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=
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NVIDIA GPUSRE%E

LRI Volta Turing Ampere Hopper
X EF R ER T iziis]
ZmidE 2017 2018 2020 2022
80/NSM , BN SMEFE321FP6 | 102#%00924SM |, SMEFTKIT ,| 10841SM , BN SMEE641FP | 13249SM , 1 SMEE1284\F
L&y 4+64 Int32+64 FP32+84\Tens | B/ SMEZE64MINt32+64NFP | 32+64PNINT32+3240FP64+4 | P32+64NINT32+64/1FP64+4
or Cores 32+8 4 Tensor Cores “Nensor Cores “Nensor Cores
. Tensor Core3.0 , RT Core2.0,
&5 N NVLink2.0 ,_Tensor Coresg&— | Tensor Core2.0 , RT CoresE— . Tensor Core4.0 , NVIink4.0 ,
ek e ) f 4 il s gXIélnkB.O | CETRRTRIMEAEREMI R EMIG2.0
sle Bl 12nm 12nm 7nm 4nm
|
PRnli= LZREE 1 86{2EAE 283(ZENE 800/ZEAE
N V100 T4 , 2080TI A100
= '
R&RES TiTan V RTX 5000 A30Z5] S
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Tensor Core [F{XAE

Supported CUDA Core Precisions Supported Tensor Core Precisions
FP8 FP16 FP32 FP64 INT1 INT4 INT8 TF32 BF16 FP8 FP16 FP32 FP64 INT1 INT4 INT8 TF32 BF16

NVIDIATeslaP4 No No Yes Yes No No Yes No No No No No No No No No No No
NVIDIA P100 No Yes Yes Yes No No No No No No No No No No No No No No
NVIDIAVolta No Yes Yes Yes No No Yes No No No Yes No No No No No No No
NVIDIATuring No Yes Yes Yes No No Yes No No No Yes No No Yes Yes Yes No No
NVIDIA A100 No Yes Yes Yes No No Yes No Yes No Yes No Yes Yes Yes Yes Yes Yes
NVIDIA H100 No Yes Yes Yes No No Yes No Yes Yes Yes No Yes No No Yes Yes Yes

Huawei Confidential. Ascend
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VOLTA SM

Instruction Cache Instruction Cache
Warp Scheduler (32 thread/clk) Warp Scheduler (32 thread/clk)

Dispatch Unit (32 threadiclk) Dispatch Unit (32 thread/clk) I I I $

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

INT INT FP32 FPR2 INT FP32 FP32
INT FP32 FP32 INT FP32 FP32
INT FP32 FP32 INT FP32 FP32

il FP32FP32 TENSOR TENSOR AT T FESEERE TENSOR TENSOR

INT FP32 FP32 CORE CORE T FP32 FPI2 CORE CORE

INT FP32 FP32 INT FP32 FP32

Ry v 8 Sub- Sub- Sub- Sub-

FP32 FP32 FP32 FP32

W LY LD LD (T T T

ERE) Core Core Core Core

LO Instruction Cache | L0 Instruction Cache
‘Warp Scheduler (32 thread/clk) ‘Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk) Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit) Register File (16,384 x 32-bit)

INT INT FP32 FP32 INT FP32 FP32
INT FP32 FP32 INT FP32 FP32
INT FP32 FP32 INT FP32 FP32

INT T FP32FP3 TENSOR TENSOR AT T FESEERE TENSOR TENSOR

INT FP32 FP32 CORE CORE FPes WT FP32 FP32 CORE CORE

w5 v S TEX LI D$ & SMEM

W/ LD LD LD SFU W/ L LD LY LDY LD LD LDN
ST ST ST ST ST ST ST ST ST ST ST ST

128KB L1 Data Cache / Shared Memory

Tex Tex \

Huawei Confidential. Ascend
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VOLTA SM E&{#3813

‘SM
LI 1$
\/ \/ \/
Sub- Sub- Sub-
Core Core Core
AN 2 B
\ Y,

Huawei Confidential. Ascend

Twice The Schedulers
Simplified issue Logic
Large, Fast LI Cache

Improved SIMT Model

Tensor Acceleration

+50% energy efficiency vs GP100 SM

www.hiascend.com
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5—1{X Tensor Core (Volta)

‘SM
LI I$
\/ v v
Sub- Sub- Sub-
Core Core Core
\_

v

Sub-
Core

7

10  Huawei Confidential. Ascend

* SM : Sub-Core LitEHE T, RENTHFE

AR NSRS ;

» Sub-Core : B3F Tensor Core + FP64 + FP3

2 + INT8 + 4R A ELMEE T MFU ;

* Warp Schedule : 1TE S JTEBH Warp Sch

eduler JHEHIT , SURFRESFR |

www.hiascend.com



http://www.hiascend.com/

11

5—{L Tensor Core (Volta)

-

SM
LI I$
v \/ v v
Sub- Sub- Sub- Sub-
Core Core Core Core
TEX LI D$ & SMEM
\_

Huawei Confidential. Ascend

B/ SM Sub-Core &% 4x4x4
Tensor Core , 51 Warp Scheduler
[[] Tensor Core &KX EFESEEZGEMM
EEIES.

Tensor Core M\Z51%28 (Register File)
BN (A, B, ), TSR
Ax4x4 FEFESR L , BEEISERGTEERIE
pEsfeix | FHSRTB RIS RIS 7t
(Register File) ;
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VOLTA SM #2243

‘SM

v

Sub-Core
| Warp Inst/clk

MIO ¢+

LI I$

4 Warp Instruction/clock

\/

Sub-Core

\/ \/

Sub-Core Sub-Core

| Warp Inst/clk | Warp Inst/clk | Warp Inst/clk

A

A, A

Huawei Confidential. Ascend

 Shared LI I$ HX=2E7=F

o 4 NJHEY7HY Sub-Cores

- Shared MIO (TEX/LI$/SMEM)

www.hiascend.com
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VOLTA Sub-Core 312214

LI'l$
. ! .
Sub-Core BRU
(I Branch/clk) LO I$ Constant $
Warp Scheduler
(I Warp Inst/clk)
Math Dispatch Unit MIO Queue
(1 warp inst/clk) (Load/Store/TEX)
Tensor Core
Two 4x4x4 tensor/clk + * * *
FPé64 INT FP32 MUFU
8 DFMA/clk 16/clk 16 FFMA/clk 4/clk
Register File
(512 * 32-threads * 32-bits)
. A J
v \/
MIO Datapath MIO Scheduler
(64B/clk) (I warp inst / 2 clk)

13

Huawei Confidential

. Ascend

Warp Scheduler
| Warp instr/clk
LO I$, branch unit
Math Dispatch Unit
Keeps 2+ Datapaths Busy
MIO Instruction Queue
Hold for later Scheduling
Tensor Cores

Two 4x4x4 matric
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L1 EEFHEEREF

* Streaming L1$

Sub-Core 0 Sub-Core | Sub-Core Sub-Core 2 Sub-Core 3
Data Data Instructions Data Data

- ° 4x capacity vs P100
S T RSEE T shared ey

> Unified Cache misses in fight

> Low cache hit latency

o 4x bandwidth vs P100

MIO

64 B/clk
64 B/clk
64 B/clk
64 B/clk

> Unified Storage with L1$
12 $ > Configurable up to 96KB

14 Huawei Confidential. Ascend www.hiascend.com
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%1% Tensor Core (Turing)

Huawei Confidential. Ascend

LII$
. } .
Sub-Core BRU L0 1S URF UDP
(I Branch/clk) 2k | instr/2 clk
Woarp Scheduler
(I Warp Inst/clk)
1 Math Dispatch Unit MIO Queue
Tensor Core (l warp inst/clk) (Load/ Store/TEX)
FP16/INT8/INT4
Tensor / 4-8 clk + * *
FP16 32/clk FP32 INT MUFU
16/clk 16/clk 4lclk
Register File
(512 * 32-threads * 32-bits = 64kB)
. A J
v v
MIO Datapath MIO Scheduler
(64B/clk) (I warp inst / 4s clk)

Tensor Core FIEN Int8 1 |
nt4 2889755 , 2277 FP16 Fas
t path ;

£ 4-8 P ETEHREIHAR BT LATR
ITEENNZLEFE (multi-thread )
GEMM #F1E5H |

BT ZFE Thread HEEWE lo
cal memory KT EEIEREZ
BEFNTFTE |
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%={X Tensor Core (Ampere)

SM

- A100 SM DATA MOVEMENT EFFICIENCY

* 3x SMEM/L1 Bandwidth, 2x In-flight Capacity

— GPU memory system

Multi-GPU systems

16 Huawei Confidential. Ascend www.hiascend.com
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%=1t Tensor Core (Ampere)

* Ampere ZHIHY GPU 28t |, SNSREB(FRHLZETF ( Shared Memory ) , WISTHEETENES
% ( Global Memory ) II#ZEIZFFEEF  AEBEEAHEEZERTF.

IREHEP D SRR , FERTIEIN T ZERIZAIRTEE latency ;

- Ampere ZEMRIR M RCREEH] , 181 LDGSTS SASS $5< ( Load Global Store Shared )
S BATEAE I S 7ss B = RAFNEEEINZ, ;

17 Huawei Confidential. Ascend www.hiascend.com
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% ={t Tensor Core (Ampere)

g
A
Tensor Cores Tensor Cores
[ J
* Load-Shared
T 4 reads Load-Shared (4x) 2 reads {2
--------- A
Treads % | comn Chmend e N
1 write Store-Shared Reserved for
, in-flight data Load-Global-
Reserved for /’4 Store-Shared
in-flight data Load-Global (Async-Copy)
L2 )
! t
DRAM ® DRAM ®

18  Huawei Confidential. Ascend www.hiascend.com
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%=f{ Tensor Core (Ampere)

A100
* B~ sl - AmpereZ2t3g89 Tensor Core —4p
5 ﬁg warp g 32 MEFREHEEIE |,
F I Tensor Cores Volta 773&1:@ Tensor Core ’E\IES/I\
ﬁ SR ¢ L
T 2 reads \3 \4 ° I(-ff)d Shared zi*i '
SMEM A

Reseﬂ;\:;d for
in-fight data Load Glokel. - BB IR KR

(Async-Copy)

IElE.
L2 o
t
DRAM ®

19  Huawei Confidential. Ascend www.hiascend.com
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% ={t Tensor Core (Ampere)

FFMA (fused float multiply and add)

V100 TC Instruction
(1024 MACs, 8 cycles)

FFMA 8T 8T
(32 MACs, 2 cycles)

A

Reglsters

32 Threads (Warp)

FFMA | V100 TC

16x16x16 matrix multiply

A100 TC Instruction
(2048 MACs, 8 cycles)

32-Thread
Operand
Sharing

_A100TC

Thread sharing 1 8
Hardware instructions 128 16
Register reads+writes (warp) 512 80
Cycles 256 32

£RE/NRAISub coreZERITEERTT ,

20  Huawei Confidential. Ascend

A100 vs. | A100 vs.
V100 FFMA
A100 TC (improvement) | (improvement)
32x
2 8x 64x
28 2.9x 18x
16 2X 16x

R BIERTSFey

www.hiascend.com
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% ={t Tensor Core (Ampere)

* V100 Tensor Core BJLIERESH]

A100 TC Instruction = ANGEFO e Es 7S
v100 TC I t t. (2048 MACS, 8 cycles) T?KVE/\ | %*EE/JEI@E% I} AIO
nstruction A100 TC B INGETERE
(1024 MACs, 8 cycles) 32-Thread ; OB LA E321 22 HIFR B

Operand (1 cycle)

F1Fas.

« A100 BYTensor Core IR T 16
x8x16 RUITEIES |, BEHFas
REGHIEI 80 IF/VR 28 |, FE
HES M6 RIDE] 2,

8T 8T 8T 8T

21 Huawei Confidential. Ascend www.hiascend.com
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M4 Tensor Core (Hopper)

BJ=4X Tensor Core EF warp Level BHTYRIE : 181d SIMT TRk EMFITE | BEUEN BRI
#Z2ZFFe5 L , BT Warp Scheduler JEFH Tensor Core STk ElERIL |, RIEEEREHEIZF
ﬁ%%o

RSN ERES : Tensor Core /[EREUER , warp WZFED BINNEFEFEEIE Data Tile
F— AR EIIRBURIZ FEFFRIE ; 977 BREERIIERIERT ( £BARFRILEE=RE |
HERNFEIFFEEEENE ) | SWESERIAIK ( software pipeline ) , iBFfEEFay
HERFETER

A BIEZLR : BTS2 REF CacheRIFEZTIRIBRS , B84 warp FUFEFEITEISE LR,

22 Huawei Confidential. Ascend
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M4 Tensor Core (Hopper)

Produce Data

[

All threads block on
slowest arrival

Arrive Single-Stage
Wait Barrier

Consume Data

Single-Stage barriers combine
back-to-back arrive & wait

Huawei Confidential. Ascend

Produce Data

Independent |, Pipelined
Work processing

~ _—

\

Consume Data

Asynchronous barriers enable

pipelined processing

www.hiascend.com
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Hopper fiftH5:14

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/ LD
ST ST

Huawei Confidential. Ascend

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 FP64

FP32 FP32 FP64

LD/ LD/ LD/ WD LD/
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 FP84
FP32 FP32 FP84
FP32 FP32 FP64
TENSOR CORE
FP32 FP32 FP84
FP32 FP32 FP64

FP32 FP32 FP64

FP32 FP32 FP64

L/ LD LDf LD WY
ST ST ST ST ST SFU

INT32 INT32

INT32 INT32

INT32 INT32

INT32INT32

INT32 INT32

INT32INT32

INT32INT32

INT32 INT32

Lo/ Lo/
sT sT

INT32 INT32

INT32 INTI2

INT32 INTI2

INT32 INTI2

INT32 INT32

INT32 INT32

INT32 INT32

INT32 INT32

W W
8T sT

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

Register File (16,384 x 32-bit)

FP32 FP32  FPe4
FP32 FP32  FPe4
FP32 FP32  FPe4
FP32 FP32  FPe4

TENSOR CORE
FP32 FP32  FPe4
FP32 FP32  FPe4

FP32 FP32 FP84

FP32 FP32 FP64

Lo/ LD/ W/ LD 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 FPé4

FP32 FP32 FP64

FP32 FP32 FP64

w W W W
8T sT ST 8T

192KB L1 Data Cache / Shared Memory

Tex

Tex

INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
Lot
ST

FP32
FP32
FP32

Lo
ST

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

Lo

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 FP84
FP32
FP32
FP32
FP32
FP32 TENSOR CORE
FP32 4" GENERATION
FP32
FP32
FP32
FP32
FP32
FP32
FP32
Loy Lo
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 FP64

FP32 FP64

FP32

FP32

FP32

FP32

FP32 TENSOR CORE
FP32 4™ GENERATION
FP32

FP32

FP32

FP32

FP32

FP32

FP32 FP64

WO W L LD WD LD

ST ST ST ST ST ST SFU

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

Lov
ST

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

Lov
ST

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

Register File (16,384 x 32-bit)

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

LY LY LD LD LOf LD 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
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 Ll

(¥ Y VY TR Y. R ¥ . T
ST ST ST ST ST

Tensor Memory Accelerator
256 KB L1 Data Cache / Shared Memory

Tex

Tex

TENSOR CORE
4™ GENERATION

SFU

TENSOR CORE
4™ GENERATION

www.hiascend.com
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Hopper fiftH5:14

TMA ( Tensor Memory Accelerator )

R HIEINE , BIEBREFHIEWER
LIS ZERTE,

KB ZFEschedulet®E | NEERTEZIE
#sE5 | ERER TMA ZEIREE—RM
BCEHFEIMIE. (RBE. FTensorifiiAER
Bie],

Huawei Confidential. Ascend

INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
INT32
Lot
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 FP84
FP32 FP32 FP&4
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FPI2
FP32 FP32
FP32 FPI2
FP32 FP32
FP32 FP32 FP64

TENSOR CORE
4™ GENERATION

LY LY LY LY
T 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 FP84
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FP32 FP64
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32
FP32 FP32 FP64
LY LD LY LD LD LD LY
ST ST ST ST ST ST ST SFU

TENSOR CORE
4™ GENERATION

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

Lov
ST

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

Lov
ST

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

Register File (16,384 x 32-bit)

FP32 FP32 FP64a
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FP32 FP64
FP32 FP32 FP84
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FP32 FP&4
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64

LY LY LD LD LOf LD 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
FP32 FP32 FP64
FP32 FP32 FP&4
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 FP64
FP32 FP32 Ll

LY LY LD LD LOf LD LDf
ST ST ST ST ST ST ST

Tensor Memory Accelerator
256 KB L1 Data Cache / Shared Memory

Tex

Tex

TENSOR CORE
4™ GENERATION

SFU

TENSOR CORE
4™ GENERATION

SFU

www.hiascend.com
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SBM4X Tensor Core (Hopper)

- R Bblock#grid , 2 BIXTNAES SM F1 Device , * hopperZEfJ7E GPC REREIT 5| AR X EIEMZE
[BEREHEREE1EIT shared memory [REIFESMINES | LUK EIZTTEBEIEEEEXYT BE41 SMs , G
ABEESM, PC A SM B LAERUL IR LRI ZERZE.

Grid with Clusters (H100)
Grid (A1 00) Thread Block Cluster Thread Block Cluster

i o o o

T W

26 Huawei Confidential. Ascend www.hiascen d.com
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M4 Tensor Core (Hopper)

PHAEEREFFIwarp groupfRIEIET | XTEIRFIVIER TEUENSE RN | N T eelRERE
FRiz45+s , CUDA Rt XJRAYS| N T Thread Block Cluster BYHES:,

A100 H100

\
Thread Block Thread Block [ Thread Block Thread Block
SM to SM
SMEM SMEM SMEM Network SMEM
N, P. 4

- ) )

27 Huawei Confidential. Ascend
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M4 Tensor Core (Hopper)

- BEiEENHESERESE Tensor Core : TMA & SM BAE—NE R ERNEFERTT , SokE
=M global ;|:|J shared memory FUREINE, , FIRZISFFR001TE | REBEIEHSCIN 7 BNk
EATRIKEL,

/c\'

A100 H100
roadGlobal>toreyjaig LDGSTS instr Using TMA Unit

Addr gen by threads
SM S
Tensor : ' Tensor
Threads J

M
o Threads
L1 Cache SMEM ‘ L1 Cache
Global Memory

Addr gen by TMA

Data + Tranant Reads

Global Memory

28  Huawei Confidential. Ascend www.hiascend.com
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5BP94X Tensor Core (Hopper)

Allocate 1 bit to either range or precision Support for multiple accumulator and output types

Range Precision FP8 FP8
sign  exponent mantissa matrix matrix
e8 m23
5 72 51 | T T T Y A O i
e8| m7 multiply
BF16 [s| |([[TLITTTI{[TTITTTT
e5 m10 accumulate into
FP16  [s| —{IIITJ|[ITTITITTT] FP32 or FP16
P8 e5 | m2
[S1° (==
(E5M2) :
o | s bias/act/...
s] ——{ITT|[TT}
e convert
2x throughput & half footprint of FP16/BF16 FP32|FP16 |BF16|FP8

matrix

SM

29  Huawei Confidential. Ascend www.hiascend.com
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Tensor Core
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http://www.hiascend.com/

Padding Vocabulary Size - Projection Layer Example

£ Transformer 22449 , J@I1T softmax EXT FC AV IEREHITITE | BRIEEICEPST
I Token HIZRRYMIE., Softmax ERIHIHEEZT T EICFRA/N , BEIEIT 30000,

/

Transformer .
Embedded @ Predicted
Network N
Inputs 7 Outputs
3 FC |z1| Softmax
An s R (...)—b 9—5 % - . sew An
input oo g . e output
sentence K > [] »++ | |sentence
L ) | |
\ \
d model Vocabulary Size

31 Huawei Confidential. Ascend
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Padding Vocabulary Size - Projection Layer Example

» Input Size = 1024 , Batch Size = 5120 , {EVolta Tesla V100 {$F8 FP16 FEEH T4, BRiQEAZE
1E- 2B GEEEEHIT WMT 14 {355 |, &l 33708 , KHAICERAIMERZIT™— 8 IS
2, BIsEREROA EERETLE.

Performance of Projection Layer with
Inputs = 1024, Batch Size = 5120

Throughput (TFLOPS)

Forward Activation Weight
Gradient Gradient
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https://zhuanlan.zhihu.com/p/62025758 |

https://developer.nvidia.com/blog/programming-tensor-cores-cuda-9/

https://developer.nvidia.com/blog/accelerating-winml-and-nvidia-tensor-cores/

https://developer.nvidia.com/blog/optimizing-gpu-performance-tensor-cores/

https://www.anandtech.com/Gallery/Album/6494# 15
https://www.anandtech.com/Gallery/Album/6493#33

https://www.anandtech.com/show/ 12673/titan-v-deep-learning-deep-dive/3

https://www.anandtech.com/show/ |2673/titan-v-deep-learning-deep-dive/4
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https://www.cnblogs.com/wujianming-110117/p/12993096.html
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https://www.cnblogs.com/wujianming-110117/p/12993096.html
https://aijishu.com/a/1060000000286803#item-2
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https://learnopencv.com/demystifying-gpu-architectures-for-deep-learning-part-2/
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