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Project optimization and simulation based on
DSM rework risk evaluation matrix

YANG Qing, LU Jie-feng

(School of Economics and Management, Beijing University of Science & Technology, Beijing 100083, China)

Abstract To describe the uncertainty of activity rework in design structure matrix (DSM), rework proba-
bility matrix and rework impact matrix are presented to constitute the rework risk evaluation matrix. This
paper proposes rework risk genetic algorithms (RRGA) which combined with the number and distance of
feedback and the cost and time of activity. The traditional GA is improved using multi-point mutation
operator and self-adaptive mutation probability. Through optimizing by RRGA and simulating for an
example, the result verifies the RRGA can reduce the time and cost of project and their variation.
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2 #EET DSM BRTREEIFMN 3R

2.1 XA DSM MR EREEHATREME

WE 1A, FSEH DSM R R KRG BAEERD “o” 3¢ “x” EBERFMEUE, Ho O TXMEn
PR LGS R 5 BAFISR A TG, i1 B k2 5 BEES C; X ALMtrcR R TG s)
SERUE G B R RSG BIRES), i C ERJEE B RBRSG LGS A, S35 A IR T %48 DSM MR s et
B ARG MRS R, B4 EFAAR L. BAEENMAERT.

{2, SBr BiEShZ W HOOC R B AETEATR S . —J7m, E3R LIEM A E BA AT, FiE
56 LIals BaERS LiEED), TR B LIFE AR L, WAlR Ak AR L, B TR IIE X fF
15—, FHRLEA, B LW TAERBEAAFEN, ARSEEeR L, WA AU H A LAE
KR T, R THEMERE R 0-100% Z [EWHE. Fi, A [0,1] Z [EHEEER DSM &322 AT EN
RO XA E LR .

W HERS, K (R) 8RR AEMATRENE, EHAREER TR AR (P) SESEEW (1)
friese, BIFESf R Ee R = P x 1.

A, ASCERH B DSM 1R AR REATR Tama 3 BE AR RS0 TR, FHRAAER DSM 44k B #n
AL, #AL T R TIR TR AR ES: (Rework risk GA, RRGA).

2.2 DSM RIRFEFMEERE

A 0K DSM IR TAEFSHE FEANR Tigma s EERL PG AR DSM IR LR PR .

1) IR TAEZ (Rework probability, RP) [, 1% DSM %M iR IR T & EHIMER. Browning!! 4214 /i
[0,1] Z [H%EA] DSM EMRFR RGN Z [H51 &R THHER, JEXMZICR RP(i,j) MERRER THHER.
X ALITCRMBIER S ERIRRE (—RIET), T ALICEF R T LIFE s R UOR TR,
W 1(a) s, EXTALMICER RP(1,3) = 0.5 #RiEsh C B LS A R LHHEHEA 0.5, TXFALT
& RP(8,4) = 0.3 F/R{E3) D R LSS, BRE H SR TR 0.3.

2) A3CHINIR LMGREE (Rework impact, RT) #EFE, BERERER TALE, B T TR ZES R LIE
BEyE . BT IR T TAERIAFEME. FENBLICR RIG,j) Bnfts § SBUES BRI, A5
RIS ZES TR a2 . mE 1(b) iR, RI(1,3) = 0.6 FR{E3) C ifE Rk N4 A 153, SEE
3 A BIR Thd H A TR 60%.

A B CDEF G H T J K L A B CDEF GH I J K L
AlA 5 A A 6
B B B B
C 21 C C 41 C
D D T 8 D D 8 6
E E|.5 4 7 E E|.3 5 8
F 3 F 5 F 7 F 6
G 3 G 8 G 3 G 8
H|.2 3 H|.S5 .6 H|.7 5 H| .6 5
I 2 4 1|5 I 5 8 I|.4
J 213 2 11618 J 412 7 J|.5(.3
K 3.2 K K 315 K
L|.4 2134 L L|.8 415(5|L

(a) DSMiR T A A (b) 3R T 5 580 S A
E1

3 HETRIMNEHEERZE (Rework risk GA, RRGA)

3.1 BIETRIMNKEL DSM {1t HinF
H _ERR TR FFTIR TRemm R Mgz s, DSM ARAL BARE AL, BARRBFRA S A4 TCC (Total
coordination cost), A] /RN
TCC =wnec X NC +wgrce X RCC + wrer x RCT (1)
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HA, NC FpRm i TN ER RIS s A AR AS; RCC(Rework coordination cost) R38R L
PERAS; RCT(Rework coordination time) F/R/18 LYMEBTE]; wye. wroo. wror 3HFRR NC, RCC Fl
ROT WIMERE; wne. wreo M wrer BWBETEREY R 0 -1, B E wve + wreo + wrer = 1.
Lif&4iiy DSM il HAn BB, NO =ik =h:
NC=uwn x> Y DSM(i,j)+wyxy Y (DSM(i,j)x (j—1i)) (2)
i=1 j=it1 i=1 j=itl
HAr, wn Ml wiy R RO SRR A E BB WL wn + wij=1; (J — 1) & DSM FEREFEE @ 17, 56
7 FIRITE SRR AL ERS, DSM (i,7) FmiEsh M1 j Z RIS HAEAME (BUEHR 0 50 1), n HIESIEEL
B TIARA RCC HREARH (3), EFRARF IR TXEEER T, 518 TAHKIE S5 % A5 me 2
THME. BT & sh S XTI B RO, 3R T ERE] ROT H AR (4), BRRFHRIR X
R T, 'Qiéii‘ﬁﬂ‘éiﬁﬁabﬁﬁ %L@Nl‘ﬂﬂﬂlﬁ"] FitA. E%@%Tiﬁﬁ T )Xt 5 B HE AR .

ROC =" Y (RP(i,j) x RI(i,j) x 3 (Cost, x RP(u,i) x RI(u,i))) ()
i=1 j=it1 u=i

RCT =3 S (RP(i,j) % RIG,j) x 3 (Time, x RP(u,i) x RI(u,i))) @)
i=1 j=it+1 u=i

Hp, Costy. Time, FoR1ES) u BIF MBI RP(,j) M RIG, §) 53R AR TRERANR TR MR AR
KerbiEsh o M 2 Ta S EA R FIRA.

VI 1 R (1EShi 2 AT EudE Wk 1), 5 J &38R TR SRR LA ROCy = (0.6 x
0.5+ 0.8 x 0.3) X (254124 x 0.3 x 0.5) = 23.54, J {E 3R LIRS FE AR THHARTE RCT; = (0.6 x 0.5 +
0.8 x 0.3) x (11 + 85 x 0.3 x 0.5) = 12.83.

*® 1 WHEiERREE 5% A
w#H A B C D E F G H I J K L
mE 42 38 23 54 12 55 13 83 87 1 13 8
%A 53 42 31 350 15 360 23 102 130 25 23 124

3.2 RRGA REFEREZREFAZXEF

DSM HHEFFAAL IS T A& AL g NP-hard [F)85, 7R Bk 0100

1) gatg = ASSCKPE DSM AE YRR, SRAIBARmIG . BRI WTESECH n, vRA n #H]
iy, BENREAIREER 1,2, -, n, BN IR, ZBRBHKER n. Fa, ST —NRadgmg
[5-3-4-2-1], FR M DSM #922 LB FHIEShHER.

2) PR X RAUEER, TR BARREUE Fi, SRR EE B iR R BUE T B MRS
N EEME Fii = 100/ Fi?, 33 WG N BB R IE40 AL W s T e 9%

3) ZEXHF: ASCRFIHEEXHF.

E x VASERIN S0
T = @e0e0)

E 2 ZefmineEE

3.3 TRETMTRMEIT

H T DSM [FliA Sy i R AR H , XE T n &SR DSM AEME, ATz il n. I, DSM
ARt I R BRI 0Dt 22 57 Bl ad S ARy 7 U AT M, BRI TR PR AR, Bk
TR R QI 3 PR, WA R N R R AN, Meierl™ £+ DSM ARG T shift 28
ST, Nt — I RR PR 2 R LA BT LSRR A, ARSCR I T 2 5385 (Multi-point) 57, HHAy:
REALIEH LA, BAPIER, SR)5 TP S B
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Q391 = 00005 300005H
> I 8

>< 4
36303 i (300002H " HOVEODF) I
(@) FL B RH T (b) ShiftZF 51 (¢) % A (Multi-point )25 5.1

B3 #MEREFTEE

VAT 1 g, HARRRBORE (2), FEREL 300, S Pe= 0.9, ZFMHR Pm = 0.1, 25K A L
BRI T, SRR RN 4 B, W, 2 R AR T HINCSUECR T A T HAR P A T,
e SR PE AR IR, BRI, ASCRAIZ AR RS T

40

=====One-point 40
R {5 N E— P=0.01
30 Multi-point| | " Pm=0.1

30

Pm=Self-adaptive
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4 NEAZREFHMLIRE E 5 TEZRMEHRLIE

BrIE Y AS SERER N T ORRF PR S RV R R A VR A, A SRR PR P2 e A R
A ERESE GA B NBENIIE R, WS B IRAE. A SCIRIEREEE N B 2 58N EWE LE R
BELRENE, LA S R A SR, B T3 d e ().

Pm,1, FEL<AT, Ho/f <k

fmax_f = 7
pa X 2B Ty T H o/ > k
Pm = ! fmax - fmin / (5>
Pm,2, %‘AT<tSﬁT
Pm,3, %5T<t§T

KA,k AHR A, B REER T, T 7 SRR, o 4T F M ASE BRI, fuaxs fuin,
F B AR B R R BE . B/MEFIAE, poi D2y D HEEHTERBEAR.

VAl 1 #y DSM 4, RHZ siAERIT, Pm 235IH 0.01, 0.1 M HENV AR, HESHFA L, 145
UM B MER R R A 5 BR. I, S5EH B AR AR, ML S B, SRR
TR

4 ETRIXEE DSM {AHEITERIE

B TR THERA R R AR E, AR A7 B — 200 H B 3% AT R s g A (12180,

5, BLE DSM R LA S IR, B R AR TE= fh T Kt R B 2 5 AU R 38 o, %ot T [ B L
VERTAE B iRl SR/, A SO e M B R 3 12, B — R TSR R E — 5% 75 A
B 105 B R AP AR TR O R, A5 SO B KR TRER 10.

HAEAEAS 2 DSM RS PEAN R, T30 H 2 9% AL B a5 B BB An T

1) PG B S A A R A RS AR L, 58 LR RS iE shif 58 LR 0;

2) MRABIH B & ShHE I % 5 iR, S-40 24 B el BT s EAEPUTRI TS B4 G

3) HATPAT I BATIE S BB BT 16 ST o0 B, R B3 5l 24 wirest ] P 1 B FR A T g 10 B g st
AT A

4) ARYEIR TARRRE AR TR, B WS TE 3R TRGR T TAE R, RS ST80N, BIER T
TAERE; BOBBTA TGS TP PIRES A R 56 Ll
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5) MRPrEWIESIHC 258 T, MEAHRIZRITE, BANELEK 2).
PATZUGXARERITE, 2450 B I ER 3% A S P A 2R, BT ARG TRGE, fFIRTH

P
|E[TT), — E[TT)r—25]|

EITT], < 0.005 (6)
}UQ[TJ;];[;I?;[_Z;Z]T’QS} < 0.005 (7)

Hrt B[TT], NET r WHEAAEIR S H S RHEERE, o #5072, SHAR RS LR SR0E
AEAEASL, 05 B SR AR H B 2 ALE T A AR D

5 X MBEEHF R RAES R

51 B8

Rl iy xx BEASTHAE 12 &S, FIBIHESIErBRR R EA S MR 1 PR CvE FiH At
B, BALIRCCEA). Ead #ZOHA KR, B80T H I HET BOR TR RENUR TR BRI 1 B
5.2 KRZZERIZHRCERRARE

RS DSM AL HAReR R, B (2), BIAH IR THIANHENE, HARREO R e/ MU 5 A~ 50r
SOBEER. A, wy M wi; SrHIEC0.7 A1 0.3, sARTIARI BB E B R R 60, UL 200, 52
MHER Pc= 0.9, BFMR Pm = 0.1. i2f] CIEFHE, BEMULEHESHEFNE 6(a) Bis.

A& 6(a) Fr7ni& ShHEY SOk THERAR TR, 2647 500 IOFETHE, 1500 H SESTE . 3¢ Em
FZEMFR 2 Frs, TTH B/ SRR ER S R AT A 7(a) B,

x® 2 THABERE XK BRE R BIRERHIER

5 Ak B ¥ RCT RCC [ms¥t KOER WEME HHAFZE WEE M2
1 PLALRT 238 781 14 41 2283 540 381 62
2 fEEHinRE b 67 274 4 8 1613 368 378 39
3 RF RRGA ffbgs 48 133 4 8 1404 217 339 37

B3 2, & 6(a) FIE 1 ATAL X500 H W ER SIS SIHEFAL G, SUs MEOR SUR R B 3 A WS R,
VLEAZ A RE A RO AE B S, 1R B 2% AT ]
5.3 XAETRIMNREERZE (RRGA) BEERRIFRE

KA RRGA Hik, BARREIEGEL (1), HPF&ESHOY: wve=04, wrcc=04, wrer=0.2, ZFHE N H
6 AR AR, e SHE . SRR bt R, ik /e DSM FEREANE 6(b) Fras.

BCAFZKLIJIEDGH B CAKTLTFTIJIGTIEHD

B|B B

C C clalc

A 50A A KN

F|3 F 5 K|.3].2

K|[3]2 K L 4l4|L 3 2

L 4 4(L[3]2 F|23 5|F

I2l3 2]6ls8ly J|2].3 6827

I 2 4 501 G|3 8 G

E 507 E 4 I 2 4|5 I

D 7 8 6|D E 7 5 E|.4

G|3 8 @ H 2.6 5 H|3

H 2 6 5 3 H D 6|7 6 D
(a) &g HbreR g R (b) RRGA AL 455

6 MItEER TGN
FERACSE R IAT 500 IWOTE, THALR IR 2, T H B34 /S IR ER SR AT 4nE 7(b) Bras. Xt
LI 7(a) FIEET 7(b) ATHI, R RRGA J5 5 H & 2% IR A AR LA — 2P AR, 0 H S 2% -5 St ]
W RIHERIE (B 8 FrR), A0 H TR 2% AR e 6] S8 AT AR 2R,
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(QREEEARETE GRS (b) RRGA flifb&iit

7 RACERTE B8R A/ B EEA S B R E

0.7¢ -1 0.7 11.2
0.6} 0.6} 1
10.9
I 0.5}
0.5 . {0.8
5 04t 10.854. o4 t:
=2
s = = {065
= =\
= 03¢ | 0.7@ =03} B
m
0.4
0.2 0.2
10.6
0.1 0.1 H 10.2
’_‘H’_H_H—H_\ [ . . 0.5 ox [mlm| ’_”—\m!_\!_\hr—\ | | | 0
1500 2000 2500 3000 300 350 400 450 500 550 600
s B 1]

B 8 RRGA {£{t/5HiE 55 B 5Ha 2R uEdhk

HE A LR TSR, AT 4R

1) R RRGA 535 n] B S B ARR TS 3iy T H 2% AR IR]. P& 1 AIak 2 w00, PRI ATEY DSM R
FERE LS, KA RRGA fUb)5 Bt BTH B9 a2 E AR T 38.5%M 11.0%. &5
WITEA L, RRGA (AR ZRIGE] T i — k.

2) BT RRGA FEHIE THERINR, R R B R BARa a2 1K, mE 7, RRGA £
LRI H SR 77 26 BRI, R i e, B 8 W/R REWRMZTET A ke, A
FE TR .

3) &4t DSM HARREUAH I8 S i, T RRGA REMSARIEIE SINSTH] . S MIALR T XU A8 2 K BI1F
FED), FUHBCRBTE SR R @A TR TR, AT RER/ DT H 53¢ AR THrREmA. LA 6
S HEBCRINTES) D M F b, D & SiTE RS Ik G 9IR TR A (0.4%0.6)% (0.5%0.5)=0.06, RRGA
Pofb)E ek T A, &3 F R TS ISR T BRI AR, 2SRt H #9iR T JapA & 3.

4) AR TR E IR TR, RAGTEHREARMr AR SR, o) 5 e Bnmi H
B AT g oA, (5 EBOR R IS (3t 1 n b o A 73k

6 &Eip

EEAHESER DSM AL 7 vkad TR A Bt ORI B BE R DA o5 SRR TR AN 2, AR SCHTR THER
HEFEALR TR 5 B PR C A R T XS PEUT AR, JFERH T DSM TR T XS A H%L (RRGA).
TEREFIETIIANZ fRFH A A B, YRR FAR e Rlieslr:. SURSREIR 0f BRI T
RRGA SERIA L.

SEH

[1] Browning T R. Applying the design structure matrix to system decomposition and integration problems: A



& 93] W, % 2T DSM IR TR EUT AR 0T H AL S E 1671

2]

3]

[4]
[5]
(6]
[7]

8]

[10]

[11]

[12]

[13]

review and new directions[J]. IEEE Transactions on Engineering Management, 2001(3): 292-306.
Chen C H, Ling S F, Chen W. Project scheduling for collaborative product development using DSM[J]. Interna-
tional Journal of Project Management, 2002, 21: 291-299.
HIER, /M. BT O HS MR o B B [J]. R TREELE 5528k, 2008, 28(11): 51-54.
Bai S J, Wan X B. Project schedule cycle based on design structure matrix[J]. Systems Engineering — Theory
& Practice, 2008, 28(11): 51-54.
Steward Donald V. The design structure system: A method for managing the design of complex systems[J]. IEEE
Transactions on Engineering Management, 1981, 28(3): 71-74.
Gebala D A, Eppinger S D. Methods for analyzing design procedures[C]// Proceedings of the ASME Third
International Conference on Design Theory and Methodology, Miami, FL, 1991.
Todd D. Multiple criteria genetic algorithms in engineering design and operation[D]. UK: Engineering Design
Centre, University of Newcastle upon Tyne, 1997.
Kusiak A, Larson N. Decomposition and representation methods in mechanical design[J]. Journal of Mechanical
Design, 1995, 117(3): 17-24.
Yassine A A. An introduction to modeling and analyzing complex product development process using the design
structure matrix (DSM) method[J]. Quaderni di Management (Italian Management Review), 2004(9): 8-9.
Meier C, Yassine A, Browning T R. Design process sequencing with competent genetic algorithms|[J]. Transactions
of ASME, 2007, 129(6): 556-558.
PR, BRAA. BT BEER SO EMERAINETR [J]. HEEBERZE, 2007, 15(4): 98-103.
Sheng H T, Wei F J. The research and application of genetic-based design structure matrix optimization algo-
rithm[J]. Chinese Journal of Management Science, 2007, 15(4): 98-103.

H, W3ete. ETRETANFIERBRMENL [J]. RETREFEMR, 2005, 20(5): 524-529.
Yang Q, Qiu W H. Manufacture process value optimization based on genetic algorithms[J]. Journal of Systems
Engineering, 2005, 20(5): 524-529.
Browning T R. Modeling and analyzing cost, schedule, and performance in complex system product develop-
ment[D]. Massachusetts Institute of Technology, 1998.
Cho S H, Eppinger S D. A simulation-based process model for managing complex design projects[J]. IEEE
Transactions on Engineering Management, 2005, 52(3): 316-328.



