558 W1 (EAE 334 )
2021 4F 8 A Journal of Industrial Technological Economics

X A

Aug. 2021

No. 8 (General, No. 334)

BEERAL SR BIR 5 P AR B SR A 203
—— T S R R LA
w o OE R OE E K B KRR

' (PEHZHE KT EAFRELELFMALIEF R, LE
P (EMEMRAFZFEE ¥, L 100191)

100076)

(i EB) HBRAITAMRREZEHFTHR, FERT R Pk, FEALEZLRBGHR
M, BRBHREEL L FRRRAPARERI, AR THEERA ISk MR, EERE D B
W, BERAREHKE ERAGI R BRI RAE AT S B REIE S A mEF o4, VA
RE S A EH AT RAE,, BFR A I Je = etk Z 09 B3 AL By FROME 5 3 R LA AL S 1A) i o A4 S5 43k
BAL, M5 e Rt T EEIRR LR LA RENT, SHEEBNE S FREK, Bk
TR R A RATF , AR T F R0 T BRI S E AR R R, A BE M, Bt

W F B A BAERE 0 = S 5 SURMABESAL Sy £ A AL Ky £ 09 B RAZ, H R A v 5 A3k 4] %
Z, 2 BERAR, BEBRAITIR, TR HFEERNTHEIREE RN B L Gk 5

KFERRRPHRNAAEEEL,
(REER) B3k FER LL7%
DOI:10.3969/].issn.1004-910X.2021.08.011
(FEHZES) F273.1; F270

5l

i

142 90 4% Baldwin 1 Clark ! /R i1k,
IHACEIR 2R, BlE R R e, A A 7= 07
R THITARA M RIE SR, K R
ATLAE B A T RGE MR, 433 5 E
A SEARAT AR AR S R0, IBM K B 0 H T
PC M, K1 T A AT, TERES B9 & JEh A
AP A S B T B R 51 J7, O s,
P I ) & S o A 1) R B R — AR
s, HRAEREA KR Wy Bos Sl 5 82 Ak i ¢
FAREARFATE RN, B 1y BlefE — B &0
FETE, SRR B 5 I AN A 177 i A 7= AR ]
DAGFEAT (] B0 0 3 S e

REHAL 32 30 9 56 T WAl A ek, AT R IR
A, SERL R A AR R TE £ I T ST AR
KEFRETH . AT B 45 € 25T Bl
B, WAL 5 BB P A JEAE Y SRR AN o 2K
KR E. 2021-05-04

A AL By PR

(XHEFRIREE) A

S AR R ARER
O, A AR A7 i B LA BEA 2

B, TR ALYy ATl A AL 2
AL ? 1% Z 0 B R P2 ) . Prencipe'” 4
A B e TR S A A i A 7 =
AR AL i BT i A B R A PR B, B fb 2%
> S A RCE SECH I AINERE, 77 AT
BIRHA RIIRE, (HRBPALTET 70 7 i A2
I AT, Fleming H1 Sorenson'™ 3§ Hi H 44 7k *F
ARl 257 A dc A T W], RV AE e 8 1 1]
APk, WS SRR A R (TR

R AL 5 RN BB Bk R S AR AR 1Y JRy BR
PEEZIH P T RERHE & R I B 2 AR R
Vickery 2432 R A HHER] T 247 0 1 & 2k
P, AL SR S RE . TR A
AR R AR LR T AR AR 1 R SRR
FESEMN A B AR B B TAR PRI, 24
FEDRT IR A1, R T BERS A AR Lk, R

E&UH: BREAMEITIEE “AHBESUETRE TIFRNEMSEENREXERARSREHE” (MBS 2018YFB1201600)

ERE® T : Mtg, PEIZEITHEARVNE A THRSE TR SR TR, 05, SORBIFETHE, F, P EE g A
WIREBEC R TR G TR TR, BFFE0r ). BORGURHE B, £, TEBEKSF ARV TR S TRV
FrTRRNE, BEFC7I . BORBEFAEEE, 5K, HIEEBKHEORN ST B s TR G TR ST TRENE, BE5E05 1R AR A
B, BRAAR, s MR R T BB R, LS, BF50T5 1. SORAIFMIT L,



55 8 (B 334 )
2021 4 8 A

Lo A
Journal of Industrial Technological Economics

No. 8 (General, No. 334)
Aug. 2021

A (AR AL BT 4 A Y8 7 T 58 T BT
PEREIALAY, i T AP R A IR AT R, %
B R AT S o R A, 2 B S
SR Z R BERLEh A5 IR 2 et ke B e
A Z T R A A R
1 RBRR 5 S5k

BBl A T 2 45 AR ) A 5 £
) T ELAS R AT W A, A
Bl A MRS, FAT RS EEAM IR G R s BB
LS AR, HAEIER RS PC %
G e 7 2P LR R B 7 AT T RS e 11 95481
B 1 & PCAEAEERIAATS N N, R (1),
BATS N &AM E N ST P, A
K TR 2 A RIS, AR B R o
(x,) F7R, FAR AR TT AR R R 7 I TE 2
B2 4057 FOAT: 45 A0 52 U, 0 45T 45 B e 1 &5
SR L T SRR TS N,

N=Y" o(x)=0lx)+o(x,)++olx,) (1)

W7 A A PR (R T L 4% B e 11 A5 7
BRI, 4 CURWEII, 70 = AT 58 Y,
(AT o (x,) 100E R AR 2 A2, Hos
BN (2) FORIGETRIER, WHAES o(x,)
A B AR E 57 1. Cabigiosu 25 5 B8 T Ak
LRVBIFTHES 36 72 U — (AL P B S 4, 9F
AR CT AT 25 5 bk, oo R 24
o2k, TR B4 i R AL BT RO BE S . A
— VAR T B S i 6 43 1) 2 1 3
S TARS 4 E) B R B R RS R R
PENURI SR A ez P 22, DA e [ 452 11 1 31
FATHA, RS T AR B
(Modularization) HJ “#HPE” (Modularity ), Jf
WA SERLELTE B4 E DOl A 2 0 7 P
I LI RE R G A T L T 2
HELITRR, TR BN, L
— AL kb g

N=T_ o(x)=o(x)olxn)olx)  (2)

7 B 1 AR A 55 00 245 o 1 454 45 41
PRI 28 B 55, RSB A% B 1 T S0 e 2
KURREAR, I R SIRBUAS] RN, #4
el 227 R FIFREE GRS 4. LA 1996 4, <

B RULE TR Hh B R A A 4 7 i A AR 2 TR A
A FABE S BT B0 AE F2 B A X0 ] LS B
JEEFRPIR], IR AR iU B T e I
HGARMER A T 2 HE T ARG 7 i A 1) B il =2
R A R R P R Y SR A A
Bl T AL H S B9 AR, AR A ¢ 56
PR S R S YRR ST, 4™ i iR &
AR, R 2 A 22 B Y v A S BE T R Y i
WGP AS T 3k B 1 2371 DRSS e [R] ) S %8 QTG . I
BHNAOR A 7 AT 55 N TR UL, £ S5 1
w(x,) ZSTE T E TE 20 | Jo kAl i i % Sl 21
&, sl (3) Prw, EAomah A d it
A THKHERBEYLE S, EHRR N D
(x), WX (3) M (4), XAFEASCoRFT 1S
X (2) FRBUEMPIERX, LS (4)
Fi7R . SERAEE BRI RA SIS s & AT 55
(1] (8 AR EL AR 2 B2 Ak T A5 KPR fb 21 2
AR 4L
w(x,)o(x,)
w(x,)o(x,)o(x;) (3)
D(x,)

N=w(x,)++o(x,)w(x,) ++o(x,)o(x,)
@(x;)++D (%, )+ (4)
2 BERBREHE

AR AR R AR ST e SR T8
ARFHR EHSEA BRI AA] B, LM al
PR DL IC OC RO S A, X T E A
AT 2 AR 227, Bl By 0 2 i
B AR ) PR e 0 AR S O, T
SEBHALRRER TR AT AR A A P
EMEERIRAT I, AR EdE o, MEEBI AR
AR TR PN B A AR 1 RS e S
anfezs ol BREAR BT AS L R A
M a3 BB Hedl 7 2 0 i B CRUR BRPE, 48 17K
B A T4 B SR a3 A 7 X2 (B 2 44
mlER R, BA T4/ B2 BB ) 3
Bl FURFIARAE G B A 7 32 B 5 R 1
r ], SO AR

TEWATHIALSCHR T, 27 B AT AR A F R AR R
IR BRI 0 53 S RS /NN JZ O R



28 A (EEE 334 1)
2021 4 8 A

SN S A
Journal of Industrial Technological Economics

No. 8 (General, No. 334)
Aug. 2021

7 A TE X T TR AT R A A IET 1 T, A
IR GL T, MO AR BRI L L, ]
A R AR R SRR b (H
B A O RER) AdEagigfe, Wy
LSS A7 i 2R B8 2 W B DR A PR 4 LT AR P S
P ABRRAE R iR R 7 i i B
R RREPAIVAY e SR Y NUI = F2E 1 S U SN RN ]
AR B SIS 2R E AR R, 7 1 R
Bty 5y B BR 10 B A DE B 2 7 A BOR A Rl AIL
PSS, R AR B i B ) B e 0 S
ZIBIISR AN 2 7w, B B 057 B i 1 1
Hh 3R ) BRSSP R e i SR e R
R SR B L 10 5 S5 R B Sl FRs AN
PEDCECZE R R IR G T, SR B 2540 D7 Beid 22 0
BRA BT, LI BE A7 a2 S8 N J0 % S H L [
JE M L RE R RIS HRR
Py PSS HARA TO R A IR B, 3k 2 XL AL A i3
5 il ke R RN

A

SEEFHE

AR
B 1 G = SR R
3 B ERR

Phlal AL B R e b ) — A EZE P, 7 PC 7=
bl HAbAR B b A5 B R Th Az =k b, Al
U AR BRI TR EIBON,, Ay T AR BAR
IR TE KA, 0 THET, BTFiE
R, TR SIS R Y, IELE RS R
B, TEASCEIATHEREEL (5), MTFELRE

B2 SHFmERAR

BERARA ™, AT 55 10 1 BE 20 WA 22 SR ST 1Y
e BT IAL, I T AR SR BT LR 75 5 Bk
ANHIEMRE A, 2B SR 2 44 55 1R
TEACHHA TR, R (x) £ FHAC
PORIEEES , R™ (x) FR HAAE 55 AR PR
MAES5, BEIS 24T 55 2 AR Fe B 34nT DIAR b
I BT S A

RIY o(x)]=rlo(x)+o(x)+o(x,) ]
R'(x)=rlo(x,)]

R ()= rlo(x,) ]
(5)
(FLIR 2477 0 S AR IE S, AL AR5
A5 U ) A3 55 R 0 e
A 4 R 0 05 BV 078 45 AT 5
FE ELABE A4 71 e LA AR T 9 — Al s
A0 LA BFHE I , BB 5 1 36 K0 58 (6)
SUAT A SEE T B SUAAE S5 A R 7E
368 R (o) B, T B B SRR om0
SRFTIEAT L PR SR OGN, T
S LA 059 THEG , A 4 T4 0 1 4 o
FTFAHEIGIER, WK (6), MBI F—
AHEIER,

RIIT . @(x) I =rlo(x)+ +o(x)o(x,) + 4oz ) o(x,) o (x,) +]

Rm}m(x)zr[a’(%)] (6)

R*(x)=rlw(U)]



55 8 (B 334 )

X A

No. 8 (General, No. 334)

2021 4F 8 Journal of Industrial Technological Economics Aug. 2021
REA, HE AR, RS % 24
FERTHA A ) — R, RZAH5E o T PR A
PP, I A T B R 0 P ———
7 | 7 I
Wibedl, HCABZERERE B 025 503 BT i R M e
=3 SN2 b V=3 VS \ Y l// I// !
TP, A0S A BB 19 7= PR
N . N " I 1 1 I ;
SRS PV A NI I S 2 U] 8o A am T T A e
. [ s 1,7 /
e SRR 07 I RBIEZ 3, 1K 3 B R o e e e
= i i M
ﬁiftﬁﬁ%{% : /// ::/// ::/ ’ i:/// i
- Ao A AT T
HoR /AR oo A
00 s | 7
. jEaRanvdn
7/ I 7 1 7
...... ’ e L7
> HE AL
H AR AL
: B4 BEREERSEEEILTD
ML Fa I AY PRI B AL PRBOR Z0 L AR, B

B3 RERETRSHEEERLED

SRR R AR . FOR | AL A
227 1T B A e A IR DA [) 48 B8 1) 3l 25 & i A
SO 7™ i Z2 4 BB H A A% 3l 1 T ) RN A0 AR AN A
[F, HZATE 3 NYER LR, WK 4 s, 477,
HAGE AR A E R T =4k RIS,
SR ICET AR | 1T 3 55 FO A R 3R Rk AR
SRR, Ml RSk T e, TR G R
F4 PRI 20 ] o 7 S R, Pl TR A ) ST R
fil; BB . TR 5 A S AL A
HARE RS I H RS 210 P [ AR AS T RE 52
FHPE B HAL = W25 F B, AT S R G 4E
R RE B R 2 R ARSI T A
fAT R ) TARAE S5 R A 4%, TARERI T or Bt &
AL, (HRE 2™ il T TR TR, &
FERRHE AR E IR, IR A S AT 55 B 4R
ISR, (HIRHUZ E S T
A7 R R I 2 4 R AR S RBAK SR 4R 1
A T4 ], B A P A A R B = Y
RS T, ALUEMR S A T —AR
4 RBAIIR

XFF T S B R, TR EAR T DL A B
AR AT 07 7 — AR A 1 i R 2 2 ) 5 5% 77 i
Bl 3 B AS RN PR BE P A B S sE ), (R HRERE
REIEHAL R R ™, T EiRiHE, A
AR = A = A Be gl e b, HH:
FAEBE B 5 E ARG R RS, ASCK:

HAb R B0 e SR oy BEeR Bk (7) il M=a+
B, HIEARPR A BB eREL, 14 Ak pR B00E 2
SR BEREGES (7) Y C=0+yx, HIERPEN
y BIBRREL, o Bk Ut B>0, y<0, WK S T
N, MR AR LR, P AR AR
Sbiz TR, MERIERE Sz BT, A H
CHERE— N, FEILH ¢ R, BHET ¢ B
R AT TRR

M=oa+Bx Osx<k
C=0+yx (7)
M=C=c k<x<k'
A
l,
1%

BRI F

SEHLES

I [
I [
I [
I [
I [
I [
I |
k K

PR AR

B5 ETFFrmEfEENERLSEMRNLTE
SO T — R BRI 7 il AR AL T BR AT
HASIIHT, SRITARZ 15 DL AR AR — UK R RO R fi]
B, RIRATIFAS REAH RS B AR AL TTRR . 2™
S AR B — 20 LTI, RO RRE B9 ECIR
BRKEUAE, BEmE = i BB AL 5 4R Ak 1 FE
A LABER 2 B 22 o AN B R D e i e ]



55 8 (B 334 )
2021 4 8 A

No. 8 (General, No. 334)
Aug. 2021

Lo A
Journal of Industrial Technological Economics

DIARGF 205X — B4, e i 8 i o B9
MELF O, Hob dz B4ENid e, a F b N
x Fl e BIPREL, A8t x BTERE R N a, HZERND:
de=a(x,t)dt+b(x,t)dz, By~ 546 ik
I FEES AT AR A A AT a (x, ) de R L0
b(x,t)dz FITF R D e A, o B 2 7 B
bS58 AL & IR a(x,0) de FIRG T b(«,
t) dz Wi RFEATIRG ), DS | FRUEIT o F1 ¢ 1) bR
e RMLLF iR, ¢ ik N Dt R, R

G G 1 ¢*G IG\?
ﬁ#:ﬁﬁ%ﬁ(&)w,w=

a 2 4
(ac ac lan G
—t—t———— |dt+—
ox ot 2 9
ARG H A, QLRI B 2 AR A Y e g o
FESRE TUARMERORS RS o B 2245 2

bdz, Bl a(x,t) 1 b(x,1)If

o a2 o
5 fn=remEflai

O 2 7 i A5 IR AR 7 R R AT LA Ay B A
I BRI B, s RSl mEe R s Lt
Az e R v 8 v TR 7 RS B R Sh AL X 3
O 25 7 il () SRR, I T B8 5 3 7™ it ) B
P FER ARG AR A 7 S AR kR,
s LAY LT AR, i R B Gk
wiE AN AT A, B TS %%&
T, T AR 5 & A2 7 B R AR 0
B 7 2 W R e B R, S s

TEAERSE) 18 5 WIS BRGAE . IR HAST R
JICHE A7 A B B AT e B R A, T AR
JER B

Pz A BhHILIN A T AR A B A 2R i
A KB R e il Y SR SR S 2R
BRI SR RAR S b, TR IR R
TR R R S 2R, R REIR B e Ak
fRFRYE, WK 6 Brzs, AR SCHT Rl i) K sh L
Fr B A= R DB R, 531 il i P g L |
| 2 S P e M i AR A 7 A T B, 7 ARy
P NG FE il 3

G’ 9G' 1 8*G’ aG’
—t di+
ox ot 2 ot

BeAL B I TR e 2 ZEA N (8) P i Bl HIL A
oI5 R AR B P BENLS R A T B s AR E

o AEJE—JBCI B0 T BEHL I 30 o0 J7 e B e A i
ARMERF Y, BIAZ %)™ dh RO BB AL 1T R AR 7 B
EAFAE, BTGk R, 2, H R BRI oo e
—fe T DIASAULH — AN LA B e, RIS 2% 7 dh
AL TT R L RE 4K 21— 1> 3 &5 HOH i R 24
PREULIEA KR G0, 7= il ALY AN W7 B 2
ﬁﬁﬁﬁ%u&%%ﬁﬁ%%f@@mé%mﬂ
RIS A 2 AN TR
A REAE TR ARG B M 20 i A T SR AR E
AR, BIBEBRALTTIR . M TARR 2 RIfE A
AW AR T R R | RO BRI R BOE |
EHAE RIS AR B4,

dG= é’G aG LoG di+ %bdz
&x 0t 2 0
dG’z(aG + o +ia G]d i bdz'
dx a2 o (8)

F(x,t)=dG-dG'=0

G G 19 0
(1,6,170),5,,(

bdz

ﬁﬁiﬁiﬁm%ﬁ%%ﬁ~4ﬁﬂﬁﬁﬁ
B, (RIX LR AR E T AP R A, X L ]
77 AR IR B A 2 e AR, AN GETE R Y
SRR BTN A FEBLHBEAT BRI, X 4
()7 ol AR BT G . AT 20 A RIS B 7= iy 22
()RR S JOBR AY A= i B ] 7 ol R AR —
ORI, A 2R PR A 1 Y i TG 80/ T 1) e
BT I Y RS R ORIy A B
SE HA ™ i A O X 42

e Frs, FIREY 7 AT BUBIHAT LLFEAT P
NEURERE, BIGFEM N R T, “HTF
ARcE -+ 2%, HASE M, WARE T7
SEaMAr, W EATRIRI A, P EEIBeTE
BRI b A 7= R R, A7 P BT 2 B AR
WAL FGEE I, & 7 Fos, KELt o
AIEARR I T BCAAL S, A2 B L B ROR
BORM R, AR E SRR RS 5508,
TR AR SR IR AR S kS, w5 2R
TIPSR/ NI B, AR RAE S PR b JCE 3
PRUE R B0 i B 0O B S it , MR L
TE ST dh B A 7 PR AR TR 8K



28 A (EEE 334 1)

X A

No. 8 (General, No. 334)

2021 4% 8 H Journal of Industrial Technological Economics Aug. 2021
BT e SRR e B SH ST ST e SR e SR e ST e
R = B, B S R S B, R —TR

- 37 ‘ il M AL i AP e ‘ filbediigid ‘ ’ g ‘ R ZPE 73 >
| TB/Bidk 1 TR/Bi I TR/ BEHI TR/ BRIV TB/BRV TR/ R VL TR/ BRI
e _—..é'_’_—-— =
———— e
o —_——— ey

’ P " i “ K |’ (R ‘ — R

- 7 T 7

’%%IE%E W‘ it ‘:‘lm%‘

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

B 6 mERINA A ERREIER N A

B7 RREBNMKREER
BRI T B B TR TR S
PR B 5T, oA 7 i AR A A B R TR R — A

Be, HA b2V A A MR B B
EEMOREEAE B, A HLVE B S 7 B & T
MBS MEHS, =58 Ua, 1™ aekt
PERIIATTHE, W TR ZERE
2, TR F SRR BT, (H i T ah Ay
IRIE, AR A RE R —FR A S AL Fr, ik
Tl ZHHL B PERLAF AR BR SE 4, | R Toik 5
T 2E ST A o . R B A AR A S T — A
SOORMARG TR, Hafife b ey Jify
BARMBR S T HR Iy, TEME ——ILi,
RHAE—A R 5 1 BSOS e, Thi7E 2 4E 1
B AT )e, Wil B m oo,

XFI R AR R SV A TS M, T
FIEAWTHEA TS t (B IE . M R aR 5 IF S
AL TBMTY, BORs AL = e m A Jm,
A Bk T, R A iR S IR AR S 4
ARMERLSE , HAEIE SR — B 5 S AL AT IE &
AIERCIRAS . S v 28 2R 7 R ) e R A T
IR H AR, SRR A AL Y B B 2
FBX— HARI b 22 Z i, S L BC 5 BB HRAL 1)
e FIR A JRE RIRH X 17 1) 8 I A B 1 S A7 A, (HUR:

D RABITTRRTC LR 2, TR AR IE A AN B
FREAEME AR, JmHCH ARG TFBILR
X —IRES
6 EHUEMSHEERL

BV BB T 77 45 F (0 28 S AR, i
RO BRI R 5 A8 A2 7 i 25 4 A8 S i e
F N PN s NN = Y R S B N Y 8- T e
FEBFR AR ANER | FiR, 247 AR AR
SRvER, BHE A T AL TR, BLh
T NBHAL A B AT BEMEAR /N, IR 28 L AR
IS AN E 227 0, WL LA
SIPLAG T E  Tolk & R i i, LR B Sk
AR — B R T, L
ARV RS, oA = 54 R4k 1 2 4
WRR, FURTEIEE AL EIE A RSN TT
FESCIERN b= i G5 F I N AR & it XA 1k
SR AR S TR S TP AR A B A S v AR
SR, DR TR AR HAR G BE A T R P AR
AN, HEBE T A 50 AR R R K
ARG, o FE B HINA R
PR s SR AR SR 7 S S T AR R
FEBABE, A Ak B B 7 3R 1 AT DA R4 A 7
JEUR A 55 DGR A 1) )2 UK AL AN [R) ) e A
T it S UK S 2 ) 7 i R AR A 1 AR Ak
X =7 AR 3R E AL, MP3 A VED-DVD
FEAE A G i AR A H A AR R ST AR H R
I, HAZCO T HESRA S A8 2 el 1, it
AR SR ) ) AR AR B

S AL S BRI AR AR X — AN & 4 5L
1, sk 1 FR, iR R E v, Bk gh A AR
SR S AT DR A Ry 32 0 A 7 0 2
BEHUE R TC R RN, a0 PC AYEER | 121247



55 8 (B 334 )

X A

No. 8 (General, No. 334)

2021 4F 8 Journal of Industrial Technological Economics Aug. 2021
F1 BEPUTRMER, EREXSREFHE~L
LA
Pk e Fehig Bt LR R
AR SR
(SR 23] Mp3 (REV 2 yep-
Gl GEHERBIEL RO SRR LR ii%<*“’ﬁ%) - MP3 (RE)™
Vel (Sanchez I Sudharshan) ' | PC ( Baldwin I
il SR R EHAb A £ Clark; Sanchez F Sudharshan; Langlois #1 Robert-
son) 2431 AEIHL | BEARHL
WHL: /BB RLAT (Woosley) 1| ALK
e SR AR R R LR E BhHL: Wiz & EHHL (Prencipe; BRINA) ™' %,

FUEATIE (Zirpoli Al Becker)

it (REAE) | DCERER S SR RIS, 5%
FHIALEEES (CPU)  HEAT AT B ke L 5 3 e . B
AL, HARZETC AR By ot B2 TC LA B

BEH AL LA B I AMCRAS, i B RS
FERS B AL 55 5 A 2 AR R AR K A A
T, TERHBORIR: 23 A JR 1) ask A8 v BRI 2% 5 75 R 1Y
Hehn, 7 i AN R 2 S T B R
K, Kapoor[mi%ﬁXULiiégF{zigfﬂikE/‘Jﬁﬁ%, MENE
RAAEDN ] — AR 2 S Ak B IR, AT3AR
AFZ At B — R4k, HA8 H RE v a2
oD ER, T E ) 1z i K B s — 1k
R A, WK 1 s, EALALET MP3 (A% 02
157 AR E B A & i, B2 78 AR
fer=, 3 H MP3 H1 VCD-DVD & 2875y Hofth
i B — S AR, X SRR AR AR R AR R S A2
MR, S R 9 H &R IR A7 RN A
Wy, HD TEEE . eSS FE LT R
T2 R Rt < AU bl AR
HIREAG, AR T FHER LAk i B 5, I Ak i L 3
TET “HEEAUNE", HE AR — D 0 AR
IR, SRR “EmBERUNE Sit—2 551k,
Mo FFWIET mEeT S e, Bt
EHERAL) RIS 2k, IF HAE SEh A1
RHBE R — IR AL, ZAR P8
AREEREFITH PR TH R B 2515, 767 S M BB i A8 4
IR —R Ak, FEPERESF o Sk i R IR AL, —
HASHREM

A AR AR P AR TR SRR AE R
—NERR T R E SO — R,
LA BEHCGRART B b S5 i 5 A R E 1)
Ak B R (E SR A A AR Y A R R

AET A2 7k 2 S R 28, TR A e 0 4 Ak 1 AR
Toik ) RN R R AR, T DA A Ak
R SIRA R DR A R T
Ko, R 1R, COWLEER T2, Pk,
PLFE N R 345 200 Al 3l o 5 2 e i B 3ok
il 15 AN R RS B B AL F AL, M ARt R AN
HIEE X Byt

Zr b, ARG 3 FZEABIRY = S A ) 4R
BARE KRR, X5 Neely 25070 42 1 A9 4t
Jof 7 AR BRI K R A SR B 2L, AR R A
RREMIEIAT 75 B A B i 3 7 ik = S 1Y)
AR G5 GUR DR IR, B T ST B
b5 AR B S 1T 242 B 23 1 Bl JE A i B
KL 22 R TR GHT () B R e, 221> 4R s
Jr 2H B B BB A AT X 2 A i e A R e IR
M 1 Frow, A8 5 R 5 SRR R 7 o AE
JTHFRMB R, A, MP3 Fl VCD-DVD 4
RGO LR M — N, IF AR Z 08 R
FEARHLAFREE 3 7 O & e iU o 2 28 AL 7 i 4
BEMR 5 BT R B ST ) B SE R Y P e RS R . B
Zerm R R AR R B AR T A R, R
HAFZEERWFR SE AR RS E AR &
&
7 HiL5RE

i8] BRL = i ] SR AR B Ak i Az e A =R R O
B4 e, O HAS B 45 Gamar sy, X
IRELAS . B2 AR R B R HY], 4568
BEni, HAZORM, 257 A A A] 40 FE 5 R A
(e BEAR Gy b ) — RAR SR S i, 4y
WD, BRARHIA, FIH R EHRDR AR, |
RAER A MR R T, HIHERA R, Tk



558 W1 (EAE 334 )
2021 4 8 A

Lo A
Journal of Industrial Technological Economics

No. 8 (General, No. 334)
Aug. 2021

B orpE, NITCIE SEI P R & e . B2 447" i AF A
T AN RR RS A B S Y R S B HAE
PRI RE SR T AR AN LA HA B
KA Rk, IF B A DT RC ¢ R 25 3K
M, A BT I RAHA HOR | AR
Wi 2 e el 17 50 i 1 2 AR b e
[F) SR BIR LA [) D7 ) 401 () 3 B2 AR 8l 52 2% 77 il ) kG it
FERZ IR = 4 ARG A8, &) i At 72
SRR TR . B A R BB, A
R B AR B 2 R AR T 46 AL B B 2 Tk, DA
PR TR ] B A AR TE BT TRR,
Bl i S AR EE 4 v, AT LA 22 i Ry — A
B EREON A e ) R R AR T I 2 A Y
FRUEIRAS, HAREIRE — R IC AR, HEBREE
FoAR B AR G 7= 54 PR 00 10 B R 4R BT R0k

PR AR S R R A AR S 5 R Y 7
ARG ALY, 10254 28 S R A 5 18 E
B i AN EE T B ARSEHAL A BIE . 25 742 S5 T R Y
P AR A 770 T, S R A8 SRR 1 7 i B
S i AR A AR 77 O F2 . AR 72 S 27
PYLE PR AL 5 B WA R S R e, 27 AR T
o

aE FIRFSEIRAT A T LA E 2 ) S al &
JETTW . (1) Jnfap kg B R ™ R S
BRI MG 28 5 (2) A e]bG o b 220 1o 11 52 24 7
iR R BBEHARTTRR s (3) AT 4R 352 F ™ it
PUSHR A 5 Wy s R FLC R 1 IR G kAT 5 (4)
WA P B2 4E R (5) TER bR e
AR AR TR L MRV RS A R A A £ AR
REATEE, H e & 2 ik o B U S Al i,
Pl s s i RN IR R B 7 i A 2R g, AR
577 TS5 F 7S AR E 52 4% ™ b A R o] 1 1t
J5 ) AR T AT — AR

2 X X W

[1] Baldwin C Y, Clark K B. Managing in an Age of Modularity

[J]. Harvard Business Review, 1997, 75 (5): 84.
[2] Prencipe A. Modular Design and Complex Product Systems:

Facts, Promises, and Questions [R]. Working Paper: Econom-

ic & Social Council, 1998.
[3] Fleming L, Sorenson O. Technology as a Complex Adaptive Sys-

tem: Evidence from Patent Data [ J]. Research Policy, 2001,

30 (7): 1019~1039.
[4] Vickery SY, Koufteros X, Drioge C, et al. Product Modularity,

Process Modularity, and New Product Introduction Performance ;
Does Complexity Matter? [J]. Production & Operations Manage-
ment, 2016, 25 (4): 751~770.

[5] Sendil K Ethiraj, Daniel Levinthal. Modularity and Innovation in
Complex Systems [J]. Management Science, 2004, 50 (2):
159~173.

[6] Kauffman S. At Home in the Universe—The Search for the Laws of
Self - Organization and Complexity [ J]. Leonardo, 1995, 29
(6): 667~672.

[7] Chesbrough H W. “Towards a Dynamics of Modularity. A Cycli-
cal Model of Technical Advance”, in: Prencipe A, Davies A,
Hobday M, eds, The Business of Systems Integration [ M]. Ox-
ford: Oxford University Press, 2003: 176~ 182.

[8] EBf&. B3k IH O R, M E (T) [J]. BT4RE
5 kE, 1995, (5): 19~22.

[9] Cabigiosu A, Zirpoli F, Camuffo A. Modularity, Interfaces De-
finition and the Integration of External Sources of Innovation in the
Automotive Industry [ J]. Research Policy, 2013, 42 (3):
662~675.

[10] Macduffie J P. Modularity — as — Property, Modularization —as—
Process, and * Modularity’ —as— Frame: Lessons from Product
Architecture Initiatives in the Global Automotive Industry [J].
Global Strategy Journal, 2013, 3 (1): 8~40.

[11] Sanchez R, Mahoney J T. Modularity, Flexibility, and Know-
ledge Management in Product and Organization Design [J]. Stra-
tegic Management Journal, 2015, 17 (S2): 63~76.

[12] Cabigiousu A, Camuffo A. Beyond the “Mirroring” Hypothe-
sis; Product Modularity and Interorganizational Relations in the
Air Conditioning Industry [J]. Organization Science, 2016, 23
(3): 686~703.

[13] $#E, RI=%, TR SERKEARORRTALHRR
2 [J]. srE %5582, 2009, 31 (10): 16~22, 53.
[14] Ulrich K. The Role of Product Architecture in the Manufacturing

Firm [J]. Research Policy, 1995, 24 (3). 419~440.

[15] Zirpoli F, Becher M C. The Limits of Design and Engineering
Outsourcing: Performance Integration and the Unfulfilled Promises
of Modularity [J]. R&D Management, 2011, 41 (1). 21~43.

[16] FRér &R, BEHACLE )i fo db S i B 28 R w838 3 o 09 B2 JA——
KEME LB RS G A F X o [1]. FEL
Y225, 2004, (1): 36~42.

[17] Brusoni S, Prencipe A. Unpacking the Black Box of Modulari-
ty: Technologies, Products and Organizations [J]. Industrial &
Corporate Change, 2001, 10 (1): 179~205.

[18] Zhou Y M. Designing for Complexity: Using Divisions and Hierar-
chy to Manage Complex Tasks [J]. Organization Science, 2013,
24 (2): 339~355.

[19] Dieter Ernst. Limits to Modularity; Reflections on Recent De-
velopments in Chip Design [J]. Industry & Innovation, 2005,
12 (3): 303~335.

[20] Salvador F, Villena V H. Supplier Integration and NPD Out-



55 8 (B 334 )
2021 4 8 A

Lo A
Journal of Industrial Technological Economics

No. 8 (General, No. 334)
Aug. 2021

comes : Conditional Moderation Effects of Modular Design Compe-
tence [ J]. Journal of Supply Chain Management, 2013, 49
(1): 87~113.

[21] K&k, RMAF. B L S RAKE [J]. TET
k22, 2007, (2): 67~74.

[22] R&. PEHMBMERARBRORE, BALSL LN L
# [T]. FRAF, 2008, (2): 88~93.

[23] #Hh. PEBELEESLOERET [J]. AAFEFR, 2001,
(2): 104~111.

[24] Sanchez R, Sudharshan D. Real —time Market Research [ J].
Marketing Intelligence & Planning, 1993, 11 (7): 29~38.

[25] Langlois R N, Robertson P L. Networks and Innovation in a

[26] Woosley J P. 777 [J]. Air Transport World, 1994, 33 (1).
22~31.

[27] Kapoor R. Persistence of Integration in the Face of Specialization
How Firms Navigated the Winds of Disintegration and Shaped the
Architecture of the Semiconductor Industry [J]. Organization Scie-
nce, 2013, 24 (4): 1195~1213.

(28] T, €RE. BER: —H# “BRibrgo”—K Frf
A [J]. PEITRZH, 2012, (2): 89~97.

[29] A2F, SRE. #MpAELYFFL, HRAERLH
[J]. PR RZH, 2007, (4): 71~78.

[30] Neely A, Hellsttom M, Ng I C L, et al. Solution Business

Models Based on Functional Modularity—the Case of Complex Cap-

Modular System: Lessons from the Microcomputer and Stereo Com- ital Goods [J]. Journal of Service Management, 2014, 25 (5):

ponent Industries [J]. Research Policy, 1992, 21 (4).: 297~
313.

654 ~676.

Modularization Limitation and the Analysis of
Reintegration Development Model

Based on the Perspective of Complex Product System

Tang Zhao'
(1. Beijing Institute of Aerospace System Engineering, China Academy of Launch Vehicle Technology,
Beijing 100076, China;

2. School of Economics and Management, Beijing University of Aeronautics and Astronautics,

Beijing 100191, China)

Lin Yang' Wang Jun' Zhang Xiang' Chen Xiangdong’

[ Abstract] The mainstream research of modularization focuses on how to modularize in the specific domain, environment or
background. It does not pay attention to its outstanding limitations. The limitation of modularization is evident in the complex pro-
duct system. Based on revisionist literature and related theories, we analyze the following five aspects: module interface and module
dependency, module boundary and numbers, synergism restriction of modularization, modularization threshold, modular trap and
reintegration. And we use aeronautical products as an example to demonstrate. The study finds that the complex product system of
modular limitations was reflected respectively in the fuzzy module interface and high coupling between modules, the huge boundary
of physics and knowledge and its matching relationship has grey zone, multi dimension modularization has multi—quadrant diver-
gence, modularization threshold cannot be obtained accurately. The product of modularization mutation follows the alternate deve-
lopment path of modularization and integration, which will produces reintegration. The product of moderate and stable variation fol-
low the development path of modularization—based and integration—based respectively. It is of great significance to determine the re-
lationship between module interfaces and modules, depict the boundaries of modules, approximate the modular threshold, manage
multidimensional modularization, and explore the emergence and evolution of integrated modules in the application of modularization
in complex product systems.

(Key words] module; reintegration; complex products system; modularity limitations; multidimensional modularization;

integration module
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