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Chapter 1.  Difference between the driver
and runtime APIs

The driver and runtime APIs are very similar and can for the most part be used interchangeably.
However, there are some key differences worth noting between the two.

The runtime API eases device code management by providing implicit initialization, context
management, and module management. This |leadsto simpler code, but it also lacks the level of control
that the driver APl has.

In comparison, the driver API offers more fine-grained control, especially over contexts and module
loading. Kernel launches are much more complex to implement, as the execution configuration and
kernel parameters must be specified with explicit function calls. However, unlike the runtime, where
all the kernels are automatically loaded during initialization and stay loaded for as long as the program
runs, with the driver API it is possible to only keep the modules that are currently needed loaded, or
even dynamically reload modules. The driver API is also language-independent as it only deals with
cubin objects.

Context management can be done through the driver AP, but is not exposed in the runtime API.
Instead, the runtime API decides itself which context to use for athread: if a context has been made
current to the calling thread through the driver API, the runtime will use that, but if thereis no such
context, it uses a"primary context." Primary contexts are created as needed, one per device per
process, are reference-counted, and are then destroyed when there are no more references to them.
Within one process, al users of the runtime APl will share the primary context, unless a context has
been made current to each thread. The context that the runtime uses, i.e, either the current context

or primary context, can be synchronized with cudabeviceSynchronize (), and destroyed with

cudaDeviceReset ().

Using the runtime API with primary contexts has its tradeoffs, however. It can cause trouble for users
writing plug-ins for larger software packages, for example, becauseif al plug-ins run in the same
process, they will all share a context but will likely have no way to communicate with each other. So,
if one of them calls cudabeviceReset () after finishing all its CUDA work, the other plug-ins will
fail because the context they were using was destroyed without their knowledge. To avoid thisissue,
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Difference between the driver and runtime APIs

CUDA clients can use the driver API to create and set the current context, and then use the runtime API
to work with it. However, contexts may consume significant resources, such as device memory, extra
host threads, and performance costs of context switching on the device. This runtime-driver context
sharing isimportant when using the driver API in conjunction with libraries built on the runtime API,
such ascuBLAS or cuFFT.
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Chapter 2. APl synchronization behavior

The API provides memcpy/memset functions in both synchronous and asynchronous forms, the

latter having an "Async" suffix. Thisis amisnomer as each function may exhibit synchronous or
asynchronous behavior depending on the arguments passed to the function. The synchronous forms of
these APIsissue these copies through the default stream.

Any CUDA API call may block or synchronize for various reasons such as contention for or
unavailability of internal resources. Such behavior is subject to change and undocumented behavior
should not be relied upon.

In the reference documentation, each memcpy function is categorized as synchronous or asynchronous,
corresponding to the definitions bel ow.

Synchronous

1. For transfers from pageable host memory to device memory, a stream sync is performed before the
copy isinitiated. The function will return once the pageable buffer has been copied to the staging
memory for DMA transfer to device memory, but the DMA to final destination may not have
completed.

2. For transfers from pinned host memory to device memory, the function is synchronous with respect
to the host.

3. For transfers from device to either pageable or pinned host memory, the function returns only once
the copy has completed.

4. For transfers from device memory to device memory, no host-side synchronization is performed.

5. For transfers from any host memory to any host memory, the function is fully synchronous with
respect to the host.

Asynchronous

1. For transfers between device memory and pageable host memory, the function might be
synchronous with respect to host.

2. For transfers from any host memory to any host memory, the function is fully synchronous with
respect to the host.
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API synchronization behavior

3. If pageable memory must first be staged to pinned memory, the driver may synchronize with the
stream and stage the copy into pinned memory.

4. For al other transfers, the function should be fully asynchronous.

The cudaM emset functions are asynchronous with respect to the host except when the target memory is
pinned host memory. The Async versions are always asynchronous with respect to the host.

Kernel launches are asynchronous with respect to the host. Details of concurrent kernel execution and
data transfers can be found in the CUDA Programmers Guide.
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Chapter 3.  Stream synchronization
behavior

The default stream, used when 0 ispassed asa cudaStream t or by APIsthat operate on a stream
implicitly, can be configured to have either legacy or per-thread synchronization behavior as described
below.

The behavior can be controlled per compilation unit with the --default-stream

nvce option. Alternatively, per-thread behavior can be enabled by defining the

CUDA API PER THREAD DEFAULT STREAM macro beforeincluding any CUDA headers. Either way,
thecUuDA API PER THREAD DEFAULT STREAM macro will be defined in compilation units using per-
thread synchronization behavior.

The legacy default stream is an implicit stream which synchronizes with all other streamsin the same
CUcontext except for non-blocking streams, described below. (For applications using the runtime
APIsonly, there will be one context per device.) When an action istaken in the legacy stream such asa
kernel launch or cudastreamiaitEvent (), thelegacy stream first waits on all blocking streams, the
action is queued in the legacy stream, and then all blocking streams wait on the legacy stream.

For example, the following code launches akernel k1 in stream s, then k_2 in the legacy stream, then
k_3instream s:

k 1<<<1, 1, 0, s>>>();

k 2<<<1, 1>>>();

k 3<<<1, 1, 0, s>>>();

The resulting behavior isthat k2 will block on k1 and k3 will block on k_ 2.

Non-blocking streams which do not synchronize with the legacy stream can be created using the
cudaStreamNonBlocking flag with the stream creation APIs.

The legacy default stream can be used explicitly with the CUstream (cudaStream t) handle
CU_STREAM LEGACY (cudaStreamLegacy).
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Stream synchronization behavior

The per-thread default stream is an implicit stream local to both the thread and the cucontext, and
which does not synchronize with other streams (just like explicitly created streams). The per-thread
default stream is not a non-blocking stream and will synchronize with the legacy default stream if both
are used in aprogram.

The per-thread default stream can be used explicitly with the CUstream (cudaStream t) handle
CU_STREAM PER THREAD (cudaStreamPerThread).
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Chapter 4.  Graph object thread safety

Graph objects (cudaGraph_t, CUgraph) are not internally synchronized and must not be accessed
concurrently from multiple threads. API calls accessing the same graph object must be serialized
externally.

Note that thisincludes APIs which may appear to be read-only, such as cudaGraphClone ()
(cuGraphClone ()) and cudaGraphInstantiate () (cuGraphInstantiate ()). NoAPI or pair
of APIsisguaranteed to be safeto call on the same graph object from two different threads without
serialization.
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Chapter 5. Rulesfor version mixing

1. Starting with CUDA 11.0, the ABI version for the CUDA runtime is bumped every major release.
CUDA-defined types, whether opaque handles or structures like cudaDeviceProp, have their
ABI tied to the major release of the CUDA runtime. It is unsafe to pass them from function A to
function B if those functions have been compiled with different major versions of the toolkit and
linked together into the same device executable.

2. The CUDA Driver APl has a per-function ABI denoted with a_v* extension. CUDA-defined types
(e.g structs) should not be passed across different ABI versions. For example, an application calling
cuMemcpy2D v2 (const CUDA MEMCPY2D v2 *pCopy) and using the older version of the
struct CUDA MEMCPY2D_v1 instead of CUDA MEMCPY2D v2.

3. Users should not arbitrarily mix different API versions during the lifetime of aresource. These
resources include |PC handles, memory, streams, contexts, events, etc. For example, a user
who wants to allocate CUDA memory using cuMemalloc v2 should free the memory using
cuMemFree v2 and not cuMemFree.
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Chapter 6. Modules

Hereisalist of all modules:
Device Management
Device Management [DEPRECATED]

Error Handling
Stream Management

Event Management

External Resource Interoperability

Execution Control

Execution Control [DEPRECATED]
Occupancy

Memory Management

Memory Management [DEPRECATED)]
Stream Ordered Memory Allocator
Unified Addressing

Peer Device Memory Access

OpenGL Interoperability

OpenGL Interoperability [DEPRECATED]
Direct3D 9 Interoperability

Direct3D 9 Interoperability [DEPRECATED)]
Direct3D 10 Interoperability

Direct3D 10 Interoperability [DEPRECATED]
Direct3D 11 Interoperability

Direct3D 11 Interoperability [ DEPRECATED]
VDPAU Interoperability

EGL Interoperability

Graphics Interoperability

vV vV v v vV VvV vV v vV vV vV vV v vV vV v vV vV v vV vV v VvV v Vv Y

Texture Object Management
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Modules

Surface Object Management

Version Management

Error Log Management Functions

Graph Management

Driver Entry Point Access

Library Management

C++ APl Routines

Interactions with the CUDA Driver API
Profiler Control

Data types used by CUDA Runtime

vV vV v vV v vV v v VvV

6.1. Device Management

This section describes the device management functions of the CUDA runtime application
programming interface.

__host__cudaError_t cudaChooseDevice (int *device, const
cudaDeviceProp * prop)

Select compute-device which best matches criteria.

Parameters

device
- Device with best match

prop
- Desired device properties

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Returnsin *device the device which has properties that best match *prop.

[g] Note:

> Notethat this function may also return error codes from previous, asynchronous launches.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call tries to initialize internal CUDA RT state.
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Modules

cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

. »  Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.

See also;
cudaGetDeviceCount, cudaGetDevice, cudaSetDevice, cudaGetDeviceProperties, cudal nitDevice

__host__cudaError_t

cudaDeviceF ushGPUDIrectRDMAWrites
(cudaFlushGPUDiIrectRDMAWTritesT arget target,
cudaFlushGPUDIirectRDMAWTritesScope scope)

Blocks until remote writes are visible to the specified scope.

Parameters

tar get
- Thetarget of the operation, see cudaFlushGPUDirectRDMAWritesT arget
scope
- The scope of the operation, see cudaFlushGPUDirectRDMAWritesScope

Returns
cudaSuccess, cudaErrorNotSupported,

Description

Blocks until remote writes to the target context via mappings created through GPUDirect RDMA APIs,
like nvidia p2p get pages (see https://docs.nvidia.com/cuda/gpudirect-rdma for more information), are
visible to the specified scope.

If the scope equals or lies within the scope indicated by

cudaDevAttrGPUDirectRDM A WritesOrdering, the call will be ano-op and can be safely omitted for
performance. This can be determined by comparing the numerical values between the two enums, with
smaller scopes having smaller values.

Users may query support for this API via cudaDevAttrGPUDirectRDM A FlushWritesOptions.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.
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cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

. »  Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.

See also;
cuFlushGPUDirectRDM AW rites

host device cudaError_t cudaDeviceGetAttribute
(int *value, cudaDeviceAttr attr, int device)

Returns information about the device.

Parameters

value

- Returned device attribute value
attr

- Device attribute to query
device

- Device number to query

Returns
cudaSuccess, cudaErrorlnvalidDevice, cudaErrorinvaidVaue

Description

Returnsin *value the integer value of the attribute at tr on device device.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaGetDeviceCount, cudaGetDevice, cudaSetDevice, cudaChooseDevice, cudaGetDeviceProperties,
cudalnitDevice, cuDeviceGetAttribute
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__host__cudaError_t cudaDeviceGetByPCIBusld (int
*device, const char * pciBusld)

Returns a handle to a compute device.

Parameters

device
- Returned device ordinal

pciBusld
- String in one of the following forms: [domain]:[bus]:[device].[function] [domain]:[bus]:[device]
[bus]:[device].[function] where domain, bus, device, and function areal hexadecimal
values

Returns
cudaSuccess, cudaErrorlnvalidValue, cudakrrorlnvalidDevice

Description

Returnsin *device adeviceordinal given a PCl bus D string.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaDeviceGetPClBusld, cuDeviceGetByPClBusld

host device cudaError t
cudaDeviceGetCacheConfig (cudaFuncCache
*pCacheConfig)

Returns the preferred cache configuration for the current device.

Parameters

pCacheConfig
- Returned cache configuration
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Returns
cudaSuccess

Description

On devices where the L1 cache and shared memory use the same hardware resources, this returns
through pCacheConfig the preferred cache configuration for the current device. Thisisonly a
preference. The runtime will use the requested configuration if possible, but it is free to choose a

different configuration if required to execute functions.

Thiswill return apCacheConfig of cudaFuncCachePreferNone on devices where the size of the L1
cache and shared memory are fixed.

The supported cache configurations are:

cudaFuncCachePreferNone: no preference for shared memory or L1 (default)

cudaFuncCachePreferShared: prefer larger shared memory and smaller L1 cache

cudaFuncCachePreferl 1: prefer larger L1 cache and smaller shared memory

vV v v VY

cudaFuncCachePreferEqual: prefer equal size L1 cache and shared memory

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaDeviceSetCacheConfig, cudaFuncSetCacheConfig ( C API), cudaFuncSetCacheConfig ( C++
API), cuCixGetCacheConfig

__host__cudaError_t cudaDeviceGetDefaultM emPool
(cudaMemPool t *memPool, int device)

Returns the default mempool of adevice.

Returns
cudaSuccess, cudaErrorlnvalidDevice, cudaErrorlnvalidV aue cudaErrorNotSupported
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Description

The default mempool of adevice contains device memory from that device.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreasmAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cuDeviceGetDefaultM emPool, cudaM allocAsync, cudaM emPool TrimTo, cudalVlemPool GetAttribute,
cudaDeviceSetM emPool, cudaM emPool SetAttribute, cudalM emPool SetA ccess

__host__cudaError_t
cudaDeviceGetHostAtomicCapabilities (unsigned int
*capabilities, const cudaAtomicOperation * operations,
unsigned int count, int device)

Queries details about atomic operations supported between the device and host.

Parameters
capabilities

- Returned capability details of each requested operation
operations

- Requested operations
count

- Count of requested operations and size of capabilities
device

Returns
cudaSuccess, cudaErrorlnvalidDevice, cudaErrorinvalidVaue

Description

Returnsin *capabilities the details about requested atomic *operations over thethelink
between dev and the host. The allocated size of *operations and *capabilities must be
count.
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For each cudaAtomicOperation in *operations, the corresponding result in *capabilities will
be a bitmask indicating which of cudaAtomicOperationCapability the link supports natively.

Returns cudaErrorlnvalidDevice if dev isnot valid.

Returns cudaErrorinvalidvVaueif *capabilities or *operations iSNULL, if count isO, or if
any of *operations isnotvalid.

@ Note:

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

See dlso:
cudaDeviceGetAttribute, cudaDeviceGetP2PAtomicCapabilities, cuDeviceGeHostAtomicCapabilities

host device cudaError _t cudaDeviceGetLimit
(size t *pValue, cudaLimit limit)

Return resource limits.

Parameters

pValue

- Returned size of the limit
limit

- Limit to query

Returns
cudaSuccess, cudaErrorUnsupportedLimit, cudaErrorinvalidVaue

Description
Returnsin *pvalue the current size of 1imit. The following cudal imit values are supported.

> cudaLimitStackSize isthe stack size in bytes of each GPU thread.

> cudaLimitPrintfFifoSize isthe size in bytes of the shared FIFO used by the printf() device system
call.

> cudalimitMallocHeapSize is the size in bytes of the heap used by the malloc() and free() device
system calls.

» cudaL imitDevRuntimeSyncDepth is the maximum grid depth at which athread can isssue the
device runtime call cudaDeviceSynchronize() to wait on child grid launches to complete. This
functionality is removed for devices of compute capability >= 9.0, and hence will return error
cudaErrorUnsupportedLimit on such devices.
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> cudal imitDevRuntimePendingL aunchCount is the maximum number of outstanding device
runtime launches.

> cudalimitMaxL 2FetchGranularity isthe L2 cache fetch granularity.
> cudal imitPersistingL 2CacheSize is the persisting L2 cache size in bytes.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudaDeviceSetLimit, cuCtxGetLimit

__host__cudaError_t cudaDeviceGetM emPool
(cudaMemPool t *memPool, int device)

Gets the current mempool for adevice.

Returns
cudaSuccess, cudaErrorlnvalidV alue cudaErrorNotSupported

Description

Returns the last pool provided to cudaDeviceSetMemPool for this device or the device's default
memory pool if cudaDeviceSetMemPool has never been called. By default the current mempool
is the default mempool for a device, otherwise the returned pool must have been set with
cuDeviceSetMemPool or cudaDeviceSetMemPool.

[g] Note:

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

> Notethat this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
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cuDeviceGetM emPool, cudaDeviceGetDefaul tM emPool, cudaDeviceSetM emPool

__host__cudaError_t cudaDeviceGetNvSci SyncAttributes
(void *nvSciSyncAttrList, int device, int flags)

Return NvSci Sync attributes that this device can support.

Parameters

nvSciSyncAttrList

- Return NvSci Sync attributes supported.
device

- Valid Cuda Device to get NvSciSync attributes for.
flags

- flags describing NvSci Sync usage.

Description

Returnsin nvSciSyncAttrList, the properties of NvSciSync that this CUDA device, dev can
support. Thereturned nvSciSyncAttrList can be used to create an NvSciSync that matchesthis
device's capabilities.

If NvSciSyncAttrKey_RequiredPerm fieldin nvSciSyncAttrList isaready set thisAPI will
return cudaErrorinvalidvalue.

The applications should set nvSciSyncAttrList toavalid NvSciSyncAttrList failing which this
API will return cudaErrorinvalidHandle.

The £1ags controls how applications intends to use the NvSci Sync created from the
nvSciSyncAttrList. Thevaidflagsare:

> cudaNvSciSyncAttrSignal, specifies that the applications intends to signal an NvSciSync on this
CUDA device.

> cudaNvSciSyncAttrWait, specifies that the applications intends to wait on an NvSciSync on this
CUDA device.

At least one of these flags must be set, failing which the API returns cudaErrorlnvalidValue. Both the
flags are orthogonal to one another: a devel oper may set both these flags that allows to set both wait
and signal specific attributesin the sasme nvSciSyncAttrList.

Note that this APl updatesthe input nvSciSyncAttrList with values equivalent to the following
public attribute key-values: NvSci SyncAttrKey_RequiredPermis set to

» NvSciSyncAccessPerm_SignalOnly if cudaNvSciSyncAttrSignal issetin flags.

» NvSciSyncAccessPerm_WaitOnly if cudaNvSciSyncAttrWait issetin £lags.

» NvSciSyncAccessPerm_WaitSignal if both cudaNvSci SyncAttrWait and
cudaNvSciSyncAttrSignal are setin £1ags. NvSciSyncAttrKey Primitivelnfo is set to

> NvSciSyncAttrValPrimitiveType SysmemSemaphore on any valid device.
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> NvSciSyncAttrValPrimitiveType Syncpoint if device isaTegradevice.

> NvSciSyncAttrValPrimitiveType SysmemSemaphorePayload64b if device is
GA10X+. NvSciSyncAttrKey Gpuld is set to the same UUID that is returned in
cudaDeviceProp.uuid from cudaDeviceGetPropertiesfor thisdevice.

cudaSuccess, cudaErrorDeviceUninitialized, cudaErrorlnvalidVaue, cudaErrorinvalidHandle,
cudaErrorlnvalidDevice, cudaErrorNotSupported, cudaErrorMemoryAllocation

See also:

cudal mportExternal Semaphore, cudaDestroy External Semaphore,
cudaSignal External SemaphoresAsync, cudaWaitExternal SemaphoresAsync

__host___cudaError_t
cudaDeviceGetP2PAtomicCapabilities (unsigned int
*capabilities, const cudaAtomicOperation * operations,
unsigned int count, int srcDevice, int dstDevice)

Queries details about atomic operations supported between two devices.

Parameters
capabilities

- Returned capability details of each requested operation
operations

- Requested operations
count

- Count of requested operations and size of capabilities
srcDevice

- The source device of the target link
dstDevice

- The destination device of the target link

Returns
cudaSuccess, cudaErrorlnvalidDevice, cudaErrorinvalidVaue

Description

Returnsin *capabilities the details about requested atomic *operations over the
thelink between srcDevice and dstDevice. Thealocated size of *operations and
*capabilities must be count.

For each cudaAtomicOperationin *operations, the corresponding result in *capabilities will
be a bitmask indicating which of cudaAtomicOperationCapability the link supports natively.
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Returns cudaErrorinvalidDeviceif srcDevice or dstDevice arenot valid or if they represent the
same device.

Returns cudakErrorinvalidvVaueif *capabilities or *operations iSNULL, if count isO, or if
any of *operations isnotvalid.

[g] Note:

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

See also:
cudaDeviceGetP2PAttribute, cuDeviceGetP2PAttribute, cuDeviceGetP2PAtomicCapabilities

__host__cudaError_t cudaDeviceGetP2PAttribute
(int *value, cudaDeviceP2PAttr attr, int srcDevice, int
dstDevice)

Queries attributes of the link between two devices.

Parameters

value

- Returned value of the requested attribute
attr
srcDevice

- The source device of the target link.
dstDevice

- The destination device of the target link.

Returns
cudaSuccess, cudaErrorlnvalidDevice, cudaErrorinvalidVaue

Description

Returnsin *value the value of the requested attribute at trib of the link between srcbevice and
dstDevice. The supported attributes are:

> cudaDevP2PAttrPerformanceRank: A relative value indicating the performance of the link between
two devices. Lower value means better performance (0 being the value used for most performant
link).

> cudaDevP2PAttrAccessSupported: 1 if peer accessis enabled.

> cudaDevP2PAttrNativeAtomicSupported: 1 if al native atomic operations over the link are
supported.
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» cudaDevP2PAttrCudaArrayAccessSupported: 1 if accessing CUDA arrays over thelink is
supported.

> cudaDevP2PAttrOnlyPartial NativeAtomicSupported: 1 if some CUDA-valid atomic operations
over thelink are supported. Information about specific operations can be retrieved with
cudaDeviceGetP2PAtomicCapabilities.

Returns cudaErrorinvalidDevice if srcDevice or dstDevice arenot valid or if they represent the
same device.

Returns cudaErrorinvalidValue if attrib isnot valid or if value isanull pointer.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaDeviceEnablePeerAccess, cudaDeviceDisablePeerA ccess, cudaDeviceCanA ccessPeer,
cuDeviceGetP2PA ttri bute cudaDeviceGetP2PAtomicCapabilities

host _cudaError_t cudaDeviceGetPCIBusld (char

*pciBusld, int len, int device)
Returns a PCI Bus Id string for the device.

Parameters

pciBusld
- Returned identifier string for the device in the following format [domain]:[bus]:[device].[function]
where domain, bus, device, and function are al hexadecimal values. pciBusld should be
large enough to store 13 characters including the NUL L -terminator.

len
- Maximum length of string to store in name

device
- Deviceto get identifier string for

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidDevice
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Description

Returns an ASCII string identifying the device dev in the NULL-terminated string pointed to by
pciBusId. 1en specifiesthe maximum length of the string that may be returned.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudaDeviceGetByPCIBusld, cuDeviceGetPCIBusld

__host__cudaError_t cudaDeviceGetStreamPriorityRange
(int *leastPriority, int *greatestPriority)

Returns numerical values that correspond to the least and greatest stream priorities.

Parameters

leastPriority

- Pointer to an int in which the numerical value for least stream priority is returned
greatestPriority

- Pointer to an int in which the numerical value for greatest stream priority is returned

Returns
cudaSuccess

Description

Returnsin *leastPriority and *greatestPriority the numerical valuesthat correspond

to the least and greatest stream priorities respectively. Stream priorities follow a convention where
lower numbersimply greater priorities. The range of meaningful stream prioritiesis given by
[*greatestPriority, *leastPriority]. If the user attemptsto create a stream with a priority
value that is outside the the meaningful range as specified by this API, the priority is automatically
clamped down or up to either *1eastPriority Or *greatestPriority respectively. See
cudaStreamCreateWithPriority for details on creating a priority stream. A NULL may be passed in for
*leastPriority oOr *greatestPriority if thevaueisnot desired.

CUDA Runtime API v13.0 | 22


../cuda-driver-api/cuda-driver-api/content/group__CUDA__MEM.html#group__CUDA__MEM_1g85295e7d9745ab8f0aa80dd1e172acfc

Modules

Thisfunction will return'0'in both *1eastPriority and *greatestPriority if the current
context's device does not support stream priorities (see cudaDeviceGetAttribute).

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudaStreamCreateWithPriority, cudaStreamGetPriority, cuCtxGetStreamPriorityRange

__host__cudaError_t
cudaDeviceGetTexturelDLinearMaxWidth (size t
*maxWidthl nElements, const cudaChannel FormatDesc
*fmtDesc, int device)

Returns the maximum number of elements allocatable in a 1D linear texture for a given element size.

Parameters

maxWidthlnElements

- Returns maximum number of texture elements allocatable for given fmtDesc.
fmtDesc

- Texture format description.
device

Returns
cudaSuccess, cudaErrorUnsupportedLimit, cudaErrorinvalidVaue

Description

ReturnsinmaxWidthInElements the maximum number of elements allocatablein a 1D linear
texture for given format descriptor fmtDesc.

[g] Note:

> Note that this function may also return error codes from previous, asynchronous launches.
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» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:
cuDeviceGetTexturelDLinearM axWidth

__host___cudaError t
cudaDeviceRegisterAsyncNotification (int device,
cudaA syncCallback callbackFunc, void * userData,
cudaAsyncCallbackHandle t * callback)

Registers a callback function to receive async notifications.

Parameters

device
- The device on which to register the callback
callbackFunc
- The function to register as a callback
user Data
- A generic pointer to user data. Thisis passed into the callback function.
callback
- A handle representing the registered callback instance

Returns

cudaSuccess cudaErrorNotSupported cudaErrorlnvalidDevice cudaErrorinvalidVaue
cudaErrorNotPermitted cudaErrorUnknown

Description
Registers cal1backFunc to receive async notifications.

The userData parameter is passed to the callback function at async notification time. Likewise,
callback isalso passed to the callback function to distinguish between multiple registered callbacks.

The callback function being registered should be designed to return quickly (~10ms). Any long running
tasks should be queued for execution on an application thread.

Callbacks may not call cudaDeviceRegisterAsyncNotification or
cudaDeviceUnregisterAsyncNatification. Doing so will result in cudaErrorNotPermitted. Async
notification callbacks execute in an undefined order and may be serialized.

Returnsin *callback ahandle representing the registered callback instance.
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@ Note:

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

See also;
cudaDeviceUnregisterAsyncNotification

__host___cudaError _t cudaDeviceReset (void)

Destroy all allocations and reset all state on the current device in the current process.

Returns
cudaSuccess

Description

Explicitly destroys and cleans up all resources associated with the current device in the current
process. It isthe caller's responsibility to ensure that the resources are not accessed or passed

in subsequent API calls and doing so will result in undefined behavior. These resources

include CUDA types cudaStream_t, cudaEvent_t, cudaArray_t, cudaMipmappedArray t,
cudaPitchedPtr, cudaTextureObject_t, cudaSurfaceObject_t, textureReference, surfaceReference,
cudaExternalMemory _t, cudaExternal Semaphore_t and cudaGraphicsResource t. These resources
also include memory allocations by cudaMalloc, cudaMallocHost, cudaM allocM anaged and
cudaMallocPitch. Any subsequent API call to this device will reinitialize the device.

Note that this function will reset the device immediately. It isthe caller's responsibility to ensure that
the device is not being accessed by any other host threads from the process when this function is called.

@ Note:

» cudaDeviceReset() will not destroy memory allocations by cudaMallocAsync() and
cudaM allocFromPool Async(). These memory allocations need to be destroyed explicitly.

»  If anon-primary CUcontext is current to the thread, cudaDeviceReset() will destroy only the internal
CUDA RT state for that CUcontext.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.
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cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

. > Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.

See also;

cudaDeviceSynchronize

__host__cudaError_t cudaDeviceSetCacheConfig
(cudaFuncCache cacheConfig)

Sets the preferred cache configuration for the current device.

Parameters

cacheConfig
- Requested cache configuration

Returns
cudaSuccess

Description

On devices where the L1 cache and shared memory use the same hardware resources, this sets through
cacheConfig the preferred cache configuration for the current device. Thisis only a preference. The
runtime will use the requested configuration if possible, but it is free to choose a different configuration
if required to execute the function. Any function preference set via cudaFuncSetCacheConfig (C API)
or cudaFuncSetCacheConfig ( C++ API) will be preferred over this device-wide setting. Setting the
device-wide cache configuration to cudaFuncCachePreferNone will cause subsequent kernel launches
to prefer to not change the cache configuration unless required to launch the kernel.

This setting does nothing on devices where the size of the L1 cache and shared memory are fixed.

Launching a kernel with a different preference than the most recent preference setting may insert a
device-side synchronization point.

The supported cache configurations are:

cudaFuncCachePreferNone: no preference for shared memory or L1 (default)

cudaFuncCachePreferShared: prefer larger shared memory and smaller L1 cache

cudaFuncCachePreferL 1: prefer larger L1 cache and smaller shared memory

vV v v VY

cudaFuncCachePreferEqual: prefer equal size L1 cache and shared memory

@ Note:
» Note that this function may also return error codes from previous, asynchronous launches.
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» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaDeviceGetCacheConfig, cudaFuncSetCacheConfig ( C API), cudaFuncSetCacheConfig ( C++
API), cuCtxSetCacheConfig

__host__cudaError_t cudaDeviceSetLimit (cudalimit limit,
Size t value)

Set resource limits.

Parameters
limit

- Limit to set
value

- Size of limit

Returns
cudaSuccess, cudaErrorUnsupportedLimit, cudaErrorinvalidValue, cudaErrorMemoryAllocation

Description

Setting 1imit to value isareguest by the application to update the current limit maintained by
the device. The driver is free to modify the requested value to meet h/w requirements (this could be
clamping to minimum or maximum values, rounding up to nearest element size, etc). The application
can use cudaDeviceGetLimit() to find out exactly what the limit has been set to.

Setting each cudal imit has its own specific restrictions, so each is discussed here.

> cudal imitStackSize controls the stack size in bytes of each GPU thread.

> cudaL imitPrintfFifoSize controls the size in bytes of the shared FIFO used by the printf() device
system call. Setting cudaL imitPrintfFifoSize must not be performed after launching any kernel that
uses the printf() device system call - in such case cudakErrorinvalidVaue will be returned.

» cudalimitMallocHeapSize controls the size in bytes of the heap used by the malloc() and free()
device system calls. Setting cudal imitMallocHeapSize must not be performed after launching any
kernel that uses the malloc() or free() device system calls - in such case cudaErrorinvalidVaue will
be returned.

» cudaL imitDevRuntimeSyncDepth controls the maximum nesting depth of agrid at which a
thread can safely call cudaDeviceSynchronize(). Setting this limit must be performed before any

CUDA Runtime API v13.0 | 27


../cuda-driver-api/cuda-driver-api/content/group__CUDA__CTX.html#group__CUDA__CTX_1g54699acf7e2ef27279d013ca2095f4a3

Modules

launch of akernel that uses the device runtime and calls cudaDeviceSynchronize() above the
default sync depth, two levels of grids. Callsto cudaDeviceSynchronize() will fail with error

code cudaErrorSyncDepthExceeded if the limitation is violated. This limit can be set smaller than
the default or up the maximum launch depth of 24. When setting this limit, keep in mind that
additional levels of sync depth require the runtime to reserve large amounts of device memory
which can no longer be used for user alocations. If these reservations of device memory fail,
cudaDeviceSetLimit will return cudaErrorMemoryAllocation, and the limit can be reset to alower
value. Thislimit is only applicable to devices of compute capability < 9.0. Attempting to set this
limit on devices of other compute capability will resultsin error cudaErrorUnsupportedLimit being
returned.

> cudalL imitDevRuntimePendingL aunchCount controls the maximum number of outstanding device
runtime launches that can be made from the current device. A grid is outstanding from the point of
launch up until the grid is known to have been completed. Device runtime launches which violate
this limitation fail and return cudaErrorL aunchPendingCountExceeded when cudaGetL astError()
is called after launch. If more pending launches than the default (2048 launches) are needed
for amodule using the device runtime, this limit can be increased. Keep in mind that being
able to sustain additional pending launches will require the runtime to reserve larger amounts
of device memory upfront which can no longer be used for alocations. If these reservations
fail, cudaDeviceSetLimit will return cudaErrorMemoryAllocation, and the limit can be reset
to alower value. Thislimit is only applicable to devices of compute capability 3.5 and higher.
Attempting to set thislimit on devices of compute capability less than 3.5 will result in the error
cudaErrorUnsupportedLimit being returned.

> cudalimitMaxL 2FetchGranularity controls the L2 cache fetch granularity. Vaues can range from
0B to 128B. Thisis purely a performance hint and it can be ignored or clamped depending on the
platform.

» cudaLimitPersistingL 2CacheSize controls size in bytes available for persisting L2 cache. Thisis
purely a performance hint and it can be ignored or clamped depending on the platform.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudaDeviceGetLimit, cuCtxSetL imit
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__host__cudaError_t cudaDeviceSetMemPool (int device,
cudaMemPool _t memPool)

Sets the current memory pool of adevice.

Returns
cudaSuccess, cudaErrorlnvalidVaue cudaErrorlnvalidDevice cudaErrorNotSupported

Description

The memory pool must be local to the specified device. Unless amempool is specified in the
cudaMallocAsync call, cudaMallocAsync allocates from the current mempool of the provided stream's
device. By default, a device's current memory pool isits default memory pool.

[g] Note:

Use cudaM allocFromPool Async to specify asynchronous allocations from a device different than the one
the stream runs on.

[g] Note:

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

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cuDeviceSetM emPool, cudaDeviceGetM emPool, cudaDeviceGetDefaultM emPool,
cudaM emPool Create, cudaM emPool Destroy, cudalViallocFromPool Async

host device cudaError_t cudaDeviceSynchronize
(void)

Wait for compute device to finish.

Returns
cudaSuccess

Description

Blocks until the device has completed all preceding requested tasks. cudaDeviceSynchronize() returns
an error if one of the preceding tasks has failed. If the cudaDeviceScheduleBlockingSync flag was set
for this device, the host thread will block until the device has finished its work.
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»  Use of cudaDeviceSynchronize in device code was deprecated in CUDA 11.6 and removed for
compute 90+ compilation. For compute capability < 9.0, compile-time opt-in by specifying -D
CUDA_FORCE_CDP1 IF_SUPPORTED isrequired to continue using cudaDeviceSynchronize() in

device code for now. Note that thisis different from host-side cudaDeviceSynchronize, which is still

supported.

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

> Notethat this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or

cudaErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaDeviceReset, cuCtxSynchronize

__host__cudaError_t
cudaDeviceUnregisterAsyncNotification (int device,
cudaAsyncCallbackHandle t callback)

Unregisters an async notification callback.

Parameters

device
- The device from which to remove cal 1back.
callback
- The callback instance to unregister from receiving async notifications.

Returns

cudaSuccess cudaErrorNotSupported cudaErrorlnvalidDevice cudaErrorlnvalidVaue
cudaErrorNotPermitted cudaErrorUnknown

Description

Unregisters callback so that the corresponding callback function will stop receiving async
notifications.

[g] Note:

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

CUDA Runtime API

v13.0 | 30


../cuda-driver-api/cuda-driver-api/content/group__CUDA__CTX.html#group__CUDA__CTX_1g7a54725f28d34b8c6299f0c6ca579616

Modules

See also;
cudaDeviceRegisterAsyncNotification

host device cudaError_t cudaGetDevice (int
*device)

Returns which deviceis currently being used.

Parameters

device
- Returns the device on which the active host thread executes the device code.

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorDeviceUnavailable,

Description

Returnsin *device the current device for the calling host thread.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreasmAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaGetDeviceCount, cudaSetDevice, cudaGetDeviceProperties, cudaChooseDevice, cuCtxGetCurrent

host device cudaError_t cudaGetDeviceCount (int
*count)

Returns the number of compute-capable devices.

Parameters

count
- Returns the number of devices with compute capability greater or equal to 2.0

Returns
cudaSuccess
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Description

Returnsin *count the number of deviceswith compute capability greater or equal to 2.0 that are
available for execution.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaGetDevice, cudaSetDevice, cudaGetDeviceProperties, cudaChooseDevice, cudalnitDevice,
cuDeviceGetCount

__host__cudaError_t cudaGetDeviceFlags (unsigned int
*flags)

Getsthe flags for the current device.

Parameters

flags
- Pointer to store the device flags

Returns
cudaSuccess, cudaErrorlnvalidDevice

Description

Returnsin £1ags theflags for the current device. If thereis a current device for the calling thread, the
flags for the device are returned. If there is no current device, the flags for the first device are returned,
which may be the default flags. Compare to the behavior of cudaSetDeviceFlags.

Typically, the flags returned should match the behavior that will be seen if the calling thread uses a
device after this call, without any change to the flags or current device inbetween by this or another
thread. Note that if the deviceis not initialized, it is possible for another thread to change the flags
for the current device beforeit isinitialized. Additionally, when using exclusive mode, if this thread
has not requested a specific device, it may use a device other than the first device, contrary to the
assumption made by this function.
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If a context has been created viathe driver APl and is current to the calling thread, the flags for that
context are always returned.

Flags returned by this function may specifically include cudaDeviceM apHost even though it is not
accepted by cudaSetDeviceFlags because it isimplicit in runtime API flags. The reason for thisis that
the current context may have been created via the driver API in which case the flag is not implicit and
may be unset.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaGetDevice, cudaGetDeviceProperties, cudaSetDevice, cudaSetDeviceFlags, cudal nitDevice,
cuCtxGetFlags, cuDevicePrimaryCtxGetState

__host__cudaError_t cudaGetDeviceProperties
(cudaDeviceProp * prop, int device)

Returns information about the compute-device.

Parameters

prop

- Properties for the specified device
device

- Device number to get properties for

Returns
cudaSuccess, cudaErrorinvalidDevice

Description

Returnsin *prop the properties of device dev.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
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» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaGetDeviceCount, cudaGetDevice, cudaSetDevice, cudaChooseDevice, cudaDeviceGetAttribute,
cudal nitDevice, cuDeviceGetAttribute, cuDeviceGetName

__host__cudaError_t cudalnitDevice (int device, unsigned
Int deviceFlags, unsigned int flags)

Initialize device to be used for GPU executions.

Parameters

device

- Device on which the runtime will initialize itself.
deviceFlags

- Parameters for device operation.
flags

- Flags for controlling the device initialization.

Returns
cudaSuccess, cudaErrorlnvalidDevice,

Description

This function will initialize the CUDA Runtime structures and primary context on device when
called, but the context will not be made current to device.

When cudalnitDeviceFlagsAreValid isset in £1ags, deviceFlags are applied to the requested device.
The values of deviceFlags match those of the flags parametersin cudaSetDeviceFlags. The effect may
be verified by cudaGetDeviceFlags.

This function will return an error if the device isin cudaComputeM odeExclusiveProcess and is
occupied by another process or if the device isin cudaComputeM odeProhibited.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.
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cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

. > Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.

See also;

cudaGetDeviceCount, cudaGetDevice, cudaGetDeviceProperties, cudaChooseDevice, cudaSetDevice
cuCtxSetCurrent

__host__cudaError_t cudalpcCloseMemHandle (void
*devPtr)

Attempts to close memory mapped with cudal pcOpenMemHandle.

Parameters

devPtr
- Device pointer returned by cudal pcOpenMemHandle

Returns
cudaSuccess, cudaErrorM apBufferObjectFailed, cudaErrorNotSupported, cudaErrorlnvaidVaue

Description

Decrements the reference count of the memory returnd by cudal pcOpenMemHandle by 1. When
the reference count reaches 0, this APl unmaps the memory. The original allocation in the exporting
process as well asimported mappingsin other processes will be unaffected.

Any resources used to enable peer access will be freed if thisisthe last mapping using them.

IPC functionality is restricted to devices with support for unified addressing on Linux and Windows
operating systems. |PC functionality on Windows is supported for compatibility purposes but not
recommended as it comes with performance cost. Users can test their device for |PC functionality by
calling cudaDeviceGetAttribute with cudaDevAttrl pcEventSupport

@ Note:

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:

cudaM alloc, cudaFree, cudal pcGetEventHandl e, cudal pcOpenEventHandle, cudal pcGetM emHandle,
cudal pcOpenM emHandle, cul pcCloseM emHandle
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__host__cudaError_t cudalpcGetEventHandle
(cudalpcEventHandle t *handle, cudaEvent_t event)

Gets an interprocess handle for a previously allocated event.

Parameters

handle

- Pointer to a user allocated cudal pcEventHandle in which to return the opague event handle
event

- Event alocated with cudaEventI nterprocess and cudaEventDisableTiming flags.

Returns

cudaSuccess, cudaErrorlnvalidResourceHandl e, cudaErrorM emoryAllocation,
cudaErrorM apBufferObjectFailed, cudaErrorNotSupported, cudaErrorinvalidVaue

Description

Takes asinput a previously alocated event. This event must have been created with the

cudaEventl nterprocess and cudaEventDisableTiming flags set. This opaque handle may be copied into
other processes and opened with cudal pcOpenEventHandle to allow efficient hardware synchronization
between GPU work in different processes.

After the event has been been opened in the importing process, cudaEventRecord,
cudaEventSynchronize, cudaStreamWaitEvent and cudaEventQuery may be used in either
process. Performing operations on the imported event after the exported event has been freed with
cudaEventDestroy will result in undefined behavior.

IPC functionality is restricted to devices with support for unified addressing on Linux and Windows
operating systems. |PC functionality on Windows is supported for compatibility purposes but not
recommended as it comes with performance cost. Users can test their device for |PC functionality by
calling cudaDeviceGetAttribute with cudaDevAttrl pcEventSupport

@ Note:
» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaEventCreate, cudaEventDestroy, cudaEventSynchronize, cudaEventQuery,
cudaStreamWaitEvent, cudal pcOpenEventHandle, cudal pcGetM emHandle, cudal pcOpenM emHandle,
cudal pcCloseM emHandl e, cul pcGetEventHandle
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__host__cudaError_t cudal pcGetMemHandle
(cudalpcMemHandle t *handle, void * devPtr)

Gets an interprocess memory handle for an existing device memory allocation.

Parameters

handle

- Pointer to user allocated cudalpcMemHandle to return the handle in.
devPtr

- Base pointer to previously allocated device memory

Returns

cudaSuccess, cudaErrorM emoryAllocation, cudaErrorM apBufferObjectFailed,
cudaErrorNotSupported, cudaErrorinvalidVaue

Description

Takes apointer to the base of an existing device memory allocation created with cudaMalloc and
exportsit for usein another process. Thisis alightweight operation and may be called multiple times
on an allocation without adverse effects.

If aregion of memory is freed with cudaFree and a subsequent call to cudaMalloc returns memory with
the same device address, cudal pcGetM emHandle will return a unique handle for the new memory.

IPC functionality is restricted to devices with support for unified addressing on Linux and Windows
operating systems. |PC functionality on Windows is supported for compatibility purposes but not
recommended as it comes with performance cost. Users can test their device for I1PC functionality by
calling cudaDeviceGetAttribute with cudaDevAttrlpcEventSupport

@ Note:
» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaMalloc, cudaFree, cudal pcGetEventHandl e, cudal pcOpenEventHandle, cudal pcOpenMemHandl e,
cudal pcCloseM emHandl e, cul pcGetMemHandle
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__host__cudaError_t cudal pcOpenEventHandle
(cudaEvent_t *event, cudal pcEventHandle t handle)

Opens an interprocess event handle for use in the current process.

Parameters

event

- Returns the imported event
handle

- Interprocess handle to open

Returns

cudaSuccess, cudaErrorM apBufferObjectFailed, cudaErrorNotSupported, cudaErrorlnvalidValue,
cudaErrorDeviceUninitialized

Description

Opens an interprocess event handle exported from another process with cudal pcGetEventHandle.
Thisfunction returns a cudaEvent_t that behaves like alocally created event with the
cudaEventDisableTiming flag specified. This event must be freed with cudaEventDestroy.

Performing operations on the imported event after the exported event has been freed with
cudaEventDestroy will result in undefined behavior.

IPC functionality is restricted to devices with support for unified addressing on Linux and Windows
operating systems. |PC functionality on Windows is supported for compatibility purposes but not
recommended as it comes with performance cost. Users can test their device for I1PC functionality by
calling cudaDeviceGetAttribute with cudaDevAttrlpcEventSupport

@ Note:
» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaEventCreate, cudaEventDestroy, cudaEventSynchronize, cudaEventQuery,
cudaStreamWaitEvent, cudal pcGetEventHandl e, cudal pcGetMemHandle, cudal pcOpenMemHandle,
cudal pcCloseM emHandl e, cul pcOpenEventHandle
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__host__cudaError_t cudal pcOpenMemHandle (void
**devPtr, cudalpcMemHandle t handle, unsigned int flags)

Opens an interprocess memory handle exported from another process and returns a device pointer
usable in the local process.

Parameters

devPtr
- Returned device pointer
handle
- cudalpcMemHandle to open
flags
- Flags for this operation. Must be specified as cudal pcM emL azy Enabl ePeerAccess

Returns

cudaSuccess, cudaErrorM apBufferObjectFailed, cudaErrorlnvalidResourceHandl e,
cudaErrorDeviceUninitialized, cudaErrorTooM anyPeers, cudaErrorNotSupported,
cudaErrorinvalidValue

Description

Maps memory exported from another process with cudal pcGetM emHandle into the current device
address space. For contexts on different devices cudal pcOpenM emHandle can attempt to enable

peer access between the devices asif the user called cudaDeviceEnablePeerAccess. This behavior is
controlled by the cudal pcM emL azyEnabl ePeerA ccess flag. cudaDeviceCanA ccessPeer can determine
if amapping is possible.

cudal pcOpenMemHandle can open handles to devices that may not be visible in the process calling the
API.

Contexts that may open cudal pcMemHandles are restricted in the following way. cudalpcMemHandles
from each device in a given process may only be opened by one context per device per other process.

If the memory handle has aready been opened by the current context, the reference count on the handle
isincremented by 1 and the existing device pointer is returned.

Memory returned from cudal pcOpenM emHandle must be freed with cudal pcCloseMemHandle.

Calling cudaFree on an exported memory region before calling cudal pcCloseMemHandle in the
importing context will result in undefined behavior.

IPC functionality isrestricted to devices with support for unified addressing on Linux and Windows
operating systems. |PC functionality on Windows is supported for compatibility purposes but not
recommended as it comes with performance cost. Users can test their device for IPC functionality by
calling cudaDeviceGetAttribute with cudaDevAttrl pcEventSupport
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@ Note:
» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» No guarantees are made about the address returned in *devPtr. In particular, multiple processes
may not receive the same address for the sasme handle.

See dlso:

cudaMalloc, cudaFree, cudal pcGetEventHandl e, cudal pcOpenEventHandl e, cudal pcGetM emHandl e,
cudal pcCloseM emHandl e, cudaDeviceEnabl ePeerA ccess, cudaDeviceCanA ccessPeer,
culpcOpenMemHandle

__host__cudaError_t cudaSetDevice (int device)
Set device to be used for GPU executions.

Parameters

device
- Device on which the active host thread should execute the device code.

Returns
cudaSuccess, cudaErrorlnvalidDevice, cudaErrorDeviceUnavailable,

Description

Sets device asthe current device for the calling host thread. Valid deviceid'sare 0 to
(cudaGetDeviceCount() - 1).

Any device memory subsequently allocated from this host thread using cudaMalloc(),
cudaMallocPitch() or cudaMallocArray() will be physically resident on device. Any host memory
allocated from this host thread using cudaM allocHost() or cudaHostAlloc() or cudaHostRegister() will
have its lifetime associated with device. Any streams or events created from this host thread will be
associated with device. Any kernels launched from this host thread using the <<<>>> operator or
cudal aunchKernel() will be executed on device.

This cal may be made from any host thread, to any device, and at any time. This function will do

no synchronization with the previous or new device, and should only take significant time when it
initializes the runtime's context state. This call will bind the primary context of the specified device to
the calling thread and all the subsequent memory allocations, stream and event creations, and kernel
launches will be associated with the primary context. This function will also immediately initialize the
runtime state on the primary context, and the context will be current on device immediately. This
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function will return an error if the device isin cudaComputeM odeExclusiveProcess and is occupied by
another process or if the device isin cudaComputeM odeProhibited.

It isnot required to call cudal nitDevice before using this function.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:

cudaGetDeviceCount, cudaGetDevice, cudaGetDeviceProperties, cudaChooseDevice, cudal nitDevice,
cuCtxSetCurrent

__host__cudaError_t cudaSetDeviceFlags (unsigned int
flags)

Sets flags to be used for device executions.

Parameters

flags
- Parameters for device operation

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Records £1ags asthe flags for the current device. If the current device has been set and that device
has already been initialized, the previous flags are overwritten. If the current device has not been
initialized, it isinitialized with the provided flags. If no device has been made current to the calling
thread, adefault device is selected and initialized with the provided flags.

Thethree LSBs of the £1ags parameter can be used to control how the CPU thread interacts with the
OS scheduler when waiting for results from the device.

> cudaDeviceScheduleAuto: The default value if the £1ags parameter is zero, uses a heuristic based
on the number of active CUDA contexts in the process C and the number of logical processorsin
the system P. If C > P, then CUDA will yield to other OS threads when waiting for the device,
otherwise CUDA will not yield while waiting for results and actively spin on the processor.
Additionally, on Tegra devices, cudaDeviceScheduleAuto uses a heuristic based on the power
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profile of the platform and may choose cudaDeviceScheduleBlockingSync for low-powered
devices.

> cudaDeviceScheduleSpin: Instruct CUDA to actively spin when waiting for results from the
device. This can decrease latency when waiting for the device, but may lower the performance of
CPU threadsiif they are performing work in parallel with the CUDA thread.

> cudaDeviceScheduleYield: Instruct CUDA to yield its thread when waiting for results from the
device. This can increase latency when waiting for the device, but can increase the performance of
CPU threads performing work in parallel with the device.

> cudaDeviceScheduleBlockingSync: Instruct CUDA to block the CPU thread on a synchronization
primitive when waiting for the device to finish work.

» cudaDeviceBlockingSync: Instruct CUDA to block the CPU thread on a synchronization primitive
when waiting for the device to finish work.

Deprecated: This flag was deprecated as of CUDA 4.0 and replaced with
cudaDeviceScheduleBlockingSync.

> cudaDeviceMapHost: This flag enables allocating pinned host memory that is accessible to the
device. It isimplicit for the runtime but may be absent if a context is created using the driver API.
If thisflag is not set, cudaHostGetDevicePointer() will always return afailure code.

> cudaDeviceL memResizeToMax: Instruct CUDA to not reduce local memory after resizing local
memory for akernel. This can prevent thrashing by local memory allocations when launching
many kernels with high local memory usage at the cost of potentially increased memory usage.

Deprecated: Thisflag is deprecated and the behavior enabled by this flag is now the default and
cannot be disabled.

> cudaDeviceSyncMemops: Ensures that synchronous memory operations initiated on this context
will always synchronize. See further documentation in the section titled "API Synchronization
behavior" to learn more about cases when synchronous memory operations can exhibit
asynchronous behavior.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaGetDeviceFlags, cudaGetDeviceCount, cudaGetDevice, cudaGetDeviceProperties,
cudaSetDevice, cudaSetValidDevices, cudalnitDevice, cudaChooseDevice,
cuDevicePrimaryCtxSetFlags
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__host__cudaError_t cudaSetValidDevices (int

*device arr, int len)
Set alist of devicesthat can be used for CUDA.

Parameters

device arr
- List of devicestotry
len
- Number of devicesin specified list

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorinvalidDevice

Description

Setsalist of devicesfor CUDA execution in priority order using device arr. The parameter len
specifies the number of elementsin the list. CUDA will try devices from the list sequentially until it
finds one that works. If thisfunction isnot called, or if it is called with a 1en of 0, then CUDA will

go back to its default behavior of trying devices sequentially from a default list containing al of the
available CUDA devicesin the system. If a specified device ID in the list does not exist, this function
will return cudaErrorinvalidDevice. If 1en isnot 0 and device arr isNULL orif 1en exceedsthe
number of devicesin the system, then cudaErrorinvalidValue is returned.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See als0:;

cudaGetDeviceCount, cudaSetDevice, cudaGetDeviceProperties, cudaSetDeviceF ags,
cudaChooseDevice

6.2. Device Management [DEPRECATED]

This section describes the deprecated device management functions of the CUDA runtime application
programming interface.
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host device cudaError t
cudaDeviceGetSharedM emConfig (cudaSharedMemConfig
*pConfiQ)

Returns the shared memory configuration for the current device.

Parameters

pConfig
- Returned cache configuration

Returns
cudaSuccess, cudaErrorinvalidVaue

Description
Deprecated

This function will return in pConfig the current size of shared memory banks on the current device.
On devices with configurable shared memory banks, cudaDeviceSetSharedM emConfig can be used to
change this setting, so that all subsequent kernel launches will by default use the new bank size. When
cudaDeviceGetSharedMemConfig is called on devices without configurable shared memory, it will
return the fixed bank size of the hardware.

The returned bank configurations can be either:

» cudaSharedM emBankSizeFourByte - shared memory bank width is four bytes.
> cudaSharedMemBankSizeEightByte - shared memory bank width is eight bytes.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See als0:;

cudaDeviceSetCacheConfig, cudaDeviceGetCacheConfig, cudaDeviceSetSharedM emConfig,
cudaFuncSetCacheConfig, cuCtxGetSharedMemConfig
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__host__cudaError_t cudaDeviceSetSharedMemConfig
(cudaSharedMemConfig config)

Sets the shared memory configuration for the current device.

Parameters

config
- Requested cache configuration

Returns
cudaSuccess, cudaErrorinvalidVaue

Description
Deprecated

On devices with configurable shared memory banks, this function will set the shared memory bank size
which isused for al subsequent kernel launches. Any per-function setting of shared memory set via
cudaFuncSetSharedM emConfig will override the device wide setting.

Changing the shared memory configuration between launches may introduce a device side
synchronization point.

Changing the shared memory bank size will not increase shared memory usage or affect occupancy of
kernels, but may have major effects on performance. Larger bank sizes will allow for greater potential
bandwidth to shared memory, but will change what kinds of accesses to shared memory will result in
bank conflicts.

This function will do nothing on devices with fixed shared memory bank size.
The supported bank configurations are:
> cudaSharedMemBankSizeDefault: set bank width the device default (currently, four bytes)

» cudaSharedMemBankSizeFourByte: set shared memory bank width to be four bytes natively.
» cudaSharedMemBankSizeEightByte: set shared memory bank width to be eight bytes natively.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:
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cudaDeviceSetCacheConfig, cudaDeviceGetCacheConfig, cudaDeviceGetSharedM emConfig,
cudaFuncSetCacheConfig, cuCtxSetSharedM emConfig

6.3. Error Handling

This section describes the error handling functions of the CUDA runtime application programming
interface.

host device const char * cudaGetErrorName
(cudaError_t error)

Returns the string representation of an error code enum name.

Parameters

error
- Error code to convert to string

Returns
char* pointer to a NULL-terminated string
Description

Returns a string containing the name of an error code in the enum. If the error code is not recognized,
"unrecognized error code" is returned.

See also:
cudaGetErrorString, cudaGetL astError, cudaPeek AtL astError, cudaError, cuGetErrorName

host device const char * cudaGetErrorString
(cudaError_t error)

Returns the description string for an error code.

Parameters

error
- Error code to convert to string

Returns
char* pointer to a NULL-terminated string
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Description

Returns the description string for an error code. If the error code is not recognized, "unrecognized error
code" isreturned.

See also:
cudaGetErrorName, cudaGetL astError, cudaPeekAtLastError, cudaError, cuGetErrorString

host device cudaError _t cudaGetL astError (void)

Returns the last error from aruntime call.

Returns

cudaSuccess, cudaErrorMissingConfiguration, cudaErrorMemoryAllocation,
cudaErrorlnitializationError, cudaErrorL aunchFailure, cudaErrorL aunchTimeout,
cudaErrorLaunchOutOf Resources, cudaErrorlnvalidDeviceFunction, cudaError|nvalidConfiguration,
cudaErrorlnvalidDevice, cudaErrorinvalidValue, cudaErrorinvalidPitchValue,
cudaErrorlnvalidSymbol, cudaErrorUnmapBufferObjectFailed, cudaErrorlnvalidDevicePointer,
cudaErrorlnvalidTexture, cudaErrorlnvalidTextureBinding, cudakErrorlnvalidChannel Descriptor,
cudaErrorlnvalidM emcpyDirection, cudaErrorlnvalidFilterSetting, cudaErrorinvalidNormSetting,
cudaErrorUnknown, cudaErrorlnvalidResourceHandle, cudaErrorlnsufficientDriver,
cudaErrorNoDevice, cudaErrorSetOnA ctiveProcess, cudaErrorStartupFailure,
cudaErrorlnvalidPtx, cudaErrorUnsupportedPtxV ersion, cudaErrorNoK ernell mageForDevice,
cudaErrorJitCompilerNotFound, cudaErrorJitCompilationDisabled

Description

Returns the last error that has been produced by any of the runtime calls in the same instance of the
CUDA Runtime library in the host thread and resets it to cudaSuccess.

Note: Multiple instances of the CUDA Runtime library can be present in an application when using a
library that statically links the CUDA Runtime.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See als0;
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cudaPeekAtL astError, cudaGetErrorName, cudaGetErrorString, cudaError

host device cudaError_t cudaPeekAtL astError
(void)

Returns the last error from a runtime call.

Returns

cudaSuccess, cudakErrorMissingConfiguration, cudaErrorMemoryAllocation,
cudaErrorlnitializationError, cudaErrorL aunchFailure, cudaErrorL aunchTimeout,

cudaErrorL aunchOutOf Resources, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidConfiguration,
cudaErrorlnvalidDevice, cudaErrorlnvalidVaue, cudaErrorlnvalidPitchValue,
cudaErrorlnvalidSymbol, cudaErrorUnmapBufferObjectFailed, cudakrrorlnvalidDevicePointer,
cudaErrorlnvalidTexture, cudaErrorlinvalidTextureBinding, cudakErrorlnvalidChannel Descriptor,
cudaErrorlnvalidM emcpyDirection, cudaErrorlnvalidFilterSetting, cudaErrorlnvalidNormSetting,
cudaErrorUnknown, cudakErrorlnvalidResourceHandle, cudaErrorlnsufficientDriver,
cudaErrorNoDevice, cudaErrorSetOnA ctiveProcess, cudaErrorStartupFailure,
cudaErrorlnvalidPtx, cudaErrorUnsupportedPtxV ersion, cudaErrorNoK ernellmageForDevice,
cudaErrorJitCompilerNotFound, cudaErrorJitCompilationDisabled

Description

Returns the last error that has been produced by any of the runtime calls in the same instance of
the CUDA Runtime library in the host thread. This call does not reset the error to cudaSuccess like
cudaGetL astError().

Note: Multiple instances of the CUDA Runtime library can be present in an application when using a
library that statically links the CUDA Runtime.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See als0;
cudaGetL astError, cudaGetErrorName, cudaGetErrorString, cudaError
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6.4. Stream Management

This section describes the stream management functions of the CUDA runtime application
programming interface.

typedef void (CUDART _CB *cudaStreamCallback t)
(cudaStream _t stream, cudaError _t status, void* userData)

Type of stream callback functions.

__host__cudaError_t cudaCtxResetPersistingL. 2Cache
(void)

Resets all persisting linesin cache to normal status.

Returns
cudaSuccess,

Description

Resets all persisting linesin cache to normal status. Takes effect on function return.

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

See also;
cudaA ccessPolicyWindow

__host__cudaError_t cudaStreamAddCallback
(cudaStream _t stream, cudaStreamCallback_t callback,
void *userData, unsigned int flags)

Add a callback to a compute stream.

Parameters

stream
- Stream to add callback to
callback
- The function to call once preceding stream operations are complete
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user Data

- User specified data to be passed to the callback function
flags

- Reserved for future use, must be 0

cudaSuccess, cudaErrorlnvalidResourceHandle, cudaErrorlnvalidVaue, cudaErrorNotSupported

g] Note:

Thisfunction is slated for eventual deprecation and removal. If you do not require the callback to
execute in case of adevice error, consider using cudal aunchHostFunc. Additionally, this function is not
supported with cudaStreamBeginCapture and cudaStreamEndCapture, unlike cudal aunchHostFunc.

Adds a callback to be called on the host after all currently enqueued items in the stream have
completed. For each cudaStreamAddCallback call, a callback will be executed exactly once. The
callback will block later work in the stream until it isfinished.

The callback may be passed cudaSuccess or an error code. In the event of adevice error, all
subsequently executed callbacks will receive an appropriate cudaError_t.

Callbacks must not make any CUDA API calls. Attempting to use CUDA APIsmay resultin
cudaErrorNotPermitted. Callbacks must not perform any synchronization that may depend on
outstanding device work or other callbacks that are not mandated to run earlier. Callbacks without a
mandated order (in independent streams) execute in undefined order and may be serialized.

For the purposes of Unified Memory, callback execution makes a number of guarantees:

The callback stream is considered idle for the duration of the callback. Thus, for example, a
callback may always use memory attached to the callback stream.

The start of execution of a callback has the same effect as synchronizing an event recorded in
the same stream immediately prior to the callback. It thus synchronizes streams which have been
"joined" prior to the callback.

Adding device work to any stream does not have the effect of making the stream active until
all preceding callbacks have executed. Thus, for example, a callback might use global attached
memory even if work has been added to another stream, if it has been properly ordered with an
event.

Completion of acallback does not cause a stream to become active except as described above. The
callback stream will remain idle if no device work follows the callback, and will remain idle across
consecutive callbacks without device work in between. Thus, for example, stream synchronization
can be done by signaling from a callback at the end of the stream.
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[g] Note:

»  Thisfunction uses standard default stream semantics.
> Note that this function may also return error codes from previous, asynchronous launches.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaStreamCreate, cudaStreamCreateWithFlags, cudaStreamQuery, cudaStreamSynchronize,
cudaStreamWaitEvent, cudaStreamDestroy, cudaM allocM anaged, cudaStreamA ttachMemAsync,
cudal aunchHostFunc, cuStreamA ddCallback

__host__cudaError_t cudaStreamAttachMemAsync
(cudaStream t stream, void *devPtr, size t length,
unsigned int flags)

Attach memory to a stream asynchronously.

Parameters

stream
- Stream in which to enqueue the attach operation

devPtr
- Pointer to memory (must be a pointer to managed memory or to avalid host-accessible region of
system-allocated memory)

length
- Length of memory (defaults to zero)

flags
- Must be one of cudaM emAttachGlobal, cudaMemAttachHost or cudaM emAttachSingle (defaults
to cudaM emAttachSingle€)

Returns
cudaSuccess, cudaErrorNotReady, cudaErrorlnvalidVaue, cudaErrorlnvalidResourceHandle

Description

Enqueues an operation in st ream to specify stream association of 1ength bytes of memory starting
from devPtr. Thisfunction is a stream-ordered operation, meaning that it is dependent on, and

will only take effect when, previous work in stream has completed. Any previous association is
automatically replaced.
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devPtr must point to an one of the following types of memories:

managed memory declared using the___managed _ keyword or alocated with
cudaM allocM anaged.

avalid host-accessible region of system-allocated pageable memory. This type of memory may
only be specified if the device associated with the stream reports a non-zero value for the device
attribute cudaDevAttrPageableM emoryA ccess.

For managed allocations, 1ength must be either zero or the entire allocation's size. Both indicate that
the entire allocation's stream association is being changed. Currently, it is not possible to change stream
association for a portion of amanaged allocation.

For pageable allocations, 1ength must be non-zero.

The stream association is specified using £ 1ags which must be one of cudaMemAttachGlobal,
cudaMemAttachHost or cudaMemAttachSingle. The default valuefor flags is
cudaMemAttachSingle If the cudaMemAttachGlobal flag is specified, the memory can be accessed

by any stream on any device. If the cudaMemAttachHost flag is specified, the program makes a
guarantee that it won't access the memory on the device from any stream on a device that has a zero
value for the device attribute cudaDevAttrConcurrentM anagedA ccess. If the cudaM emAttachSingle
flag is specified and st ream is associated with a device that has a zero value for the device attribute
cudaDevAttrConcurrentM anagedA ccess, the program makes a guarantee that it will only access the
memory on the device from stream. Itisillegal to attach singly to the NULL stream, because the
NULL streamisavirtua global stream and not a specific stream. An error will be returned in this case.

When memory is associated with a single stream, the Unified Memory system will allow CPU access
to this memory region so long as all operationsin st ream have completed, regardless of whether
other streams are active. In effect, this constrains exclusive ownership of the managed memory region
by an active GPU to per-stream activity instead of whole-GPU activity.

Accessing memory on the device from streams that are not associated with it will produce undefined
results. No error checking is performed by the Unified Memory system to ensure that kernels launched
into other streams do not access this region.

It isaprogram's responsibility to order calls to cudaStreamAttachM emAsync via events,
synchronization or other means to ensure legal accessto memory at al times. Data visibility and
coherency will be changed appropriately for al kernels which follow a stream-association change.

If stream isdestroyed while datais associated with it, the association is removed and the association
reverts to the default visibility of the allocation as specified at cudaMallocManaged. For __managed
variables, the default association is always cudaM emAttachGlobal. 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 compl eted.

g] Note:

Note that this function may also return error codes from previous, asynchronous launches.
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» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaStreamCreate, cudaStreamCreateWithFlags, cudaStream\WaitEvent, cudaStreamSynchronize,
cudaStreamAddCallback, cudaStreambDestroy, cudaM allocM anaged, cuStreamA ttachM emAsync

host_cudaError_t cudaStreamBeginCapture

@daStream_t stream, cudaStreamCaptureM ode mode)
Begins graph capture on a stream.

Parameters

stream
- Stream in which to initiate capture

mode
- Controls the interaction of this capture sequence with other API callsthat are potentially unsafe.
For more details see cudaT hreadExchangeStreamCaptureM ode.

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Begin graph capture on st ream. When a stream isin capture mode, all operations pushed into the
stream will not be executed, but will instead be captured into a graph, which will be returned via
cudaStreamEndCapture. Capture may not beinitiated if st ream is cudaStreamL egacy. Capture must
be ended on the same stream in which it was initiated, and it may only beinitiated if the stream is not
already in capture mode. The capture mode may be queried via cudaStreamlsCapturing. A uniqueid
representing the capture sequence may be queried via cudaStreamGetCapturel nfo.

If mode isnot cudaStreamCaptureM odeRel axed, cudaStreamEndCapture must be called on this stream
from the same thread.

@ Note:

Kernels captured using this APl must not use texture and surface references. Reading or writing through
any texture or surface reference is undefined behavior. This restriction does not apply to texture and
surface objects.
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[g] Note:

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

See also;

cudaStreamCreate, cudaStream| sCapturing, cudaStreamEndCapture,
cudaT hreadExchangeStreamCaptureM ode

__host__cudaError_t cudaStreamBeginCaptureToGraph
(cudaStream _t stream, cudaGraph t graph,

const cudaGraphNode t * dependencies, const
cudaGraphEdgeData * dependencyData, size t

numDependencies, cudaStreamCaptureM ode mode)
Begins graph capture on a stream to an existing graph.

Parameters

stream
- Stream in which to initiate capture.
graph
- Graph to capture into.
dependencies
- Dependencies of the first node captured in the stream. Can be NULL if numDependenciesis 0.
dependencyData
- Optional array of data associated with each dependency.
numbDependencies
- Number of dependencies.
mode
- Controls the interaction of this capture sequence with other API callsthat are potentially unsafe.
For more details see cudaT hreadExchangeStreamCaptureM ode.

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Begin graph capture on st ream. When a stream is in capture mode, al operations pushed into the
stream will not be executed, but will instead be captured into graph, which will be returned via
cudaStreamEndCapture.
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Capture may not beinitiated if stream is cudaStreamL egacy. Capture must be ended on the same
stream in which it was initiated, and it may only be initiated if the stream is not already in capture
mode. The capture mode may be queried via cudaStreamlsCapturing. A unique id representing the
capture sequence may be queried via cudaStreamGetCapturel nfo.

If mode isnot cudaStreamCaptureM odeRel axed, cudaStreamEndCapture must be called on this stream
from the same thread.

@ Note:

Kernels captured using this APl must not use texture and surface references. Reading or writing through
any texture or surface reference is undefined behavior. This restriction does not apply to texture and
surface objects.

@ Note:

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

See also;

cudaStreamCreate, cudaStream| sCapturing, cudaStreamEndCapture,
cudaT hreadExchangeStreamCaptureM ode

__host__cudaError_t cudaStreamCopyAdttributes
(cudaStream _t dst, cudaStream t src)

Copies attributes from source stream to destination stream.

Parameters

dst
Destination stream
src
Source stream For attributes see cudaStreamAttrID

Returns
cudaSuccess, cudaErrorNotSupported

Description

Copies attributes from source stream s rc to destination stream dst. Both streams must have the same
context.
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[g] Note:

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

See also;
cudaA ccessPolicyWindow

__host__cudaError_t cudaStreamCreate (cudaStream t
* pStream)
Create an asynchronous stream.

Parameters

pStream
- Pointer to new stream identifier

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Creates a new asynchronous stream on the context that is current to the calling host thread. If no
context is current to the calling host thread, then the primary context for a device is selected, made
current to the calling thread, and initialized before creating a stream onit.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaStreamCreateWithPriority, cudaStreamCreateWithFlags, cudaStreamGetPriority,
cudaStreamGetFlags, cudaStreamGetDevice, cudaStreamQuery, cudaStreamSynchronize,
cudaStreamWaitEvent, cudaStreamAddCallback, cudaSetDevice, cudaStreamDestroy, cuStreamCreate
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host device cudaError t
cudaStreamCreateWithFlags (cudaStream t * pStream,
unsigned int flags)

Create an asynchronous stream.

Parameters

pStream

- Pointer to new stream identifier
flags

- Parameters for stream creation

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Creates a new asynchronous stream on the context that is current to the calling host thread. If no
context is current to the calling host thread, then the primary context for adevice is selected, made
current to the calling thread, and initialized before creating a stream on it. The £1ags argument
determines the behaviors of the stream. Valid valuesfor £1ags are

» cudaStreamDefault: Default stream creation flag.

» cudaStreamNonBlocking: Specifies that work running in the created stream may run concurrently
with work in stream O (the NULL stream), and that the created stream should perform no implicit
synchronization with stream O.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaStreamCreate, cudaStreamCreateWithPriority, cudaStreamGetFlags, cudaStreamGetDevice,
cudaStreamQuery, cudaStreamSynchronize, cudaStream\WaitEvent, cudaStreamAddCallback,
cudaSetDevice, cudaStreamDestroy, cuStreamCreate
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__host__cudaError_t cudaStreamCreateWithPriority
(cudaStream t *pStream, unsigned int flags, int priority)

Create an asynchronous stream with the specified priority.

Parameters

pStream
- Pointer to new stream identifier

flags
- Flags for stream creation. See cudaStreamCreateWithFlags for alist of valid flags that can be
passed

priority
- Priority of the stream. Lower numbers represent higher priorities. See
cudaDeviceGetStreamPriorityRange for more information about the meaningful stream priorities
that can be passed.

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Creates a stream with the specified priority and returns ahandle in pStream. The stream is created on
the context that is current to the calling host thread. If no context is current to the calling host thread,
then the primary context for a device is selected, made current to the calling thread, and initialized
before creating a stream on it. This affects the scheduling priority of work in the stream. Priorities
provide a hint to preferentially run work with higher priority when possible, but do not preempt
already-running work or provide any other functional guarantee on execution order.

priority followsaconvention where lower numbers represent higher priorities. '0'

represents default priority. The range of meaningful numerical priorities can be queried using
cudaDeviceGetStreamPriorityRange. If the specified priority is outside the numerical range returned
by cudaDeviceGetStreamPriorityRange, it will automatically be clamped to the lowest or the highest
number in the range.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

»  Stream priorities are supported only on GPUs with compute capability 3.5 or higher.
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> Inthe current implementation, only compute kernels launched in priority streams are affected by
the stream's priority. Stream priorities have no effect on host-to-device and device-to-host memory
operations.

See dlso:

cudaStreamCreate, cudaStreamCreateWithFlags, cudaDeviceGetStreamPriorityRange,
cudaStreamGetPriority, cudaStreamQuery, cudaStreamWaitEvent, cudaStreamAddCallback,
cudaStreamSynchronize, cudaSetDevice, cudaStreamDestroy, cuStreamCreateWithPriority

host device cudaError_t cudaStreamDestroy
(cudaStream t stream)

Destroys and cleans up an asynchronous stream.

Parameters

Sstream
- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidResourceHandle

Description

Destroys and cleans up the asynchronous stream specified by st ream.

In case the device is till doing work in the stream st ream when cudaStreamDestroy() is called,
the function will return immediately and the resources associated with st ream will be released
automatically once the device has completed all work in stream.

[g] Note:

> Thisfunction uses standard default stream semantics.

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Use of the handle after this call is undefined behavior.

See also:
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cudaStreamCreate, cudaStreamCreateWithFlags, cudaStreamQuery, cudaStreamWaitEvent,

cudaStreamSynchronize, cudaStreamAddCallback, cuStreamDestroy

__host__cudaError_t cudaStreamEndCapture
(cudaStream t stream, cudaGraph t * pGraph)

Ends capture on a stream, returning the captured graph.

Parameters

stream
- Stream to query

pGraph
- The captured graph

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorStreamCaptureWrongThread

Description

Modules

End capture on st ream, returning the captured graph viapGraph. Capture must have been initiated
on stream viaacall to cudaStreamBeginCapture. If capture was invalidated, due to aviolation of the

rules of stream capture, then aNULL graph will be returned.

If themode argument to cudaStreamBeginCapture was not cudaStreamCaptureM odeRelaxed, this call

must be from the same thread as cudaStreamBeginCapture.

[g] Note:

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

See also;
cudaStreamCreate, cudaStreamBeginCapture, cudaStreaml sCapturing, cudaGraphDestroy

__host__cudaError_t cudaStreamGetAttribute
(cudaStream t hStream, cudaStreamAttriD attr,
cudaStreamAttrVaue *value out)

Queries stream attribute.

Parameters

hStream
attr

CUDA Runtime API

v13.0 | 60


../cuda-driver-api/cuda-driver-api/content/group__CUDA__STREAM.html#group__CUDA__STREAM_1g244c8833de4596bcd31a06cdf21ee758

Modules

value out

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudakErrorlnvalidResourceHandle

Description

Queries attribute at tr from hStream and storesit in corresponding member of value out.

[g] Note:

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

See also:
cudaA ccessPolicyWindow

__host__cudaError_t cudaStreamGetCapturelnfo
(cudaStream _t stream, cudaStreamCaptureStatus
* captureStatus _out, unsigned long long *id_out,
cudaGraph _t *graph_out, const cudaGraphNode t
** dependencies_out, const cudaGraphEdgeData
**edgeData out, size t *numDependencies_out)

Query astream's capture state.

Parameters

stream
- The stream to query

captureStatus_out
- Location to return the capture status of the stream; required

id_out
- Optional location to return an id for the capture sequence, which is unique over the lifetime of the
process

graph_out
- Optional location to return the graph being captured into. All operations other than destroy and
node removal are permitted on the graph while the capture sequenceisin progress. This APl does
not transfer ownership of the graph, which is transferred or destroyed at cudaStreamEndCapture.
Note that the graph handle may be invalidated before end of capture for certain errors. Nodes that
are or become unreachable from the original stream at cudaStreamEndCapture due to direct actions
on the graph do not trigger cudaError StreamCaptureUnj oined.
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dependencies out
- Optional location to store a pointer to an array of nodes. The next node to be captured in the
stream will depend on this set of nodes, absent operations such as event wait which modify this set.
The array pointer isvalid until the next API call which operates on the stream or until the captureis
terminated. The node handles may be copied out and are valid until they or the graph is destroyed.
The driver-owned array may also be passed directly to APIs that operate on the graph (not the
stream) without copying.

edgeData_out
- Optional location to store a pointer to an array of graph edge data. Thisarray parallels
dependencies_out; the next node to be added has an edge to dependencies out[i] with
annotation edgeData_out[i] for each i. The array pointer isvalid until the next API call which
operates on the stream or until the capture is terminated.

numDependencies_out
- Optional location to store the size of the array returned in dependencies_out.

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorStreamCapturel mplicit, cudaErrorL ossyQuery

Description
Query stream state related to stream capture.

If called on cudaStreamL egacy (the "null stream™) while a stream not created with
cudaStreamNonBIlocking is capturing, returns cudaErrorStreamCapturel mplicit.

Valid data (other than capture status) is returned only if both of the following are true:

» the call returns cudaSuccess
> the returned capture status is cudaStreamCaptureStatusActive

If edgeData_ out isnon-NULL then dependencies out must be aswell. If
dependencies out isnon-NULL and edgeData out isNULL, but there is non-zero edge data
for one or more of the current stream dependencies, the call will return cudaErrorL ossyQuery.

@ Note:

»  Graph objects are not threadsafe. More here.

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

See als0;
cudaStreamBeginCapture, cudaStreaml sCapturing, cudaStreamU pdateCaptureDependencies
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__host__cudaError_t cudaStreamGetDevice (cudaStream t
hStream, int *device)

Query the device of a stream.

Parameters

hStream
- Handle to the stream to be queried
device
- Returns the device to which the stream belongs

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorDeviceUnavailable,

Description

Returnsin *device the device of the stream.

[g] Note:

»  Thisfunction uses standard default stream semantics.
> Note that this function may also return error codes from previous, asynchronous launches.

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if thiscal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreasmAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:

cudaSetDevice, cudaGetDevice, cudaStreamCreate, cudaStreamGetPriority, cudaStreamGetFlags,
cuStreamGetld

__host__cudaError_t cudaStreamGetFlags (cudaStream t
hStream, unsigned int *flags)

Query the flags of a stream.

Parameters

hStream
- Handle to the stream to be queried
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flags
- Pointer to an unsigned integer in which the stream's flags are returned

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidResourceHandl e

Description

Query the flags of a stream. The flagsarereturned in £ 1ags. See cudaStreamCreateWithFlags for a
list of valid flags.

[g] Note:

»  Thisfunction uses standard default stream semantics.
> Note that this function may also return error codes from previous, asynchronous launches.

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaStreamCreateWithPriority, cudaStreamCreateWithFlags, cudaStreamGetPriority,
cudaStreamGetDevice, cuStreamGetFlags

__host___cudaError_t cudaStreamGetld (cudaStream t
hStream, unsigned long long * streaml d)

Query the Id of a stream.

Parameters

hStream
- Handle to the stream to be queried
streamld
- Pointer to an unsigned long long in which the stream Id is returned

Returns
cudaSuccess, cudaErrorlnvaidVaue, cudakErrorlnvalidResourceHandle

Description
Query the Id of astream. Theld isreturned in streamId. Theldisunique for thelife of the program.

The stream handle hSt ream can refer to any of the following:
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> astream created via any of the CUDA runtime APIs such as cudaStreamCreate,
cudaStreamCreateWithFlags and cudaStreamCreateWithPriority, or their driver APl equivaents
such as cuStreamCreate or cuStreamCreateWithPriority. Passing an invalid handle will result in
undefined behavior.

> any of the specia streams such asthe NULL stream, cudaStreamL egacy and cudaStreamPerThread

respectively. The driver APl equivalents of these are also accepted which are NULL,
CU_STREAM_LEGACY and CU_STREAM_PER THREAD.

@ Note:

» Thisfunction uses standard default stream semantics.
» Note that this function may also return error codes from previous, asynchronous launches.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDeviceiif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaStreamCreateWithPriority, cudaStreamCreateWithFlags, cudaStreamGetPriority,
cudaStreamGetFlags, cuStreamGetld

__host__cudaError_t cudaStreamGetPriority (cudaStream t
hStream, int *priority)

Query the priority of astream.

Parameters

hStream
- Handle to the stream to be queried
priority
- Pointer to asigned integer in which the stream's priority is returned

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidResourceHandle

Description

Query the priority of astream. The priority isreturned ininpriority. Notethat if
the stream was created with a priority outside the meaningful numerical range returned
by cudaDeviceGetStreamPriorityRange, this function returns the clamped priority. See
cudaStreamCreateWithPriority for details about priority clamping.
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[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaStreamCreateWithPriority, cudaDeviceGetStreamPriorityRange, cudaStreamGetFlags,
cudaStreamGetDevice, cuStreamGetPriority

__host__cudaError_t cudaStreaml sCapturing
(cudaStream _t stream, cudaStreamCaptureStatus
*pCaptureStatus)

Returns a stream's capture status.

Parameters

stream
- Stream to query
pCaptureStatus
- Returns the stream'’s capture status

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorStreamCapturel mplicit

Description

Return the capture status of st ream viapCaptureStatus. After asuccessful call,
*pCaptureStatus will contain one of the following:

> cudaStreamCaptureStatusNone: The stream is not capturing.

> cudaStreamCaptureStatusActive: The stream is capturing.

> cudaStreamCaptureStatusinvalidated: The stream was capturing but an error has invalidated the
capture sequence. The capture sequence must be terminated with cudaStreamEndCapture on the
stream where it was initiated in order to continue using st ream.

Notethat, if thisis called on cudaStreamL egacy (the "null stream") while a blocking stream on the
same device is capturing, it will return cudaErrorStreamCapturelmplicit and *pCaptureStatus is
unspecified after the call. The blocking stream capture is not invalidated.
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When a blocking stream is capturing, the legacy stream isin an unusable state until the blocking stream
capture is terminated. The legacy stream is not supported for stream capture, but attempted use would
have an implicit dependency on the capturing stream(s).

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

See also:
cudaStreamCreate, cudaStreamBeginCapture, cudaStreamEndCapture

__host__cudaError_t cudaStreamQuery (cudaStream t
stream)

Queries an asynchronous stream for completion status.

Parameters

Sstream
- Stream identifier

Returns
cudaSuccess, cudaErrorNotReady, cudaErrorlnvalidResourceHandle

Description

Returns cudaSuccess if all operationsin st ream have completed, or cudaErrorNotReady if not.

For the purposes of Unified Memory, areturn value of cudaSuccessis equivalent to having called
cudaStreamSynchronize().

@ Note:

»  Thisfunction uses standard default stream semantics.
» Note that this function may also return error codes from previous, asynchronous launches.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
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cudaStreamCreate, cudaStreamCreateWithFlags, cudaStream\WaitEvent, cudaStreamSynchronize,
cudaStreamAddCallback, cudaStreamDestroy, cuStreamQuery

__host__cudaError_t cudaStreamSetAttribute
(cudaStream _t hStream, cudaStreamAttrID attr, const
cudaStreamAttrVaue *value)

Sets stream attribute.

Parameters

hStream
attr
value

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudakErrorlnvalidResourceHandle

Description

Sets attribute at t r on hStream from corresponding attribute of value. The updated attribute will
be applied to subsequent work submitted to the stream. It will not affect previously submitted work.

[g] Note:

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

See also;
cudaA ccessPolicyWindow

__host__cudaError_t cudaStreamSynchronize
(cudaStream t stream)

Waits for stream tasks to compl ete.

Parameters

stream
- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidResourceHandle
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Description

Blocks until st ream has completed all operations. If the cudaDeviceScheduleBlockingSync flag was
set for this device, the host thread will block until the stream is finished with al of its tasks.

[g] Note:

> Thisfunction uses standard default stream semantics.
> Notethat this function may also return error codes from previous, asynchronous launches.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaStreamCreate, cudaStreamCreateWithFlags, cudaStreamQuery, cudaStreamWaitEvent,
cudaStreamAddCallback, cudaStreamDestroy, cuStreamSynchronize

__host__cudaError t
cudaStreamUpdateCaptureDependencies (cudaStream t
stream, cudaGraphNode t * dependencies, const
cudaGraphEdgeData * dependencyData, size t

numDependencies, unsigned int flags)
Update the set of dependenciesin a capturing stream.

Parameters

stream
- The stream to update
dependencies
- The set of dependenciesto add
dependencyData
- Optional array of data associated with each dependency.
numDependencies
- The size of the dependencies array
flags
- See above

CUDA Runtime API vi13.0 | 69


../cuda-driver-api/cuda-driver-api/content/group__CUDA__STREAM.html#group__CUDA__STREAM_1g15e49dd91ec15991eb7c0a741beb7dad

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlllegal State

Description

Modules

Modifies the dependency set of a capturing stream. The dependency set is the set of nodes that the next

captured node in the stream will depend on.

Valid flags are cudaStreamA ddCaptureDependencies and cudaStreamSetCaptureDependencies. These
control whether the set passed to the API is added to the existing set or replacesit. A flagsvalue of 0

defaults to cudaStreamA ddCaptureDependencies.

Nodes that are removed from the dependency set viathis API do not result in

cudaErrorStreamCaptureUnjoined if they are unreachable from the stream at cudaStreamEndCapture.

Returns cudaErrorlllegal State if the stream is not capturing.

[g] Note:

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

See also:
cudaStreamBeginCapture, cudaStreamGetCapturel nfo,

host device cudaError_t cudaStreamWaltEvent
(cudaStream _t stream, cudaEvent_t event, unsigned int

flags)

Make a compute stream wait on an event.

Parameters

Sstream
- Stream to wait
event
- Event to wait on
flags
- Parameters for the operation(See above)

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudakErrorlnvalidResourceHandle
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Description

Makes all future work submitted to st ream wait for al work captured in event. See
cudaEventRecord() for details on what is captured by an event. The synchronization will be performed
efficiently on the device when applicable. event may be from a different device than stream.

flagsinclude:

> cudaEventWaitDefault: Default event creation flag.

> cudaEventWaitExternal: Event is captured in the graph as an external event node when performing
stream capture.

[g] Note:

»  Thisfunction uses standard default stream semantics.
> Note that this function may also return error codes from previous, asynchronous launches.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaStreamCreate, cudaStreamCreateWithFlags, cudaStreamQuery, cudaStreamSynchronize,
cudaStreamAddCallback, cudaStreamDestroy, cuStreamWaitEvent

__host___cudaError_t

cudaT hreadExchangeStreamCaptureM ode
(cudaStreamCaptureM ode * mode)

Swaps the stream capture interaction mode for a thread.

Parameters

mode
- Pointer to mode value to swap with the current mode

Returns
cudaSuccess, cudaErrorlnvalidVaue
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Sets the calling thread's stream capture interaction mode to the value contained in *mode, and
overwrites *mode with the previous mode for the thread. To facilitate deterministic behavior across
function or module boundaries, callers are encouraged to use this API in a push-pop fashion:

r cudaStreamCaptureMode mode = desiredMode;
cudaThreadExchangeStreamCaptureMode (&mode) ;

cudaThreadExchangeStreamCaptureMode (&mode) ; // restore previous mode

During stream capture (see cudaStreamBeginCapture), some actions, such asacall to cudaMalloc,
may be unsafe. In the case of cudaMalloc, the operation is not engueued asynchronously to a

stream, and is not observed by stream capture. Therefore, if the sequence of operations captured via
cudaStreamBeginCapture depended on the allocation being replayed whenever the graph is launched,
the captured graph would be invalid.

Therefore, stream capture places restrictions on API calls that can be made within or concurrently to a
cudaStreamBeginCapture-cudaStreamEndCapture sequence. This behavior can be controlled viathis
API and flags to cudaStreamBeginCapture.

A thread's mode is one of the following:

cudaStreamCaptureModeGlobal: Thisisthe default mode. If the local thread has an
ongoing capture sequence that was not initiated with cudaStreamCaptureModeRelaxed at
cuStreamBeginCapture, or if any other thread has a concurrent capture sequence initiated
with cudaStreamCaptureModeGlobal, thisthread is prohibited from potentially unsafe AP
cals.

cudaStreamCaptureModeThreadLocal: If theloca thread has an ongoing capture
sequence not initiated with cudaStreamCaptureModeRelaxed, it isprohibited from
potentially unsafe API calls. Concurrent capture sequences in other threads are ignored.
cudaStreamCaptureModeRelaxed: Thelocal thread is not prohibited from potentially
unsafe API calls. Note that the thread is still prohibited from API calls which necessarily conflict
with stream capture, for example, attempting cudaEventQuery on an event that was last recorded
inside a capture sequence.

g] Note:

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

See dlso:

cudaStreamBeginCapture
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6.9. Event Management

This section describes the event management functions of the CUDA runtime application programming
interface.

__host__cudaError_t cudaEventCreate (cudaEvent_t
*event)
Creates an event object.

Parameters

event
- Newly created event

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorLaunchFailure, cudaErrorM emoryAllocation

Description

Creates an event object for the current device using cudaEventDefault.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call tries to initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaEventCreate ( C++ API), cudaEventCreateWithFlags, cudaEventRecord, cudaEventQuery,
cudaEventSynchronize, cudaEventDestroy, cudaEventElapsedTime, cudaStreamWaitEvent,
cuEventCreate
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host device cudaError t
cudaEventCreateWithFlags (cudaEvent_t * event, unsigned
Int flags)

Creates an event object with the specified flags.

Parameters

event

- Newly created event
flags

- Flags for new event

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorLaunchFailure, cudaErrorMemoryAllocation

Description
Creates an event object for the current device with the specified flags. Valid flags include:

> cudaEventDefault: Default event creation flag.

> cudaEventBlockingSync: Specifies that event should use blocking synchronization. A host thread
that uses cudaEventSynchronize() to wait on an event created with this flag will block until the
event actually completes.

> cudaEventDisableTiming: Specifiesthat the created event does not need to record timing data.
Events created with this flag specified and the cudaEventBlockingSync flag not specified will
provide the best performance when used with cudaStreamWaitEvent() and cudaEventQuery().

> cudaEventlnterprocess: Specifies that the created event may be used as an interprocess
event by cudal pcGetEventHandle(). cudaEventl nterprocess must be specified along with
cudaEventDisableTiming.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
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cudaEventCreate ( C API), cudaEventSynchronize, cudaEventDestroy, cudaEventElapsedTime,
cudaStreamWaitEvent, cuEventCreate

host device cudaError_t cudaEventDestroy
(cudaEvent_t event)

Destroys an event object.

Parameters

event
- Event to destroy

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorlnvalidResourceHandle, cudaErrorLaunchFailure

Description
Destroys the event specified by event.

An event may be destroyed before it is complete (i.e., while cudaEventQuery() would return
cudaErrorNotReady). In this case, the call does not block on completion of the event, and any
associated resources will automatically be released asynchronously at completion.

[g] Note:

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

> Notethat this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Use of the handle after this call is undefined behavior.
»  Returns cudaErrorlnvalidResourceHandle in the event of being passed NULL as the input event.

See also:

cudaEventCreate ( C API), cudaEventCreateWithFlags, cudaEventQuery, cudaEventSynchronize,
cudaEventRecord, cudaEventElapsedTime, cuEventDestroy
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__host__cudaError_t cudakEventElapsedTime (float * ms,
cudaEvent_t start, cudaEvent_t end)

Computes the elapsed time between events.

Parameters

ms
- Time between start and end inms
start
- Starting event
end
- Ending event

Returns

cudaSuccess, cudaErrorNotReady, cudaErrorinvalidVaue, cudaErrorlnvalidResourceHandle,
cudaErrorLaunchFailure, cudaErrorUnknown

Description

Computes the elapsed time between two events (in milliseconds with a resolution of around 0.5
microseconds). Note this API is not guaranteed to return the latest errors for pending work. As such
this APl isintended to serve as a elapsed time calculation only and polling for completion on the events
to be compared should be done with cudaEventQuery instead.

If either event was last recorded in anon-NULL stream, the resulting time may be greater than
expected (even if both used the same stream handle). This happens because the cudaEventRecord()
operation takes place asynchronously and there is ho guarantee that the measured latency is actually
just between the two events. Any number of other different stream operations could execute in between
the two measured events, thus altering the timing in a significant way.

If cudaEventRecord() has not been called on either event, then cudaErrorlnvalidResourceHandle is
returned. If cudaEventRecord() has been called on both events but one or both of them has not yet been
completed (that is, cudaEventQuery() would return cudaErrorNotReady on at |east one of the events),
cudaErrorNotReady is returned. If either event was created with the cudaEventDisableTiming flag,
then this function will return cudaErrorinvalidResourceHandle.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.
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- »  Returns cudaErrorinvalidResourceHandle in the event of being passed NULL as the input event.

See dlso:

cudaEventCreate ( C API), cudaEventCreateWithFlags, cudaEventQuery, cudaEventSynchronize,
cudaEventDestroy, cudaEventRecord, cuEventElapsedTime

__host___cudaError_t cudaEventQuery (cudaEvent_t event)

Queries an event's status.

Parameters

event
- Event to query

Returns

cudaSuccess, cudaErrorNotReady, cudaErrorlnvalidVaue, cudaErrorlnvalidResourceHandle,
cudaErrorLaunchFailure

Description

Queries the status of all work currently captured by event. See cudaEventRecord() for details on what
is captured by an event.

Returns cudaSuccess if al captured work has been completed, or cudaErrorNotReady if any captured
work isincomplete.

For the purposes of Unified Memory, areturn value of cudaSuccessis equivalent to having called
cudaEventSynchronize().

[g] Note:

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

>  Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Returns cudaErrorlnvalidResourceHandle in the event of being passed NULL as the input event.

See also:

cudaEventCreate ( C API), cudaEventCreateWithFlags, cudaEventRecord, cudaEventSynchronize,
cudaEventDestroy, cudaEventElapsedTime, cuEventQuery
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host device cudaError_t cudaEventRecord
(cudaEvent_t event, cudaStream t stream)

Records an event.

Parameters

event
- BEvent to record
stream
- Stream in which to record event

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorlnvalidResourceHandle, cudaErrorLaunchFailure

Description

Capturesin event the contents of stream at thetime of thiscall. event and stream must be
on the same CUDA context. Calls such as cudaEventQuery() or cudaStreamWaitEvent() will then
examine or wait for completion of the work that was captured. Uses of st ream after this call do not
modify event. See note on default stream behavior for what is captured in the default case.

cudaEventRecord() can be called multiple times on the same event and will overwrite the previously
captured state. Other APIs such as cudaStreamWaitEvent() use the most recently captured state at the
time of the API call, and are not affected by later calls to cudaEventRecord(). Before the first call to
cudaEventRecord(), an event represents an empty set of work, so for example cudaEventQuery() would
return cudaSuccess.

@ Note:

»  Thisfunction uses standard default stream semantics.
» Note that this function may also return error codes from previous, asynchronous launches.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

»  Returns cudaErrorlnvalidResourceHandle in the event of being passed NULL as the input event.

See also;

cudaEventCreate ( C API), cudaEventCreateWithFlags, cudaEventQuery, cudaEventSynchronize,
cudaEventDestroy, cudaEventElapsedTime, cudaStreamWaitEvent, cudaEventRecordWithFlags,
cuEventRecord
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__host__cudaError_t cudaEventRecordWithFlags
(cudaEvent_t event, cudaStream t stream, unsigned int

flags)

Records an event.

Parameters

event
- Event to record
stream
- Stream in which to record event
flags
- Parameters for the operation(See above)

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidResourceHandle, cudaErrorL aunchFailure

Description

Capturesin event the contents of stream at thetime of thiscall. event and stream must be
on the same CUDA context. Calls such as cudaEventQuery() or cudaStreamWaitEvent() will then
examine or wait for completion of the work that was captured. Uses of stream after this call do not
modify event. See note on default stream behavior for what is captured in the default case.

cudaEventRecordWithFlags() can be called multiple times on the same event and will overwrite the
previously captured state. Other APIs such as cudaStreamWaitEvent() use the most recently captured
state at the time of the API call, and are not affected by later calls to cudaEventRecordWithFlags().
Before thefirst call to cudaEventRecordWithFlags(), an event represents an empty set of work, so for
example cudaEventQuery() would return cudaSuccess.

flagsinclude:
> cudaEventRecordDefault: Default event creation flag.

> cudaEventRecordExternal: Event is captured in the graph as an external event node when
performing stream capture.

@ Note:

»  Thisfunction uses standard default stream semantics.
» Note that this function may also return error codes from previous, asynchronous launches.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.
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» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Returns cudaErrorinvalidResourceHandle in the event of being passed NULL as the input event.

See also;

cudaEventCreate ( C API), cudaEventCreateWithFlags, cudaEventQuery, cudaEventSynchronize,
cudaEventDestroy, cudaEventElapsedTime, cudaStreamWaitEvent, cudaEventRecord, cuEventRecord,

__host__cudaError_t cudaEventSynchronize (cudaEvent_t
event)

Waits for an event to compl ete.

Parameters

event
- Event to wait for

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidResourceHandle, cudaErrorLaunchFailure

Description

Waits until the completion of all work currently captured in event. See cudaEventRecord() for details
on what is captured by an event.

Waiting for an event that was created with the cudaEventBlockingSync flag will cause the calling CPU
thread to block until the event has been completed by the device. If the cudaEventBlockingSync flag
has not been set, then the CPU thread will busy-wait until the event has been completed by the device.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Returns cudaErrorinvalidResourceHandle in the event of being passed NULL as the input event.

See also;

cudaEventCreate ( C API), cudaEventCreateWithFlags, cudaEventRecord, cudaEventQuery,
cudaEventDestroy, cudaEventElapsedTime, cuEventSynchronize
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6.6. Externa Resource Interoperability

This section describes the external resource interoperability functions of the CUDA runtime application
programming interface.

__host__cudaError_t cudaDestroyExternalMemory
(cudaExternalMemory _t extMem)

Destroys an external memory object.

Parameters

extMem
- External memory object to be destroyed

Returns
cudaSuccess, cudaErrorlnvalidResourceHandle

Description

Destroys the specified external memory object. Any existing buffers and CUDA mipmapped arrays
mapped onto this object must no longer be used and must be explicitly freed using cudaFree and
cudaFreeMipmappedArray respectively.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Use of the handle after this call is undefined behavior.

See dlso:

cudal mportExternalM emory, cudaExternal M emoryGetM appedBuffer,
cudaExternal M emory GetM appedM i pmappedArray
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__host__cudaError_t cudaDestroyExternal Semaphore
(cudaExternal Semaphore t extSem)

Destroys an external semaphore.

Parameters

extSem
- External semaphore to be destroyed

Returns
cudaSuccess, cudaErrorlnvalidResourceHandle

Description

Destroys an external semaphore object and releases any references to the underlying resource. Any
outstanding signals or waits must have completed before the semaphore is destroyed.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Use of the handle after this call is undefined behavior.

See also;

cudal mportExternal Semaphore, cudaSi gnal External SemaphoresAsync,
cudaWaitExternal SemaphoresAsync
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__host__cudaError_t

cudaExternalM emoryGetM appedBuffer (void
**devPtr, cudabExternalMemory t extMem, const
cudaExternalM emoryBufferDesc * bufferDesc)

Maps a buffer onto an imported memory object.

Parameters

devPtr

- Returned device pointer to buffer
extMem

- Handle to external memory object
buffer Desc

- Buffer descriptor

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidResourceHandle

Description
Maps a buffer onto an imported memory object and returns a device pointer in devPtr.

The properties of the buffer being mapped must be described in buf ferbDesc. The
cudaExternalM emoryBufferDesc structure is defined as follows:

r typedef struct cudaExternalMemoryBufferDesc st {
unsigned long long offset;
unsigned long long size;
unsigned int flags;
} cudaExternalMemoryBufferDesc;

where cudaExternal M emoryBufferDesc::offset is the offset in the memory object where
the buffer's base address is. cudaExternal M emoryBufferDesc::size is the size of the buffer.
cudaExternal M emoryBufferDesc::flags must be zero.

The offset and size have to be suitably aligned to match the requirements of the external API. Mapping
two buffers whose ranges overlap may or may not result in the same virtual address being returned

for the overlapped portion. In such cases, the application must ensure that all accesses to that region
from the GPU are volatile. Otherwise writes made via one address are not guaranteed to be visible via
the other address, even if they're issued by the same thread. It is recommended that applications map
the combined range instead of mapping separate buffers and then apply the appropriate offsets to the
returned pointer to derive the individual buffers.

The returned pointer devPtr must be freed using cudaFree.
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[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDevice if this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudal mportExternalM emory, cudaDestroyExternalMemory,
cudaExternal M emory GetM appedMipmappedArray

__host__cudaError t

cudaExternalM emoryGetM appedM ipmappedArray
(cudaMipmappedArray t * mipmap,
cudaExternaMemory_t extMem, const
cudaExternalM emoryMipmappedArrayDesc
*mipmapDesc)

Maps a CUDA mipmapped array onto an external memory object.

Parameters
mipmap

- Returned CUDA mipmapped array
extMem

- Handle to external memory object
mipmapDesc

- CUDA array descriptor

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidResourceHandle

Description
Maps a CUDA mipmapped array onto an external object and returnsahandleto it in mipmap.

The properties of the CUDA mipmapped array being mapped must be described in mipmapDesc. The
structure cudaExternal M emoryMipmappedArrayDesc is defined as follows:

r typedef struct cudaExternalMemoryMipmappedArrayDesc st {
unsigned long long offset;
cudaChannelFormatDesc formatDesc;
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cudaExtent extent;
unsigned int flags;
unsigned int numLevels;
} cudaExternalMemoryMipmappedArrayDesc;

where cudaExternal M emoryMipmappedArrayDesc::offset is the offset in the memory object where
the base level of the mipmap chain is. cudaExternal M emoryMipmappedArrayDesc::formatDesc
describes the format of the data. cudaExternalM emoryMipmappedArrayDesc::extent specifies the
dimensions of the base level of the mipmap chain. cudaExternalM emoryMipmappedArrayDesc::flags
are flags associated with CUDA mipmapped arrays. For further details, please refer

to the documentation for cudaMalloc3DArray. Note that if the mipmapped array is

bound as a color target in the graphics API, then the flag cudaArrayCol orAttachment

must be specified in cudaExternalM emoryMipmappedArrayDesc::flags.

cudaExternal M emoryMipmappedArrayDesc::numL evels specifies the total number of levelsin the
mipmap chain.

The returned CUDA mipmapped array must be freed using cudaFreeMipmappedArray.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudalmportExternalM emory, cudaDestroyExternalM emory, cudaExternal M emoryGetM appedBuffer

[g] Note:

If cudaExternal M emoryHandleDesc::type is cudaExternal M emoryHandleTypeNvSciBuf, then
cudaExternal M emoryMipmappedArrayDesc::numL evels must not be greater than 1.

__host__cudaError_t cudalmportExternalMemory
(cudaExternalMemory _t *extMem_out, const
cudaExternalM emoryHandleDesc * memHandleDesc)

Imports an external memory object.

Parameters

extMem_out
- Returned handle to an external memory object
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memHandleDesc
- Memory import handle descriptor

Returns
cudaSuccess, cudakrrorlnvalidValue, cudakrrorlnvalidResourceHandle, cudaErrorOperatingSystem

Description
Imports an externally allocated memory object and returns ahandle to that in extMem out.

The properties of the handle being imported must be described in memHandleDesc. The
cudaExternal M emoryHandleDesc structure is defined as follows:

r typedef struct cudaExternalMemoryHandleDesc st {
cudaExternalMemoryHandleType type;
union {

int f£d;
struct {
void *handle;
const void *name;
} win32;
const void *nvSciBufObject;
} handle;
unsigned long long size;
unsigned int flags;
} cudaExternalMemoryHandleDesc;

where cudaExternal M emoryHandleDesc::type specifies the type of handle being imported.
cudaExternal MemoryHandleType is defined as:

r typedef enum cudaExternalMemoryHandleType enum {
cudaExternalMemoryHandleTypeOpagqueFd
cudaExternalMemoryHandleTypeOpaqueWin32
cudaExternalMemoryHandleTypeOpaqueWin32Kmt
cudaExternalMemoryHandleTypeD3D12Heap
cudaExternalMemoryHandleTypeD3D12Resource
cudaExternalMemoryHandleTypeD3D1l1Resource
cudaExternalMemoryHandleTypeD3D1l1ResourceKmt
cudaExternalMemoryHandleTypeNvSciBuf

} cudaExternalMemoryHandleType;
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If cudaExternalMemoryHandleDesc::type is cudaExternal M emoryHandleTypeOpagueFd, then
cudaExternal M emoryHandleDesc::handle::fd must be a valid file descriptor referencing a memory
object. Ownership of the file descriptor is transferred to the CUDA driver when the handle isimported
successfully. Performing any operations on the file descriptor after it isimported results in undefined
behavior.

If cudaExternal M emoryHandleDesc::type is cudaExterna M emoryHandl eTypeOpaqueWin32,

then exactly one of cudaExternalMemoryHandleDesc::handle::win32::handle and

cudaExternal M emoryHandleDesc::handle::win32::name must not be NULL. If

cudaExternal MemoryHandleDesc::handle::win32::handle is not NULL, then it must represent avalid
shared NT handle that references a memory object. Ownership of this handleis not transferred to
CUDA after the import operation, so the application must release the handle using the appropriate
system call. If cudaExternalMemoryHandleDesc::handle::win32::nameis not NULL, then it must point
to aNULL-terminated array of UTF-16 characters that refers to a memory object.

CUDA Runtime API v13.0 | 86



Modules

If cudaExternalMemoryHandleDesc::type is cudaExternalM emoryHandleTypeOpaqueWin32K mt,

then cudaExternal M emoryHandleDesc::handle::win32::handle must be non-NULL and

cudaExternal M emoryHandleDesc::handle::win32::name must be NULL. The handle specified must be
aglobally shared KMT handle. This handle does not hold a reference to the underlying object, and thus
will be invalid when al references to the memory object are destroyed.

If cudaExternal M emoryHandleDesc::type is cudaExternal M emoryHandleTypeD3D12Heap,

then exactly one of cudaExternalMemoryHandleDesc::handle::win32::handle and

cudaExternal M emoryHandleDesc::handle::win32::name must not be NULL. If

cudaExternal MemoryHandleDesc::handle::win32::handle is not NULL, then it must represent
avalid shared NT handle that is returned by ID3D12Device::CreateSharedHandle when

referring to a ID3D12Heap object. This handle holds a reference to the underlying object. If
cudaExternal M emoryHandleDesc::handle::win32::nameis not NULL, then it must point to a NULL-
terminated array of UTF-16 characters that refersto a |D3D12Heap object.

If cudaExternalMemoryHandleDesc::type is cudaExternalMemoryHandleTypeD3D 12Resource,

then exactly one of cudaExternalMemoryHandleDesc::handle::win32::handle and

cudaExternal M emoryHandleDesc::handle::win32::name must not be NULL. If

cudaExternal M emoryHandleDesc::handle::win32::handle is not NULL, then it must represent
avalid shared NT handle that is returned by ID3D12Device::CreateSharedHandle when

referring to a ID3D12Resource object. This handle holds a reference to the underlying object. If
cudaExternal M emoryHandleDesc::handle::win32::nameis not NULL, then it must point to a NULL-
terminated array of UTF-16 characters that refers to alD3D12Resource object.

If cudaExternal M emoryHandleDesc::type is cudaExternal M emoryHandleTypeD3D11Resource,then
exactly one of cudaExternal M emoryHandleDesc::handle::win32::handle and

cudaExternal M emoryHandleDesc::handle::win32::name must not be NULL. If

cudaExternal M emoryHandleDesc::handle::win32::handle is not NULL, then it must represent avalid
shared NT handle that is returned by IDXGIResourcel::CreateSharedHandle when referring to a
ID3D11Resource object. If cudaExternalMemoryHandleDesc::handle::win32::nameis not NULL,
then it must point to aNULL-terminated array of UTF-16 characters that refersto alD3D11Resource
object.

If cudaExternalMemoryHandleDesc::type is cudaExternalM emoryHandleTypeD3D 11ResourceK mt,
then cudaExterna M emoryHandleDesc::handle::win32::handle must be non-NULL and

cudaExternal M emoryHandleDesc::handle::win32::name must be NULL. The handle specified must be
avalid shared KMT handle that is returned by |DXGIResource::GetSharedHandle when referring to a
ID3D11Resource object.

If cudaExternalMemoryHandleDesc::type is cudaExternalMemoryHandleTypeNvSciBuf,

then cudaExternal M emoryHandleDesc::handle::nvSciBuf Object must be NON-NULL and
reference avalid NvSciBuf object. If the NvSciBuf object imported into CUDA isaso
mapped by other drivers, then the application must use cudaWaitExternal SemaphoresAsync or
cudaSignal External SemaphoresAsync as approprriate barriers to maintain coherence between
CUDA and the other drivers. See cudaExternal SemaphoreWaitSkipNvSciBufMemSync and
cudaExternal SemaphoreSignal SkipNvSciBufMemSync for memory synchronization.
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The size of the memory object must be specified in cudaExternal MemoryHandleDesc::size.

Specifying the flag cudaExternal M emoryDedicated in cudaExternal M emoryHandleDesc::flags
indicates that the resource is a dedicated resource. The definition of what

a dedicated resource is outside the scope of this extension. This flag must

be set if cudaExternal M emoryHandleDesc::type is one of the following:

cudaExternal M emoryHandleTypeD3D 12Resource cudaExternalM emoryHandleTypeD3D 11Resource
cudaExternal M emoryHandleTypeD3D 11ResourceKmt

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

> If the Vulkan memory imported into CUDA is mapped on the CPU then the application must use
vklInvalidateM appedM emoryRanges/vkFlushM appedM emoryRanges as well as appropriate V ulkan
pipeline barriers to maintain coherence between CPU and GPU. For more information on these
APIs, please refer to " Synchronization and Cache Control" chapter from Vulkan specification.

See dlso:

cudaDestroyExternal M emory, cudaExternal M emoryGetM appedBuffer,
cudaExternal M emory GetM appedM i pmappedArray

__host__cudaError_t cudal mportExternal Semaphore
(cudaExternal Semaphore t *extSem out, const
cudaExternal SemaphoreHandleDesc * semHandleDesc)

Imports an external semaphore.

Parameters

extSem_out

- Returned handle to an external semaphore
semHandleDesc

- Semaphore import handle descriptor

Returns
cudaSuccess, cudaErrorlnvalidResourceHandl e, cudaErrorOperatingSystem
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Description
Imports an externally allocated synchronization object and returns a handle to that in ext Sem_out.

The properties of the handle being imported must be described in semHandleDesc. The
cudaExternal SemaphoreHandleDesc is defined as follows:

r typedef struct cudaExternalSemaphoreHandleDesc st ({
cudaExternalSemaphoreHandleType type;
union {

int fd;
struct {
void *handle;
const void *name;
} win32;
const void* NvSciSyncObj;
} handle;
unsigned int flags;
} cudaExternalSemaphoreHandleDesc;

where cudaExternal SemaphoreHandleDesc::type specifies the type of handle being imported.
cudaExternal SemaphoreHandleType is defined as:

r typedef enum cudaExternalSemaphoreHandleType enum {
cudaExternalSemaphoreHandleTypeOpaqueFlFd
cudaExternal SemaphoreHandleTypeOpaqueWin32
cudaExternalSemaphoreHandleTypeOpaqueWin32Kmt
cudaExternalSemaphoreHandleTypeD3D12Fence
cudaExternal SemaphoreHandleTypeD3D1l1Fence
cudaExternalSemaphoreHandleTypeNvSciSync
cudaExternalSemaphoreHandleTypeKeyedMutex
cudaExternalSemaphoreHandleTypeKeyedMutexKmt
cudaExternalSemaphoreHandleTypeTimelineSemaphoreFd
cudaExternal SemaphoreHandleTypeTimelineSemaphoreWin32

} cudaExternalSemaphoreHandleType;

If cudaExterna SemaphoreHandleDesc::type is cudaExternal SemaphoreHandl eTypeOpagquekFd,

then cudaExternal SemaphoreHandleDesc::handle::fd must be avalid file descriptor referencing a
synchronization object. Ownership of the file descriptor is transferred to the CUDA driver when the
handle is imported successfully. Performing any operations on the file descriptor after it isimported
results in undefined behavior.
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If cudaExternal SemaphoreHandleDesc::type is cudaExternal SemaphoreHandl eTypeOpaqueWin32,
then exactly one of cudaExternal SemaphoreHandleDesc::handle::win32::handle and

cudaExternal SemaphoreHandleDesc::handle;:win32::name must not be NULL. If

cudaExternal SemaphoreHandleDesc::handle::win32::handle is not NULL, then it must represent
avalid shared NT handle that references a synchronization object. Ownership of this handle is not
transferred to CUDA after the import operation, so the application must release the handle using the
appropriate system call. If cudaExternal SemaphoreHandleDesc::handle::win32::nameis not NULL,
then it must name a valid synchronization object.

If cudaExternal SemaphoreHandleDesc::typeis

cudaExternal SemaphoreHandl eTypeOpagueWin32Kmt, then

cudaExternal SemaphoreHandleDesc::handle::win32::handle must be non-NULL and

cudaExternal SemaphoreHandleDesc::handle::win32::name must be NULL. The handle specified must
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be aglobally shared KMT handle. This handle does not hold a reference to the underlying object, and
thus will beinvalid when all references to the synchronization object are destroyed.

If cudaExternal SemaphoreHandleDesc::type is cudabExternal SemaphoreHandleTypeD3D12Fence,
then exactly one of cudaExternal SemaphoreHandleDesc::handle::win32::handle and

cudaExterna SemaphoreHandleDesc::handle::win32::name must not be NULL. If

cudaExternal SemaphoreHandleDesc::handle::win32::handle is not NULL, then it must represent
avalid shared NT handle that is returned by ID3D12Device::CreateSharedHandle when

referring to a ID3D12Fence object. This handle holds a reference to the underlying object. If
cudaExternal SemaphoreHandleDesc::handle::win32::nameis not NULL, then it must name avalid
synchronization object that refersto avalid ID3D12Fence object.

If cudaExternal SemaphoreHandleDesc::type is cudaExternal SemaphoreHandleTypeD3D11Fence,
then exactly one of cudaExternal SemaphoreHandleDesc::handle::win32::handle and

cudaExternal SemaphoreHandleDesc::handle;:win32;:name must not be NULL. If

cudaExternal SemaphoreHandleDesc::handle::win32::handle is not NULL, then it must

represent avalid shared NT handle that is returned by ID3D11Fence::CreateSharedHandle. If
cudaExternal SemaphoreHandleDesc::handle::win32::nameis not NULL, then it must name avalid
synchronization object that refersto avalid ID3D11Fence object.

If cudaExternal SemaphoreHandleDesc::type is cudaExternal SemaphoreHandl eTypeNvSci Sync, then
cudaExternal SemaphoreHandleDesc::handle::nvSci SyncObj represents a valid NvSci SyncOb;.

cudaExternal SemaphoreHandleTypeK eyedM utex, then exactly one

of cudaExternal SemaphoreHandleDesc::handle::win32::handle and

cudaExternal SemaphoreHandleDesc::handle::win32::name must not be NULL. If

cudaExternal SemaphoreHandleDesc::handle::win32::handle is not NULL, then it represent avalid
shared NT handlethat is returned by IDXGIResourcel::CreateSharedHandle when referring to a
IDXGIKeyedMutex object.

If cudaExternal SemaphoreHandleDesc::type is cudaExternal SemaphoreHandl eTypeK eyedM utexK mt,
then cudaExterna SemaphoreHandleDesc::handl e::win32::handle must be non-NULL and
cudaExternal SemaphoreHandleDesc::handle::win32::name must be NULL. The handle specified must
represent avalid KMT handle that is returned by IDXGIResource:: GetSharedHandle when referring to
a|DXGIKeyedMutex object.

If cudaExternal SemaphoreHandleDesc::typeis

cudaExternal SemaphoreHandl eTypeTimelineSemaphoreFd, then

cudaExternal SemaphoreHandleDesc::handle::fd must be a valid file descriptor referencing a
synchronization object. Ownership of the file descriptor is transferred to the CUDA driver when the
handle isimported successfully. Performing any operations on the file descriptor after it isimported
results in undefined behavior.

If cudaExternal SemaphoreHandleDesc::typeis

cudaExternal SemaphoreHandl eTypeTimelineSemaphoreWin32, then exactly

one of cudaExternal SemaphoreHandleDesc::handle::win32::handle and

cudaExterna SemaphoreHandleDesc::handle::win32::name must not be NULL. If

cudaExternal SemaphoreHandleDesc::handle::win32::handle is not NULL, then it must represent
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avalid shared NT handle that references a synchronization object. Ownership of this handleis not
transferred to CUDA after the import operation, so the application must rel ease the handle using the
appropriate system call. If cudaExternal SemaphoreHandleDesc::handle::win32::nameis not NULL,

then it must name a valid synchronization object.

[g] Note:

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

> Notethat this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or

cudaErrorNoDevice if thiscall triesto initialize interna CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.

cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaDestroyExternal Semaphore, cudaSi gnal External SemaphoresAsync,

cudaWaitExternal SemaphoresAsync

__host__cudaError_t cudaSignal External SemaphoresAsync

(const cudaExternal Semaphore t *extSemArray, const
cudaExternal SemaphoreSignal Params * paramsArray,
unsigned int numExtSems, cudaStream t stream)

Signals a set of external semaphore objects.

Parameters

extSemArray

- Set of external semaphores to be signaled
paramsArray

- Array of semaphore parameters
numExtSems

- Number of semaphoresto signal
stream

- Stream to enqueue the signal operationsin

Returns
cudaSuccess, cudaErrorlnvalidResourceHandle

Description

Enqueues asignal operation on a set of externally allocated semaphore abject in the specified stream.

The operations will be executed when all prior operationsin the stream compl ete.
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The exact semantics of signaling a semaphore depends on the type of the object.

If the semaphore object is any one of the following types:

cudaExternal SemaphoreHandleTypeOpaquerd, cudaExternal SemaphoreHandleTypeOpagueWin32,
cudaExternal SemaphoreHandl eTypeOpaqueWin32Kmt then signaling the semaphore will set it to the
signaled state.

If the semaphore object is any one of the following types:

cudaExternal SemaphoreHandleTypeD3D 12Fence, cudaExternal SemaphoreHandleTypeD3D11Fence,
cudaExternal SemaphoreHandl eTypeTimelineSemaphoreFd,

cudaExternal SemaphoreHandl eTypeTimelineSemaphoreWin32 then the semaphore will be set to the
value specified in cudaExternal SemaphoreSignal Params::params:.:fence::value.

If the semaphore object is of the type cudaExternal SemaphoreHandleTypeNvSci Sync this

API sets cudaExterna SemaphoreSignal Params:: params::nvSci Sync::fence to a value that

can be used by subsequent waiters of the same NvSci Sync object to order operations with

those currently submitted in st ream. Such an update will overwrite previous contents of
cudaExternal SemaphoreSignal Params:: params::nvSci Sync::fence. By default, signaling such an
external semaphore object causes appropriate memory synchronization operations to be performed
over all the external memory objects that are imported as cudaExternal M emoryHandleTypeNvSciBuf.
This ensures that any subsequent accesses made by other importers of the same set of NvSciBuf
memory object(s) are coherent. These operations can be skipped by specifying the flag
cudaExternal SemaphoreSignal SkipNvSci BufMemSync, which can be used as a performance
optimization when data coherency is not required. But specifying this flag in scenarios

where data coherency is required results in undefined behavior. Also, for semaphore object

of the type cudaExternal SemaphoreHandleTypeNvSciSync, if the NvSciSyncAttrList used

to create the NvSciSyncObj had not set the flags in cudaDeviceGetNvSci SyncAttributes to
cudaNvSci SyncAttrSignal, this APl will return cudaErrorNotSupported.

cudaExternal SemaphoreSignal Params:: params::nvSci Sync::.fence associated with semaphore

object of the type cudaExternal SemaphoreHandleTypeNvSciSync can be deterministic.

For this the NvSci SyncAttrList used to create the semaphore object must have value of

NvSci SyncAttrKey RequireDeterministicFences key set to true. Deterministic fences allow usersto
engueue await over the semaphore object even before corresponding signal is enqueued. For such

a semaphore object, CUDA guarantees that each signal operation will increment the fence value by
'1". Users are expected to track count of signals enqueued on the semaphore object and insert waits
accordingly. When such a semaphore object is signaled from multiple streams, due to concurrent
stream execution, it is possible that the order in which the semaphore gets signaled is indeterministic.
This could lead to waiters of the semaphore getting unblocked incorrectly. Users are expected to
handle such situations, either by not using the same semaphore object with deterministic fence support
enabled in different streams or by adding explicit dependency amongst such streams so that the
semaphoreis signaled in order. cudaExternal SemaphoreSignal Params:: params::nvSciSync::fence
associated with semaphore object of the type cudaExternal SemaphoreHandl eTypeNvSciSync

can be timestamp enabled. For this the NvSci SyncAttrList used to create the object must have

the value of NvSciSyncAttrKey WaiterRequireTimestamps key set to true. Timestamps are

emitted asynchronously by the GPU and CUDA saves the GPU timestamp in the corresponding
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NvSci SyncFence at the time of signal on GPU. Users are expected to convert GPU clocks to CPU
clocks using appropriate scaling functions. Users are expected to wait for the completion of the fence
before extracting timestamp using appropriate NvSciSync APIs. Users are expected to ensure that there
isonly one outstanding timestamp enabled fence per Cuda-NvSci Sync object at any point of time,
failing which leads to undefined behavior. Extracting the timestamp before the corresponding fence
issignalled could lead to undefined behaviour. Timestamp extracted via appropriate NvSciSync AP
would be in microseconds.

If the semaphore object is any one of the following types:

cudaExternal SemaphoreHandl eTypeK eyedM utex,

cudaExternal SemaphoreHandleTypeK eyedM utexKmt, then the keyed mutex will be released with the
key specified in cudaExternal SemaphoreSignal Params::params:.:keyedmutex::key.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudal mportExternal Semaphore, cudaDestroy External Semaphore, cudavWaitExternal SemaphoresAsync

__host___cudaError_t cudaWaitExternal SemaphoresAsync
(const cudaExternal Semaphore t *extSemArray, const
cudaExternal SemaphoreWaitParams * paramsArray,
unsigned int numExtSems, cudaStream t stream)

Waits on a set of external semaphore objects.

Parameters

extSemArray

- External semaphores to be waited on
paramsArray

- Array of semaphore parameters
numExtSems

- Number of semaphoresto wait on
stream

- Stream to enqueue the wait operationsin
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cudaSuccess, cudaErrorlnvalidResourceHandl e cudaErrorTimeout

Enqueues await operation on a set of externally allocated semaphore object in the specified stream.
The operations will be executed when all prior operationsin the stream compl ete.

The exact semantics of waiting on a semaphore depends on the type of the object.

If the semaphore object is any one of the following types:

cudaExternal SemaphoreHandl eTypeOpaqueFd, cudaExternal SemaphoreHandleTypeOpagueWin32,
cudaExternal SemaphoreHandleTypeOpaqueWin32Kmt then waiting on the semaphore will wait until
the semaphore reaches the signaled state. The semaphore will then be reset to the unsignaled state.
Therefore for every signal operation, there can only be one wait operation.

If the semaphore object is any one of the following types:

cudaExternal SemaphoreHandleTypeD3D 12Fence, cudaExternal SemaphoreHandleTypeD3D11Fence,
cudaExternal SemaphoreHandleTypeTimelineSemaphoreFd,

cudaExternal SemaphoreHandl eTypeTimelineSemaphoreWin32 then waiting on

the semaphore will wait until the value of the semaphore is greater than or equal to

cudaExternal SemaphoreWaitParams::params::fence::value.

If the semaphore object is of the type cudaExternal SemaphoreHandleTypeNvSci Sync then, waiting

on the semaphore will wait until the cudaExternal SemaphoreSignal Params::params:.:nvSci Sync::fence
issignaled by the signaler of the NvSci SyncObj that was associated with this semaphore

object. By default, waiting on such an external semaphore object causes appropriate memory
synchronization operations to be performed over all external memory objects that are imported as
cudaExternalM emoryHandleTypeNvSciBuf. This ensures that any subsequent accesses made by

other importers of the same set of NvSciBuf memory object(s) are coherent. These operations can

be skipped by specifying the flag cudaExternal Semaphore\WaitSkipNvSci BufMemSync, which

can be used as a performance optimization when data coherency is not required. But specifying

this flag in scenarios where data coherency is required results in undefined behavior. Also, for
semaphore object of the type cudaExternal SemaphoreHandleTypeNvSciSync, if the NvSci SyncAttrList
used to create the NvSciSyncObj had not set the flags in cudaDeviceGetNvSci SyncAttributes to
cudaNvSci SyncAttrWait, this APl will return cudaErrorNotSupported.

If the semaphore object is any one of the following types:

cudaExternal SemaphoreHandleTypeK eyedM utex,

cudaExternal SemaphoreHandleTypeK eyedM utexK mt, then the keyed

mutex will be acquired when it is released with the key specified in

cudaExterna SemaphoreSignal Params:.:params::keyedmutex::key or until the timeout specified by
cudaExternal SemaphoreSignal Params:: params..keyedmutex::timeoutMs has lapsed. The timeout
interval can either be afinite value specified in milliseconds or an infinite value. In case an infinite
value is specified the timeout never elapses. The windows INFINITE macro must be used to specify
infinite timeout
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[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudal mportExternal Semaphore, cudaDestroy External Semaphore,
cudaSignal External SemaphoresAsync

6.7. Execution Control

This section describes the execution control functions of the CUDA runtime application programming
interface.

Some functions have overloaded C++ API template versions documented separately in the C++ API
Routines module.

host device cudaError_t cudaFuncGetAttributes
(cudaFuncAttributes * attr, const void *func)

Find out attributes for a given function.

Parameters

attr

- Return pointer to function's attributes
func

- Device function symbol

Returns
cudaSuccess, cudaErrorlnvalidDeviceFunction

Description

This function obtains the attributes of afunction specified via func. func isadevice function symbol
and must bedeclared asa  global  function. The fetched attributes are placed in attr. If the
specified function does not exist, then it is assumed to be a cudaKernel_t and used asis. For templated
functions, pass the function symbol as follows: func_name<template arg 0,...,template_arg N>
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Note that some function attributes such as maxThreadsPerBlock may vary based on the devicethat is
currently being used.

S

Note:

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

» Useof astring naming afunction asthe func parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The API can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetKernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
symbol ent ryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudakernel_t

See also;
cudaFuncSetCacheConfig ( C API), cudaFuncGetAttributes ( C++ API), cudal aunchKernel ( C API),

cuFuncGetAttribute

host_cudaError _t cudaFuncGetName (const char

**name, const void *func)

Returns the function name for a device entry function pointer.

Parameters

name

- The returned name of the function

func

- The function pointer to retrieve name for

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidDeviceFunction

Description

Returnsin **name the function name associated with the symbol func . The function nameis
returned as a null-terminated string. This APl may return amangled name if the function is not

CUDA Runtime API v13.0 | 96


../cuda-driver-api/cuda-driver-api/content/group__CUDA__EXEC.html#group__CUDA__EXEC_1g5e92a1b0d8d1b82cb00dcfb2de15961b

Modules

declared as having C linkage. If **name isNULL, cudaErrorinvalidvValueisreturned. If func isnot
adevice entry function, then it is assumed to be a cudaKernel_t and used asis.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The API can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetKernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
symbol entryFuncAddr passed to cudaGetKernel should be asymbol that is registered with the
same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaK ernel_t

cudaFuncGetName (C++ API)

__host___cudaError_t cudaFuncGetParaminfo (const void
*func, size t paramindex, size t * paramOffset, size t
*paramSize)

Returns the offset and size of akernel parameter in the device-side parameter layout.

Parameters

func
- The function to query
paramlndex
- The parameter index to query
paramOffset
- The offset into the device-side parameter layout at which the parameter resides
paramSize
- The size of the parameter in the device-side parameter layout

Returns
CUDA SUCCESS, CUDA ERROR INVALID VALUE,

Description

Queriesthe kernel parameter at paramIndex in func's list of parameters and returns parameter
information viaparamOf fset and paramSize. paramOf fset returnsthe offset of the

CUDA Runtime API v13.0 | 97


../cuda-driver-api/cuda-driver-api/content/group__CUDA__TYPES.html#group__CUDA__TYPES_1ggc6c391505e117393cc2558fff6bfc2e9a0eed720f8a87cd1c5fd1c453bc7a03d
../cuda-driver-api/cuda-driver-api/content/group__CUDA__TYPES.html#group__CUDA__TYPES_1ggc6c391505e117393cc2558fff6bfc2e990696c86fcee1f536a1ec7d25867feeb

Modules

parameter in the device-side parameter layout. paramSize returnsthe sizein bytes of the

parameter. Thisinformation can be used to update kernel node parameters from the device via
cudaGraphK ernelNodeSetParam() and cudaGraphK ernelNodeUpdatesApply(). paramIndex must be
less than the number of parameters that func takes.

@ Note:

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

» The API can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetKernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
symbol entryFuncAddr passed to cudaGetKernel should be asymbol that is registered with the
same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaK ernel_t

__host__cudaError_t cudaFuncSetAttribute (const void
*func, cudaFuncAttribute attr, int value)

Set attributes for a given function.

Parameters

func

- Function to get attributes of
attr

- Attribute to set
value

- Vaueto set

Returns
cudaSuccess, cudaErrorlnvalidDeviceFunction, cudaErrorinvalidVaue

Description

This function sets the attributes of afunction specified via func. The parameter func must be a
pointer to a function that executes on the device. The parameter specified by func must be declared
asa__global function. The enumeration defined by attr isset to the value defined by value.
If the specified function does not exist, then it is assumed to be a cudaKernel_t and used asis. If

the specified attribute cannot be written, or if the value isincorrect, then cudaErrorinvalidValueis
returned.

Valid valuesfor attr are
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cudaFuncAttributeM axDynamicSharedM emorySize - The requested maximum

size in bytes of dynamically-allocated shared memory. The sum of thisvalue

and the function attribute sharedSizeBytes cannot exceed the device attribute

cudaDevAttrM axSharedM emoryPerBlockOptin. The maximal size of requestable dynamic shared
memory may differ by GPU architecture.

cudaFuncAttributePreferredSharedM emoryCarveout - On devices where the L1 cache and shared
memory use the same hardware resources, this sets the shared memory carveout preference, in
percent of the total shared memory. See cudaDevAttrMaxSharedM emoryPerM ultiprocessor. This
isonly ahint, and the driver can choose a different ratio if required to execute the function.

cudaFuncAttributeRequiredClusterWidth: The required cluster width in blocks. The width, height,
and depth values must either all be O or al be positive. The validity of the cluster dimensionsis
checked at launch time. If the valueis set during compile time, it cannot be set at runtime. Setting it
at runtime will return cudaErrorNotPermitted.

cudaFuncAttributeRequiredClusterHeight: The required cluster height in blocks. The width, height,
and depth values must either all be 0 or al be positive. The validity of the cluster dimensionsis
checked at launch time. If the valueis set during compile time, it cannot be set at runtime. Setting it
a runtime will return cudaErrorNotPermitted.

cudaFuncAttributeRequiredClusterDepth: The required cluster depth in blocks. The width, height,
and depth values must either all be 0 or al be positive. The validity of the cluster dimensionsis
checked at launch time. If the valueis set during compile time, it cannot be set at runtime. Setting it
at runtime will return cudaErrorNotPermitted.

cudaFuncAttributeNonPortabl eCluster SizeAllowed: Indicates whether the function can be
launched with non-portable cluster size. 1 isalowed, O is disallowed.

cudaFuncAttributeCluster SchedulingPolicyPreference: The block scheduling policy of afunction.
The value type is cudaClusterSchedulingPolicy.

Note:

» Note that this function may aso return error codes from previous, asynchronous launches.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» TheAPI can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetKernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
symbol ent ryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaKernel_t
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cudalaunchKernel (C++ API), cudaFuncSetCacheConfig ( C++ API), cudaFuncGetAttributes ( C
API),

__host__cudaError_t cudaFuncSetCacheConfig (const void
*func, cudaFuncCache cacheConfig)

Sets the preferred cache configuration for a device function.

Parameters

func

- Device function symbol
cacheConfig

- Requested cache configuration

Returns
cudaSuccess, cudaErrorlnvalidDeviceFunction

Description

On devices where the L1 cache and shared memory use the same hardware resources, this sets through
cacheConfig the preferred cache configuration for the function specified via func. Thisisonly
apreference. The runtime will use the requested configuration if possible, but it is free to choose a
different configuration if required to execute func.

func isadevice function symbol and must be declared asa  global  function. If the specified
function does not exist, then cudaErrorlnvalidDeviceFunction is returned. For templated functions, pass
the function symbol asfollows: func_name<template_arg 0,....template_arg_N>

This setting does nothing on devices where the size of the L1 cache and shared memory are fixed.

Launching a kernel with a different preference than the most recent preference setting may insert a
device-side synchronization point.

The supported cache configurations are:

cudaFuncCachePreferNone: no preference for shared memory or L1 (default)

cudaFuncCachePreferShared: prefer larger shared memory and smaller L1 cache

cudaFuncCachePreferL 1: prefer larger L1 cache and smaller shared memory

vV v v VY

cudaFuncCachePreferEqual: prefer equal size L1 cache and shared memory

@ Note:

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

» Useof astring naming afunction asthe func parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.
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» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» This API does not accept acudaKernel_t casted as void*. If cache config modification is
required for acudaKernel_t (or a__globa__ function), it can be replaced with acall to
cudaFuncSetAttributes with the attribute cudaFuncAttributePreferredSharedM emoryCarveout to
specify amore granular L1 cache and shared memory split configuration.

See also;

cudaFuncSetCacheConfig ( C++ API), cudaFuncGetAttributes ( C API), cudaLaunchKernel ( C API),
cuFuncSetCacheConfig

__device _ void *cudaGetParameterBuffer (size t
alignment, size t size)

Obtains a parameter buffer.

Parameters
alignment
- Specifies alignment requirement of the parameter buffer
size
- Specifies size requirement in bytes
Returns
Returns pointer to the allocated parameterBuffer

Description

Obtains a parameter buffer which can be filled with parameters for a kernel launch. Parameters passed
to cudal aunchDevice must be allocated via this function.

Thisisalow level API and can only be accessed from Parallel Thread Execution (PTX). CUDA user
code should use <<< >>> to launch kernels.

@ Note:

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

See als0:;

cudalL aunchDevice
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__device _ void cudaGridDependencySynchronize (void)
Programmatic grid dependency synchronization.

Description

This device function will block the thread until all direct grid dependencies have compl eted.
This APl isintended to use in conjuncture with programmeatic / launch event / dependency.
See cudal_aunchAttributel D::cudal aunchAttributeProgrammeaticStreamSerialization and
cudalaunchAttributel D::cudal aunchAttributeProgrammaticEvent for more information.

__host__cudaError_t cudal aunchCooperativeK ernel (const
void *func, dim3 gridDim, dim3 blockDim, void **args,
size t sharedMem, cudaStream t stream)

Launches a device function where thread blocks can cooperate and synchronize as they execute.

Parameters

func

- Device function symbol
gridDim

- Grid dimentions
blockDim

- Block dimentions
args

- Arguments
sharedM em

- Shared memory
stream

- Stream identifier

Returns

cudaSuccess, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidConfiguration,
cudaErrorLaunchFailure, cudaErrorLaunchTimeout, cudaErrorL aunchOutOf Resources,
cudaErrorCooperativel aunchToolL arge, cudaErrorSharedObjectInitFailed

Description

The function invokeskernel func ongridDim (gridDim.x gridDim.y gridDim. z) grid of
blocks. Each block containsblockDim (blockDim.x blockDim.y blockDim. z) threads.

The device on which this kerndl isinvoked must have a non-zero value for the device attribute
cudaDevAttrCooperativel aunch.
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Thetotal number of blocks launched cannot exceed the maximum number of blocks per

multiprocessor as returned by cudaOccupancyM axA ctiveBlocksPerM ultiprocessor (or
cudaOccupancyM axA ctiveBlocksPerM ulti processorWithFlags) times the number of multiprocessors as
specified by the device attribute cudaDevAttrM ulti ProcessorCount.

The kernel cannot make use of CUDA dynamic parallelism.

If the kernel has N parameters the args should point to array of N pointers. Each pointer, from
args[0] toargs [N - 17, pointtotheregion of memory from which the actual parameter will be
copied.

For templated functions, pass the function symbol asfollows:
func_name<template_arg_O,...,template_arg N>
sharedMemn sets the amount of dynamic shared memory that will be available to each thread block.

stream specifies a stream the invocation is associated to.

@ Note:

»  Thisfunction uses standard default stream semantics.
» Note that this function may also return error codes from previous, asynchronous launches.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The APl can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetK ernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
symbol ent ryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaKernel_t

See als0;

cudal_aunchCooperativeKernel (C++ API), cuL aunchCooperativeK ernel
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__device cudaError_t cudalaunchDevice (void
*func, void * parameterBuffer, dim3 gridDimension,
dim3 blockDimension, unsigned int sharedMemSize,
cudaStream t stream)

Launches a specified kernel.

Parameters

func

- Pointer to the kernel to be launched
parameter Buffer

- Holds the parameters to the launched kernel. parameterBuffer can be NULL. (Optional)
gridDimension

- Specifies grid dimensions
blockDimension

- Specifies block dimensions
sharedMemSize

- Specifies size of shared memory
stream

- Specifies the stream to be used

Returns

cudaSuccess, cudaErrorlnvalidDevice, cudaErrorL aunchM axDepthExceeded,
cudaErrorlnvalidConfiguration, cudaErrorStartupFailure, cudaErrorL aunchPendingCountExceeded,
cudaErrorL aunchOutOf Resources

Description

Launches a specified kernel with the specified parameter buffer. A parameter buffer can be obtained by
caling cudaGetParameterBuffer().

Thisisalow level API and can only be accessed from Parallel Thread Execution (PTX). CUDA user
code should use <<< >>> to launch the kernels.

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

Please refer to Execution Configuration and Parameter Buffer Layout from the CUDA Programming
Guide for the detailed descriptions of launch configuration and parameter layout respectively.

See also;
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cudaGetParameterBuffer

Enqueues a host function call in a stream.

stream
fn

- The function to call once preceding stream operations are complete
user Data

- User-specified data to be passed to the function

cudaSuccess, cudaErrorlnvalidResourceHandl e, cudaErrorinvalidVaue, cudaErrorNotSupported

Enqueues a host function to run in a stream. The function will be called after currently enqueued work
and will block work added after it.

The host function must not make any CUDA API calls. Attempting to use a CUDA APl may

result in cudaErrorNotPermitted, but thisis not required. The host function must not perform any
synchronization that may depend on outstanding CUDA work not mandated to run earlier. Host
functions without a mandated order (such as in independent streams) execute in undefined order and
may be serialized.

For the purposes of Unified Memory, execution makes a number of guarantees:

The stream is considered idle for the duration of the function's execution. Thus, for example, the
function may always use memory attached to the stream it was enqueued in.

The start of execution of the function has the same effect as synchronizing an event recorded in
the same stream immediately prior to the function. It thus synchronizes streams which have been
"joined" prior to the function.

Adding device work to any stream does not have the effect of making the stream active until al
preceding host functions and stream callbacks have executed. Thus, for example, a function might
use global attached memory even if work has been added to another stream, if the work has been
ordered behind the function call with an event.

Completion of the function does not cause a stream to become active except as described above.
The stream will remain idle if no device work follows the function, and will remain idle across
consecutive host functions or stream callbacks without device work in between. Thus, for example,
stream synchronization can be done by signaling from a host function at the end of the stream.

CUDA Runtime API v13.0 | 105



Modules

Note that, in constrast to cuStreamA ddCallback, the function will not be called in the event of an error
in the CUDA context.

[g] Note:

> Thisfunction uses standard default stream semantics.
> Notethat this function may also return error codes from previous, asynchronous launches.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDeviceiif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaStreamCreate, cudaStreamQuery, cudaStreamSynchronize, cudaStreamWaitEvent,
cudaStreamDestroy, cudaM allocM anaged, cudaStreamA ttachM emAsync, cudaStreamAddCallback,
cuLaunchHostFunc

__host__cudaError_t cudalaunchKernel (const void
*func, dim3 gridDim, dim3 blockDim, void **args, size t
sharedMem, cudaStream t stream)

Launches adevice function.

Parameters

func

- Device function symbol
gridDim

- Grid dimentions
blockDim

- Block dimentions
args

- Arguments
sharedM em

- Shared memory
stream

- Stream identifier

Returns

cudaSuccess, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidConfiguration,
cudaErrorLaunchFailure, cudaErrorLaunchTimeout, cudaErrorL aunchOutOf Resources,
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cudaErrorSharedObjectl nitFailed, cudaErrorlnvalidPtx, cudaErrorUnsupportedPtxV ersion,
cudaErrorNoK ernell mageForDevice, cudaErrorJitCompilerNotFound,
cudaErrorJitCompil ationDisabled

Description

The function invokes kernel func ongridDim (gridDim.x gridDim.y gridDim. z) grid of
blocks. Each block containsblockDim (blockDim.x blockDim.y blockDim. z) threads.

If the kernel has N parameters the args should point to array of N pointers. Each pointer, from
args[0] toargs [N - 1], pointtotheregion of memory from which the actual parameter will be
copied.

For templated functions, pass the function symbol asfollows:
func_name<template_arg_O,...,template_arg N>
sharedMemn sets the amount of dynamic shared memory that will be available to each thread block.

stream specifies a stream the invocation is associated to.

@ Note:

»  Thisfunction uses standard default stream semantics.
» Note that this function may also return error codes from previous, asynchronous launches.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The APl can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetK ernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
symbol ent ryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaKernel_t

See dso:
cudalL aunchKernel (C++ API), cuLaunchKernel
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__host__cudaError_t cudal aunchKernel EXC (const
cudaL aunchConfig_t *config, const void *func, void
** al’gS)

Launches a CUDA function with launch-time configuration.

Parameters

config
- Launch configuration
func
- Kernel to launch
args
- Array of pointersto kernel parameters

Returns

cudaSuccess, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidConfiguration,
cudaErrorL aunchFailure, cudaErrorL aunchTimeout, cudaErrorl aunchOutOf Resources,
cudaErrorSharedObjectl nitFailed, cudaErrorlnvalidPtx, cudaErrorUnsupportedPtxV ersion,
cudaErrorNoK ernel lmageForDevice, cudaErrorJitCompilerNotFound,
cudaErrorJitCompilationDisabled

Description

Note that the functionally equivalent variadic template cudal aunchKernelEx is available for C++11
and newer.

Invokesthe kernel func on config->gridDim (config->gridDim.x config-
>gridDim.y config->gridDim. z) grid of blocks. Each block contains config->blockDim
(config->blockDim.x config->blockDim.y config->blockDim. z) threads.

config->dynamicSmemBytes setsthe amount of dynamic shared memory that will be available
to each thread block.

config->stream specifiesastream the invocation is associated to.

Configuration beyond grid and block dimensions, dynamic shared memory size, and stream can be
provided with the following two fields of config:

config->attrsisanarray of config->numAttrs contiguous cudal aunchAttribute elements.
The value of this pointer isnot considered if config->numAttrs iszero. However, in that case,
it is recommended to set the pointer to NULL. config->numAttrs isthe number of attributes
populating thefirst config->numAttrs positions of the config->attrs array.

If the kernel has N parameters the args should point to array of N pointers. Each pointer, from
args[0] toargs [N - 1], pointtotheregion of memory from which the actual parameter will be
copied.
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N.B. Thisfunction is so named to avoid unintentionally invoking the templated version,
cudalLaunchKernelEx, for kernelstaking asingle void** or void* parameter.

@ Note:

» Thisfunction uses standard default stream semantics.
» Note that this function may also return error codes from previous, asynchronous launches.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The APl can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetKernel() or cudaGetKernel and then passing it to the API by casting to void*. The
symbol entryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaK ernel_t

See dlso:

cudal_aunchK ernel Ex(const cudal aunchConfig_t *config, void (*kernel)(ExpTypes...), ActTypes
&&... args) "cudaL aunchKernelEx (C++ API)", cuLaunchKernel Ex

__device void

cudaTriggerProgrammaticL aunchCompletion (void)
Programmatic dependency trigger.

Description

This device function ensures the programmatic launch completion edges/ events are fulfilled.

See cudal aunchAttributel D::cudal aunchAttri buteProgrammati cStreamSerialization and

cudal aunchAttributel D::cudal aunchAttributeProgrammaticEvent for more information. The event /
edge kick off only happenswhen every CTAs in the grid has either exited or called this function at
least once, otherwise the kick off happens automatically after all warps finishes execution but before
the grid completes. The kick off only enables scheduling of the secondary kernel. It provides no
memory visibility guarantee itself. The user could enforce memory visibility by inserting a memory
fence of the correct scope.
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6.8.  Execution Control [DEPRECATED]

This section describes the deprecated execution control functions of the CUDA runtime application
programming interface.

Some functions have overloaded C++ API template versions documented separately in the C++ API
Routines module.

__host__cudaError_t cudaFuncSetSharedMemConfig
(const void *func, cudaSharedM emConfig config)

Sets the shared memory configuration for a device function.

Parameters

func
- Device function symbol
config
- Requested shared memory configuration

Returns
cudaSuccess, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidValue,

Description
Deprecated

On devices with configurable shared memory banks, this function will force all subsequent launches of
the specified device function to have the given shared memory bank size configuration. On any given
launch of the function, the shared memory configuration of the device will be temporarily changed if
needed to suit the function's preferred configuration. Changes in shared memory configuration between
subsequent launches of functions, may introduce a device side synchronization point.

Any per-function setting of shared memory bank size set via cudaFuncSetSharedM emConfig will
override the device wide setting set by cudaDeviceSetSharedM emConfig.

Changing the shared memory bank size will not increase shared memory usage or affect occupancy of
kernels, but may have major effects on performance. Larger bank sizes will alow for greater potential
bandwidth to shared memory, but will change what kinds of accesses to shared memory will result in

bank conflicts.

This function will do nothing on devices with fixed shared memory bank size.

For templated functions, pass the function symbol as follows:
func_name<template_arg_O0,...,template_arg N>

The supported bank configurations are:
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» cudaSharedMemBankSizeDefault: use the device's shared memory configuration when launching
this function.

> cudaSharedMemBankSizeFourByte: set shared memory bank width to be four bytes natively when
launching this function.

» cudaSharedMemBankSizeEightByte: set shared memory bank width to be eight bytes natively
when launching this function.

@ Note:

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

» Useof astring naming afunction asthe func parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaDeviceSetSharedM emConfig, cudaDeviceGetSharedM emConfig, cudaDeviceSetCacheConfig,
cudaDeviceGetCacheConfig, cudaFuncSetCacheConfig, cuFuncSetSharedM emConfig

6.9.  Occupancy

This section describes the occupancy calculation functions of the CUDA runtime application
programming interface.

Besides the occupancy calculator functions (cudaOccupancyMaxA ctiveBlocksPerM ultiprocessor and
cudaOccupancyM axA ctiveBlocksPerM ultiprocessorWithFlags), there are also C++ only occupancy-
based launch configuration functions documented in C++ API Routines module.

See cudaOccupancyM axPotential BlockSize ( C++ API), cudaOccupancyM axPotential BlockSize
(C++ API), cudaOccupancyM axPotential BlockSizeV ariableSMem ( C+

+ API), cudaOccupancyM axPotential BlockSizeV ariableSMem ( C++ API)
cudaOccupancyAvailableDynamicSMemPerBlock (C++ API),
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__host__cudaError_t
cudaOccupancyAvailableDynamicSMemPerBlock (size t
*dynamicSmemSize, const void *func, int numBlocks, int
blockSize)

Returns dynamic shared memory available per block when launching numBlocks blocks on SM.

Parameters

dynamicSmemSize

- Returned maximum dynamic shared memory
func

- Kernel function for which occupancy is calculated
numBlocks

- Number of blocksto fit on SM
blockSize

- Size of the block

Returns

cudaSuccess, cudaErrorlnvalidDevice, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidValue,
cudaErrorunknown,

Description

Returnsin *dynamicSmemSi ze the maximum size of dynamic shared memory to allow
numBlocks blocks per SM.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The APl can aso be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetKernel() or cudaGetKernel and then passing it to the API by casting to void*. The
symbol entryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

» Passing a symbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaK ernel_t
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See also;

cudaOccupancyM axA ctiveBlocksPerM ulti processorWithFlags,

cudaOccupancyM axPotential BlockSize ( C++ API), cudaOccupancyM axPotential BlockSizeWithFlags
((C++ API), cudaOccupancyM axPotential BlockSizeVariableSMem ( C++ API),

cudaOccupancyM axPotential BlockSizeV ariableSMemWithFlags ( C++ API),
cudaOccupancyAvailableDynamicSM emPerBlock

host device cudaError _t
cudaOccupancyM axA ctiveBlocksPerM ultiprocessor
(int *numBlocks, const void *func, int blockSize, size t
dynamicSMemSize)

Returns occupancy for a device function.

Parameters

numBlocks

- Returned occupancy
func

- Kernel function for which occupancy is calculated
blockSize

- Block size the kernel isintended to be launched with
dynamicSMemSize

- Per-block dynamic shared memory usage intended, in bytes

Returns

cudaSuccess, cudaErrorinvalidDevice, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidVaue,
cudaErrorUnknown,

Description

Returnsin *numBlocks the maximum number of active blocks per streaming multiprocessor for the
device function.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call tries to initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

CUDA Runtime API vi3.0 | 113



Modules

» The API can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetKernel() or cudaGetKernel and then passing it to the API by casting to void*. The
symbol ent ryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

> Passing a symbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaKernel_t

See also:

cudaOccupancyM axA ctiveBlocksPerM ultiprocessorWithFlags,

cudaOccupancyMaxPotential BlockSize ( C++ API), cudaOccupancyM axPotential BlockSizeWithFlags
(C++ API), cudaOccupancyM axPotential BlockSizeV ariableSMem ( C+

+ API), cudaOccupancy M axPotential BlockSizeV ariableSM emWithFlags

( C++ API), cudaOccupancyAvailableDynamicSMemPerBlock (C++ API),

cuOccupancyM axA ctiveBlocksPerM ulti processor

__host___cudaError_t

cudaOccupancyM axA ctiveBlocksPerM ultiprocessorWithFlags
(int *numBlocks, const void *func, int blockSize, size t
dynamicSMemSize, unsigned int flags)

Returns occupancy for a device function with the specified flags.

Parameters

numBlocks

- Returned occupancy
func

- Kernel function for which occupancy is calculated
blockSize

- Block size the kernel isintended to be launched with
dynamicSMemSize

- Per-block dynamic shared memory usage intended, in bytes
flags

- Requested behavior for the occupancy calculator

Returns

cudaSuccess, cudaErrorlnvalidDevice, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidVaue,
cudaErrorUnknown,
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Returnsin *numBlocks the maximum number of active blocks per streaming multiprocessor for the

device function.
The f1ags parameter controls how special cases are handled. Valid flags include:

> cudaOccupancyDefault: keeps the default behavior as
cudaOccupancyM axA ctiveBlocksPerM ultiprocessor

» cudaOccupancyDisableCachingOverride: This flag suppresses the default behavior on platform
where global caching affects occupancy. On such platforms, if caching is enabled, but per-block
SM resource usage would result in zero occupancy, the occupancy calculator will calculate the
occupancy asif caching is disabled. Setting this flag makes the occupancy calculator to return 0 in
such cases. More information can be found about this feature in the "Unified L 1/Texture Cache"

section of the Maxwell tuning guide.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or

cudaErrorNoDeviceif this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.

cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The APl can also be used with akernel cudaKernel_t by querying the handle using

cudal ibraryGetK ernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
symbol ent ryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the

same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaKernel_t

See also;

cudaOccupancyM axA ctiveBlocksPerM ultiprocessor, cudaOccupancyM axPotential BlockSize
( C++ API), cudaOccupancy M axPotential BlockSizeWithFlags ( C++

API), cudaOccupancyM axPotential BlockSizeVariableSMem ( C++ API),

cudaOccupancyM axPotential BlockSizeV ariableSMemWithFlags ( C+

+ API), cudaOccupancyAvail ableDynamicSMemPerBlack (C++ API),

cuOccupancyM axA ctiveBlocksPerM ulti processorWithFlags
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__host__cudaError_t cudaOccupancyMaxActiveClusters
(int * numClusters, const void *func, const
cudaL aunchConfig_t *launchConfig)

Given the kernel function (func) and launch configuration (config), return the maximum number of
clustersthat could co-exist on the target devicein *numClusters.

Parameters

numClusters

- Returned maximum number of clusters that could co-exist on the target device
func

- Kernel function for which maximum number of clusters are calculated
launchConfig

Returns

cudaSuccess, cudaErrorlnvalidDeviceFunction, cudaErrorinvalidVaue, cudakrrorlnvalidClusterSize,
cudaErrorUnknown,

Description

If the function has required cluster size already set (see cudaFuncGetAttributes), the cluster size from
config must either be unspecified or match the required size. Without required sizes, the cluster size
must be specified in config, else the function will return an error.

Note that various attributes of the kernel function may affect occupancy calculation. Runtime
environment may affect how the hardware schedules the clusters, so the calculated occupancy is not
guaranteed to be achievable.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The APl can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetK ernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
symbol ent ryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

» Passing asymbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaKernel_t
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See also;

cudaFuncGetAttributes cudaOccupancyMaxActiveClusters (C++ API),
cuOccupancyMaxActiveClusters

__host___cudaError t

cudaOccupancyM axPotential ClusterSize (int

*clusterSize, const void *func, const cudal aunchConfig_t
*launchConfig)

Given the kernel function (func) and launch configuration (con f1ig), return the maximum cluster
sizein *clusterSize.

Parameters

cluster Size
- Returned maximum cluster size that can be launched for the given kernel function and launch
configuration

func
- Kernel function for which maximum cluster sizeis calculated

launchConfig

Returns
cudaSuccess, cudaErrorlnvalidDeviceFunction, cudaErrorlnvalidVaue, cudaErrorUnknown,

Description

The cluster dimensionsin config areignored. If func has arequired cluster size set (see
cudaFuncGetAttributes),*clusterSize will reflect the required cluster size.

By default this function will always return a value that's portable on future hardware. A higher value
may be returned if the kernel function allows non-portable cluster sizes.

This function will respect the compile time launch bounds.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» The API can also be used with akernel cudaKernel_t by querying the handle using
cudal ibraryGetKernel() or cudaGetK ernel and then passing it to the API by casting to void*. The
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symbol ent ryFuncAddr passed to cudaGetKernel should be a symbol that is registered with the
same CUDA Runtime instance.

» Passing a symbol that belongs that belongs to a different runtime instance will result in undefined
behavior. The only type that can be reliably passed to a different runtime instance is cudaKernel_t

See dlso:

cudaFuncGetAttributes cudaOccupancyM axPotentia ClusterSize (C++ API),
cuOccupancyMaxPotential ClusterSize

6.10. Memory Management

This section describes the memory management functions of the CUDA runtime application
programming interface.

Some functions have overloaded C++ API template versions documented separately in the C++ API
Routines module.

__host__cudaError_t cudaArrayGetinfo
(cudaChannel FormatDesc * desc, cudaExtent * extent,
unsigned int *flags, cudaArray t array)

Gets info about the specified cudaArray.

Parameters

desc
- Returned array type
extent
- Returned array shape. 2D arrays will have depth of zero
flags
- Returned array flags
array
- The cudaArray to get info for

Returns
cudaSuccess, cudaErrorinvalidVaue

Description
Returnsin *desc, *extent and *f1ags respectively, the type, shape and flagsof array.

Any of *desc, *extent and *flags may be specified as NULL.
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[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cuArrayGetDescriptor, cuArray3DGetDescriptor

__host__cudaError_t cudaArrayGetM emoryRequirements
(cudaArrayM emoryRequirements * memoryRequirements,
cudaArray t array, int device)

Returns the memory requirements of a CUDA array.

Parameters

memoryRequirements

- Pointer to cudaArrayM emoryRequirements
array

- CUDA array to get the memory regquirements of
device

- Device to get the memory requirements for

Returns
cudaSuccess cudaErrorinvalidVaue

Description

Returns the memory requirements of a CUDA array inmemoryRequirements If the CUDA array
is not allocated with flag cudaArrayDeferredMapping cudaErrorinvalidV alue will be returned.

The returned value in cudaArrayM emoryRequirements::size represents the total size of the CUDA
array. The returned value in cudaArrayM emoryRequirements::alignment represents the alignment
necessary for mapping the CUDA array.

See also;

cudaM i pmappedArrayGetM emoryReguirements
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__host__cudaError_t cudaArrayGetPlane (cudaArray t
*pPlaneArray, cudaArray t hArray, unsigned int planel dx)

Getsa CUDA array plane from a CUDA array.

Parameters
pPlaneArray
- Returned CUDA array referenced by the planeTdx
hArray
- CUDA array
planel dx
- Plane index

Returns
cudaSuccess, cudaErrorlnvalidValue cudaErrorlnvalidResourceHandle

Description

ReturnsinpPlaneArray a CUDA array that represents asingle format plane of the CUDA array
hArray.

If planeIdx isgreater than the maximum number of planesin thisarray or if the array does not have
amulti-planar format e.g: cudaChannel FormatKindNV 12, then cudaErrorinvalidValue is returned.

Notethat if the hArray hasformat cudaChannel FormatKindNV 12, then passing in O for
planeIdx returnsaCUDA array of the same size as hArray but with one 8-bit channel and
cudaChannel FormatKindUnsigned asits format kind. If 1 is passed for planeIdx, thenthe
returned CUDA array has half the height and width of hArray with two 8-bit channels and
cudaChannel FormatKindUnsigned as its format kind.

[g] Note:

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

See also;
cuArrayGetPlane
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__host___cudaError_t cudaArrayGetSparseProperties
(cudaArraySparseProperties * sparseProperties,
cudaArray t array)

Returns the layout properties of a sparse CUDA array.

Parameters
spar seProperties

- Pointer to return the cudaArray SparseProperties
array

- The CUDA array to get the sparse properties of

Returns
cudaSuccess cudaErrorinvalidVaue

Description

Returns the layout properties of a sparse CUDA array in sparseProperties. If the CUDA array is
not allocated with flag cudaArraySparse cudaErrorinvalidVaue will be returned.

If the returned value in cudaArray SparseProperties::flags contains

cudaArray SparsePropertiesSingleMipTail, then cudaA rray SparseProperties.:miptail Size

represents the total size of the array. Otherwise, it will be zero. Also, the returned valuein
cudaArraySparseProperties.:miptail FirstLevel is always zero. Note that the array must have

been allocated using cudaMallocArray or cudaMalloc3DArray. For CUDA arrays obtained

using cudaMipmappedArrayGetLevel, cudaErrorlnvalidValue will be returned. Instead,
cudaMipmappedA rray GetSparseProperties must be used to obtain the sparse properties of the entire
CUDA mipmapped array to which array belongsto.

See also:
cudaMipmappedA rrayGetSparseProperties, cuMemMapArrayAsync

host device cudaError_t cudaFree (void * devPtr)

Frees memory on the device.

Parameters

devPtr
- Device pointer to memory to free

Returns
cudaSuccess, cudaErrorlnvalidVaue
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Description

Frees the memory space pointed to by devPtr, which must have been returned by a previous
call to one of the following memory allocation APIs - cudaMalloc(), cudaMallocPitch(),
cudaMallocManaged(), cudaMallocAsync(), cudaM allocFromPool Async().

Note - This APl will not perform any implicit synchronization when the pointer was allocated with
cudaMallocAsync or cudaM allocFromPool Async. Callers must ensure that all accesses to these pointer
have completed before invoking cudaFree. For best performance and memory reuse, users should

use cudaFreeAsync to free memory allocated via the stream ordered memory allocator. For all other
pointers, this APl may perform implicit synchronization.

If cudaFree(devPtr) has already been called before, an error isreturned. If devPtr is0, no operation
is performed. cudaFree() returns cudaErrorValue in case of failure.

The device version of cudaFree cannot be used with a *devPtr alocated using the host API, and vice
versa

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaMalloc, cudaM allocPitch, cudaMallocM anaged, cudaM allocArray, cudaFreeArray,
cudaM allocAsync, cudaM allocFromPool Async cudaMallocHost ( C API), cudaFreeHost,
cudaMalloc3D, cudaMalloc3DArray, cudaFreeAsync cudaHostAlloc, cuMemFree

__host__cudaError_t cudaFreeArray (cudaArray t array)

Frees an array on the device.

Parameters

array
- Pointer to array to free

Returns
cudaSuccess, cudaErrorinvalidVaue
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Description

Frees the CUDA array array, which must have been returned by aprevious cal to
cudaMallocArray(). If devPtr is0, no operation is performed.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaMalloc, cudaMallocPitch, cudaFree, cudaMallocArray, cudaMallocHost ( C API), cudaFreeHost,
cudaHostAlloc, cuArrayDestroy

__host__cudaError_t cudaFreeHost (void * ptr)

Frees page-locked memory.

Parameters
ptr
- Pointer to memory to free

Returns
cudaSuccess, cudaErrorlnvalidVaue

Description

Frees the memory space pointed to by hostPtr, which must have been returned by a previous call to
cudaMallocHost() or cudaHostAlloc().

[g] Note:

> Notethat this function may also return error codes from previous, asynchronous launches.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.
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See also;

cudaMalloc, cudaMallocPitch, cudaFree, cudaMallocArray, cudaFreeArray, cudaMallocHost ( C API),
cudaMalloc3D, cudaMalloc3DArray, cudaHostAlloc, cuM emFreeHost

__host__cudaError_t cudaFreeMipmappedArray
(cudaMipmappedArray t mipmappedArray)

Frees a mipmapped array on the device.

Parameters

mipmappedArray
- Pointer to mipmapped array to free

Returns
cudaSuccess, cudaErrorlnvalidVaue

Description

Frees the CUDA mipmapped array mipmappedArray, which must have been returned by a previous
cal to cudaMallocMipmappedArray(). If devPtr is0, no operation is performed.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:

cudaMalloc, cudaM allocPitch, cudaFree, cudaMallocArray, cudaMallocHost ( C API), cudaFreeHost,
cudaHostAlloc, cuMipmappedArrayDestroy
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__host__cudaError_t cudaGetMipmappedArrayL evel
(cudaArray t *levelArray, cudaMipmappedArray const t
mipmappedArray, unsigned int level)

Gets amipmap level of a CUDA mipmapped array.

Parameters

levelArray

- Returned mipmap level CUDA array
mipmappedArray

- CUDA mipmapped array
level

- Mipmap level

Returns
cudaSuccess, cudaErrorlnvalidV aue cudaErrorlnvalidResourceHandle

Description

Returnsin *1evelArray a CUDA array that represents a single mipmap level of the CUDA
mipmapped array mipmappedArray.

If level isgreater than the maximum number of levelsin this mipmapped array,
cudaErrorinvalidValue is returned.

If mipmappedArray iSNULL, cudaErrorinvalidResourceHandleis returned.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaMalloc3D, cudaMalloc, cudaMallocPitch, cudaFree, cudaFreeArray, cudaMallocHost ( C API),
cudaFreeHost, cudaHostAlloc, make cudaExtent, cuMipmappedArrayGetl evel
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__host__cudaError_t cudaGetSymbol Address (void

**devPtr, const void * symbol)
Finds the address associated with a CUDA symbol.

Parameters

devPtr

- Return device pointer associated with symbol
symbol

- Device symbol address

Returns
cudaSuccess, cudaErrorlnvalidSymbol, cudaErrorNoK ernell mageForDevice

Description

Returnsin *devPtr the address of symbol symbol onthedevice. symbol isavariable that resides
in global or constant memory space. If symbol cannot be found, or if symbo1l isnot declared in the
global or constant memory space, *devPtr isunchanged and the error cudaErrorinvalidSymbol is
returned.

[g] Note:

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

» Useof astring naming avariable asthe symbo1 parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaGetSymbolAddress ( C++ API), cudaGetSymbolSize ( C API), cuModul eGetGlobal
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__host__cudaError_t cudaGetSymbolSize (size t *size,

const void *symbol)
Finds the size of the object associated with a CUDA symbol.

Parameters
size

- Size of object associated with symbol
symbol

- Device symbol address

Returns
cudaSuccess, cudaErrorlnvalidSymbol, cudaErrorNoK ernell mageForDevice

Description

Returnsin *size the size of symbol symbol. symbol isavariable that residesin global or constant
memory space. If symbol cannot be found, or if symbol isnot declared in globa or constant
memory space, *size isunchanged and the error cudaErrorlnvalidSymbol is returned.

[g] Note:

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

» Useof astring naming avariable asthe symbo1 parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaGetSymbol Address ( C API), cudaGetSymbolSize ( C++ API), cuM odul eGetGlobal

CUDA Runtime API v13.0 | 127


../cuda-driver-api/cuda-driver-api/content/group__CUDA__MODULE.html#group__CUDA__MODULE_1gf3e43672e26073b1081476dbf47a86ab

Modules

Allocates page-locked memory on the host.

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

cudaSuccess, cudaErrorinvalidVaue, cudaErrorMemoryAllocation

Allocates size bytes of host memory that is page-locked and accessible to the device. The driver
tracks the virtual memory ranges allocated with this function and automatically accelerates callsto
functions such as cudaMemcpy(). 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 excessive amounts of pinned memory may degrade system performance, since it
reduces the amount of memory available to the system for paging. As aresult, this function is best used
sparingly to allocate staging areas for data exchange between host and device.

The £1ags parameter enables different options to be specified that affect the allocation, as follows.

cudaHostAllocDefault: Thisflag's value is defined to be 0 and causes cudaHostAlloc() 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.

cudaHostAllocM apped: Maps the allocation into the CUDA address space. The device pointer to
the memory may be obtained by calling cudaHostGetDevicePointer().

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 agood 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 another: a developer may allocate memory that is portable,
mapped and/or write-combined with no restrictions.
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In order for the cudaHostAllocM apped flag to have any effect, the CUDA context must support the
cudaDeviceM apHost flag, which can be checked via cudaGetDeviceFlags(). The cudaDeviceM apHost
flag isimplicitly set for contexts created viathe runtime API.

The cudaHostAllocM apped flag may be specified on CUDA contexts for devices that do not support
mapped pinned memory. The failure is deferred to cudaHostGetDevicePointer() because the memory
may be mapped into other CUDA contexts via the cudaHostAllocPortable flag.

Memory allocated by this function must be freed with cudaFreeHost().

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudaSetDeviceFlags, cudaMallocHost ( C API), cudaFreeHost, cudaGetDeviceFlags, cuMemHostAlloc

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

Passes back device pointer of mapped host memory allocated by cudaHostAlloc or registered by
cudaHostRegister.

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

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorMemoryAllocation

Description

Passes back the device pointer corresponding to the mapped, pinned host buffer allocated by
cudaHostAlloc() or registered by cudaHostRegister().
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cudaHostGetDevicePointer() will fail if the cudaDeviceMapHost flag was not specified before deferred
context creation occurred, or if called on adevice that does not support mapped, pinned memory.

For devices that have a non-zero value for the device attribute
cudaDevAttrCanUseHostPointerForRegisteredM em, the memory can also be accessed from the
device using the host pointer pHost. The device pointer returned by cudaHostGetDevicePointer()
may or may not match the original host pointer pHost and depends on the devices visible to the
application. If all devices visible to the application have a non-zero value for the device attribute, the
device pointer returned by cudaHostGetDevicePointer() will match the original pointer pHost. If any
device visible to the application has a zero value for the device attribute, the device pointer returned by
cudaHostGetDevicePointer() will not match the original host pointer pHost, but it will be suitable for
use on al devices provided Unified Virtual Addressing is enabled. In such systems, it isvalid to access
the memory using either pointer on devices that have a non-zero value for the device attribute. Note
however that such devices should access the memory using only of the two pointers and not both.

flags providesfor future releases. For now, it must be set to O.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaSetDeviceFlags, cudaHostAlloc, cuM emHostGetDevicePointer

__host__cudaError_t cudaHostGetFlags (unsigned int
*pFlags, void * pHost)

Passes back flags used to allocate pinned host memory allocated by cudaHostAlloc.

Parameters

pFlags

- Returned flags word
pHost

- Host pointer

Returns
cudaSuccess, cudaErrorinvalidVaue
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Description

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

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudaHostAlloc, cuM emHostGetFlags

host_cudaError t cudaHostRegister (void *ptr, size t

size, unsigned int flags)
Registers an existing host memory range for use by CUDA.

Parameters

ptr

- Host pointer to memory to page-lock
size

- Sizein bytes of the address range to page-lock in bytes
flags

- Flags for alocation regquest

Returns

cudaSuccess, cudaErrorinvalidVaue, cudaErrorMemoryAllocation,
cudaErrorHostM emoryAlreadyRegistered, cudaErrorNotSupported

Description

Page-locks the memory range specified by ptr and size and mapsit for the device(s) as specified

by f1ags. Thismemory range also is added to the same tracking mechanism as cudaHostAlloc() to
automatically accelerate calls to functions such as cudaM emcpy(). 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 excessive amounts of memory may degrade system performance,
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since it reduces the amount of memory available to the system for paging. As aresult, thisfunction is
best used sparingly to register staging areas for data exchange between host and device.

On systems where pageableM emoryA ccessUsesHostPageT ables is true, cudaHostRegister will not
page-lock the memory range specified by ptr but only populate unpopul ated pages.

cudaHostRegister is supported only on 1/O coherent devices that have a non-zero value for the device
attribute cudaDevAttrHostRegister Supported.

The f1ags parameter enables different options to be specified that affect the allocation, as follows.

cudaHostReqgisterDefault: On a system with unified virtual addressing, the memory will be both
mapped and portable. On a system with no unified virtual addressing, the memory will be neither
mapped nor portable.

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

cudaHostRegisterM apped: Maps the alocation into the CUDA address space. The device pointer to
the memory may be obtained by calling cudaHostGetDevicePointer().

cudaHostRegisterloMemory: The passed memory pointer is treated as pointing to some memory-
mapped 1/O space, e.g. belonging to athird-party PCle device, and it will marked as non cache-
coherent and contiguous.

cudaHostRegisterReadOnly: The passed memory pointer is treated as pointing

to memory that is considered read-only by the device. On platforms without
cudaDevAttrPageableM emoryA ccessUsesHostPageTabl es, thisflag is required in order to register
memory mapped to the CPU as read-only. Support for the use of this flag can be queried from

the device attribute cudaDevAttrHostRegisterReadOnlySupported. Using this flag with a current
context associated with a device that does not have this attribute set will cause cudaHostRegister to
error with cudaErrorNotSupported.

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

The CUDA context must have been created with the cudaM apHost flag in order for the
cudaHostRegisterM apped flag to have any effect.

The cudaHostRegisterM apped flag may be specified on CUDA contexts for devices that do not support
mapped pinned memory. The failure is deferred to cudaHostGetDevicePointer() because the memory
may be mapped into other CUDA contexts via the cudaHostRegisterPortabl e flag.

For devices that have a non-zero value for the device attribute

cudaDevAttrCanUseHostPointer ForRegisteredM em, the memory can aso be accessed from the device
using the host pointer ptr. The device pointer returned by cudaHostGetDevicePointer() may or

may not match the original host pointer pt r and depends on the devices visible to the application.

If al devices visible to the application have a non-zero value for the device attribute, the device
pointer returned by cudaHostGetDevicePointer() will match the original pointer ptr. If any device
visible to the application has a zero value for the device attribute, the device pointer returned by
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cudaHostGetDevicePointer() will not match the original host pointer ptr, but it will be suitable for
use on all devices provided Unified Virtual Addressing is enabled. In such systems, it isvalid to access
the memory using either pointer on devices that have a non-zero value for the device attribute. Note
however that such devices should access the memory using only of the two pointers and not both.

The memory page-locked by this function must be unregistered with cudaHostUnregister().

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See als0;
cudaHostUnregister, cudaHostGetFlags, cudaHostGetDevicePointer, cuM emHostRegister

__host__cudaError_t cudaHostUnregister (void * ptr)

Unregisters amemory range that was registered with cudaHostRegister.

Parameters
ptr
- Host pointer to memory to unregister

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorHostM emoryNotRegistered

Description
Unmaps the memory range whose base addressis specified by pt r, and makes it pageable again.
The base address must be the same one specified to cudaHostRegister().

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.
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See also:
cudaHostUnregister, cuM emHostUnregister

host device cudaError_t cudaMalloc (void
**devPtr, size t size)

Allocate memory on the device.

Parameters

devPtr

- Pointer to allocated device memory
size

- Requested allocation size in bytes

Returns
cudaSuccess, cudaErrorinvalidVaue, cudaErrorMemoryAllocation

Description

Allocates size bytes of linear memory on the device and returnsin *devPtr apointer to the
allocated memory. The allocated memory is suitably aligned for any kind of variable. The memory is
not cleared. cudaMalloc() returns cudaErrorMemoryAllocation in case of failure.

The device version of cudaFree cannot be used with a *devPtr allocated using the host API, and vice
versa

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See als0:;

cudaM allocPitch, cudaFree, cudaMallocArray, cudaFreeArray, cudaMalloc3D, cudaMalloc3DArray,
cudaMallocHost ( C API), cudaFreeHost, cudaHostAlloc, cuMemAlloc
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__host__cudaError_t cudaMalloc3D (cudaPitchedPtr
*pitchedDevPtr, cudaExtent extent)

Allocateslogical 1D, 2D, or 3D memory objects on the device.

Parameters

pitchedDevPtr

- Pointer to allocated pitched device memory
extent

- Requested allocation size (width field in bytes)

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorMemoryAllocation

Description

Allocates at least width * height * depth bytes of linear memory on the device and returns

a cudaPitchedPtr in which pt r isa pointer to the allocated memory. The function may pad the
alocation to ensure hardware alignment reguirements are met. The pitch returned in the pi tch field of
pitchedDevPtr isthewidth in bytes of the allocation.

The returned cudaPitchedPtr contains additional fields xsize and ysize, thelogical width and
height of the allocation, which are equivalent tothe width and height extent parameters
provided by the programmer during allocation.

For alocations of 2D and 3D objects, it is highly recommended that programmers perform allocations
using cudaMalloc3D() or cudaMallocPitch(). Due to alignment restrictions in the hardware, this
isespecialy trueif the application will be performing memory copiesinvolving 2D or 3D objects
(whether linear memory or CUDA arrays).

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaMallocPitch, cudaFree, cudaMemcpy3D, cudaMemset3D, cudaMalloc3DArray, cudaMallocArray,
cudaFreeArray, cudaMallocHost ( C API), cudaFreeHost, cudaHostAlloc, make _cudaPitchedPrtr,
make cudaExtent, cuMemAllocPitch
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__host__cudaError_t cudaMalloc3DArray (cudaArray t
*array, const cudaChannel FormatDesc * desc, cudaExtent
extent, unsigned int flags)

Allocate an array on the device.

Parameters

array
- Pointer to allocated array in device memory
desc
- Requested channel format
extent
- Requested allocation size (width field in elements)
flags
- Flags for extensions

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorMemoryAllocation

Description

Allocates a CUDA array according to the cudaChannel FormatDesc structure desc and returns a
handle to the new CUDA array in *array.

The cudaChannel FormatDesc is defined as:

r struct cudaChannelFormatDesc {
int x, y, 2z, w;
enum cudaChannelFormatKind
£;

¥
where cudaChannel FormatKind is one of cudaChannel FormatKindSigned,
cudaChannel FormatKindUnsigned, or cudaChannel FormatKindFloat.

cudaMalloc3DArray() can alocate the following:

» A 1D array isalocated if the height and depth extents are both zero.
> A 2D array isallocated if only the depth extent is zero.
» A 3D array isallocated if all three extents are non-zero.

» A 1D layered CUDA array is alocated if only the height extent is zero and the cudaArrayL ayered
flag is set. Each layer isa 1D array. The number of layersis determined by the depth extent.

» A 2D layered CUDA array is alocated if all three extents are non-zero and the cudaArrayL ayered
flag is set. Each layer isa 2D array. The number of layersis determined by the depth extent.

> A cubemap CUDA array is alocated if al 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
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2D layered CUDA array, where the six layers represent the six faces of acube. The order of the six
layersin memory is the same as that listed in cudaGraphi csCubeFace.

A cubemap layered CUDA array isalocated if al three extents are non-zero, and both,
cudaArrayCubemap and cudaArraylL ayered flags are set. Width must be equal to height, and depth
must be amultiple of six. A cubemap layered CUDA array is aspecial 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.

The f1ags parameter enables different options to be specified that affect the alocation, as follows.

cudaArrayDefault: Thisflag's value is defined to be 0 and provides default array allocation

cudaArraylL ayered: Allocates alayered CUDA array, with the depth extent indicating the number
of layers

cudaArrayCubemap: Allocates a cubemap CUDA array. 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.

cudaArraySurfacel oadStore: Allocates a CUDA array that could 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 CUDA arrays.

cudaArraySparse: Allocates a CUDA array without physical backing memory. The subregions
within this sparse array can later be mapped onto a physical memory allocation by calling
cuMemMapArrayAsync. Thisflag can only be used for creating 2D, 3D or 2D layered sparse
CUDA arrays. The physical backing memory must be allocated via cuMemCreate.

cudaArrayDeferredMapping: Allocates a CUDA array without physical backing memory.
The entire array can later be mapped onto a physical memory allocation by calling
cuMemMapArrayAsync. The physical backing memory must be alocated via cuMemCreate.

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 CUDA arrays have different size requirements if the cudaArray TextureGather flag
isset. In that case, the valid range for (width, height, depth) is ((1,maxTexture2DGather[0]),
(1,maxTexture2DGather[1]), 0).

Valid extents with
Valid extentsthat must alwaysbemet  cudaArraySurfacel oadStor e set

CUDA {(width range in elements), (height {(width rangein elements), (height

array type range), (depth range)} range), (depth range)}

1D { (1,maxTexturelD), 0, 0} { (1,maxSurfacelD), 0,0}

2D { (2,maxTexture2D[Q]), (1,maxTexture2D[1]), | { (1, maxSurface2D[0]), (1,maxSurface2D[1]),
0} 0}

3D { (1,maxTexture3D[Q]), (1,maxTexture3D[1]), { (1,maxSurface3D[0]), (1, maxSurface3D[1]),
(1,maxTexture3D[2]) } OR (1,maxSurface3D[2]) }

{ (1, maxTexture3DAI[0]),
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CUDA
array type

1D Layered

2D Layered

Cubemap

Cubemap
Layered

@ Note:

Valid extentsthat must always be met
{(width range in elements), (height
range), (depth range)}
(1,maxTexture3DAIt[1]),
(1,maxTexture3DAI[2]) }

{ (1,maxTexturelDLayered[0]), O,
(1,maxTexturelDLayered[1]) }

{ (2, maxTexture2DL ayered[Q]),
(1,maxTexture2DL ayered[1]),
(1,maxTexture2DLayered[2]) }

{ (1,maxTextureCubemap),
(1,maxTextureCubemap), 6 }

{ (1,maxTextureCubemapL ayered[Q]),
(1,maxTextureCubemapL ayered[0]),
(1,maxTextureCubemapL ayered[1]) }

Modules

Valid extents with
cudaArraySurfacel oadStor e set
{(width rangein elements), (height
range), (depth range)}

{ (1,maxSurfacelDLayered[0]), O,
(1,maxSurfacelDLayered[1]) }

{ (1,maxSurface2DL ayered[Q]),
(1,maxSurface2DLayered[1]),
(1,maxSurface2DLayered[2]) }

{ (1,maxSurfaceCubemap),
(1,maxSurfaceCubemap), 6 }

{ (1,maxSurfaceCubemapL ayered[Q]),
(1,maxSurfaceCubemapL ayered[Q]),
(1,maxSurfaceCubemapL ayered[1]) }

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaMalloc3D, cudaMalloc, cudaMallocPitch, cudaFree, cudaFreeArray, cudaMallocHost ( C API),

cudaFreeHost, cudaHostAlloc, make cudaExtent, cuArray3DCreate

__host__cudaError_t cudaMallocArray (cudaArray t
*array, const cudaChannel FormatDesc * desc, size t width,
size t height, unsigned int flags)

Allocate an array on the device.

Parameters

array

- Pointer to allocated array in device memory
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desc

- Requested channel format
width

- Requested array alocation width
height

- Requested array allocation height
flags

- Requested properties of allocated array

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorMemoryAllocation

Description

Allocates a CUDA array according to the cudaChannel FormatDesc structure desc and returns a
handle to the new CUDA array in *array.

The cudaChannel FormatDesc is defined as:

r struct cudaChannelFormatDesc {
int x, v, 2, w;
enum cudaChannelFormatKind
£

¥
where cudaChannel FormatKind is one of cudaChannel FormatKindSigned,

cudaChannel FormatKindUnsigned, or cudaChannel FormatKindFloat.

The f1ags parameter enables different options to be specified that affect the allocation, as follows.

» cudaArrayDefault: Thisflag's value is defined to be 0 and provides default array allocation

> cudaArraySurfacel cadStore: 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.

> cudaArraySparse: Allocates a CUDA array without physical backing memory. The subregions
within this sparse array can later be mapped onto a physical memory allocation by calling
cuMemMapArrayAsync. The physical backing memory must be allocated via cuMemCreate.

> cudaArrayDeferredMapping: Allocates a CUDA array without physical backing memory.
The entire array can later be mapped onto a physical memory allocation by calling
cuMemMapArrayAsync. The physical backing memory must be allocated via cuMemCreate.

width and height must meet certain size requirements. See cudaMalloc3DArray() for more details.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
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» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaMalloc, cudaM allocPitch, cudaFree, cudaFreeArray, cudaMallocHost ( C API), cudaFreeHost,
cudaMalloc3D, cudaMalloc3DArray, cudaHostAlloc, cuArrayCreate

__host__cudaError_t cudaMallocHost (void ** ptr, size t
Size)
Allocates page-locked memory on the host.

Parameters

ptr

- Pointer to alocated host memory
size

- Requested allocation size in bytes

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorMemoryAllocation

Description

Allocates size bytes of host memory that is page-locked and accessible to the device. The driver
tracks the virtual memory ranges allocated with this function and automatically accelerates callsto
functions such as cudaMemcpy* (). 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().

On systems where pageableM emoryA ccessUsesHostPageT ables is true, cudaMallocHost may not
page-lock the allocated memory.

Page-locking excessive amounts of memory with cudaMallocHost() may degrade system performance,
since it reduces the amount of memory available to the system for paging. As aresult, thisfunction is
best used sparingly to alocate staging areas for data exchange between host and device.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.
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cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

. > Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.

See also;

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

__host___cudaError_t cudaMallocManaged (void ** devPtr,
size t size, unsigned int flags)
Allocates memory that will be automatically managed by the Unified Memory system.

Parameters

devPtr
- Pointer to allocated device memory
size
- Requested allocation size in bytes
flags
- Must be either cudaMemAttachGlobal or cudaMemAttachHost (defaults to
cudaM emAttachGlobal)

Returns
cudaSuccess, cudaErrorMemoryAllocation, cudaErrorNotSupported, cudaErrorinvalidVaue

Description

Allocates size bytes of managed memory on the device and returnsin *devPtr a

pointer to the allocated memory. If the device doesn't support allocating managed memory,
cudaErrorNotSupported is returned. Support for managed memory can be queried using the

device attribute cudaDevAttrManagedM emory. The allocated memory is suitably aligned for

any kind of variable. The memory is not cleared. If size is0, cudaMallocManaged returns
cudaErrorinvalidValue. The pointer isvalid on the CPU and on all GPUs in the system that support
managed memory. All accesses to this pointer must obey the Unified Memory programming model.

flags specifiesthe default stream association for this allocation. £1ags must be

one of cudaMemAttachGlobal or cudaMemAttachHost. The default value for £1ags

is cudaMemAttachGlobal. If cudaMemAttachGlobal is specified, then thismemory is

accessible from any stream on any device. If cudaMemAttachHost is specified, then the
allocation should not be accessed from devices that have a zero value for the device attribute
cudaDevAttrConcurrentM anagedA ccess; an explicit call to cudaStreamAttachMemAsync will be
required to enable access on such devices.
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If the association islater changed via cudaStreamAttachM emAsync to a single stream, the default
association, as specifed during cudaM allocM anaged, is restored when that stream is destroyed. For
__managed__ variables, the default association is always cudaMemAttachGlobal. Note that destroying
astream 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 with cudaM allocM anaged should be released with cudaFree.

Device memory oversubscription is possible for GPUs that have a non-zero value for the device
attribute cudaDevAttrConcurrentM anagedA ccess. Managed memory on such GPUs may be evicted
from device memory to host memory at any time by the Unified Memory driver in order to make room
for other alocations.

In asystem where all GPUs have anon-zero value for the device attribute

cudaDevAttrConcurrentM anagedA ccess, managed memory may not be populated when this API
returns and instead may be populated on access. In such systems, managed memory can migrate to any
processor's memory at any time. The Unified Memory driver will employ heuristics to maintain data
locality and prevent excessive page faults to the extent possible. The application can also guide the
driver about memory usage patterns via cudaMemAdvise. The application can also explicitly migrate
memory to adesired processor's memory via cudaM emPrefetchAsync.

In amulti-GPU system where all of the GPUs have a zero value for the device attribute
cudaDevAttrConcurrentManagedA ccess and all the GPUs have peer-to-peer support with each

other, the physical storage for managed memory is created on the GPU which is active at the time
cudaMallocManaged is called. All other GPUs will reference the data at reduced bandwidth via peer
mappings over the PCle bus. The Unified Memory driver does not migrate memory among such GPUs.

In amulti-GPU system where not all GPUs have peer-to-peer support with each other and where the
value of the device attribute cudaDevAttrConcurrentM anagedAccess is zero for at least one of those
GPUs, the location chosen for physical storage of managed memory is system-dependent.

On Linux, the location chosen will be device memory aslong as the current set of active contexts
are on devices that either have peer-to-peer support with each other or have a non-zero value for
the device attribute cudaDevAttrConcurrentM anagedA ccess. If there is an active context on a
GPU that does not have a non-zero value for that device attribute and it does not have peer-to-peer
support with the other devices that have active contexts on them, then the location for physical
storage will be 'zero-copy' or host memory. Note that this means that managed memory that is
located in device memory is migrated to host memory if anew context is created on a GPU that
doesn't have anon-zero value for the device attribute and does not support peer-to-peer with at
least one of the other devices that has an active context. Thisin turn implies that context creation
may fail if thereisinsufficient host memory to migrate all managed allocations.

On Windows, the physical storage is always created in 'zero-copy' or host memory. All GPUs
will reference the data at reduced bandwidth over the PCle bus. In these circumstances, use

of the environment variable CUDA_VISIBLE_DEVICES is recommended to restrict CUDA

to only use those GPUs that have peer-to-peer support. Alternatively, users can also set
CUDA_MANAGED FORCE_DEVICE_ALLOC to anon-zero value to force the driver to
always use device memory for physical storage. When this environment variable is set to a non-
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zero value, all devices used in that process that support managed memory have to be peer-to-
peer compatible with each other. The error cudaErrorinvalidDevice will be returned if adevice
that supports managed memory is used and it is not peer-to-peer compatible with any of the
other managed memory supporting devices that were previously used in that process, even if
cudaDeviceReset has been called on those devices. These environment variables are described in

the CUDA programming guide under the "CUDA environment variables" section.

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or

cudaErrorNoDevice if thiscall triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM allocPitch, cudaFree, cudaMallocArray, cudaFreeArray, cudaMalloc3D, cudaMalloc3DArray,

cudaMallocHost ( C API), cudaFreeHost, cudaHostAlloc, cudaDeviceGetAttribute,
cudaStreamAttachMemAsync, cuMemAllocM anaged

__host__cudaError_t cudaMallocMipmappedArray
(cudaMipmappedArray t * mipmappedArray, const
cudaChannel FormatDesc * desc, cudaExtent extent,

unsigned int numLevels, unsigned int flags)
Allocate a mipmapped array on the device.

Parameters

mipmappedArray

- Pointer to allocated mipmapped array in device memory
desc

- Requested channel format
extent

- Requested allocation size (width field in elements)
numL evels

- Number of mipmap levelsto allocate
flags

- Flags for extensions
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cudaSuccess, cudaErrorinvalidVaue, cudaErrorMemoryAllocation

Allocates a CUDA mipmapped array according to the cudaChannel FormatDesc structure desc
and returns a handle to the new CUDA mipmapped array in *mipmappedArray. numLevels
specifies the number of mipmap levels to be alocated. Thisvalue is clamped to therange[1, 1 +
floor(log2(max(width, height, depth)))].

The cudaChannel FormatDesc is defined as:

r struct cudaChannelFormatDesc {
int x, y, 2z, w;
enum cudaChannelFormatKind
g

i
where cudaChannel FormatKind is one of cudaChannel FormatKindSigned,
cudaChannel FormatKindUnsigned, or cudaChannel FormatKindFloat.

cudaM allocMipmappedArray() 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 CUDA mipmapped array is allocated if only the height extent is zero and the

cudaArrayLayered flag is set. Each layer isa 1D mipmapped array. The number of layersis
determined by the depth extent.

A 2D layered CUDA mipmapped array is alocated if al three extents are non-zero and the
cudaArrayLayered flag is set. Each layer isa 2D mipmapped array. The number of layersis
determined by the depth extent.

A cubemap CUDA mipmapped array is allocated if al 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 layersin memory isthe same as that listed in cudaGraphicsCubeFace.

A cubemap layered CUDA mipmapped array is alocated if al three extents are non-zero, and both,
cudaArrayCubemap and cudaArrayL ayered flags are set. Width must be equal to height, and depth
must be amultiple of six. A cubemap layered CUDA mipmapped array is a special type of 2D
layered CUDA mipmapped array that consists of a collection of cubemap mipmapped arrays. The
first six layers represent the first cubemap mipmapped array, the next six layers form the second
cubemap mipmapped array, and so on.

The £1ags parameter enables different options to be specified that affect the alocation, as follows.

cudaArrayDefault: Thisflag's value is defined to be 0 and provides default mipmapped array
allocation

cudaArraylL ayered: Allocates alayered CUDA mipmapped array, with the depth extent indicating
the number of layers
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cudaArrayCubemap: Allocates a cubemap CUDA mipmapped array. 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.

cudaArraySurfacel oadStore: This flag indicates that individual mipmap levels 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 CUDA mipmapped arrays, and the
gather operations are performed only on the most detailed mipmap level.

cudaArraySparse: Allocates a CUDA mipmapped array without physical backing memory.

The subregions within this sparse array can later be mapped onto a physical memory allocation
by calling cuMemMapArrayAsync. Thisflag can only be used for creating 2D, 3D or 2D

layered sparse CUDA mipmapped arrays. The physical backing memory must be allocated via
cuMemCreste.

cudaArrayDeferredM apping: Allocates a CUDA mipmapped array without physical backing

memory. The entire array can later be mapped onto a physical memory allocation by calling
cuMemMapArrayAsync. The physical backing memory must be allocated via cuMemCreate.

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

CUDA
array type

1D
2D

3D

1D Layered

2D Layered

Cubemap

Valid extentsthat must always be met
{(width range in elements), (height
range), (depth range)}

{ (1,maxTexturelDMipmap), 0, 0}

{ (3,maxTexture2DMipmap[Q]),
(1, maxTexture2DMipmap[1]), 0}

{ (1,maxTexture3D[Q]), (1,maxTexture3D[1]),
(1,maxTexture3D[2]) } OR

{ (1,maxTexture3DAI[Q]),
(1,maxTexture3DAIL[1]),
(1,maxTexture3DAI[2]) }

{ (,maxTexturelDLayered[Q]), O,
(1,maxTexturelDLayered[1]) }

{ (1,maxTexture2DL ayered[Q]),
(1,maxTexture2DL ayered[1]),
(1,maxTexture2DLayered[2]) }

{ (1,maxTextureCubemap),
(1,maxTextureCubemap), 6 }

CUDA Runtime API

Valid extents with
cudaArraySurfacel oadStor e set
{(width rangein elements), (height
range), (depth range)}

{ (1,maxSurfacelD), 0,0}

{ (1,maxSurface2D[0]), (1,maxSurface2D[1]),
0}

{ (1,maxSurface3D[0]), (1,maxSurface3D[1]),
(1, maxSurface3D[2]) }

{ (1,maxSurfacelDL ayered[(]), O,
(1,maxSurfacelDLayered[1]) }

{ (1, maxSurface2DL ayered[0]),
(1,maxSurface2DL ayered[1]),
(1,maxSurface2DLayered[2]) }

{ (1,maxSurfaceCubemap),
(1,maxSurfaceCubemap), 6 }
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Valid extents with
Valid extentsthat must alwaysbe met | cudaArraySurfacel cadStore set

CUDA {(width rangein elements), (height {(width range in elements), (height

array type range), (depth range)} range), (depth range)}

Cubemap { (1,maxTextureCubemapL ayered[Q]), { (1,maxSurfaceCubemapL ayered[Q]),

Layered (1,maxTextureCubemapL ayered[0]), (1,maxSurfaceCubemapL ayered[Q]),
(1,maxTextureCubemapL ayered[1]) } (1,maxSurfaceCubemapL ayered[1]) }

S Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:

cudaMalloc3D, cudaMalloc, cudaMallocPitch, cudaFree, cudaFreeArray, cudaMallocHost ( C API),
cudaFreeHost, cudaHostAlloc, make cudaExtent, cuMipmappedArrayCreate

__host__cudaError_t cudaMallocPitch (void ** devPtr,
size t *pitch, size t width, size t height)

Allocates pitched memory on the device.

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
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorMemoryAllocation
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Description

Allocates at least width (in bytes) * height bytes of linear memory on the device and returns

in *devPtr apointer to the allocated memory. The function may pad the allocation to ensure

that corresponding pointersin any given row will continue to meet the alignment requirements

for coalescing as the address is updated from row to row. The pitch returned in *pitch by
cudaMallocPitch() isthe width in bytes of the allocation. The intended usage of pitch isasaseparate
parameter of the allocation, used to compute addresses within the 2D array. Given the row and column
of an array element of type T, the address is computed as:

r T* pElement = (T*) ((char*)BaseAddress + Row * pitch) + Column;

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

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaMalloc, cudaFree, cudaMallocArray, cudaFreeArray, cudaMallocHost ( C API), cudaFreeHost,
cudaMalloc3D, cudaMalloc3DArray, cudaHostAlloc, cuMemAllocPitch

__host__cudaError_t cudaMemAadvise (const void
*devPtr, size t count, cudaMemoryAdvise advice,
cudaMemL ocation |ocation)

Advise about the usage of a given memory range.

Parameters

devPtr
- Pointer to memory to set the advice for
count
- Sizein bytes of the memory range
advice
- Advice to be applied for the specified memory range
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location
- location to apply the advice for

cudaSuccess, cudaErrorinvalidValue, cudakrrorinvalidDevice

Advise the Unified Memory subsystem about the usage pattern for the memory range starting at
devPtr with asize of count bytes. The start address and end address of the memory range will be
rounded down and rounded up respectively to be aligned to CPU page size before the advice is applied.
The memory range must refer to managed memory allocated via cudaM allocM anaged or declared via
__managed__ variables. The memory range could also refer to system-allocated pageable memory
provided it represents a valid, host-accessible region of memory and all additional constraints imposed
by advice asoutlined below are also satisfied. Specifying an invalid system-allocated pageable
memory range resultsin an error being returned.

The advice parameter can take the following values:

cudaM emAdviseSetReadMostly: Thisimplies that the datais mostly going to be read from

and only occasionally written to. Any read accesses from any processor to this region will

create aread-only copy of at least the accessed pages in that processor's memory. Additionaly,

if cudaMemPrefetchAsync or cudaMemPrefetchAsync is called on thisregion, it will

create aread-only copy of the data on the destination processor. If the target location for
cudaMemPrefetchAsync is a host NUMA node and aread-only copy already exists on another

host NUMA node, that copy will be migrated to the targeted host NUMA node. If any processor
writes to thisregion, all copies of the corresponding page will be invalidated except for the one
where the write occurred. If the writing processor is the CPU and the preferred location of the

page isahost NUMA node, then the page will also be migrated to that host NUMA node. The
location argument isignored for this advice. Note that for a page to be read-duplicated, the
accessing processor must either be the CPU or a GPU that has a non-zero value for the device
attribute cudaDevAttrConcurrentM anagedA ccess. Also, if acontext is created on a device that does
not have the device attribute cudaDevAttrConcurrentM anagedA ccess set, then read-duplication

will not occur until all such contexts are destroyed. If the memory region refersto valid system-
allocated pageable memory, then the accessing device must have a non-zero value for the device
attribute cudaDevAttrPageableM emoryAccess for a read-only copy to be created on that device.
Note however that if the accessing device also has a non-zero value for the device attribute
cudaDevAttrPageableM emoryA ccessUsesHostPageT abl es, then setting this advice will not create a
read-only copy when that device accesses this memory region.

cudaMemAdviceUnsetReadM ostly: Undoes the effect of cudaM emA dviseSetReadM ostly and also
prevents the Unified Memory driver from attempting heuristic read-duplication on the memory

range. Any read-duplicated copies of the datawill be collapsed into a single copy. The location for
the collapsed copy will be the preferred location if the page has a preferred |ocation and one of the
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read-duplicated copies was resident at that location. Otherwise, the location chosen is arbitrary.
Note: The 1ocation argument isignored for this advice.

cudaM emA dviseSetPreferredL ocation: This advice sets the preferred location for the datato be the
memory belonging to 1ocation. When cudaMemL ocation::type is cudaM emL ocationTypeHost,
cudaMemL ocation::id isignored and the preferred location is set to be host memory. To set the
preferred location to a specific host NUMA node, applications must set cudaMemL ocation::type to
cudaM emL ocationTypeHostNuma and cudaM emL ocation::id must specify the NUMA ID of the
host NUMA node. If cudaMemL ocation::typeis set to cudaM emL ocationTypeHostNumaCurrent,
cudaMemL ocation::id will be ignored and the host NUMA node closest to the calling

thread's CPU will be used as the preferred location. If cudaMemL ocation::typeisa

cudaMemL ocationTypeDevice, then cudaM emL ocation::id must be a valid device ordinal and the
device must have a non-zero value for the device attribute cudaDevAttrConcurrentM anagedA ccess.
Setting the preferred location does not cause data to migrate to that location immediately. Instead,
it guides the migration policy when afault occurs on that memory region. If the datais already

in its preferred location and the faulting processor can establish a mapping without requiring

the data to be migrated, then data migration will be avoided. On the other hand, if the dataiis

not in its preferred location or if a direct mapping cannot be established, then it will be migrated

to the processor accessing it. It isimportant to note that setting the preferred location does not
prevent data prefetching done using cudaM emPrefetchAsync. Having a preferred location can
override the page thrash detection and resolution logic in the Unified Memory driver. Normally,

if apageis detected to be constantly thrashing between for example host and device memory,

the page may eventually be pinned to host memory by the Unified Memory driver. But if the
preferred location is set as device memory, then the page will continue to thrash indefinitely. If
cudaMemA dviseSetReadM ostly is also set on this memory region or any subset of it, then the
policies associated with that advice will override the policies of this advice, unless read accesses
from Location will not result in aread-only copy being created on that procesor as outlined in
description for the advice cudaM emA dviseSetReadMostly. If the memory region refersto valid
system-allocated pageable memory, and cudaM emL ocation::type is cudaM emL ocationTypeDevice
then cudaM emL ocation::id must be avalid device that has a non-zero alue for the device attribute
cudaDevAttrPageableM emoryA ccess.

cudaM emA dviseUnsetPreferredL ocation: Undoes the effect of
cudaM emA dviseSetPreferredL ocation and changes the preferred location to none. The 1location
argument isignored for this advice.

cudaMemA dviseSetA ccessedBY: This advice impliesthat the data will be accessed by processor
location. The cudaMemL ocation::type must be either cudaMemL ocationTypeDevice with
cudaMemlL ocation::id representing avalid device ordinal or cudaVemL ocationTypeHost and
cudaMemL ocation::id will be ignored. All other location types areinvalid. If cudaMemL ocation::id
isa GPU, then the device attribute cudaDevAttrConcurrentM anagedA ccess must be non-zero.

This advice does not cause data migration and has no impact on the location of the data per se.
Instead, it causes the data to always be mapped in the specified processor's page tables, aslong
asthelocation of the data permits a mapping to be established. If the data gets migrated for

any reason, the mappings are updated accordingly. This advice is recommended in scenarios
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where data locality is not important, but avoiding faultsis. Consider for example a system
containing multiple GPUs with peer-to-peer access enabled, where the datalocated on one
GPU is occasionally accessed by peer GPUs. In such scenarios, migrating data over to the other
GPUs is not as important because the accesses are infrequent and the overhead of migration
may be too high. But preventing faults can still help improve performance, and so having a
mapping set up in advance is useful. Note that on CPU access of this data, the data may be
migrated to host memory because the CPU typically cannot access device memory directly.
Any GPU that had the cudaM emA dviseSetA ccessedBY flag set for this datawill now have

its mapping updated to point to the page in host memory. If cudaM emA dviseSetReadM ostly
isalso set on this memory region or any subset of it, then the policies associated with that
advice will override the policies of this advice. Additionally, if the preferred location of

this memory region or any subset of itisalso 1ocation, then the policies associated

with CU_MEM_ADVISE SET_PREFERRED_LOCATION will override the policies of

this advice. If the memory region refers to valid system-all ocated pageable memory, and
cudaMemlL ocation::type is cudaM emL ocationTypeDevice then device in cudaM emL ocation::id
must have a non-zero value for the device attribute cudaDevA ttrPageableM emoryA ccess.
Additionally, if cudaMemL ocation::id has a non-zero value for the device attribute

cudaDevA ttrPageableM emoryA ccessUsesHostPageT ables, then this call has no effect.

CU_MEM_ADVISE UNSET_ACCESSED_BY : Undoes the effect of

cudaM emA dviseSetA ccessedBY. Any mappings to the datafrom 1ocation may be removed at
any time causing accesses to result in non-fatal page faults. If the memory region refersto valid
system-allocated pageable memory, and cudaM emL ocation::type is cudaM emL ocationTypeDevice
then device in cudaM emL ocation::id must have a non-zero value for the device attribute
cudaDevAttrPageableM emoryAccess. Additionally, if cudaMemL ocation::id has a non-zero value
for the device attribute cudaDevA ttrPageableM emoryA ccessUsesHostPageT abl es, then this call
has no effect.

Note:

» Note that this function may also return error codes from previous, asynchronous launches.
» Thisfunction exhibits asynchronous behavior for most use cases.
»  Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See als0;

cudaM emcpy, cudaM emcpyPeer, cudaM emcpyAsync, cudaM emcpy3DPeerAsync,

cudaM emPrefetchAsync, cuMemAdvise
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__host__cudaError_t cudaMemcpy (void *dst, const void
*sre, size t count, cudaMemcpyKind kind)

Copies data between host and device.

Parameters

dst

- Destination memory address
src

- Source memory address
count

- Sizein bytes to copy
kind

- Type of transfer

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidMemcpyDirection

Description

Copies count bytesfrom the memory area pointed to by src to the memory area pointed to by

dst, where kind specifies the direction of the copy, and must be one of cudaM emcpyHostToHost,
cudaMemcpyHostToDevice, cudaMemcpyDeviceToHost, cudaM emcpyDeviceToDevice, or
cudaMemcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaM emcpyDefault is only allowed on systems that
support unified virtual addressing. Calling cudaM emcpy() with dst and src pointers that do not match
the direction of the copy results in an undefined behavior.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Thisfunction exhibits synchronous behavior for most use cases.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over allocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR_INVALID_VALUE.
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See also;

cudaMemcpy2D, cudaM emcpy2DToArray, cudaMemcpy2DFromArray,

cudaMemcpy2DArray ToArray, cudaMemcpy ToSymbol, cudaM emcpyFromSymboal,

cudaM emcpyAsync, cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync,

cudaM emcpy2DFromArrayAsync, cudaM emcpyToSymbol Async, cudaM emcpyFromSymbol Async,
cuMemcpyDtoH, cuMemcpyHtoD, cuMemcpyDtoD, cuMemcpy

__host__cudaError_t cudaMemcpy2D (void *dst, size t
dpitch, const void *src, size t spitch, size t width, size t
height, cudaM emcpyKind kind)

Copies data between host and device.

Parameters

dst

- Destination memory address
dpitch

- Pitch of destination memory
sc

- Source memory address
spitch

- Pitch of source memory
width

- Width of matrix transfer (columnsin bytes)
height

- Height of matrix transfer (rows)
kind

- Type of transfer

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvaidPitchVaue, cudaErrorlnvalidMemcpyDirection

Description

Copiesamatrix (height rowsof width bytes each) from the memory areapointed to by src

to the memory area pointed to by dst, where kind specifies the direction of the copy, and must

be one of cudaMemcpyHostToHost, cudaM emcpyHostToDevice, cudaM emcpyDeviceT oHost,
cudaM emcpyDeviceToDevice, or cudaMemcpyDefault. Passing cudaM emcpyDefault is
recommended, in which case the type of transfer isinferred from the pointer values. However,
cudaMemcpyDefault is only allowed on systems that support unified virtual addressing. dpitch and
spitch arethewidthsin memory in bytes of the 2D arrays pointed to by dst and src, including
any padding added to the end of each row. The memory areas may not overlap. width must not
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exceed either dpitch or spitch. Caling cudaMemcpy2D() with dst and src pointers that do not
match the direction of the copy resultsin an undefined behavior. cudaMemcpy2D() returns an error if
dpitch or spitch exceedsthe maximum allowed.

[g] Note:

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

> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Note that as specified by cudaStreasmAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over allocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR_INVALID_VALUE.

See also;

cudaMemcpy, cudaM emcpy2DToArray, cudaM emcpy2DFromArray, cudaMemcpy2DArrayToArray,
cudaM emcpyToSymbol, cudaM emcpyFromSymbol, cudaM emcpyAsync, cudaM emcpy2DAsync,
cudaM emcpy2DToArrayAsync, cudaM emcpy2DFromArrayAsync, cudaMemcpy ToSymbol Async,
cudaM emcpyFromSymbol Async, cuMemcpy2D, cuM emcpy2DUnaligned

__host___cudaError_t cudaMemcpy2DArrayToArray
(cudaArray tdst, size t wOffsetDgt, size t hOffsetDst,
cudaArray const_t src, size t wOffsetSrc, size t
hOffsetSrc, size t width, size t height, cudaMemcpyKind
kind)

Copies data between host and device.

Parameters

dst
- Destination memory address
wOffsetDst
- Destination starting X offset (columns in bytes)
hOffsetDst
- Destination starting Y offset (rows)
src
- Source memory address
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wOffsetSrc

- Source starting X offset (columnsin bytes)
hOffsetSrc

- Source starting Y offset (rows)
width

- Width of matrix transfer (columnsin bytes)
height

- Height of matrix transfer (rows)
kind

- Type of transfer

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidM emcpyDirection

Description

Copiesamatrix (height rowsof width bytes each) from the CUDA array src starting at
hOffsetSrcrowsand wOf fsetSrc bytesfrom the upper left corner to the CUDA array

dst starting at hOffsetDst rowsand wOf fsetDst bytesfrom the upper left corner,

where kind specifies the direction of the copy, and must be one of cudaMemcpyHostToHost,

cudaM emcpyHostToDevice, cudaM emcpyDeviceToHost, cudaM emcpyDeviceToDevice, or
cudaMemcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaMemcpyDefault is only alowed on systems that
support unified virtual addressing. wOffsetDst + width must not exceed the width of the CUDA
array dst. wOoffsetSrc + width must not exceed the width of the CUDA array src.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits synchronous behavior for most use cases.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaM emcpy, cudaM emcpy2D, cudaM emcpy2DToArray, cudaM emcpy2DFromArray,

cudaM emcpyToSymbol, cudaM emcpyFromSymbol, cudaM emcpyAsync, cudaM emcpy2DAsync,
cudaMemcpy2DToArrayAsync, cudaM emcpy2DFromArrayAsync, cudaMemcpy ToSymbol Async,
cudaM emcpyFromSymbol Async, cuMemcpy2D, cuMemcpy2DUnaligned
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host device cudaError_t cudaMemcpy2DAsync

(void *dst, size t dpitch, const void *src, size t spitch,
Size t width, size t height, cudaMemcpyKind kind,

cudaStream t stream)

Copies data between host and device.

Parameters

dst

- Destination memory address
dpitch

- Pitch of destination memory
src

- Source memory address
spitch

- Pitch of source memory
width

- Width of matrix transfer (columnsin bytes)
height

- Height of matrix transfer (rows)
kind

- Type of transfer
stream

- Stream identifier

Returns

cudaSuccess, cudaErrorlnvalidVaue, cudakrrorlnvaidPitchVaue, cudaErrorlnvalidMemcpyDirection

Description

Copiesamatrix (height rowsof width bytes each) from the memory areapointed to by src

to the memory area pointed to by dst, where kind specifies the direction of the copy, and must

be one of cudaMemcpyHostToHost, cudaVlemcpyHostToDevice, cudaViemcpyDeviceToHost,

cudaM emcpyDeviceToDevice, or cudaMemcpyDefault. Passing cudaMemcpyDefault is

recommended, in which case the type of transfer isinferred from the pointer values. However,

cudaM emcpyDefault is only allowed on systems that support unified virtual addressing. dpitch and
spitch arethewidthsin memory in bytes of the 2D arrays pointed to by dst and src, including any
padding added to the end of each row. The memory areas may not overlap. width must not exceed

either dpitch or spitch.

CUDA Runtime API

v130 | 155



Modules

Cdling cudaMemcpy2DAsync() with dst and src pointers that do not match the direction of the
copy resultsin an undefined behavior. cudaMemcpy2DAsync() returns an error if dpitch or spitch
is greater than the maximum allowed.

cudaM emcpy2DAsync() is asynchronous with respect to the host, so the call may return before the
copy is complete. The copy can optionally be associated to a stream by passing anon-zero stream
argument. If kind iscudaMemcpyHostToDevice or cudaMemcpyDeviceToHost and st ream isnon-
zero, the copy may overlap with operationsin other streams.

The device version of this function only handles device to device copies and cannot be given local or
shared pointers.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
» Thisfunction exhibits asynchronous behavior for most use cases.
» Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over allocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR_INVALID_VALUE.

See also:

cudaM emcpy, cudaMemcpy2D, cudaMemcpy2DToArray, cudaM emcpy2DFromArray,
cudaMemcpy2DArrayToArray, cudaMemcpyToSymbol, cudaM emcpyFromSymboal,
cudaM emcpyAsync, cudaM emcpy2DToArrayAsync, cudaM emcpy2DFromArrayAsync,
cudaM emcpy ToSymbol Async, cudaM emcpyFromSymbol Async, cuMemcpy2DAsync

CUDA Runtime API v13.0 | 156


../cuda-driver-api/cuda-driver-api/content/group__CUDA__MEM.html#group__CUDA__MEM_1g4acf155faeb969d9d21f5433d3d0f274

Modules

__host__cudaError_t cudaMemcpy2DFromArray
(void *dst, size t dpitch, cudaArray const t src, size t
wOffset, size t hOffset, size t width, size t height,
cudaM emcpyKind kind)

Copies data between host and device.

Parameters

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

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudakrrorlnvaidPitchVaue, cudaErrorlnvalidMemcpyDirection

Description

Copiesamatrix (height rowsof width bytes each) from the CUDA array src starting at
hoffset rowsand wOf fset bytesfrom the upper left corner to the memory area pointed to by

dst, where kind specifies the direction of the copy, and must be one of cudaM emcpyHostToHost,
cudaMemcpyHostToDevice, cudaM emcpyDeviceToHost, cudaM emcpyDeviceToDevice, or
cudaMemcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaM emcpyDefault is only allowed on systems that
support unified virtual addressing. dpitch isthe width in memory in bytes of the 2D array pointed

to by dst, including any padding added to the end of each row. wOf fset + width must not exceed
the width of the CUDA array src. width must not exceed dpitch. cudaMemcpy2DFromArray()
returns an error if dpitch exceedsthe maximum allowed.
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[g] Note:

> Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits synchronous behavior for most use cases.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over alocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR_INVALID_VALUE.

See also:

cudaM emcpy, cudaM emcpy2D, cudaM emcpy2DToArray, cudaMemcpy2DArray ToArray,

cudaM emcpyToSymbol, cudaM emcpyFromSymbol, cudaM emcpyAsync, cudaM emcpy2DAsync,
cudaM emcpy2DToArrayAsync, cudaM emcpy2DFromArrayAsync, cudaMemcpy ToSymbol Async,
cudaM emcpyFromSymbol Async, cuMemcpy2D, cuMemcpy2DUnaligned

__host___cudaError_t cudaMemcpy2DFromArrayAsync
(void *dst, size t dpitch, cudaArray const t src, size t
wOffset, size t hOffset, size t width, size t height,
cudaMemcpyKind kind, cudaStream t stream)

Copies data between host and device.

Parameters

dst
- Destination memory address
dpitch
- Pitch of destination memory
sc
- Source memory address
wOffset
- Source starting X offset (columnsin bytes)
hOffset
- Source starting Y offset (rows)
width
- Width of matrix transfer (columnsin bytes)
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height

- Height of matrix transfer (rows)
kind

- Type of transfer
stream

- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidPitchVaue, cudaErrorlnvalidM emcpyDirection

Description

Copiesamatrix (height rowsof width byteseach) from the CUDA array src starting at
hOoffset rowsand wOf fset bytesfrom the upper left corner to the memory area pointed to by

dst, where kind specifies the direction of the copy, and must be one of cudaM emcpyHostToHost,
cudaMemcpyHostToDevice, cudaMemcpyDeviceToHost, cudaM emcpyDeviceToDevice, or

cudaM emcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaMemcpyDefault is only alowed on systems that
support unified virtual addressing. dpi tch isthe width in memory in bytes of the 2D array pointed to
by dst, including any padding added to the end of each row. wOf fset + width must not exceed the
width of the CUDA array src. width must not exceed dpitch. cudaMemcpy2DFromArrayAsync()
returns an error if dpitch exceedsthe maximum allowed.

cudaMemcpy2DFromArrayAsync() is asynchronous with respect to the host, so the call may return
before the copy is complete. The copy can optionally be associated to a stream by passing a non-
zero stream argument. If kind is cudaMemcpyHostToDevice or cudaM emcpyDeviceToHost and
stream iSnon-zero, the copy may overlap with operationsin other streams.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits asynchronous behavior for most use cases.
» Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over allocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR _INVALID_VALUE.

See als0;
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cudaM emcpy, cudaM emcpy2D, cudaM emcpy2DToArray, cudaM emcpy2DFromArray,
cudaMemcpy2DArrayToArray, cudaMemcpyToSymbol, cudaM emcpyFromSymboal,
cudaM emcpyAsync, cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync,

cudaM emcpy ToSymbol Async, cudaM emcpyFromSymbol Async, cuMemcpy2DAsync

__host__cudaError_t cudaMemcpy2DToArray
(cudaArray t dst, size t wOffset, size t hOffset, const
void *src, size t spitch, size t width, size t height,
cudaMemcpyKind kind)

Copies data between host and device.

Parameters

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

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorlnvalidPitchVaue, cudaErrorlnvalidMemcpyDirection

Description

Copiesamatrix (height rowsof width bytes each) from the memory area pointed to by src to

the CUDA array dst starting at hOf fset rowsand wOf fset bytes from the upper |eft corner,
where kind specifies the direction of the copy, and must be one of cudaMemcpyHostToHost,

cudaM emcpyHostToDevice, cudaM emcpyDeviceToHost, cudaM emcpyDeviceToDevice, or
cudaMemcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaMemcpyDefault is only alowed on systems that
support unified virtual addressing. spitch isthe width in memory in bytes of the 2D array pointed to
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by src, including any padding added to the end of each row. wOf fset + width must not exceed the
width of the CUDA array dst. width must not exceed spitch. cudaMemcpy2DToArray() returns
an error if spitch exceedsthe maximum allowed.

[g] Note:

> Note that this function may also return error codes from previous, asynchronous launches.
> Thisfunction exhibits synchronous behavior for most use cases.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over alocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR_INVALID_VALUE.

See dlso:

cudaMemcpy, cudaM emcpy2D, cudaM emcpy2DFromArray, cudaM emcpy2DArray ToArray,
cudaM emcpyToSymbol, cudaM emcpyFromSymbol, cudaM emcpyAsync, cudaM emcpy2DAsync,
cudaM emcpy2DToArrayAsync, cudaM emcpy2DFromArrayAsync, cudaMemcpy ToSymbol Async,
cudaM emcpyFromSymbol Async, cuMemcpy2D, cuMemcpy2DUnaligned

__host___cudaError_t cudaMemcpy2DToArrayAsync
(cudaArray t dst, size t wOffset, size t hOffset, const
void *src, size t spitch, size t width, size t height,
cudaMemcpyKind kind, cudaStream t stream)

Copies data between host and device.

Parameters

dst
- Destination memory address
wOffset
- Destination starting X offset (columnsin bytes)
hOffset
- Destination starting Y offset (rows)
src
- Source memory address
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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
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidPitchVaue, cudaErrorlnvalidM emcpyDirection

Description

Copiesamatrix (height rowsof width bytes each) from the memory area pointed to by src to

the CUDA array dst starting at hOf fset rowsand wOf fset bytesfrom the upper left corner,
where kind specifies the direction of the copy, and must be one of cudaMemcpyHostToHost,

cudaM emcpyHostToDevice, cudaMemcpyDeviceToHost, cudaM emcpyDeviceToDevice, or
cudaMemcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaMemcpyDefault is only alowed on systems that
support unified virtual addressing. spitch isthe width in memory in bytes of the 2D array pointed to
by src, including any padding added to the end of each row. wOffset + width must not exceed the
width of the CUDA array dst. width must not exceed spitch. cudaMemcpy2DToArrayAsync()
returns an error if spitch exceeds the maximum allowed.

cudaMemcpy2DToArrayAsync() is asynchronous with respect to the host, so the call may return before
the copy is complete. The copy can optionally be associated to a stream by passing anon-zero stream
argument. If kind is cudaMemcpyHostToDevice or cudaMemcpyDeviceToHost and stream ishon-
zero, the copy may overlap with operationsin other streams.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits asynchronous behavior for most use cases.
»  Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over allocations
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that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR_INVALID_VALUE.

See also;

cudaM emcpy, cudaM emcpy2D, cudaMemcpy2DToArray, cudaMemcpy2DFromArray,
cudaM emcpy2DArray ToArray, cudaM emcpyToSymbol, cudaM emcpyFromSymbol,
cudaM emcpyAsync, cudaM emcpy2DASsync,

cudaM emcpy2DFromA rrayAsync, cudaM emcpy ToSymbol Async, cudaM emcpyFromSymbol Async,
cuMemcpy2DAsync

__host__cudaError_t cudaMemcpy3D (const
cudaM emcpy3DParms * p)

Copies data between 3D objects.

Parameters
p
- 3D memory copy parameters

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidPitchVaue, cudaErrorlnvalidM emcpyDirection

Description

[struct cudaExtent {
size t width;
size t height;
size t depth;
}i
struct cudaExtent
make cudaExtent(size t w, size t h, size t d);

struct cudaPos {
size t x;
size t y;
size t z;
i
struct cudaPos
make cudaPos(size t x, size t y, size t z);

struct cudaMemcpy3DParms {
cudaArray t
SrcArray;
struct cudaPos
srcPos;
struct cudaPitchedPtr
srcPtr;
cudaArray t

dstArray;
struct cudaPos

dstPos;
struct cudaPitchedPtr
dstPtr;
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struct cudaExtent
extent;

enum cudaMemcpyKind
kind;

}i
cudaM emcpy3D() copies data betwen two 3D objects. The source and destination objects may bein
either host memory, device memory, or a CUDA array. The source, destination, extent, and kind of
copy performed is specified by the cuda emcpy3DParms struct which should beinitialized to zero
before use:

[cudaMemcpy3DParms myParms = {0};

The struct passed to cudaM emcpy3D() must specify oneof srcArray or srcPtr and one
of dstArray or dstPtr. Passing more than one non-zero source or destination will cause
cudaMemcpy3D() to return an error.

The srcPos and dstPos fields are optional offsets into the source and destination objects and are
defined in units of each object's elements. The element for a host or device pointer is assumed to be
unsigned char.

The extent field defines the dimensions of the transferred areain elements. If a CUDA array is
participating in the copy, the extent is defined in terms of that array's elements. If no CUDA array is
participating in the copy then the extents are defined in elements of unsigned char.

The kind field defines the direction of the copy. It must be one of cudaMemcpyHostToHost,
cudaMemcpyHostToDevice, cudaMemcpyDeviceToHost, cudaM emcpyDeviceToDevice, or
cudaMemcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaMemcpyDefault is only alowed on systems that
support unified virtual addressing. For cudaM emcpyHostToHost or cudaMemcpyHostToDevice

or cudaM emcpyDeviceToHost passed as kind and cudaArray type passed as source or destination,

if the kind implies cudaArray type to be present on the host, cudaM emcpy3D() will disregard that
implication and silently correct the kind based on the fact that cudaArray type can only be present on
the device.

If the source and destination are both arrays, cudaMemcpy3D() will return an error if they do not have
the same element size.

The source and destination object may not overlap. If overlapping source and destination objects are
specified, undefined behavior will result.

The source object must entirely contain the region defined by srcPos and extent. The destination
object must entirely contain the region defined by dstPos and extent.

cudaMemcpy3D() returns an error if the pitch of srcPtr or dstPtr exceeds the maximum allowed.
The pitch of a cudaPitchedPtr allocated with cudaMalloc3D() will always be valid.

@ Note:

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

This function exhibits synchronous behavior for most use cases.
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> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaMalloc3D, cudaMalloc3DArray, cudaM emset3D, cudaM emcpy3DAsync,

cudaM emcpy, cudaM emcpy2D, cudaM emcpy2DToArray, cudaMemcpy2DFromArray,

cudaM emcpy2DArray ToArray, cudaM emcpyToSymbol, cudaM emcpyFromSymbol,

cudaM emcpyAsync, cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync,

cudaM emcpy2DFromArrayAsync, cudaM emcpyToSymbol Async, cudaM emcpyFromSymbol Async,
make_cudaExtent, make_cudaPos, cuMemcpy3D

host device cudaError_t cudaMemcpy3DAsync

(const cudaMemcpy3DParms *p, cudaStream t stream)
Copies data between 3D objects.

Parameters

p
- 3D memory copy parameters

stream
- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidValue, cudakrrorlnvalidPitchVaue, cudaErrorlnvalidMemcpyDirection

Description

[struct cudaExtent {
size t width;
size t height;
size t depth;
}i
struct cudaExtent
make cudaExtent(size t w, size t h, size t d);

struct cudaPos {
size t x;
size t y;
size t z;
i
struct cudaPos
make cudaPos(size t x, size t y, size t z);

struct cudaMemcpy3DParms {

cudaArray t
srcArray;

struct cudaPos
srcPos;
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struct cudaPitchedPtr
srcPtr;
cudaArray t

dstArray;
struct cudaPos

dstPos;
struct cudaPitchedPtr
dstPtr;
struct cudaExtent
extent;
enum cudaMemcpyKind
kind;

}i
cudaMemcpy3DAsync() copies data betwen two 3D objects. The source and destination objects may
be in either host memory, device memory, or a CUDA array. The source, destination, extent, and kind
of copy performed is specified by the cudaM emcpy3DParms struct which should beinitialized to zero
before use:

[cudaMemcpy3DParms myParms = {0};

The struct passed to cudaM emcpy3DAsync() must specify oneof srcArray or srcPtr and
one of dstArray or dstPtr. Passing more than one non-zero source or destination will cause
cudaMemcpy3DAsync() to return an error.

The srcPos and dstPos fields are optional offsets into the source and destination objects and are
defined in units of each object's elements. 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) for any dimension.

The extent field defines the dimensions of the transferred areain elements. If a CUDA array is
participating in the copy, the extent is defined in terms of that array's elements. If no CUDA array is
participating in the copy then the extents are defined in elements of unsigned char.

The kind field defines the direction of the copy. It must be one of cudaMemcpyHostToHost,
cudaMemcpyHostToDevice, cudaMemcpyDeviceToHost, cudaM emcpyDeviceToDevice, or
cudaMemcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaMemcpyDefault is only alowed on systems that
support unified virtual addressing. For cudaM emcpyHostToHost or cudaM emcpyHostToDevice or
cudaMemcpyDeviceToHost passed as kind and cudaArray type passed as source or destination, if the
kind implies cudaArray type to be present on the host, cudaM emcpy3DAsync() will disregard that
implication and silently correct the kind based on the fact that cudaArray type can only be present on
the device.

If the source and destination are both arrays, cudaM emcpy3DAsync() will return an error if they do not
have the same element size.

The source and destination object may not overlap. If overlapping source and destination objects are
specified, undefined behavior will result.

The source object must lie entirely within the region defined by srcPos and extent. The destination
object must lie entirely within the region defined by dstPos and extent.

cudaM emcpy3DAsync() returns an error if the pitch of srcPtr or dstPtr exceeds the maximum
allowed. The pitch of a cudaPitchedPtr allocated with cudaMalloc3D() will always be valid.
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cudaMemcpy3DAsync() is asynchronous with respect to the host, so the call may return before the
copy is complete. The copy can optionally be associated to a stream by passing anon-zero stream
argument. If kind iscudaMemcpyHostToDevice or cudaMemcpyDeviceToHost and stream ishon-
zero, the copy may overlap with operations in other streams.

The device version of this function only handles device to device copies and cannot be given local or
shared pointers.

[g] Note:

> Notethat this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits asynchronous behavior for most use cases.
»  Thisfunction uses standard default stream semantics.

> Notethat this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaMalloc3D, cudaMalloc3DArray, cudaMemset3D, cudaM emcpy3D, cudaV emcpy,
cudaMemcpy?2D, cudaMemcpy2DToArray, :cudaMemcpy2DFromArray,

cudaM emcpy2DArrayToArray, cudaM emcpyToSymbol, cudaM emcpyFromSymbol,

cudaM emcpyAsync, cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync,

cudaM emcpy2DFromA rrayAsync, cudaM emcpy ToSymbol Async, cudaM emcpyFromSymbol Async,
make _cudaExtent, make cudaPos, cuMemcpy3DAsync

__host__cudaError_t cudaMemcpy3DBatchAsync (size t
numOps, cudaM emcpy3DBatchOp *opList, unsigned long
long flags, cudaStream t stream)

Performs a batch of 3D memory copies asynchronoudly.

Parameters

numOps

- Total number of memcpy operations.
opList

- Array of size numOps containing the actual memcpy operations.
flags

- Flags for future use, must be zero now.
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stream

cudaSuccess cudaErrorinvalidVaue

Performs a batch of memory copies. The batch as awhole executes in stream order but copies within
abatch are not guaranteed to execute in any specific order. Note that this means specifying any
dependent copies within a batch will result in undefined behavior.

Performs memory copies as specified in the opList array. The length of thisarray is specified in
numOps. Each entry in this array describes a copy operation. Thisincludes among other things,

the source and destination operands for the copy as specified in cudaM emcpy3DBatchOp::src

and cudaM emcpy3DBatchOp::dst respectively. The source and destination operands of a copy

can either be a pointer or a CUDA array. The width, height and depth of a copy is specified in
cudaMemcpy3DBatchOp::extent. The width, height and depth of a copy are specified in elements and
must not be zero. For pointer-to-pointer copies, the element sizeis considered to be 1. For pointer to
CUDA array or vice versa copies, the element size is determined by the CUDA array. For CUDA array
to CUDA array copies, the element size of the two CUDA arrays must match.

For agiven operand, if cudaMemcpy3DOperand::typeis specified as

cudaM emcpyOperandTypePointer, then cudaMemcpy3DOperand::op::ptr will be used. The
cudaMemcpy3DOperand::op::ptr::ptr field must contain the pointer where the copy should

begin. The cudaM emcpy3DOperand::op::ptr::rowLength field specifies the length of each row in
elements and must either be zero or be greater than or equal to the width of the copy specified in
cudaM emcpy3DBatchOp::extent::width. The cudaMemcpy3DOperand::op::ptr::layerHeight field
specifies the height of each layer and must either be zero or be greater than or equal to the height
of the copy specified in cudaMemcpy3DBatchOp::extent::height. When either of these valuesis
zero, that aspect of the operand is considered to be tightly packed according to the copy extent. For
managed memory pointers on devices where cudaDevAttrConcurrentM anagedAccess is true or
system-allocated pageable memory on devices where cudaDevA ttrPageableM emoryAccess is true, the
cudaMemcpy3DOperand::op::ptr::locHint field can be used to hint the location of the operand.

If an operand'stype is specified as cudaM emcpyOperandTypeArray, then
cudaMemcpy3DOperand::op::array will be used. The cudaMemcpy3DOperand::op::array::array field
specifies the CUDA array and cudaMemcpy3DOperand::op::array::offset specifies the 3D offset into
that array where the copy begins.

The cudaM emcpyAttributes::srcAccessOrder indicates the source access ordering to

be observed for copies associated with the attribute. If the source access order is set to

cudaM emcpySrcA ccessOrderStream, then the source will be accessed in stream order. If the source
access order is set to cudaMemcpy SrcA ccessOrderDuringApiCall then it indicates that accessto
the source pointer can be out of stream order and all accesses must be compl ete before the API call
returns. Thisflag is suited for ephemeral sources (ex., stack variables) when it's known that no prior
operations in the stream can be accessing the memory and also that the lifetime of the memory is
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limited to the scope that the source variable was declared in. Specifying this flag allows the driver to
optimize the copy and removes the need for the user to synchronize the stream after the API call. If
the source access order is set to cudaMemcpy SrcAccessOrderAny then it indicates that access to the
source pointer can be out of stream order and the accesses can happen even after the API call returns.
Thisflag is suited for host pointers allocated outside CUDA (ex., viamalloc) when it's known that
no prior operations in the stream can be accessing the memory. Specifying this flag allows the driver
to optimize the copy on certain platforms. Each memcopy operation in opList must have avalid
srcAccessOrder setting, otherwise this API will return cudaErrorinvalidValue.

The cudaMemcpyAttributes::flags field can be used to specify certain flags for copies. Setting

the cudaM emcpyFlagPreferOverlapWithCompute flag indicates that the associated copies should
preferably overlap with any compute work. Note that thisflag is a hint and can be ignored depending
on the platform and other parameters of the copy.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits asynchronous behavior for most use cases.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over allocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR_INVALID_VALUE.

__host__cudaError_t cudaMemcpy3DPeer (const
cudaM emcpy3DPeerParms * p)

Copies memory between devices.

Parameters

p
- Parameters for the memory copy

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvaidDevice, cudaErrorlnvalidPitchVaue

Description

Perform a 3D memory copy according to the parameters specified in p. See the definition of the
cudaM emcpy3DPeerParms structure for documentation of its parameters.

Note that this function is synchronous with respect to the host only if the source or destination of the
transfer is host memory. Note also that this copy is serialized with respect to all pending and future
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asynchronous work in to the current device, the copy's source device, and the copy's destination device
(use cudaM emcpy3DPeerAsync to avoid this synchronization).

[g] Note:

> Note that this function may also return error codes from previous, asynchronous launches.
> Thisfunction exhibits synchronous behavior for most use cases.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDeviceiif this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emcpy, cudaM emcpyPeer, cudaM emcpyAsync, cudaM emcpyPeerAsync,
cudaM emcpy3DPeerAsync, cuM emcpy3DPeer

__host__cudaError_t cudaMemcpy3DPeerAsync (const
cudaM emcpy3DPeerParms * p, cudaStream t stream)

Copies memory between devices asynchronously.

Parameters

p
- Parameters for the memory copy

stream
- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidDevice, cudaErrorlnvalidPitchVaue

Description

Perform a 3D memory copy according to the parameters specified in p. See the definition of the
cudaM emcpy3DPeerParms structure for documentation of its parameters.

[g] Note:

> Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits asynchronous behavior for most use cases.

»  Thisfunction uses standard default stream semantics.
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> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaM emcpy, cudaM emcpyPeer, cudaM emcpyAsync, cudaM emcpyPeerAsync,
cudaM emcpy3DPeerAsync, cuM emcpy3DPeerAsync

host device cudaError_t cudaMemcpyAsync (void
*dst, const void *src, size t count, cudaMemcpyKind kind,
cudaStream t stream)

Copies data between host and device.

Parameters

dst

- Destination memory address
src

- Source memory address
count

- Sizein bytes to copy
kind

- Type of transfer
stream

- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidMemcpyDirection

Description

Copies count bytes from the memory area pointed to by src to the memory area pointed to by

dst, where kind specifies the direction of the copy, and must be one of cudaMemcpyHostToHost,
cudaMemcpyHostToDevice, cudaM emcpyDeviceToHost, cudaM emcpyDeviceToDevice, or
cudaMemcpyDefault. Passing cudaM emcpyDefault is recommended, in which case the type of transfer
isinferred from the pointer values. However, cudaMemcpyDefault is only allowed on systems that
support unified virtual addressing.

The memory areas may not overlap. Calling cudaMemcpyAsync() with dst and src pointers that do
not match the direction of the copy resultsin an undefined behavior.
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cudaMemcpyAsync() is asynchronous with respect to the host, so the call may return before the copy is
complete. The copy can optionally be associated to a stream by passing a non-zero stream argument.
If kind iscudaMemcpyHostToDevice or cudaMemcpyDeviceToHost and the st ream is non-zero,
the copy may overlap with operations in other streams.

The device version of this function only handles device to device copies and cannot be given local or
shared pointers.

[g] Note:
> Notethat this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits asynchronous behavior for most use cases.
»  This function uses standard default stream semantics.

> Notethat this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over allocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR_INVALID_VALUE.

See also;

cudaMemcpy, cudaMemcpy2D, cudaMemcpy2DToArray, cudaMemcpy2DFromArray,
cudaM emcpy2DArrayToArray, cudaM emcpyToSymbol, cudaM emcpyFromSymbol,
cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync, cudaM emcpy2DFromArrayAsync,
cudaM emcpy ToSymbol Async, cudaM emcpyFromSymbol Async, cuM emcpyAsync,
cuMemcpyDtoHA sync, cuMemcpyHtoDAsync, cuMemcpyDtoDAsync

__host__cudaError_t cudaMemcpyBatchAsync (const void
**dsts, const void **srcs, const size t *sizes, size t count,
cudaMemcpyAttributes * attrs, size t *attrsldxs, size t
numATttrs, cudaStream t stream)

Performs a batch of memory copies asynchronously.

Parameters

dsts
- Array of destination pointers.
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srcs
- Array of memcpy source pointers.
sizes
- Array of sizesfor memcpy operations.
count
- Sizeof dsts, srcs and sizes arrays
attrs
- Array of memcpy attributes.
attrsldxs
- Array of indices to specify which copies each entry inthe at trs array appliesto. The attributes
specified in attrg k] will be applied to copies starting from attrsldxs[k] through attrsldxgk+1] - 1.
Also attrglnumAttrs-1] will apply to copies starting from attrsl dxg[numAttrs-1] through count - 1.
numaAttrs
-Sizeof attrs and attrsIdxs arrays.
stream

cudaSuccess cudaErrorinvalidvVaue

Performs a batch of memory copies. The batch as awhole executes in stream order but copies within
abatch are not guaranteed to execute in any specific order. This API only supports pointer-to-pointer
copies. For copiesinvolving CUDA arrays, please see cudaM emcpy3DBatchAsync.

Performs memory copies from source buffers specified in s rcs to destination buffers specified in
dsts. The size of each copy is specified in sizes. All three arrays must be of the same length as
specified by count. Since there are no ordering guarantees for copies within a batch, specifying any
dependent copies within a batch will result in undefined behavior.

Every copy in the batch hasto be associated with a set of attributes specified inthe attrs array. Each
entry in this array can apply to more than one copy. This can be done by specifyingintheattrsIdxs
array, theindex of the first copy that the corresponding entry inthe at trs array appliesto. Both
attrs and attrsIdxs must be of the same length as specified by numAt trs. For example, if
abatch has 10 copies listed in dst/src/sizes, the first 6 of which have one set of attributes and the
remaining 4 another, then numAttrs will be 2, attrsIdxs will be{0, 6} and attrs will contains
the two sets of attributes. Note that the first entry in at t rsIdxs must always be 0. Also, each entry
must be greater than the previous entry and the last entry should be less than count. Furthermore,
numAttrs must belesser than or equal to count.

The cudaM emcpyAttributes::srcAccessOrder indicates the source access ordering to

be observed for copies associated with the attribute. If the source access order is set to

cudaM emcpySrcA ccessOrder Stream, then the source will be accessed in stream order. If the source
access order is set to cudaMemcpySrcA ccessOrderDuringApiCall then it indicates that accessto
the source pointer can be out of stream order and all accesses must be compl ete before the API call
returns. Thisflag is suited for ephemeral sources (ex., stack variables) when it's known that no prior
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operations in the stream can be accessing the memory and also that the lifetime of the memory is
limited to the scope that the source variable was declared in. Specifying this flag allows the driver to
optimize the copy and removes the need for the user to synchronize the stream after the API call. If

the source access order is set to cudaMemcpySrcAccessOrderAny then it indicates that access to the
source pointer can be out of stream order and the accesses can happen even after the API call returns.
Thisflag is suited for host pointers allocated outside CUDA (ex., viamalloc) when it's known that

no prior operations in the stream can be accessing the memory. Specifying this flag allows the driver

to optimize the copy on certain platforms. Each memcpy operation in the batch must have avalid
cudaM emcpyAttributes corresponding to it including the appropriate srcAccessOrder setting, otherwise
the API will return cudaErrorinvalidValue.

The cudaM emcpyAttributes::srcl ocHint and cudaM emcpyAdttributes::dstL ocHint allows
applications to specify hint locations for operands of a copy when the operand doesn't have afixed
location. That is, these hints are only applicable for managed memory pointers on devices where
cudaDevAttrConcurrentM anagedA ccess is true or system-allocated pageable memory on devices
where cudaDevAttrPageableM emoryAccess is true. For other cases, these hints are ignored.

The cudaM emcpyAdttributes::flags field can be used to specify certain flags for copies. Setting

the cudaM emcpyFlagPreferOverlapWithCompute flag indicates that the associated copies should
preferably overlap with any compute work. Note that thisflag is ahint and can be ignored depending
on the platform and other parameters of the copy.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
» Thisfunction exhibits asynchronous behavior for most use cases.

» Memory regions requested must be either entirely registered with CUDA, or in the case
of host pageable transfers, not registered at all. Memory regions spanning over allocations
that are both registered and not registered with CUDA are not supported and will return
CUDA_ERROR _INVALID_VALUE.

__host___cudaError_t cudaMemcpyFromSymbol (void
*dst, const void *symbol, size t count, size t offset,
cudaM emcpyKind kind)

Copies data from the given symbol on the device.

Parameters

dst

- Destination memory address
symbol

- Device symbol address
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count

- Size in bytesto copy
offset

- Offset from start of symbol in bytes
kind

- Type of transfer

Returns

cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidSymbol, cudaErrorlnvalidMemcpyDirection,
cudaErrorNoK ernell mageForDevice

Description

Copies count bytesfrom the memory area pointed to by o f £ set bytes from the start of

symbol symbo1 to the memory area pointed to by dst. The memory areas may not overlap.
symbol isavariablethat residesin global or constant memory space. kind can be either

cudaM emcpyDeviceToHost, cudalVemcpyDeviceToDevice, or cudaMemcpyDefault. Passing
cudaMemcpyDefault is recommended, in which case the type of transfer isinferred from the pointer
values. However, cudaMemcpyDefault is only allowed on systems that support unified virtual
addressing.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits synchronous behavior for most use cases.

» Useof astring naming avariable asthe symbo1 parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaM emcpy, cudaM emcpy2D, cudaM emcpy2DToArray, cudaMemcpy2DFromArray,
cudaMemcpy2DArray ToArray, cudaMemcpy ToSymbol, cudaM emcpyAsync, cudaM emcpy2DAsync,
cudaM emcpy2DToArrayAsync, cudaM emcpy2DFromArrayAsync, cudaMemcpy ToSymbol Async,
cudaM emcpyFromSymbol Async, cuMemcpy, cuMemcpyDtoH, cuMemcpyDtoD
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__host__cudaError_t cudaMemcpyFromSymbol Async
(void *dst, const void *symbol, size t count, size t offset,
cudaMemcpyKind kind, cudaStream t stream)

Copies data from the given symbol on the device.

Parameters

dst

- Destination memory address
symbol

- Device symbol address
count

- Size in bytesto copy
offset

- Offset from start of symbol in bytes
kind

- Type of transfer
stream

- Stream identifier

Returns

cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidSymbol, cudaErrorlnvalidMemcpyDirection,
cudaErrorNoK ernellmageForDevice

Description

Copies count bytesfrom the memory area pointed to by o f £ set bytes from the start of

symbol symbo1l to the memory area pointed to by dst. The memory areas may not overlap.
symbol isavariablethat residesin global or constant memory space. kind can be either
cudaMemcpyDeviceToHost, cudaM emcpyDeviceToDevice, or cudaMemcpyDefault. Passing
cudaMemcpyDefault is recommended, in which case the type of transfer isinferred from the pointer
values. However, cudaMemcpyDefault is only allowed on systems that support unified virtual
addressing.

cudaM emcpyFromSymbol Async() is asynchronous with respect to the host, so the call may return
before the copy is complete. The copy can optionally be associated to a stream by passing a non-zero
stream argument. If kind is cudaMemcpyDeviceToHost and stream is non-zero, the copy may
overlap with operationsin other streams.

[g] Note:
> Note that this function may also return error codes from previous, asynchronous launches.
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»  Thisfunction exhibits asynchronous behavior for most use cases.
»  Thisfunction uses standard default stream semantics.

» Useof astring naming avariable asthe symbo1 parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emcpy, cudaM emcpy2D, cudaM emcpy2DToArray, cudaMemcpy2DFromArray,
cudaMemcpy2DArray ToArray, cudaMemcpy ToSymbol, cudaM emcpyFromSymboal,
cudaM emcpyAsync, cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync,

cudaM emcpy2DFromArrayAsync, cudaM emcpy ToSymbol Async, cuMemcpyAsync,
cuMemcpyDtoHAsync, cuMemcpyDtoDASsync

__host__cudaError_t cudaMemcpyPeer (void *dst, int
dstDevice, const void *src, int srcDevice, size t count)

Copies memory between two devices.

Parameters

dst

- Destination device pointer
dstDevice

- Destination device
src

- Source device pointer
srcDevice

- Source device
count

- Size of memory copy in bytes

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorinvalidDevice

Description

Copies memory from one device to memory on another device. dst is the base device pointer of the
destination memory and dstDevice isthe destination device. src isthe base device pointer of the
source memory and srcDevice iSthe source device. count specifies the number of bytesto copy.
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Note that this function is asynchronous with respect to the host, but serialized with respect all
pending and future asynchronous work in to the current device, srcDevice, and dstDevice (Use
cudaM emcpyPeerAsync to avoid this synchronization).

[g] Note:

> Note that this function may also return error codes from previous, asynchronous launches.
> Thisfunction exhibits synchronous behavior for most use cases.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:

cudaM emcpy, cudaM emcpyAsync, cudaM emcpyPeerAsync, cudaM emcpy3DPeerAsync,
cuMemcpyPeer

__host__cudaError_t cudaMemcpyPeerAsync (void *dst,
Int dstDevice, const void *src, int srcDevice, size t count,
cudaStream t stream)

Copies memory between two devices asynchronously.

Parameters

dst

- Destination device pointer
dstDevice

- Destination device
src

- Source device pointer
srcDevice

- Source device
count

- Size of memory copy in bytes
stream

- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorinvalidDevice
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Copies memory from one device to memory on another device. dst isthe base device pointer of the
destination memory and dstDevice isthe destination device. src isthe base device pointer of the
source memory and srcDevice isthe source device. count specifies the number of bytesto copy.

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

[g] Note:

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

»  Thisfunction exhibits asynchronous behavior for most use cases.

»  This function uses standard default stream semantics.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or

cudaErrorNoDeviceif this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.

cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emcpy, cudaM emcpyPeer, cudaM emcpyAsync, cudaM emcpy3DPeerAsync,

cuMemcpyPeerAsync

__host__cudaError_t cudaMemcpyToSymbol (const

void *symbol, const void *src, size t count, size t offset,

cudaM emcpyKind kind)

Copies data to the given symbol on the device.

Parameters

symbol
- Device symbol address
src
- Source memory address
count
- Sizein bytesto copy
offset
- Offset from start of symbol in bytes
kind
- Type of transfer
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Returns

cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidSymbol, cudaErrorlnvalidMemcpyDirection,
cudaErrorNoK ernellmageForDevice

Description

Copies count bytes from the memory area pointed to by src to the memory area pointed

to by of fset bytesfrom the start of symbol symbol. The memory areas may not overlap.
symbol isavariablethat residesin global or constant memory space. kind can be either

cudaM emcpyHostToDevice, cudaMemcpyDeviceToDevice, or cudaMemcpyDefault. Passing
cudaMemcpyDefault is recommended, in which case the type of transfer isinferred from the pointer
values. However, cudaMemcpyDefault is only allowed on systems that support unified virtual
addressing.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits synchronous behavior for most use cases.

» Useof astring naming avariable asthe symbo1 parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emcpy, cudaM emcpy2D, cudaM emcpy2DToArray, cudaMemcpy2DFromArray,
cudaMemcpy2DArray ToArray, cudaM emcpyFromSymbol, cudaMemcpyAsync,

cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync, cudaMemcpy2DFromArrayAsync,
cudaM emcpy ToSymbol Async, cudaM emcpyFromSymbol Async, cuMemcpy, cuMemcpyHtoD,
cuMemcpyDtoD
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__host__cudaError_t cudaMemcpy ToSymbol Async (const
void *symbol, const void *src, size t count, size t offset,
cudaMemcpyKind kind, cudaStream t stream)

Copies data to the given symbol on the device.

Parameters

symbol

- Device symbol address
src

- Source memory address
count

- Size in bytesto copy
offset

- Offset from start of symbol in bytes
kind

- Type of transfer
stream

- Stream identifier

Returns

cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidSymbol, cudaErrorlnvalidMemcpyDirection,
cudaErrorNoK ernellmageForDevice

Description

Copies count bytesfrom the memory area pointed to by src to the memory area pointed

toby of fset bytesfrom the start of symbol symbol. The memory areas may not overlap.
symbol isavariablethat residesin global or constant memory space. kind can be either
cudaMemcpyHostToDevice, cudaM emcpyDeviceToDevice, or cudaMemcpyDefault. Passing
cudaMemcpyDefault is recommended, in which case the type of transfer isinferred from the pointer
values. However, cudaMemcpyDefault is only allowed on systems that support unified virtual
addressing.

cudaMemcpyToSymbol Async() is asynchronous with respect to the host, so the call may return before
the copy is complete. The copy can optionally be associated to a stream by passing anon-zero st ream
argument. If kind iscudaMemcpyHostToDevice and stream is non-zero, the copy may overlap with
operations in other streams.

[g] Note:
> Note that this function may also return error codes from previous, asynchronous launches.
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»  Thisfunction exhibits asynchronous behavior for most use cases.
»  Thisfunction uses standard default stream semantics.

» Useof astring naming avariable asthe symbo1 parameter was deprecated in CUDA 4.1 and
removed in CUDA 5.0.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emcpy, cudaM emcpy2D, cudaM emcpy2DToArray, cudaMemcpy2DFromArray,
cudaMemcpy2DArray ToArray, cudaMemcpy ToSymbol, cudaM emcpyFromSymboal,
cudaM emcpyAsync, cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync,

cudaM emcpy2DFromArrayAsync, cudaM emcpyFromSymbol Async, cuMemcpyAsync,
cuMemcpyHtoDAsync, cuMemcpyDtoDASsync

__host__cudaError_t

cudaM emDiscardAndPrefetchBatchAsync (void

**dptrs, size t *sizes, size t count, cudaMemL ocation
*prefetchLocs, size t *prefetchLocldxs, size t
numPrefetchL ocs, unsigned long long flags, cudaStream t
stream)

Performs a batch of memory discards and prefetches asynchronously.

Parameters

dptrs
- Array of pointersto be discarded

sizes
- Array of sizesfor memory discard operations.

count
- Sizeof dptrs and sizes arrays.

prefetchlL ocs
- Array of locationsto prefetch to.

prefetchlL ocl dxs
- Array of indices to specify which operands each entry intheprefetchLocs array applies
to. The locations specified in prefetchLocg k] will be applied to operations starting from
prefetchLocldxg[K] through prefetchLocldxg[k+1] - 1. Also prefetchL ocs[numPrefetchLocs - 1] will
apply to copies starting from prefetchL ocldxg numPrefetchL ocs - 1] through count - 1.
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numPr efetchL ocs

- Sizeof prefetchlLocs andprefetchLocIdxs arrays.
flags

- Flags reserved for future use. Must be zero.
stream

Performs a batch of memory discards followed by prefetches. The batch as a whole executesin stream
order but operations within a batch are not guaranteed to execute in any specific order. All devicesin
the system must have a non-zero value for the device attribute cudaDevAttrConcurrentM anagedA ccess
otherwise the API will return an error.

Calling cudaM emDiscardAndPrefetchBatchAsync is semantically equivalent to calling
cudaMemDiscardBatchAsync followed by cudaM emPrefetchBatchAsync, but is more optimal. For
more details on what discarding and prefetching imply, please refer to cudaM emDiscardBatchAsync
and cudaM emPrefetchBatchAsync respectively. Note that any reads, writes or prefetchesto any part of
the memory range that occur simultaneously with this combined discard+prefetch operation result in
undefined behavior.

Performs memory discard and prefetch on address ranges specified in dptrs and sizes. Both
arrays must be of the same length as specified by count. Each memory range specified must refer
to managed memory allocated via cudaMallocM anaged or declared via__managed __ variables

or it may also refer to system-allocated memory when all devices have a non-zero value for
cudaDevAttrPageableM emoryAccess. Every operation in the batch has to be associated with a

valid location to prefetch the address range to and specified intheprefetchLocs array. Each
entry in this array can apply to more than one operation. This can be done by specifying in the
prefetchLocIdxs array, theindex of the first operation that the corresponding entry in the
prefetchlLocs array appliesto. BothprefetchlLocs and prefetchLocIdxs must be of the
same length as specified by numPrefetchLocs. For example, if a batch has 10 operations listed
in dptrsg/sizes, the first 6 of which areto be prefetched to one location and the remaining 4 are to be
prefetched to another, then numPrefetchLocs will be 2, prefetchLocIdxs will be{0, 6} and
prefetchLocs will contain the two set of locations. Note thefirst entry in prefetchLocIdxs
must always be 0. Also, each entry must be greater than the previous entry and the last entry should be
lessthan count. Furthermore, numPrefetchLocs must be lesser than or equal to count.
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__host__cudaError_t cudaMembDiscardBatchAsync (void
**dptrs, size t *sizes, size t count, unsigned long long
flags, cudaStream t stream)

Performs a batch of memory discards asynchronously.

Parameters

dptrs

- Array of pointersto be discarded
sizes

- Array of sizesfor memory discard operations.
count

- Sizeof dptrs and sizes arrays.
flags

- Flags reserved for future use. Must be zero.
stream

Description

Performs a batch of memory discards. The batch as awhole executes in stream order but operations
within a batch are not guaranteed to execute in any specific order. All devicesin the system must have
anon-zero value for the device attribute cudaDevAttrConcurrentM anagedA ccess otherwise the API
will return an error.

Discarding a memory range informs the driver that the contents of that range are no longer useful.
Discarding memory ranges allows the driver to optimize certain data migrations and can also help
reduce memory pressure. This operation can be undone on any part of the range by either writing
to it or prefetching it via cudaM emPrefetchAsync or cudaM emPrefetchBatchAsync. Reading from
adiscarded range, without a subsequent write or prefetch to that part of the range, will return an
indeterminate value. Note that any reads, writes or prefetches to any part of the memory range that
occur simultaneously with the discard operation result in undefined behavior.

Performs memory discard on address ranges specified in dptrs and sizes. Both arrays
must be of the same length as specified by count. Each memory range specified must refer to
managed memory allocated via cudaMallocManaged or declared via__managed  variables
or it may also refer to system-allocated memory when all devices have a non-zero value for
cudaDevA ttrPageableM emoryA ccess.
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__host__cudaError_t cudaMemGetinfo (size t *free, size t
*total)

Gets free and total device memory.

Parameters

free

- Returned free memory in bytes
total

- Returned total memory in bytes

Returns
cudaSuccess, cudaErrorinvalidValue, cudaErrorLaunchFailure

Description

Returnsin *total thetotal amount of memory available to the the current context. Returnsin

* f ree the amount of memory on the device that is free according to the OS. CUDA is not guaranteed
to be able to allocate al of the memory that the OS reports as free. In amulti-tenet situation, free
estimate returned is prone to race condition where a new allocation/free done by a different process or
adifferent thread in the same process between the time when free memory was estimated and reported,
will result in deviation in free value reported and actual free memory.

The integrated GPU on Tegra shares memory with CPU and other component of the SoC. The free and
total values returned by the API excludes the SWAP memory space maintained by the OS on some
platforms. The OS may move some of the memory pages into swap area as the GPU or CPU allocate or
access memory. See Tegra app note on how to calculate total and free memory on Tegra.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:
cuMemGetlnfo
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__host__cudaError_t cudaMemPrefetchAsync (const void
*devPtr, size t count, cudaMemL ocation location, unsigned
Int flags, cudaStream t stream)

Prefetches memory to the specified destination location.

Parameters

devPtr
- Pointer to be prefetched
count
- Sizein bytes
location
- location to prefetch to
flags
- flags for future use, must be zero now.
stream
- Stream to enqueue prefetch operation

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorlnvalidDevice

Description

Prefetches memory to the specified destination location. devPt r is the base device pointer of

the memory to be prefetched and 1 ocation specifies the destination location. count specifies
the number of bytesto copy. stream isthe stream in which the operation is enqueued. The
memory range must refer to managed memory allocated via cudaM allocM anaged or declared via
__managed _ variables, or it may also refer to system-allocated memory on systems with non-zero
cudaDevA ttrPageableM emoryA ccess.

Specifying cudaM emL ocationTypeDevice for cudaM emL ocation::type will prefetch memory to
GPU specified by device ordinal cudaMemL ocation::id which must have non-zero value for the
device attribute concurrentM anagedAccess. Additionally, st ream must be associated with a
device that has a non-zero value for the device attribute concurrentM anagedA ccess. Specifying
cudaMemL ocationTypeHost as cudaM emL ocation::type will prefetch datato host memory.
Applications can request prefetching memory to a specific host NUMA node by specifying
cudaM emL ocationTypeHostNuma for cudaM emL ocation::type and avalid host NUMA node
id in cudaMemL ocation::id Users can also request prefetching memory to the host NUMA node
closest to the current thread's CPU by specifying cudaM emL ocationTypeHostNumaCurrent for
cudaM emlL ocation::type. Note when cudaM emL ocation::type is etiher cudalVlemL ocationTypeHost
OR cudaM emL ocationTypeHostNumaCurrent, cudaM emL ocation::id will be ignored.
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The start address and end address of the memory range will be rounded down and rounded up
respectively to be aligned to CPU page size before the prefetch operation is enqueued in the stream.

If no physical memory has been allocated for this region, then this memory region will be popul ated
and mapped on the destination device. If there's insufficient memory to prefetch the desired region, the
Unified Memory driver may evict pages from other cudaM allocM anaged allocations to host memory
in order to make room. Device memory allocated using cudaMalloc or cudaMallocArray will not be
evicted.

By default, any mappings to the previous location of the migrated pages are removed and mappings for
the new location are only setup on the destination location. The exact behavior however aso depends
on the settings applied to this memory range via cuM emAdvise as described below:

If cudaMemA dviseSetReadM ostly was set on any subset of this memory range, then that subset will
create aread-only copy of the pages on destination location. If however the destination location isa
host NUMA node, then any pages of that subset that are already in another host NUMA node will be
transferred to the destination.

If cudaMlemA dviseSetPreferredL ocation was called on any subset of this memory range, then the pages
will be migratedto 1ocation evenif 1ocation isnot the preferred location of any pagesin the
memory range.

If cudaM emA dviseSetA ccessedBy was called on any subset of this memory range, then mappings to
those pages from all the appropriate processors are updated to refer to the new location if establishing
such amapping is possible. Otherwise, those mappings are cleared.

Note that this APl is not required for functionality and only serves to improve performance by alowing
the application to migrate data to a suitable location before it is accessed. Memory accesses to this
range are always coherent and are allowed even when the data is actively being migrated.

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

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits asynchronous behavior for most use cases.
» Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emcpy, cudaM emcpyPeer, cudaM emcpyAsync, cudaM emcpy3DPeerAsync, cudaM emAdvise,
cuMemPrefetchAsync
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__host__cudaError_t cudaMemPrefetchBatchAsync (void
**dptrs, size t *sizes, size t count, cudaMemL ocation
*prefetchLocs, size t *prefetchLocldxs, size t
numPrefetchL ocs, unsigned long long flags, cudaStream t

stream)
Performs a batch of memory prefetches asynchronoudly.

Parameters

dptrs
- Array of pointersto be prefetched
sizes
- Array of sizesfor memory prefetch operations.
count
- Sizeof dptrs and sizes arrays.
prefetchL ocs
- Array of locations to prefetch to.
prefetchL ocl dxs
- Array of indices to specify which operands each entry intheprefetchLocs array
appliesto. The locations specified in prefetchLocs k] will be applied to copies starting from
prefetchLocldxg k] through prefetchL ocldxs[k+1] - 1. Also prefetchL oc numPrefetchLocs - 1] will
apply to prefetches starting from prefetchL ocl dxs[numPrefetchLocs - 1] through count - 1.
numPr efetchL ocs
- Sizeof prefetchLocs andprefetchLocIdxs arrays.
flags
- Flags reserved for future use. Must be zero.
stream

Description

Performs a batch of memory prefetches. The batch as a whole executes in stream order but operations
within a batch are not guaranteed to execute in any specific order. All devicesin the system must have
anon-zero value for the device attribute cudaDevAttrConcurrentM anagedA ccess otherwise the AP
will return an error.

The semantics of theindividual prefetch operations are as described in cudaM emPrefetchAsync.

Performs memory prefetch on address ranges specified in dptrs and sizes. Both arrays
must be of the same length as specified by count. Each memory range specified must refer to
managed memory allocated via cudaMallocManaged or declared via__managed  variables
or it may also refer to system-allocated memory when all devices have a non-zero value for
cudaDevAttrPageableM emoryAccess. The prefetch location for every operation in the batch is
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specified intheprefetchLocs array. Each entry in this array can apply to more than one operation.
This can be done by specifyingintheprefetchLocIdxs array, theindex of the first prefetch
operation that the corresponding entry inthe prefetchLocs array appliesto. Both prefetchLocs
and prefetchLocTIdxs must be of the same length as specified by numPrefetchlLocs. For
example, if abatch has 10 prefetches listed in dptrg/sizes, the first 4 of which are to be prefetched to
one location and the remaining 6 are to be prefetched to another, then numPrefetchLocs will be

2, prefetchLocIdxs will be{0, 4} and prefetchLocs will contain the two locations. Note
thefirst entry inprefetchLocIdxs must adways be 0. Also, each entry must be greater than the
previous entry and the last entry should be lessthan count. Furthermore, numPrefetchLocs must
be lesser than or equal to count.

__host__cudaError_t cudaM emRangeGetAttribute (void
*data, size t dataSize, cudaMemRangeAttribute attribute,
const void *devPtr, size t count)

Query an attribute of a given memory range.

Parameters

data
- A pointers to amemory location where the result of each attribute query will be written to.
dataSize
- Array containing the size of data
attribute
- The attribute to query
devPtr
- Start of the range to query
count
- Size of the range to query

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Query an attribute about the memory range starting at devPtr with asize of count bytes. The
memory range must refer to managed memory allocated via cudaM allocM anaged or declared via
__managed __ variables.

Theattribute parameter can take the following values:

> cudaMemRangeAttributeReadMostly: If this attribute is specified, data will be interpreted asa
32-hit integer, and dataSize must be 4. The result returned will be 1 if all pagesin the given
memory range have read-duplication enabled, or O otherwise.
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cudaM emRangeAttributePreferredL ocation: If this attribute is specified, data will be interpreted
as a 32-hit integer, and dataSize must be 4. The result returned will be a GPU device

idif al pagesin the memory range have that GPU as their preferred location, or it will be
cudaCpuDeviceld if al pagesin the memory range have the CPU as their preferred location, or it
will be cudalnvalidDeviceld if either all the pages don't have the same preferred location or some
of the pages don't have a preferred location at all. Note that the actual location of the pagesin the
memory range at the time of the query may be different from the preferred location.

cudaM emRangeAttributeAccessedBY: If this attribute is specified, data will be interpreted as an
array of 32-bit integers, and dataSize must be anon-zero multiple of 4. The result returned will
be alist of device ids that had cudaMemA dviceSetAccessedBYy set for that entire memory range.
If any device does not have that advice set for the entire memory range, that device will not be
included. If data islarger than the number of devices that have that advice set for that memory
range, cudalnvalidDeviceld will be returned in al the extra space provided. For ex., if dataSize
is12 (i.e. data has 3 elements) and only device 0 has the advice set, then the result returned

will be{ 0, cudalnvalidDeviceld, cudalnvalidDeviceld } . If data issmaller than the number of
devices that have that advice set, then only as many devices will be returned as can fit in the array.
There is no guarantee on which specific devices will be returned, however.

cudaM emRangeAttributel astPrefetchL ocation: If this attribute is specified, data will

be interpreted as a 32-bit integer, and datasSize must be 4. The result returned will be

the last location to which all pages in the memory range were prefetched explicitly via
cudaMemPrefetchAsync. Thiswill either be a GPU id or cudaCpuDeviceld depending on whether
the last location for prefetch was a GPU or the CPU respectively. If any page in the memory
range was never explicitly prefetched or if al pages were not prefetched to the same location,
cudalnvalidDeviceld will be returned. Note that this simply returns the last location that the
applicaton requested to prefetch the memory range to. It gives no indication as to whether the
prefetch operation to that location has completed or even begun.

cudaM emRangeAttributePreferredlL ocationType: If this attribute is specified, data will be
interpreted as a cudaMemL ocationType, and dataSi ze must be sizeof(cudaMemL ocationType).
The cudaM emL ocationType returned will be cudaMemL ocationTypeDevice if al pagesin

the memory range have the same GPU as their preferred location, or cudaMemL ocationType

will be cudaMemL ocationTypeHost if all pages in the memory range have the CPU as their
preferred location, or or it will be cudaMemL ocationTypeHostNumaif all the pagesin the
memory range have the same host NUMA node ID astheir preferred location or it will be
cudaMemL ocationTypelnvalid if either all the pages don't have the same preferred location or
some of the pages don't have a preferred location at all. Note that the actual location type of the
pages in the memory range at the time of the query may be different from the preferred location

type.

cudaM emRangeAttributePreferredL ocationl d: If this attribute is specified,

data will beinterpreted as a 32-bit integer, and datasize must be 4. If the

cudaM emRangeALttributePreferredL ocationType query for the same address range
returns cudaM emL ocationTypeDevice, it will be avalid device ordinal or if it returns
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cudaMemL ocationTypeHostNuma, it will be avalid host NUMA node ID or if it returns any
other location type, the id should be ignored.

> cudaMemRangeAttributel astPrefetchlL ocationType: If this attribute is specified, data will be
interpreted as a cudaM emL ocationType, and dataSi ze must be sizeof(cudaMemL ocationType).
The result returned will be the last location type to which all pagesin the memory range
were prefetched explicitly viacuMemPrefetchAsync. The cudaMemL ocationType
returned will be cudaMemL ocationTypeDevice if the last prefetch |ocation was the GPU
or cudaMemL ocationTypeHost if it was the CPU or cudaM emL ocationTypeHostNuma if
the last prefetch location was a specific hast NUMA node. If any page in the memory range
was never explicitly prefetched or if all pages were not prefetched to the same location,
CUmemL ocationType will be cudaMemL ocationTypelnvalid. Note that this simply returns the last
location type that the application requested to prefetch the memory range to. It gives no indication
as to whether the prefetch operation to that location has completed or even begun.

> cudaMemRangeAttributel astPrefetchl ocationld: If this attribute is specified,
data will beinterpreted as a 32-bit integer, and datasize must be 4. If the
cudaM emRangeALttributel astPrefetchl ocationType query for the same address range
returns cudaM emL ocationTypeDevice, it will be avalid device ordinal or if it returns
cudaM emL ocationTypeHostNuma, it will be avalid host NUMA node ID or if it returns any
other location type, the id should be ignored.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
» Thisfunction exhibits asynchronous behavior for most use cases.
»  Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaM emRangeGetAttributes, cudaM emPrefetchAsync, cudaM emAdvise, cuM emRangeGetA ttribute

CUDA Runtime API v13.0 | 191


../cuda-driver-api/cuda-driver-api/content/group__CUDA__UNIFIED.html#group__CUDA__UNIFIED_1g45c0e085febc3be8fabf5c526355b6a3
../cuda-driver-api/cuda-driver-api/content/group__CUDA__TYPES.html#group__CUDA__TYPES_1g75cfd5b9fa5c1c6ee2be2547bfbe882e
../cuda-driver-api/cuda-driver-api/content/group__CUDA__UNIFIED.html#group__CUDA__UNIFIED_1g1c92408a7d0d8875e19b1a58af56f67d

Modules

__host__cudaError_t cudaMemRangeGetAttributes

(void **data, size t *dataSizes, cudaM emRangeAttribute
*attributes, size t numAttributes, const void *devPtr, size t
count)

Query attributes of a given memory range.

Parameters

data
- A two-dimensional array containing pointers to memory locations where the result of each
attribute query will be written to.
dataSizes
- Array containing the sizes of each result
attributes
- An array of attributes to query (numAdttributes and the number of attributesin this array should
match)
numAttributes
- Number of attributesto query
devPtr
- Start of the range to query
count
- Size of the range to query

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Query attributes of the memory range starting at devPtr with asize of count bytes. The memory
range must refer to managed memory alocated via cudaMallocManaged or declared via__managed
variables. The attributes array will be interpreted to have numAttributes entries. The
dataSizes array will also beinterpreted to have numAttributes entries. The results of the query
will be stored in data.

The list of supported attributes are given below. Please refer to cudaM emRangeGetAttribute for
attribute descriptions and restrictions.

> cudaMemRangeAttributeReadM ostly

> cudaMemRangeAttributePreferredl ocation
> cudaMemRangeAttributeAccessedBy
| 2
| 2

cudaM emRangeALttributel astPrefetchl ocation
:: cudaM emRangeAttributePreferredL ocationType
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> cudaMemRangeAttributePreferredL ocationld
> cudaMemRangeAttributel astPrefetchlL ocationType
> cudaMemRangeAttributel astPrefetchL ocationld

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaM emRangeGetAttribute, cudaM emAdvise, cudaM emPrefetchAsync, cuM emRangeGetAttributes

__host___cudaError_t cudaMemset (void *devPtr, int value,
Size t count)

Initializes or sets device memory to avalue.

Parameters

devPtr

- Pointer to device memory
value

- Vaueto set for each byte of specified memory
count

- Sizein bytesto set

Returns
cudaSuccess, cudaErrorinvalidvaue,

Description

Fillsthefirst count bytes of the memory area pointed to by devPtr with the constant byte value
value.

Note that this function is asynchronous with respect to the host unless devPt r refersto pinned host
memory.

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

»  Seeaso memset synchronization details.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cuMemsetD8, cuMemsetD16, cuM emsetD32

__host__cudaError_t cudaMemset2D (void *devPtr, size t
pitch, int value, size t width, size t height)

Initializes or sets device memory to avalue.

Parameters

devPtr
- Pointer to 2D device memory
pitch
- Pitch in bytes of 2D device memory(Unused if height is1)
value
- Valueto set for each byte of specified memory
width
- Width of matrix set (columnsin bytes)
height
- Height of matrix set (rows)

Returns
cudaSuccess, cudaErrorinvalidVaue,

Description

Setsto the specified value value amatrix (height rowsof width byteseach) pointed to by
dstPtr. pitch isthewidthin bytes of the 2D array pointed to by dstPtr, including any padding
added to the end of each row. This function performs fastest when the pitch is one that has been passed
back by cudaMallocPitch().

Note that this function is asynchronous with respect to the host unless devPtr refersto pinned host
memory.

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

> See also memset synchronization details.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:

cudaM emset, cudaM emset3D, cudaM emsetAsync, cudaM emset2DAsync, cudaM emset3DASsync,
cuMemsetD2D8, cuMemsetD2D 16, cuMemsetD2D32

host device cudaError_t cudaMemset2DAsync
(void *devPtr, size t pitch, int value, size t width, size t
height, cudaStream t stream)

Initializes or sets device memory to avalue.

Parameters
devPtr
- Pointer to 2D device memory
pitch
- Pitch in bytes of 2D device memory(Unused if height is1)
value
- Vaueto set for each byte of specified memory
width
- Width of matrix set (columnsin bytes)
height
- Height of matrix set (rows)
stream

- Stream identifier

Returns
cudaSuccess, cudaErrorinvalidVaue,

Description

Setsto the specified value value amatrix (height rowsof width bytes each) pointed to by
dstPtr. pitch isthewidthin bytes of the 2D array pointed to by dstPtr, including any padding
added to the end of each row. This function performs fastest when the pitch is one that has been passed
back by cudaMallocPitch().
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cudaMemset2DAsync() 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
stream argument. If stream isnon-zero, the operation may overlap with operations in other
streams.

The device version of this function only handles device to device copies and cannot be given local or
shared pointers.

@ Note:

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

>  See a'so memset synchronization details.

»  Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaM emset, cudaM emset2D, cudaM emset3D, cudaM emsetAsync, cudaM emset3DASyNc,
cuMemsetD2D8Async, cuMemsetD2D 16Async, cuMemsetD2D32Async

__host__cudaError_t cudaMemset3D (cudaPitchedPtr
pitchedDevPtr, int value, cudaExtent extent)

Initializes or sets device memory to avalue.

Parameters
pitchedDevPtr
- Pointer to pitched device memory
value
- Vaue to set for each byte of specified memory
extent
- Size parameters for where to set device memory (width field in bytes)

Returns
cudaSuccess, cudaErrorinvalidVaue,

Description

Initializes each element of a 3D array to the specified value value. The object to initialize is defined
by pitchedDevPtr. Thepitch field of pitchedDevPtr isthewidth in memory in bytes of
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the 3D array pointed to by pitchedDevPtr, including any padding added to the end of each row.
The xs1ize field specifies the logical width of each row in bytes, whilethe ysi ze field specifies the
height of each 2D dlicein rows. Thepitch field of pitchedDevPtr isignored when height and
depth are both equal to 1.

The extents of the initialized region are specified asawidth in bytes, aheight inrows, and a
depthindlices.

Extentswith width greater than or equal tothe xsize of pitchedbDevPtr may perform
significantly faster than extents narrower than the xs i ze. Secondarily, extentswith height equal
tothe ysize of pitchedDevPtr will perform faster than when the he i ght is shorter than the
ysize.

This function performs fastest when the pi tchedDevPtr has been alocated by cudaMalloc3D().

Note that this function is asynchronous with respect to the host unless pi tchedDevPtr refersto
pinned host memory.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  See also memset synchronization details.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback nho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emset, cudaM emset2D, cudaM emsetAsync, cudaM emset2DAsync, cudaM emset3DASync,
cudaMalloc3D, make_cudaPitchedPtr, make cudaExtent

host device cudaError_t cudaMemset3DAsync
(cudaPitchedPtr pitchedDevPtr, int value, cudaExtent
extent, cudaStream t stream)

Initializes or sets device memory to avalue.

Parameters

pitchedDevPtr
- Pointer to pitched device memory
value
- Valueto set for each byte of specified memory
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extent

- Size parameters for where to set device memory (width field in bytes)
stream

- Stream identifier

Returns
cudaSuccess, cudaErrorinvalidvaue,

Description

Initializes each element of a 3D array to the specified value value. The object to initialize is defined
by pitchedDevPtr. Thepitch field of pitchedDevPtr isthewidth in memory in bytes of
the 3D array pointed to by pitchedDevPtr, including any padding added to the end of each row.
The xs1ize field specifies the logical width of each row in bytes, whilethe ysize field specifies the
height of each 2D dliceinrows. Thepitch field of pitchedDevPtr isignored when height and
depth are both equal to 1.

The extents of theinitialized region are specified asawidth in bytes, aheight inrows, and a
depth indlices.

Extentswith width greater than or equal tothe xsize of pitchedbevPtr may perform
significantly faster than extents narrower than the xs i ze. Secondarily, extentswith height equal
tothe ysize of pitchedDevPtr will perform faster than when the he i ght is shorter than the
ysize.

This function performs fastest when the pi t chedDevPtr has been alocated by cudaMalloc3D().

cudaMemset3DAsync() 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
stream argument. If stream isnon-zero, the operation may overlap with operations in other
streams.

The device version of this function only handles device to device copies and cannot be given local or
shared pointers.

@ Note:

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

»  See a'so memset synchronization details.

»  Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.
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See also;

cudaM emset, cudaM emset2D, cudaM emset3D, cudaM emsetAsync, cudaM emset2DASsync,
cudaMalloc3D, make cudaPitchedPtr, make cudaExtent

host device cudaError_t cudaMemsetAsync (void
*devPtr, int value, size t count, cudaStream t stream)

Initializes or sets device memory to avalue.

Parameters

devPtr
- Pointer to device memory
value
- Valueto set for each byte of specified memory
count
- Sizein bytesto set
stream
- Stream identifier

Returns
cudaSuccess, cudaErrorinvalidVaue,

Description

Fillsthefirst count bytes of the memory area pointed to by devPtr with the constant byte value
value.

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 anon-zero stream
argument. If stream isnon-zero, the operation may overlap with operations in other streams.

The device version of this function only handles device to device copies and cannot be given local or
shared pointers.

[g] Note:

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

> See also memset synchronization details.

»  Thisfunction uses standard default stream semantics.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.
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> Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emset, cudaM emset2D, cudaM emset3D, cudaM emset2DAsync, cudaM emset3DAsync,
cuMemsetD8A sync, cuMemsetD16Async, cuMemsetD32Async

__host___cudaError_t

cudaMipmappedArrayGetM emoryRequirements
(cudaArrayM emoryRequirements * memoryRequirements,
cudaMipmappedArray t mipmap, int device)

Returns the memory requirements of a CUDA mipmapped array.

Parameters

memor yRequirements

- Pointer to cudaArrayM emoryRequirements
mipmap

- CUDA mipmapped array to get the memory requirements of
device

- Deviceto get the memory requirements for

Returns
cudaSuccess cudaErrorinvalidVaue

Description

Returns the memory requirements of a CUDA mipmapped array in memoryRequirements If the
CUDA mipmapped array is not allocated with flag cudaArrayDeferredM apping cudaErrorinvalidVaue
will be returned.

The returned value in cudaArrayM emoryRequirements::size represents the total size of the CUDA
mipmapped array. The returned value in cudaArrayM emoryRequirements:.:alignment represents the
alignment necessary for mapping the CUDA mipmapped array.

See also:

cudaA rrayGetM emoryReguirements
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__host__cudaError_t
cudaMipmappedArrayGetSparseProperties
(cudaArraySparseProperties * sparseProperties,
cudaMipmappedArray_t mipmap)

Returns the layout properties of a sparse CUDA mipmapped array.

Parameters
spar seProperties
- Pointer to return cudaA rray SparseProperties

mipmap
- The CUDA mipmapped array to get the sparse properties of

Returns
cudaSuccess cudaErrorinvalidVaue

Description

Returns the sparse array layout propertiesin sparseProperties. If the CUDA mipmapped array is
not allocated with flag cudaArraySparse cudaErrorinvalidVaue will be returned.

For non-layered CUDA mipmapped arrays, cudaArray SparseProperties::miptail Size returns the size of
the mip tail region. The mip tail region includes all mip levels whose width, height or depth is less than
that of thetile. For layered CUDA mipmapped arrays, if cudaArraySparseProperties:.:flags contains
cudaArraySparsePropertiesSingleMipTail, then cudaA rray SparseProperties::miptail Size specifies the
size of the mip tail of all layers combined. Otherwise, cudaArray SparseProperties::miptail Size specifies
mip tail size per layer. The returned value of cudaArraySparseProperties::miptail FirstLevel isvalid
only if cudaArraySparseProperties::miptail Size is non-zero.

See dlso:
cudaA rrayGetSparseProperties, cuM emM apArrayAsync

__host__make cudaExtent (size tw, size th, size td)
Returns a cudaExtent based on input parameters.

Parameters

w
- Width in elements when referring to array memory, in bytes when referring to linear memory
h
- Height in elements
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- Depth in elements

Returns
cudaExtent specified by w, h, and d

Description

Returns a cudaExtent based on the specified input parameters w, h, and d.

See also;
make cudaPitchedPtr, make cudaPos

host__make cudaPitchedPtr (void *d, size t p, size t

XSz, Size tysz)
Returns a cudaPitchedPtr based on input parameters.

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 el ements
Returns

cudaPitchedPtr specified by d, p, xsz, and ysz

Description

Returns a cudaPitchedPtr based on the specified input parameters d, p, xsz, and ysz.

See also;
make cudaExtent, make cudaPos
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__host  _make cudaPos (size t x, size ty, size t 2)
Returns a cudaPos based on input parameters.

Parameters

X

- X position
y

- 'Y position
z

- Z position

Returns
cudaPos specified by x, v, and z

Description

Returns a cudaPos based on the specified input parameters x, y, and z.

See also:
make cudaExtent, make cudaPitchedPtr

6.11. Memory Management [DEPRECATED]

This section describes deprecated memory management functions of the CUDA runtime application
programming interface.

Some functions have overloaded C++ API template versions documented separately in the C++ API
Routines module.

__host__cudaError_t cudaMemcpyArray ToArray
(cudaArray t dst, size t wOffsetDgt, size t hOffsetDst,
cudaArray const_t src, size t wOffsetSre, size t
hOffsetSrc, size t count, cudaMemcpyKind kind)

Copies data between host and device.

Parameters

dst
- Destination memory address
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wOffsetDst
- Dedtination starting X offset (columnsin bytes)
hOffsetDst
- Dedtination starting Y offset (rows)
src
- Source memory address
wOffsetSrc
- Source starting X offset (columnsin bytes)
hOffsetSrc
- Source starting Y offset (rows)
count
- Sizein bytesto copy
kind
- Type of transfer

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidM emcpyDirection

Description
Deprecated

Copies count bytesfrom the CUDA array src starting at hOf fsetSrc rowsand wOffsetSrc
bytes from the upper left corner to the CUDA array dst starting at hOf fsetDst rows and

wOf fsetDst bytesfrom the upper |eft corner, where kind specifies the direction of the copy, and
must be one of cudaM emcpyHostToHost, cudaM emcpyHostToDevice, cudaM emcpyDeviceT oHost,
cudaMemcpyDeviceToDevice, or cudaMemcpyDefault. Passing cudaMemcpyDefault is
recommended, in which case the type of transfer isinferred from the pointer values. However,
cudaMemcpyDefault is only alowed on systems that support unified virtual addressing.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See als0;

cudaM emcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,

cudaM emcpyFromArray, cudaMemcpy2DFromArray, cudaM emcpy2DArray ToArray,

cudaM emcpyToSymbol, cudaM emcpyFromSymbol, cudaM emcpyAsync, cudaM emcpy2DAsync,
cudaM emcpyToArrayAsync, cudaM emcpy2DToArrayAsync, cudaM emcpyFromArrayAsync,
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cudaM emcpy2DFromArrayAsync, cudaM emcpyToSymbol Async, cudaM emcpyFromSymbol Async,
cuMemcpyAtoA

__host__cudaError_t cudaMemcpyFromArray (void *dst,
cudaArray const_t src, size t wOffset, size t hOffset,
size t count, cudaMemcpyKind kind)

Copies data between host and device.

Parameters

dst

- Destination memory address
src

- Source memory address
wOffset

- Source starting X offset (columnsin bytes)
hOffset

- Source starting Y offset (rows)
count

- Sizein bytesto copy
kind

- Type of transfer

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidM emcpyDirection

Description
Deprecated

Copies count bytesfrom the CUDA array src starting at hOffset rowsand wOf fset bytes
from the upper left corner to the memory area pointed to by dst, where kind specifiesthe
direction of the copy, and must be one of cudaM emcpyHostToHost, cudaM emcpyHostToDevice,
cudaMemcpyDeviceToHost, cudaM emcpyDeviceToDevice, or cudaMemcpyDefault. Passing
cudaMemcpyDefault is recommended, in which case the type of transfer isinferred from the pointer
values. However, cudaMemcpyDefault is only allowed on systems that support unified virtual
addressing.

[g] Note:

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

> This function exhibits synchronous behavior for most use cases.
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> Note that this function may also return cudaError|nitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this call triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaM emcpy, cudaM emcpy2D, cudaM emcpyToArray, cudaMemcpy2DToArray,

cudaM emcpy2DFromArray, cudaMemcpyArray ToArray, cudaMemcpy2DArray ToArray,

cudaM emcpy ToSymbol, cudaM emcpyFromSymbol, cudaM emcpyAsync, cudalVemcpy2DAsync,
cudaMemcpyToArrayAsync, cudaM emcpy2DToArrayAsync, cudaM emcpyFromArrayAsync,
cudaM emcpy2DFromArrayAsync, cudaM emcpyToSymbol Async, cudaM emcpyFromSymbol Async,
cuMemcpyAtoH, cuM emcpyAtoD

__host__cudaError_t cudaMemcpyFromArrayAsync (void
*dst, cudaArray const_t src, size t wOffset, size t hOffset,
size t count, cudaMemcpyKind kind, cudaStream t stream)

Copies data between host and device.

Parameters

dst

- Destination memory address
src

- Source memory address
wOffset

- Source starting X offset (columnsin bytes)
hOffset

- Source starting Y offset (rows)
count

- Sizein bytesto copy
kind

- Type of transfer
stream

- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidM emcpyDirection

Description
Deprecated
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Copies count bytesfrom the CUDA array src starting at hOf fset rowsand wOf fset bytes
from the upper left corner to the memory area pointed to by dst, where kind specifiesthe
direction of the copy, and must be one of cudaM emcpyHostToHost, cudaM emcpyHostToDevice,
cudaM emcpyDeviceToHost, cudalMemcpyDeviceToDevice, or cudaMemcpyDefault. Passing
cudaMemcpyDefault is recommended, in which case the type of transfer isinferred from the pointer
values. However, cudaMemcpyDefault is only allowed on systems that support unified virtual
addressing.

cudaMemcpyFromArrayAsync() is asynchronous with respect to the host, so the call may return before
the copy is complete. The copy can optionally be associated to a stream by passing anon-zero st ream
argument. If kind iscudaMemcpyHostToDevice or cudaMemcpyDeviceToHost and stream ishon-
zero, the copy may overlap with operationsin other streams.

[g] Note:

> Note that this function may also return error codes from previous, asynchronous launches.
> Thisfunction exhibits asynchronous behavior for most use cases.
»  Thisfunction uses standard default stream semantics.

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,

cudaM emcpyFromArray, cudaM emcpy2DFromArray, cudaMemcpyArrayToArray,
cudaMemcpy2DArrayToArray, cudaMemcpyToSymbol, cudaM emcpyFromSymboal,

cudaM emcpyAsync, cudaM emcpy2DAsync, cudaMemcpy ToArrayAsync,
cudaMemcpy2DToArrayAsync, cudaMemcpy2DFromArrayAsync, cudaMemcpy ToSymbol Async,
cudaM emcpyFromSymbol Async, cuM emcpyAtoHAsync, cuMemcpy2DAsync

__host___cudaError_t cudaMemcpyToArray (cudaArray t
dst, size t wOffset, size t hOffset, const void *src, size t
count, cudaMemcpyKind kind)

Copies data between host and device.

Parameters

dst
- Destination memory address
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wOffset
- Dedtination starting X offset (columnsin bytes)
hOffset
- Dedtination starting Y offset (rows)
src
- Source memory address
count
- Sizein bytesto copy
kind
- Type of transfer

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidM emcpyDirection

Description
Deprecated

Copies count bytes from the memory area pointed to by src to the CUDA array dst starting
athOffset rowsand wOf fset bytesfrom the upper left corner, where kind specifiesthe
direction of the copy, and must be one of cudaM emcpyHostToHost, cudaM emcpyHostToDevice,
cudaMemcpyDeviceToHost, cudaM emcpyDeviceToDevice, or cudaMemcpyDefault. Passing
cudaMemcpyDefault is recommended, in which case the type of transfer isinferred from the pointer
values. However, cudaM emcpyDefault is only allowed on systems that support unified virtual
addressing.

@ Note:

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

» Thisfunction exhibits synchronous behavior for most use cases.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaM emcpy, cudaMemcpy2D, cudaMemcpy2DToArray, cudaM emcpyFromArray,
cudaMemcpy2DFromArray, cudaMemcpyArrayToArray, cudaMemcpy2DArrayToArray,

cudaM emcpyToSymbol, cudaM emcpyFromSymbol, cudaM emcpyAsync, cudaM emcpy2DAsync,
cudaMemcpyToArrayAsync, cudaM emcpy2DToArrayAsync, cudaM emcpyFromArrayAsync,
cudaM emcpy2DFromArrayAsync, cudaM emcpyToSymbol Async, cudaM emcpyFromSymbol Async,
cuMemcpyHtoA, cuM emcpyDtoA
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__host__cudaError_t cudaMemcpyToArrayAsync
(cudaArray t dst, size t wOffset, size t hOffset, const void
*gre, size t count, cudaMemcpyKind kind, cudaStream t
stream)

Copies data between host and device.

Parameters

dst

- Destination memory address
wOffset

- Destination starting X offset (columnsin bytes)
hOffset

- Destination starting Y offset (rows)
sc

- Source memory address
count

- Sizein bytesto copy
kind

- Type of transfer
stream

- Stream identifier

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorlnvalidM emcpyDirection

Description
Deprecated

Copies count bytesfrom the memory area pointed to by src to the CUDA array dst starting

a hoffset rowsand wOf fset bytesfrom the upper left corner, where kind specifiesthe
direction of the copy, and must be one of cudaM emcpyHostToHost, cudaM emcpyHostToDevice,
cudaM emcpyDeviceToHost, cudalVemcpyDeviceToDevice, or cudaMemcpyDefault. Passing
cudaMemcpyDefault is recommended, in which case the type of transfer isinferred from the pointer
values. However, cudaMemcpyDefault is only allowed on systems that support unified virtual
addressing.

cudaMemcpyToArrayAsync() is asynchronous with respect to the host, so the call may return before
the copy is complete. The copy can optionally be associated to a stream by passing anon-zero stream
argument. If kind iscudaMemcpyHostToDevice or cudaMemcpyDeviceToHost and stream ishon-
zero, the copy may overlap with operationsin other streams.
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@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction exhibits asynchronous behavior for most use cases.
» Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback ho CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cudaMemcpy, cudaMemcpy2D, cudaMemcpyToArray, cudaMemcpy2DToArray,

cudaM emcpyFromArray, cudaM emcpy2DFromArray, cudaMemcpyArrayToArray,
cudaMemcpy2DArrayToArray, cudaMemcpyToSymbol, cudaM emcpyFromSymboal,

cudaM emcpyAsync, cudaM emcpy2DAsync, cudaM emcpy2DToArrayAsync,

cudaM emcpyFromA rrayAsync, cudaM emcpy2DFromArrayAsync, cudaM emcpy ToSymbol Async,
cudaM emcpyFromSymbol Async, cuM emcpyHtoAAsync, cuMemcpy2DAsync

6.12. Stream Ordered Memory Allocator

overview

The asynchronous allocator alows the user to alocate and free in stream order. All asynchronous
accesses of the allocation must happen between the stream executions of the allocation and the free.

If the memory is accessed outside of the promised stream order, a use before allocation / use after free
error will cause undefined behavior.

The alocator isfree to reallocate the memory aslong asit can guarantee that compliant memory
accesses will not overlap temporally. The allocator may refer to internal stream ordering as well as
inter-stream dependencies (such as CUDA events and null stream dependencies) when establishing the
temporal guarantee. The allocator may also insert inter-stream dependencies to establish the temporal
guarantee.

Supported Platforms

Whether or not a device supports the integrated stream ordered memory allocator may be queried by
calling cudaDeviceGetAttribute() with the device attribute cudaDevAttrM emoryPool sSupported.
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__host__cudaError_t cudaFreeAsync (void *devPtr,
cudaStream t hStream)

Frees memory with stream ordered semantics.

Parameters

devPtr
hStream
- The stream establishing the stream ordering promise

Returns
cudaSuccess, cudaErrorlnvalidVaue, cudaErrorNotSupported

Description

Inserts afree operation into hStream. The alocation must not be accessed after stream execution
reaches the free. After this API returns, accessing the memory from any subsequent work launched on
the GPU or querying its pointer attributes results in undefined behavior.

[g] Note:

During stream capture, this function results in the creation of afree node and must therefore be passed
the address of a graph allocation.

[g] Note:

v

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

v

This function uses standard default stream semantics.

v

Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

v

See also:
cuMemFreeAsync, cudaMallocAsync
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__host__cudaError_t cudaMallocAsync (void ** devFrr,
Size t Size, cudaStream t hStream)

Allocates memory with stream ordered semantics.

Parameters

devPtr
- Returned device pointer
size
- Number of bytesto allocate
hStream
- The stream establishing the stream ordering contract and the memory pool to allocate from

Returns
cudaSuccess, cudaErrorlnvalidValue, cudakrrorNotSupported, cudaErrorOutOfMemory,

Description

Inserts an allocation operation into hStream. A pointer to the allocated memory is returned
immediately in *dptr. The allocation must not be accessed until the the allocation operation compl etes.
The alocation comes from the memory pool associated with the stream's device.

@ Note:

» Thedefault memory pool of adevice contains device memory from that device.

» Basic stream ordering allows future work submitted into the same stream to use the allocation.
Stream query, stream synchronize, and CUDA events can be used to guarantee that the allocation
operation compl etes before work submitted in a separate stream runs.

»  During stream capture, this function resultsin the creation of an allocation node. In this case, the
allocation is owned by the graph instead of the memory pool. The memory pool's properties are used
to set the node's creation parameters.

@ Note:

» Note that this function may also return error codes from previous, asynchronous launches.
»  Thisfunction uses standard default stream semantics.

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.
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See also;

cuMemAllocAsync, cudaMallocAsync ( C++ API), cudaMallocFromPool Async, cudaFreeAsync,
cudaDeviceSetM emPool, cudaDeviceGetDefaul tM emPool, cudaDeviceGetM emPool,
cudaM emPool SetA ccess, cudaM emPool SetAttribute, cudaM emPool GetAttribute

__host__cudaError_t cudaM allocFromPool Async (void
**ptr, size _t size, cudaMemPool_t memPool, cudaStream_t
stream)

Allocates memory from a specified pool with stream ordered semantics.

Parameters

ptr
- Returned device pointer
size
memPool
- The pool to alocate from
stream
- The stream establishing the stream ordering semantic

Returns
cudaSuccess, cudaErrorlnvalidValue, cudaErrorNotSupported, cudaErrorOutOfMemory

Description

Inserts an allocation operation into hStream. A pointer to the allocated memory is returned
immediately in *dptr. The alocation must not be accessed until the the allocation operation compl etes.
The alocation comes from the specified memory pool.

@ Note:
» The specified memory pool may be from a device different than that of the specified hSt ream.
> Basic stream ordering allows future work submitted into the same stream to use the allocation.

Stream query, stream synchronize, and CUDA events can be used to guarantee that the allocation
operation completes before work submitted in a separate stream runs.

@ Note:

During stream capture, this function results in the creation of an allocation node. In this case, the
allocation is owned by the graph instead of the memory pool. The memory pool's properties are used to
set the node's creation parameters.
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See also;

cuMemAllocFromPool Async, cudaM allocAsync ( C++ API), cudaMallocAsync, cudaFreeAsync,
cudaDeviceGetDefaultM emPool, cudaM emPool Create, cudalVl emPool SetA ccess,
cudaM emPool SetAttribute

__host__cudaError_t cudaMemGetDefaultM emPool
(cudaMemPool _t *memPool, cudaMemL ocation *ocation,
cudaMemAllocationType type)

Returns the default memory pool for a given location and allocation type * * The memory
location can be of one of cudaMemL ocationTypeDevice, cudaMemL ocationTypeHost

or * cudaMemL ocationTypeHostNuma. The allocation type can be one of
cudaMemAllocationTypePinned or * cudaMemAllocationTypeManaged. When the allocation type
is cudaMemAllocationTypeManaged, * the location type can aso be cudaMemL ocationTypeNone
to indicate no preferred location * for the managed memory pool. In all other cases, the call return
cudaErrorinvalidvalue * *.

Returns
* cudaSuccess, * cudaErrorinvaidVaue, * cudaErrorNotSupported, *

Description

*

[g] Note:

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

See also;

cuMemAllocAsync, cuMemPool TrimTo, cuM emPool GetAttribute, cuM emPool SetAttribute,
cuM emPool SetA ccess, cuM emGetM emPool, cuM emPool Create

__host__cudaError_t cudaMemGetM emPool
(cudaMemPool _t *memPool, cudaMemL ocation *location,
cudaMemAllocationType type)

Gets the current memory pool for a given memory location and allocation type * * The

memory location can be of one of cudaMemL ocationTypeDevice, cudaMemL ocationTypeHost

or * cudaMemL ocationTypeHostNuma. The alocation type can be one of
cudaMemAllocationTypePinned or * cudaMemAllocationTypeManaged. When the allocation type
is cudaMemAllocationTypeManaged, * the location type can also be cudaMemL ocationTypeNone
to indicate no preferred location * for the managed memory pooal. In all other cases, the call
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return cudaErrorinvalidvalue * * Returnsthe last pool provided to cudaMemSetMemPool or
cudaDeviceSetMemPool for this location and allocation type * or the location's default memory pool
if cudaMemSetMemPool or cudaDeviceSetMemPool for that allocType and location * has never been
called. * By default the current mempool of alocation is the default mempool for a device that can be
obtained via cudaM emGetDefaultMemPool * Otherwise the returned pool must have been set with
cudaDeviceSetMemPool. * *.

Returns
* cudaSuccess, * cudaErrorlnvalidvVaue * *

Description

*

See also;
cuDeviceGetDefaultM emPool, cuM emPool Create, cuDeviceSetM emPool, cuM emSetM emPool

__host___cudaError_t cudaMemPool Create
(cudaMemPool _t *memPool, const cudaM emPool Props
* pool Props)

Creates a memory pool.

Returns
cudaSuccess, cudaErrorinvalidVaue, cudaErrorNotSupported

Description

Creates a CUDA memory pool and returns the handlein pool. The poolProps determinesthe
properties of the pool such as the backing device and |PC capabilities.

To create amemory pool for host memory not targeting a specific NUMA node, applications

must set set cudaM emPool Props::cudaM emL ocation::type to cudaM emL ocationTypeHost.
cudaMemPool Props::cudaM emL ocation::id isignored for such pools. Pools created with the type
cudaMemL ocationTypeHost are not |PC capable and cudaM emPool Props:.:handleTypes must

be 0, any other values will result in cudaErrorinvalidValue. To create amemory pool targeting a
specific host NUMA node, applications must set cudaM emPool Props::cudaM emL ocation::type to
cudaM emL ocationTypeHostNuma and cudaM emPool Props::cudaM emL ocation::id must specify the
NUMA ID of the host memory node. Specifying cudaM emL ocationTypeHostNumaCurrent as the
cudaM emPool Props::cudaMemL ocation::type will result in cudaErrorinvalidVaue. By default, the
pool's memory will be accessible from the deviceit is alocated on. In the case of pools created with
cudaMemL ocationTypeHostNuma or cudaM emL ocationTypeHost, their default accessibility will be
from the host CPU. Applications can control the maximum size of the pool by specifying a non-zero
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value for cudaMemPool Props::maxSize. If set to 0, the maximum size of the pool will default to a
system dependent value.

Applicationsthat intend to use CU_MEM_HANDLE_TYPE_FABRIC based memory sharing must
ensure: (1) “nvidia-caps-imex-channels’ character deviceis created by the driver and is listed under /
proc/devices (2) have at least one IMEX channel file accessible by the user launching the application.

When exporter and importer CUDA processes have been granted access to the same IMEX channel,
they can securely share memory.

The IMEX channel security model works on a per user basis. Which means all processes under a user
can share memory if the user has accessto avalid IMEX channel. When multi-user isolation is desired,
aseparate IMEX channel is required for each user.

These channel files exist in /dev/nvidia-caps-imex-channels/channel* and can be created using standard
OS native calls like mknod on Linux. For example: To create channel O with the major number from /
proc/devices users can execute the following command: “mknod /dev/nvidia-caps-imex-channel s/
channel0 ¢ <mgjor number>=""> 0

@ Note:

Specifying cudaM emHandleTypeNone creates a memory pool that will not support | PC.

See also:

cuMemPool Create, cudaDeviceSetM emPool, cudaM allocFromPool Async,
cudaM emPool ExportT oShareableHandl e, cudaDeviceGetDefaultM emPool, cudaDeviceGetM emPool

host_cudaError_t cudaMemPool Destroy

(cudaMemPool _t memPool)
Destroys the specified memory pool.

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

If any pointers obtained from this pool haven't been freed or the pool has free operations that haven't
completed when cudaM emPool Destroy is invoked, the function will return immediately and the
resources associated with the pool will be released automatically once there are no more outstanding
allocations.
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Destroying the current mempool of a device sets the default mempool of that device as the current
mempool for that device.

[g] Note:

A device's default memory pool cannot be destroyed.

See also;

cuMemPool Destroy, cudaFreeAsync, cudaDeviceSetM emPool, cudaDeviceGetDefaultM emPool,
cudaDeviceGetM emPool, cudaM emPool Create

__host__cudaError_t cudaM emPool ExportPointer
(cudaM emPool PtrExportData * exportData, void * ptr)

Export data to share amemory pool allocation between processes.

Parameters

exportData

ptr
- pointer to memory being exported

Returns
cudaSuccess, cudaErrorlnvalidValue, cudakErrorOutOf Memory

Description

Constructs shareData_out for sharing a specific allocation from an already shared memory pool.
The recipient process can import the allocation with the cudaM emPool | mportPointer api. The datais
not a handle and may be shared through any 1PC mechanism.

See also;

cuM emPool ExportPointer, cudaM emPool ExportToShareableHandl e,
cudaM emPool | mportFromShareableHandl e, cudaM emPool | mportPointer
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__host__cudaError t

cudaM emPool ExportToShareableHandle (void
*shareableHandle, cudaM emPool _t memPool,
cudaMemAllocationHandleType handleType, unsigned int

flags)

Exports a memory pooal to the requested handle type.

Parameters
shareableHandle
memPool
handleType

- the type of handle to create
flags

- must be 0

Returns
cudaSuccess, cudaErrorinvalidValue, cudakErrorOutOf Memory

Description

Given an |PC capable mempool, create an OS handle to share the pool with another

process. A recipient process can convert the shareable handle into a mempool with

cudaM emPool ImportFromShareableHandle. Individual pointers can then be shared with the

cudaM emPool ExportPointer and cudaM emPool ImportPointer APIs. The implementation of what the
shareable handle is and how it can be transferred is defined by the requested handle type.

[g] Note:

: To create an | PC capable mempool, create a mempool with a CUmemA llocationHandleType other than
cudaMemHandleTypeNone.

See also;

cuM emPool ExportToShareableHandl e, cudaM emPool |mportFromShareableHandl e,
cudaM emPool ExportPointer, cudaM emPool | mportPointer
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__host__cudaError_t cudaMemPool GetAccess
(cudaMemA ccessFlags * flags, cudaMemPool t memPool,
cudaMemL ocation *|ocation)

Returns the accessibility of a pool from a device.

Parameters

flags

- the accessibility of the pool from the specified location
memPool

- the pool being queried
location

- the location accessing the pool

Description
Returns the accessibility of the pool's memory from the specified location.

See also:
cuM emPool GetA ccess, cudaM emPool SetA ccess

__host__cudaError_t cudaM emPool GetAttribute
(cudaMemPool _t memPool, cudaM emPool Attr attr, void
*value)

Gets attributes of a memory pool.

Parameters

memPool
attr

- The attribute to get
value

- Retrieved value

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Supported attributes are:
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cudaMemPool AttrRel easeThreshold: (value type = cuuint64_t) Amount of reserved memory in
bytes to hold onto before trying to release memory back to the OS. When more than the release
threshold bytes of memory are held by the memory pooal, the allocator will try to release memory
back to the OS on the next call to stream, event or context synchronize. (default 0)

cudaM emPool ReuseFollowEventDependencies: (value type = int) Allow cudaMallocAsync to use
memory asynchronously freed in another stream as long as a stream ordering dependency of the
allocating stream on the free action exists. Cuda events and null stream interactions can create the
required stream ordered dependencies. (default enabled)

cudaM emPool ReuseAllowOpportunistic: (value type = int) Allow reuse of already completed frees
when there is no dependency between the free and allocation. (default enabled)

cudaM emPool ReuseAllowlnternal Dependencies: (value type = int) Allow cudaMallocAsync to
insert new stream dependenciesin order to establish the stream ordering required to reuse a piece
of memory released by cudaFreeAsync (default enabled).

cudaM emPool AttrReservedM emCurrent: (value type = cuuint64_t) Amount of backing memory
currently alocated for the mempool.

cudaM emPool AttrReservedM emHigh: (value type = cuuint64 t) High watermark of backing
memory allocated for the mempool since the last time it was reset.

cudaMemPool AttrUsedM emCurrent: (value type = cuuint64_t) Amount of memory from the pool
that is currently in use by the application.

cudaMemPool AttrUsedM emHigh: (value type = cuuint64 _t) High watermark of the amount of
memory from the pool that wasin use by the application since the last time it was reset.

@ Note:

Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cuMemPool GetAttribute, cudaM allocAsync, cudaFreeAsync, cudaDeviceGetDefaultM emPool,

cudaDeviceGetM emPool, cudaM emPool Create
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__host__cudaError t

cudaM emPool lmportFromShareableHandle
(cudaMemPool t *memPool, void * shareableHandl e,
cudaMemAllocationHandleType handleType, unsigned int

flags)

imports amemory pool from a shared handle.

Parameters
memPool
shareableHandle
handleType
- The type of handle being imported
flags
- must be 0

Returns
cudaSuccess, cudaErrorinvalidValue, cudakErrorOutOf Memory

Description

Specific allocations can be imported from the imported pool with cudaM emPool | mportPointer.

[g] Note:

Imported memory pools do not support creating new allocations. As such imported memory pools may
not be used in cudaDeviceSetMemPool or cudaMallocFromPool Async calls.

See also:

cuM emPool | mportFromShareableHandl e, cudaM emPool ExportToShareableHandl e,
cudaM emPool ExportPointer, cudalV emPool | mportPointer

CUDA Runtime API vi3.0 | 221


../cuda-driver-api/cuda-driver-api/content/group__CUDA__MALLOC__ASYNC.html#group__CUDA__MALLOC__ASYNC_1g02b4f18dd8a1c45b7f302800e90cec5b

Modules

__host__cudaError_t cudaMemPool mportPointer
(void ** ptr, cudaMemPool t memPooal,
cudaM emPool PtrExportData * exportData)

Import a memory pool allocation from another process.

Returns

CUDA_SUCCESS, CUDA_ERROR_INVALID_VALUE, CUDA_ERROR_NOT_INITIALIZED,
CUDA_ERROR_OUT_OF MEMORY

Description

Returnsinptr out apointer to the imported memory. The imported memory must not be accessed
before the allocation operation completes in the exporting process. The imported memory must be
freed from all importing processes before being freed in the exporting process. The pointer may be
freed with cudaFree or cudaFreeAsync. If cudaFreeAsync is used, the free must be completed on the
importing process before the free operation on the exporting process.

[g] Note:

The cudaFreeAsync api may be used in the exporting process before the cudaFreeAsync operation
completesin its stream as long as the cudaFreeA sync in the exporting process specifies a stream with a
stream dependency on the importing process's cudaFreeAsync.

See also:

cuM emPool | mportPointer, cudaM emPool ExportToShareableHandl e,
cudaM emPool | mportFromShareableHandl e, cudaM emPool ExportPointer

__host__cudaError_t cudaMemPool SetAccess
(cudaMemPool t memPool, const cudaMemA ccessDesc
*descList, size t count)

Controls visibility of pools between devices.

Parameters

memPool
descList
count
- Number of descriptorsin the map array.
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Returns
cudaSuccess, cudaErrorinvalidVaue

Description

See also:
cuM emPool SetA ccess, cudaM emPool GetA ccess, cudaM allocAsync, cudaFreeAsync

__host__cudaError_t cudaM emPool SetAttribute
(cudaMemPool t memPool, cudaMemPool Attr attr, void
*value)

Sets attributes of a memory pool.

Parameters

memPool
attr

- The attribute to modify
value

- Pointer to the value to assign

Returns
cudaSuccess, cudaErrorinvalidVaue

Description
Supported attributes are;

> cudaMemPool AttrReleaseThreshold: (value type = cuuint64_t) Amount of reserved memory in
bytes to hold onto before trying to release memory back to the OS. When more than the release
threshold bytes of memory are held by the memory pool, the allocator will try to release memory
back to the OS on the next call to stream, event or context synchronize. (default 0)

> cudaMemPool ReuseFollowEventDependencies. (value type = int) Allow cudaMallocAsync to use
memory asynchronously freed in another stream as long as a stream ordering dependency of the
allocating stream on the free action exists. Cuda events and null stream interactions can create the
required stream ordered dependencies. (default enabled)

> cudaMemPool ReuseAllowOpportunistic: (value type = int) Allow reuse of aready completed frees
when there is no dependency between the free and allocation. (default enabled)

» cudaMemPool ReuseAllowlnternal Dependencies: (value type = int) Allow cudaMallocAsync to
insert new stream dependencies in order to establish the stream ordering required to reuse a piece
of memory released by cudaFreeAsync (default enabled).
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» cudaMemPool AttrReservedM emHigh: (value type = cuuint64_t) Reset the high watermark that
tracks the amount of backing memory that was allocated for the memory pooal. It isillegal to set
this attribute to a non-zero value.

> cudaMemPool AttrUsedMemHigh: (value type = cuuint64 _t) Reset the high watermark that tracks
the amount of used memory that was allocated for the memory pool. Itisillegal to set this attribute
to anon-zero value.

@ Note:

Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;

cuMemPool SetAttribute, cudaM allocAsync, cudaFreeAsync, cudaDeviceGetDefaultM emPool,
cudaDeviceGetM emPool, cudaM emPool Create

__host___cudaError_t cudaMemPool TrimTo
(cudaMemPool t memPool, size t minBytesT oK eep)

Triesto release memory back to the OS.

Parameters

mem~Pool

minBytesT oK eep
- If the pool has less than minBytesT oK eep reserved, the TrimTo operation is ano-op. Otherwise
the pool will be guaranteed to have at |east minBytesT oK eep bytes reserved after the operation.

Returns
cudaSuccess, cudaErrorinvalidVaue

Description

Releases memory back to the OS until the pool contains fewer than minBytesToK eep reserved bytes,
or there is no more memory that the allocator can safely release. The allocator cannot release OS
alocations that back outstanding asynchronous allocations. The OS allocations may happen at different
granularity from the user allocations.

@ Note:

» : Allocations that have not been freed count as outstanding.

» : Allocations that have been asynchronously freed but whose completion has not been observed on
the host (eg. by a synchronize) can count as outstanding.
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@ Note:

Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cuMemPool TrimTo, cudaMallocAsync, cudaFreeAsync, cudaDeviceGetDefaultM emPooal,
cudaDeviceGetM emPool, cudaM emPool Create

__host__cudaError_t cudaMemSetM emPool
(cudaMemL ocation *location, cudaMemAllocationType
type, cudaMemPool t memPool)

Sets the current memory pool for amemory location and allocation type * * The memory

location can be of one of cudaMemL ocationTypeDevice, cudaMemL ocationTypeHost

or * cudaMemL ocationTypeHostNuma. The alocation type can be one of
cudaMemAllocationTypePinned or * cudaMemAllocationTypeManaged. When the all ocation type
iscudaMemAllocationTypeManaged, * the location type can also be cudaMemL ocationTypeNone
to indicate no preferred location * for the managed memory pool. In all other cases, the call return
cudaErrorinvalidvValue * * When amemory pool is set as the current memory pool, the location
parameter should be the same as the location of the pool. * If the [ocation type or index don't match,
the call returns cudaErrorinvalidvalue. * The type of memory pool should also match the parameter
allocType. Elsethe cal returns cudaErrorinvalidVaue. * By default, amemory location's current
memory pool isits default memory pool. * If the location type is cudaM emL ocationTypeDevice and
the allocation type is cudaM emAllocationTypePinned, then * this API isthe equivalent of calling
cudaDeviceSetMemPool with the location id asthe device. * For further details on the implications,
please refer to the documentation for cudaDeviceSetMemPool. * *.

Returns
* cudaSuccess, * cudaErrorlnvaidVaue * *

Description

*

@ Note:

Use cudaM allocFromPool Async to specify asynchronous allocations from a device different * than the
onethe streamrunson. * *

See also:
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cuDeviceGetDefaultM emPool, cuDeviceGetM emPool, cuM emGetM emPool, cuM emPool Create,
cuMemPool Destroy, cuMemAllocFromPool Async

This section describes the unified addressing functions of the CUDA runtime application programming
interface.

Overview

CUDA devices can share a unified address space with the host. For these devices there is no distinction
between a device pointer and a host pointer -- the same pointer value may be used to access memory
from the host program and from a kernel running on the device (with exceptions enumerated below).

Supported Platforms

Whether or not a device supports unified addressing may be queried by calling
cudaGetDeviceProperties() with the device property cudaDeviceProp::unifiedAddressing.

Unified addressing is automatically enabled in 64-bit processes.
Looking Up Information from Pointer Vaues

It is possible to look up information about the memory which backs a pointer value. For instance, one
may want to know if a pointer pointsto host or device memory. As another example, in the case of
device memory, one may want to know on which CUDA device the memory resides. These properties
may be queried using the function cudaPointerGetAttributes()

Since pointers are unique, it is not necessary to specify information about the pointers specified to
cudaMemcpy() and other copy functions. The copy direction cudaMemcpyDefault may be used to
specify that the CUDA runtime should infer the location of the pointer from its value.

Automatic Mapping of Host Allocated Host Memory

All host memory allocated through all devices using cudaMallocHost() and cudaHostAlloc() is aways
directly accessible from all devices that support unified addressing. Thisis the case regardless of
whether or not the flags cudaHostAllocPortable and cudaHostAllocM apped are specified.

The pointer value through which allocated host memory may be accessed in kernels on all devices that
support unified addressing is the same as the pointer value through which that memory is accessed

on the host. It is not necessary to call cudaHostGetDevicePointer() to get the device pointer for these
alocations.

Note that thisis not the case for memory allocated using the flag cudaHostAllocWriteCombined, as
discussed below.

Direct Access of Peer Memory

Upon enabling direct access from a device that supports unified addressing to another peer device that
supports unified addressing using cudaDeviceEnablePeerAccess() all memory allocated in the peer
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device using cudaMalloc() and cudaMallocPitch() will immediately be accessible by the current device.
The device pointer value through which any peer's memory may be accessed in the current device isthe
same pointer value through which that memory may be accessed from the peer device.

Exceptions, Digoint Addressing

Not all memory may be accessed on devices through the same pointer value through which they are
accessed on the host. These exceptions are host memory registered using cudaHostRegister() and host
memory allocated using the flag cudaHostAllocWriteCombined. For these exceptions, there exists a
distinct host and device address for the memory. The device address is guaranteed to not overlap any
valid host pointer range and is guaranteed to have the same value across all devices that support unified
addressing.

This device address may be queried using cudaHostGetDevicePointer() when a device using unified
addressing is current. Either the host or the unified device pointer value may be used to refer to this
memory in cudaMemcpy() and similar functions using the cudaM emcpyDefault memory direction.

__host__cudaError_t cudaPointerGetAttributes
(cudaPointerAttributes * attributes, const void * ptr)

Returns attributes about a specified pointer.

Parameters

attributes
- Attributes for the specified pointer

ptr
- Pointer to get attributes for

Returns
cudaSuccess, cudaErrorlnvalidDevice, cudaErrorinvalidVaue

Description

Returnsin *attributes the attributes of the pointer ptr. If pointer was not allocated in, mapped by
or registered with context supporting unified addressing cudaErrorinvalidValue is returned.

@ Note:

In CUDA 11.0 forward passing host pointer will return cudaMemory TypeUnregistered in
cudaPointerAttributes::type and call will return cudaSuccess.

The cudaPointerAttributes structure is defined as:

r struct cudaPointerAttributes {
enum cudaMemoryType
type;
int device;
void *devicePointer;
void *hostPointer;

CUDA Runtime API v13.0 | 227



Modules

}

In this structure, the individua fields mean

>

cudaPointerAttributes:.:type identifies type of memory. It can be cudaM emoryTypeUnregistered
for unregistered host memory, cudaM emoryTypeHost for registered host memory,
cudaMemoryTypeDevice for device memory or cudaM emoryTypeManaged for managed memory.

deviceisthe device against which ptr was alocated. If ptr has memory type
cudaMemoryTypeDevice then this identifies the device on which the memory referred to by ptr
physically resides. If ptr has memory type cudaMemoryTypeHost then this identifies the device
which was current when the allocation was made (and if that device is deinitialized then this
alocation will vanish with that device's state).

devicePointer isthe device pointer alias through which the memory referred to by ptr may be
accessed on the current device. If the memory referred to by ptr cannot be accessed directly by
the current device then thisisNULL.

hostPointer is the host pointer alias through which the memory referred to by ptr may be accessed
on the host. If the memory referred to by pt r cannot be accessed directly by the host then thisis
NULL.

@ Note:

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDeviceif thiscall triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See dlso:

cudaGetDeviceCount, cudaGetDevice, cudaSetDevice, cudaChooseDevice, cudal nitDevice,

cuPointerGetAttributes

6.14. Peer Device Memory Access

This section describes the peer device memory access functions of the CUDA runtime application
programming interface.
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__host__cudaError_t cudaDeviceCanAccessPeer (int
*canAccessPeer, int device, int peerDevice)

Queriesif adevice may directly access a peer device's memory.

Parameters

canAccessPeer

- Returned access capability
device

- Device from which allocations on peerDevice areto be directly accessed.
peer Device

- Device on which the allocations to be directly accessed by device reside.

Returns
cudaSuccess, cudaErrorinvalidDevice

Description

Returnsin *canAccessPeer avalueof 1if device device iscapable of directly accessing
memory from peerDevice and O otherwise. If direct access of peerDevice fromdevice is
possible, then access may be enabled by calling cudaDeviceEnablePeerAccess().

[g] Note:

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

> Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudakErrorNoDevice if thiscall triesto initialize internal CUDA RT state.

> Notethat as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaDeviceEnablePeerAccess, cudaDeviceDisabl ePeerA ccess, cuDeviceCanA ccessPeer

__host__cudaError_t cudaDeviceDisablePeerAccess (int
peerDevice)

Disables direct access to memory allocations on a peer device.

Parameters

peer Device
- Peer device to disable direct access to
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Returns
cudaSuccess, cudaErrorPeerAccessNotEnabled, cudaErrorinvalidDevice

Description

Returns cudaErrorPeerAccessNotEnabled if direct access to memory on peerDevice hasnot yet
been enabled from the current device.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also:
cudaDeviceCanA ccessPeer, cudaDeviceEnabl ePeerAccess, cuCtxDisablePeerAccess

__host__cudaError_t cudaDeviceEnablePeerAccess (int
peerDevice, unsigned int flags)

Enables direct access to memory allocations on a peer device.

Parameters

peer Device

- Peer device to enable direct access to from the current device
flags

- Reserved for future use and must be set to 0

Returns
cudaSuccess, cudaErrorlnvalidDevice, cudaErrorPeerAccessAlreadyEnabled, cudaErrorinvalidVaue

Description

On success, al alocations from peerbDevice will immediately be accessible by the current device.
They will remain accessible until accessis explicitly disabled using cudaDeviceDisablePeerAccess() or
either device is reset using cudaDeviceReset().

Note that access granted by this call is unidirectional and that in order to access memory on the current
device from peerDevice, aseparate symmetric call to cudaDeviceEnablePeerAccess() is required.
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Note that there are both device-wide and system-wide limitations per system configuration, as noted in
the CUDA Programming Guide under the section " Peer-to-Peer Memory Access'.

Returns cudaErrorlnvalidDevice if cudaDeviceCanA ccessPeer() indicates that the current device
cannot directly access memory from peerDevice.

Returns cudaErrorPeerAccessAlreadyEnabled if direct access of peerDevice from the current
device has already been enabled.

Returns cudakErrorinvalidvVaueif £1ags isnot 0.

@ Note:

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

» Note that this function may also return cudaErrorlnitializationError, cudaErrorlnsufficientDriver or
cudaErrorNoDevice if this cal triesto initialize internal CUDA RT state.

» Note that as specified by cudaStreamAddCallback no CUDA function may be called from callback.
cudaErrorNotPermitted may, but is not guaranteed to, be returned as a diagnostic in such case.

See also;
cudaDeviceCanA ccessPeer, cudaDeviceDisablePeerAccess, cuCtxEnablePeerAccess

6.15. OpenGL Interoperability

This section describes the OpenGL interoperability functions of the CUDA runtime application
programming interface. Note that mapping of OpenGL resourcesis performed with the graphics AP
agnostic, resource mapping interface described in Graphics Interopability.

enum cudaGL Devicelist

CUDA devices corresponding to the current OpenGL context

Vaues

cudaGL DeviceListAll = 1
The CUDA devicesfor all GPUs used by the current OpenGL context
cudaGL DevicelListCurrentFrame =2
The CUDA devices for the GPUs used by the current OpenGL context in its currently rendering
frame
cudaGL DeviceL istNextFrame =3
The CUDA devices for the GPUs to be used by the current OpenGL context in the next frame
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__host__cudaError_t cudaGL GetDevices (unsigned int
*pCudabDeviceCount, int * pCudaDevices, unsigned int
cudaDeviceCount, cudaGL Devicel ist devicelist)

Gets the CUDA devices associated with the current OpenGL context.

Parameters

pCudaDeviceCount
- Returned number of CUDA devices corresponding to the current OpenGL context
pCudaDevices
- Returned CUDA devices corresponding to the current OpenGL context
cudaDeviceCount
- The size of the output device array pCudaDevices
deviceL ist
- The set of devicesto return. This set may be cudaGL Devicel istAll for all devices,
cudaGL Devicel istCurrentFrame for the devices used to render the current frame (in SLI), or
cudaGL Devicel istNextFrame for the devices used to render the next frame (in SLI).

Returns

cudaSuccess, cudaErrorNoDevice, cudaErrorl nvalidGraphicsContext, cudaErrorOperatingSystem,
cudaErrorUnknown

Description

Returnsin *pCudaDeviceCount the number of CUDA-compatible devices corresponding to
the current OpenGL context. Also returnsin *pCudaDevices a most cudaDeviceCount
of the CUDA -compatible devices corresponding to the current OpenGL context. If any of the
GPUs being used by the current OpenGL context are not CUDA capable then the call will return
cudaErrorNoDevice.

[g] Note:

»  Thisfunction is not supported on Mac OS X.

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

See also:

cudaGraphicsUnregisterResource, cudaGraphicsM apResources,
cudaGraphicsSubResourceGetM appedArray, cudaGraphi csResourceGetM appedPointer,
cuGL GetDevices
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__host__cudaError_t cudaGraphicsGL RegisterBuffer
(cudaGraphicsResource ** resource, GL uint buffer,
unsigned int flags)

Registers an OpenGL buffer abject.

Parameters

resour ce

- Pointer to the returned object handle
buffer

- name of buffer object to be registered
flags

- Register flags

Returns

cudaSuccess, cudaErrorlnvalidDevice, cudaErrorinvalidValue, cudaErrorlnvalidResourceHandle,
cudaErrorOperatingSystem, cudaErrorUnknown

Description

Registers the buffer object specified by buf fer for accessby CUDA. A handleto the registered
object isreturned as resource. Theregister flags f1ags specify the intended usage, as follows:

» cudaGraphicsRegisterFlagsNone: Specifies no hints about how this resource will be used. Itis
therefore assumed that this resource will be read from and written to by CUDA. Thisis the default
value.

> cudaGraphicsRegisterFlagsReadOnly: Specifiesthat CUDA will not write to this resource.

> cudaGraphicsRegisterFlagsWriteDiscard: Specifiesthat CUDA will not read from this resource
and will write over the entire contents of the resource, so none of the data previously stored in the
resource will be preserved.

[g] Note:

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

See dlso:

cudaGraphicsUnregisterResource, cudaGraphicsM apResources,
cudaGraphi csResourceGetM appedPointer, cuGraphicsGL RegisterBuffer
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__host__cudaError_t cudaGraphicsGL Registerlmage
(cudaGraphicsResource ** resource, GL uint image,
GLenum target, unsigned int flags)

Register an OpenGL texture or renderbuffer object.

Parameters

resour ce
- Pointer to the returned object handle
image
- name of texture or renderbuffer object to be registered
tar get
- Identifies the type of object specified by image
flags
- Register flags

Returns

cudaSuccess, cudaErrorlnvalidDevice, cudaErrorlnvalidValue, cudaErrorlnvalidResourceHandle,
cudaErrorOperatingSystem, cudaErrorUnknown

Description

Registers the texture or renderbuffer object specified by image for access by CUDA. A handle to the
registered object is returned as resource.

target must match the type of the object, and must be one of GL_TEXTURE_2D,
GL_TEXTURE_RECTANGLE, GL_TEXTURE_CUBE_MAP, GL_TEXTURE_3D,
GL TEXTURE 2D ARRAY, or GL_RENDERBUFFER.

Theregister flags £ 1ags specify the intended usage, as follows:

> cudaGraphicsRegisterFlagsNone: Specifies no hints about how this resource will be used. Itis
therefore assumed that this resource will be read from and written to by CUDA.. Thisisthe default
value.

> cudaGraphicsRegisterFlagsReadOnly: Specifiesthat CUDA will not write to this resource.

> cudaGraphicsRegisterFlagsWriteDiscard: Specifiesthat CUDA will not read from this resource
and will write over the entire contents of the resource, so none of the data previously stored in the
resource will be preserved.

> cudaGraphicsRegisterFlagsSurfacel oadStore: Specifiesthat CUDA will bind this resourceto a
surface reference.

> cudaGraphicsRegisterFlagsT extureGather: Specifiesthat CUDA will perform texture gather
operations on this resource.
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The following image formats are supported. For brevity's sake, the list is abbreviated. For ex.,
{GL_R, GL_RG} X {8, 16} would expand to the following 4 formats { GL_R8, GL_R16, GL_RGS8,
GL_RG16} :

» GL_RED, GL_RG, GL_RGBA, GL_LUMINANCE, GL_ALPHA, GL_LUMINANCE_ALPHA,
GL_INTENSITY

» {GL_R,GL_RG, GL_RGBA} X {8, 16, 16F, 32F, 8UI, 16UI, 32UI, 8l, 16, 321}

» {GL_LUMINANCE, GL_ALPHA, GL_LUMINANCE_ALPHA, GL_INTENSITY} X {8, 16,
16F ARB, 32F ARB, 8UI_EXT, 16Ul_EXT, 32Ul_EXT, 8|_EXT, 16|_E