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CUDA noToku
"

# MMoTOoK (stream)- nornyeckas noc1e40BaTe/IbHOCTb
3aBMCMMbIX ACMHXPOHHbIX Onepaumi, He3aBUCMMas oOT
ornepaymu B Apyrmx noToOKax

* [lapa/snenbHble NOTOKM MOTYT NOTEHLUMA/IbHO ObITb
60/1ee 3PpPEeKTUBHbIMMU, YEM «ODbIMHOE» UCMIO/THEHNE
33 CYET COBMeELLEHMA UCMO/THEHMA AAEeP U Nepeaayn
AaHHbIX, ABYHanpaB/1€HHOM Nepeaaydn AaHHbIX.



CUDA noToku
"

* [1o ymOA4aHUIO BCe onepauum acCouMMUpOBaHbI C
HY/Z1€BbIM MOTOKOM

* ACMHXPOHHaA nepegaya gaHHbix (cudaMemcpyAsync)

* MOXeT paboTaTb TO/ILKO ¢ pinned NamATbIO
(cudaMallocHost or cudaHostRegister).

* AAPO MOHO 3anNyCTUTb B OTAE/1bHOM NMOTOKE YKa3aB
kernel<<<..., stream>>>(...)

# CMHXpOHM3aumsa — cudaStreamSynchronize(N)



HyneBOou NOTOK

\

* Mlcrnosb3yeTcA, e/ He YKa3aHOo MHa4e
* [TONHOCTbHO CUHXPOHEH

# Kak ecam 6bl cudaDeviceSynchronize() BctaBaeH g0 u
nocse kaxpaon CUDA onepauuu

* UcKatoyveHma (aCMHXPOHHO ¢ onepaumamm Ha CPU)
* 3anycK Agpa

cudaMemcpy*Async

cudaMemset*Async

cudaMemcpy Ha TOM e yCTpoucTse

H2D cudaMemcpy <= 64kB

*  * X X



Compute capatibility
\

* Compute Capability 1.0+
* Async kernel execution
+ Compute Capability 1.1+ (i.e. C1060 )
# Async data copy (single engine)
* asyncEngineCount
# Compute Capability 2.0+ (i.e. C2050)
+ Parallel kernel execution (Fermi — up to 16 GPU kernels)
* concurrentKernels

* Second copy engine



Overlapping calculation and data transfer

\

* It’s possible if:
* Device has computer compatibility 1.1 and higher

* property asyncEngineCount > 0

* Not supported if one copy CUDA Arrays or 2D arrays
allocated with cudaMallocPitch()

* Could be blocked by environment variable
CUDA LAUNCH BLOCKING =1



GPU parameters

T E—

./deviceQuery
Concurrent copy and execution: Yes with 2 copy engine(s)
Support host page-locked memory mapping: Yes

Concurrent kernel execution: Yes



cudaMalloc
double* hostl

&devl,
(double*)
cudaMemcpy ( devl, hostl,
kernel?2 <<< grid, block,
kernel3 <<< grid, block,

cudaMemcpy ( host4, dev4,

‘\

)

malloc ( &hostl, size
size, H2D ) ;

0, 0 >>> ( ..., dev2z,
0, 0 >>> ( ..., dev3,
size, D2H ) ;

* There is no parallelism. Default CUDA stream (0) is used.



R —

cudaMalloc ( &devl, size ) ;
double* hostl = (double*) malloc ( &hostl, size ) ;

cudaMemcpy ( devl, hostl, size, H2Z2D ) ;

kernel?2 <<< grid, block>>> _

kernel3 <<< grid, block>>> ( ..., dev3, ... ) ;

cudaMemcpy ( host4, dev4, size, D2H ) ;

* Kernel is executed asynchronously with CPU code



‘\

cudaStream t streaml, stream2Z, stream3, stream4;

cudaStreamCreate ( &streaml) ;

cudaMalloc ( &devl, size );

cudaMallocHost ( &hostl, size ); //pinned memory required

cudaMemcpyAsync ( devl, hostl, size, H2D, streaml);

kernel?2 <<< grid, block, 0, stream2>>> ( ., dev2, ... )
kernel3 <<< grid, block, 0, stream3>>> ( ., dev3, ... )
cudaMemcpyAsync ( host4, dev4, size, D2H, streami);

CPU code();



Levels of parallelism

R —
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Stream scheduling

\

* Fermi has 3 execution queue:

* 1 compute queue
* 2 copying queues— one for H2D, one for D2H

* CUDA operations are set for execution as they were
declared

+* CUDA kernels are executed async only from different
streams

* Synchronous operations block any other operations
in all CUDA streams.



‘\

for (int 1 = 0; 1 < 3; ++1)
cudaMemcpyAsync (inputDevPtr + 1 * size,

hostPtr + 1 * size, size,
cudaMemcpyHostToDevice, stream[i])

for (int 1 = 0; 1 < 3; ++1)
MyKernel<<<size/512, 512, 0, stream[i]>>>
(outputDevPtr + 1 * size,
inputDevPtr + 1 * size, size);

for (int 1 = 0; 1 < 3; ++1)
cudaMemcpyAsync (hostPtr + 1 * size,
outputDevPtr + 1 * size, size,
cudaMemcpyDeviceToHost, stream[i])



‘\

for(int i=0; 1 < 3; ++1) {
cudaMemcpyAsync (1nputDevPtr + 1 * size,

hostPtr + 1 * size, size,
cudaMemcpyHostToDevice, stream[i]);

MyKernel<<<size/512, 512, 0, stream[i]>>>
(outputDevPtr + 1 * size,
inputDevPtr + 1 * size, size);

cudaMemcpyAsync (hostPtr + 1 * size,
outputDevPtr + 1 * size, size,
cudaMemcpyDeviceToHost, stream[i]);



Example 1

|=| Streams
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Example 2
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Mermcpy Ht. .. Mermcpy D...

= Mermcpy O...

Mermcpy

Mermcpy Ht...
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\
* CUDA streams u events: —
* (CBA3aHbl ¢ GPU
# Kawgbli GPU nmeeT cBOM NoToK no ymoa4anuto (0)
* Mcnonb3zya CUDA streams un events:
* Kernel moXeT MCNO/NHATLCA TO/IbKO B NOTOKe TeKylero GPU
* [lepepgaya AaHHbIX MOXET NPpOBOAMTLCA B NOTOKe /itoboro GPU

* CUDA Event MmO»eT 3anmncbiBaTbCA TO/IbKO B NMOTOKE TOr0 e
GPU

* Synchronization, querying:
* /ltobon event nam stream moxkeTt 6bITb CUHXPOHU3MPOBAH



