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NAME
Memory Management —

Functions

cudaError_t cudaArrayGetinfo (structcudaChannelFormatDesc'desc, structudaExtent *extent,
unsigned int *flagscudaArray _t array)
Gets info about the specified cudaArray.

__cudart_builtin__cudaError_t cudaFree (void *devPtr)
Frees memory on the device.

cudaError_t cudaFreeArray (cudaArray_t array)
Frees an array on the device.

cudaError_t cudaFreeHost(void *ptr)
Frees pa@elocked memory.

cudaError_t cudaFreeMipmappedArray (cudaMipmappedArray_t mipmappedArray)
Frees a mipmapped array on the device.

cudaError_t cudaGetMipmappedArrayLe vel (cudaArray_t *levelArray,
cudaMipmappedArray_const_tmipmappedArrayunsigned int lgel)
Gets a mipmap level of a ClADvipmapped array.

cudaError_t cudaGetSymbolAddress(void **devPtr, const void *symbol)
Finds the address associated with a GAXpmbol.

cudaError_t cudaGetSymbolSize(size t *size, const void *symbol)
Finds the size of the object associated with a 8@fnbol.

cudaError_t cudaHostAlloc (void **pHost, size_t size, unsigned int flags)
Allocates pge-locked memory on the host.

cudaError_t cudaHostGetDevicePointer(void **pDevice, void *pHost, unsigned int flags)
Passes bdcdevice pointer of mapped host memory allocated by cudaHostAllcegstered by
cudaHostRegister.

cudaError_t cudaHostGetFlags(unsigned int *pFlags, void *pHost)
Passes bdcflags uised to allocate pinned host memory allocated by cudaHostAlloc.

cudaError_t cudaHostRegister(void *ptr, Sze_t size, unsigned int flags)
Registes an «isting host memory raegor use by CUDA.

cudaError_t cudaHostUnregister (void *ptr)
Unregsters a nemory rang that was egstered with cudaHostRegister.

__cudart_builtin__cudaError_t cudaMalloc (void **devPtr, size_t size)
Allocate memory on the device.

cudaError_t cudaMalloc3D (structcudaPitchedPtr*pitchedDevPtr sruct cudaExtent extent)
Allocates logical 1D, 2D, or 3D memory objects on the device.

cudaError_t cudaMalloc3DArray (cudaArray _t *array, const struccudaChannelFormatDesc
*desc, structudaExtentextent, unsigned int flags=0)
Allocate an array on the device.

cudaError_t cudaMallocArray (cudaArray_t *array, const structudaChannelFormatDescidesc,
size_t width, size_t height=0, unsigned int flags=0)
Allocate an array on the device.

cudaError_t cudaMallocHost (void **ptr, Sze _t size)
Allocates pge-locked memory on the host.

__cudart_builtin__cudaError_t cudaMallocManaged (void **devPtr, sze_t size, unsigned int flags)
Allocates memory that will be automatically mgedby the Unified Memory system.

cudaError_t cudaMallocMipmappedArray (cudaMipmappedArray_t *mipmappedArrayconst
structcudaChannelFormatDesc'desc, structudaExtentextent, unsigned int numlels,
unsigned int flags=0)
Allocate a mipmapped array on the device.

cudaError_t cudaMallocPitch (void **devPtr, Sze_t *pitch, size_t width, size_t height)
Allocates pitched memory on the device.

cudaError_t cudaMemcpy (void *dst, const void *src, size_t count, enaadaMemcpyKind kind)
Copies data between host and device.

cudaError_t cudaMemcpy2D (void *dst, size_t dpitch, const void *src, size_t spitch, size_t width,
size_t height, enuroudaMemcpyKind kind)
Copies data between host and device.

cudaError_t cudaMemcpy2DArrayToArray (cudaArray_t dst, size_t wOffsetDst, size_t
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hOffsetDst,cudaArray _const_tsrc, size_t wOffsetSrc, size t hOffsetSrc, size_t width, size t
height, enuntudaMemcpyKind kind=cudaMemcpyDeviceToDevice)
Copies data between host and device.

__cudart_builtin__cudaError_t cudaMemcpy2DAsync(void *dst, size_t dpitch, const void *src,
size_t spitch, size_t width, size_t height, ermudaMemcpyKind kind, cudaStream_t
stream=0)

Copies data between host and device.

cudaError_t cudaMemcpy2DFromArray (void *dst, size_t dpitchgudaArray_const_tsrc, size_t
wOffset, size_t hOffset, size_t width, size_t height, esudaMemcpyKind kind)
Copies data between host and device.

cudaError_t cudaMemcpy2DFromArrayAsync (void *dst, size_t dpitchgudaArray_const_tsrc,
size_t wOffset, size_t hOffset, size_t width, size_t height, esudaMemcpyKind kind,
cudaStream_tstream=0)

Copies data between host and device.

cudaError_t cudaMemcpy2DToArray (cudaArray_t dst, size_t wOffset, size_t hOffset, const void
*src, size_t spitch, size_t width, size_t height, ermuitiaMemcpyKind kind)

Copies data between host and device.

cudaError_t cudaMemcpy2DToArrayAsync (cudaArray_t dst, size_t wOffset, size_t hOffset, const
void *src, size_t spitch, size_t width, size_t height, ermusaMemcpyKind kind,
cudaStream_tstream=0)

Copies data between host and device.

cudaError_t cudaMemcpy3D (const structudaMemcpy3DParms*p)
Copies data between 3D objects.

__cudart_builtin__cudaError_t cudaMemcpy3DAsync(const struccudaMemcpy3DParms*p,
cudaStream_tstream=0)

Copies data between 3D objects.

cudaError_t cudaMemcpy3DPeer(const structudaMemcpy3DPeerParmsp)
Copies memory between devices.

cudaError_t cudaMemcpy3DPeerAsync(const structudaMemcpy3DPeerParmsp,
cudaStream_tstream=0)

Copies memory between devices asynchronously.

cudaError_t cudaMemcpyArrayToArray (cudaArray_t dst, size_t wOffsetDst, size t hOffsetDst,
cudaArray_const_tsrc, size_t wOffsetSrc, size_t hOffsetSrc, size_t count, enum
cudaMemcpyKind kind=cudaMemcpyDeviceToDevice)

Copies data between host and device.

__cudart_builtin__cudaError_t cudaMemcpyAsync (void *dst, const void *src, size_t count, enum
cudaMemcpyKind kind, cudaStream_tstream=0)
Copies data between host and device.

cudaError_t cudaMemcpyFromArray (void *dst,cudaArray_const_tsrc, size t wOffset, size_t
hOffset, size_t count, enuoudaMemcpyKind kind)
Copies data between host and device.

cudaError_t cudaMemcpyFromArrayAsync (void *dst,cudaArray_const_tsrc, size_t wOffset,
size_t hOffset, size_t count, enwmodaMemcpyKind kind, cudaStream_tstream=0)
Copies data between host and device.

cudaError_t cudaMemcpyFromSymbol (void *dst, const void *symbol, size_t count, size_t offset=0,
enumcudaMemcpyKind kind=cudaMemcpyDeviceToHost)
Copies data from the given symbol on the device.

cudaError_t cudaMemcpyFromSymbolAsync(void *dst, const void *symbol, size_t count, size_t
offset, enuntudaMemcpyKind kind, cudaStream_tstream=0)
Copies data from the given symbol on the device.

cudaError_t cudaMemcpyPeer(void *dst, int dstDevice, const void *src, int srcDevice, size_t count)
Copies memory between two devices.

cudaError_t cudaMemcpyPeerAsync(void *dst, int dstDevice, const void *src, int srcDevice, size t
count,cudaStream_tstream=0)

Copies memory between two devices asynchronously.

cudaError_t cudaMemcpyToArray (cudaArray_t dst, size_t wOffset, size_t hOffset, const void

*src, size_t count, enucudaMemcpyKind kind)
Copies data between host and device.
cudaError_t cudaMemcpyToArrayAsync (cudaArray_t dst, size_t wOffset, size t hOffset, const
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void *src, size_t count, enusudaMemcpyKind kind, cudaStream_tstream=0)
Copies data between host and device.

cudaError_t cudaMemcpyToSymbol(const void *symbol, const void *src, size_t count, size t
offset=0, enuntudaMemcpyKind kind=cudaMemcpyHostToDevice)
Copies data to the given symbol on the device.

cudaError_t cudaMemcpyToSymbolAsync(const void *symbol, const void *src, size_t count, size_t
offset, enuntudaMemcpyKind kind, cudaStream_tstream=0)
Copies data to the given symbol on the device.

cudaError_t cudaMemGetinfo (size_t *free, size_t *total)
Gets free and total device memory.

cudaError_t cudaMemset(void *devPtr int value, size_t count)
Initializes or sets device memory to a value.

cudaError_t cudaMemset2D(void *devPtr size_t pitch, int value, size_t width, size_t height)
Initializes or sets device memory to a value.

___cudart_builtin__cudaError_t cudaMemset2DAsync(void *devPtr size_t pitch, int value, size t
width, size_t heighttudaStream_tstream=0)
Initializes or sets device memory to a value.

cudaError_t cudaMemset3D(structcudaPitchedPtr pitchedDevPtrint value, structudaExtent
extent)
Initializes or sets device memory to a value.

___cudart_builtin__cudaError_t cudaMemset3DAsync(structcudaPitchedPtr pitchedDevPtrint
value, structtudaExtentextent,cudaStream_tstream=0)
Initializes or sets device memory to a value.

__cudart_builtin__cudaError_t cudaMemsetAsync(void *devPtr int value, size_t count,
cudaStream_tstream=0)
Initializes or sets device memory to a value.

structcudaExtent make_cudaExten{size_t wsze th, size_td)
Returns acudaExtentbased on input parameters.

structcudaPitchedPtr make_cudaPitchedPtrvoid *d, size_t p, size t xsz, size_t ysz)
Returns acudaPitchedPtrbased on input parameters.

structcudaPos make_cudaPoize _t x, size_t)dze t z)
Returns acudaPosbased on input parameters.

Detailed Description
\brief memory management functions of the GUidintime API (cuda_runtime_api.h)

This section describes the memory management functions of thé& @uiime application
programming interface.

Some functions he oveloaded C++ API template versions documented separately CHhe\P|
Routinesmodule.

Function Documentation
cudaError_t cudaArrayGetinf o (struct cudaChannelFormatDesc * desc, struct cudaExtent * extent,
unsigned int * flags, cudaArray _t array)
Returns it desc, *ext ent and*f | ags respectiely, the type, shape and flagsaofr ay.

Any of *desc, *ext ent and*f | ags may be specified as NULL.

Parameters:
desc- Returned array type
exent- Returned array shape. 2D arrays willaakpth of zero
flags- Returned array flags
array - The cudaArray to get info for

Returns:
cudaSuccesscudaErrorin validValue
Note:
Note that this function may also return error codes from previous, asynchronous launches.
__cudart_builtin__ cudaError_t cudaFree (void * devPtr)

Frees the memory space pointed talby Pt r , which must hee been returned by a previous call to
cudaMalloc() or cudaMallocPitch(). Otherwise, or ifcudaFregdevPt r ) has already been called
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before, an error is returned.dévPt r is 0, no operation is performecldaFree()returns
cudaErrorin validDevicePointerin case of failure.

Parameters:
devPtr- Device pointer to memory to free

Returns:
cudaSuccesscudaErrorin validDevicePointer, cudaErrorlnitializationError

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc, cudaMallocPitch, cudaMallocArray , cudaFreeArray, cudaMallocHost (C API),
cudaFreeHost cudaMalloc3D, cudaMalloc3DArray, cudaHostAlloc

cudaError_t cudaFreeArray (cudaArray _t array)

Frees the CUR array ar r ay, which must hae been * returned by a previous call to
cudaMallocArray() . If cudaFreeArray(ar r ay) has already been called before,
cudaErrorin validValue is returned. IdevPt r is 0, no operation is performed.

Parameters:
array - Pointer to array to free

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorlnitializationError

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc, cudaMallocPitch, cudaFree cudaMallocArray , cudaMallocHost (C API),
cudaFreeHost cudaHostAlloc

cudaError_t cudaFreeHost (void * ptr)

Frees the memory space pointed tchbgt Pt r, which must haee been returned by a previous call to
cudaMallocHost() or cudaHostAlloc().

Parameters:
ptr - Pointer to memory to free

Returns:
cudaSuccesscudaErrorlinitializationError

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc, cudaMallocPitch, cudaFreg cudaMallocArray , cudaFreeArray,
cudaMallocHost (C API), cudaMalloc3D, cudaMalloc3DArray, cudaHostAlloc

cudaError_t cudaFreeMipmappedArray (cudaMipmappedArray_t mipmappedArray)

Frees the CUR mipmapped arrayi pmappedAr r ay, which must haee been returned by a previous
call tocudaMallocMipmappedArray() . If cudaFreeMipmappedArray(m prmappedAr r ay) has
already been called befoi@jdaErrorin validValue is returned.

Parameters:
mipmappedArray Pointer to mipmapped array to free

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorlnitializationError

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc, cudaMallocPitch, cudaFree cudaMallocArray , cudaMallocHost (C API),
cudaFreeHost cudaHostAlloc
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cudaError_t cudaGetMipmappedArrayLe vel (cudaArray _t * levelArray,
cudaMipmappedArray_const_t mipmappedArray, unsigned int level)
Returns i | evel Array a QUDA array that represents a single mipmaglef the CUDA
mipmapped arragi prmappedAr ray.

If | evel is greater than the maximum number @&ls in this mipmapped array,
cudaErrorln validValue is returned.

Parameters:
levelArray- Returned mipmap el CUDA array
mipmappedArray CUDA mipmapped array
level- Mipmap level

Returns:
cudaSuccesscudaErrorin validValue

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc3D, cudaMalloc, cudaMallocPitch, cudaFree cudaFreeArray, cudaMallocHost
(C API), cudaFreeHost cudaHostAlloc, make cudaExtent

cudaError_t cudaGetSymbolAddress (void ** devPtt const void * symbol)
Returns it devPt r the address of symbslynbol on the devicesynbol is a variable that resides
in global or constant memory spacesy¥frbol cannot be found, or gynbol is not declared in the
global or constant memory spatelevPt r is unchanged and the er@rdaErrorin validSymbol is
returned.

Parameters:
devPtr- Return device pointer associated with symbol
symbol- Device symbol address

Returns:
cudaSuccesscudaErrorin validSymbol

Note:
Note that this function may also return error codes from previous, asynchronous launches.

Use of a string naming a variable as slygrbol parameter was deprecated in CAB.1 and
removed in CUDA 5.0.

See also:
cudaGetSymbolAddress (C++ API)cudaGetSymbolSize (C API)

cudaError_t cudaGetSymbolSize (size_t * size, const void * symbol)
Returns it si ze the size of symbdynbol . synbol is a variable that resides in global or constant
memory space. ynmbol cannot be found, or gynbol is not declared in global or constant
memory spacesi ze is unchanged and the er@rdaErrorin validSymbol is returned.

Parameters:
size- Size of object associated with symbol
symbol- Device symbol address

Returns:
cudaSuccesscudaErrorin validSymbol

Note:
Note that this function may also return error codes from previous, asynchronous launches.

Use of a string naming a variable as slygrbol parameter was deprecated in CAB.1 and
removed in CUDA 5.0.

See also:
cudaGetSymbolAddress (C APIl)cudaGetSymbolSize (C++ API)

cudaError_t cudaHostAlloc (void ** pHost, size_t size, unsigned int flags)
Allocatessi ze bytes of host memory that is page-locked and accessible to the device véhe dri
tracks the virtual memory ranges allocated with this function and automatically accelerates calls to
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functions such asudaMemcpy(). Since the memory can be accessed directly by the device, it can be
read or written with much higher bandwidth than pageable memory obtained with functions such as
malloc(). Allocating excessé anounts of pinned memory may degrade system performance, since it

reduces the amount of memomgitable to the system for paging. As a result, this function is best used
sparingly to allocate staging areas for data exchange between host and device.

Thef | ags parameter enables different options to be specified that affect the allocation, as follows.

» cudaHostAllocDefault This flags value is defined to be 0 and causadaHostAlloc()to emulate
cudaMallocHost().

» cudaHostAllocPortable The memory returned by this call will be considered as pinned memory by
all CUDA contexts, not just the one that performed the allocation.

» cudaHostAllocMapped Maps the allocation into the CWladdress space. The device pointer to
the memory may be obtained by callicydaHostGetDevicePointer()

» cudaHostAllocWriteCombined: Allocates the memory as write-combined (WC). WC memory can
be transferred across the PCI Express bus more quickly on some system configurations, but cannot
be read efficiently by most CPUs. WC memory is a good option for buffers that will be written by
the CPU and read by the device via mapped pinned memory or host->device transfers.

All of these flags are orthogonal to one anothervaldper may allocate memory that is portable,
mapped and/or write-combined with no restrictions.

cudaSetDeviceFlags(nust hae been called with theudaDeviceMapHostflag in order for the
cudaHostAllocMappedflag to hae any &ect.

ThecudaHostAllocMappedflag may be specified on Cl4lxontexts for devices that do not support
mapped pinned memaryhe failure is deferred toudaHostGetDevicePointer(because the memory
may be mapped into other Cllzontexts via theudaHostAllocPortableflag.

Memory allocated by this function must be freed witidaFreeHost()

Parameters:
pHost- Device pointer to allocated memory
size- Requested allocation size in bytes
flags- Requested properties of allocated memory

Returns:
cudaSuccesscudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaSetDeviceFlagscudaMallocHost (C API), cudaFreeHost

cudaError_t cudaHostGetDevicePointer (void ** pDevice, void * pHost, unsigned int flags)

Passes back the device pointer corresponding to the mapped, pinned host buffer allocated by
cudaHostAlloc() or registered bgudaHostRegister()

cudaHostGetDevicePointer(ill fail if the cudaDeviceMapHostflag was not specified before
deferred context creation occurred, or if called on a device that does not support mapped, pinned
memory.

f | ags provides for future releases. Fomnadt must be set to 0.

Parameters:
pDevice- Returned device pointer for mapped memory
pHost- Requested host pointer mapping
flags- Flags for extensions (must be 0 for now)

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaSetDeviceFlagscudaHostAlloc
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cudaError_t cudaHostGetFlags (unsigned int * pFlags, void * pHost)

cudaHostGetFlags()will fail if the input pointer does not reside in an address range allocated by
cudaHostAlloc().

Parameters:
pFlags- Returned flags word
pHost- Host pointer

Returns:
cudaSuccesscudaErrorin validValue

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaHostAlloc

cudaError_t cudaHostRegister (void * ptr, Size_t size, unsigned int flags)

Page-locks the memory range specifiedgty andsi ze and maps it for the device(s) as specified by

f I ags. This memory range also is added to the same tracking mechanisiedostAlloc() to

automatically accelerate calls to functions sucbuaMemcpy() Since the memory can be accessed
directly by the device, it can be read or written with much higher bandwidth than pageable memory that
has not been registered. Page-locking exeessiounts of memory may degrade system performance,
since it reduces the amount of memorsgilable to the system for paging. As a result, this function is

best used sparingly to register staging areas for data exchange between host and device.

Thef | ags parameter enables different options to be specified that affect the allocation, as follows.

» cudaHostRegisterPortable The memory returned by this call will be considered as pinned memory
by all CUDA contexts, not just the one that performed the allocation.

» cudaHostRegisterMapped Maps the allocation into the Cl4laddress space. The device pointer
to the memory may be obtained by callswglaHostGetDevicePointer() This feature is\ailable
only on GPUs with compute capability greater than or equal to 1.1.

All of these flags are orthogonal to one anothervaldper may page-lock memory that is portable or
mapped with no restrictions.

The CUDA context must hee keen created with the cudaMapHost flag in order for the
cudaHostRegisterMappediag to hae any &ect.

The cudaHostRegisterMappediag may be specified on Cl4xontexts for devices that do not
support mapped pinned memorye failure is deferred toudaHostGetDevicePointer(because the
memory may be mapped into other CAJBontexts via theudaHostRegisterPortableflag.

The memory page-locked by this function must be unregisterectudtiHostUnregister()

Parameters:
ptr - Host pointer to memory to page-lock
size- Size in bytes of the address range to page-lock in bytes
flags- Flags for allocation request

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaHostUnregister, cudaHostGetFlags cudaHostGetDevicePointer

cudaError_t cudaHostUnregister (void * ptr)

Unmaps the memory range whose base address is specified jjgnd makes it pageable again.
The base address must be the same one specifiadablostRegister()

Parameters:
ptr - Host pointer to memory to unregister

Returns:
cudaSuccesscudaErrorin validValue
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Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaHostUnregister

__cudart_builtin__ cudaError_t cudaMalloc (void ** devPtr, sze_t size)
Allocatessi ze bytes of linear memory on the device and returridiav Pt r a pointer to the
allocated memoryThe allocated memory is suitably aligned foy &md of variable. The memory is
not clearedcudaMalloc() returnscudaErrorMemoryAllocation in case of failure.

Parameters:
devPtr- Pointer to allocated device memory
size- Requested allocation size in bytes

Returns:
cudaSuccesscudaErrorMemoryAllocation

See also:
cudaMallocPitch, cudaFree cudaMallocArray , cudaFreeArray, cudaMalloc3D,
cudaMalloc3DArray, cudaMallocHost (C API), cudaFreeHost cudaHostAlloc

cudaError_t cudaMalloc3D (struct cudaPitchedPtr * pitchedDevPtr, sruct cudaExtent extent)
Allocates at leasti dt h * hei ght * dept h bytes of linear memory on the device and returns a
cudaPitchedPtrin whichpt r is a pointer to the allocated memofe function may pad the
allocation to ensure hardware alignment requirements are met. The pitch returnga indhdield of
pi t chedDevPt r is the width in bytes of the allocation.

The returnedudaPitchedPtr contains additional fieldssi ze andysi ze, the logical width and
height of the allocation, which are egaléent to theni dt h andhei ght ext ent parameters
provided by the programmer during allocation.

For alocations of 2D and 3D objects, it is highly recommended that programmers perform allocations
usingcudaMalloc3D() or cudaMallocPitch(). Due to alignment restrictions in the hardware, this is
especially true if the application will be performing memory copiealving 2D or 3D objects

(whether linear memory or CUbarrays).

Parameters:
pitchedDevPtr Pointer to allocated pitched device memory
exent- Requested allocation sizei(dt h field in bytes)

Returns:
cudaSuccesscudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMallocPitch, cudaFree cudaMemcpy3D, cudaMemset30 cudaMalloc3DArray,
cudaMallocArray, cudaFreeArray, cudaMallocHost (C API), cudaFreeHost cudaHostAlloc,
make_cudaPitchedPtr make cudaExtent

cudaError_t cudaMalloc3DArray (cudaArray_t * array , const struct cudaChannelFormatDesc * desc,
struct cudaExtent extent, unsigned int flags 9)
Allocates a CUB\ array according to theudaChannelFormatDescstructuredesc and returns a
handle to the ne CUDA array in*ar r ay.

ThecudaChannelFormatDesds defined as:

struct cudaChannelFormatDesc {
intx,y,z,w
enum cudaChannelFormatKind f;

k

wherecudaChannelFormatKind is one ofcudaChannelFormatKindSigned
cudaChannelFormatKindUnsigned or cudaChannelFormatKindFloat.

cudaMalloc3DArray() can allocate the following:
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» A 1D array is allocated if the height and depth extents are both zero.
» A 2D array is allocated if only the depth extent is zero.
» A 3D array is allocated if all three extents are non-zero.

» A 1D layered CUB array is allocated if only the height extent is zero and the cudaArraylLayered
flag is set. Each layer is a 1D arr@ile number of layers is determined by the depth extent.

» A 2D layered CUDB array is allocated if all three extents are non-zero and the cudaArrayLayered
flag is set. Each layer is a 2D arr@ile number of layers is determined by the depth extent.

» A cubemap CUB array is allocated if all three extents are non-zero and the cudaArrayCubemap
flag is set. Width must be equal to height, and depth must be six. A cubemap is a special type of 2D
layered CUIRA array, where the six layers represent the six faces of a cube. The order of the six
layers in memory is the same as that listeclitaGraphicsCubeFace

» A cubemap layered CUDarray is allocated if all three extents are non-zero, and both,
cudaArrayCubemap and cudaArrayLayered flags are set. Width must be equal to height, and depth
must be a multiple of six. A cubemap layered GUddray is a special type of 2D layered CUDA
array that consists of a collection of cubemaps. The first six layers represent the first cubemap, the
next six layers form the second cubemap, and so on.

Thef | ags parameter enables different options to be specified that affect the allocation, as follows.
» cudaArrayDefault: This flags value is defined to be 0 and provides default array allocation

» cudaArrayLayered: Allocates a layered CUDarray, with the depth extent indicating the number
of layers

» cudaArrayCubemap: Allocates a cubemap ClWarray. Width must be equal to height, and depth
must be six. If the cudaArrayLayered flag is also set, depth must be a multiple of six.

» cudaArraySurfaceLoadStore Allocates a CUB array that could be read from or written to using
a wrface reference.

» cudaArrayTextureGather: This flag indicates that texture gather operations will be performed on
the CUDA array. Texture gather can only be performed on 2D GUdDrays.

The width, height and depth extents must meet certain size requirements as listed in the following table.
All values are specified in elements.

Note that 2D CUB arrays ha&e dfferent size requirements if ttieidaArrayTextureGather flag is
set. In that case, the valid range for (width, height, depth) is ((1gwax&2DGather[0]),
(1,max®exture2DGather[1]), 0).

Parameters:
array - Pointer to allocated array in device memory
desc- Requested channel format
exent- Requested allocation sizei(dt h field in elements)
flags- Flags for extensions

Returns:
cudaSuccesscudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc3D, cudaMalloc, cudaMallocPitch, cudaFree cudaFreeArray, cudaMallocHost
(C API), cudaFreeHost cudaHostAlloc, make cudaExtent

cudaError_t cudaMallocArray (cudaArray_t * array , const struct cudaChannelFormatDesc * desc,

size_t width, size_t height 9, unsigned int flags =0)
Allocates a CU\ array according to theudaChannelFormatDescstructuredesc and returns a
handle to the ne CUDA array in*ar r ay.

ThecudaChannelFormatDesds defined as:

struct cudaChannelFormatDesc {
intx,y,z, w,
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enum cudaChannelFormatKind f;

k

wherecudaChannelFormatKind is one ofcudaChannelFormatKindSigned
cudaChannelFormatKindUnsigned or cudaChannelFormatKindFloat.

Thef | ags parameter enables different options to be specified that affect the allocation, as follows.
» cudaArrayDefault: This flags value is defined to be 0 and provides default array allocation

» cudaArraySurfaceLoadStore Allocates an array that can be read from or written to using a surface
reference

» cudaArrayTextureGather: This flag indicates that texture gather operations will be performed on
the array.

wi dt h andhei ght must meet certain size requirements. GeaMalloc3DArray() for more
details.

Parameters:
array - Pointer to allocated array in device memory
desc- Requested channel format
width - Requested array allocation width
height- Requested array allocation height
flags- Requested properties of allocated array

Returns:
cudaSuccesscudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc, cudaMallocPitch, cudaFree cudaFreeArray, cudaMallocHost (C API),
cudaFreeHost cudaMalloc3D, cudaMalloc3DArray, cudaHostAlloc

cudaError_t cudaMallocHost (void ** ptr , Sze_t size)
Allocatessi ze bytes of host memory that is page-locked and accessible to the device véhe dri
tracks the virtual memory ranges allocated with this function and automatically accelerates calls to
functions such asudaMemcpy*(). Since the memory can be accessed directly by the device, it can be
read or written with much higher bandwidth than pageable memory obtained with functions such as
malloc(). Allocating excesgé anounts of memory witeudaMallocHost() may degrade system
performance, since it reduces the amount of memailahle to the system for paging. As a result,
this function is best used sparingly to allocate staging areas for data exchange between host and device.

Parameters:
ptr - Pointer to allocated host memory
size- Requested allocation size in bytes

Returns:
cudaSuccesscudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc, cudaMallocPitch, cudaMallocArray , cudaMalloc3D, cudaMalloc3DArray,
cudaHostAlloc, cudaFree cudaFreeArray, cudaMallocHost (C++ API), cudaFreeHost
cudaHostAlloc

__cudart_builtin__ cudaError_t cudaMallocManaged (void ** devPtr, size_t size, unsigned int flags)
Allocatessi ze bytes of managed memory on the device and returnden Pt r a pointer to the
allocated memoryf the device doeshsupport allocating managed memory,
cudaErrorNotSupported is returned. Support for managed memory can be queried using the device
attributecudaDevAttrManagedMemory. The allocated memory is suitably aligned foy &md of
variable. The memory is not clearedsifze is 0,cudaMallocManagedreturns
cudaErrorin validValue. The pointer is valid on the CPU and on all GPUs in the system that support
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managed memoryll accesses to this pointer must gltee Unified Memory programming model.

f | ags specifies the default stream association for this allocdtiomgs must be one of
cudaMemAttachGlobal or cudaMemAttachHost If cudaMemAttachGlobal is specified, then this
memory is accessible fromyagream on apdevice. If cudaMemAttachHostis specified, then the
allocation is created with initial visibility restricted to host access only; an explicit call to
cudaStreamAttachMemAsyncwill be required to enable access on the device.

If the association is later changed vigdaStreamAttachMemAsyncto a single stream, the default
association, as specified duriogdaMallocManaged is restored when that stream is destroyed. For
__managed__ variables, the default associationveyyakcudaMemAttachGlobal. Note that

destroying a stream is an asynchronous operation, and as a result, the change to default association
won'’t happen until all work in the stream has completed.

Memory allocated witltudaMallocManagedshould be released witudaFree

On a multi-GPU system with peer-to-peer support, where multiple GPUs support managed memory,
the physical storage is created on the GPU which igeagttthe timecudaMallocManagedis called.

All other GPUs will reference the data at reduced bandwidth via peer mappéngiseoPCle bus. The
Unified Memory management system does not migrate memory between GPUs.

On a multi-GPU system where multiple GPUs support managed medwmbnot all pairs of such

GPUs hae peer-to-peer support between them, the physical storage is created in 'zero-copy’ or system
memory All GPUs will reference the data at reduced bandwigtn the PCle bus. In these
circumstances, use of the environment variable, CUDA_VISIBLE_DEVICES, is recommended to
restrict CUDA to only use those GPUs thatyeapeer-to-peer support. Alternedly, users can also set
CUDA_MANAGED_FORCE_DEVICE_ALLOC to a non-zero value to force theeditio dways use
device memory for physical storage. When this environment variable is set to a non-zero value, all
devices used in that process that support managed menveryp lee peer-to-peer compatible with

each otherThe errorcudaErrorin validDevice will be returned if a device that supports managed
memory is used and it is not peer-to-peer compatible witlotihe other managed memory
supporting devices that were previously used in that prooessif eudaDeviceResehas been called
on those devices. These environment variables are described in tepZdfdpamming guide under

the 'CUDA environment variables’ section.

Parameters:
devPtr- Pointer to allocated device memory
size- Requested allocation size in bytes
flags- Must be eithecudaMemAttachGlobal or cudaMemAttachHost

Returns:
cudaSuccesscudaErrorMemoryAllocation cudaErrorNotSupported cudaErrorin validValue

See also:
cudaMallocPitch, cudaFree cudaMallocArray , cudaFreeArray, cudaMalloc3D,
cudaMalloc3DArray, cudaMallocHost (C API), cudaFreeHost cudaHostAlloc,
cudaDeviceGetAttribute, cudaStreamAttachMemAsync

cudaError_t cudaMallocMipmappedArray (cudaMipmappedArray _t * mipmappedArray , const

struct cudaChannelFormatDesc * desc, struct cudaExtent extent, unsigned int numiss,
unsigned int flags =0)

Allocates a CUB mipmapped array according to tbedaChannelFormatDescstructuredesc and
returns a handle to thew€CUDA mipmapped array inm pmappedAr ray. nunievel s specifies
the number of mipmapVels to be allocated. This value is clamped to the range [1, 1 +
floor(log2(max(width, height, depth)))].

ThecudaChannelFormatDesds defined as:

struct cudaChannelFormatDesc {
intx,y,z, w
enum cudaChannelFormatKind f;

J§

wherecudaChannelFormatKind is one ofcudaChannelFormatKindSigned
cudaChannelFormatKindUnsigned or cudaChannelFormatKindFloat.
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cudaMallocMipmappedArray() can allocate the following:

« A 1D mipmapped array is allocated if the height and depth extents are both zero.
» A 2D mipmapped array is allocated if only the depth extent is zero.

» A 3D mipmapped array is allocated if all three extents are non-zero.

» A 1D layered CUB mipmapped array is allocated if only the height extent is zero and the
cudaArraylLayered flag is set. Each layer is a 1D mipmapped ah@yumber of layers is
determined by the depth extent.

» A 2D layered CUB mipmapped array is allocated if all three extents are non-zero and the
cudaArraylLayered flag is set. Each layer is a 2D mipmapped ah@yumber of layers is
determined by the depth extent.

» A cubemap CUB mipmapped array is allocated if all three extents are non-zero and the
cudaArrayCubemap flag is set. Width must be equal to height, and depth must be six. The order of
the six layers in memory is the same as that listeddaGraphicsCubeFace

» A cubemap layered CUdmipmapped array is allocated if all three extents are non-zero, and both,
cudaArrayCubemap and cudaArrayLayered flags are set. Width must be equal to height, and depth
must be a multiple of six. A cubemap layered GUBDipmapped array is a special type of 2D
layered CUIA mipmapped array that consists of a collection of cubemap mipmapped arrays. The
first six layers represent the first cubemap mipmapped, #neagext six layers form the second
cubemap mipmapped arrand so on.

Thef | ags parameter enables different options to be specified that affect the allocation, as follows.

» cudaArrayDefault: This flags value is defined to be 0 and provides default mipmapped array
allocation

» cudaArrayLayered: Allocates a layered CUbmipmapped arraywith the depth extent indicating
the number of layers

» cudaArrayCubemap: Allocates a cubemap CUUDmipmapped arrayVidth must be equal to
height, and depth must be six. If the cudaArrayLayered flag is also set, depth must be a multiple of
SiX.

» cudaArraySurfaceLoadStore This flag indicates that individual mipmapdis of the CUDA
mipmapped array will be read from or written to using a surface reference.

» cudaArrayTextureGather: This flag indicates that texture gather operations will be performed on
the CUDA array. Texture gather can only be performed on 2D @QUiipmapped arrays, and the
gaher operations are performed only on the most detailed mipwep le

The width, height and depth extents must meet certain size requirements as listed in the following table.
All values are specified in elements.

Parameters:
mipmappedArray Pointer to allocated mipmapped array in device memory
desc- Requested channel format
exent- Requested allocation sizei(dt h field in elements)
numLevels Number of mipmap ks to allocate
flags- Flags for extensions

Returns:
cudaSuccesscudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc3D, cudaMalloc, cudaMallocPitch, cudaFree cudaFreeArray, cudaMallocHost
(C API), cudaFreeHost cudaHostAlloc, make cudaExtent

cudaError_t cudaMallocPitch (void ** devPtr, sze t * pitch, size_t width, size_t height)
Allocates at leasti dt h (in bytes) *hei ght bytes of linear memory on the device and returns in
*devPt r a pointer to the allocated memorhe function may pad the allocation to ensure that
corresponding pointers inagiven row will continue to meet the alignment requirements for
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coalescing as the address is updated framtoaow. The pitch returned itpi t ch by
cudaMallocPitch() is the width in bytes of the allocation. The intended usage bEh is as a
separate parameter of the allocation, used to compute addresses within the . ZGBvarrdlye rav and
column of an array element of typethe address is computed as:

T* pElement = (T*)((char*)BaseAddress + ®d pitch) + Column;

For alocations of 2D arrays, it is recommended that programmers consider performing pitch
allocations usingudaMallocPitch(). Due to pitch alignment restrictions in the hardware, this is
especially true if the application will be performing 2D memory copies between different regions of
device memory (whether linear memory or CAJ&rrays).

Parameters:
devPtr- Pointer to allocated pitched device memory
pitch - Pitch for allocation
width - Requested pitched allocation width (in bytes)
height- Requested pitched allocation height

Returns:
cudaSuccesscudaErrorMemoryAllocation

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMalloc, cudaFreg cudaMallocArray , cudaFreeArray, cudaMallocHost (C API),
cudaFreeHost cudaMalloc3D, cudaMalloc3DArray, cudaHostAlloc

cudaError_t cudaMemcpy (void * dst, const void * src, size_t count, enum cudaMemcpyKind kind)
Copiescount bytes from the memory area pointed toshyc to the memory area pointed to tgt ,
whereki nd is one ofcudaMemcpyHostToHost cudaMemcpyHostToDevice
cudaMemcpyDeviceToHostor cudaMemcpyDeviceToDeviceand specifies the direction of the
copy. The memory areas may notedlap. CallingcudaMemcpy()with dst andsr ¢ pointers that do
not match the direction of the oppesults in an undefined behavior.

Parameters:
dst- Destination memory address
src- Source memory address
count- Size in bytes to copy
kind - Type of transfer

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

See also:
cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpy2DAsyng cudaMemcpyToArrayAsync,
cudaMemcpy2DToArrayAsync, cudaMemcpyFromArrayAsync,
cudaMemcpy2DFromArrayAsync, cudaMemcpyToSymbolAsyn¢
cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpy2D (void * dst, size_t dpitch, const void * src, size_t spitch, size_t width,
size_t height, enum cudaMemcpyKind kind)
Copies a matrixiei ght rows ofwi dt h bytes each) from the memory area pointed ts by to the
memory area pointed to list , whereki nd is one ofcudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand
specifies the direction of the goplpi t ch andspi t ch are the widths in memory in bytes of the 2D
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arrays pointed to bglst andsr ¢, including ay padding added to the end of eactvrdhe memory
areas may notvarlap.wi dt h must not exceed eithdpi t ch or spi t ch. Calling
cudaMemcpy2D()with dst andsr ¢ pointers that do not match the direction of theyagsults in an
undefined behaviocudaMemcpy2D()returns an error ifipi t ch or spi t ch exceeds the maximum
allowed.

Parameters:
dst- Destination memory address
dpitch- Pitch of destination memory
src- Source memory address
spitch- Pitch of source memory
width - Width of matrix transfer (columns in bytes)
height- Height of matrix transfer (rows)
kind - Type of transfer

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validPitchValue,
cudaErrorin validDevicePointer, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
cudaMemcpy, cudaMemcpyToArray, cudaMemcpy2DToArray, cudaMemcpyFromArray,,
cudaMemcpy2DFromArray, cudaMemcpyArrayToArray , cudaMemcpy2DArrayToArray ,
cudaMemcpyToSymbol] cudaMemcpyFromSymbol| cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpy2DArrayToArray (cudaArray_t dst, size t wOffsetDst, size_t hOffsetDst,

cudaArray_const_t src, size_t wOffsetSrc, size_t hOffsetSrc, size_t width, size_t height, enum
cudaMemcpyKind kind = cudaMentpyDevi ceToDevi ce)

Copies a matrixHei ght rows ofwi dt h bytes each) from the CUDarray sr cAr r ay starting at
the upper left cornemF f set Sr ¢, hOF f set Sr c) to the CUDA arraydst starting at the upper left
corner (WO f set Dst , hOf f set Dst ), whereki nd is one ofcudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand
specifies the direction of the gopvCOF f set Dst +wi dt h must not exceed the width of the CUDA
arraydst . wOf f set Sr ¢ +wi dt h must not exceed the width of the CARrray sr c.

Parameters:
dst- Destination memory address
wOffsetDst Destination starting X offset
hOffsetDst Destination starting Y offset
src- Source memory address
wOffsetSre Source starting X offset
hOffsetSre Source starting Y offset
width - Width of matrix transfer (columns in bytes)
height- Height of matrix transfer (rows)
kind - Type of transfer

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray
cudaMemcpyToSymbol] cudaMemcpyFromSymbol| cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
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cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

__cudart_builtin__ cudaError_t cudaMemcpy2DAsync (void * dst, size_t dpitch, const void * src,
size_t spitch, size_t width, size_t height, enum cudaMemcpyKind kind, cudaStream_t strean®¥
Copies a matrixiei ght rows ofwi dt h bytes each) from the memory area pointed te by to the
memory area pointed to list , whereki nd is one ofcudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand
specifies the direction of the goplpi t ch andspi t ch are the widths in memory in bytes of the 2D
arrays pointed to bglst andsr ¢, including ay padding added to the end of eactvrdhe memory
areas may notvarlap.wi dt h must not exceed eithdpi t ch or spi t ch. Calling
cudaMemcpy2DAsync()with dst andsr ¢ pointers that do not match the direction of the copy
results in an undefined behavioudaMemcpy2DAsync()returns an error iflpi t ch orspi tchis
greater than the maximum allowed.

cudaMemcpy2DAsync()is asynchronous with respect to the host, so the call may return before the
copy is complete. The copcan optionally be associated to a stream by passing a nos{zeeam
argument. Iki nd is cudaMemcpyHostToDeviceor cudaMemcpyDeviceToHostndst r eamis
non-zero, the cgpmay overlap with operations in other streams.

Parameters:
dst- Destination memory address
dpitch- Pitch of destination memory
src- Source memory address
spitch- Pitch of source memory
width - Width of matrix transfer (columns in bytes)
height- Height of matrix transfer (rows)
kind - Type of transfer
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validPitchValue,
cudaErrorin validDevicePointer, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpy2DFromArray (void * dst, size_t dpitch, cudaArray const t src, size t
wOffset, size_t hOffset, size_t width, size_t height, enum cudaMemcpyKind kind)
Copies a matrixHei ght rows ofwi dt h bytes each) from the CUDarray sr cAr r ay starting at
the upper left cornem(F f set , hOf f set ) to the memory area pointed to bgt , whereki nd is
one ofcudaMemcpyHostToHost cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor
cudaMemcpyDeviceToDevicgand specifies the direction of the gofpi t ch is the width in
memory in bytes of the 2D array pointed todst , including ay padding added to the end of each
row. wf f set +wi dt h must not exceed the width of the CARrraysr c. wi dt h must not exceed
dpi t ch. cudaMemcpy2DFromArray() returns an error ifipi t ch exceeds the maximum allowed.

Parameters:
dst- Destination memory address
dpitch- Pitch of destination memory
src- Source memory address
wOffset- Source starting X offset
hOffset- Source starting Y offset
width - Width of matrix transfer (columns in bytes)
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height- Height of matrix transfer (rows)
kind - Type of transfer

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validPitchValue, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpyArrayToArray , cudaMemcpy2DArrayToArray ,
cudaMemcpyToSymbol] cudaMemcpyFromSymbol| cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpy2DFromArrayAsync (void * dst, size_t dpitch, cudaArray _const_t src,
size_t wOffset, size_t hOffset, size_t width, size_t height, enum cudaMemcpyKind kind,
cudaStream_t stream =0)
Copies a matrixHei ght rows ofwi dt h bytes each) from the CUDarray sr cAr r ay starting at
the upper left cornem(F f set , hOf f set ) to the memory area pointed to bgt , whereki nd is
one ofcudaMemcpyHostToHost cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor
cudaMemcpyDeviceToDevicgand specifies the direction of the gofdpi t ch is the width in
memory in bytes of the 2D array pointed todst , including ay padding added to the end of each
row. wf f set +wi dt h must not exceed the width of the CARrraysr c. wi dt h must not exceed
dpi t ch. cudaMemcpy2DFromArrayAsync() returns an error iflpi t ch exceeds the maximum
allowed.

cudaMemcpy2DFromArrayAsync() is asynchronous with respect to the host, so the call may return
before the copis complete. The copcan optionally be associated to a stream by passing a non-zero
st r eamargument. Iki nd is cudaMemcpyHostToDeviceor cudaMemcpyDeviceToHostnd

st r eamis non-zero, the cgpmay overlap with operations in other streams.

Parameters:
dst- Destination memory address
dpitch- Pitch of destination memory
src- Source memory address
wOffset- Source starting X offset
hOffset- Source starting Y offset
width - Width of matrix transfer (columns in bytes)
height- Height of matrix transfer (rows)
kind - Type of transfer
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validPitchValue, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpy2DAsyng cudaMemcpyToArrayAsync,
cudaMemcpy2DToArrayAsync, cudaMemcpyFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync
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cudaError_t cudaMemcpy2DToArray (cudaArray_t dst, size_t wOffset, size_t hOffset, const void *

src, size_t spitch, size_t width, size_t height, enum cudaMemcpyKind kind)

Copies a matrixiei ght rows ofwi dt h bytes each) from the memory area pointed ts by to the
CUDA arraydst starting at the upper left cornend f set , hOf f set ) whereki nd is one of
cudaMemcpyHostToHost cudaMemcpyHostToDevice cudaMemcpyDeviceToHostor
cudaMemcpyDeviceToDevicgand specifies the direction of the goppi t ch is the width in
memory in bytes of the 2D array pointed todnc, including ay padding added to the end of each
row. wf f set +wi dt h must not exceed the width of the CARrraydst . wi dt h must not exceed
spi t ch. cudaMemcpy2DToArray() returns an error i§pi t ch exceeds the maximum allowed.

Parameters:
dst- Destination memory address
wOffset- Destination starting X offset
hOffset- Destination starting Y offset
src- Source memory address
spitch- Pitch of source memory
width - Width of matrix transfer (columns in bytes)
height- Height of matrix transfer (rows)
kind - Type of transfer

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validPitchValue, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

See also:
cudaMemcpy, cudaMemcpy2D cudaMemcpyToArray, cudaMemcpyFromArray,
cudaMemcpy2DFromArray, cudaMemcpyArrayToArray , cudaMemcpy2DArrayToArray ,
cudaMemcpyToSymbo] cudaMemcpyFromSymbol| cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpy2DToArrayAsync (cudaArray_t dst, size t wOffset, size_t hOffset, const

void * src, size_t spitch, size_t width, size_t height, enum cudaMemcpyKind kind, cudaStream_t
stream =0)

Copies a matrixiei ght rows ofwi dt h bytes each) from the memory area pointed ts by to the
CUDA arraydst starting at the upper left cornend f set , hOf f set ) whereki nd is one of
cudaMemcpyHostToHost cudaMemcpyHostToDevice cudaMemcpyDeviceToHostor
cudaMemcpyDeviceToDevicgand specifies the direction of the goppi t ch is the width in
memory in bytes of the 2D array pointed todnc, including ay padding added to the end of each
row. wf f set +wi dt h must not exceed the width of the CARrraydst . wi dt h must not exceed
spi t ch. cudaMemcpy2DToArrayAsync() returns an error ifpi t ch exceeds the maximum
allowed.

cudaMemcpy2DToArrayAsync() is asynchronous with respect to the host, so the call may return
before the copis complete. The copcan optionally be associated to a stream by passing a non-zero
st r eamargument. Iki nd is cudaMemcpyHostToDeviceor cudaMemcpyDeviceToHostnd

st r eamis non-zero, the cgpmay overlap with operations in other streams.

Parameters:
dst- Destination memory address
wOffset- Destination starting X offset
hOffset- Destination starting Y offset
src- Source memory address
spitch- Pitch of source memory
width - Width of matrix transfer (columns in bytes)
height- Height of matrix transfer (rows)
kind - Type of transfer
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stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validPitchValue, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpy2DAsyng cudaMemcpyToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpy3D (const struct cudaMemcpy3DParms * p)

struct cudaExtent {
size_t width;
size_t height;
size_t depth;

2

struct cudaExtent make_cudaExtent(size_dixe t h, size_t d);

struct cudaPos {
size tx;
size tvy;
size tz;

2

struct cudaPos make_cudaPos(size_t x, sizeizey t z);

struct cudaMemcpy3DParms {

cudaArray t SrcArray;

struct cudaPos srcPos;

struct cudaPitchedPtr srcPtr;

cudaArray t dstArray;

struct cudaPos dstPos;

struct cudaPitchedPtr dstPtr;

struct cudaExtent extent;

enum cudaMemggKind kind;
2
cudaMemcpy3D()copies data betwen on8D dojects. The source and destination objects may be in
either host memoryevice memoryor a GQJDA array. The source, destination, extent, and kind of
copy performed is specified by tlidaMemcpy3DParmsstruct which should be initialized to zero
before use:

cudaMemcpy3DParms myParms = {0};

The struct passed tudaMemcpy3D()must specify one afr cAr ray orsr cPtr and one of
dst Array ordst Pt r. Passing more than one non-zero source or destination will cause
cudaMemcpy3D()to return an error.

Thesr cPos anddst Pos fields are optional offsets into the source and destination objects and are
defined in units of each objegdements. The element for a host or device pointer is assumed to be
unsigned char For CUDA arrays, positions must be in the range [0, 2048) fgrdamension.

Theext ent field defines the dimensions of the transferred area in elements. If A @tHY is
participating in the cop the extent is defined in terms of that arsagements. If no CUB array is
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participating in the copthen the extents are defined in elementsnsigned chat

Theki nd field defines the direction of the goft must be one ofudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevice

If the source and destination are both arraydaMemcpy3D()will return an error if the do not have
the same element size.

The source and destination object may netlap. If overlapping source and destination objects are
specified, undefined behavior will result.

The source object must lie entirely within the region defineslrlipPos andext ent . The destination
object must lie entirely within the region defineddst Pos andext ent .

cudaMemcpy3D()returns an error if the pitch st cPt r ordst Pt r exceeds the maximum allowed.
The pitch of acudaPitchedPtrallocated withcudaMalloc3D() will always be valid.

Parameters:
p - 3D memory coy parameters

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validPitchValue, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

See also:
cudaMalloc3D, cudaMalloc3DArray, cudaMemset3D cudaMemcpy3DAsyng cudaMemcpy;,
cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpy2DAsyng cudaMemcpyToArrayAsync,
cudaMemcpy2DToArrayAsync, cudaMemcpyFromArrayAsync,
cudaMemcpy2DFromArrayAsync, cudaMemcpyToSymbolAsyn¢
cudaMemcpyFromSymbolAsyn¢ make _cudaExtent make_cudaPos

__cudart_builtin__ cudaError_t cudaMemcpy3DAsync (const struct cudaMemcpy3DParms * p,

cudaStream_t stream =0)
struct cudaExtent {
size_t width;

size_t height;

size_t depth;

2

struct cudaExtent make_cudaExtent(size_dixe t h, size t d);

struct cudaPos {
size tx;
size ty;
size tz;

2

struct cudaPos make_cudaPos(size_t x, sizeizey t z);

struct cudaMemcpy3DParms {
cudaArray t SrcArray;
struct cudaPos srcPos;
struct cudaPitchedPtr srcPtr;
cudaArray t dstArray;
struct cudaPos dstPos;
struct cudaPitchedPtr dstPtr;
struct cudaExtent extent;
enum cudaMemggKind kind;

3
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cudaMemcpy3DAsync()copies data betwen tn8D dbjects. The source and destination objects may
be in either host memarglevice memoryor a GQJDA array. The source, destination, extent, and kind
of copy performed is specified by trrmdaMemcpy3DParmsstruct which should be initialized to zero
before use:

cudaMemcpy3DParms myParms = {0};

The struct passed tndaMemcpy3DAsync()must specify one afr cArray orsr cPt r and one of
dst Array ordst Pt r. Passing more than one non-zero source or destination will cause
cudaMemcpy3DAsync(}to return an error.

Thesr cPos anddst Pos fields are optional offsets into the source and destination objects and are
defined in units of each objegdements. The element for a host or device pointer is assumed to be
unsigned char For CUDA arrays, positions must be in the range [0, 2048) fgrdamension.

Theext ent field defines the dimensions of the transferred area in elements. If A @Y is
participating in the cop the extent is defined in terms of that arsagements. If no CUB array is
participating in the copthen the extents are defined in elementsnsigned char

Theki nd field defines the direction of the goft must be one ofudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevice

If the source and destination are both arraydaMemcpy3DAsync()will return an error if the do
not hare the same element size.

The source and destination object may netlap. If overlapping source and destination objects are
specified, undefined behavior will result.

The source object must lie entirely within the region defineslrlipPos andext ent . The destination
object must lie entirely within the region defineddst Pos andext ent .

cudaMemcpy3DAsync()returns an error if the pitch ef cPt r ordst Pt r exceeds the maximum
allowed. The pitch of audaPitchedPtrallocated withcudaMalloc3D() will always be valid.

cudaMemcpy3DAsync()is asynchronous with respect to the host, so the call may return before the
copy is complete. The copcan optionally be associated to a stream by passing a nos{zeeam
argument. Iki nd is cudaMemcpyHostToDeviceor cudaMemcpyDeviceToHostndst r eamis
non-zero, the cgpmay overlap with operations in other streams.

Parameters:
p - 3D memory coy parameters
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validPitchValue, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMalloc3D, cudaMalloc3DArray, cudaMemset3D cudaMemcpy3D cudaMemcpy,
cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpy2DAsyng cudaMemcpyToArrayAsync,
cudaMemcpy2DToArrayAsync, cudaMemcpyFromArrayAsync,
cudaMemcpy2DFromArrayAsync, cudaMemcpyToSymbolAsyn¢
cudaMemcpyFromSymbolAsyn¢ make _cudaExtent make_cudaPos

cudaError_t cudaMemcpy3DPeer (const struct cudaMemcpy3DPeerParms * p)
Perform a 3D memory cggaccording to the parameters specifiegirbee the definition of the
cudaMemcpy3DPeerParmsstructure for documentation of its parameters.
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Note that this function is synchronous with respect to the host only if the source or destination of the
transfer is host memariote also that this cgps serialized with respect to all pending and future
asynchronous work in to the current device, the cogyirce device, and the copydestination device
(usecudaMemcpy3DPeerAsyndo avoid this synchronization).

Parameters:
p - Parameters for the memory copy

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevice

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

See also:
cudaMemcpy, cudaMemcpyPeer cudaMemcpyAsyng cudaMemcpyPeerAsyng
cudaMemcpy3DPeerAsync

cudaError_t cudaMemcpy3DPeerAsync (const struct cudaMemcpy3DPeerParms * p, cudaStream_t
stream =0)
Perform a 3D memory cggaccording to the parameters specifieg irbee the definition of the
cudaMemcpy3DPeerParmsstructure for documentation of its parameters.

Parameters:
p - Parameters for the memory copy
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevice

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMemcpy, cudaMemcpyPeer cudaMemcpyAsyng cudaMemcpyPeerAsyng
cudaMemcpy3DPeerAsync

cudaError_t cudaMemcpyArrayToArray (cudaArray_t dst, size t wOffsetDst, size_t hOffsetDst,

cudaArray_const_t src, size_t wOffsetSrc, size t hOffsetSrc, size_t count, enum
cudaMemcpyKind kind = cudaMentpyDevi ceToDevi ce)
Copiescount bytes from the CUB array sr ¢ starting at the upper left cornevd f set Sr c,
hOf f set Src) to the CUDA array dst starting at the upper left cornevdf f set Dst ,
hOf f set Dst ) whereki nd is one ofcudaMemcpyHostToHost cudaMemcpyHostToDevice
cudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand specifies the direction of the
copy.
Parameters:

dst- Destination memory address

wOffsetDst Destination starting X offset

hOffsetDst Destination starting Y offset

src- Source memory address

wOffsetSre Source starting X offset

hOffsetSre Source starting Y offset

count- Size in bytes to copy

kind - Type of transfer

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also:
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cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpy2DArrayToArray ,
cudaMemcpyToSymbol] cudaMemcpyFromSymbol| cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

__cudart_builtin___ cudaError_t cudaMemcpyAsync (void * dst, const void * src, size_t count, enum

cudaMemcpyKind kind, cudaStream_t stream =0)

Copiescount bytes from the memory area pointed toshyc to the memory area pointed to tgt ,
whereki nd is one ofcudaMemcpyHostToHost cudaMemcpyHostToDevice
cudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand specifies the direction of the
copy. The memory areas may notedlap. CallingcudaMemcpyAsync()with dst andsr ¢ pointers
that do not match the direction of the gaopsults in an undefined behavior.

cudaMemcpyAsync()is asynchronous with respect to the host, so the call may return before the copy
is complete. The cgpcan optionally be associated to a stream by passing a nosizeeam

argument. Iki nd is cudaMemcpyHostToDeviceor cudaMemcpyDeviceToHostand thest r eamis
non-zero, the cgpmay overlap with operations in other streams.

Parameters:
dst- Destination memory address
src- Source memory address
count- Size in bytes to copy
kind - Type of transfer
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpyFromArray (void * dst, cudaArray_const_t src, size_t wOffset, size t

hOffset, size_t count, enum cudaMemcpyKind kind)

Copiescount bytes from the CUB array sr ¢ starting at the upper left cornevd f set , hOffset)
to the memory area pointed to #gt , whereki nd is one ofcudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand
specifies the direction of the gop

Parameters:
dst- Destination memory address
src- Source memory address
wOffset- Source starting X offset
hOffset- Source starting Y offset
count- Size in bytes to copy
kind - Type of transfer

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validMemcpyDirection

Note:
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Note that this function may also return error codes from previous, asynchronous launches.
This function ehibits behaior for most use cases.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpy2DFromArray, cudaMemcpyArrayToArray , cudaMemcpy2DArrayToArray ,
cudaMemcpyToSymbol] cudaMemcpyFromSymbol| cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpyFromArrayAsync (void * dst, cudaArray_const_t src, size_t wOffset, size t

hOffset, size_t count, enum cudaMemcpyKind kind, cudaStream_t stream &)

Copiescount bytes from the CUB array sr ¢ starting at the upper left cornevd f set , hOffset)
to the memory area pointed to #gt , whereki nd is one ofcudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand
specifies the direction of the gop

cudaMemcpyFromArrayAsync() is asynchronous with respect to the host, so the call may return
before the copis complete. The copcan optionally be associated to a stream by passing a non-zero
st r eamargument. Iki nd is cudaMemcpyHostToDeviceor cudaMemcpyDeviceToHostnd

st r eamis non-zero, the cgpmay overlap with operations in other streams.

Parameters:
dst- Destination memory address
src- Source memory address
wOffset- Source starting X offset
hOffset- Source starting Y offset
count- Size in bytes to copy
kind - Type of transfer
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpy2DAsyng cudaMemcpyToArrayAsync,
cudaMemcpy2DToArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpyFromSymbol (void * dst, const void * symbol, size_t count, size_t offsetDs

enum cudaMemcpyKind kind =cudaMentpyDevi ceToHost )

Copiescount bytes from the memory area pointed todfyf set bytes from the start of symbol
synbol to the memory area pointed to gt . The memory areas may noteplap.synbol is a
variable that resides in global or constant memory spdaed can be either
cudaMemcpyDeviceToHosbr cudaMemcpyDeviceToDevice

Parameters:
dst- Destination memory address
symbol- Device symbol address
count- Size in bytes to copy
offset- Off set from start of symbol in bytes
kind - Type of transfer
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Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validSymbol,
cudaErrorin validDevicePointer, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

Use of a string naming a variable as slygrbol parameter was deprecated in CAUB.1 and
removed in CUDA 5.0.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpyFromSymbolAsync (void * dst, const void * symbol, size_t count, size t
offset, enum cudaMemcpyKind kind, cudaStream_t stream 8)
Copiescount bytes from the memory area pointed todfyf set bytes from the start of symbol
synbol to the memory area pointed to gt . The memory areas may noteplap.synbol is a
variable that resides in global or constant memory spdaed can be either
cudaMemcpyDeviceToHosbr cudaMemcpyDeviceToDevice

cudaMemcpyFromSymbolAsync()is asynchronous with respect to the host, so the call may return
before the copis complete. The copcan optionally be associated to a stream by passing a non-zero
st r eamargument. Iki nd is cudaMemcpyDeviceToHostandst r eamis non-zero, the cgpmay
overlap with operations in other streams.

Parameters:
dst- Destination memory address
symbol- Device symbol address
count- Size in bytes to copy
offset- Off set from start of symbol in bytes
kind - Type of transfer
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validSymbol,
cudaErrorin validDevicePointer, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

Use of a string naming a variable as slygrbol parameter was deprecated in CAUB.1 and
removed in CUDA 5.0.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpy2DAsyng cudaMemcpyToArrayAsync,
cudaMemcpy2DToArrayAsync, cudaMemcpyFromArrayAsync,
cudaMemcpy2DFromArrayAsync, cudaMemcpyToSymbolAsync

cudaError_t cudaMemcpyPeer (void * dst, int dstDevice, const void * src, int srcDevice, size_t count)
Copies memory from one device to memory on another delsteis the base device pointer of the
destination memory andist Devi ce is the destination devicer c is the base device pointer of the
source memory anslr cDevi ce is the source deviceount specifies the number of bytes to gop

Note that this function is asynchronous with respect to the host, but serialized with respect all pending
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and future asynchronous work in to the current degiceDevi ce, anddst Devi ce (use
cudaMemcpyPeerAsynao avoid this synchronization).

Parameters:
dst- Destination device pointer
dstDevice Destination device
src- Source device pointer
srcDevice- Source device
count- Size of memory copin bytes

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevice

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

See also:
cudaMemcpy, cudaMemcpyAsyng cudaMemcpyPeerAsyn¢cudaMemcpy3DPeerAsync

cudaError_t cudaMemcpyPeerAsync (void * dst, int dstDevice, const void * src, int srcDevice, size_t
count, cudaStream_t stream =0)
Copies memory from one device to memory on another delsdeis the base device pointer of the
destination memory amndist Devi ce is the destination devicer c is the base device pointer of the
source memory ansr cDevi ce is the source deviceount specifies the number of bytes to gop

Note that this function is asynchronous with respect to the host and all work on other devices.

Parameters:
dst- Destination device pointer
dstDevice Destination device
src- Source device pointer
srcDevice- Source device
count- Size of memory copin bytes
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevice

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMemcpy, cudaMemcpyPeer cudaMemcpyAsyng cudaMemcpy3DPeerAsync

cudaError_t cudaMemcpyToArray (cudaArray_t dst, size_t wOffset, size t hOffset, const void * src,
size_t count, enum cudaMemcpyKind kind)
Copiescount bytes from the memory area pointed toshyc to the CUDA array dst starting at the
upper left cornenff f set , hOf f set ), whereki nd is one ofcudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand
specifies the direction of the gop

Parameters:
dst- Destination memory address
wOffset- Destination starting X offset
hOffset- Destination starting Y offset
src- Source memory address
count- Size in bytes to copy
kind - Type of transfer

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validMemcpyDirection
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Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

See also:
cudaMemcpy, cudaMemcpy2D cudaMemcpy2DToArray, cudaMemcpyFromArray,
cudaMemcpy2DFromArray, cudaMemcpyArrayToArray , cudaMemcpy2DArrayToArray ,
cudaMemcpyToSymbol] cudaMemcpyFromSymbol| cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpyToArrayAsync (cudaArray_t dst, size_t wOffset, size_t hOffset, const void *

src, size_t count, enum cudaMemcpyKind kind, cudaStream_t stream @)

Copiescount bytes from the memory area pointed toshyc to the CUDA array dst starting at the
upper left cornenff f set , hOf f set ), whereki nd is one ofcudaMemcpyHostToHost
cudaMemcpyHostToDevicecudaMemcpyDeviceToHostor cudaMemcpyDeviceToDevicgand
specifies the direction of the gop

cudaMemcpyToArrayAsync() is asynchronous with respect to the host, so the call may return before
the coyy is complete. The copcan optionally be associated to a stream by passing a hos{zeeam
argument. Iki nd is cudaMemcpyHostToDeviceor cudaMemcpyDeviceToHostndst r eamis
non-zero, the cgpmay overlap with operations in other streams.

Parameters:
dst- Destination memory address
wOffset- Destination starting X offset
hOffset- Destination starting Y offset
src- Source memory address
count- Size in bytes to copy
kind - Type of transfer
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer,
cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsync cudaMemcpy2DAsyng cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpyToSymbol (const void * symbol, const void * src, size_t count, size_t offset =

0, enum cudaMemcpyKind kind = cudaMentpyHost ToDevi ce)

Copiescount bytes from the memory area pointed toshyc to the memory area pointed to by
of f set bytes from the start of symbsynbol . The memory areas may notelap.synbol is a
variable that resides in global or constant memory spdaed can be either
cudaMemcpyHostToDeviceor cudaMemcpyDeviceToDevice

Parameters:
symbol- Device symbol address
src- Source memory address
count- Size in bytes to copy
offset- Off set from start of symbol in bytes
kind - Type of transfer
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Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validSymbol,
cudaErrorin validDevicePointer, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.

Use of a string naming a variable as slygrbol parameter was deprecated in CAUB.1 and
removed in CUDA 5.0.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyFromSymbol cudaMemcpyAsyng
cudaMemcpy2DAsyn¢ cudaMemcpyToArrayAsync, cudaMemcpy2DToArrayAsync,
cudaMemcpyFromArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaMemcpyToSymbolAsyn¢ cudaMemcpyFromSymbolAsync

cudaError_t cudaMemcpyToSymbolAsync (const void * symbol, const void * src, size_t count, size t
offset, enum cudaMemcpyKind kind, cudaStream_t stream 8)
Copiescount bytes from the memory area pointed toshyc to the memory area pointed to by
of f set bytes from the start of symbsynbol . The memory areas may notelap.synbol is a
variable that resides in global or constant memory spdaed can be either
cudaMemcpyHostToDeviceor cudaMemcpyDeviceToDevice

cudaMemcpyToSymbolAsync()is asynchronous with respect to the host, so the call may return before
the coyy is complete. The copcan optionally be associated to a stream by passing a hosizeeam
argument. Iki nd is cudaMemcpyHostToDeviceandst r eamis non-zero, the cgpmay overlap

with operations in other streams.

Parameters:
symbol- Device symbol address
src- Source memory address
count- Size in bytes to copy
offset- Off set from start of symbol in bytes
kind - Type of transfer
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validSymbol,
cudaErrorin validDevicePointer, cudaErrorin validMemcpyDirection

Note:
Note that this function may also return error codes from previous, asynchronous launches.

This function &hibits behaior for most use cases.
This function uses standard semantics.

Use of a string naming a variable as slygrbol parameter was deprecated in CAUB.1 and
removed in CUDA 5.0.

See also:
cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,
cudaMemcpyFromArray, cudaMemcpy2DFromArray, cudaMemcpyArrayToArray ,
cudaMemcpy2DArrayToArray , cudaMemcpyToSymbo) cudaMemcpyFromSymbol
cudaMemcpyAsyng cudaMemcpy2DAsyng cudaMemcpyToArrayAsync,
cudaMemcpy2DToArrayAsync, cudaMemcpyFromArrayAsync,
cudaMemcpy2DFromArrayAsync, cudaMemcpyFromSymbolAsync

cudaError_t cudaMemGetinfo (size_t * free, size_t * total)
Returns i f r ee and* t ot al respectiely, the free and total amount of memorgitable for
allocation by the device in bytes.

Parameters:
free- Returned free memory in bytes

(=15, =]

m3%3%  Version 6.0 7 Aug 2014 27


https://man.m.sourcentral.org/ubuntu1510/3+cudaMemset2D

=
(=]

[=]

Ubuntu 15.10 (Wily Werewolf) man.m.sourcentral.org

Memory Management(3) Doxygen MemoryManagement(3)

total - Returned total memory in bytes

Returns:
cudaSuccesscudaErrorlnitializationError , cudaErrorin validValue,
cudaErrorLaunchFailure

Note:
Note that this function may also return error codes from previous, asynchronous launches.

cudaError_t cudaMemset (void * devPtr, int value, size t count)

Fills the firstcount bytes of the memory area pointed todew Pt r with the constant byte value
val ue.

Note that this function is asynchronous with respect to the host uldess r refers to pinned host
memory.

Parameters:
devPtr- Pointer to device memory
value- Value to set for each byte of specified memory
count- Size in bytes to set

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also .

See also:
cudaMemset2D) cudaMemset3D cudaMemsetAsyn¢ cudaMemset2DAsyn¢
cudaMemset3DAsync

cudaError_t cudaMemset2D (void * devPtr size_t pitch, int value, size_t width, size_t height)
Sets to the specified valual ue a matrix (hei ght rows ofwi dt h bytes each) pointed to by
dst Pt r.pi t ch is the width in bytes of the 2D array pointed todsyt Pt r , including ay padding
added to the end of eacharorhis function performs fastest when the pitch is one that has been passed
back bycudaMallocPitch().

Note that this function is asynchronous with respect to the host uldess r refers to pinned host
memory.

Parameters:
devPtr- Pointer to 2D device memory
pitch - Pitch in bytes of 2D device memory
value- Value to set for each byte of specified memory
width - Width of matrix set (columns in bytes)
height- Height of matrix set (rows)

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also .

See also:
cudaMemset cudaMemset3D cudaMemsetAsyn¢ cudaMemset2DAsyn¢
cudaMemset3DAsync

__cudart_builtin__ cudaError_t cudaMemset2DAsync (void * devPtrsize t pitch, int value, size_t
width, size_t height, cudaStream_t stream 9)
Sets to the specified valual ue a matrix (hei ght rows ofwi dt h bytes each) pointed to by
dst Pt r.pi t ch is the width in bytes of the 2D array pointed todsyt Pt r , including ay padding
added to the end of eachwrorhis function performs fastest when the pitch is one that has been passed
back bycudaMallocPitch().

cudaMemset2DAsync(Js asynchronous with respect to the host, so the call may return before the
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memset is complete. The operation can optionally be associated to a stream by passing a non-zero
st r eamargument. It r eamis non-zero, the operation mayedap with operations in other
streams.

Parameters:
devPtr- Pointer to 2D device memory
pitch - Pitch in bytes of 2D device memory
value- Value to set for each byte of specified memory
width - Width of matrix set (columns in bytes)
height- Height of matrix set (rows)
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also .
This function uses standard semantics.

See also:
cudaMemset cudaMemset2D cudaMemset3D cudaMemsetAsyn¢ cudaMemset3DAsync

cudaError_t cudaMemset3D (struct cudaPitchedPtr pitchedDevPtrint value, struct cudaExtent
extent)
Initializes each element of a 3D array to the specified wedli@ie. The object to initialize is defined
by pi t chedDevPt r. Thepi t ch field of pi t chedDevPt r is the width in memory in bytes of the
3D array pointed to bgi t chedDevPt r, including ay padding added to the end of eactvrdhe
xsi ze field specifies the logical width of eachwn bytes, while theysi ze field specifies the height
of each 2D slice in rows.

The extents of the initialized region are specified aisdt h in bytes, ehei ght in rows, and a
dept hin slices.

Extents withwi dt h greater than or equal to tRei ze of pi t chedDevPt r may perform
significantly faster than extents narrower thanxdtbiez e. Secondarily extents withhei ght equal to
theysi ze of pi t chedDevPt r will perform faster than when theei ght is shorter than the

ysi ze.

This function performs fastest when thiet chedDevPt r has been allocated lspdaMalloc3D().

Note that this function is asynchronous with respect to the host wileshiedDevPt r refers to
pinned host memory.

Parameters:
pitchedDeVvPtr Pointer to pitched device memory
value- Value to set for each byte of specified memory
exent- Size parameters for where to set device memairyd{ h field in bytes)

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also .

See also:
cudaMemset cudaMemset2D cudaMemsetAsyn¢ cudaMemset2DAsyn¢
cudaMemset3DAsyn¢cudaMalloc3D, make_cudaPitchedPtr make _cudaExtent

__cudart_builtin__ cudaError_t cudaMemset3DAsync (struct cudaPitchedPtr pitchedDevPtrint
value, struct cudaExtent extent, cudaStream_t stream 9)
Initializes each element of a 3D array to the specified wedli@ie. The object to initialize is defined
by pi t chedDevPt r. Thepi t ch field of pi t chedDevPt r is the width in memory in bytes of the
3D array pointed to bgi t chedDevPt r, including ay padding added to the end of eactvrdhe
xsi ze field specifies the logical width of eachwn bytes, while theysi ze field specifies the height
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of each 2D slice in rows.

The extents of the initialized region are specified aisdt h in bytes, ehei ght in rows, and a
dept hin slices.

Extents withwi dt h greater than or equal to tRei ze of pi t chedDevPt r may perform
significantly faster than extents narrower thandtbieze. Secondarily extents withhei ght equal to
theysi ze of pi t chedDevPt r will perform faster than when theei ght is shorter than the

ysi ze.

This function performs fastest when thiet chedDevPt r has been allocated lspdaMalloc3D().

cudaMemset3DAsync(Js asynchronous with respect to the host, so the call may return before the
memset is complete. The operation can optionally be associated to a stream by passing a non-zero
st r eamargument. It r eamis non-zero, the operation mayedap with operations in other

streams.

Parameters:
pitchedDevPtr Pointer to pitched device memory
value- Value to set for each byte of specified memory
exent- Size parameters for where to set device memairy{ h field in bytes)
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also .
This function uses standard semantics.

See also:
cudaMemset cudaMemset2D cudaMemset3D cudaMemsetAsyn¢ cudaMemset2DAsyn¢
cudaMalloc3D, make_cudaPitchedPtr make cudaExtent

__cudart_builtin__ cudaError_t cudaMemsetAsync (void * devPtrint value, size_t count,
cudaStream_t stream =0)
Fills the firstcount bytes of the memory area pointed todey Pt r with the constant byte value
val ue.

cudaMemsetAsync()is asynchronous with respect to the host, so the call may return before the
memset is complete. The operation can optionally be associated to a stream by passing a non-zero
st r eamargument. It r eamis non-zero, the operation mayedap with operations in other

streams.

Parameters:
devPtr- Pointer to device memory
value- Value to set for each byte of specified memory
count- Size in bytes to set
stream- Stream identifier

Returns:
cudaSuccesscudaErrorin validValue, cudaErrorin validDevicePointer

Note:
Note that this function may also return error codes from previous, asynchronous launches.

See also .
This function uses standard semantics.

See also:
cudaMemset cudaMemset2D cudaMemset3D cudaMemset2DAsyn¢cudaMemset3DAsync

struct cudaExtent make_cudaExtent (size_t wsze th, size _td)[ r ead]
Returns a&udaExtentbased on the specified input parametets, andd.

Parameters:
w - Width in bytes
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h - Height in elements
d - Depth in elements

Returns:
cudaExtent specified by, h, andd

See also:
make_cudaPitchedPtr make cudaPos

struct cudaPitchedPtr make _cudaPitchedPtr (void * d, size_t p, size_t xsz, size_t yqz) ead]
Returns a&udaPitchedPtrbased on the specified input parameters, xsz, andysz.

Parameters:
d - Pointer to allocated memory
p - Pitch of allocated memory in bytes
xsz- Logical width of allocation in elements
ysz- Logical height of allocation in elements

Returns:
cudaPitchedPtr specified byd, p, xsz, andysz

See also:
make_cudaExtent make cudaPos

struct cudaPos make_cudaPos (size_t x, size,&yge tz) [read]
Returns a&udaPosbased on the specified input paramexens, and z.

Parameters:
X - X position
y-Y position
Z- Z position
Returns:
cudaPosspecified by, y, andz

See also:
make_cudaExtent make cudaPitchedPtr
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