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Computing Capability Evaluation Method of Embedded Intelligent Computer
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Abstract Computing capability evaluation is one of the research hotspots in the field of embedded
intelligent computing. It is an important means to test the execution speed and performance of intelligent
computers when performing inference tasks. The rationality of its evaluation results directly affects the
optimization 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 intelligent
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 benchmark test sets and
evaluation indicators is limited, making it difficult to adapt to the diversified configuration 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 capabilities of different
embedded intelligent computers. To solve the problem that embedded intelligent devices have different
configurations and cannot be performance tested through fixed models, this paper proposes a neural network
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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 computing potential mining, resource
adaptation, and unified evaluation indicators are used to propose a computing 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 neural evolution algorithm, 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 computing capabilities of different embedded intelligent computers. Finally, in the
Mindspore-cpu, Tensorflow-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 theoretical 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.

Key words neural evolutionary algorithm; embedded intelligent computer; computing capability evaluation;
neural network models; Atlas200
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Bk 2. BHFPHIAL X (CrossingGeneSequence).

N A8 SO 56 B R P 51 94, Q2.

it S XE P EE BT 51 gs, Ga.

93=01

94=92

choice«~random(0, 1)

spot;=random(0, len(g,) —1) MEEHLF=AERE X A 1

spot,=random(0, len(g,) —1) NEEHLF=A2E X A 2

IF (choice == 0) /I mUT 1AL X
copyConvolutionSequence(gs, g,, Spot,)
copyConvolutionSequence(gs, g;, SPoty)

ELSE /4T mFHI5E X
copyFullConnectionSequence(gs, g,, Spot,)
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e
= o

copyFullConnectionSequence(g., g1, Spot;)
END IF
13. RETURN g3, g4
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BiE 3. RHFHAE R H L (VariatingGeneSequence).
N JRIEEEF TS g;.
v R E P gs.
choice«—random(0, 2)
index<«random(0, len(g) —-1)
92=01
IF (choice == 0) /I#s N~ 4
type<—random(0, 1)
node=generateGeneNode(type)
insertGeneNode (gy, node, index)
ELSE IF (choice == 1) /MR s
removeGeneNode(g,, index)
ELSE
modifyGeneNode(g,, index) //FEHLIE B 25 1K) S
o IR 4 R
12. END IF
13. RETURN g,
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Bk 4. MRV (nitPopulation).

I WIEFREEI R size, 28 FRAE BAT B K.

v WAL E IR E.

1. E«<Y

2. WHILE (size > 0)

3. g<«—generatelnitialGeneSequence() /14 i ¥ 4 % [K]
FF 3

4. WHILE (k > 0) //FIFASETIHIUGE T 525 k
/4

5 gy« variateGeneSequence(g)

6 k=k-1

7. END WHILE

8 addGeneSequencelntoPopulation(E, g)

9 size=size-1

10. END WHILE

11. RETURN E

BIE 5. B ZAE X (BreedingPopulation).
WA FOEE EAWIIEFEERI R/ size.
1. WHILE (len(E) < sizex 1.2)  [[F FEHIREFhHE 20% (1)
HFF3
choice«—random(0, 1)
IF (choice == 0) //BEALAZ X
01, go<—randomChooseGeneSequences(E)

2

3

4

5. 03, g4<—CrossGeneSequence(gs, 9,)

6 addGeneSequencelntoPopulation(E, g)
7 addGeneSequencelntoPopulation(E, g5)
8.  ELSE //BfHLA S

9 g<«randomChooseGeneSequence(E)
10. gy« variateGeneSequence(Q)

11. addGeneSequencelntoPopulation(E, g;)
12. ENDIF

13. END WHILE

OPs,, , fE bl EIZ1TH) OPS JyoPs,,,. AN,
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L 6. MRS YE (SelectingPopulation).

WA P ERRTE EALHUA R AIHLIE AT 45 3 Ryp A1 Ryoun,
N ALIE SOE B TR limit, HIAEPEER K/ size.
Tt BOLERFFF gop.

1. FOR (eachginE)

2 IF (isvalid(g)) /HEIRTCZHEAT IR BT 5
3 removeGeneSequence(E, g)

4 END IF

5. END FOR

6. FOR (eachginE)

7. OPS«getOPS(Ruoun, 0)

8

9

IF (OPS >= limit)
OPSpin¢<—searchMinimumOPS(R )
10. Cax<—CcalculateMaximumTimeComplexity(g)
11. Vmaxé—CcalculateMaximumSpaceComplexity(g)
12. ENDIF
13. END FOR

14. greatSeqs<getGreatSeqs(0.25) // &AL % F & N AE
Al 1/4 1) — &5y

15. WHILE (len(E) > size x 0.8)  //TIKWILEFIHE 20% (1)1
5

16. g<randomChooseGeneSequence(E)

17.  IF (g in greatSeqs)

18. CONTINUE

19. ENDIF

20.  py«calculateProbabilityByLowerOPS(g, Rgoun, limit)

21.  py«—calculateProbabilityByUpperOPS(g, Ryp, OPSpin)

22.  ps<«calculateProbabilityByComplexity (9, Cimax, Vimax)

23, p=py+p2tps

24.  IF (random(0, 300) > p x 100)

25. removeGeneSequence(E, g)

26. ENDIF

27. END WHILE

28. gop<—getOptimalGeneSequence(E)

29. RETURN gy

OPS,..» KT HIERAE 7wl e 5. P EHE AT
PRSI 5k 5 s (B8 1 47~28 13 17).

(3) FhEHEINEIE

P 10 28 3 A S AE A SR R ek 5 UK I g ok
Fels, PR DSBS Z) B N ey i m LA 1Y)
Medl. thAh, TEIR AU B8 RS R PRI 2
H, BT ORISR S E I BEALYE, AT REH I 4y
B TR 5156 N7 P A 422 X 2 B TR T 9 A 5 4% B IE



12 it Bl R

AT, DIEASCE X IR, 25 a BN AR fiE R
G FAFIR R R ABLT = rGHEAT I AL

1) ECERAEMN R B B B IE R I8
AT RILSE 6 M58 2~3 17);

2) BRI L P AR T RE R
cHEME, ASCASCARIEE G R EEAERT 1/4 15
IR (LSR5 14, 17-19
A7), DA SR sk

3) AT RN RS AR, FA B
— E ML PRIEIE R BEARRS AT ). B
o NP IR T R flimetl, MRIRIEAFAE—LE 3
PR FP 81T A s =4 A Jeg st e B 0. AR ke
BEALGERE — SR LA FP A1, AR BN PP B10f R A 22
X 24 AL I i) A0 2 ) 52240 P (L BL9 6 5 10~11
A7), CL RGBS EAIHLRIAG I i % EizAT i) OPS
OLENE 6 128 7 47), 44 A (Q)Prid MR e
HoR ik

P=Pi+ P+ P

n, ie—(opswwn—OPS..m.. 2 @
p, =35(0PS,;, /OPS,)

P, =0(C, /Co) -0V, Vi)

AR SR T UK SR SR FH P O B LR % 114 07 =gk
7. BB —IRBENLIE R T BN, TEREAFIEF A
HBELIE R — SRR P A 38 IR B AR 2k
DAL B B A 4 R — s PO RE 3R e PR HLOR B, IR
= TR R, M A A R (2) s,

o

1) OPS,,, NHERF 7 FIx R RLE T AL Fig
1711 OPS,  OPS,. A NIz H i /s PR A
p, AT DAERAR AR RLTE N A2 ML 12 4TI OPS ki
TR AEALIE B TE R fe /NSRRI, X 3 R A1) £
LIRS PN

2) OPS,;, /9 4 Hil T v Jfr A7 8 A2 3 B2 e /)N B
il 2% A N R BE R 41 6) R AR R AE B AL LI AT I
OPS f/ME, OPS,, A%:F FF 3% RAALZE F AT
B TR OPS, b s(x) B x>10, BUE N 1,
Yx <1, BUEA x. p, il DABRMENBIAYLE EAIHL
FIZAT I OPS J/IN, X R [ F 471) F) R B A 236 K

3) C, NFEDR 7 FI 0t AR A (1 5 8] 5% T
Cooa N AT PRE R BT A2 T R /N BR A1) 25 T 1
BE TR PP H % LAY (1 B 1] 53 A4 B de KARL, v, 2R A
Fr BN AR [ 75 (B AR E VA BT RR R rp T
A L T FE /N B ) 2% A T 10 26 AL 41050 A 7Y
025 TE) A2 2 P Je KA. py AT AR At Dy e 28 f i )

AN () A A B OK, RUASSRLER AT A%, b 3

L 4 /
(H 58) /
/oMl(.r,. »)
/ //
/
/ ///
/ .
L P(x.3) _®M, (x,.,)
/ -
/ ///
/ -
/ b
/ -
/ e 45 2
e L, ) 1] 524 2
S (5£77)
s
>

K6 MR

IR 271 F) O B AR 2 K
AR EE RIS W 57k 6 s (G 147~
55 29 47).

4.1.4 BRI TETT

TEPAT A BRI RE v, Qo] Ll e A 1)
THRE R OCE T, DA W 2 R AR &
(AT R AL bR, DABEZY 1) 2% ) 52 4% B F I H 5
G AT AR, AT, B, SE
H P55 RIVEST (] B2 4% B TROAE TR — A A &R 1R 47 0 HT s
WK 6 Fian. HR4E Roofline FGHERY, ZERLAY ()4
Wr By B, 58 O — KBTI AR BRI TR
t=max(C,/ 7V, /B), AN s, Hrc Fv, 55
FONEIY (V] () B2 RN 2R (R AP, = F g 4303
FoRTEPEME M. B 6 F, mipRR—
ANBL TR T84 BN x A0y iR ON 2B BE T SAL.
AR SC, EPATHE L FER, B R A
07 346 HH SF (1A Y (1) PAAT BoF i) 42 i 7F — A4 (1) MEL
B KA AR R ) OPS #5818 1, H{1FE|I—AMEP
PG b HEWAT 55 B AT 8 N B — IR AR Y R
T AE Y [ I 8] A % B RN A8 B 2 B — e AT L A
L, ISk RE 2R B b, 5 AR X e AR Y o i i H 5T
JE 5t e PR ABE 8.

R4 EALHLITH R SR EE B K /N AT BE 2 B =
PR OL. 24 EATHL TR AR T iR N U RE T
WLEITHR R EERT,  EAIHLA] LR A E I M, 55,
L, KB 2R B F AR AL e B AL B AR AT I 1K T L,
MR A, oL MR B E R (R AT I
ALk 4 EAIHLATHE R BN T IR R BT
MU SR EERT,  EAIHLAT AR A B 1 M, 55,
L, K2R Bt _E A RAE B AL AT I TR KT
FELR B BB, Ho L, BRER B R 2 A AT I
LEV B 1 T w5 LN 07 A5 7 AN 2 W s e
MU EERT, 78 EATHLIZ AT I 8] S A 1) AR AL E
I3 FE st e RIS ARY,

BT B AL T 5 B — M A 2 RN U
RETHSEALITH R R ARG, R AR =it — A



DR AR BT HALTH S RE PN vk 13

%3 EMERMEREHHEARP

P 2% 2

0 I [ 52 % AR
HBRE - O(M?-K*.C,-C,,) O(K*-C,, -C,, +M*-C,,)
b OM?-K?-C,-Cy) oW

ERZ O(C,, - Cour) O(Cou)
Flatten JZ (o]{))] (o]§))]

Eh e 4

i)

I ) 52 2% )5
(&1)

»>

BT USRS

I TR NP RGO, E EANL EIE AT
AT B ) B K RS AN BB e HE — 3 . (LRI
(R AR, BT AR (1 I () A2 2 P85 A T 3 = (R &)
FEAE, XAERT 2 EdE— ik

15 bAIHL BiE T e, HO B b R A 1)
I 5] 52 % P B2 [R) 2 A FE R mT . A S b i A 1 2%
AR 24 J2 BFD T TR 2 1) 52 4 P v B 7 sXan & 3 e
N M RRBRZH M EE R, KRR
MR IIBK, c, RoaaA )2 15 N8 8 2L,
Cow TN JZ I H I TE 2L
42 BANEEITENITE R HIENERE

A SCKG AR Y5 BT AR ALAE_EAL ML B3 AT ) OPS
KA RN BT ML TSRS ST TV 4. A
75 _EAIHL_EISAT ) OPS /)N, MR AR () &2 2%
e, AR RN SR RETH VLA T B AR ) Rk
RIS BRI FAEAGEAT ) OPS HIEIELAE
AP

{HJE, MR Roofline BHip LAY, SZPRAGELIRIE
HESZ 2 WAAE—E mZE. Wl 7 s, R
MFR AL, BN B H ML, P, RN
EAIHL, EDIIARTA.

AR R N AIHLIZ 1T OPS NS, N, B4
KB M, 5 25 M BBPE EATHL EIE4TH) OPS
NS, MIFERR)_FAIHLE1T OPS NS, (S,) F, A%
FERRKHIRER A M, 5 s, 4 M, BRI CE AL E
1Z1T ) OPS.

Kl 7 v op, Al ory 1 ELAE A 20 (3) .

OF _§5, tang
oR" S, fang,

®)

[ AT DA 17 s, fE NI E m, I 24, B
or B N an A X (4) .

-3 @
| FIY 9% R T LR A )BT
Lo (5)
sina,

AR A 24 FEE b ISF 1A 60 2 1] 52 4% 52 4 07 2L 1
WA R AR B id N C , FEAREIL Y,
AR S ] AR i 23 5(6) Bl s,

W =k, \[CE+k,VE . (6)

Uk, Ak, 2958 W5, k, BB DR E T I [R) A
AR 2 EIBCE. R BT HLA S A 58 G
HN—ABONBERIRES, B o MO 45°, L&
#JaA ().

()

et s, BT A 2U(8) R,
< «/sf + 87 (®)
V25,8,

16 BRI R, B M, AT DASR AT AR AR
Koy BRI & C4miE, w] LR BRI e A
R — MR, R BT P RE R ALY, R
T OPS H P HYEH & 1~100(FLOPS), -4 A LA
Tiset% 0.1 BB AT A SCHR BRI AR i SR AR
Ji% 1000 MRS, ¥ il BT AE, 7R/ BIBER M,
J&, AT CAEEEAE BATALASE Y 4 8 2 B0 I A Y
M, BIAT, XFERT LY — IR R A i, i v i A R
PR R, BT UL AR B 5 v
B FHREE AL, RUASFIECE K EA L2
AR, N T OIENREE R0 — 8ok, wr Lok
15 _EALHLIZE AT I B AF DS H A 1T 4% 21HF e e B 1
FERIMLEE = R 7% L




14 DA 1=

TESEBRVFIS FE R, RTREAZE OPS BRI JGIZH
EDL. B BRI KT R AL, |
MM RIN s, FME T Re i/ T 1 S BT EIRER
K. IXBTFEXS OPS WIMEHHATAR I, 28 5 FdAT it
5. AR Roofline BB HAY, #904% s, FIME 48 TR kS, »
DAY ) 55 % B2 22 A2 R4 TR 1/ k £, s, {2
AR KS, . [FIRF, BT & MR ] BRAEIERCR
ZE5, BORERFINBE & LIS FOEE R IR s, v REA
A, N TAIER— RET B R R A S ge 5
ML, N T AR SR BN, T2 s,
PHAA R R —/ME. £ s, FHEABCN S » I
AR SIVE T AN A R(9) B,

| _ SIS @

28,85,

N TR (9) R BV A R ) Ao 448 K] 4% A TR A A
B A ALGER R is Bl E LA TR bR, H
fI4 UFLOPS, HHUER/RNNISHHEEMFEE. L
AR RO, D038 BH ARV AR i AR BB A8 - &5
(R ST RS, ] IN S it 7 2 22 R 2 A R B

Z4, ] LASE 7S 2 Mo A2 38 4 0 °F 6 O - S8 .
43 FERTHL
431 JiiEmIsEHM

A ) 32 A 03K 7 v A AR R — AN A X T s
PIFEFPEE, TR [F) ¥ & B 0] B8 tH B 45 1 1h
SR BT T8 SR VR R R P IB AT B R, [
BRI A 3k 47 3 BY LI e HL A4 )
R EMAFBEBN, FHla: CPU. WNAFER
BEE. AR 05T 00 23 Sk A B I 2%
I E &R & BB AL, EHRAL
WHEE,

BT & k0 RV AR BORT DARAE RN U R
THENLTE R RE T RO RY,  MASE TR f 52 % i 30 o ik
AN RETFENLR RETHELRE S, N T ARIE A iR
RUPAE RO, AR SCEEUT BB 5 > BRI
(X 28 A N R i AT St RIR, ARSChgg
T AT SR IR AN [R] A 2R o 24 2 oh BT L I R
S0, DAPRIEZE R 7 51 6 1 A 56 2 1 B S 28] [ 2%
G b

78 DLAE B N OB BE v S LU e v i
A, TR RSN E S, XA L EN
REMTY REE. HTARREZ B ESR,
SHOM H. 2 [AIBEAT VFELRE S0 EUES,  wE DA IS A

TEPIMERER. AR SCHE B 5 VR 2 8 AT R B A 1
M T I KA AR B ) B IR B, R T B2 48 1
HEEST, ATUEN AR R & E R, L&
THEREJI I E BV
432 JPiEH

H AT A RPN 7 3% 2 18] 28 I a4 32 4 (1 ) 2
A S0 43 B £ ST ) AN V48 B 5 T TR UK 22
st AFEFTFUTESR T, BT ATE & AR 2 X 24
BRSHERTAE 25 i B, BRI I BT 5
PR R B PERE AR, LA, Bl — MR
HREB AN LEmE R GREEE, B
SR BT DL i 6] A A N 308 e S PRI 15
gy, BTEWASTFENR R R R L, (HRR1%
TR STENAS 2 S EA R 5

AT BAE MR AT TSRS ) R A AR A
[ 72 MASETOVE FE A2 IR AT /0 0 DA 7
TCIEE RS BRI I PPHE R 22 K 3 30U LUK L

B WA ERE ) = 8. R Roofline Hi&
B, [ AR AE AR e % I AT I AT REAAAE T
SR BT TE A, T BT b 2 R A SRR AR R Y
AR, 2k 2GR, AT BRI BT () S5 R A
S, AR T 5 R AT BE R A I B A 1
THRREE BRR, DA 4248 veas i THRE

AR F B B 7 TR AR D b 428 ) 5 A 2R )
RS, BRI G E A R AR Rl ) O 245 5 1Y &
A SR 8L FH AR (AR 2 2 ] B A A 22 %, (B3
R A2 2 152 R AT 02 T A o 28 I 2 A TR 1) L 45
M, FEAREE T NSBRRTAIEE. BRI, A3
SRVE AR R B B B AR SR AT I 4 5 18 v i B A O
FVRFAE, 1IN 45 AT DAE A 2 M A UR RETH B
WLV RE T LB AR . ARk TAE oo BAZ B4 K
R A NA], B TR e N FH SO0 A5 R 23 4 i
— 8 W PR, A B A B i 2 ) % S 2R B
T S BR.
433 JTERATEAL

AHEL T B v R B 1 7 3, Ad P ph 2 ik
A B R VTN 777 v 75 2 T B P B TR SR
1) Atlas200 Hr AR REBCA SCRAZAT ALY 9 om
He (A HE B QB A A 1), FEAA] ATC
(Ascend Tensor Compiler) T ¥ onnx 4% X (G- £ 2
STRE T T 708 30) PR B 4 46 5 om % 2, i ko
FEFE K, AR KoK R ZE . g
EATAVRTR BLAL 23 73] AR 5 A 22 R A Bk A B &
WZEAEAY,  F5 20l A A R e 4y om A%



DR AR BT HALTH S RE PN vk 15

X, FEREK. BT BB B Er, &
SCAMRAL S PERT K, JE I A A HLAR B A
WA RLIZ AT OPS Y[, 7EMh&EEEIELT
Z R 0.1 MK TS A B AL i 22 ) 245 A5 7Y
£, M ERIE AT I RE AT BAFE B LA K
It B E R, MRYE OPS kit & & Mt &
WA 4 AR A, T4 ST WL AR R B o AR AR (]
A B B WL 22 ) 285 455 70 5 of L gk AT e e, DA
KA S P, B AT P 0 K
2 /NI 50 43, SEBRAR IS, FEdENA A A A
Z P X 25 B8 (iBench MIRAE 075 10 F 45 B2,
BenchIP XA & 11 PR BAY), milliAm
N LN R E PR & R BUE AT 5] AR
%, RXEFMHEEERBER G, 2 IKIBTH
B, DUISAT I B PB4 8. BT
s IR 5 DN AT 5, 2 /N 50 43k
IR 22 1.

BEAh, PEINAS A 5 4% B, AL AL T R
W N ARFEAA, H AR TSRS S A A7
RE R — NI DRSS R Dl o A ASE Y
PITHE SR B AL B AL TSR b SR, AH
Xof TR B B AN TR 1) 8, ARAIE AL
TSR BRI E N 5. N T ARIEINR 2 i —
Bk, W DB AE EALHLE AT IR 1A AR AR RS
FIRF e B R WLEHE = k554 E
4.3.4 S VEIN S5 SR AR 2R A i

A TTEVE e N R RETH LI TE AR
11, AN FE B R GRS, SR
T FH R AR G ATE & B AT KR R
I AN ) R 25 P A N R A 28 4 B AT 25 1) o A i 5
FRARAK AT BAR M AR TR . BdE4E . R ]
FEMESE, XA AR Y 1) 5 FE A R . (Rl
PRI I AR A [ 4 22 ) 265 455 20 AT AT 55 1 Fa b A T
TR ERE IV FITE ], AN 20 PR 25 3
M, S0 R I 25 A TR 1) i N 51 R B L
A3, 32, 32)FEFEE, THE R IR
5HEEN R ELKB R, HTEGMHEET R
B, EANERIASTE S TR IE, FrbL, ARCHE
MR AR 3 7 20 2800 HARKE AT 45, #8241
X EUE .

S VR 45 S BB R R R RN U AR %
25 F0 AL b 23 T PRAT i 5 D) 4% 1) HE T AT 25 T 1)
TP ERIEE OPS. M TR AMERRMZE R, AL

B FIZATH) OPS GiitE B v REA-AEdEh, T

=4 Atlas200 FEEHESH

E Atlas200

L 310 Al AbHE 2

2 > DaVinci Al Core

8 4~ A55 Arm Core (Jix KE 40 1.6GHz)
45 15 (FP16): 4/8/11 TFLOPS
FEHORS  (INT8): 8/16/22 TOPS
247, LPDDR4X

L% : 128bit/64bit

KE: 8GB/4GB

J# 2. 3200Mbps

X FF ECC

BEASCAE SR A R op DL — | s AT 25 R T

TENEZ ) OPS, FRAREBINS P45 A5 BE )
T

AEFRES

Al 5

WAF

5 SCIGIUIE

51 SEIIRE

AL A A ) AL CPU 2 AMD2600, 3=
WEE )y 3.6GHz, WA 16GDDR4 LALHiZ Ny
3200MHz. # MR A ReTH AL Atlas200,
R T 5 310 Al AbFESEE, AT LSRG IR
B0 2K5%, TTZH TR REGI. PLEsA. L
VSR A i 0 e 1 55 40 e % S AL P i 22
FIfAbFE 8%, —FhJE DaVinci Al Core, iZAbFH 2852
Al JEERES, NP R I RS AT R4 T
1k, F—F& A55 Arm Core, 1Z%AbHEEEE ARM
AhEREE, R AL FHIOCHIR A, F AL LS E
Mindspore-cou +  Mindspore-ascend310 DL}
Tensorflow-cpu HE4Z, Ht Mindspore-cpu HEZLAN
Tensorflow-cpu HEZEI)d A Atlas200 ] Cortex-A55
¥ 0 #4715, Mindspore-ascend310 HE 42 1
Atlas200 ] DaVinci Al #0375 IR AU
RETHE & B S5 R 4 Fow.

B ATAS R PRI 77 9% 2 18] 28 I X AR 128 43 (1 1) 2
A B35 B8 1 £ S A A VEAB A o X T K 2%
St AFRFVETESR T, BT A R &P 4 i 24
BRI HEWTAT 25 1 TH R, TEVE VPl i N U Re vt
SN B B It RE U, PR, R — ANk
AU BE T & I VTIN5 43 T v B R I il I
fE. EARAT LU XS LA R N 08 B SR ) o
W5y, HEWASTEE AL fe T S e T AR,
R TE At A 25 &8, A
I, AIETHEA Atlas200 £ 4 HFIAEERF A
M3, T Mindspore-Ascend310 Fll
Mindspore-cpu I TH5AE T UM, BRIRVE Rl (E =



16 it Bl R

CPU FEAM>CPU HANI B AT 7 s s Sk B
>CPU % &, Atlas200 [ 4b 2 2% (138 F 11 HAZ O
Cortex-A55 %A ARMVS.2 Zi¥, K HE 4 ks pr
F A SIMD $84, ATLL, Cortex-A55 #Z 0yt 51
B BB B 1= R BB AZ% O B0 AT BN 5 4 Ab B
% = # A #H ,
8*1.6GHz*4FLOPS/Hz=51.2GFLOPS, [d] /i 75 %
FRBFATE R BIL R . BB 310 4t
HL 3511 DaVinci Al THEAZ O I RS FETH R B 5
£  2*10°GFLOPS~5.5*10°GFLOPS . i , EJ
(ATFLOPS~11TFLOPS)/2, FrbL, RIEHENE TR
BEROALEE RS . AR B AR A 310 4
#5 [ DaVinci Al iF & %0 0 iF E R D 42
Cortex-A55 #%.0] 40~100 f5 /45, BT DaVinci
Al 50 Cortex-A55 #% 0ol [H— B NFE R
g, Ry sEAHSE, MATHENEIEARKRTEH,
SEEVEA BTN DaVinei Al THEUAZ O i 55
U NZE . HhAbh,  SERRAE A2 I 45 B (1 115
o P AN A (O S BR T IR 2 (A AEAE — S £
FHOZ R A PTG, A4S A
ST E TR SR AE, R R LA T
WE A 30~100.

ARSI R ) PEIAS A AR A Q) TR A
B, IMEEREREME, HET Atlas200 &1
Al 5O H0RVEHEE, K DaVinci Al THEAZ 0
F1 Cortex-A55 #%.0» FIVFIMIAF 73 1) EL AR R AE Vi [
. “FE44L 4/8/11TFLOPS =%% Al 5 )10+, 18
A7 I AR A A 0 D 4 S R KA 1 B0 T R B

R5 HEMEREITEE ST IR

B EleE S R 75
LeNet MNIST T EHFRT
AlexNet ImageNet E5 432
VGGNet ImageNet Eg 2
ResNet ImageNet Eg 52
Faster R-CNN PASCAL VOC 2012 B hrAs il

i, R ECEAE TV FE UK.

H 1K 2 % B B8 1 7 iR g AT i R
I, ARSC CAIUAT SR 5 b A e
28 W 8 BB A g HE PP IRE e, O A ] ) i 42 I
LR ETULE [A] — 1N Atlas200 °F & _ERHT IR, 153
Mindspore-Ascend310 1 Mindspore-cpu 115/
PEREVE /O LUAR. DAL, A SIS 3 B P40 bk
5, i b Az I 2 AR R 2 8] e He S AT
FR 508 S 56 ANAS [R] T BHE 2R 7T A 3L U7 V2 0 B 5k
5.

AN[F 2 I 2 A5 2[Rl e besizge b, DA 5
Jr7s ) 5 At I g A R g0t I, R F fh &gk
A B I AR HEAT X B, 0 R B Mg
B SR SN ] 8 BT, AN [FJFHh 28 o) 2 A 20 ) 72
St B BRI N B RN A 2 AN BOR LG A5 A
7], JEATREAREAS [E] I TH SR, pih 2 Y 2 AR 45
Ty 1) 22 S 2 LW AN [R] N FH 3 50 FARAE 55 1K
RS, TS BE 0 PRI AR v U B 2 Sk B
R () N 8] 2 20 BE AN TR 2 B2, DRI I AR S 2 s
i 22 ) 24 235 ) 1R DX 300 T 55 R 0 P I A R 5
M.



AR AU RE

TR BE I T 2

17

ANFETHEAELE T BxF beszsh B R = bl
25 W 245 A 42 (Mindspore-cpu~  Mindspore-ascend310
Al Tensorflow-cpu), LK DaVinci Al iH5EZ05
Cortex-A55 %0 I M F AL B E5HESE, DaVinci Al
Core ACLFEZEA AL ALFRES, P LAY 1)l 25
AisAT44t 7k, AS55 Arm Core bR ARM
APREE, RAE AL FHREIOLAE, FrBL, PRIFREER b
PREE T O B 52 58 n] DAY 5 ST 56 45 SR ) 5 3 e A
ATEEME, SO0 I v b 20 X 2 AR TR PR i N 351 B ATL
Mg (3,32,32) [ &, SR (1) BB O oK.

WA TAE EZR VPN ENR R, 1485
F2 BT RE T A RN SR e STV
W, B\ RVESARE, BRZHCH TIEZRT®
BT AE AR L, B E B A EEAT R
b, Rk, 7655 2 FHHR AR IR L HFN AT
AR TAER A TAER ETE LB, AN A 4E B2 4
LA AR 3580 ey B

5.2 LA
] 9 & A S K python i 3 A il () Sz T 5L 8

L7 RHIEE  RRERE  RHE

2x2 WK 2x2 W 2x2 WK

R A

-_—— =

A4 IHSAES
B AT IR

-

B RS EBIR I TURITANEE S S5, R
PRIESS RO IS RE VPSR, TH5ERE I TEAl
REYAR Y AT 55 e B A 25 EAZ AL A ST, T B0
A AR GEiHE AU AT IR, S
BT N ALHLUAIE VAT 55 IR <, FF SO AT
TR AL BIRE PR [P 25 5. H8 - A BRI Tk
ot 7Y B BE ST B VRIS 4, F R 4R 4 BEAT
B, AT 5 AR AOR BT AT S AT R, 1
AR AT BRI AT HLAE TR 4, &

ﬁTuM%%%,Lﬁim%E , IR A G
SEIR. VI B A @ﬁ%ﬁﬁ¢mﬁ%ﬁ

ﬁﬂm%ﬁﬁ,ﬁﬁﬁﬁﬁﬁﬂ%ﬁ%.au&ﬂ
B30 8 B 1 A7 I R R R A SR AT D
3, 7B JE Bk AT A U 7. SRz S TR 5k
D RRATE

(1) #HaEsLlm . £ Ly #E
Mindspore-cpu A & Tensorflow-cpu HE4E, R4~
AL ¥ E Mindspore-cpu. Mindspore-ascend310
PL % Tensorflow-cpu HEZE

(2) s TR, £ FAbL B2 SRR

[ 5T F‘%Pfléﬁm Fi"'fi#'/u ’+m.|.
N ‘\ \
N

AERR AERE SERR

3@32x32  32@31x31 6@30x30 16@29x29 13456

Ak

1600
- 5 1400
s £ 1200
5 1000
=
g s
5 o0
100
200

ATHLUE (FLOP

0 5 10 15 20 5 60 65
(@) AT TH 1&(\\2&4?0’1(\..{(&‘1:1'LL* [S19]

b 5 10 5 %0 %5 %0 5 5 60 6
(b) 55— BT ik H‘JmshHl’ﬂ\fﬂﬂ]“ﬂt'ﬁ)ﬂ((\

e 180

ATHUE (FLOPS)
SEATHE (FLOPS)

0§ M0 15 % 60 0 0 1

- - © B RROPRIRE S (10 O BB OSBRSS (10
S Is i 1 o
K9 szihT HIFEHE 10 Mindspore-cpu HEZE MR 4E
1050 2100 1100 1600
P 1800 . 1000 - 1100
£ : Z o 10
£ 60 € s00 £ 1000
g 700 =l
g w0 ] G 800
5 wo & oo = 600
Rty 300 o0 © a0
0 0 100 200
i 5T € 65 70 I [ 0 5 10 15 50 % 0 & 10 B 50
0 B SRR (1O 59 T e PSR (1) (o0 it e SLOPSHER Rk (1 5 B i PSRRI (T
80-
750 N 200
~ ~ o 180
2 600 Z 60 2 160
E 250 Zuo
< < <120
w450 w10 =100
x B Ew
1300 20 3 60
10
10-

150- 20

0 5 lﬂ 15 20 25 3( 10 45 70 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 35 0 5 10 15 20 25 30 35 40 45 50 55

© Mo, RESSHREREAALAS (O @ WHRTHE: FHOPSHRBEREEELES (O ki3 ks TROPSEFI ISR (105 @ WERTHE: FHOPSHIRBEREIVEILED (1O

K 11  Mindspore-ascend310 HEZE

R 2

L2 FREE  RRIEE RREE

RHEE RRIERE RRER R
3@32x32 32@31x31 96@30x30 96@29x29 128@28x28128@27x27128026x2616@25x25 10000

BRE  BRE BRE BRE  BBE BRE BRE

K 12  Tensorflow-cpu HEZLMIK 25

[SE A fﬁﬁ*’)u K%vffcﬂf'/u ﬁm"H

\
\ ‘\ \‘\

AL AR R AERE

2x2 W% 2x2 IH% 2x2 A% 2x2 A% 2x2 P9A% 2x2 A% 2x2 A%

Kl 13 Mindspore-ascend310 HEZE T i 4o kA4 503k AR Bl 1) P 28 A5 S 451



18 it Bl R

i, FEREI T AL b2 B B AR A

(3) BCEVFIIATSS. ELFE M 25 1 (B B bR
. Mao AL SIS A RTAE), B
A RV S B (BRI B YI4R
FER/N B 5 ) S IE. St EApLATR
ALATLH A F 3 R 28 P 2 AE 20 L T B A% O S5
PEIREE AW E, DAE T8 B R B8 R % A E
2 P 28 A,

(4) 1B1T 5 PR MEAAY. KA H A T
i 22 WX 2% 45 7 LeNet, AlexNet, AlexNet-S,
VGGNet , ResNet #iI Faster R-CNN , 7E
Mindspore-ascend310 1 Mindspore-cpu 5 HEZE
BT, H, AlexNet-S FKinx] AlexNet 15784 [y
2 Tu /N BT — B LU AR/ JE AR B AR, 8y
I AH R P2 2540, FER H R # Y Mindspore HESE
CFER) om BEAY, By JE1E Atlas200 P g7,

(5) Wtk 5 MM ALIZ T HGE. T L
AP N BB R TRE ), TRIEFE S, v S, S,
Al's, EUE IR A(Q)% DaVinci Al iHE A% 0
A1 Cortex-Ab5 1% Ui 5 HE /)i AT 1143 Linpack 72 [H
bR b A g5 ) vz B S 1 e T H L R G U
RETEAEI, PFTBL, ARSCESEMESE Linpack Al
Top500 FIIhZe i, AAFRbHR AR S R 4y
ok ik LIk 5 R4 X B A 2 AT N 205
MUBI TR 77, 43 G vt bk W 4 458 204 fR1 38 47 I
f], RGBT S EREL(FLOPS), it
AN [ PR o 0 IO 26 A R 0 P HE 48 T B A0 I8 4T BT
RERESE, DUATE A 310 A28 DaVinci
Al THEAZ O R Cortex-ABS 1%L 1 THHLAE J1 I HULAA.

(6) IBATASSCIPIMHELE, PHAT I T 1 b4k 5
TR P2 I 25 A5 20 A R T

(7) RAARSCEEE BB AP G BEL, 55
fE  Mindspore-ascend310 . Mindspore-cpu Al
Tensorflow-cpu i+5HELL FigfT, BeGitisirit
], HAR IR A 3(9) T AR A 48 X 48 AR U AT 3
FHHEZE R E R IVESr, )5, 15 DaVinci Al #
LAl Cortex-Ab5 120t HBE J1 14 1 LA
5.3 SLINLEROMR

£ Xt Mindspore-cpu. Mindspore-ascend310 LA
J Tensorflow-cpu =/ MEZLHEAT 4 BEVHAIIA, H
24— 1§ Tensorflow-cpu 1E N _EAI LAY IZ 1T HE
B DR G AL 3R A 55 HE T A B U ES S L) A
24, 30. 60. 120 Fl 240 %%, Wik R E KN,
SEOMERERR, MREREKRK, BHAENERE

A BT, BT, AR 2 RIS VTS, AR IR
LIRS, BN 60 BENEE, X EE%
AR ARG, A — RGN & IEE
AR AR, BRI ZE AT PR EE
IR, B JE AR 2 2 (0) T H B N R 5 28T 5

K 10 78 7 Mindspore-cpu HEZE K 45
B IR PAT A L EIERE, B OPS FRRHN
60, K 10(a) & =5 — xfi H s &k AL B Rk AR
I, FhEE R AR AR ) OPS {0 400. K 10(b)K 2R
— RAE A A EEIEAR R PR OPS B4
Wk, B8 IRPAT I L SVERS, B OPS TR &
9400, K 10(c)FanEE I g i B EIE AR
i, FhEER AR OPS {8 15, I 10(d)R R~ ZE
TS R AR AN BT OPS 24
sk, xFRF AR 10, s MEA 60, s, KEA
400, s, f{EN 400, s, FOME N 15.

K 11 75 7 Mindspore-ascend310 HEZ i3
ZER. B IRPAT AL EIVERT, % OPS FIRE
9 600. K 11(a)F i — I fd & AL BV EIE AR
i, FPEER AR OPS fE4 94. I 11(b)FK R
— S P A AR AN BT OPS 24
WS, I 925 AR P o U o 4 IR 26 A 2R S 4]
K 13 o, BASEREAN. 7 NERUZ. WPk, 3
Mg E M A R, e, N Te(3,32,32) 1)
i, BRENERZANN 272, KN 1,
ANRNKER 10 B)—4EmEE. 58 ZIRPUTHE
S, ¥ OPS FER1E4 600, B 11(c)EwEE ik
i AP ALV IE AR, BB R IR AR OPS
B9 275. & 11(d)Feom 55 — Al F ph 2 EAL 4%
R FHEEFEY) OPS &k, MRFA 10, s,
(lI{E A 600, s, [BI{E°~ 94, s, IE N 600, s, HIME
N 275.

K 12 &7~ T Tensorflow-cpu HEZ2 AR 45 5.
B IRPAT LR, ¥ OPS FERN
60, P& 12(a) &= 5 — Al H 2 kA SRk kAR
i, FhEE R B AR ) OPS {0 400. K 12(b)& R 2H
— A2 AR AN BT OPS 24
Wk, BB IRPAT AL EIVERT, F OPS R
N 400, P 12(c)F RN E RS AR L3 SR IEAR
i, FhEER AR OPS{E N 8. B 12(d)R N5 —
A AR 2 A S AR R R OPS L&
K. WM F A 10, s, M1E A 60, s, I{E A 400,
s, [R{E N 400, s, FIfE N 8.

5 b i A 245 X 4 R AR A S A e e 8 R 2%



LR

RN R BETH LTS RE PNV 19

®6 ERAWEMBREMAEBHHEREREI L SLIRER

Mindspore-ascend310

Mindspore-cpu

S NN Mindspore-ascend310 #
wasy p i

P R AT LRI i SIRITR Mindspore-cpy R FIFIEAL
LeNet 625.01 90.90 OPS 4iit 1 505 6.88
AlexNet 11.21 0.31 OPS 4iit 5 44 36.16
AlexNet-S 714,51 14.97 OPS %iit 2 5% 47.73
VGGNet 232.16 1.88 OPS 4iit 1 505 123.49
ResNet 47.38 0.50 OPS 4iit 5 44 94.76
Faster R-CNN 56.02 0.63 OPS 4iit 5 45 88.92
v I 22 B . \
ﬁ&z@%flﬂ 754.2*10™ 17.8*10™ AROQ)HE 2 /i 50 434 42.37
R7T PRENTEAERTAN G AN LI R
. . , 5 REF1iES 10
4 %> s s s s ' ‘
THERESE THEAZL 1 2 3 4 (Z\ﬁ(g) L|ﬁ)
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

BEANS LSRB 25 RN 6 s, 3R 6 P 1 5
FAAP AT, 55 20 3 3150 Sl N AR R p e 9
2R /E Mindspore-ascend310 A1 Mindspore-cpu #E
BN BT RE IvEINAS g B 4 BINAR TR T
e, X T T AR I 2 B TR ) B R i AR £
MBI OPS, X TSIk B i 28 ) 28 1Y,
FIFHARO)THEA 7 555NN K, X T
FOFAE R R, KRR RS AL
PR ALEAT BT G R ) 58 6 FIN A RIBE AL 7R
Mindspore-ascend310 F1 Mindspore-cpu HE42 1l
oA, H T IR 2 B A & S i, B
it 310 AbFE AR DaVinci Al HHEAZ ORI E K
#)72 Cortex-A55 1% ] 30~100 .

RYE IR LE R, KA O B4 25 18 i
1T ReTHELRE 2T VPRI , AN [) o 448 D) 8% A 2R 00 X
H TR OF 23 PO AB A7 75 80OK 22 7 1) 23 B2 i R D) 8% A
R AR 2 A A R 4 = I B e A ROUREAN ], [F]
i} ascend310 A1 cpu P RS A X 45 AR Al 4 fe A
IR FEE AR E. BhAk, Atlas200 ff 11 & 324t
4/8/11TFLOPS = 57150, AT PR Fa
BB B B S 90, 3 7 A R R OF o
EUAE [A] [ 22 5. AlexNet. AlexNet-S. Faster R-CNN
Al ResNet PY/NAEARITHE ) A 310 4b 2 35 1
DaVinci Al F1 Cortex-A55 {5 fE /7 1 LU AR 7 il
JUFE Y, LeNet Il VGGNet £ A5 () L (B 45 i 5
FHRIITE B AE Z2 80K, LeNet 7Y (700 45 554 H 7
HH 5 ] (1 32 5 DR S A R P R AR A /N LA AR A
EEEENSKMERE, 38088 E
Mindspore-cpu HEZE A B4 R . VGGNet £
TP PP 25 S8 H T Y Bl A 3 5 R A B 4

B %, AT REHE R ERREME, AW
Mindspore-ascend310 HE 4L 4] & e A2 A B 47 11
AR, RIS Mg E AR, FHUL
fERTTOAME. X TR 3.3 54 Hr i1 i i,
BT 356 o 0 4K D o £ X 8% A TR ) U1 SR i AE AR
— & HIBEALIE, AT BTGV 78 A 42 4 A DR % () 0
BT, RO RZEMEFT

12K M &3 % B 3 A OH T R
T (1) e 28 0 2% K AU IF, - Miindspore-ascend310 HE
ZEVEy & Mindspore-cpu HEZEVE 43 1) 42.37 £, F56
PR T, W T SR SIORI AR Y B 4 55 R 2
], A RAMGBERHE, MR R
ZREOR. ABLESREBRA I, i T AR A A
5 % P 25 K578 (iBench MR AR 21624 10 Fh 2%
8, BenchIP MR M5 11 P2 R),
PRI KA LN 2247, H AR5 FE AR A 3 B
A& IE R AT R G Ta]. PR, AT = S K Is 4L
JEHIREI E AT S, 2 /N 50 438l AR R ]
PAFERZ ). Ak, RSB A (B a7 51 A )
W2, ASIERHERERMEMEEN G, £
RIBAT A B, B RE PP 2 o i+ 5
KFs, . S, S, s, HUEI N Z IKIEAT T3
B, DARTHESZ (T [B] 45 PP 45 S RS P

gr b, @ B ECOR I, AR
FLAE, TR, AEFPLE R SR 2 8] 5T b s
SE R A A H B B BT B AR PRI T A
AT

(1) o752 B ) T R R T S RN
XA BETHENLATHE SR EE AR VLT, LeNet A1 VGGNet
R R v B 9 5 AN 0 v 26 ANDL TS, 3 B0



20 DA 1=

%) 5 SR 55 TV L, T AR SC AP g v R DA A
A RSB RY ( TH B ER AT e A T I A

(2) o5 REBL R LEf I N R e T S B
RMALIER. BT AlexNet BAIK K, TCIEHEBEK
7E Atlas200 ¥4 FREATINR, 75 BT — 52 1 R 45
SRR, R4 ] e AR AT AR - R D
WA I A IR R AT E 1, nT Ae 2 H LI T
NN 3@ I BN 2 S S (T NS al R o R
8 FH AR B 2R B, TE PRI FR 2 A 3
FR LR AT PAT B F T 5, fefh &
EH T &MU RETHE AL PEIAE %%

AN [ SRUE 28 TR A S5V IR 6T L S 86 45 SR
TR RTHHE LY 3MIHRAES, %627
N2 FKirERL, B3 IR 6 5N, &S, EL
B, 2 7 5IAKHAXO U ERWS 4R,
Tensorflow-cpu 1 Mindspore-cpu HEZ2# ] Atlas200
ff] Cortex-Ab5 #ZLiEATiHE, HMAHESAEH T
[ —# AN 1E. WS Roofline BEIGHERY, Fiit Py
WM ZEAR K. AW g E N
Tensorflow-cpu HE %2 ) ¥ 4 & 18.2*10° ,
Mindspore-cpu HEAR[IPES N 17.8%107, W& A%
NI e i S < I S T 7 o
Mindspore-ascend310 HE4215 53 #& Mindspore-cpu HE
ZR1GIrIN 42.37 i, A THISTUHTEHE 30~100 2
[). 12 S 45 B R B A SR HA IR T ek 22 A B
R A B T VEAE AN RN T S HE S R 2 R 30 HE A
R E
6 245

NIRRT RN e A B E %, AL
T 3 [ e A A AT M R ) [, AR SO T
SR, AT LR AE IR N R e 1 & e
THERE ST & I A AR, DB 2R 1 52 44 55 30
RN BB T HAL R RETT RE ). N T IRIEAE A&
BRI 241, AR SCIR T BRFE 2 ) b AR
PRI 28 N BE R T AT g, R, AT
F YT RUABE R SR A IR A [ 2 I 28 22 v B B 5 ) %
Bz, DAORIEJE DR 41 it 1F fff 56 % 1R St 21 b
IR L TR IR B, RSO TME
HEA SR RE SR, 7E B b A2 A DT AT 55 AT 18 B2 1
UL, H T —F AR KGR RN H
PR 2 I 2R A RS, BEJE AN SCER T RN
B ReTHE LR RETH LR 15 o i BT I

X, TR L R IR R RE T E AL RE T
HAEJIMFERR. KRR E — T T1E:

(1) FRENE TSI 28 S5 R G0 N B 4 48 D) 2 A 7Y
ARERNE RN, BEEIRES IR K
J&, BB SR A BT b . AR SCR A BE R
ey AE A R 2SR, B Al ek 4 S B AT
BRI M SR SE k. DR I 75 AR Bl R AR 1 A J
BB NI SR N B A R S e, DL
TRUE R BE VT SR8 T VP ) 78 2 PE A AT SE 1

(2) IR ANER T Z I A et AL A
SCAEAE B2 3 E T R S 5 58 R A B g B T
Tensorflow F1 Mindspore HEZE, J54:n] LUK R £ 11
B R EOAE LA N B e T SRS S PPl AR

B R F - RAE FHERE D
Bl B A Mg £ 698 N\ X4 78 15 & Atlas200.

2 &

[1] Du ZD, Fasthuber R, Chen TS, at al. ShiDianNao: shifting vision
processing closer to the sensor. Computer architecture news, 2015,
43(3): 92-104

[2] Chen YJ, Lan HY, Du ZD, at al. An instruction set architecture for
machine learning. ACM transactions on computer systems, 2018,
36(3): 1-35

[3] Wu XX, OuY, Li WM, at al. Acceleration of sparse convolutional
neural network based on coarse-grained dataflow architecture.
Journal of Computer Research and Development, 2021, 58(7):
1504-1517 (in Chinese)

(RIRFR, BR#%, 4530, 4. BT ML 2090 i 280 i A i B A
PRE LS . TH LT S K RE, 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//
Proceedings of the 12th IEEE European Test Symposium. Freiburg,
Germany, 2007: 200-200

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

[7]  Song BB, Zhang H, Wu ZF, at al. Automated tensor decomposition to
accelerate convolutional neural networks. Journal of Software, 2021,
32(11): 3468-3481 (in Chinese)

(RUKVK, sk, RTUE, . HELIRE AR INE G B 45



DR AR BT HALTH S RE PN vk 21

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

RAEEEAR, 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)

(FENE, F0FH, JEREEE. T8 5 DSP VR L 27 ST RE AR ik
HR. HEFE(E BRI, 2019, 49(3): 256-276)

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

(EY, KRETE, 3N, & BT CMOS LEMHULM: S A
AR, 2SR, 2018, 39(5): 671-674)

Sze V, Chen YH, Emer J, at al, 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, at al. Parallel acceleration design of
convolutional neural network based on FPGA. Microelectronics &
Computer, 2018, 35(10): 80-84 (in Chinese)

(UERL, BUIGH, T, 5. F5T FPGA MBI ML 1T
PRESH BT, G T 5 TS, 2018, 35(10): 80-84)

Williams S, Waterman A, Patterson D. Roofline: an insightful visual
performance model for multicore architectures. Communications 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-Vall EM, Woodlee J, Doshi KA, at al. Characterization
of SPEC CPU2006 and SPEC OMP2001: regression models and
their transferability//Proceedings of the 2008 IEEE International
Symposium on Performance Analysis of Systems and software.
Austin, USA, 2008: 179-190

Guthaus MR, Ringenberg JS, Emst D, at al. MiBench: a free,
commercially  representative  embedded  benchmark  suite//
Proceedings of the 4th Annual IEEE International Workshop on
Workload Characterization. Austin, USA, 2001: 3-14

Poovey JA, Conte TM, Levy M, at al. A benchmark characterization
of the EEMBC benchmark suite. IEEE Micro, 2009, 29(5): 18-29
lgbal 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, at al. Al benchmark: Running deep

MA Chun-Yan, Ph. D., associate

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

neural networks on android smartphones//Proceedings of the
European Conference on Computer Vision Workshops. Munich,
Germany, 2018: 288-314

Coleman C, Kang D, Narayanan D, et al. 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, at al. MLPerf: an industry standard
benchmark suite for machine learning performance. IEEE Micro,
2020, 40(2): 8-16

Brewer W, Behm G, Scheinine A, at al. iBench: a distributed
inference simulation and benchmark Suite//Proceedings of the 2020
IEEE High Performance Extreme Computing Conference. Waltham,
USA, 2020: 1-6

Tao JH, Du ZD, Qi G, at al. BENCHIP: benchmarking intelligence
processors. Journal of Computer Science & Technology, 2018, 33(1):
1-23

Xu QQ. Design and implementation of benchmarks for deep learning
processors. University of Science and Technology of China, HeFei,
2019 (in Chinese)

(BT UREES: ) b PR AR U MR P 1 B v A5 S TR [ - 2 Aar
W], PEEEAHARY:, AL, 2019)

Ren ZX, Liu YH, Shi TH, et al. AlPerf: automated machine learning
as an Al-HPC benchmark. Big Data Mining and Analytics, 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, at al. Metrics and design of an
instruction roofline model for AMD GPUs. ACM Transactions on
Parallel Computing, 2022, 9(1): 1-14

Liu W, Fu J, Zhou DY, at al. Research on shallow neural network
evolution method based on improved coyote optimization algorithm.
Chinese Journal of Computers, 2021, 44(6): 1200-1213 (in Chinese)
(R, A7, T, &5 BT ol R SER IR B e it
TR, THENLEER, 2021, 44(6): 1200-1213)

professor. Her research interests include embedded software



22 DA 1=

system verification, software automated testing and fault

localization.

Background

The evaluation of intelligent computing capability is an
important means to test the execution speed and performance of
intelligent computers when performing inference tasks. The
rationality of the evaluation results directly affects the
optimization and improvement direction of embedded
intelligent computers.

Compared with general-purpose computers, embedded
intelligent computers have a variety of neuromorphic
computing optimization schemes and machine learning
accelerators, which lead to new challenges in the process of
embedded 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 intensity 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

embedded intelligent computers is proposed, which integrates
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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 taking 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 computers. 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 reasonable, which confirms that the intelligent
computing capability 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.



