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691ﬂ 13&, 178 *)’e'@ __global__ void testMaxFlopsKernel(float *
pData, int nRepeats, float v1, float v2)

SER G 16.04 {
BRF&AE: Ubuntu 16.0 int tid = blockldx.x* blockDim.x+
CUDAKRZ: 9.1.85 threadldx.x;
. T float s = pData[tid], s2 = 10.0f - s, s3
GPU: Titan V - 9.0f - 5, 54 = 9.0f - 52
JERIhRAN: 390.48 for(int i = 0; i < nRepeats; i++)
{
o] <X, | ] s=v1-5*v2;

s2=v1-s1*v2;
nRepeats = 1000000000 s3=v1-s2*vZ;

s4=v1-s3*v2;
Block Size: (1, 1, 1) }
Grid Size: (1, 1, 1) pData[tid] = ((s+s2)+(s3+s4));



] X & F
1 x process: 3518ms
2 x processes. 6854ms, 6838ms
VR HERNITREIRY2(E
4 x processes: 13952ms, 1394/ms, 13934ms, 13940ms
JLVFRENHERA TR R4S




I NVVP + 4

M

© *output.14147 | -
Os 2.$s Sls 7.$s 1Qs 12:55 15|s
Process "testMPS" (14149) A
Process "testMPS" (14150)
= Context 1-14147 (CUDA)
= 5F MemCpy (HtoD)
=l Compute testMaxFlopsKemnel(float*, int, float, float)
= 25.2% testMaxFlopsKernel(floa... testMaxFlopsKemnel(float*, int, float, float)
= Streams
- Stream 7 testMaxFlopskernel(float®, int, float, float)
=l Context 1-14148 (CUDA)
- MemCpy (HtoD) |
5 Compute
= 24.6% testMaxFlopsKernel(floa... testMaxFlopsKemel(float*, int, float, float) 4 X p ro C e S S e S
[=I Streams
- Stream 7 testMaxFlopsKernel(float*, int, float, float)
= Context 1-14149 (CUDA)
= 5F MemCpy (HtoD) ‘
=l Compute testMaxFlopsKernel(float*, int, float, float)
=T 25.0% testMaxFlopsKernel(floa... testMaxFlopsKernel(float*, int, float, float)
= Streams
- Stream7
[=I Context 1-14150 {(CUDA)
- MemCpy (HtoD) |
5 Compute
7 25.2% testMarFlopsKerel foa-
[=I Streams v

5
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ERAR (1)

1+ 2. & CUDA context?

FKUFCPUHEE L™, RTHREHEXBBIFMBINE
MCPUimSECAIGPU_EAIGlobal memory (cudaMalloc/cudaMallocManaged)
KernelBRZHFTE X Fo BcHIEIR=SE, #I90local memory
CUDA streams / events X5
{CABTREER (*.cubin, *.ptx)

A [ERIHFES E 2aICUDA context

- contextG H CHIMIEZS[A], FHEABEHIRIEMCUDA contextHIstiE=s(E]

IIIIIII




BHa=AR (1)
CUDA context

GPU Execution

Pascal GP100

Timeslice 1

8 <A NVIDIA.



Pascal GP100

—

BHa=AR (1)
CUDA context

Pascal GP100

Timeslice 2

CPU Processes

GPU Execution

9
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H=AR (1)
CUDA context

CPU Processes
rocesses

Pascal GP100 Pascal GP100 . Pascal GP100 )

) Timeslice 3 GPU Execution

10 <A NVIDIA.
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1+ 2. & Hyper-Q? -- Hyper Queue

UFECPU SRR ERI IS ESEI—ANGPULE, [

SCHICUDA kernelsBYFFAZAAT -- BEFFFIE | [z ] [
ECCEE Y \ /

Multi cuda streams G M?a;egjemvgg ...

Multi cpu thrreads

Multi cpu processes——MPS
EHETHLGRAES K
CUDA_DEVICE_MAX_CONNECTIONS = 32 (Z{AZ8) o o |




BERAA (2)

L SoE TN
EINGPUFAZR (utilization) FGHAEZ (occupancy)
/> CPUZS AR E]
IENNEILERFAFRDIER
1% A P 4]

Zikernel AIEFEHIATEY, REZGPU_L{EESM BB BIBRIR IR IThernel BHAJ1
NEFEBRAT, kernel BAS#AST

Si7es, HERF, SI2RIEN, F5.
ERITEBENIATEFT3.5
BRREREIRS: 327 5 |

/




ERAR (2)

T #] 4%, %5 SCUDA_PATH/samples/6_Advanced/simpleHyperQ

IIIIIII



d& >
E=AIR (2)
Hyper-Q
7 o] 4, %5 SCUDA_PATH/samples/6_Advanced/simpleHyperQ

= Streams
Sfream s kemel Allong® lo.. | kemel Bllong® lo.,
btream 7

I kemel Aflong”, lo.. kemel Bllong’, lo..

Stiea 3 keinel Allong”,l0... kemél Blong” lo..

Siiea 10 Veme_Aflong”, 0. kermel_Blong” ..

Stream 11 keme_Along” lo... kemel_Blong’ lo..

Stream 12 kemal Allong”, lo.. kzmel Blong”, lo..

Sream L9 kerel Aflong”, lo.. kemel Blong’, lo.,

{tream 14 kenel Aflong” lo.. kemel 8o
§itéam L5 Fernel A

& A Hyper-Qat «9 #0417 a4t 9] £,

14 <ANVIDIA.
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Hyper-Q

7 o] 4, %5 SCUDA_PATH/samples/6_Advanced/simpleHyperQ

E Streams
Stream &

Stream 7

Stream &
Stream 3
Stream 10
Stream 11
Stream 1.2
Stream 12
stream 14
Stream 15
Stream 1o
Stream 17
Stream 18
Stream 19

Tl mms T

kernel_Allong® long)
kernel_Aflong® long)
kernel_Ailleng®, long)
kemel_Aflong®, long)
kemel_Allong®, long)
kermme Aflong®, long)
kernel_Aflong®, long)
kernel_Allong®, long)
kernel_Afllong®, long)
kernel_Ailong®, long)
kernel_Alleng®, longd
kemel_Allong®, long)

kemel_Aflong®, long)

kermel_B(long®, long]
kermel_B{long®, long]
kernel_Blong®, long)

kernel Bllong™, long)

kernel_B(long®, long)

kernel_B(long®,
kernel_Bilong®, long)
* long)
kermel_S{long”, long)
<erned_B(long®, long]
wernel_Bllong™, long]
kernel_Eflong®. long)
kernel_Eflong®, long)

kernel_Bilong®, long)

# Hyper-Q st #4 # 47 41 9] 4,

15
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fr 2 ZMPS

#+ 2. & MPS - Multi-Process Service, % ¢t 42 & %~

—HAJERAY, IR

TR
iRSSHE

ARFz1TES

SSHICUDA APISEHR, B3E:

A FAGPU_LAYHyper-Q 8¢
BIFZ N CPUHFEHL=[E—GPU context
SFAEIHTERIKerneFImemcpy R EfE R —GPU_EF AT, LASCHISR AW

GPURI =R,

IIIIIII



2. 7=MPS ,. \

MNP Process & i MPI Process B b Pl e P Baogram FEaues
MPS Clenl MFS Gienf i
a5 Ok 0% (3
Thiread Thiead Thiead Thiead

A

/

i MPl Process A AW i MPI Process B h SEFAT (280
as o5 o8 Qs
Thread Theaad Thraad Thread

MPE Server Process

Tme -

= 0n GFU Sehaduwe -
Concurrest
Szt duikar s
H"'\-\.

Time-Sliced
Schedsler ,.-"'l
Procegeon
GPU Fm-l:+i-nri |
GPY

18 <ANVIDIA.



fr 2 ZMPS

6 4F 2 1& A PB4
RFTGPURIAZR (BJiAI L) FISHAZR BAERSGE: (N3 FFlinux
(=8 L)

GPURRA: RFZFFCC 3.5

CUDARRA : KRFZFTF5.5

EARAFEERE#RE:
Pascal X ZHIGPU: 16
Volta®& 2 lGGPU: 48

R/ DGPU_LE 32 JJHAT (]
R DGPU_LE X EiESS ]

IIIIIII
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anqay{sE FHMPS

7B

IZEGPU compute mode /g exclusive mode (FEWR, {BHETFIRE)

sudo nvidia-smi -i 0 -c EXCLUSIVE_PROCESS
JSRIMPS SFHFIHFE
export CUDA_VISIBLE_DEVICES=0
export CUDA_MPS_PIPE_DIRECTORY=/tmp/nvidia-mps (cuda 7.0 LAf[GIE/R)
export CUDA_MPS_LOG_DIRECTORY=/tmp/nvidia-log (cuda 7.0 LA/§IE¥ /)

nvidia-cuda-mps-control -d

21 <ANVIDIA.



anqay{sE FHMPS

7B

BEMPS FIFHIE RS IEEIETT

(i

Z{ TN FRIERR

david@GoS:~$ ps -ef | grep mps
1 © 15:30 ? 00:00:00 nvidia-cuda-mps-control -d & B A2 5 & ATET
3660 © 15:30 pts/11 ©00:00:00 grep --color=auto mps

david@GoS:~$ ps -ef | grep mps
1 © 15:30 ? 00:00:00 nvidia-cuda-mps-control -d

4164 © 15:31 ? 00:00:02 nvidia-cuda-mps-server
3660 © 15:39 pts/11 ©0:00:00 grep --color=auto mps

|
o)
S\
Q
e
AN
\
al

NVIDIA.




% A

anqay{sE FHMPS

Tue May 15 14:20:54 2018

| NVIDIA-SMI 390.48 Driver Version: 390.48

| --= e oo oo +
Disp.A | Volatile Uncorr. ECC |
Memory-Usage | GPU-Util Compute M. |

| GPU Name Persistence-M| Bus-Id
| Fan Temp Perf Pwr:Usage/Cap]|

off | cooeeoee:02:00.0 On
41W / 250W | 3669MiB / 12065MiB

Jusr/lib/xorg/Xorg
nvidia-cuda-mps-server
./testMemUsage

. /testMemUsage

2/t 42 Bl ot 2 GPU L #0047

NVIDIA.



anqay{sE FHMPS

oM

b *output 14043

1z1T NVPROF WZEEHIT

EJs [l?s WIE 1?5 2ls 2?5 Els 3.55 4‘5 4.?5
E ¥ Process “testMPS" (14043)
o

4044)

]JIIP

# Process “testMPS” |

B Process “testMPS” (

4043)

nvprof --profile-all-processes -0 output.%p &

B [0 TTAN Y
= Context MPS (CUDA)
ER—ANEOOETREREE

testMaxFlopsKemelffloat®,int, loat, float)

B testMaxFlopsKemelifloat®, int, ficat, float)
=l Compute

m p'i ru n B n p 4 ) / teS t 195[M.axﬂﬂp5i(eme\|ﬂﬂ.ﬁﬂ*, int, float, float]

REIEO—, ECtrlcERnvprofiiEfEs

testMaxFlopsKemelfloat*, int, loat, float)
o | == PR

testMaxFlopstemalfloat® int, float, flozt)

= Streams
& nvprof Z58 (output.%p) SAZE! nvvp o

" Stream 7 testMaxFlopsKernel(float®, int, float, float)

&}% Fi le -> I m po rt * di=? testMaxFlopstemel float® int, float, float)

FEFEnvprof, Multiple Processes

= prOCGSS’%SUF' — ™ nvproffiprofile3 {4, ]

RN

24 <ANVIDIA.
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MPS [ F 361 (1)

W £kerneleg # £

o] K I 3,
EREZSE: Ubuntu 16.04
CUDAKRZAS: 9.1.85
GPU: Titan V
JSTHhRA: 390.48

o] X, A
nRepeats = 1000000000
Block Size: (1, 1, 1)
Grid Size: (1, 1, 1)

__global__ void testMaxFlopsKernel(float *
pData, int nRepeats, float v1, float v2)

{
int tid = blockldx.x* blockDim.x+
threadldx.x;

float s = pData[tid], s2 = 10.0f - s, s3
=9.0f - s, s4 =9.0f - s2;

for(int i = 0; i < nRepeats; i++)
{

s=v1-s*v2;

s2=v1-s1*v2;

s3=v1-s2*v2;

s4=v1-s3*v2;
3

pData[tid] = ((s+s2)+(s3+54));

26



MPS [z F 241 (1)

o] <K, 48 F

1 x process: 3518ms

2 x processes X MPS: 6854ms, 6838ms
TR HER TRYEIRY2(E

2 x processes FFlg MPS: 3467ms, 3467ms
VST HER THE

4 x processes XA MPS: 13952ms, 13947ms, 13934ms, 13940ms
JVF 2R AR TR EIRY4(S

4 x processes FFlg MPS: 3505ms, 3492ms, 3492ms, 3492ms
JVFSETEANHER THE 7 <o -




MPS Rz 261 (1)

H £ kernel @ # £

I NVPROF & NVVP £ 4 247

% “output.14147 |

0s 25s Ss 755 10s 1255

Process "testMPS" (14149)

Process "testMPS” (14150)

2 [0] TITAN V

=l Context 1-14147 (CUDA)
- MemCpy (HtoD)

= Compute

= 25.2% testMaxFlopsKernel(floa...

I=| Streams
- Stream 7
= Context 1-14148 (CUDA)
= 5F MemCpy (HtoD)

= Compute

=T 24.6% testMaxFlopsKernel(floa...

= Streams
- Stream 7
= Context 1-14149 (CUDA)
- MemCpy (HtoD)

= Compute

= 25.0% testMaxFlopsKernel(floa...

I=| Streams
- Stream 7
= Context 1-14150 (CUDA)
=5 MemCpy (HtoD)

= Compute

- 25.2% testMaxFlopsKernel(floa...

= Streams

testMaxFlopsKemnel(float*, int, float, float)
testMaxFlopsKemnel(float*, int, float, float)

testMaxFlopskemelfloat™, int, float, float)

testMaxFlopsKernel(float*, int, float, float)

testMaxFlopsKernel(float*, int, float, float)

testMaxFlopsKernel(float*, int, float, float)

testMaxFlopsKemel(float*, int, float, float)
testMaxFlopsKernel(float*, int, float, float)

testMaxFlopsKernel(float*, int, float, float)

testMaxFlopsKernel(float*, int, float, float)
testMaxFlopsKernel(float*, int, float, float)

# # MPS

4 X processes

28
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MPS MR EH (1)
H £ kernel# # £
. NVPROF & NVVP 4+ 4% o471

© *output. 14043 = |

Js 05s 1s 155 2s 235 3s 35s 45 45s 5s

Process "testMPS™ (14043)
Process "testMPS™ (14044)

Process "testMPS™ (14045)

Proce:

=1 [0] TITAN V
=l Context MPS (CUDA)

- MemCpy (HtoD)

testMaxFlopsKernel(float*, int, float, float)

=l Compute

4 X processes
7+ & MPS

-5 100.0% testMaxFlopsKernel(flo...

=l Streams
- Stream 7
L Stream 7 testMaxFlopsKernel(float*, int, float, float)
L Stream 7 testMaxFlopsKernel(float*, int, float, float)
. Stream 7 testMaxFlopsKernel(float*, int, float, float)

Untitled - Paint | 29 <A NVIDIA.




MPS R (1)

NVPROF & NVVP 4 47 £ b
XIEE MPS RIAFIFBIAET, MAERIITIER:

4 x cuda contexts VS 1 x cuda context

4 x kernel $47A318] VS 1 x kernel $1470718]

IIIIIII



MPS A ZHI (2)

JPEG resizing R B4 2 4. Afz4MFAGKAEALAERET F A
ORI Rl 2

o] K I
SDK
Tesla V100 16GB GPU
Resizing from 1920x1080 (2K) to 480x270

IIIIIII


https://www.fastcompression.com/

MPS [ FHE Rl (2)

JPEG Resizing 4. 22

o K 4k F

1152 1633 1.42
4 1025 2319 2.26
8 1014 3024 2.98
16 1012 3458 3.42

18 1009 3558 3.53



MPS A Z 61 (3)

1% A TensorRT 4 22 7] % i i7ResNet-50 4 4!

K
Tesla V100 16GB GPU, CUDA 10.1, Driver 418.67
{EFHnvidia dockerifi&: nvcr.io/nvidia/tensorrt:19.07-py3

fEcontainerdh, TS Ttrt engine building: $ trtexec --batch=1 -
iterations=100 -workspace=1024 --deploy=/xxx/ResNet-50-
deploy.prototxt --model=/xxx/ResNet-50-model.caffemodel --
output=prob --fp16 --saveEngine=/workspace/rn50-bs1.engine

{ERbuildiFAItrt engine, EZPCPURERRHIITrHERE: S mpirun -np 8 -
-allow-run-as-root trtexec --loadEngine=/workspace/rn50-bs1.engine --
iterations=1000 --workspace=1024 --fp16 > trt-mps-mpi-8.log

33 <2 NVIDIA .



MPS A Z 61 (3)

root@dgx2:~# nvidia-smi -i 0O
Mon Aug 12 08:37:25 2019

Driver Version: 418.67

Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC
Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M.

Tesla V100-SXM2... On | 00000000:06:00.0 Off
PO 272w / 300W | 7026MiB / 16130MiB

nvidia-cuda-mps-server

trtexec 873MiB
trtexec 873MiB
trtexec 873MiB
trtexec 873MiB
trtexec 873MiB
trtexec 873MiB
trtexec 873MiB
trtexec 873MiB

NVIDIA.




MPS A Z 61 (3)

ResNet-50 # 4! # 32

| without MPS With MPS

Process |Latency |Throughput Latency speedup | Throughput |speedup
number | (ms) (images/s) | (ms)

1.86 1.86
2 3.38 591 2.2 1.54 909 1.54
4 6.9 579 3.42 2.02 1169 2.02
8 13.6 588 5.2 2.61 1538 2.61



SE 3R

{ Hyper-Q Example )
{MULTI-PROCESS SERVICE)
{IMPROVING GPU UTILIZATION WITH MULTI-PROCESS SERVICE (MPS))

36 <A NVIDIA.


http://developer.download.nvidia.com/compute/DevZone/C/html_x64/6_Advanced/simpleHyperQ/doc/HyperQ.pdf
https://docs.nvidia.com/deploy/pdf/CUDA_Multi_Process_Service_Overview.pdf
http://on-demand.gputechconf.com/gtc/2015/presentation/S5584-Priyanka-Sah.pdf

<A NVvIDIA

2019 £ 12 B 16 B - 19 H
M, PE

.3 Bl
5% E NVIDIA MU RRE  BIEAAHE. SHFRMT TR GPURAMANEESS  REARRYEHRORE LA,
B HARER A, EHPADERNENLIL.,  SESMIEREARE, B8  EXRE

BT Al TSR,

SLELEM, A8 75 s mE
=i A AL BIERS - NVDAVIDWU
B17F www.nvidia.cn/gtc/ EAER%A
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