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Project optimization and simulation based on
DSM rework risk evaluation matrix

YANG Qing, LÜ 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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����������	��
��; ��
���������	����, �
�	������� (Iteration) 	�
. ��	
�
�������������, ��Æ����������	��. �����������
���	�
���, ������ (Design structure matrix, DSM) ��������������	

�����, ���������	�
���,������������� �� [1−3], �
��� 	
�!"!��.
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2 �+�, DSM ����-./01

2.1 �2 DSM Æ34567 !"#8$9
(@ 1 �, ��	 DSM ��./�
���"% “•” 	 “×” �A@�	�%, �:B: (�#&	

"%0)�C��D1;
���2(C��, ( B D1�;
���2 C; ��#&	"%0)(C��
D1;
��
2�C��, ( C D1;
��
2�C�� A, �� A ��. �� DSM ��/��',
	*������	E<��, = +>'�	��� +>'��	��.

3
, �?�����	E<��..�	��',. �,, ����-@	!.����',, /�
�D�;
���2�C��, �����C��!.��, F����!.��, =��G40	H*�
	; �,, 1��!., ��	�&�F����',, �����D2��, F���A3�$��&
!.��, ��	-.4� 0–100% ��	�%. ��, 3� [0, 1] ��	�0) DSM ������'	
5B��56B�?-@ [8].

�����, )0 (R) '67!.	�I',, �J��',8C!.	40 (P ) ����	-. (I)
9D', =/8C	)0 R = P × I.

�, (/%�J DSM ��40�����-.4�������)0, 7G�& DSM #��"
��, E:�+���)0	1��� (Rework risk GA, RRGA).
2.2 DSM ()*:;+Æ3

(/$ DSM ��40�����-.4����� DSM ��)0;F��.
1) ��40 (Rework probability, RP) ��. 8 DSM ������!.	40. Browning[1] %��

[0, 1] ���%K DSM ��G0)����L!��	40, 9�#&M< RP (i, j) 	%0)��	40.
��#&M<	�%0)��	40 (�:��), (�#&M<0)J��C��;L=<:��	40.
(@ 1(a) 9), ��#&	M< RP (1, 3) = 0.5 0)�� C D�;�� A ��	40 0.5, (�#&M
< RP (8, 4) = 0.3 0)�� D ��D1;, ��� H ����40 0.3.

2) (/L>��-.4� (Rework impact, RI) ��, ���1��!., ���&�N8��,�&
�	=�>. �������&�	��',. 9�#&M< RI(i, j) 0)?O j ��?O i ���, ?O i

���N8?O�&�	=�>. (@ 1(b) 9), RI(1, 3) = 0.6 0)�� C 	
���2 A ��, ���
� A 	���N�,�&�	 60%.
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3 �,���-�=->. (Rework risk GA, RRGA)

3.1 ?@/A()*:" DSM B0C12D
J����40�����-.��E: DSM #��"��, �"���,P?1( TCC (Total

coordination cost), �0):

TCC = ωNC × NC + ωRCC × RCC + ωRCT × RCT (1)
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��, NC 0)J��
#���
!"9L=	P?1(; RCC(Rework coordination cost) 0)��P
?1(; RCT (Rework coordination time) 0)��P?��; ωNC�ωRCC�ωRCT �E0) NC�RCC �

RCT 	A���; ωNC�ωRCC � ωRCT 	B%FSJ 0 − 1, CD� ωNC + ωRCC + ωRCT = 1.
���	 DSM #��"���E, NC 0G*:

NC = ωn ×
n∑

i=1

n∑
j=i+1

DSM(i, j) + ωij ×
n∑

i=1

n∑
j=i+1

(DSM(i, j) × (j − i)) (2)

��, ωn � ωij 0)�
#���
!"	A���, D� ωn + ωij=1; (j − i) 
 DSM ���H i ��H

j F	��&�#&	!"; DSM(i, j) 0)�� i � j ���K&�	% (B% 0 	 1), n ��,�.
��P?1( RCC ��L* (3),�0) ���)0-@(,�������9L=����	M

�%. ������	�������#�	-.. ��P?�� RCT ��L* (4), �0) ���)
0-@(, �������9L=����	M�%. ������	�������#�	-..

RCC =
n∑

i=1

n∑
j=i+1

(RP (i, j) × RI(i, j) ×
n∑

u=i

(Costu × RP (u, i) × RI(u, i))) (3)

RCT =
n∑

i=1

n∑
j=i+1

(RP (i, j) × RI(i, j) ×
n∑

u=i

(T imeu × RP (u, i)× RI(u, i))) (4)

��, Costu�T imeu 0)�� u 	�����; RP (i, j) � RI(i, j) �E0)��40���-.4��
���� i � j ���K&�	%.

G@ 1 N (��	������OP0 1), I J ����)0L=	��P?1( RCCJ = (0.6 ×
0.5 + 0.8× 0.3)× (25 + 124× 0.3× 0.5) = 23.54, J ����)0L=	��P?�� RCTJ = (0.6× 0.5 +
0.8 × 0.3)× (11 + 85 × 0.3 × 0.5) = 12.83.

5 1 %&E6789FGH:I
QJ A B C D E F G H I J K L

GR 42 38 23 54 12 55 13 83 87 11 13 85

KT 53 42 31 350 15 360 23 102 130 25 23 124

3.2 RRGA ;J<=>KLMN?O@MN
DSM 	��#�23H�AB#��	 NP-hard 23, �/�1����, [9−10].
1) LI*: (/EO DSM ��	UM, /��ALI*. S���	��� n, �/� n B

LI, J#LIV	B% 1, 2, · · ·, n, J#�C���:, +�I	�� n. N(, ���#KLWLI
[5-3-4-2-1],0)N DSM 	��&X(	����.

2) YZ�D: ��J�MW, ��J##W	�"��% Fi, N;OO�"��%���J##W	O
��% Fi = 100/F i2, TE�O��%EOÆPP��YZ.

3) �Q�D: (//�RM�Q�D.

E

C

D

B

A

ABDCE

< 2 PQRFSTU<

3.3 GVMN?GVHWXI
J� DSM 23(Q	����US, �� n #��	 DSM ��, ���,V� n. ��, DSM #

��0����U4	R*ST,, T[U&\�]T	*V.^	#W, �W�WX�M�_,, YJ
��	`U. (@ 3 9), ZK	T[�DRMT[�D. �a, Meier[7] K� DSM 	UM%�� shift T
[�D, �[�4�M	�_,GYJ��	`U, (/%���MT[ (Multi-point) �D, �b�:
VXYBW##W, JA	##W, N;		�YVL.



1668 = > 8 - 4 & ? ' 9 � 30�

 
5 1234

5 1432

421 7536

421536 7

421 356 7

426 135 7

(a) (b) Shift Multi-point)

< 3 6YMZ[\TU<

G@ 1 23N, �"��B* (2), �MZR 300, �Q0 Pc = 0.9, T[40 Pm = 0.1, �E/��
�X��*T[�D, ZK	���(@ 4 9). �P, �MT[�D	YZ�*[c#��\	��D,
YZ	]�F��U[. ��, (//��MT[�D.
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< 4 N]MZ[\^OPQ < 5 N]MZR_^OPQ

BO	T[40��WX�M	�_,*_��� &�, T[40\�W�WX�M�_,; T[4
0�S���� GA d�VX^_, YZ]�\\. (/EO�MO��J]�O��J%�>���
M�_,, G�SO�]BT[40, \\���� [11].

pm =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

pm,1, 1 t ≤ λT, C σ/f < k

pm,1 × fmax − f

fmax − fmin
, 1 t ≤ λT, C σ/f ≥ k

pm,2, 1 λT < t ≤ βT

pm,3, 1 βT < t ≤ T

(5)

*�, k.�, λ, β2'	=�>, T ,	���, σ^`��M�#WO��	J], fmax�fmin,
f �E^`��M#WO��	��%��$%�J%, pm,1�pm,2�pm,3 2'	T[40.

G@ 1 	 DSM N, /��MT[�D, Pm �EB 0.01�0.1�SO�T[40, ��_�*�, I&
^`��#�"%	���(@ 5 9). �P, ^BSO�,T[40�, �Ae#]�[, e#�*F#
�^'T[40.

4 �,���-� DSM T`U>aV

J����40�-.4�����', �/�`W��[����,���,��	�a [12−13] .

af, Z' DSM ���	ghb&��, �
'	Vc_!���VE��:�	��, ��*_	�
&9`�	���Xabd, (/S'b&cb�� [12] , J���:�&�0d%S�# e. a, 
YJ`W�����ij:���, (/Z'����:�B 10.

J#�I&	 DSM )0;F��, ����,���,��`W��((:

1) ce���f>T��dYgT�, D����d��	D�� 0;

2) OO��������fD���, eZ^`�[�	\	[�	��gB;

3) 7�[��[���]&9���[�De, $)��^`��h	������&��,��
�,���;

4) OO��40�����-.��, �'i)�����f��	�&�;  �gh��, k\��
�&�; 5^9���	�[�YgGfD���;
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5) (*9�	��flhD�, m�j8:`W, gm^[_ 2).
[��:_	`W, ^��,�����G&(,L*	nC�, k[`W�*l�I', oJ`W

��.
|E[TT ]r − E[TT ]r−25|

E[TT ]r−25
< 0.005 (6)

∣∣σ2[TT ]r − σ2[TT ]r−25

∣∣
σ2[TT ]r−25

< 0.005 (7)

�� E[TT ]r ` r :`WI&	��,��mp%, σ2 0)], ����	���*�E. J:`W
���Kh:, J`W���GI&��,���,��	�a-@.

5 `b: cdabefgcdT`eh

5.1 fi
/nq	 ×× "!��i: 12 #��, d�����9r	�����(0 1 9) (j����>

U, RVBi�k). \�gi?lfmo, I&��	��f��40�����-.4���(@ 1 9).
5.2 �2 jC12D"B0kh>il

/��� DSM #��"��, B* (2), =� ���	��',, �"��*��$��
#��
�
!". ��, ωn � ωij �EB 0.7 � 0.3, 1���	_��L�E: �M#� 60, 1��� 200, �
Q40 Pc = 0.9, T[40 Pm = 0.1. s� C tuL�, I&#�;	����(@ 6(a) 9).

J@ 6(a) 9)����f��40���-.4�, � 500:`W��, I��,�����J%�
](0 2 9), ��,��/,��	pB40�a@(@ 7(a) 9).

5 2 %&9jmnoklIN]pO&mno9qp
v� <7%� RCT RCC njoq njkl KTmÆ KT+p GRmÆ GR+p

1 <7r 238 781 14 41 2283 540 381 62

2 q>%�nq<7op 67 274 4 8 1613 368 378 39

3 rT RRGA <7op 48 133 4 8 1404 217 339 37

J0 2�@ 6(a) �@ 1 �q, ���ceYg	����#�;, �
#���
!"J�cr	bd,
k[8�����bd
�	�
, 7��\\��,�����.
5.3 �2/A()*:r M= (RRGA) "B0kh>il

/� RRGA ��, �"��B* (1), ��d_�: ωNC=0.4, ωRCC=0.4, ωRCT =0.2, T[40S
O�T[40, ��_�*�. ��	���s, #�;	 DSM ��(@ 6(b) 9).
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< 6 pOs9tuR_st

$#��*[� 500:`W, ���*P0 2, ��,��/,��	pB40�a@(@ 7(b) 9). �
>@ 7(a) �@ 7(b) �q, /� RRGA ;��,�����	�t���[\\. J��,���,��
	M�40@ (@ 8 9)), �I��	�*����*��D1	40.
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>U�������*, �I((��:
1) /� RRGA ���[c\\����	�������. J@ 1 �0 2 �P, #�`	 DSM ��

�	���
, /� RRGA #�;�
bd, ��,�����J%�E\\� 38.5%� 11.0%. ���#
���>, RRGA #�;�*I&��[#�.

2) J� RRGA �� ��40�<, ���#��*c)�O	s�,I&�\\. J@ 7, RRGA #
�;�������	]�U�	\\, �O5lI'�g�, @ 8 c)Mq40b&	_eFUt, *
_k[�OUg�.

3) �� DSM �"��C ��
�, ; RRGA ��EO����������)0 �<uE�u
d��, ��U�	��$v “&�” wvx���wr�, N;�bd��,�����P?1(. G@ 6
���U�	�� D� F N, D��	��#��;	��)0 (0.4×0.6)×(0.5×0.5)=0.06, RRGA
#�;i��; *�, �� F ��)0FI&�U���	\\, ;�\\��	��P?1(�,��.

4) J���)0 ����	��',, /�`W��sw��#�I&	�*, �5]t�c)��
�����	�a, `Wsw��23%u��x����.

6 z{

K���	 DSM #����4?�
#���
!"Gf+ ���)0	��, (/J��40
�����-.4���v*�1��)0;F��, 7%�� DSM +���)0	1��� (RRGA).
	1����L>�MT[�D�SO�T[40, G%S��	2wYZ,. ZKyN	`W��xz�
RRGA ��	��,.
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