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Abstract  Computing capability evaluation is one of the research hotspots in the field of embedded intel-
ligent computing. It is an important means to test the execution speed and performance of intelligent com-
puters when performing inference tasks. The rationality of its evaluation results directly affects the optimi-
zation and improvement direction of embedded intelligent computers. Due to the various optimization
schemes for neural form computing and machine learning accelerators, the evaluation of embedded intelli-
gent computers is more difficult than that of general-purpose computers. Benchmark testing is currently a
commonly used evaluation method, but on resource-limited embedded devices, the reuse ability of bench-
mark test sets and evaluation indicators is limited, making it difficult to adapt to the diversified configura-
tion of embedded intelligent systems. The computational intensity of the neural network models in the test
set has a certain randomness, which cannot fully explore the computing potential of the device under test,
and the evaluation indicators are not unified, making it difficult to compare and analyze the computing ca-
pabilities of different embedded intelligent computers. To solve the problem that embedded intelligent de-
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vices have different configurations and cannot be performance tested through fixed models, this paper pro-
poses a neural network model generation algorithm based on neural evolution algorithm to generate neural
network models that can characterize the intelligent computing capabilities of embedded intelligent devices,
and inversely infer the intelligent computing capabilities of embedded intelligent computers based on the
complexity of the model. Firstly, based on the Roofline theory model, the advantages of integrating com-
puting potential mining, resource adaptation, and unified evaluation indicators are used to propose a com-
puting capability evaluation framework that can adapt to various embedded intelligent computers, and its
rationality is analyzed. Secondly, a neural network model generation algorithm with the goal of generating
the maximum complexity model is proposed. By using the neura evolution agorithm, the computational
intensity of the generated model approaches the upper limit of the computational intensity of the embedded
intelligent computer, fully exploring the computing potential of the device under test, and making the
evaluation results more objective. Then, using a fixed upper machine as a reference, the generated neural
network model is cross-operated between the device under test and the upper machine. The floating-point
operation per second during the two inference task executions is used as the calculation factor to provide a
general formula for computing capability evaluation, which can realize the comparative analysis of com-
puting capabilities of different embedded intelligent computers. Finaly, in the Mindspore-cpu, Tensor-
flow-cpu, and Mindspore-ascend310 frameworks, Huawei Atlas200 is evaluated. Compared with the five
neural network models commonly used in benchmark tests, the evaluation results of the neural network
models generated in this paper are more reasonable, proving that the intelligent computing capability of two
DaVinci cores is 42.37 times that of eight Cortex-A55 cores. The experimental results are within the theo-
retical expected range, indicating that the model generation method based on neural evolution algorithm
proposed in this paper exhibits stable evaluation effects under different computing frameworks. In summary,
the computing capability evaluation method for embedded intelligent computers proposed in this paper
mainly addresses issues such as resource adaptation, computing potential mining, neural model structural
changes, and unified performance evaluation indicators during the evaluation process. It can improve the
accuracy of computing capability evaluation for embedded intelligent computers and shorten the product
evaluation cycle.

Keywords neural evolutionary algorithm; embedded intelligent computer; computing capability
evaluation; neural network models; Atlas200
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7. END WHILE

8 addGeneSequencel ntoPopulation(E, @)
9 size=size-1

10. END WHILE

11. RETURN E



11 1y RS . WA BETTE LT RE ST Oy vk 2289

(2) PR SA A

TR 1% AP i i PR e 97 58 SR S S BT
S AEVOE — B ERRJE i BEAL S S
PLAE SR 5 0 FERP A vh A B DR R 9B, B3 Rl
AE R L LA 31 B A RO BB E 1Y FR

BELAZ S N E AT ORISR & b B e — S5 5k
RS A, Z 5 Hic i 4.1.2 S rh A 4y 5E
7 S AR N S A B A A R A AT AR S, O R
S E B BE R R S A B R REAR & .

Bl BILAE SR A 7 18 5 35 DR A [] 58 42 B AL
9T PRIESE B8 S TR AT B A SR, R A
SR A F 8. 25 1 RS
TEFRIE S8 R ALY, A ES ALK 54 th BE DL e+
h— R EP A 55 2 S50 KEIR e B oo AR Al BRI
J7 5 B 4 B — T AR AR % HAE g 28 AR 1Y 75
—BEDI A, Bk DR FR 9 BRI £ 1% ik DR 51 ) A A
fE B L EEAT ) OPS DL KA T i #l b s 47 iy
OPS.

AR P IIE LA 4T OPS
OPS,,, Tt Ml EizfTH) OPS h OPSygyy - I,
fEREAFEES, EfHlEiTr OPS f&/ME A
OPS,, » FALHLIZ A 3 e/ NRNME N OPS;py - 2
2 PRI R A (1) Fiow.

_ OPShin | - (OPSyun-0PSm)* (1)
OPS,,

U BRI B 45 22 AR FE SR R
BITE BALHL iz o R g, BOA D e £, Rk
T332 7R BE DR e 91 %of 7 AR AE T (S HIL I d B
M TR AL ALIE B e/ DR OPS gy 5 F
PP 51 B 75 2 Bl e . bR S0 B v i D AU dn 5
25 s (58 LA7~%6 1347 ) .
Bk 5. FhEZ5H 5 1 (BreedingPopul ation).
WA PVEE EWIERFIAEERY R/ size.
1. WHILE (len(E) < sizex 1.2) [I¥ FEHIEF0E200%01)
KA 5]

choice«random(0, 1)

IF (choice==0) //KEHLAZ L

01, 02«—randomChooseGeneSequences(E)

Ja, ga«—crossGeneSequence(ds, go)

addGeneSequencel ntoPopulation(E, g;)

addGeneSequencel ntoPopulation(E, g5)

ELSE //BENLAS 5
g<«randomChooseGeneSequence(E)

© © N o g k0w D

10. gi<VvariateGeneSequence(q)
11. addGeneSequencel ntoPopulation(E, g;)

12. END IF
13. END WHILE

(3) Pl v kA ik

A p 2 A SRR AT AT R T DL 45 TR ) Y UK
M, AFAETE I ME LIS 5y B A J B e 0 it 1)
MEGL. AN, TR AR BE R ST R ) PRI A
W, TSSO SRR R BEALYE , RTRE IR ER
BEDR R B0 07 1 ol 28 P 2 AU TG YR R B 7 b IR B
1. RIA SCER XS BRI, 255 AN RERSE
TFEPEM R A, LT = skt it :

O e IR AR BRI IR IE R 1817
AR (WA 6 156 2~3 147 );

(2 Hy 3 7 2 8 vy 1 AR A T R i 0B %A e
FEMR, ASCNACATRRE ol W BEAE T 1/4 RIS
R BEALOR B — 020 WA 6 MY 14.17~19 17 ),
DA 5k i s

@R T R AR R MR, BT EA
— 7 BYAIL R PR N BE AR X AN AR T 1A Rl
WP HNBEA T IR, WRIRIEfEAE— L g
PR 470 AT DAk i > A R B B A L. R A A
BEMLIEFE— SR B e 41, AR I 3 DR 410 %o iy A 2
Do) £ A A 114 B (] R4 ] 52 2 B2 ILAR0% 6 1946 10~11
1), VK SO B AE A HLARRI I % 1247 1) OPS
(DLERE 6 58 7147), 3N (2) FrifiRnymt=s
1 E Ho2 B v ik,

BL 6. FPEFIEIA S (SelectingPopulation).

WA MR EBATE B HLANT LB AT AR Ry, AN
Reown, I 12 ML Y iz S50 B2 R BR limit, 4] 4 AR A DR/
size.

it T T G

1. FOR (eachginE)

2 IF (isvalid(g)) /HEIKTCIIETT RT3
3 removeGeneSequence(E, g)

4 END IF

5. END FOR

6. FOR (eachginE)

7 OPS«—getOPS(Ryown, 9)

8 IF (OPS>= limit)

9 OPSyin¢—searchMinimumOPS(R )

10. Chax<—Ccal culateMaximumTimeComplexity(g)
11. Vmax<—Ccal culateMaxi mumSpaceCompl exity(Q)
12. ENDIF

13. END FOR

14. greatSeqs<—getGreatSeqs(0.25)
A 14 #)—#R 53

T HIL 32 5 365 172 e



2290 it A

Bl

A2,
&

i 2023 4

15. WHILE (len(E) > sizex 0.8) /[ IK ¥ IAFIEE 20%H)
LAY P 3]

16.  g«randomChooseGeneSequence(E)
17.  IF (g in greatSeqgs)
18. CONTINUE
19. ENDIF
20.  py«—calculateProbabilityByLower OPS(g, Ryown, limit)
21.  py«calculateProbabilityByUpperOPS(g, R, OPS
min)
22.  ps«—-calculateProbabilityByComplexity (d, Cmax
Vmax)
23.  p=putp2tps
24.  |F (random(0, 300) > p* 100)
25, removeGeneSequence(E, g)
26. ENDIF
27. END WHILE
28. gopr<—0etOptimal GeneSequence(E)
29. RETURN Qg
P=p+P+Ps
P = @ (OPSyoun—OPSiry)° @

p, = 6(OPS, / OPS,)
P3 = 6(C/ Crren) 6 (Vin / Vi)

7 SC 1 i TR R s R FH PR Uk B ML 6 1 =X
7. SB—IRBEPLIE R E 52 2 BEL, TEREAFIHEREAS
HBEALE Rt — Z LR P91 5 58 R e S ARl A
PR 370 54l e I — P SR e B LR B, IR A
R = H o R K, MR (2) FiR.
Hrfr,

(1) OPSypun K 7 515t N LAY E T i AL |
AT OPS, OPSnii N T MLz 5 B £ /)N R il
{E, py W] DABEAR SRR AR N AL IS 1T 1) OPS iz
TN LML SR R e/ IR R, I 5 PR 3 £
T A HE SRR

(2) OPSyin M SR FHE T A 1l A2 8 B B /N FR
il S5 A A R S 6 AR B AE B 6 HLIS 4T ) OPS
f/ME,  OPSy, A HE K 7 510 AR AR 7 A7 Bl iz
1Ty OPS, i 5(x) PR%L Y x = 18F, HUE R 1, 4
x<1iF, BUE R x. p, AT LLEg BRI AE AL b
IEATHY) OPS /Iy, X R 3 PR T 81) ) 4 B AR K

(3) Cpoy N HEH P51 XoF o A5 H8 (1 B 1) 2 2% 3
Crras N 24 RFRRE ro iy A 0 e 8 /N BR A1) 25 10 T 1Y)
FEPR Py 470 XoF oy A% 4 (0 B ) 52 % B o KA,V AR
FE BN AR [ 25 [ S4B, Vi K S TRIRE T
T 2 i/ N BRI A5 PF T 14 35 R 0 e i A A 1y

250 8 FE B KAE.  pg T LA B A A5 760 f ek ) A2 %
JERZS () A4 BB, RIRARU R A%, X R JE R
PINOES e VRSN

FRREVR R AE I PR A N 3535 6 BT n (5 147~
%2947 .
4.1.4 BIRVG IR EETHRITIE

TEPFT AL S e p i A b, AT Eb A ) A2
JRBE FOCH B, DAREARL A I ) A2 2R BE RIS B Y
B R RE A AR, DUB R Y 23 ) B2 4R B R
) TP AEBRE, R TE . ST AR AR
Aof ) 42 2% BE A ) — A b R Pl A 4B, ani&l 6 BF
7~. MR Roofline BRISARAL , FEAREY B HEWT B BL,
SE I — UK [ AZH& (A t = max(C, [ z,V 1 ) , B
Bk s, Horfr C AV, 43 3 ZR 7R AR Y 1) B 1] 52 2% B F
ZEERE, 7 M Bzt 5 T Ay
Be. B 6, 5 P RN TE B x My
i AU BB TR, ARIERTSC, FERAT R b fb
YRR, T TN I 2L 1 R A AR AR ) PRA T B [ 4
HAE— AR AR B K 2 AR 1Y) OPS 451l 24
1, Y458 —NFE P& _LHEWHE 55 P TR S AR
— R ARSI, 2R R %) i ] 42 2% B R 2% i) O 2
— AT L L, AR B I, T AR X SR A v
15 15 4 52 4 P e v R RS TRY

A
/
/
/.Ml(xlyyl) .
~ / //
= L/ P(x,, y1) /,' My(x3,y5)
E‘E( /// ///
E // ///
W |
// //// L2
/1,7
WIS B/ T

K6 MR IRE L

AR A LAY AR5 B2 B DR/ AT BB 2 Y 30— ol
PO, 5 AL ALY T3 B R T A U AT RAL
AT SRR EE I, AL AR R My s, L
R 2k B ROBERIAE B AL HL B A PRAT I ) T L, R
2eBr BRI, H L BB BRI 2 [l AT I ]
PTfBh; 4 EALHLA TSR /N T AU BB AL
ATTSRR L, EALHLAT AR M E R R My s, L,
52 2l =0 I € o o VA W S AR O L1 N el s
2o Bt ERRRL, H L, BB B RYBIRL 2 Al AT i ]
ATABh; 4 B LA AT 5 I 25 T AU RETT AL
AT RR BER, 7R B LB AT I ] R R A A R
2% BE i vy AR RS



11 Ly RS

A RETH A ML B 6E Ry 1k 2291

H T L AL THAR 50— MBS 23 Al AU fiE
HRHLATH R SR A, LSS =Mis ol — A&
B0 B R N D T RV € o0l S Y ) D S = 1 1
PR I 18] B S 2R (S BB 8 HH — 20 (HA AR Y
FREAL R, A R ) A i) A2 2 JEE AT O o 2 ) S %
JEMEL, XA T 25— k.

FE_EAHLEIEAT e, A 2 LB R B
] 52 24k J3E el [ 52 24 JBE R m . AR SC o e ol A 451
PO 2% 22 A9 N T R 2 [ 52 24 P2 35805 20 2 3 s
M R BB R AR R, K R DR
B, Cp RaAZ MM AEIEE, Cyy FAA
JZ )% Hh L

£33 SNEEMHEREHHEASR

e e 5 A
BRZ O(M?.K?.C,,-C,y)  O(K?-C,-Co +M?-Cy)
Wbz OM2.K2.C,,-Cy) o)
LR OG- Cou) O(Cou)
Flatten 2 o) o)

4.2 AR I EN T E R IENRE

AR SCE ARG T AR R LE 1 (7 L3247 A OPS >k
IR AR BTN RE ) HEA T 4. AL
AL EIEAT Y OPSHE /N, AR AR A 1) 52 = B
FARL A AU RETT AL H R R sk, R
fifi I _E QLML BT OPS {81501 Sy B 1
Wi

A2, M5 Roofline FLISHIAL, S PR AYHIRL &
FPE S Z REfE—E Iz, W 7F0R, B
FORTANL, Bl AR RETHEANL, R sidoR AL
B, BPIAE 5.

A

==
(U

=S [RIE IRIE

RIS 2 B/ T
B 7 BRI

RBLAERR S T AHlizfs OPSh § F, Bk JE it
REBIL g My 5 27 My BT AL s 7R OPS
NSy, WTERS EAHLIEFT OPS A S, (S) T, &

FRPE B KRR My, 5 S, S0 M, BRI AE T 7 AL
iE17H) OPS.
& 7 o OP, A1 ORY By HL(E I 438 (3) iR,
OB _S _taa @
OR S tana,
] B o A I 17 S, VR M B R M, 2 2= 8, 1D

OR K BE A A (4) FiR.

I'=— (4)
S
LA R R AR R WAL (5) PR,
I'—,:ﬂ. (5)
Sina,

LR AT Z P i ) 1 25 (] &2 2% P8 3 0 2H R
WSR2 B0 C, aSEIE R EIC AV, IR
SNERIG JR R LLRR WAL (6) FiR.

W kT2 ©

A kg Al ko BT TRL, ko AMEDRE T I ] 128
] 52 2 B AN . I SROKs B LML B 0 Ry 5256
— N IMEEPRE, B o RN 45°, L EAY
A (7).
S tangy
S tana,
| sing
~ sina,
1
S
7
4

[

I"=

(7)

O!1=

T
O<a, <—
279

RIS, BRSPS AN A 30 (8) Fi.,

2 2
| NS S ©)

NEET

fE LRI R, B M, AT DUER A AR
K EAHLE G e e, nlRVERXT B AL e
AR B T VT BE R B AU SR
T OPS H4 BR 1) 76 [l /& 1~100 ( FLOPS ), ABA T A
TSet 0.1 B0 KAl A SCHE 2 AR AL AR Bl A VA AR
% 1000 AR K8 AR A WA YA . 7EAS B M,y
Ja, TTULEAEAE A AU Y 42 vh 38 2R 2 X6 N [ AR AR
M, RIAT, SCAE AT DA /b — RS AR A i, 4 o X A 7Y
PR R RCR. T LA BB o H5  vR
FEFREE LA, BUASTRECE 0 A L2 It
ANRVEE. T R UEDR 2SR 0 — 2, v LK




2292 it A

Bl

A2,
&

i 2023 4

TE A ALIZ A7 D03 A AH DGR A L B 21 4 o T 5 1)
P = M54 1

FESEBR I T R v, T BEAFAE OPS B il Jo ik i
RGO, By A ALEREE K T R AL, -
MR S, E T e /N T 1 S BOHRER
K. XEFFEXT OPS ME A T4E L, SR )5 M7t
H. M Roofline FIGHIAY, #5744 S BIIEARHCH
kS, , TIRLHY (4 52 2 B 58 AR AT Y 1 kA, S, 1
HEARCN KS, . R, T Mg Z ) v] e fAE
BRZES, BIRTERRN R F s Bl TR S 7]
REAIR. o T AR — RN AN R i A U fig
R, KT HEAR MR A I AL, 2
W S EZ BN R — A, 55 S, I 1E %6 iCh
Simit » ABATTERE PRI R A (9) Fiw.

| _Ssrss
V25,1 SS,

T (9) HAR A T A A e 2 I 45 S R A A )
SEE AL (RN IR ) (1388 R 2S8R,
ik VFLOPS, FHUE F /R s B B 4. L
BB A, ) 3 A 50 3 A B A AR g 5
B A2 B R AN ) S e T % e 4 O 245 A 1R B T
S27%, AT LASE N30 43 Mo A2 4 057 5 10 S .
43 FEMIHS
431 PSR

B A 35 o 0 92 A 1 R — A A o T 52 A
FERFAE, MR A [R135 45 I Al BE BRI 45 i i v
TR e 8 VIR C R R s AT R, NI
T A I A R A7 3 89 LAGE e HLAAR I 15 45 11
ARIECEBA, Fn. CPU., WS EHEE. &
SO H A I T 2 R Rk A A N 5 AR U] 9 B
T I A R B E S O, O N TR,

F T 2 0 A B AR BT D SR AE A 2R B
TFRMLTH A BE J7 AR, DURE TR 4 B 2 8 00 HE ik A
KB EAL R BETT A RE . R T PRI A s
RUA 8k, AR SCHE BT IR 22 ) A R R PE Y
W28 AR SE PR AT s[RI, AR SO Y
SRS A 1 A A [ b 28 I 2 )2 TR BT AL ) 4% Bl 2
B, DIMGIIE 5L K 51 B8 IE B 56 e Hb e 55 3] 19 28 46 b
gk 1.

TE LR A R BB T AL 568 0 vl i
ARG A RECE T O, XA B E R AR
AT TR EBT. T AR ZEMERE, S5
FHE Z (A R AT RE 0 e R, i AR i 3 A
A ASCHE Y I 40 ST R BRI A S5

(9)

H KA USR5 22 B, RS AT B2 I 45 1RV T
AT DLEE AN R A i 25 5, SEIIR A TR RE ) e
TR

432 JrikmE

H RS [R PR 7 32 Z R e AR e % (m ) B
PRIk Bk £ 28 ) FNINT A8 bR e ST TR R 22
St AFITEMAEAR T, BT ASTE 225 i 48 0 4%
BERVHEWTAE 55 1t 3, JCiE PR A KR it oa
BT R ) B PERE LA, Tk, Bl — i A
BRI A MY PFINAS Sy T vk M R R BE, A
SR AT DL 3d 2 %) H AN A i A SR RE TS AL A TE I A5
gy, SRS EALA R R RE AL, (HEX
J7ETHRE RTINS R A B B 5T

AT B TEAF DS RGP e R v [
RIS WP W ok L g (< BN 2 UL N W S o
FAE LR A IR . WP AR 2R KR RECEDXT L
BRAITREAES =4 ME. #4E Roofline HligH
A [ AR AR R & L as AT I AT REAE AR T3
ST TR, 17 J5 T 0 2R A Rk A B Y %
R, et 20k, RATRR I ALBIRL ) 2544 Fl 2
B, BRI R B AT RE R R RN A 1T
AR LR, DA 2R s R ).

AR FHBE SRR 23 AR Ry ol 25 I 28 A5 8 11448
RAS], EAR PR A0 S AR i) I £ A5 TR 45 4 A
SR N FH AR 2 8] B A AE 25 5, (BB RUZ M
B Z R T A M B R AE A, A
a7 MGEBR N T s, Nk, AR SCERA R
AR TR BB A AT D 48 A5 80 rp i S AR DG R AE , TF
M2 e mT AR R 24 AU BB RE ) 1L
B . Ak T AR AT LI s KA R 25 |), 5%
TR A I P SR T A5 R S A Al — i BRI, il
SELE A L A 28 ) 2 ASE AR T A 3 SR
433 JEBUAR R ITAL

ABEE T8 FH SE e g ) T ik, (R s itk b
S B VI Oy i A S A A DI A ] SRR Y
Atlas200 i A E BEB A SCRRIS AT IR om 4%
A (NP RIAE ), FEAMAH ATC
( Ascend Tensor Compiler ) T E ¥ onnx 4% 2 ( RE
2RI 20 ) B om A% X, T
M BRFE AT, SR SR T K Y 3 A
R A AUFNT AL AR A A 28 E A0 B 1 A A
2RSS | B K A R AR 4R R om A%
X, FENEK. BT EOULEE G ERMER, &
SCHIEAC SRS, 38 T Bl A AL AR B A 2R )
KRR TT ) OPS YUl , 7EM i b ke 1T ZHi



11 1y RS . WA BETTE LT RE ST Oy vk 2293

i 0.1 AR Be A B AT ALAG b 2 N 5 A R4
P2 A LIS AT B rpon] DUTE A LA B P 22
W 25 B RLAE v AR 5 OPS Hk ik /5 18 A e 245 00 25 i Y
T LA ML A BRI R R R ], AR BT AL
P25 ) 2 RS TR0 I 0 FL A TR 4, DA K BRAR Ak S D3
A, H ATEUS A KK 2 ZNiE 50 434,
SER AR FE IR B N A L 22 i ) 2% A A
(iBench iR 4E £ & 10 Fh 25457 . Benchl P iiljiat
AL 11 R IERERD ), BT R 1/ A A
R AR A M GE TS I AR 25, AR SCTERIH
B RLS , ZUGSFTRAL, LS 1T B
PIEAE N e 225 5. T 7 S A R 508 i 17 ]
WIS, 2 /N 5O A I i O T A2 Y

WAL, PR R BB i, ALY D &R
BERARFEARAZS , H B ALAYTTS A8 S A At R R
R — AR AT RS, R DU 3 v AR 11 4R
SR EEFERS B LA HLE TSR EE L SR, A A
pi N = D NI LTS ) TS S 1l VA el 1 B =X
FEREIE N S . A T AR g R — bk, ar
PLREFE LA HLIE 77 I3 Y A S 52 1 A 7% 2] 4 e e
H AL = iR %5 2% I
4.3.4  SZURTEIN S A T

ARSI A A U BE TR T AR
AN B2 e 2 I 45 AR T R s B, S AR
KA BREG  PUATIE &3 A SR BE R RIEAS
[ A2 285 14 B A FIVASE R 3 WA 55 1 A0 55 i s A0
FHAARMZ B B g | AR SRS, X
P25 P 25 R (R i PN A S . R, PRI A AR AN
Ivi] 4o 22 ) 2 B R PHAT AT 55 8 AR A | T AR SR
FIPFI S R, N X PRI 25 S e A R . S E i
T e 22 X 45 AR 1) i A 389 R BEAILZE B0 (3, 32,
32)4 M) i, TFALRE 0PI 5 SRS R0 AR ) B R T
HiSe R, hTEGHE TN, SEHESTEY)
FREPUE, BTLL, ARSCHEM S R ] T 2k
FEFRRIAE S5, &R ST R Y.

S TEI 25 SR ) 32 2L R R e i A U RE A%
I ASEBILE 3 S HAA T 4 2 D) 4% 1) HE T4 45 st A A B0
PRVESL OPS. W T & MERER 225, P2 M 45 A5
FLRKIZTTIH OPS Seit s A vl BEAFFE N 8h, PRk AR SC
FE S AR o DA — T UGB 1745 S A S (EAE N e
) OPS, AR sh % 1 45 S BEME ) 3.

5 SCIGIIE

51 SLWRE
A SCSZE ) EAZHL CPU S AMD2600, 3

WAE A 3.6GHz, W7k 16GDDR4 L K AiK K
3200MHz. Bl A GETH AL Atlas200,
LT F 1% 310 Al A FERS, T LISEELEMR U . &
G35, TTIZHTERBEIL. Plas A, EAML
SR N RE B . I A A% BRI R AR AL 1Y
RhPEES . —FhjE DaVinci Al Core, ZACFEESZ Al
AEBRER | PR 2 W 5 A B I 2R RS AT ER AL T ARk,
J3—7Ffi& AS5 Arm Core, iZAL A& ARM b3 EE,
AR AL FHSCRI L. T ALHLERSE Mindspore-cpu.,
Mindspore-ascend310 L)} Tensorflow-cpu fEZE, H:
Hh Mindspore-cpu HE 4L F1 Tensorflow-cpu #E 48 i F
Atlas200 1) Cortex-A55 #%.0oi171H4., Mindspore-
ascend310 HEZE{ii J] Atlas200 /) DaVinci Al #%.0hif
THE. i AR IR RS WS8R 4
JR.

R4 Atlas200 FEEHESH
Atlas200
5L 310 Al Ab PR ZE
« 24~ DaVinci Al Core
« 84~ A55 Arm Core (5 Kk 1451 1.6GHz)
o K (FP16): 4/8/11 TFLOPS
o BCHORE I (INT8): 8/16/22 TOPS
« 2581, LPDDR4X
o {i5&: 128bit/64bit
W « 7348 . 8GB/4GB
o HK . 3200Mbps
« ¥ F§ ECC

A4

UbEEAR

Al EH

H RGAS [ PEIU 7 vk 2 e e A ve 2 (T ) L
PRSIk B B 45 25T ) RN PEAE b e O TR K 2%
SRR EERR T, BTN A A Aol 2 X 4%
RERUMEWAT 55 1 E R, JCIE AR AR se A
BLGE R Y BRE PERE LB, FrLL, A — M AR
BBV A P A5 4y o vk i B HOR R L Bl R
SRAT LL3E 3 X R A A 20 BE TR AIL A B I A5
gy, SRS AR R R R R T AR, (HETK
A EZ T TR TS R m AR i, A
CHETFAEN Atlas200 & 4 AL BRER AT AL B
{28, Titfili Mindspore-Ascend310 Fl1 Mindspore-
cpu HITTARE S LU, BEIB TR S UG =CPU F4fix
CPU A3~ ) AP0 A 77 o548 R B < CPU. Bl
Atlas200 it &b B 2% i3 FH 1542 0 Cortex-A55 3%
ARMV8.2 B214 | S 4 A FKS BETE s i SIMD 54>,
JIr LA, Cortex-A55 #0510 B iy BEIR 4 ) =4b B AR
% U B x E AT < AN A AD BRPE 25 8040, 8% 1.6GHZzx
4FLOPS/HZz=51.2GFLOPS, [A] i 75 B 2% & 3| 317
HER S ERER K. H B 310 AbHE A



2294 L2 - NI

A2,
&

i 2023 4F

Davinci Al 520 BRS BT B 17 2%
10°GFLOPS~5.5x10°GFLOPS 2 Ji], Hl (4TFLOPS~
11TFLOPS)/2, firlk, MR¥EHENE I $4tp b BES |
FINEEAE BITEAS R A% 310 4bFEER /Y DaVinci Al
TR DR ERE 1202 Cortex-AB5 #.00H) 40~
100 1% 4245 , 1 T DaVinci Al H8.4%.0> #l Cortex-A55
B —E N RS, R SEAHSE, TG & m)
HHBARKTEE, FEE A SRR Davinci
Al TR SERBTE g . Beak, SEPrAE L
o 22 90 24 A TR G 15 B IR A5 AT SR B R 22
R —E MW, SEHZE &I,
WA B U S/ N T RE R RE W HLE,
K A T 8% 7 S 30~100.

ARSI R RE I PRI AR A AR A A =X (9) TR

Cortex-A55 %L 1 PEI 75 43 1) He AL [R) B Sy 3 R
FE 1AL 4/8/11TFLOPS =% Al 51 3%, 8173t
TR AR i o 2 ) 28 SR RIAS B Sl AR 1 9], =
EQAIERIEUR LN

H iR 22 5% FH B R4 19 7 ik A i S R
PR, A SCABRAT o R 202 5 Bk A A 22
DR 48 AR TRUAE SRy FEETE IR Y, XA [ B i 48 I 24 A
HAE R —48 R Atlas200 F- & bt friilak, 753
Mindspore-Ascend310 FI Mindspore-cpu 115 fig
PERETE A A LUAEL. PRI, AR SC 30 12 B W 4 X L e
32 5 ot 25 N 28 B AU 22 ] B H 5 AR SO R
LU S5 FIAS [R] 3 HSAE SR TR A SO 6 A 6T bE S 6

AN TR P 2 O 28 B TR 2 [B) (R 5% L SE g . DASR 5
JIr7s Y 5 b 28 W ZE BRI Ry X IR, 5 R R 22 5

B, LSRR, BT Atas200 FA R Al PRRREA B R AR BRI IEA T T L, W KRy 6 e
WHSECEEEM, Hik Davinci Al HEZOR  BAISSHYSIEIANEL 8 s, IR p s N 2 R A ) 2
A FHIERE FHER RHIER |58 L Bﬁﬁiix Kﬁ%ﬁﬁin ﬁiﬂi
3@32x32 32@31x31  6@30%x30 16@29%29 13456

\
\\\\

BER BRE BRE )R i ¢ LR LR
2X2P44% 2}2P94% 2}2P9H% RIEHIR
(a) LeNet
A WL gqER MEE RMEE REEFE KHERE  REATT RGBT AT !iﬁtﬂ

3@32x32 32@31x3196@30x30 96@29x29 128@28x28 128@27x27 16@26x26 10816

128 128

NN N \
NN N

BRZ  BEE BEE BRZE BEE BRZ YA EEE AEEE %R
QMBI 2B 22MAE 2B 2}2AX
(b) AlexNet
REIER HEIER FEAERE RHIE P REEFE [T A ST U & T l%m#:fn Iﬁz?&#ﬂ K%?Eﬂﬁfn &fi-'ﬂ

HIA H
3@32:32  32@31x31  64@30x30

128@29%29  256@28%28 256@27x27  256@26%26

N LLLLH

173056 128

RHRRRK
NN N NN

BEE BRZ B BRZ BEE HBYR )R 21 SEEE  EEE %R SRR 2%pR
22 229 #% 22 1% 2X2P % 229 #% 22 %
(c) VGGNet
WA A FRER RREE RMER RMEE KR R RMER RMER RMER RMER RMEE MR AHEE BT RONTE

3@32x32 32@31x31  G4@30x30 64@29x29 GA@28x28 64@27x2T G6A@26x26 64@25%25 128@24x24 128@23x23 128@22x22 128@21x21512@20%20 512@19%19 512@18x18 165888

1000 10

NN\
NN

ERE BBZ  BBE BRE BRE BRE BE BRE BRE BBE BHE BRE  BPE
QN 22K QAL 2}2BE 2x28E 2x2BE 2P 2B 22k 2x2BE 2R 22 2x2#% 2x2PAX

EBR WL EEERE SERR

(d) ResNet

A

HHER HHER

3@32x32 32@31 31 64@30%30 64@29 29 64@28x28 64@27x2T 64@26x26 6A@25x25 64@24x24  64@23x23 123@22 22 123@21 21 m@zo 20 123@19 19 512@18 18 512@17 17 512@16 16 131072

@EEEEEEEEEEEE&EEE\\\‘

AGAEE AL HHER KHER HHER

[0 ] M&m mzss:n #lrﬂ

BB BRE BRE BEE BHE BRE BBE BRE BPE BPE BHE BPE  BBE  BRE B2
2><2V~]t§ QML 2B 2B 22PAK 2x2PEK 229K 22K 22 22K 22K 2x2MB 2x2ME 2}2AE 2}2EE 2}2AE

(e) Faster R-CNN
B 8 it 5 ) 4 A5 700 8 oy S 48]

P SRR SRR SRR



11 1y RS . WA BETTE LT RE ST Oy vk 2295

*5 MHEMBREITELIAITT R

o 246 455 A YGRS INA3EE75 S
LeNet MNIST ERCE &2Vl
AlexNet ImageNet Kl 5325
VGGNet ImageNet SIS
ResNet ImageNet EIZR 52
Faster R-CNN PASCAL VOC 2012 H kil

5t BRI R B FUZ N4 1 2 A B0 EL AR TA]
JEFT BEAR A ] B 1T B . ol 448 D) 4 A 70 45 4 1)
22 5 FE R WA [ W 50 BARAE 55 15K A
B, A RE T P A v ) B 22 50 ) SR R A Y
B[] 52 2% B RN 23 ) 52 2 B, DRI M AR SC 220 6 ot 2 D) 245
SERE Y DX RT3 R T PRI R v A R

AFITHEAE ST WX Le sz b, 9 e =P
W & HESE ( Mindspore-cpu, Mindspore-ascend310 1
Tensorflow-cpu ), DL} DaVinci Al iH# .05
Cortex-A55 %0 iy P Fp AL B ZR HE 4L, DaVinci Al
Core AbHEER N Al ARFRER, 9l 28 28 BRI Y Il 5
izt ft THifk, AS5 Arm Core 4bHE%%JE: ARM
REFRES, R AL AR, BTLL, PIRh A4S ab 21
i T AR L S0 AT LA 3 58 S 00 45 S 3 A 1 A T
PRS2 I A v 2 I 2 AR 1 i A 20 Sy B AL A a2
M9(3,32,32) ) £, ALY TR0 HE T K.

A TAE FZ RPN AL TERE, WA S E
BENTF R RE 7 AR B X i A U BRI AL AT IR
T RESAN, HREZHOA TIEZR TR&H
BEmiELAE B, SEOCEME 5 M B H T . A
I, 7ESE 2 WA TAER MR 1 h A8 TAR ST
TEMCAH TAEME LI, ORI 2 AR EAS T4
A DL R PR
52 LWHE

& 9 S/ ek ] python 18 5 #F4I 9 5256 T 1 &
PR AE 55 e B AL T AT AN AT 55 24k, R
PEAT: 45 K ik BT B8 S v RAh B b, T3R8 1 R4S
B AR AT 55 B Bk A B DL RER , AL A A

AR SE e B LB T B E R, T 5 R 6 5
] N AL AR VFIAT 55 MR, T HSORIg AT 5 %

AR HGR MR 25 0. 154 Ab BREL R TR XF
S AR BE N AT G 4, JEXTE A E TR,
AT Je 48 2R R B AR S AT . TR S5
PATEHAR Y LA HLE 26 IR 2, R T AL
PIIREE, B TAERAL R, IR MG THE5 8. PF
R Y 17 57 ST o R b AT 55 B RN S R
W, IR H AT AR AL A, H R R TS
st B R E R S T ie SRk, R4
HEATIREUE . SR FHIZ S5 T A S4B

(1) $EHESCIREREE. 76 AL EFSE Mindspore-
cpu LA} Tensorflow-cpu HEHE , ZEHE I R 7 AL L34
Mindspore-cpu., Mindspore-ascend310 Ll & Tensorflow-
cpu HEZE.

(2) %25 T H. 78 LAALE 2R QR
FEREIN T B 2 0 A B AR

(3) FCEIFMAES. FEM KB (AFEHE
PREL. PREoC N, SR A, WA )| AR
R R R RS0 (L AEEAR A, R s
BRI, AR REAE ) FECE. AT EAALRT
AL FH R A 2 IR HE SR | TR O SR R
W E, DUE T RE S R 16 A iE MM &
] 25 A5 AL

(4) 1217 5 PP P8 AR Y. R F H AHE FH )
Pl 22 P 45 45 | eNet, AlexNet, AlexNet-S, VGGNet,
ResNet #1 Faster R-CNN, 7 Mindspore-ascend310
Fl Mindspore-cpu i+ AESL N izafT, Hr, AlexNet-S
FRXT AlexNet B 1 28 S0 B AT — 2 L1 46
/NERS B R BRY. A A 2 2R, JT R
H¥ 4k Mindspore HEZE S HFY) om #HY, fR)51E
Atlas200 *¥- & Fizfy.

(5) 4R 5 Pt M RiALz T 8. T 1
R S BIRUERE R, TRIHRE S . S, . S
S, WHUE IR 2420 (9) XF Davinci Al i3 #0

_____ CE S
I
D s | r——————- -
Hl B ] | | |
P B S RN e | fgopm|  DHEREs
| e R e e N T a1 :
| R | | |
| ________
PRI R | v v |
1 A e |

S

Ko s T HRE



2296 it A

Bl

L
&

i 2023 4

I Cortex-A55 #0011 B J1 #7141 Linpack J2& [E
B A $5e 3z 09I e Pk RE TR AL R S8 i S TR RE
FOHEVE DI, BT LA, AR SCAR SR %8 Linpack F1 Top500
I 23624 AR RV E B i B0k F Ak
iR B ik 28 AR AL B 1T i A SO SEALAY T
RES1. arlgeit Bk MR BB AT I ), 35 A
FRE TR TE SRR (FLOPS), JEiTE AR A H 4
oA 245 A D 7 T e HE 2R R A IE AT Y PR R VR L
fH, DA 5% 310 ZbBELR Y Davinci Al T AZ L
1 Cortex-A55 %0 B TT L 1 89 LU (..

(6) IBITASCIFIHERL, PATHT ph gL
A 28 ) 28 AR AR R T

(7) R SCEDAE R P2 SR, 5350
TE Mindspore-ascend310, Mindspore-cpu #l Tensor-
flow-cpu THEAEL T izfT, HES it rim, H
UARFRA L (9) THAAE BU M 28 I 28 1S AU 7R 3 FAE
BNHERE IRy, B, 1A Davinci Al %0
Cortex-A55 #% .U RE 11743 1Y HUAE.
53 ZWLERDH

£+ %§ Mindspore-cpu . Mindspore-ascend310 D &
Tensorflow-cpu —AMHELL AT PEREPEAL DI, H 48—
fii ] Tensorflow-cpu 1E4 E AL LAY ALZFTHESL.
PRI Sy PRI AL 3L AT 55 T A BT RS DL i) oy 24
30. 60. 120 Fl 240 4%, WOECAnRBIE K/, I
THR R ZEER, W E K, BB EERA
EFEsiEl, PrLL, AR 2R S ITAL, AR S
Ol S PECN 60 BM GG, X ME A

B4 H E/FLOP,

0 5 10 15 20 25 30 35 40 45 50 55 60 65
(a) B—RPUTHEE:: FALOPSPERM ARSI A /AR,

55F
50 -
45+
40 |
35+
30
25
20
151
10

BT BE/FLOPS

0 5 10 15 20 25 30 35 40 45 50 55 60
(©) 5B —RPITHE:: IRAROPS RN R ABLIN AR L3R

347 # F/FLOPS

3173 /FLOPS

R SRR O, R — AR e (AR R
MRTAEO A R T AT PR Gk i
R, B Ja R AR AR (9) THE AR LY s &7

&l 10 J&/R T Mindspore-cpu HEZ8 (1) iR 45 5.
H— K PAT G LR R, B OPS TR N 60,
&l 10(a) 72 /R 55 — Ik fif I pf 22 i AL SR e kAR, i
H AL A i OPS{E A 400. 1K1 10(b) 2718 55 — Ak F
P2 AL R R AR R REF- 1 OPS E &8l 25—
WHATH AT, ¥ OPS T IR¥CH 400, [
10(C) FErm 5 Rk AH FHph b AL Bk AR, A
BALfAY OPS {0 15. & 10(d)ZE 7~ 5 — kA FH
S AL SR AU R F- 1 OPS © &8 X1 T
AR (9), SHIE N 60, S,HIMHE N 400, SHIMEN
400, S, MmN 15.

& 11 75 T Mindspore-ascend310 HEZ42 (i,
iR R PAT RS EART, B OPS TRk
i 600. &l 11(a) K 5 — A F pl 2 kAL SR vk AR
if, FPEER AR OPS {4 94. F 11(b)F R4
— U FH R 2 R A S AR R T34 OPS L 22k
S, BB B A B R P A 2 ) 4 A5 80 S 4 ] 13
B, BRIEEA . 7 ERZE . R, 34k
e 2 M 2, Hodr, B AR (3,32,32) 1 [l &,
BRENBER KNG 222, KK 1, WA NKE
10 W —E T it 2R IR T AL EA Y,
OPS T [Ri%J 600, & 11(c)Ze R 55 — Yk fdi i 4
LA, FhREh SR OPS {2l 275.
12(d) 7R 5 R Al FH A e b Al B a2 AR R R S 34

1600 [
1400 [
1200
1000 [
800
600
400 -
200

0 5 10 15 20 25 30 35 40 45 50 55 60 65
(b) SE— W HATE s FIIOPSHEFM BB LR HAR

0 5 10 15 20 25 30 35 40 45 50 55 60
(@ BUHFTHE: FHIOPSHIF AR

[l 10 Mindspore-cpu HE 42 i i 45 5



11 1

B RETH R AL RE Sy PRI T ik

2297

1050 |
900 -
750 |
600 [
450
300
150 -

BT E/FLOPS

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
(a) B—IRPUTEE:: BALOPSEEFNEH BN AR AL AR

750

600 -

450

BT E/FLOPS

300

150

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
(0) S RPUTH M JALOPSEERMBE BN AR AL /X

Kl 11 Mindspore-ascend310 HEZE

OPS & & litsl. *hi FA(9), SN 600, S
HIMEN 94, S;H{E K 600, S, HU{E K 275.

& 12 JE/R T Tensorflow-cpu HEZE 1 45

— YT Rh AL R HO%Tmuﬁm
[@H@%m%—mﬁﬁﬁﬁ#%ﬁ%ﬁﬁﬁ,ﬁﬁ
FR R i OPS{EA 400. &1 12(b) 2% 78 45 — YR A 1
P2 AR AR AR 1) OPS &8sl 5 —
WIAT ph 2 LA RS, B OPS T RR1% A 400, [
12(c)F/n o R Ml M A AL B s AR, A

500
400

IIOOM

BT /FLOPS

1000

900
0 5 10 15 20 25 30 35 40 45 50 55 60 65
(a) B—RPUTHE: BAROPSHERBER B Bt HAR

80F
70
60 [
50
40 -
30
20
10+

BT /FLOPS

800

700
600

10 15 20 25 30 35 40 45 50 55

© %_rk&ﬁ;%&‘: BAROPSEERA BB R AL H AR

[l 12  Tensorflow-cpu #E

2100
1800
1500
1200 -
900
600
300

BT E/FLOPS

!

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
(b) B—RHUTEE: T-HOPSHERMEEARBNAS LAa S AR

850 F
800 -
750 -
700 -
650 -
600 -
550 -
500 -
450
400 |
350 =

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

(d) 8 RPUTHE: FHOPSKERP B AR bR H AR
F gt AR

iB4T E/FLOPS

§

Bt OPSE N 8. &l 12(d)F /845 — Al i # 22
PEAL L AR R -4 OPS B liesl. X T20
X (9), SHEN 60, S,HIEN 400, S;HIEN
400, S,HI{E N 8.

5 FhH FH 25 X 45 A5 RN AR SC A Bl A b 26 0 4%
BRI 52 45 522 6 fifn. £ 6 T 1 51 (il
FH M2 AR 5 58 2. 3 3143 51 R AN [ o 22 ) 4%
FEARIE Mindspore-ascend310 F1 Mindspore-cpu HE4E
T RE PRI 4y 5 5 4 5 AR S BRI

1600
1400
1200
1000
800
600
400 -
200 &

BT E/FLOPS

C

0 5 10 15 20 25 30 35 40 45 50 55 60 65
(b) H— U PITH T OPSHERRER BN A LS/ AR

200 -
180
160
140 -
120 -
100
80
60
40 -
20 ¢

BT E/FLOPS

;

0 5 10 15 20 25 30 35 40 45 50 55
(& 5 BT FHOPSHIFRECEC S R
AL



2298 it " I (1 2023 4F
HA FEER FEAEE] FHEE ORHER RER FSER] FER BRECATE RO BRSO
3@32x32  32@31x31 96@30%30 96@29%29 128@28%28 128@27x27 128@26%26 16@25%25 10000 128 64 10

i = L L LLE NN
BRE BRE BRE O BRE BRE BRE BB ¥ AERE AEERE AR
22MK 22 22ME% 22K 22 2<2E% 22K L T R T
[ 13 Mindspore-ascend310 HEZAL T it 8 ik A 580 1k A= Bl 174 X 45 453 780 5T 44)
F6 FHMHMEMEIRE AT E LRI HE W EIRB XS L SLIR 45 R
. . Mindspore-ascend310 FiI
Mindspore-ascend310 Mindspore-cpu . L ke S . X
2% R ke b LY v I %
st ISR, e iy PITRTE BTG Mindsporecpu HER
PN AR 43 1) FefE
LeNet 625.01 90.90 OPS %iitf 1 534k 6.88
AlexNet 11.21 0.31 OPS 4tif 5 ok 36.16
AlexNet-S 714.51 14.97 OPS %; it 2 Sy 47.73
VGGNet 232.16 1.88 OPS 4t 1 534 123.49
ResNet 47.38 0.50 OPS 4i it 5 434 94.76
Faster R-CNN 56.02 0.63 OPS 4i it 5 434 88.92
SRR LI A 22 I 2% 754.2x10™* 17.8x10* AR 2 /it 50 434 42.37

X 10 R ) 2 ) 4 A AR D 4 e v L AR R R
) OPS, Xif T~ 53 A 1 A 1 22 I 45 578, 1) 28 2
(9) T3R5 5 55 B INARH, X FREA
AL I B TN N S B =7 NG G - BIVE R i
BATRT TR WETE] ;. 25 6 F AN AR AE Mindspore-
ascend310 HI Mindspore-cpu HEZE T 74543 (1) kb
H, HTFRIFEEMFAL0EHI, RAE 310 43
#51%) Davinci Al 7580 193 RE 11 K Z)4& Cortex-
AB5 L[ 30~100 £,

RIGLIRZE R, RO A A2 W A5 R 47
FRETT R RE T PRI, AN Ao 28 P 4 452 75300 3 1 1)
VRO FUAB AT AR K 25 5 1) = 2 I PR 2 ) 445 55 0 ) o5
BUZMaiE %208 D KRR, [ Af
ascend310 Fll cpu WIS A Xk BURN 45 3 S B4R I A1
AR EARE. HAM, Atlas200 A8 47 & 2t 478/
1ITFLOPS =5 J1304F, a7l F AR P A5 7 A
BE A SR 00, BN T AN [RB R TE 4y H A (7]
iy 2% 5. AlexNet . AlexNet-S, Faster R-CNN £l ResNet
DU Y LB 310 ALBEESAY DaVinci Al Al
Cortex-A55 H 1568 1 19 LB 7E TS LN, LeNet
Al VGGNet #E R () Lo (25 S 5 W01 0 A 224
K. LeNet BT {0 P70 25 SR8 1 1033 Pl A = 22 L A
Ay AR T AR A /0N LA R R 4 o R 2 Y 7 R A
6], SEGZBLRILE Mindspore-cpu HEZE T {1547 #2411
FHL. VGGNet 7 18P 25 5 s 30 3 T A 3=
BRFESEERRE, R T KR I
AR, SR Mindspore-ascend310 HE 42 % [i] 5 e f1
EAF M RCR, IR HESL T iz B B T R

FEULERFHME. XT3 3.3 1
(AT, I35 e ) G e ) o 2 O 2 A AR 1) i
FEAE—E B BEMLE , 7T BB IC I 7843324 For I 14 75 1)
TR, SEATMLE RS M ETIr.

TR P 2 5k B sh A O 5 RE 1
] B 4o 28 ) 28 A U B) . Mindspore-ascend310 HEZE T
/32 Mindspore-cpu HEZRIT43 1 42.37 1%, 746 FiE
TN, A R SRR R A 4 T B i [R], AR
SRS A MERAA EL, AR B 25 SRR
AFESBRAE IR, R T A L 2
iRl (iBench MR P45 10 Fl g 25455
BenchI P Ml 422240 & 11 R0 ), PRtk i)
W LS4, ot R % A A 3 B Fn i %
T BT AL R, AHERS T R B B T
D JE T, 2 /NaE 50 434 I I R AT DA 37
M. Besh, IR SRR A BEE T O] AR iR 2,
AR SCHE R B A A 2 B J 2B 1T
LA SRR I AKX PR E T S LS, .
S, 1S, IBUES A Z UGB 1T HISEYIE, AT #5210
FisF T 490 EC P00 235 S 1) G

gilb, i FIREEEB, AR EETH
fl, TERWL. A [F) e 25 ) 2 A5 10 2 ] il oF L S 6 4
SRS 408 BT B8 1 PRI 5 AT n T A
B

(1) Jois7% il i1+ B2 A 5 gl i A
XA BB AR TR L AHDLIC. LeNet 1 VGGNet
AR PR LB 5 R 0 1 A ANDE T, S 0K 1)
28 S 25 UG BB, 7 A SCRR P 5 3 T A A i



11 Ly RS

A RETH A ML B 6E Ry 1k 2299

B R B R AT BB A #2530 TRl D s

(2) Jois % EmAL e Bl ik AU RB TS
ERREIER. MT AlexNet fAIK A, Touk B
7E Atlas200 % E bk, 75 BT —E W R4
AR A P D A e e A L R R
B I NAE SRR AT 1Y, AT BB H B X 0 i
KFEAFANM RS 7 A 1k, AR SCAY I 32 48
BB R [ sh A Ry, 7RIS RS AL
A T PUATERL SR P A1, R UhaE T 4%
R AU BE T B PEIAT 55

AR HE B R AR SC 5 ik A 6T B S 56 25 S an
7R, 2 79 15008 3FHTREEL, B 258 2

KiTERL, H3FEF 658 S E S, MWBUE,
7 50 R R A ()T 455, Tensorflow-cpu
F1 Mindspore-cpu HE4LARH] Atlas200 1 Cortex-A55
Bt i, HAMEZRE R T A —E W7, RIE
Roofline FS AL, it P& B M ZEA K. 4%
SCI 5 BER R Tensorflow-cpu HEZRITTES3 R 18.2x%
10", Mindspore-cpu HEZLAYPES> Ay 17.8x10°, P A
EARK, AL B, PR+ Mindspore-
ascend310 HEZEFE /> & Mindspore-cpu HE 245 73 1
42.37 1%, AbF RS T 30~100 Z [H]. X2
TR AR SO M A0 35 1 4 22 R Al B 1k A AR A
RAEA R R TR SR T 5 2 I RS 1 PRI R

RT7 FEVTEERTARIG AR SREER

HHAHESR HEAZL S S S S, HHABE S PRS0 (A (9)1H5)
Mindspore-cpu Cortex-A55 Arm Core 60 400 400 8 17.8
Tensorflow-cpu Cortex-A55 Arm Core 60 400 400 15 18.2

Mindspore-ascend310 DaVinci Al Core 600 94 600 275 754.2

+
6 IILEI,I\ él:l

N TR TR AR BE B AR IC B A 5, MELLE
o [ TE AR AT PERE DN A R BT, AR SCHE T il 22
Sk, AT ARAE i AR B A R RT3 fE
JIR M2 AR, AT Y 52 2% B 300 4fE i A U
RETHE AR BETTERE ). A 7 R UE AR U A Y A7
Rk, ARSCEREUT R~ o A AR M 2% 2
VR BE A ) AT A [N, S SOy s Y
AR A R R M 2% 2 T Er L 3 B A R 28, DR
TR PR 51) . 1 W 5€ B 1) WSS 3] 9 28 ¥ D 44 |
TET RBCRLSER b, AR SCHE T 22 AL SR HE 2R
TE PRI HE W AT 55 AT RO R, 4R T —
ol AR i i KR 24k AR R DAy L s ) o 4 ) 248 A6 7 A
. BEIEASCE T i AU BETT R LAY fiE
TR R PEN A0, TR 45 SRR i
AXE R PLE BB RE T I bn. ARk IKSEIR
R— T TAE:

(1) FFEEREHT% IS S5 A A S 1 22 0 25 15
A AR A R s ) v B TR AR T BRI K
JE, B 28 S5 R B W B . AR SOR 6 X
Bty SR 2SN, ARTCE S E R B A
A RERY R 28 254 . TR IR 2 B R 14 4 TR s
B R AR WA B RE B R == W, DLRIE
BRETHEBE I VI A FE 7P A0 AT S

(2) PRAEBEAYTE Bl o 2 ik AU BT L. A
SCAEHE ZR Y 3 TR 5 T A S 56 56 UE AL B B T

Tensorflow £ Mindspore HEZE, JE4Lnl DK £ 1
BT SAE SRS I B BT TR BE S I A

BB RO F IR KA
Bl H ARG 1% 69\ R % A% & Atlas200.

2 £ x ™

[1] Du ZD, Fasthuber R, Chen TS, et a. ShiDianNao: shifting vision
processing closer to the sensor. Computer Architecture News,
2015, 43(3): 92-104

[2] Chen YJ, Lan HY, Du ZD, et a. An instruction set architecture
for machine learning. ACM transactions on Computer Systems,
2018, 36(3): 1-35

[3] Wu XX, Ou Y, Li WM, et a. Acceleration of sparse convolu-
tiona neural network based on coarse-grained dataflow architec-
ture. Journal of Computer Research and Development, 2021,
58(7): 1504-1517 (in Chinese)

(FRARRR, Wk, 2 3CHISE. T RURLE RO i 4840 R 1 4
B W 2 m . THEALF R S & R, 2021, 58(7): 1504-
1517)

[4] Price WJ. A benchmark tutorial. IEEE Micro, 1989, 9(5): 28-43

[5] Luther K. Embedded tutorial: IC test cost benchmarking// Pro-
ceedings of the 12th |[EEE European Test Symposium. Freiburg,
Germany, 2007: 200-200

[6] Tang F, Gao W, Zhan JF, et al. AlBench training: Balanced in-
dustry-standard Al training benchmarking//Proceedings of the
2021 |EEE International Symposium on Performance Analysis of
Systems and Software. Stony Brook, USA, 2021: 24-35

[7] Song BB, Zhang H, Wu ZF, et a. Automated tensor decomposi-
tion to accelerate convolutional neural networks. Journal of



2300

it ®

2023 4F:

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Software, 2021, 32(11): 3468-3481 (in Chinese)

CRUKVK, K%, RFUESE. B Sk & 53 il 5 AR 22
%4 iRk, 2021, 32(11): 3468-3481)

Wang HL, Guo Y, Qu WX. Deep learning hardware acceleration
based on general vector DSP. Science in China (Information
Sciences), 2019, 49(3): 256-276 (in Chinese)

(CE=Xpn, M0, JEMeEE. BT E DSP ByTREE 2 i
IR AR, hERE(F B RN), 2019, 49(3): 256-276)

Wang F, Zhang XL, Pei WH, et a. Resistant light noise neural
microelectrode based on CMOS process. Semiconductor Opto-
electronics, 2018, 39(5): 671-674 (in Chinese)

(B, REFIE, FhES. T CMOS TAMPOEM M2
TR, 2 Ak, 2018, 39(5): 671-674)

Sze V, Chen YH, Emer J, et ad, Zhang ZD. Hardware for machine
learning: challenges and opportunities//Proceedings of the 2017
IEEE Custom Integrated Circuits Conference. Austin, USA,
2017: 1-8

Liu ZC, Zhu YX, Wang H, et a. Parallel acceleration design of
convolutional neural network based on FPGA. Microelectronics
& Computer, 2018, 35(10): 80-84 (in Chinese)

CRIFRRL, BLAGHT, M. 3T FPGA MERIMZ ML IFT
JnsEgh g, e TS EML, 2018, 35(10): 80-84)
Williams S, Waterman A, Patterson D. Roofline: an insightful
visual performance model for multicore architectures. Commu-
nications of the ACM, 2009, 52(4): 65-76

Marques D, llic A, Sousa L. Mansard roofline model: reinforcing
the accuracy of the roofs. ACM Transactions on Modeling and
Performance Evaluation of Computing Systems, 2021, 6(2): 1-23
Ould-Ahmed-Val EM, Woodlee J, Doshi KA, et a. Characteri-
zation of SPEC CPU2006 and SPEC OMP2001: regression mod-
els and their transferability//Proceedings of the 2008 IEEE Inter-
national Symposium on Performance Analysis of Systems and
software. Austin, USA, 2008: 179-190

Guthaus MR, Ringenberg JS, Ernst D, et a. MiBench: a free,
commercially representative embedded benchmark suite//Procee-
dings of the 4th Annual IEEE International Workshop on Work-
load Characterization. Austin, USA, 2001: 3-14

Poovey JA, Conte TM, Levy M, et al. A benchmark characteriza-
tion of the EEMBC benchmark suite. IEEE Micro, 2009, 29(5):
18-29

MA Chun-Yan, Ph. D., associate
professor. Her research interests in-
clude embedded software system
verification, software automated
testing and fault localization.

CHEN Jing, M.S. candidate. His
research interests include embedded
system testing and fault localization.

[17]

(18]

[19]

[20]

[21]

(22

(23]

[24]

[29]

[26]

[27]

Ighal SMZ, Liang YC, Grahn H. Parmibench-an open-source
benchmark for embedded multiprocessor systems. |IEEE
Computer Architecture Letters, 2010, 9(2): 45-48

Ignatov A, Timofte R, Chou W, et a. Al benchmark: Running
deep neural networks on android smartphones//Proceedings of
the European Conference on Computer Vision Workshops. Mu-
nich, Germany, 2018: 288-314

Coleman C, Kang D, Narayanan D, et a. Analysis of dawnbench,
a time-to-accuracy machine learning performance benchmark.
Operating Systems Review, 2019, 53(1): 14-25

Mattson P, Tang HL, Wei GY, et a. ML Perf: an industry standard
benchmark suite for machine learning performance. |EEE Micro,
2020, 40(2): 8-16

Brewer W, Behm G, Scheinine A, et a. iBench: a distributed in-
ference simulation and benchmark Suite//Proceedings of the
2020 |EEE High Performance Extreme Computing Conference.
Waltham, USA, 2020: 1-6

Tao JH, Du ZD, Qi G et a. BENCHIP: benchmarking intelli-
gence processors. Journal of Computer Science& Technology,
2018, 33(1): 1-23

Xu QQ. Design and implementation of benchmarks for deep
learning processors [M.S. Thesis]. University of Science and
Technology of China, HeFel, 2019 (in Chinese)

(BT . RBE ) b PR AR FME N R e 1 B0 T 5 SR I [T
LR PEREERARRE, BIE, 2019)

Ren ZX, Liu YH, Shi TH, et a. AlPerf: automated machine
learning as an Al-HPC benchmark. Big Data Mining and Ana-
lytics, 2021, 4(3): 208-220

He X, Zhao KY, Chu XW. AutoML: a survey of the state-of-
the-art. Knowledge-Based Systems, 2021, 212(5): 1-27
Leinhauser M, Widera R, Bastrakov S, et a. Metrics and design
of an instruction roofline model for AMD GPUs. ACM Transac-
tions on Parallel Computing, 2022, 9(1): 1-14

LiuW, Fu J, Zhou DY, et a. Research on shallow neural network
evolution method based on improved coyote optimization ago-
rithm. Chinese Journal of Computers, 2021, 44(6): 1200-1213 (in
Chinese)

Gk, A, BB TS, BT BRI A B R R 2 M
LT ERIEST. TR, 2021, 44(6): 1200-1213)

YAO Ding, M.S. His research interests include em-

bedded system testing and intelligent software development.

ZHANG Tao, Ph. D., professor. His research interests

include software engineering, fault localization and intelli-
gent software development.



11 Ly RS

A RETH A ML B 6E Ry 1k 2301

Background

The evaluation of intelligent computing capability is
an important means to test the execution speed and per-
formance of intelligent computers when performing infer-
ence tasks. The rationality of the evaluation results directly
affects the optimization and improvement direction of em-
bedded intelligent computers.

Compared with general-purpose computers, embedded
intelligent computers have a variety of neuromorphic com-
puting optimization schemes and machine learning accel-
erators, which lead to new challenges in the process of em-
bedded computing capability evaluation with the benchmark
testing methods used in the past. First, it is difficult to give
unified performance indicators and quantitative parameters
to quantify the embedded intelligent computing capabilities.
Secondly, a set of benchmark test programs and evaluation
indicators are difficult to adapt to the embedded intelligent
system with diverse configurations, and its reuse ability is
limited. Furthermore, the benchmark test set has not been
analyzed or proved to ensure that the computational inten-
sity of the neural network model is as close as possible to
the computational intensity of the embedded intelligent
computer under test.

This paper proposes an embedded intelligent computer
computing capability evaluation method based on a neural
evolution algorithm. Firstly, based on the Roofline model, a
computing capability evaluation framework for various em-
bedded intelligent computers is proposed, which integrates
computing potential mining, resource adaptation, and

evaluation index unification, and its rationality is analyzed.
Secondly, a neural network model generation algorithm is
proposed to evaluate the computing capability. The neural
evolution algorithm is used to make the computing strength
of the generated model as close as possible to the upper
limit of that of the embedded intelligent computer, fully tap
the computing potential of the computer to be tested, and
make the evaluation more objective. Then, using the upper
computer with a fixed environment as a comparison, the
neural network model generated by the cross operation of
the computer to be tested and the upper computer, and tak-
ing the number of floating-point operations per second when
the inference task is executed twice as the calculation factor,
the general formula for computing capacity evaluation is
given, which can realize the comparative analysis of the
computing capacity of different embedded intelligent com-
puters. Finally, Huawei atlas 200 is evaluated under the
framework of Mindspore-cpu, Tensorflow-cpu, and Mindspore-
ascend310. Compared with the five neural network models
commonly used in the benchmark test, the results using the
neural network model generated in this paper are more rea-
sonable, which confirms that the intelligent computing ca-
pability of the two DaVinci cores is 42.37 times that of the
eight Cortex-A55 cores. This achievement can simplify the
evaluation cycle of embedded intelligent computers and
enable designers to perform rapid iterative optimization of
the system.





