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NVIDIA GPUSRE%E

Kepler Maxwell Pascal Volta Turing Ampere Hopper
R EF K FrZ#p ZHhE ISEES REF ER 2z Gisizis
b2 15| E] 2010 2012 2014 2016 2017 2018 2020 2022
167NSM , A4S N enn = 102#%392/NSM enn e ern =
167SM, 84S | 1I50SMX, B4 | MiEaighmsn | CPI00F60TS | 80SM, &S | qmetinny "' | 10870SM, &4 | 13295M , &40
” A — M, 8 SMEFE | MBFE321\FP64 | NP SME&E&641FP3 | SME&&1281\FP
. MEE32/CUD | SMXEFELIN2NF | BAMIEREHES NMSMEE64MN N N
S s N A 64/ NCUDA Core | +64 Int32+64 F '~ 2+64 1 INT32+3 | 32+641NINT32+
A Cores , —££5 P32+64/1FP64 2PMCUDA Cores s 32/°DP Core | P32+8/Tensor t32+64 1 FP32+ DANFPG4+4NTe 64/ NFPGA+ AT
12 CUDA Cores | CUDA Cores +8/NLD/ST Unit ! C 8 1 \Tensor Core
+ 8SFU S ores S nsor Cores ensor Cores
B EGPULTH = —
BEEE , SFS T ﬁ%’%ﬁ%ﬁ’éﬁ NVLink&—Y , NVLInk2.0  Ten Tensor Core3.0, | Tensor Core4.0,
R HEFHEESRIC | ! il P e W EEtHEE160 "t oo | Tensor Core2.0, | RT Core2.0, NV | NVIink4.0 , 54
TR —veapuzn | T, BAGHEGP | 84, &1 SMM sor Coress5—{%, , i p e
acheExGPUZE U Directik TR ESE GB/s , P100#HB SHALSE RT Coresz—(t Link3.0 , Z5i@t% | FRmMEEAEREMIG2.
¥ , STFECC GP i 56/~SM HBM e BRREIEMIGLO | 0
U%’Q EH}EE%JEE%
sk 40/28nm 28nm 28nm 16nm 12nm 12nm 7nm 4nm
- 30{ZERIANE TUZERIRE B0{ZERINE 15328 E 2117 BRI 186{ZERIE 283N E 800{ZERNEE
. K80 M5000 M4000 P100 P6000 V100 T4 , 2080TI A100
|J= 1
R=ES Quadro 7000 K40M GTX 9XXZF) TTX1080 TiTan V RTX 5000 A30Z5 H100
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e Ak Volta Turing Ampere Hopper
X EF R E R ZiE G
A 1aAdE 2017 2018 2020 2022
\ /N 3|

80NSM , AN SMEE32A 1,?1*2‘;%2\5'“% Lo 1080SM , SASMEEGS | 1324SM , SSMEBE128
LS FP64+64 Int32+64 FP32+ §l64'/?FP|32+8/\Tenslor C PNFP32+64 1N INT32+320F | INFP32+640 INT32+641NF

8 1 Tensor Cores ores ! ! P64 +4 1 Tensor Cores P64 +4/1Tensor Cores

. NVLink2.0 , Tensor Cores Tensor Core2.0 , RT CoreZ Tensor Core3 0, RT Core2. Tensor Core4 0, NVIink4.0 ,
ﬁﬂﬁ“&ﬂﬂﬁ' N N N 0 , NVLInk3O , ,n*'jﬁé Y
RS 12nm 12nm 7nm 4nm
: 2112 BRIRE 18612 IAE 28312 BRINE 800{ZERINE
. V100 T4 , 2080TI A100
IJ= 1

RRES TiTan V RTX 5000 A30Z5] H100
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Memory Controller

Memory Controller
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0
R

Raster Engine
- -

- -
Rastor Engine
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PCI Express 3.0 Host Interface

High-Speed Hub

NVLink - Two x8 Links

Rastor Engine
. s

soqonuo) Aowey Jeonuo) lowewy soqonuo) Aowen Jaqonuo) Lowey Jeonuo) Aowew

soyi0nu0) Aowen

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR

INT32 | FP32 —

LOST  LOIST SFU

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR
INT32 | FP32 ——

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR

INT32 | FP32 —

LO'ST  LOST  LOST  LOIST SFU

Warp Scheduler + Dispatch (32 thread/clk)

Register File (16,384 x 32-bit)

TENSOR

INT32 FP32 CORES

LO'ST  LOIST  LO'ST  LOVST SFU

96KB L1 Data Cache / Shared Memory

Tex

Tex
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TURING TENSOR CORE

| ERERIEENBMB ORGSR, Tuing e UUCREOT e
¥IthBg Tensor Core AN T YT INTS/INT4/Binaryt3Z i g
1% , JINMIR deep learning Y inference,

2. RT Core (Ray Tracing Core) , FERFM=AF5
LRIKAZ |, FEEBVHEM IE=AANER. BT
& Eblock 24t , IHMITEBALUITERIRZERE.
BESAINERD  — B aliHE SR AIRE A
BB MEERIFRAZNIL.

s

THROUGHPUT:
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Turing EIRZ514

. MEEREZIRENEWERBWATAER , Turing Z8

#9HY Tensor Core IEANT XY INT8/INT4/BinaryAIsz
1% , JINMIR deep learning Y inference,

2. RT Core (Ray Tracing Core) , FERFM=AF5
LRIKAZ |, FEEBVHEM IE=AANER. BT
& Eblock 24t , IHMITEBALUITERIRZERE.
BEDHENTES  —sfoaliiEESREIRE A |
BB MEERIFRAZNIL.
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TENSOR

INT32 | FP32 —

Warp Scheduler + Dispatch (32 thread/clk)

ister File (16,384 x 32-bit)

TENSOR
CORES

INT32 FP32

Warp Scheduler + Dispatch (32 thread/clk)

ister File (16,384 x 32-bit)

TENSOR

INT32 | FP32 ——

Warp Scheduler + Dispatch (32 thread/clk)

ister File (16,384 x 32-bit)

TENSOR

INT32 | FP32 ——
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RTX 3080
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Ampere ZIE5RH4

NVIDIA AmpereZ2t3 : {BII540{ZNRMAE | FERL ITHR EERKAI79K0IRES ;

Tensor Core3.0 : Fri& TF32 GFEEXTAIRNY E |, oJ{EFP32/E5ERJAIMEBEIR =200 ;

Multi-Instance GPU : ZSLIGPU , 1 EEEAI100GPUKID AZIE L NMNMEIZGPU , ARRIESREARARES ;
NVIDIA NVLink2.0 : GPURISIRIEZREREIE , BIERS ST IRHEHAIMMREY & |

ARG - FIFRT Al BEEBIERIF I RETRERE— S,

54 BILLION XTORS 3" GEN SPARSITY MIG 39 GEN
TENSOR CORES ACCELERATION NVLINK & NVSWITCH
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Ampere TZIE5RH4

+ NVIDIA AI00ETF7nm Am
pere GAI00 GPU , EH69
12 CUDAR#%F0432 Tenso
r Core , S540{Z NERARNEEL ,
108NN IERS. RA
FE={CXNVLINK , GPUFIR
SFSRaN A 55/94.8 TB/s |,
GPUBIRIEIEEE /9600 G
B/s, B4P , Tesla AI00TES

1205% 7B 25 ERIHBM2

NTZE]1A40GB Figure 6. GA100 Full GPU with 128 SMs (A100 Tensor Core GPU has 108
° SMs)
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- Ampere 0N T TF32, BFI6, FP64HY2 3,

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

LD/ LD/
ST ST

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

Lo/ LDy
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)

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

Register File (16,384 x 32-bit)

FP32 FP32

FP32 FP32

FP32 FP32

FP32 FP32

FP64

FP64

FP64

FP64

INT32INT32 FP32 FP32

INT32INT32 FP32 FP32

INT32INT32 FP32 FP32

INT32INT32 FP32 FP32

FP64

FP64

FP64

FP64

TENSOR CORE

FP32 FP32 FP64 INT32 INT32

FP32 FP32 FP84 INT32 INT32

FP32 FP32 FP84 INT32 INT32

FP32 FP32 FP64 INT32 INT32

LD/ LD/ LD/ LD/ LD/ LD/ LD/ LD
ST) EsTy ISzl EsTl ESTl 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 INT32 INT32

FP32 FP32 FP64 INT32 INT32

FP32 FP32 FP84 INT32 INT32

FP32 FP32 FP64 INT32 INT32
TENSOR CORE
FP32 FP32 FPB4 INT32 INT32

FP32 FP32 FP64 INT32 INT32

FP32 FP32 FPe4 INT32 INT32
FP32 FP32 FP64 INT32 INT32

W/ W W W W LD W W
ST ST ST ST ST ST SFU 8T sT

TENSOR CORE
FP32 FP32 FP64

FP32 FP32 FP64
FP32 FP32 FP64

FP32 FP32 FP84

Loy Lo/ Lo/ Lo/ Lo/ Lo
sT sT ST ST sT sT SFU

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 FPéa

FP32 FP32 FPéa

FP32 FP32 FP64

W W W W
ST ST ST ST

192KB L1 Data Cache / Shared Memory

Tex
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Tex

A100

Range

exponent

e |

FP32 IO I

Precision

mantissa

m23

m10

e8 |
TF32 EIIDOIIIIIIn

e5  m10 |
FP16 E (T Te——

m7

FP32 FP32
matrix matrix

~ Format to TF32
and multiply
|

FP32 accumulate
1

e8
BF16 E[IIIIID

INPUT OPERANDS

FP32  ommmummmmmmomm
TF32 oommoommmmm
FP16  nommommm
BF16  mommmmmmm
FP16  ommmommmm

INT8  mmmm
INT4 om
BINARY 0

ACCUMULATOR

FP32 oommmmmmmmmmmmm
FP32 oommmommmmmmmmmmm
FP32 oommmmmmimmm
FP32 OO
FP16 oo

INT32 IO
INT32 OO
INT32 OO

|IEEE FP64 oo o

Matrix

X-factor
TOPS | vs. FFMA

19.5 1x
156 8x
312 16x
312 16x
312 16x
624 32x
1248 64x
4992 256x
19.5 1x

SPARSE
SPARSE | X-factor
TOPS | vs. FFMA

312 16x
624 32x
624 32x
624 32x
1248 64x
2496 128x
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Sparse Tensor

- R ERVEIIHRIER , TensorCoreSZHF—N2: Core
AN IR E S B — 1 A= B B Selec

'L

Input activations

N

(cll
o

3]

Dot-product

= zero entry

~_ ¥
[mi

Fine-grained
structured pruning Compress
2:4 sparsity: 2 non-
zero out of 4 entries
Dense trained q Non-zero |Indices Output activations
weights data values
Fine-tune weights Fine-tuned sparse and

compressed weights
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Ampere ZIE5E

. BAPAI008] LAY
H7ANGPUSLFI#EAS
ERYESER . B
PRI LUK L R
AIGPUSLHI A E
SCAYGPUfEA.,

2. AR B

BAYISHEZRER
HEIRSS.
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Pipe
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Sys
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USER2
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Ampere ZIE5E

GPUs 8x NVIDIA A100
GPU Memory 320 GB total
Peak performance 5 petaFLOPS Al | 10 petaOPS INT8
NVSwitches 6
System Power Usage 6.5kW max
CPU Dual AMD Rome 7742
128 cores total, 2.25 GHz(base), 3.4GHz (max boost)
System Memory 1TB
8x Single-Port Mellanox ConnectX-6 200Gb/s HDR
Hetwocking 1x (or 2x*)|32:lll-)::ft (Aﬁ:{?a%%‘fg;t::clg()ls 200GB/s
HDR Infiniband (Storage Network also used for Eth*)
Storage 0S: 2x 1.92TB M.2 NVME drives .
Internal Storage: 15TB (4x 3.84TB) U.2 NVME drives
Software Ubuntu Linux OS (5.3+ kernel)
System Weight 271 lbs (123 kgs)
Packaged System Weight 315 Lbs (143 kgs)
Height 6U

Operating temp range

5°Cto 30°C (41°F to 86°F)

* Optional upgrades

Huawei Confidential. Ascend

9x Melianox ConnectX-6 VPI
200 Gh/s Network Interface

Dual 64-core AMD Rome CPU
178 RAM

8% NVIDIA A100 GPUS T

www.hiascend.cc

=)



http://www.hiascend.com/

Hopper

20  Huawei Confidential. Ascend www.hiascend.com



http://www.hiascend.com/

Hopper fiftH5:14

NVIDIA Grace Hopper Superchip 22315 NVIDIA Hopper GPURISSHE A BESNVIDIA Grace CPU
HNZEEHEEE—R , AR ERCRPSEHENAFE—EHY NVIDIA NVLink Chip-2-Chip
(C2O)EERE |, FFESHFFHHINVIDIA NVLink RS,

NVIDIA Grace Hopper Superchip

______________________________________________________

CPU LPDDR5X

1
1
1
1
i
<512 GB i
1 1
] PLESSEENENEEN
: 546 GB/s x
o _. T — e @
IS) B ——
T “ o
) 4x GRACE g P HOPPER ] 18X NVLINK 4 % E (G}
D 16x PCle-5 CPU z g GPU <+ 900GB/s >N
T — 512 GB/s S8 +— 10
(@) - =z < =z
~ [ 75
T YN 11111  —
1
: | “

CPU LPDDR5X
<512 GB

Hardware Coherency

GPU HBM3 i
<96 GB ;

1

1

1

Inside NVIDIA" s First GPU-CPU Superchip
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Hopper fiffa%:44

S—THIENREMEERS , EAFEELEITRHPC) IAILIERS

NVIDIA Grace CPU : JP ¢ NVIDIA Hopper GPU :

72 /N Arm Neoverse V2 % , BN HZ Armv9.0-A ISAF]

4/ 128 {31 SIMD BT ;

512 GB LPDDR5X 7% , 124

117 MB 9 L3 BfF , BF T

64 > PCle Gen5 18 ;

B N A FY S ——
F1{EiX NVLink-C2C :

Grace CPU #[] Hopper GPU Z [BIRVFEH—EE BIZE,

EiX 900 GB/s JUEEEEE | 450 GB/s/dir,

& GPU INTEINAE(E Hopper GPU BERZIGFTE CPU NTF

St GPU WTE, B Hopper GPU RILATERE it A ™A

S5k 608 GB HINTE. >he

[=—]
m
[=—]
m

X 546 GB/s IRTFE & ;
35 3.2 TB/s ;

E 900 GB/s E
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|44 PNEEPY{, Tensor Core, Transformer Engine, DPX F[]
3 == FP32 ¥ FP64 B SM ;
96 GB HBM3 NTHZ(HEIX 3000 GB/s B9EE,

60 MB —_RETF ;
NVLink 4 0 PCle 5,

LI 822" 1 158X NV INK 4 F” T G .

NVIDIA NVLink {J#$5%; :

{85 NVLink 4 1E#£221X 256 1~ NVIDIA Grace Hopper #&
itk

BNEE NVLink B9 Hopper GPU #BRTLAS LA H S
B R RYFTE HBM3 #1 LPDDR5X AfF , ER=ANIX 150
TB fY GPU AISHLATZ.
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li=========================================================================.
i NVIDIA Quantum-2 InfiniBand NDR400

- $4444 242442

100 GB/s 100 GB/s 100 GB/s 100 GB/s

BLUEFIELD-3 BLUEFIELD-3
DPU 1

T 1

N mHOPPERE N

NN Gpyo HE

CT T

EEEEEEEN EEEEEEEN

EEEEEEEN EEEEEEEN EEEEEEEN EEEEEEEN
Hardware Hardware Hardware Hardware Hardware Hardware
Coherency Coherency Coherency Coherency Coherency Coherency

e e e e - - - P BT P S " -
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- GPC 848 , 66ZBTPC. 1324HSM , 2itH 16896 NCUDAZ Y. 528 TensoriZi(y. S50MB_Z4E
7. BFENF—HBM3 , E80GB |, {i1555120-bit , thea=A3TB/s

PCI Express 5.0 Host Interface

GigaThread Engine with MIG Control

Memory Controller

Memory Controller

S
4
-]
o
[
-]
3
o

Memory Controlier

Memory Controller
Joi0NU0) Kiowaw | 10)10AUCD KIOWN | JOIONUOD AJOWAW  JOIONUOD AIOWDN | 1MIONUOD AIOWal | 101I0NU0D) Alowa

1" (13 1 1 14 1
NVLink NVLink NVLink NVLink NVLink NVLink
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Hopper fiftH5:14

- SMZEH

|. 47 Warp Scheduler , 4 /™ Dispatch Unit ( 5 A100 —%{ )
128 I\ FP32 Core (4 *32) ( 1BEL A100 &3 )

64 N INT32 Core (4% 16) (5 A100 —&()

64 N FP64 Core (4* 16 ) (#BEL A100 EZ)

4 /> TensorCore (4* 1)

32N LD/ST Unit (4*8) (5 A100—%])

16 NSFU (4*4) (5 AI100—E7)

FEEL A100 0T — Tensor Memory Accelerator

© NoO U1 A WN

« & Process Block :
|. | > Warp Scheduler , | /> Dispatch Unit ( 5 A100 —%{ )
32 /™ FP32 Core ( #BEL A100 EBS )
16 /™ INT32 Core ( 5 A100 —f )
16 ™ FP64 Core ( #8EL A100 &S )
| 1 TensorCore
8 N LD/ST Unit ( 5 A100 —% )
4/ SFU (5 A100 —3%%)

N o Uk WD
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INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32

LY
ST

FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
Lo
T

FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32
FP32

Lov

ST

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

Register File (16,384 x 32-bit)

FP32 FP64
FP32 FP84
FP32 FP&4
FP32 FP64
FP32 FP64
FP32 FPé4
FP32 FP64

FP32 FP84 TENSOR CORE
FP32 4" GENERATION

FP32

FP32

FP32

FP32

FP32

FP32

FP32
W W YT T
ST 8T ST ST ST

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

Register File (16,384 x 32-bit)

FP32 FPé4
FP32 FP&4
FP32 FP&4
FP32 FP64
FP32 FP64
FP32 FP64
FP32 FP64

FP32 FP64 TENSOR CORE
FP32 FPe4 4™ GENERATION

FP32 FP64
FP32 FP64
FP32 FP84
FP32 FP84
FP32 FP64
FP32 FPé4
FP32 FP64
W/ W W W WD W
ST ST ST ST ST ST

SFU

INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32

Lo/
ST

INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32

Lo/
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 FP&4
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FPI2 FP64

FP32 FP32 FPB4 TENSOR CORE
FP32 FP32 FP64 4™ GENERATION

FP32 FP32 FP84
FP32 FP32 FP64
FP32 FP32 FP84
FP32 FP32 FP84
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64

L WD LD LD LD LDf LDf
ST 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 FP&4
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FP32 FP&4
FP32 FP32 FP&4
FP32 FP32 FP&4
FP32 FP32 FP64

FP32 FP32 FP64 TENSOR CORE
FP32 FP32 FP64 4™ GENERATION

FP32 FP32 FP84
FP32 FP32 FPB4
FP32 FP32 FP84
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64

L/ LD LD LD LOf
ST ST ST ST ST

Tensor Memory Accelerator
256 KB L1 Data Cache / Shared Memory

Tex

Tex
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L

https://github.com/g-truc/sdk/blob/master/documentation/hardware/nvidia/2012%20-%20Kepler/NVIDIA-Kepler-GK | 10-Architecture-Whitepaper.pdf

A

https://www.dell.com/learn/aw/en/awbsdt | /shared-content~data-sheets~en/documents~nvidia-fermi-compute-architecture-whitepaper-en.pdf
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https://zhuanlan.zhihu.com/p/413145211
https://blog.csdn.net/daijingxin/article/details/115042353
https://zhuanlan.zhihu.com/p/258196004%3Futm_id=0
https://www.bilibili.com/video/BV1cB4y1Q75r
https://www.nvidia.com/en-us/data-center/resources/pascal-architecture-whitepaper/
https://images.nvidia.com/aem-dam/en-zz/Solutions/design-visualization/technologies/turing-architecture/NVIDIA-Turing-Architecture-Whitepaper.pdf
https://resources.nvidia.com/en-us-tensor-core
https://www.hpctech.co.jp/catalog/gtc22-whitepaper-hopper_v1.01.pdf
https://www.microway.com/download/whitepaper/NVIDIA_Maxwell_GM204_Architecture_Whitepaper.pdf
https://developer.nvidia.com/maxwell-compute-architecture
https://www.nvidia.com/content/dam/en-zz/Solutions/Data-Center/tesla-product-literature/NVIDIA-Kepler-GK110-GK210-Architecture-Whitepaper.pdf
https://github.com/g-truc/sdk/blob/master/documentation/hardware/nvidia/2012%2520-%2520Kepler/NVIDIA-Kepler-GK110-Architecture-Whitepaper.pdf
https://www.dell.com/learn/aw/en/awbsdt1/shared-content~data-sheets~en/documents~nvidia-fermi-compute-architecture-whitepaper-en.pdf
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