__ENQUEUE_COPY MAGE_TO_BUFFER_ERR Ancl EnqueueCopyl
__ENQUEUE_COPY_BUFFER_TO_IMAGE_ERR icl EnqueueCopyB
__ENQUEUE_MAP_BUFFER_ERR Ancl EnqueueMapBu
_ ENQUEUE_MAP_IMAGE_ERR Acl EnqueueMapl n
__ ENQUEUE_UNMAP_MEM_OBJECT_ERR ncl Enqueue Wn neacp
__ENQUEUE_NDRANGE_KERNEL_ERR Afcl EnqueueNDRan
__ENQUEUE_TASK_ERR Acl EnhqueueTask?o
_ ENQUEUE_NATIVE_KERNEL Aicl EnqueueNati v
_ ENQUEUE_MARKER_ERR Acl EnqueueMar ke
__ ENQUEUE_WAIT_FOR_EVENTS_ERR Acl EnqueueWai t H
_ ENQUEUE_BARRIER_ERR Acl EnqueueBarr.i
__UNLOAD_COMPILER_ERR Acl Unl oadCompi |
__FLUSH_ERR Acl Fl usho
__FINISH_ERR icl Finisho

Table 11: Preprocessor error macros and their defaults.
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5. Using the C++ APlwith Standard Template Library

While C++'s Standard Template library provides an excellent resource for quick access to many useful
algorithms and containers is often not used due tmmpatibilityissues across different toolchaarsd
operating systems, among other reasons.AQpenCLC++ API uses vectsrand stringin a number of places
and by default will usstd::vectorandstd::string, howeverthe developer haability to not include these.

The C++ API provides replacements for bstli::vector(cl::vector) andstd::string (cl:: string) or the
developer has the option to use their own implementations.

By default, to avoid issues with backward compatibility, both std::vectosthdtringare used. Either can be
over ridden. For vectoralternative version can be selecteddefining the preprocessor macro

__NO_STD_VECTOR
and in this case the following vector type is defined:

templatecl::vector<typenameT,
unsigned inN=_ MAX_DEFAULT_VECTOR_SIZE>

This type shares the same interfacstdsvectorbut has ttically defined space requirements, which by
default is set to a size of 10 elements. It is possible to manually override this allocation by deéning
following preprocessor macro

__MAX_DEFAULT_VECTOR_SIZEN
whereN is the number of vector elemeartb use when allocating values of tygyevector.
By defining the preprocessor macro

__USE_DEV_VECTOR

then neithestd::vectoror cl::vector classes will be used and instead the user must provide an implementation
that matches the interface fetdt:vector and must provide the following preproses definition:

VECTOR_CLASS typeName
wheretypeNameorresponds to the users vector class
For strings, ifthe preprocessor macro:

__NO_STD_STRING

is defined, then the string typé:string is usednstead ofstd::string Unlike cl::vectorthe size of a given
string is not defined statically but allocated at creation, however, wittikstringonce created its size cannot

'* C++ does not currently support typedef templates and thus the vector type must be given

by its name only through thereprocessor macro VECTORLASS.
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change. A developer can provide a replacement implementation for stdistiiegining the preprocessor
macro

__USE_DEV_STRING

and must provide amplementatiorthat matches the interface f&id::stringand must provide a definition of
the following typedef:

typedefstringTypeSTRING_CLASS

wherestringTypemust correspahto the user provided alternative &id::string
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