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GPU EfibiliE:

FRIEELAHES (SM. SP, CUDA Core )
CUDA FT1IHEF4S + CUDA &iEEREEH
E31HE NVIDIA Peak FLOPs
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GPU vs CPU

© GPUJLFEERITERITTALUAR , (NEPEREHISRTHIFERIT. GPUXR THERSH
THRRTHIBIRATAKE | BREIFEERAHERIZEHEZXK T Cache,

* CPURNX# Cache HiE T KEZ A , MEXEEERIIEHEEIESIURER , HILZTIHE
BE71 R CPUIR/NIY—EB,

.
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Architecture
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GPUREEZIBIRIXFHR

CPC —— EZAbERE , Graphics Processing Clusters
TPC —— IBLMERR |, Texture Processing Clusters
RZAIEEE |, Stream Multiprocessors

HBM —— &S5 tafrfiies , High Bandwidth Memory

NA
11

BE¥(KSN : GPC > TPC > SM > CORE
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SM ( Streaming Multiprocessor )

© SM : M\ G80 IZHAYES: , PFRMIVE IR
52 OVAMEIECUDAZL. HERE. =
Fa5%F. SMEBRTFSZ AEENITHEEER
Core NVIDA B9%(y.

ECUDARREYER : ATLAHAIBHITEE
A2, — block LZ&FERBIER— SM
— SM BYBR Cache #2978 block B

FEE.
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[V T N U ¥
ST ST ST ST

192KB L1 Data Cache / Shared Memory

Tex

Tex

www.hiascend.com



http://www.hiascend.com/

SM ( Streaming M

CUDA Core
Register File
Shared Memory
Active Thread
Active Block

Active Grid
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ultiprocessor
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SM ( Streaming Multiprocessor )

SM : I\ EER |, W OAEHFEFECUDAIL. HERREF, FFes. SMEBSITSNEERN
1TEFIZERYCore , 2 NVIDA fYZLY. » EEEFE
MEI={TEIs ( FP32-FPU, FP64-DPU. INT32-ALU ) ;
oKEIZEHE T (FPl16, BFl6. INT8, INT4) ;
YFIARENERTT SFU ( BB EREFIENF REN | eg LR, IERZF)
: AR RIEEES ( XX Thread / clock ) ;
5SS AETT ( XX Thread / clock ) ;
: ZRE(F (LO/LI Instruction Cache, LI Data Cache & Shared Memory ) ;
SiFasit ;
THIEfFAEERTTLD/ST ( TASREGRIE ) ;

12 Huawei Confidential. Ascend
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SP , i IEES (Stream Processor)

_ [ Geometn Gonoler

* SP : REARIANEERTT |, Streaming processor , 13 o
FRACUDA core , RIGEAZERIHESTUTEHE ’

ESPEANTERY. GPURITHATIIR | tBRLERES S

P[RR {HAbIE,

- SPHSBEIT: : Fermi Z249f5 , SPAEIFRICUDA Core |,
E1d CUDA RiE=HIERRYiE<SHIT. IR FIE

BON-RZEFISEI | RANTESE2ERICUDA Core#iE.

13 Huawei Confidential. Ascend www.hiascend.com
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CUDA Core , CUDA #

- CUDA CorefJiEH : CUDA Core £ Fermi
DREIRY | R/ \WIEENITETT,

CUDA Core

° £ Fermi 8fh , — > SMPEETH 2 4H
2 16 > CUDA Core , &1 CUDA Core £,
BT — 1 EHUZEETT ALU (Integer Arithme
tic Logic Unit) Ffl— N2 RIEEETT FPU (Floa

ting Point Unit) ,

14 Huawei Confidential. Ascend

Fermi Streaming Multiprocessor (SM)
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CUDA Core , CUDA #

Warp Scheduler + Dispatch (32 thread/clk)

ister File (16,384 x 32-bit

- BB CUDA Core : |7 Volta Z8¥3 , CUDA Core
N A0 FermiZRfRtEARE T, MIXEFIERIR
BLABIHY CUDA Core T , MIE2 A% 7 ERIHAY FP32 T
FPU 71 INT32 ALU, —

- FHITHIT . B8 FP32:UNT32 2 111, FrLARERRS vz (Semmz S R e (e TR
FEHR (15 FERERAY CUDA Core XFRIE, Xt
{RISFRE R SM BIFESZIF FP32 A0 INT32 A9F
AHRAT.

15  Huawei Confidential. Ascend www.hiascend.com
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Warp, &iE5R

. Warp : B2, BEL , FEThread 2547 ; B,
MEEFFE’\J% B3R , HAEFF8H ThreadBEEER—HY
21T , XEFEEWarpdIs5|A.

TENSOR
CORES

TENSOR

INT32 | FP32 —

INT32 FP32

Warp Scheduler + Dispatch (32 thread/clk) Warp Scheduler + Dispatch (32 thread/clk)

© Warp & SM BEAXRHYITEIT, — M Warp 82320 FHTT
hread , 1X32 Thread #1177 SIMTHRZ, tBELEHFTE
Thread LABIZERIATNHAITRI—5KIES | (BB Thread
S(EFIZER Data HFUTIELS D, FERTE Warp Hi8
32 Thread FTZETAE , AFA Warp EREZEIES
Nz1T , {BiXEBD Thread 2T AREGEIASHY,

TENSOR TENSOR
CORES INT32 FP32 CORES

INT32 FP32
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CUDA ( Compute Unified Device Architecture )

2006 F |1 B, #EHT CUDA , BRFTITEFEMRmERE , BTERGEST (GPU) £
HIBALTE.

cuBLAS

G ' cuSPARSE
E ; e e
\ .‘-\.'

OpenACC
# python

-y

CUDA " NVIDIA
MEMCHECK Visual Profiler
Nsight IDE CUDA-GDB
Debugger

18  Huawei Confidential. Ascend
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CUDA ( Compute Unified Device Architecture )

« FITTEZEH ( Parallel Computing Architectur
e ) FIIRTERREY ( Programming Model ) , fmfE
K%,

- BEF LLVM #3327 CUDA fHiEeEE , HEFA o e p— S
&{ER C #H1THA. Compute

BT EERRIEEINS  MICICH | Py R
thon , FortranF1iE5. 4F OpenCL [ Direc

tCompute FEN FHIEF#E.

Application

19  Huawei Confidential. Ascend www.hiascend.com
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CUDA

CUDA F{TimistREy

S
5
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=+h = I /— =4 /=
BAEO , ARE C FinEREESINERRRE
GPU Computing Applications
Libraries and Middleware
CcuDNN CUFFT, cuBLAS, CULA MAGMA Thrust VSIPL, SVM, | PhysX, OptiX, MATLAB
TensorRT CURAND, cuSPARSE NPP OpenCurrent iRay Mathematica
Programming Languages
Java, Python, . Directives
C C++ Fortran Wrappers DirectCompute (e.g., OpenACC)

Turing Architecture
(Compute capabilities 7.x)

Volta Architecture
(Compute capabilities 7.x)

Pascal Architecture
(Compute capabilities 6.x)

Maxwell Architecture
(Compute capabilities 5.x)

Kepler Architecture
(Compute capabilities 3.x)

EMBEDDED

CONSUMER DESKTOP,

LAPTOP

PROFESSIONAL
WORKSTATION

DATA CENTER

FRARAIZF S

www.hiascend.com
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CUDA ( Compute Unified Device Architecture )

- CUDATEEX(45THIZERL : —CUDAEE. — "W HERmIEREO ( APl ) KEIEITEE(Runtime),
N RERBIHERIZIEEE | B CUFFT 1 CUBLAS,

USE-CASES
Healthcare Manufacturing
INDUSTRIAL APPLICATIONS
APPS &
FRAMEWORKS
MACHINE LEARNING
CUDA-X
CUDA TOOLKIT CUDA DRIVER
MANAGEMENT GRAPHICS LIBRARIES
o 0
0S PLATFORMS - . oae W \\indows Server
ot o B CentOS SUSE W

21 Huawei Confidential. Ascend www.hiascend.com
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SERIXEH
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Wit Grid FFrE B=HATHMESS
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R Block BRIZAREIRIZHT
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SERIXEH
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Wit Grid FFrE B=HATHMESS

G

)& Grid FE S T IRZHBEEIZIZE Threads #{=HYIR Blocks

i

* KRR 73 /93N S

G e

i

IR |, FHTHERAIF AR

* FiRRK o AR AR EAEFTIIM ERER
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HIEEIREN : #% kernel

EigHLS : CUDAS| A\ EHim

( host ) AT ( device ) L=
. CUDA iZFHELE ZhosthE

B . X8 EdevicelEF,

BHiE(S : host5SdeviceZ[A]T]

LURTIBE | XEE(IZER
LU TEEE I,

25  Huawei Confidential. Ascend

Serial code
1. Initialization
2. Transfer data from
Host to Device

Iterative

Decoding

CUDA Kernel 1

Horizontal Processing

CUDA Kernel 2

| 1. Update APP values

2. Hard decisions

Serial code

1. Transfer data from
Device to Host

2. Finish decoding
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ZIEERIREH : #% kernel

CUDA HTiiE P REZN—NMIERE A CUDARZRECKIFITHITITE | kernelZZCUDARR
— N EEAIME.

£ CUDA fEFHZEH |, Host (UASERDECPULINIT , BEBECEE ;| HERIBUEFHTIERTER
9 , CUDA i BERmIEMGPUBERITRIRER | FHMEIXEIGPU , XNMERTECUDAERFRIMZ
( kernel ) ,

Device {XEBERSTE GPU _EHT , KAIBERSTE kernel LIRS (.cuSXfE ) o kernel F§_ global
FSEE , FERERANEER <<<grid, block>>> ¥igEkernelZHIT R,

26  Huawei Confidential. Ascend
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ERIRE : # kernel

#include
lude <math.h>
#include

#include

Xy

i =0; i< n; i++)
x[i] + y[il;

cudaMallocManaged (&x, Nx
cudaMallocManaged (&y, Nx
i=0; i <N; i++)
1.0f;

i <N; i++
2.0f;

timeval t1,t2;
ible timeuse;
gettimeofday(&t1,NULL);

add<<<l, 1>>>(N, x, y);

add(N, x, y);

cudaDeviceSynchronize();

dele
delet cudaFree(x);
cudaFree(y);

e .
return 0; return 0;

27  Huawei Confidential. Ascend
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+ kernel £ device _EH117HT

© FE— RIS LRGSR =

ZIEEIREN | : kg grid

LR EREIRZS SR | —
A kernel FTfEEIART B 2GS
FRA—1NRIHE ( grid )

BNEBERZF=E, gridd
RAEEMNE —EIR,

Huawei Confidential. Ascend
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ZERRGH || : ZFER Block

* Grid T RBNEFELR ( bloc
k) , — 1 block EEEER

SLiz.

- Block [BJFfTHIT , HEFE
FEB(E , mgERITIRRE,

- B block BEHEERE (S
hared Memory ) , BILAEEHE]
BY Thread =,

29  Huawei Confidential. Ascend www.hiascend.com
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HKIZEIREN N : %12 thread

- CUDA #1758 , Lfr Lt
2 threads EH1T ;

« Z threads &#EFE N —
NEFE block ;

« [E— block & threads AJLA
B4, BeJLAEIL shared me

e

mory 1&B/{5.

30  Huawei Confidential. Ascend www.hiascend.com
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31

[BIZU6EH : Wrap

Wrap : GPU H{TIEFRTRIAR AL , SMAY
HAHATETT,

Warp 88 32 NMEENES
i "RAE—R" AR "2
HAT.

[F—> Warp FRIBNELAZEG AR R EUE
FIFPITHEHERIES | XFEFTE SIMT 2844
(Single-Instruction, Multiple-Thread , BB1§<$ %3
HFE).

NGRS

—" B
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INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

LD/ LDV
ST ST

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

LD LDV
ST ST

L1 Instruction Cache

LO Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

FP32 FP32 FPG4
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
TENSOR CORE
FP32 FP32 FP64
FP32 FP32 FP64

FP32 FP32 FP64

FP32 FP32  FP64

LD LD/ LD/ LD/ LD/ LD/
ST ST ST ST ST ST SFU

LO Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch it (32 thread/clk)

Register File (16,384 x 32-bit)

FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP84
FP32 FP32 FP64
TENSOR CORE
FP32 FP32 FP64
FP32 FP32 FP64

FP32 FP32 FP64

FP32 FP32 FP64

LD/ LD/ WO/ LY 'L/
ST ST ST ST ST ST SFU

INT32INTI2

INT32INT32

INT32INTI2

INT32INT32

INT32INT32

INT32INT32

INT32INT32

INT32INT32

LD/ Lo/
ST ST

INT32INT32

INT32INTI2

INT32INTI2

INT32INTI2

INT32INTI2

INT32INT32

INT32INT32

INT32INT32

/L
ST ST

LO Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
TENSOR CORE
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP84

FP32 FP32 FP84

LD/ WD/ LY LDV LD LDy
ST ST ST ST ST ST

LO Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP84
FP32 FP32 FP64
TENSOR CORE
FP32 FP32 FP64
FP32 FP32 FP64

FP32 FP32 FP64

FP32 FP32 FP64

[V T N U ¥
ST ST ST ST

192KB L1 Data Cache / Shared Memory

Tex

Tex
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CUDA IR NVIDIA @ ZoIa% =

Softwar Hardw.
* Block ZAZ IR RAE— SM _EiEid 2
Wrap i&?ﬁ'iﬁ Eo Thread
- —HBTE SM _LIF#E T Block ZRFE1R | W |
?jt%_E{%%éUj:ﬂ'Tf% Kernelo Thread Block

- SM A LAERHREFZ A Block ZF2

B, BRIEFHTHINT. W| W‘ """ A
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IFER 7]

GPU ELIRRIH SN, DR, e AR S
LD, AT

1l
=
anp
aYAY

Peak FLOPS = Fy, * Nsp * Freq

Far 79 GPU BITHEIHERTESHITEN (FLOPS/Cycle)
Ngy /9 GPU SM (&= (Cores)

Freq %J\g?j__gﬁgg (GHZ)

34  Huawei Confidential. Ascend
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IFESR 7]

A100 57 FP32 Tensor Core 5§50t 64 FLOPS/Cycle , #Z/IUNB1T8RER A 1.41GHz , SM
2= 79108 |, HEZ /.88 : Peak FLOPS = 141 *108 * 64 * 2 = 19,491 GFLOPS ~ 1.95 TFL
OPS

Table 1. NVIDIA A100 Tensor Core GPU Performance Specs

Peak FP641 9.7 TFLOPS
Peak FP64 Tensor Core? 19.5TFLOPS

Peak FP32! 19.5TFLOPS

Peak FP16! 78 TFLOPS

Peak BF16! 39 TFLOPS
Peak TF32 Tensor Core? 156 TFLOPS | 312 TFLOPS?
Peak FP16 Tensor Core! 312 TFLOPS | 624 TFLOPS?
Peak BF16 Tensor Core! 312 TFLOPS | 624 TFLOPS?
Peak INT8 Tensor Core? 624 TOPS | 1,248 TOPS?
Peak INT4Tensor Core? 1,248 TOPS | 2,496 TOPS?

1 - Peak rates are based on GPU Boost Clock.
2 - Effective TFLOPS / TOPS using the new Sparsity feature

35  Huawei Confidential. Ascend
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GPUREEZIBIRIXFHR

GPC —— EiZ4-81% , Graphics Processing Clusters
TPC —— oFBLMERR |, Texture Processing Clusters
SM RZAIEEE |, Stream Multiprocessors

HBM — S tafrfiigs , High Bandwidth Memory

BE%(ES : GPC > TPC > SM > CORE

SM A& Poly Morph Engine, LI Cache, Shared Memory, CUDA CoreZ%
CUDA Core 4 ALU. FPU. Execution Context. Thread Detach, Command DecodeZs

37  Huawei Confidential. Ascend
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Reference 5| H&&=

https://zhuanlan.zhihu.com/p/620257581 K] , AI0O0EE_EAJtensorcoreB B AR S1758
https://old.hotchips.org/wp-content/uploads/hc archives/hc29/HC29.2 |-Monday-Pub/HC29.21.10-GPU-Gaming-Pub/HC?29.21.132-Volta-Choquette-NVIDIA-Final3.pdf

https://ieeexplore.ieee.org/author/3708637027|

https://www.computer.org/csdl/proceedings-article/hcs/2019/0887565 1/ 1 ehCtCN4SUE

https://resources.nvidia.com/en-us-gsenomics-ep/ampere-architecture-white-paper

https://developer.nvidia.com/blog/nvidia-hopper-architecture-in-depth/
https://zhuanlan.zhihu.com/p/231302709
https://www.zhihu.com/zvideo/1367794004235542528

¥ 0 N o U AW

https://www.bilibili.com/read/cv15145865from=search

S

https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html?highlisht=matrix%20multiply

https://nyu-cds.github.io/python-gpu/02-cuda/
https://zhuanlan.zhihu.com/p/258196004?utm id=0
https://blog.csdn.net/ag 42059060/article/details/121274184
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https://zhuanlan.zhihu.com/p/620257581
https://old.hotchips.org/wp-content/uploads/hc_archives/hc29/HC29.21-Monday-Pub/HC29.21.10-GPU-Gaming-Pub/HC29.21.132-Volta-Choquette-NVIDIA-Final3.pdf
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