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Chapter 1

Deprecated List

Global cudaGLMapBufferObject This function is deprecated as of Cuda 3.0.

Global cudaGLMapBufferObjectAsync This function is deprecated as of Cuda 3.0.
Global cudaGLRegisterBufferObject This function is deprecated as of Cuda 3.0.
Global cudaGLSetBufferObjectMapFlags This function is deprecated as of Cuda 3.0.
Global cudaGLUnmapBufferObject This function is deprecated as of Cuda 3.0.

Global cudaGLUnmapBufferObjectAsync This function is deprecated as of Cuda 3.0.
Global cudaGLUnregisterBufferObject This function is deprecated as of Cuda 3.0.
Global cudaD3D9GetDirect3DDevice This function is deprecated as of Cuda 3.0.
Global cudaD3D9MapResources This function is deprecated as of Cuda 3.0.

Global cudaD3D9RegisterResource This function is deprecated as of Cuda 3.0.

Global cudaD3D9ResourceGetMappedArray This function is deprecated as of Cuda 3.0.
Global cudaD3D9ResourceGetMappedPitch This function is deprecated as of Cuda 3.0.

Global cudaD3D9ResourceGetMappedPointer This function is deprecated as of Cuda 3.0.



2 Deprecated List

Global cudaD3D9ResourceGetMappedSize This function is deprecated as of Cuda 3.0.

Global cudaD3D9ResourceGetSurfaceDimensions This function is deprecated as of Cuda 3.0.

Global cudaD3D9ResourceSetMapFlags This function is deprecated as of Cuda 3.0.

Global cudaD3D9UnmapResources This function is deprecated as of Cuda 3.0.

Global cudaD3D9UnregisterResource This function is deprecated as of Cuda 3.0.

Global cudaD3D10MapResources This function is deprecated as of Cuda 3.0.

Global cudaD3D10RegisterResource This function is deprecated as of Cuda 3.0.

Global cudaD3D10ResourceGetMappedArray This function is deprecated as of Cuda 3.0.

Global cudaD3D10ResourceGetMappedPitch This function is deprecated as of Cuda 3.0.

Global cudaD3D10ResourceGetMappedPointer This function is deprecated as of Cuda 3.0.

Global cudaD3D10ResourceGetMappedSize This function is deprecated as of Cuda 3.0.

Global cudaD3D10ResourceGetSurfaceDimensions This function is deprecated as of Cuda 3.0.

Global cudaD3D10ResourceSetMapFlags This function is deprecated as of Cuda 3.0.

Global cudaD3D10UnmapResources This function is deprecated as of Cuda 3.0.

Global cudaD3D10UnregisterResource This function is deprecated as of Cuda 3.0.

Global cuGLInit This function is deprecated as of Cuda 3.0.

Global caGLMapBufferObject This function is deprecated as of Cuda 3.0.

Global cuGLMapBufferObjectAsync This function is deprecated as of Cuda 3.0.
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Global cuGLRegisterBufferObject This function is deprecated as of Cuda 3.0.

Global cuGLSetBufferObjectMapFlags This function is deprecated as of Cuda 3.0.

Global cuGLUnmapBufferObject This function is deprecated as of Cuda 3.0.

Global cuGLUnmapBufferObjectAsync This function is deprecated as of Cuda 3.0.

Global cuGLUnregisterBufferObject This function is deprecated as of Cuda 3.0.

Global cuD3D9GetDirect3DDevice This function is deprecated as of Cuda 3.0.

Global cuD3D9MapResources This function is deprecated as of Cuda 3.0.

Global cuD3D9RegisterResource This function is deprecated as of Cuda 3.0.

Global cuD3D9ResourceGetMappedArray This function is deprecated as of Cuda 3.0.

Global cuD3D9ResourceGetMappedPitch This function is deprecated as of Cuda 3.0.

Global cuD3D9ResourceGetMappedPointer This function is deprecated as of Cuda 3.0.

Global cuD3D9ResourceGetMappedSize This function is deprecated as of Cuda 3.0.

Global cuD3D9ResourceGetSurfaceDimensions This function is deprecated as of Cuda 3.0.

Global cuD3D9ResourceSetMapFlags This function is deprecated as of Cuda 3.0.

Global cuD3D9UnmapResources This function is deprecated as of Cuda 3.0.

Global cuD3D9UnregisterResource This function is deprecated as of Cuda 3.0.

Global cuD3D10MapResources This function is deprecated as of Cuda 3.0.

Global cuD3D10RegisterResource This function is deprecated as of Cuda 3.0.
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4 Deprecated List

Global cuD3D10ResourceGetMappedArray This function is deprecated as of Cuda 3.0.

Global cuD3D10ResourceGetMappedPitch This function is deprecated as of Cuda 3.0.

Global cuD3D10ResourceGetMappedPointer This function is deprecated as of Cuda 3.0.

Global cuD3D10ResourceGetMappedSize This function is deprecated as of Cuda 3.0.

Global cuD3D10ResourceGetSurfaceDimensions This function is deprecated as of Cuda 3.0.

Global cuD3D10ResourceSetMapFlags This function is deprecated as of Cuda 3.0.

Global cuD3D10UnmapResources This function is deprecated as of Cuda 3.0.

Global cuD3D10UnregisterResource This function is deprecated as of Cuda 3.0.
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Chapter 2

Module Index

2.1 Modules

Here is a list of all modules:

CUDA Runtime API . . . . . . . e 9
Thread Management . . . . . . . . . . . . .. e 10
Error Handling . . . . . . . . . . e 11
Device Management . . . . . . . . . ... e e e e e 13
Stream Management . . . . . . ... e e e e 19
Event Management . . . . . . . . . . . .. e e e e e e e e 21
Execution Control . . . . . . . . . . L e 25
Memory Management . . . . . . . . ... L. e e e 29
OpenGL Interoperability . . . . . . . . . . . . . e 59

OpenGL Interoperability [DEPRECATED] . . . . . . . . . . ... . .. 62
Direct3D 9 Interoperability . . . . . . . . . . . e e e 67

Direct3D 9 Interoperability [DEPRECATED] . . . . . . . . ... ... ... . ... . ... ... 70
Direct3D 10 Interoperability . . . . . . . . . . . e e 79

Direct3D 10 Interoperability [DEPRECATED] . . . . . . . . . .. .. ... . ... 82
Direct3D 11 Interoperability . . . . . . . . . . . e e 90
Graphics Interoperability . . . . . . . . . L e e e e 93
Texture Reference Management . . . . . . . . . . . . . . i e e e e 97
Version Management . . . . . . . . ... L. e e 102
C++ APIRoutines . . . . . . . . . . . 103
Data typesused by CUDA Runtime . . . . . . . . . . .. . . ittt 112

CUDA Driver APL. . . . . 118
Initialization . . . . . . . . L. e e e e 119
Device Management . . . . . . . . . ... e e e e e 120
Version Management . . . . . . . . . ... e e e e e e e 126
Context Management . . . . . . . . . . o it e e e e e e e e e e e e e e e e e e 127
Module Management . . . . . . . . ... e e e e e e e e e 132
Stream Management . . . . . . ... L. 138
Event Management . . . . . . . . . .. L e e e e e 140
Execution Control . . . . . . . . ... 144
Memory Management . . . . . . . . .. i e e e e e e e e e e e e e e e e e e e 152
Texture Reference Management . . . . . . . . . . . . . . . i i e e e e 188
OpenGL Interoperability . . . . . . . . . . . . e 196

OpenGL Interoperability [DEPRECATED] . . . . . . . .. ... .. ... .. ..... 199



Module Index

Direct3D 9 Interoperability . . . . . . . . . . . e e e 205

Direct3D 9 Interoperability [DEPRECATED] . . . . . . . . ... ... ... ... ... . ... 208
Direct3D 10 Interoperability . . . . . . . . . . . e 217

Direct3D 10 Interoperability [DEPRECATED] . . . . . . . . . .. ... ... ... ... ... 220
Direct3D 11 Interoperability . . . . . . . . . . . . e e e e 229
Graphics Interoperability . . . . . . . . . L e e e 232
Data types used by CUDA driver . . . . . . . . . . . . . .. e 237
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Chapter 3

Data Structure Index

3.1 Data Structures

Here are the data structures with brief descriptions:

CUDA_ARRAY3D_DESCRIPTOR . . . . . . . . . e e e e e e 251
CUDA_ARRAY_DESCRIPTOR . . . . . . e e e e e e 252
CUDA_MEMCPY2D_St . . . o . e e e e e e e e e e 253
CUDA_MEMCPY3D_St . . . . . e e e e e e e e e e 255
cudaChannelFormatDesc . . . . . . . . . . . . e e e e e e e e e e 257
cudaDeviceProp . . . . . L L e 258
cudaExtent . . . . . . L L e e e 260
cudaFuncAttributes . . . . . . . . L e e e e e e e e 261
cudaMemcpy3DParms . . . . . ... e e e e e e e e e 262
cudaPitchedPtr . . . . . . . . e e e e e e e e e e 263
cudaPos . . . L L e e e e 264

CUdevprop_st
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Chapter 4

Module Documentation

4.1 CUDA Runtime API

Modules

e Thread Management

* Error Handling

* Device Management

» Stream Management

* Event Management

» Execution Control

* Memory Management

* OpenGL Interoperability

¢ Direct3D 9 Interoperability
* Direct3D 10 Interoperability
* Direct3D 11 Interoperability
* Graphics Interoperability
 Texture Reference Management
* Version Management

* C++ API Routines

C++-style interface built on top of CUDA runtime API.

* Data types used by CUDA Runtime

4.1.1 Detailed Description

There are two levels for the runtime APIL.
The C API (cuda_runtime_api.h) is a C-style interface that does not require compiling with nvce.

The C++ API (cuda_runtime.h) is a C++-style interface built on top of the C API. It wraps some of the C API routines,
using overloading, references and default arguments. These wrappers can be used from C++ code and can be compiled
with any C++ compiler. The C++ API also has some CUDA-specific wrappers that wrap C API routines that deal with
symbols, textures, and device functions. These wrappers require the use of nvcc because they depend on code being
generated by the compiler. For example, the execution configuration syntax to invoke kernels is only available in
source code compiled with nvcc.



10 Module Documentation

4.2 Thread Management

Functions

¢ cudaError_t cudaThreadExit (void)
Exit and clean up from CUDA launches.

* cudaError_t cudaThreadSynchronize (void)

Wait for compute device to finish.

4.2.1 Detailed Description

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

4.2.2 Function Documentation
4.2.2.1 cudaError_t cudaThreadExit (void)

Explicitly cleans up all runtime-related resources associated with the calling host thread. Any subsequent API call
reinitializes the runtime. cudaThreadExit() is implicitly called on host thread exit.

Returns:

cudaSuccess

Note:

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

See also:

cudaThreadSynchronize

4.2.2.2 cudaError_t cudaThreadSynchronize (void)

Blocks until the device has completed all preceding requested tasks. cudaThreadSynchronize() returns an error if one
of the preceding tasks has failed. If the cudaDeviceBlockingSync flag was set for this device, the host thread will
block until the device has finished its work.

Returns:

cudaSuccess

Note:

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

See also:

cudaThreadExit
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4.3 Error Handling

Functions

e const char * cudaGetErrorString (cudaError_t error)

Returns the message string from an error code.

¢ cudaError_t cudaGetLastError (void)

Returns the last error from a runtime call.

4.3.1 Detailed Description

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

4.3.2 Function Documentation
4.3.2.1 const charx cudaGetErrorString (cudaError_t error)

Returns the message string from an error code.

Parameters:

error - Error code to convert to string

Returns:

charx* pointer to a NULL-terminated string

See also:

cudaGetLastError, cudaError

4.3.2.2 cudaError_t cudaGetLastError (void)

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

Returns:

cudaSuccess, cudaErrorMissingConfiguration, cudaErrorMemoryAllocation, cudaErrorlnitializationError, cu-
daErrorLaunchFailure, cudaErrorPriorLaunchFailure, cudaErrorLaunchTimeout, cudaErrorLaunchOutOfRe-
sources, cudaErrorECCUncorrectable cudaErrorInvalidDeviceFunction, cudaErrorInvalidConfiguration, cudaEr-
rorInvalidDevice cudaErrorInvalidValue cudaErrorInvalidPitchValue cudaErrorInvalidSymbol cudaErrorMap-
BufferObjectFailed cudaErrorUnmapBufferObjectFailed cudaErrorInvalidHostPointer cudaErrorInvalidDevice-
Pointer cudaErrorInvalidTexture cudaErrorInvalidTextureBinding cudaErrorInvalidChannelDescriptor cudaEr-
rorlnvalidMemcpyDirection cudaErrorAddressOfConstant cudaErrorTextureFetchFailed cudaErrorTextureNot-
Bound cudaErrorSynchronizationError cudaErrorInvalidFilterSetting cudaErrorInvalidNormSetting cudaEr-
rorMixedDeviceExecution cudaErrorCudartUnloading cudaErrorUnknown cudaErrorNotYetlmplemented cu-
daErrorMemoryValueTooLarge cudaErrorInvalidResourceHandle cudaErrorNotReady cudaErrorInsufficient-
Driver cudaErrorSetOnActiveProcess cudaErrorStartupFailure cudaErrorApiFailureBase
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Note:

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

See also:

cudaGetErrorString, cudaError
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4.4 Device Management

Functions

* cudaError_t cudaChooseDevice (int *device, const struct cudaDeviceProp sprop)

Select compute-device which best matches criteria.

¢ cudaError_t cudaGetDevice (int xdevice)

Returns which device is currently being used.

e cudaError_t cudaGetDeviceCount (int xcount)

Returns the number of compute-capable devices.

* cudaError_t cudaGetDeviceProperties (struct cudaDeviceProp sprop, int device)

Returns information about the compute-device.

e cudaError_t cudaSetDevice (int device)

Set device to be used for GPU executions.

* cudaError_t cudaSetDeviceFlags (int flags)

Sets flags to be used for device executions.

e cudaError_t cudaSetValidDevices (int xdevice_arr, int len)
Set a list of devices that can be used for CUDA.

4.4.1 Detailed Description

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

4.4.2 Function Documentation
4.4.2.1 cudaError_t cudaChooseDevice (int * device, const struct cudaDeviceProp * prop)
Returns in xdevice the device which has properties that best match xprop.

Parameters:

device - Device with best match

prop - Desired device properties

Returns:

cudaSuccess, cudaErrorInvalid Value

Note:

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

See also:

cudaGetDeviceCount, cudaGetDevice, cudaSetDevice, cudaGetDeviceProperties
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4.4.2.2 cudaError_t cudaGetDevice (int x device)
Returns in *device the device on which the active host thread executes the device code.

Parameters:

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

Returns:

cudaSuccess

Note:

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

See also:

cudaGetDeviceCount, cudaSetDevice, cudaGetDeviceProperties, cudaChooseDevice

4.4.2.3 cudaError_t cudaGetDeviceCount (int x count)

Returns in *count the number of devices with compute capability greater or equal to 1.0 that are available for
execution. If there is no such device, cudaGetDeviceCount () returns 1 and device O only supports device
emulation mode. Since this device will be able to emulate all hardware features, this device will report major and
minor compute capability versions of 9999.

Parameters:

count - Returns the number of devices with compute capability greater or equal to 1.0

Returns:

cudaSuccess

Note:

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

See also:

cudaGetDevice, cudaSetDevice, cudaGetDeviceProperties, cudaChooseDevice

4.4.2.4 cudaError_t cudaGetDeviceProperties (struct cudaDeviceProp * prop, int device)
Returns in xprop the properties of device dev. The cudaDeviceProp structure is defined as:

struct cudaDeviceProp ({
char name[256];
size_t totalGloballMem;
size_t sharedMemPerBlock;
int regsPerBlock;
int warpSize;
size_t memPitch;
int maxThreadsPerBlock;
int maxThreadsDim[3];
int maxGridSize[3];
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size_t totalConstMem;
int major;

int minor;

int clockRate;

size_t textureAlignment;
int deviceOverlap;

int multiProcessorCount;
int kernelExecTimeoutEnabled;
int integrated;

int canMapHostMemory;
int computeMode;

int concurrentKernels;

where:

* name is an ASCII string identifying the device;
* totalGlobalMem is the total amount of global memory available on the device in bytes;

* sharedMemPerBlock is the maximum amount of shared memory available to a thread block in bytes; this
amount is shared by all thread blocks simultaneously resident on a multiprocessor;

* regsPerBlock is the maximum number of 32-bit registers available to a thread block; this number is shared
by all thread blocks simultaneously resident on a multiprocessor;

* warpSize is the warp size in threads;

* memPitch is the maximum pitch in bytes allowed by the memory copy functions that involve memory regions
allocated through cudaMallocPitch();

* maxThreadsPerBlock is the maximum number of threads per block;

e maxThreadsDim[3] contains the maximum size of each dimension of a block;

* maxGridSize[3] contains the maximum size of each dimension of a grid,;

* clockRate is the clock frequency in kilohertz;

* totalConstMemis the total amount of constant memory available on the device in bytes;

* major, minor are the major and minor revision numbers defining the device’s compute capability;

e textureAlignment is the alignment requirement; texture base addresses that are aligned to
textureAlignment bytes do not need an offset applied to texture fetches;

e deviceOverlap is 1 if the device can concurrently copy memory between host and device while executing a
kernel, or O if not;

* multiProcessorCount is the number of multiprocessors on the device;

e kernelExecTimeoutEnabled is 1 if there is a run time limit for kernels executed on the device, or O if
not.

e integratedis 1 if the device is an integrated (motherboard) GPU and 0 if it is a discrete (card) component

e canMapHostMemory is 1 if the device can map host memory into the CUDA address space for use with
cudaHostAlloc()/cudaHostGetDevicePointer(), or O if not;

* computeMode is the compute mode that the device is currently in. Available modes are as follows:

— cudaComputeModeDefault: Default mode - Device is not restricted and multiple threads can use cudaSet-
Device() with this device.
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— cudaComputeModeExclusive: Compute-exclusive mode - Only one thread will be able to use cudaSetDe-
vice() with this device.

— cudaComputeModeProhibited: Compute-prohibited mode - No threads can use cudaSetDevice() with this
device. Any errors from calling cudaSetDevice() with an exclusive (and occupied) or prohibited device will
only show up after a non-device management runtime function is called. At that time, cudaErrorNoDevice
will be returned.

e concurrentKernels is | if the device supports executing multiple kernels within the same context simul-
taneously, or O if not. It is not guaranteed that multiple kernels will be resident on the device concurrently so
this feature should not be relied upon for correctness;

Parameters:

prop - Properties for the specified device

device - Device number to get properties for

Returns:

cudaSuccess, cudaErrorInvalidDevice

See also:

cudaGetDeviceCount, cudaGetDevice, cudaSetDevice, cudaChooseDevice

4.4.2.5 cudaError_t cudaSetDevice (int device)

Records device as the device on which the active host thread executes the device code. If the host thread has already
initialized the CUDA runtime by calling non-device management runtime functions, this call returns cudaErrorSetOn-
ActiveProcess.

Parameters:

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

Returns:

cudaSuccess, cudaErrorInvalidDevice, cudaErrorSetOnActiveProcess

Note:

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

See also:

cudaGetDeviceCount, cudaGetDevice, cudaGetDeviceProperties, cudaChooseDevice

4.4.2.6 cudaError_t cudaSetDeviceFlags (int flags)

Records flags as the flags to use when the active host thread executes device code. If the host thread has already
initialized the CUDA runtime by calling non-device management runtime functions, this call returns cudaErrorSetOn-
ActiveProcess.

The two LSBs of the f1ags parameter can be used to control how the CPU thread interacts with the OS scheduler
when waiting for results from the device.
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 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 processors in 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.

¢ 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 threads if they are per-
forming 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.

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

» cudaDeviceMapHost: This flag must be set in order to allocate pinned host memory that is accessible to the
device. If this flag is not set, cudaHostGetDevicePointer() will always return a failure code.

* cudaDeviceLmemResizeToMax: Instruct CUDA to not reduce local memory after resizing local memory for a
kernel. 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.

Parameters:

flags - Parameters for device operation

Returns:

cudaSuccess, cudaErrorInvalidDevice, cudaErrorSetOnActiveProcess

See also:

cudaGetDeviceCount, cudaGetDevice, cudaGetDeviceProperties, cudaSetDevice, cudaSetValidDevices, cuda-
ChooseDevice

4.4.2.7 cudaError_t cudaSetValidDevices (int * device_arr, int len)

Sets a list of de