Management Science and Engineering ‘& #2518, 2022, 11(3), 248-257 Hans Xl
Published Online September 2022 in Hans. http://www.hanspub.org/journal/mse
https://doi.org/10.12677/mse.2022.113032

R
BiR

R dhdh

T E R AR R BN IR ST AR, Bl

EFERGETRAMELIHIFEXREER

Wk HiA: 20224F8 H17H; FHHEM: 202248 H27H; KA HiH: 20224F9H13H

R

RAMZ R BT R —EIES, KHERAROEARE. &FERREIVNETE, REER
THB Bogt A S5 R S AL A il B AR Bt BTk T R - 4R, RIE B R AR RBIHUT WL ML T 5 B B,
FERAMGHE TP 2H NP RRABIERD . AT RE N RANEZSIATIAR R IS RA LR
BEOMBEAMSETARERHLORE, 2R T —MEDBRERTTE, A TERBREFM TIHE
RAMPUBERABREHRTY 7T RE, KRUMEDEEER TR SBPHENSZ S SEM, BT —
AMEIERAMGSARR, HEERA MR R B S H0ET T IRk, HERISTERRYA, Rl
I A BR AL T 7T LR 3 SR m i R A AR Y A BE ST B SR T ek et BB T
RIS EEAERREL B USRS TN R U R S B vt 7 SR r B 3 A A i) TARAR T V32 8%,
R R AN K FIHLI S AT B S SRR LR

X in
BAMGHE, RAMZRIIN, BUBREER, BPHAML, THHfii

Manufacturing Cost Estimation Modeling of
Civil Aero-Engine with Few Data

Jingjing Liang
AECC Commercial Aircraft Engine Co., Ltd., Shanghai

Received: Aug. 17th, 2022; accepted: Aug. 27th, 2022; published: Sep. 13”’, 2022

Abstract

Once the design scheme of a civil aviation engine is frozen, its manufacturing cost has been basi-
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cally determined. To improve the economy of the engine, it is necessary to estimate the manufac-
turing cost of the engine and improve the design at the design stage. However, the civil aviation
engine industry of China is still in its infancy, and there are few historical cost data that can be re-
ferenced in cost estimation. To overcome the restriction on the accuracy of cost estimation caused
by the small amount of manufacturing cost data accumulated in domestic civil aeroengine indus-
try, a virtual data generation method is proposed to expand the aeroengine manufacturing cost
data set under the condition of few data. Then, a manufacturing cost estimation model is estab-
lished by combining the proposed virtual data generation method with BP neural network, and
the hyper parameters of the model are optimized by Bayesian optimization algorithm. The results
of example analysis show that the proposed virtual data generation method can significantly im-
prove the accuracy of manufacturing cost estimation model, and the performance of the estab-
lished cost estimation model is also significantly better than the common parameter estimation
model. The research results can not only provide method support for manufacturing cost control
in civil aeroengine design scheme optimization, but also provide the basis for aeroengine product
pricing and marketing decision-making.
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1. 518

R FH LS R B )3 AR K o LA 2E i L R 1 B 2 2 DU+, i AR ) i IR B e T R
BB 7 ) T 35 4 SRR 2R 8] A R R s RN R BIHLE 73 2 )\ L _F il i A i
TRV 7 RURES 2 Ak O, RSB I e 25 ARG )i pAR HEAT A R, S ZTE Bvh 7 VR4
2 H AT RE A A A B R I BRI A, AN BB AT B AR, FRIE RF A R B AL
Il A T RS B, BTS2 1) S BRABE AR A o T RS R BHLEE R S, 7R RO S A
NIF R ML IE BCAR Al B A B R ORI Bk AR

HLAE 20 tHh4D 80 AFARA], TS R BN I B R Bl T 5T S 80E 1 R SR AS Al SRR T R A
FLAR, FERAE TR B TR A RSN et 7 Rz e AR R T —E RS a8 A
Iy M5B (Engine/Airframe Generalized Life-cycle-cost Evaluator, EAGLE), AJ 745 it B B 5 HL & 5
WLTE A A o B BRI B AR . GE IR ZS AR R T — B 5 Bh A Al SR (Auxiliary cost estimation,
ACE), BB RN T KBNS TR A 55 0¢ 5 X (Cost Estimation Relationships, CERs). fifif5, GE &
A FFSL O ACE JFTE AT COMPEATSTM HEAY, HrR 3845 T 34 R M HE AR RA L. D' A+
WH TR T —BERBIUA A FALTY, For (138 A Al FAR R P B TE BT Genesis 2 A 1) TAE
A, il B R B [ R R S HLASEE ) CERs. AR LA _LARFF Ak A AR AL (R R AL v R, FET 240
VREESL CERs & —FhREWS PR Se Il iliss AL B 7 2. JRTM,  BA EFRAF AL AEVTIHES & B TAE R 1 2
Hkihn, ZoorERABA, FREEABEAN) A5 2] CERs, HEREIHA R, Uur, M EEdEd
H RS 5 =I5 WU AR5 T7 SR ZB 1 BOAS i SRR DA v il 5K

FRIE BEAR A 20 A0 60 FARHTIFAG 1AL KWL, (AL T2 Pl ok Y ik
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FOIRZS, B WA SR RBE, K A E I SL AR B N B A SR T 2 O R N
Tt EMUE RSN AR ST, P ST AR (R AT 22 R ST i A R 2 BRCAS 1) A6 B 1)
R o XV [LTAE RS 388 A SATURT A A M A 7 AR B VAR 20 A AT BB AE B, SR TR L R G 2 40
BETTIRIESE T 50 A S LRI BT A A SRS, O ELAS T [ AR5 A sh LA R REHScHe 24T 1 5545107
Mo XUZ5RITKHEF 200 TC T /INFEA B v 1) AR e /N — SRVEAE T 28 K BB A S b i@ I Ik, TR AT
B 1 EEREAR bR 10 FE AU R ST 9% 2 Hql SR Y . s A (SR Al e /1> — B Rl VAR 3 ST 1 R L
PERE S AR AR, JF HARSEAES B AL 2 A Sh LY RE 1 R R HEAT 9 T - 208 70 A« X 2 [4]
JUPof [ A AR B S 805 A SRS BRAS A SRR BEAT T AREE, 2t 1 BAR Al 55 56 JR SR B A 2
4. UL BRI EAR T DO RFIATS A S LI H13E sRA (55 TAR SR — @ A AR AEE, HIAA
BEMEORAE B P 22 A S AL RT P HSCHE B AS Rtk Pl A i 05 2 4 i 240 ) R

14 I SR ) R/ SR TH A SRS B2 (Y B R 2, (R BRSO AL B = Rl i 2 FE L HE 7).
REANEHE 2 ROTE R KBRS T — M R A, WO T LA S ST IR M ) AL B AR
REANEICHE R S A SR . TR AR R B S B RRHE . s 2 MR R E R, AL
B RRECR AT SALAS SR AT A FRFAE AN SR I OC 2 BT 8t XM 5 VA A BRI . KA S e 28 40k
CFRAF N, JCH R AESR TR 2% SRR (R RS FE M Rk FE T 1T, SR FH RO B A jl 75 5 T LA
FHRLFHIRCR[5] [6]

ARG 5 5 i S R N S B IE Y, SR T Al R R RROVALL] [7] [8]. BT
DL pl A i i ) 45 D 0 e S R BRI ) RO KR 2 28 0 mT ) - I A A S Y O A A S
MG — 5 R JEE b 5 R B 0 F) 57 2 508 1 3 PR A R A1 S5 3 (i 20 1) . S0 0 S R R, AR
B H PR R DA 2l 92 T D 2 4R R R A SR SR, S S ) A i SRR (Y T I
SHOFA R AZ T TR AT A S HLBE T T R B 3G A2 ) AR SR BT A58, B
e S ALK it 5 A R 32 B 5 R SRR AR

2. EMBIRERTTE

RBCEA R — AR H RS ECR, A RA S D BR U T

1) REBIRRE, EMEEE: O KA TR i £i0 8 DATAL= (Y, X), i, Y 2
nx14ERERE, ARRPCRRIN n DAFR S KPR HIERAE, X 2 nxm 4ER5ER, RS n DAE
RS BN L m APk BESR AR ITHUE . @ THE X BIMSRREGERE R, LUK X BURHIEE A4 AR 7]
8o, VR B AR

A:(\/Zul,\/Zuz,---, Am,um,),

Ho, m' G EIERE A BOER m <m o @ X TR MR AT R T 2 IEAS i, 19 B el
JE R T AT A @ THEEHRRIEEUE: F = Xpinv(R) A, 75 I E#) (¥ 54 4 DATA2=(Y ,F) .
2) ERBUBIEE PR W ESATHEEE K EUEN 1, ERGRRHERERE F =(FLF,, - Ry ) i
AN U TSR [ L, U ] 2 A, BERLAE B Hom' GERISAR T AR F (K), SRJE % F (k) Bt
B9 H oxm 4EFRE R«
X(k)=F (k).pinv(pinv(R)A)
FHERE X (K) P A B AT IR, TR AR X (K)

3) BRBREHEEN G SR L W HrEER X (k+1), 4 X (k)5 X (k+1) #4783
FEH X (K+1) o & BHURH X (k+1) BTEUNTF Hy 4 K =k+1, SRESE 25 w0, HEHLIHEH
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4) BRI ENHIELE: %?E*’JH’E&?E% DATA2, FIl I K T J7 32 i S i 4 X R E Y
BE A N ZH0  HE E 4 DATA3_(Y,X) .

TR A)ph, R T 7 Ak 5 BE A X W NS Y I R A R [2]. iC R BE 4 DATAL
AU A Y = (y(1), Y (2),-, y(n) - ERESRERF I Xy X, Xayeo, X, X 5 307
X = (% (1),% (2),+2 % () o B, AR Y 5 X, ZRIfK éaéﬂaéﬁ? g

. 1+|s|+|sk| |
1+|s| ||+ |sk |
Hrp
[s,[ =Xy (i)+05y(n)),
Js.|= \z ()+05x(n)],
s =5, =275 (5 (1) ¥()) + 05(x, (m)=y (n)] -

WX¢MQ%EMﬁﬁ,éﬁﬁﬁ%ﬁﬁﬁ#?%,%ﬁ#%%ﬁ&ﬁﬁﬁd=ww&&wmﬁo
4 d HEABIFERHRSE DATAL h, B4 (n+1)xm G SR 4 Dataemye )G, IR KR &, 5
I PERESRAR I K (RN DGR, X Dataemy HEATTHFHET . IR d =(9,,%, %, %, ) FEHEFZ
JRHIFS 9 p, FEHRIT A S H I KO0 d IS A §, -
Jo=a-y(p-1)+(1-a)-y(p+1),

1<p<n+1.

Hrf, o AT IAMGRME y(p-1) WILBI RS, XFRNEASE. A0S HORE I TR 5] 2 18 1255
B R A i 22 18] (1 () B T S5 B . ARSCR AT A S 8O 5% SHMERMEA S X (p), 2
A% (P) =% (P)=Xe (P-1)(P=12,---,n+1), FRH p MEARSGHT—MFEARIRNG, S H H
R ARIHEARF]:
B Ax. (p+1)
A% (P)+ A% (p+1)

Y B3 2 5 M 508 d M Datagem, FFPEUH, JEON DATA3 Z . SRJE, M X BUH T — 2R,
HE FRBIR, BB 40U 0 d i RO R, AR R AN HOSREER R S
DATA3=(Y,X) .

3. 454 BP MAMEEMFIERAHEEREE
3.1 EiRidiE

TESRE T ZH0E I AL F B S Firh, WS EER : 208 RAE, fs/h —RIEA. 15
Hnl)H LK BP (Back Propagation) #1254, S5a7 =M ik EL, BP A& 48 m] PARE Uil 2% 3] FA7E AT
il “HIN-FH 7 Z PR R, TR F TR A R R A SRR R X R R R, I R
iz A RE IR RAEBE J1[9]. BRIL, ARSI KA BP A Z M 2% I VA AT )i A SR . N BP #h4
W 268 JHEAT G R AR R PR KO B A B SR BE LR 0 A A DIGRER AT, I Ik
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NI ZRH A BP ML ML BRL, AR 5 FIAR SE A 1) 500 DA A5 284 1) Tl

1) BERLENRIS 5B HE

TSI R AL 2 R BB 3 B A B 4 Dy = Yy, Xam ) » o, Yy AREE N ANAF B S R
%kﬂﬂ%ﬂm&ﬁﬁ,mmMﬁﬁNA$HivE%kmmmm%ﬁ%%ﬁmﬁoﬁ%,%ﬁﬁ%
m%mmﬁﬁﬁﬁ%ﬁqzwmxwﬁﬁDf{mmwymwﬂoﬁﬁ,%ﬁieﬁ¢%ﬁ%ﬁwﬁﬁ
AT, FETIIGHEAEE Dy ER— IR AECN H MEMEIESE Ds. 285, K D VE NI RETE4E,
¥ Do E IR 4

2) BP #h& M4 M EA 51

BP #1122 W £ (Il 2 il i A N\ 2 B 2 T RUCRSE AR, BP &M@ H 1 EANE. 22
FodUZ A 1 25 2 A JEE R, BN Z R S0T DR AR IR OR, (HB S A
VIR BIEE X BRIEZE, #x(1<x < X) ZRIZ M E e M EERm L, W BP #H4 M
LT ARIR A : m—eo—hl, — =1 it BAH RS RSP m A EREE R, Bk, 261
FEMNZETRE m AMEIE, Bh LER A LA, RESERHH, BRSPS A .

3) BP &M 4 i S H itk

BT FREEMS A, BP #AM IR T ERE AR B S AR R S, fln: o)
FAry WOERE g (X) v BRIMARET,,,  WHHE, FH[10] [11]. LA ESEEGH N BP #hE ML
S NTIRT BP #ha MR MERE, 72N Ol w2 ) i LA R s 8 A
At ﬁ%ﬁi%ﬁ@ﬂkﬁ%KKIHK%WW%%%ﬁ&%WBpﬁﬁn%ﬁ%ﬁmﬁﬂ%%
DI P A IR A K PR AR T BP 4128 X 4 AR (1 i SR FE o (EAS STV BP M Z &, K0 Bl 2
[ JEHX ARG Z P AP 2 00 Dl DU 2 ST I X =2 S HGH AT Fo At S 500 % 5 4 T
WS R BUERE ReLU M. g(x)=max(0,x), HmAIZIKEI 1000 ¥, HALIZREIER Nesterov
Momentum ALELTE, AR K 25035 K H ERIAME

3.2. FERETEFRE

FH T DR A A A SRS RS R RE (PR Bl 3 AT PR : 0 S0FE RP A SRS & o F y, PR AR I SE B,
¥, RONREARBIGEAE, Y RORFEARSEEMERIIIE, n RORFEARBIRER RN, X PRSI T VAR
AR N

o Sy
S

_yi|
N .

R T BBV AR A SRR (I PR, AR SO 53 3 TSR 500 S A A B 4 IR S 4
4. BB
4.1, WrsEHiE

b (AT ABHLT) (1996 4F). (HEF /N AT A ST (2006 7). CHEAMITA K
ZHHLIET I T (2014 4F) AR A TT B 2% BRI A5 S AR B, WS B 1 34 2% [H S B AT 2 A s LA R A
SRR, VEILARE 1[12] [13] [14]. 4 1 WIS A RAELE S B BRI E 0 . SEHERI R AT A2
Ja, A% 65% 1 H s I 54T B, o AEaE 40 2020 4, Gi—fttm AR EIc. Ak, T

B3 n

E =
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FRMRENFHE, RIEPRE T RN SEE.
B IR dR £ PR AT 30 2R BUR AL -8R 4E Dy, BUS 4 2R BR AR ER £ D,o ARV ZREUR
e bR HIASCHR H AR R LB A2 177 1226 B — i O K R AU, T A5 3 — AN RE S S 4R Doingar o F5HE
WHHESE Dyinga TEAHIN BP FIZ MR G ZR 8, YISk BP fiZe Mz 2 )5, I8 4
Dy SRR AL TN EE F7 . BP 4028 0 2% o () B2 = 0 X U 2 {1,2,3) , B2 ez g e
(VS N, TR TR (12,20}, ST Ir (RS P2 [0,0] o B B SR T Py Bk
B Wb
" . 2
J(a):%Zizl(hﬁ(xl)_)ﬂ) '
Horbr, AR BP iz I 4 SR v B iz e 1 0 e R A S AL R T B,y (X ) ARZER 2410
SHUR MBI IR N X THEA BT,y MRAHRISebRE, | REEER a5, m WARRE
SR A I Bt 2 K

Table 1. Example of aeroengine cost data set

= 1L =R A I AEE R A

flEsA RO WE B RO KRR TRR WE KE THE
ge (%) MAKN b Kb EBEFC kglkgfh)  HH(kgls)  ELfEm /mo /kg

Y X1 Xz X3 X4 Xs Xs X7 Xsg Xq
E-1 1822.93 512.9 7.1 42 1482 0.52 1641 3.26 7.29 8761
E-2 49.85 86.73 031 275 1426 1.79 69 0.89 4.04 1050
E-3 712.08 104.5 6 25.2 1372.85 0.67 322.05 1.6 236 1951
E-4 447 91.67 54 22.7 1354.85 0.63 311.2 1.65 251 2366
E-5 58.03 8.45 3.3 12.7 1017.85 0.46 29.58 0.53 1.19 203
E-6 712.08 138.7 6.6 315 1359.85 0.55 483.07 1.95 2.62 2585
E-7 88.3 8.9 0.55 21 1445 0.645 29.8 0.59 121 315
E-8 62.31 10.23 258 128 1017.85 0.61 28.71 0.56 1.2 231
E-9 80.42 13.55 2 131 1014.85 0.552 34.02 0.52 1.6 284
E-10 94.47 15.57 2.79 13 963 0.82 51.25 1 1.27 283
E-11 712.08 1111 6 26.5 1263.85 0.6 386.46 1.74 242 2266
E-12 126.67 19.15 315 194 1104.85 0.8 64.86 0.75 1.65 401
E-13 128.82 18.9 2.9 22 1022 0.73 65.77 0.72 1.55 406
E-14 509 106.8 53 26 1354.85 0.63 342 1.65 251 2366
E-15 148.57 22.24 3.9 22 1022 0.73 84.82 0.78 2.08 448
E-16 145.62 26.33 53 35 1369.85 0.65 95.3 0.9 2.51 551
E-17 196.3 26.69 0.8 11.3 1139.85 0.8 47.7 0.58 1.96 603
E-18 244.4 42.58 5 23 921 0.625 110.2 0.98 292 7194
E-19 151.15 35.76 0.8 11 1139.85 0.78 47.6 0.76 2.9 713
E-20 207.69 28 0.4 194 1344 0.78 42.6 0.91 2.59 5216
E-21 301.56 56.4 4.9 27 1021 0.68 200 13 3.3 1090
E-22 604 1335 55 32 1286.85 0.6 427.7 1.83 2.6 2381
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Continued
E-23 568.75 106.8 5.9 25.4 1354.85 0.66 370.6 1.73 243 2186
E-24 544 117.48 51 27.9 1354.85 0.63 355.2 1.65 251 2366
E-25 620 137.95 55 329 1286.85 0.6 433.6 1.83 26 2381
E-26 636 142.4 54 337 1286.85 0.6 433.6 1.83 26 2381
E-27 555 120.15 5.7 29.3 1286.85 0.6 406.9 1.83 2.6 2381
E-28 471 97.9 6 24.5 1286.85 0.6 371 1.83 2.6 2381
E-29 497 104.58 59 259 1286.85 0.6 382.8 1.83 26 2381
E-30 428 86.78 55 217 1354.85 0.63 3025 1.65 251 2366
E-31 111.64 15.57 266 13.6 963 0.73 66.22 0.72 1.55 401
E-32 145.38 35.76 0.8 11 1139.85 0.95 47.6 0.76 1.96 544
E-33 315.69 38.8 6.3 21 1377 0.69 150.6 1.12 2.62 758
E-34 560 121.49 51 289 1354.85 0.63 354.7 1.65 251 2366

4.2. BBMEMENRWERIH

A SRR RO R AR S R R R R E B @RI AR T, A PR S B
LB AR S HO BP MM SH . Horh, B AR o 1R o S8 R R R AL
PR IR A SR H, BP Fh 4 2R A 240N 1 S8 [GBUR MR X RN FGEUZ TP 4T
e hl, DL A ST A e NI, K23 B IR P RS HO0 LAl Sk RE RS A HEAT S48 0

421 EMBIRERPELRRE

N T VAN R AOVAE BORE A B 1 22 /D SR B R (2 T, TECRFE BP S I 245 155 24 (1 B 2 2 8 X
N2, PIZREIZ PR e AN EBIRIRON: hl, =6, hl, =8, “#3FEFE 0.01, A KIERKECH 1000 K
MIRTIR N, 0 HHes T R MFEA S R 4T 50 %% 100 4%. 300 4%. 500 %% 1000 4. 3000 4. 5000 2% Al
10,000 & REAY il PR REFRAR A, W3 2. Horb, BERUHNREEEIR M FR Z W 1 s, Mg
RIN, BEAGREAE SO RE RS RN, B MR AR Al SRR 15 3 T B R AP, (HIEREASE K
F 3000 %2 )5, SR ZERARYERIE 20%~25%. FiREERRN]: KB IUA lREA S B A R TR T
BRI Al SR RS, (X PR T R S B FEA SR 3 KM IE 055, LA LA AR A B —
BlEZ G, MR AR R4 R e — B MK ( LB, o, BT BP &AM SHCR AN T
BEALIEEL, BIfSR A T RSO A o7 VR KT S &, BRI R AN RN nik 2 h T
N, AR GREE M RERILM AT, (HTEMNREE B A SR 22 50 L REFE 2 22.92%, LA EtH K BEE
# 55.32%. FHULTT UL, AEALE T — D I A0 S kR m A S R

Table 2. The performance of BP neural network model under different number of virtual data generation samples

= 2. PRIEMBIEE AR E TH BP HEMERAA MR

RESDLAE R RE A B (5%) 50 100 300 500 1000 3000 5000 10000
WEHERE 013%  0.12%  0.25%  0.01%  0.10%  0.00%  0.00%  0.00%
MR ZE 41.16% 38.70% 30.63% 25.75% 25.22%  23.57% 22.92%  23.36%

LS IRE 99.52%  99.47%  99.43%  99.37% 99.38%  99.48%  99.47%  99.48%
MRS SR E 34.60% 37.87% 47.46% 53.47% 53.67% 5450% 55.32% 54.78%
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Figure 1. The improvement effect of different numbers of virtual gen-
erated samples on model performance

1. PEIEME AR EXRE M BRI IR

4.2.2. BP {HEAMLERESH

N T VPG BP A 4% [ S 50k B BT A B R A RO, AR ST AR R R LR A R R A S A
5000 %k, 43 AIAE BP A M4 (KR FIBUZ 50 X (500 N AT TS E L, BS MR I S 2 5]
R e AR BEREZ T AR 2 TR DI o BP 428 W 45 R S HIE 70 26 1, I 2 B0 2 A5 L (1) 1 b 7
R TR 1 0 00 B R 5 TRt 2 K@ DR, BROBUZ 50 X M EBUEEH 7E 3 AN AR S0l 4 X 25
F 1. 2 f1 3, BERRMEREDLILAS L 3. MBS 3 WA, EANFIMIBEEUZE0T , AR ZRaE il 55
RZEHAT LUAF] 0.00%, MR AR 1 A5 S5 25 AR e A% Il 7 159 LA, X P B 42 (P4 A0 E 2 i
F) 90%LA Fo BHUETI L, XF BP 4RI 1 SHGEAT R AT DU F 4R B R A SR RE . UBRRE 2
X ST 30, MRS EMEERZERVN, (AR IET R i K. R, 7ESERRIB A, B4R
38 FH P T 5 5% (0 A AR 1) A0 0% B 22 SR B A 0 £ IR AR 240

Table 3. Bayesian parameter optimization results
F 3. M S HMHER

Fet 2 =2 12 2 32
AL BP ML 1-1-1 1-3-1-1 1-2-16-17-1
Beffs# 25 0r 0.11336 0.02069 0.23793

WGEMBEIRE ¢ 0.00% 0.00% 0.00%
MR EIRE &, 13.39% 9.06% 7.92%
WGRER A E R 91.43% 91.71% 90.11%
MR SR R? 94.39% 94.68% 94.32%

BAT I IA)(FD) 16.33 19.62 31.27

4.2.3. (HEERAELE
WE Bk ordr, 2 BP MM HEGEUZ =48 X 3 I, BeiE ALK& s MO . 2-16-17, &%
L3I % 0 0.23793, HT UL ESH B, BRI ZRA MM A b K1 J7 Bk B AU A2 Hh 28
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W 2. gl s, BEE ISR AR s ARRE R I, BRI SF T B e ok bk, kAR EOR T 100
2, WA TS, XK BP WA MAMIIGEERM, MEMCRERE. o, N T IEE LK
BP #H& ML Il S PERE, ASCER T HoAh =5l FH 1S B02 Al B AT TS, B2
Z JCERPE RN ARERY | i/ — 30 [m] A AR RS AN 5 Rl A A A o 3 D b AS [o) AR A A SR ABE 2R () Ay ARV e 45
W% 4o WFELATAN, ASCEE A RS 4 i 7 VR B V7 1K) BP 4828 9 48 AR (1) ik SRR 25 2 A /N1 FLAE AR
£ F A SR 2 AT DI g 2] 7.92%, LA REIE 94.32%.
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Figure 2. Variation curve of square loss in BP neural network model

with the number of iterations
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