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°
Ke M etrl C s I Table 2: The Transformer achieves better BLEU scores than previous state-of-the-art models on the
English-to-German and English-to-French newstest2014 tests at a fraction of the training cost.

Model BLEU Training Cost (FLOPs)
= ode EN-DE EN-FR EN-DE  EN-FR
= ByteNet [18] 23.75
*5,2 Accu racy Deep-Att + PosUnk [39] 39.2 1.0 - 1020
GNMT + RL [38] 24.6 39.92 2.3-10%° 1.4-10%
S g\ == B ConvS2S [9] 25.16  40.46 9.6-10'% 1.5.10%
'l«-l_v—n—*ﬁjx (FP3 2/FP16 etc.) MOoE [32] 26.03  40.56 2.0-10° 1.2-10%
Deep-Att + PosUnk Ensemble [39] 40.4 8.0-10%0
)4 ER o GNMT + RL Ensemble [38] 2630  41.16 1.8-1020 1.1.10%
*Eﬁé,n %*E ,E (| mage Net 78 A) ConvS2S Ensemble [9] 2636  41.29 7.7-101° 1.2.10%
Transformer (base model) 27.3 38.1 3.3.10'8
Transformer (big) 284 41.8 2.3-10%

=
&0t= Throughput
Table 3: Variations on the Transformer architecture. Unlisted values are identical to those of the base

E—Q g | i —! I\ . . . model. All metrics are on the English-to-German translation development set, newstest2013. Listed
=]z 5' j==) IE (h | gh d Imension tenso r) perplexities are per-wordpiece, according to our byte-pair encoding, and should not be compared to
per-word perplexities.

= N
SCAYHEBE (30 fps or 20 tokens) N . . wain | PP BLEU params
model it k v drop s steps | (dev) (dev)  x10°
H E L base | 6 512 2048 8 64 64 0.1 0.1 100K | 492 258 65
‘j.i_ 1 512 512 529 249
aten cy ®*) 4 128 128 500 255
16 32 32 491 258
- = 2 16 16 501 254
QEM}EEEEF%_ (TTA) B 16 516 251 58
®) 3 501 254 60
2 6.11 237 36
4 519 253 50
8 488 255 80
©) 256 2 3R 575 245 28
1024 128 128 466 260 168
1024 512 254 53
4096 475 262 90
0.0 577 246
02 495 255
@) 0.0 467 253
0.2 547 257
(E) positional embedding instead of sinusoids 492 25.7
big | 6 1024 4096 16 03 300K | 4.33 264 213
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FEFEITE Increase Throughput FPE{LZERT Reduce Latency
{IRZERT Low Latency #[ Batch Size Z|8] Tradeoff
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AINDERRRIRBRIZITS : MACs

. ZKiESBEXRI MACs
o ISR EYEARE 445 sparse data
o FEHELRIEHIFIHIT control flow
© DERTHERR save cycles
2. FHEEIR MAC BT ERYE
o ENNETERSTER clock frequency

o /D5 FFEE instruction overhead

11 Huawei Confidential. Ascend & MindSpore

-~

3 wxx

Multiply-Accumulate

Pooling

3

(a) Conventional Multiply-Accumulate Operation

Weight
32-bit

-~

e > Bitshift(w,x)

Shift-Accumulate

Pooling

Linear
RelLU to = Output
Log |Encode 4-bit

(b) Base-2 Logarithmic Computation with Input Quantization

> Sign(w)Bitshift(x, W)
_ v

Multiply-Accumulate

Pooling

31
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AlNMEERIXBEIRZIT= : PE, Processing Elements

210 PE (OISR
EZH MACs F& (parallel)

(EFHESKEITE |, 10 PE UEFAZE (area density)
1&hn PE BOFIUAZE utilization
BitBERERI8EDBCEIARE PE (distribute workload)
5185 PE Z[AliTESaEK (balance workloads)

SENNET SR HATEHEEH (reduce idle cycles)
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Question ¢

o« AR BIKETEREEAB T E Throughput FIRTEE Latency , XN EEZRFBTAFTERING ?
o« Al FRYRIZIT 2 MACs 1 PE , BIX PN EEZFHXREA R MO &R ?
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Performance(ops/sec)
MAC/Cycle
A
...................................................... Step | : max workload parallelism
...................................................... SteP2 max dataﬂow para”elism
Peak

Number of PEs (Theoretical Peak Performance)
Performance

Operational intensity(ops/byte)
» MAC/data

14 Huawei Confidential. Ascend & MindSpore httpS://a rXiV.Org/a b5/1807.07928


http://www.hiascend.com/
http://www.mindspore.cn/

iTH R hE

Performance(ops/sec)
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4
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MAC/Cycle

Peak

Number of PEs (Theoretical Peak Performance)
Performance

step3: PEs under a finite PE array size
step4: PEs under fixed PE array dimension

step5: PEs under fixed storage capacity

» MAC/data
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MAC/Cycle

Peak

Number of PEs (Theoretical Peak Performance)
Performance

step6: lower PE utilization due to insufficient average BW

step/: lower PE utilization due to insufficient BW

» MAC/data

Workload operational intensity
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Step Constraint Type New Performance Bound Reason for Performance Loss
I Layer Size and Shape Workload Max workload parallelism Finite workload size
2 Dataflow loop nest Architectural Max dataflow parallelism Restricted dataflow mapping space by defined by
loop nest
: . Additional restriction to mapping space due to
3 Number of PEs Architectural Max PE parallelism

Physical dimensions of Architectural

PEs array
5 Fixed Storage Capacity Architectural
6 Fixed Data Bandwidth Microarchitectural
7 Varying Data Access Microarchitectural

Patterns

Number of active PEs

Number of active PEs

Max data bandwidth to active PEs

Actual measured performance

shape fragmentation

Additional restriction to mapping space due to
shape fragmentation for each dimension

Additional restriction to mapping space due to
storage of intermediate data (de- pends on
dataflow)

Insufficient average bandwidth to active PEs

Insufficient instant bandwidth to active PEs
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PE(TNFE

/> each MAC THiE
BRI MACs 1R

D FERERVEIRISTURE >> SURER

S R FERY B Z R SRR RN
MACs HTiTERNEIEASIENINGE

Operation Energy(p))
8b Add 0.03
|6b Add 0.05
32b Add 0.1
|6b FP Add 0.4
32b FP Add 0.9
8b Multiply 0.2
32b Multiply 3.1
[6b FP Multiply .1
32b FP Multiply 3.7
32b SRAM Read 5
32b DRAM Read 640
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Key Metrics S5itEFEEZE I

ge$E Energy
HATSOTAMERAIT & Ops/W >> BiE A=
RFZEINFE (e.g. DRAM) >> [&EEERE
ERINME System Cost
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PEEE. THAN. YEKHIFE >> BEKIZIT
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XIERARESSTFE (PyTorch) >> {4

21 Huawei Confidential. Ascend & MindSpore


http://www.hiascend.com/
http://www.mindspore.cn/

Al &R EEER

©
= H'lg:;:‘ggelssing -
llanguage ===
==

IR
== EAIESHNE ES=SIRE
I F(ERE ModelArts @ MindX SDK
RIS SpETSDK
TP =]
2 4 R
RMERR Android OS Harmony OS Linux OS
) M]° MindSpore
AIFFFIESR ] P
S ERES S
IS CANN
IR

F—SIRENERE , B EE

Im(IOT)

(L) =
E It @-‘E“-_-‘

/ww.hiascend.com

22 Huawei Confider
/ww.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

Al i E IR

AR A EA—FE M, ERNEF. NARESRIIMRALE 85

SDK., EERFE1E. AIfEZR,

Ay, T Al Gy EE

:IE%E

N

AldmiEes. ABKZNFNEB(E. BHICT @RI  &ETR

=

#5/Z Accuracy : REZEEEGHRERR Al WSTHREZIRE ;
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3. Base-Reconfigurable Segmented Logarithmic Quantization and Hardware Design for Deep Neural Networks

4 Eyeriss v2: A Flexible Accelerator for Emerging Deep Neural Networks on Mobile Devices

BUILDING A BETTER CONNECTED WORLD Ascend & MindSpore 2 www higscend.com

www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/
https://en.wikipedia.org/wiki/Apple_M1

BUILDING A BETTER CONNECTED WORLD

[HANK YOU

www.hiascend.com

www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

