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Abstract In order to study the behaviors of designers in collaborative production development process and

the typical problems of process management, an integrated model of agent-oriented dynamic simulation

based on CAS and MAS theory was set up firstly. The integrated model included 4 important parts:

Designer agents, arbitration agent, environment objectives (task, resource and product information) and

function model of the dynamic simulation system. Secondly, simulation system development method

was introduced, and simulation process, class packaging, and functions calling process were described in

detail. Lastly, the proposed method was applied on some motorcycle engine development project. The

simulation results show that agent-oriented simulation can provide scientific and quantized decision basis,

simultaneously, provides a new idea for behavior study of designers in the process.
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n

P0

P3 P5 P9

P1 P2 P4 P6 P7 P8 P10

P0

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

[ 1 *\]+,^_-./012345`678a
9 1 :T^;,<=

�D6CKE'D

(Step1)

'>E7GF6CKE'D
(89LGHFEI-FG!$&89MGHFEI (89LGHFEI-FG!$&89MGHFEI

-FG!$.:'DDE) -FG!$.:'DDE)

HF'DNG: fii′(t) = F Ti(t)
RTi′ (t)

(Step2)

;HOIIJ'D:

FTi(t) = max(LTik(t), LRijk(t)) MGHP<MGHF

FRTi′(t) = max(LTi′k(t), LRi′jk(t)) K�!QIR,

GHIJJ:

(Step3)

1. K(=>LJ

LTi(t) =
∑T M

j=1 reqj(t)
∑T M

j=1 reqj (t)+NTj
2. =SKLLJ ('D?G ≤ 3), 'DMT,

LRijk(t) =
Mijk−Mijk′

Mijk
MKUM@!$

fii′(t) > 1: FG!$ i NOPA�D
(Step4) 'DLN

fii′(t) < 1: FG!$ i′ NOPA�D

3 $%&Ybc� !

(2��&/��������
-��:�	: ���:
��&/�*&�	/������9
C���&/�����87�	, 	��DE$�����������	��34�6�, �Q���
�'8��������(.
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9 2 d?]+@e,AB
�D6CNMBK '>E7GF6CNMBK

(89MGHFEI-FG!$NGHOV (Step1) (89MGHFEI-FG!$NGHOVCG
PA�D) '>E7)

#OLROVPA�D- ,CBK #OLROVCG'>E7-
FG!$GF,C. (Step2) FG!$GF,C.

#OLROVPA�D- ?GBK #OLROVCG'>E7-
FG!$GFDG�D. (Step2) FG!$GF?G'>E7.

#OLROVPA�D-FG!$ #OLROVCG'>E7-FG!$
P)OONGSGF,CPEQODG�D. OOBK P)OONGSGF,CPEGF?G'>E7.

Ei(t) = LTi(t)
LRijk′ , LRijk =

Mijk−Mijk′
Mijk

(Step2) fi(t) = LPi(t)
LTi(t)

, LPi(t) =
Mii′j−Mii′′j

Mii′j

LTi(t) =
∑T M

j=1 reqj (t)
∑T M

j=1 reqj(t)+NTj
LTi(t) =

∑TN
j=1 reqj(t)

∑T N
j=1 reqj (t)+NTj

#�, Ei(t) W fi(t) ��P t RQ�DGFWE7GF-OONG; fii′(t) P t RQ�D6C-'DNG; LRijk

W LPi(t) ��P t RQQODG�DWGF?G!T-GHPIJJ; M PX�GHP; reqj(t) P t RQ j E

I-SUVJRR, NTj P j EI-�WVJRR; LTi(t) PRRIJJ, TM W TN ��PT89EIGHF

QXSY#L�DW#L'>E7-#OFG!$89EIGHF-EIG.

3.1 DfEF
(2&/����������
-��E.�
���� 2 ,:, �/�(:

[ 2 *\]+,^_-./0125`G2
FGU�
�H	 0, GU��B
�
$�;

IM8�H�U,@, ��&/��
*��D, �Z��D, ��DJKNH11�H[�'!��
�)O;

L�Æ��?<,@, MP��&/, N���C���:R�V)?<11�H�[���� (70
M8�H, 
��&/�"[��8��), O ∼ P	ST�?<��;

OQD���Y	����. �#�, �Æ�@;*,@, 	R(��?<��;+; �#Y, ��(�
��;

QQD���YK�34�	. �#�, #�Æ�@;*,@, +3K��34�	; �	Y, �Æ(�
��;

P?<11�H�[����, 
<((�&/, \��L, 7:MP�,���&/, *=]�Æ��
[�,@;

R�Æ��[�,@, MP��&/, 11�H?<:�����&/[�����, S	T	��[
�,@ST��;

SQD: �H, ���Y��.�#�,�Æ(��; �#Y, #QD��[�����Y��WU��
��VU�@A, QD=�Æ(��;

TF4��S���6A���QD, �,���/0���$�	6�;

VQD,�����Y
���. �#�, �
17, ?��
1#; �#Y, \I�;
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3.2 IJKg
��&/���&//�/0����
��	�Z^��. ��, ��&/Z^	 Person 	; /0

��
�Z^� Task(��)�Resource(34)�Item(��) 28	�; � , ;*&/��	�X�&/,
WZ^� Arbi Person 	�, 
T4� Person 	. Person 	:&/�>�	�
����0�
�Z^,
Task�Resource 	 Item #X/0��>�	0�
�Z^. �
���[��� 3 ,:.

9 3 LM]+Nhd?]+Ni,ÆOPQRSTUV

�-SY
NG�\TYU

ZW�NG YU JP�NG YU

CString status()

void Delete CoPrsn XY'>-FG!$NVREI

_%
Unchosed Cotask() [Z:�UVGEIZ

(WX/Y[)
void Sel Task

GFEI, QODG�D
UsingSpareRe()

int Negotia Sel() KE'D, GFVVJEI

Person int same[] #F!TGW void
�!GFVVJEI

(FG!$)
Sel Task Indpdt()

int TBox[]
[Z\]GF void Sort TBox() FG!$-EIZ[\

-EI\� CString execute() FG!$-EIVJNG

bool If ReConflict() \]\^^`�D6C

int [Z\]VG bool \]�D6C\^FGP

now task todo EIZGW If multi people() _`FG!$

... ... ... ...

int t TodoBox[] XEIZ
void

a'>VREIZ-EI[\
TCollaBox Sort()

int Sel CollabPrsn() P'>VREIGF'>E7

int m PrsnBox[]

'>VREI
int PBox Sort()

;FG!$GHP, a'>EI

Arbi Person
-VGFG! VG!$GW[\

(M@!$)
TEIZ int TBox Sort() aXEIZ-EI\][\

void Prio Caculate() GHXEIZ�XEI-GHF
int '>VR

void Sel TaskTodo()

M@!$PFG!$�HEI,

m CollaBox[] EIZ _[ZC�HREI-FG!$

]bEI

... ... ... ...

� , Task�Resource 	 Item 2	�&�Z^

�	>�[�, !*��6��	
����@A��
��������,>��`c�34�Z��34

�
	/������6��. � �]a�.
3.3 YZ[j

(1) ��&/��%)����	[�$	
���
�H rt�U,@�GU�[�$	=,

��&/�Æ���%)��, �� 3 ,:. ��&
/MP�db���D p[i].task[], $	 BOOL [�
p[i].tasktodo(), ]?NH[�'!���; �#[�

[ 3 \k]lG2

1W true, #X���,�`c T[i].id 
�Ke:Z��D Arbi P.t TodoBox[] 	&/��D p[i].TBox[],
�# T[i].type=“collab temp”,3:�^�:����Dm CollaBox[];]?�a=,�_Z��D t TodoBox
[]
���X^� T[i].priority��R, ($	[� Prio Caculate();8=,$	[�Arbi P.TBox Sort()�A
rbi P.TCollaBox Sort()	 p[i].Sort TBox,
��28��D���)ONc�_� priority��:R%).

����D%)=, QD����D�Y	Y, �#fY, 	����D����R(��_d��;
+. ;*&/ Arbi P be��&/ p[i] �`�R(����_d��;+. aC$	 Arbi P.PBox Sort (),
�_ p[i] � p[i] �����&/�;<� matchility, Nc matchility ��RV)%O p[i] �����&/,
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�	��;+�Z?�; %)�a=, $	 Arbi P.Sel CollabPrsn(), ?<��;+. ?<��;+�:#	:
1) �C?< matchility ����&/ p[m pCollab] �	��;+; 2) �C?<6� free, [11Y`�Z
?&/ p[m pCollab].

(2) ��&/?<������	[�$	

��%)��, 
	R(����_/��;+=, 
��&/ p[i] �Æ��?<��. �� 4 ,:, �
�?<-�&�T
	 4 8,@: *&?<,@�H��@,@�;*?<,@	��c,?<,@. ��
&/���?<����$	��,:�&/�	[��4B�����	[�, 	�?<11�H rt �
[���.

BOOL Resource_Conflict( )

Sel_TaskTodo( )

Delete_Cotask_
CoPrsnUnchosed( )

Sel_Task_Indpdt( )

Delete_Task_PTBox( )

Sel_Task_UsingSpareRe( )

Negotia_Sel( )

Sel_Task_Indpdt( )

Delete_Task_PTBox( )

BOOL If_multi_people( )

BOOL If_ReNego_Enough( )

Sel_Task_Indpdt( )

Delete_Task_PTBox( )

[ 4 \kmnG2
F*&?<,@

��&/ p[i]aCQD���� p[i].TBox[0]��b����
�YK�34�	, ($	 BOOL[
� p[i].Resource Conflict(); �#1W true, �2 p[i].TBox[0] ^�34�	, ��&/ p[i] *&?<��, $
	[� p[i].Sel Task Indpdt(),  :�11�Ha�[���� p[i].now tasktodo; ?<�a=, p[i] :?<
1#
8g;*&/ Arbi P,Arbi P $	[� Arbi P.Delete Task PTBox(), X p[i].TBox[] ��D����
)O	Z��)O Arbi P.t TodoBox[] c3�d, d�=-���?<.

IH��@,@

b4�34�	���&/?<���=, �ÆH��@,@. p[i] aC$	 BOOL [� p[i].If multi
people(), QD34�	�Y4�:"��&/. �#[�1W false, �234�	Ac�?8��&/,  
(?8��&/ p[i]�p[j] �@+334�	; p[i]�p[j] e\4��	�34 re �Y�H��f?34, $
	[� p[i].If ReNego Enough(). �#[�1W true, �2f?34,H. H�$	[� p[i].Negotia Sel (),
�@?< p[i]�p[j] �h
<��34	f?34. >��@1#	 p[i] �	��34, p[j] �	ef=�
34	f?34, # p[i] $	[� Sel Task Indpdt() ?<�[���� p[i].now tasktodo; p[j] $	[�
Sel Task UsingSpareRe() ��	ef34�1
(?<�� p[j].now tasktodo; H��@�a=, ;*&/
Arbi P $	[� Delete Task PTBox(), :H����D TBox[] 	 Arbi P.t TodoBox[] c3�d. �#[
� p[i].If ReNego Enough() 1W false, �2f?34�H. g- T[p[i].TBox[0]].priority 	 T[p[j].TBox[0]].
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priority��R, priority�����&/�	 34,$	[� p[i/j].Sel Task Indpdt(),?<[��� p[i/j]
.now tasktodo; priority �R���&/�=-,@��?<; �@�a=, ;*&/$	[� Arbi P.Dele
te Task PTBox() X p[i/j].TBox[] ��)O	 Arbi P.t TodoBox[] c3�d.

L;*?<��,@

�#[� p[i].If multi people() 1W true, #�2��34�	��%h�� 2 8. 9
@A(, �@
�_/+334�	, 1 ��&/ p[i] :34�	��
8g;*&/ Arbi P, ��?<�Æ;*?<,
@. ;*&/ Arbi P $	[� Arbi P.Sel TaskTodo(), :4�"&/34�	�����Z��D Arbi P
.t TodoBox[] ��i2���g-, �=3#��`8��&/�C�	34, 
?<[��� p[].now ta
sktodo, 	�+3���34�	��. ��1?8���*&?<	H��@?<=,  (�Z��D
Arbi P.t TodoBox[] ��[���)O'	4�:34�	���&/���)O p[].TBox[] �.�.

O;*?<��,@�a=, ��?<�Æc,?<,@. �12��?<,@'b�?<[����
��&/ p[i], ��^�H��34[�11�H rt ���. 1 p[i] ?e�YÆ�H��f?34, ]�
�	f?34 spare resource ��A@��

$4. $	[� p[i].If Spare Resource(), �#1W true, �
2ef34Æ,H, �/�	; $	[� p[i].Sel Task UsingSpareRe, p[i] ��	ef34�1
(?<11
�H rt �[��� p[i].now tasktodo.

4 8������?<����=, �
�H rt ���?<,@17, ?<�[������&/ p[i]
gf�Æ���[�,@.

(3)��&/[�������	[�$	��
?<,@17=, ?<������&/ p[i] �Æ[
���,@. ��[��-��� 5 ,:.

��&/ p[i] [����'8����[�
p[i].execute()���.�Æ[� p[i].execute()=, p[i]
aCQD���j0��(
�Y���^��(

, [ if(normal time==work time), �#��, #
p[i] ��H rt (_, �� �� p[i].now tasktodo,
�� T[p[i].now tasktodo] �6��	 “END”. �

# normal time � work time ��, #��b�
�. dÆ)&[� random(),  ��� m value;
: m value �0�GU�(�0�0� t[task
id].fail prob(��WU
)�t[task id].collab prob(�
���
)�t[task id].except prob(��VU
) ��
g- (task id 	�� p[i].now tasktodo �`c). 1
m value NH t[task id].fail prob (, ����WU,

normal_time
==work_time END

fail REWORK

Collab COLLAB

except EXCEPT

START

Update_Enviro( )

Task.status

N

N

N

N

Y

Y

Y

Y

Execute( )

[ 5 \kopG2[

a�1�,��6� t[task id].status�	 “REWORK”;1 m valueNH t[task id].except prob(, (��
&/ p[i] a���i�T-�� ��, ��6� t[task id].status �	 “COLLAB”, 
�`��R(��
t[collab temp], $	[� p[i].Tcollab tempSet(), �BR(�� t[collab temp] ���0�; 1 m value NH
t[task id].except prob (, ����VU, ��6� t[task id].status �	 “EXCEPT”, 
�`VUR(��
t[except temp], $	[� p[i].Texcept tempSet(), �BR(�� t[except temp] ���0�; �# m value
'�NH+��0�, ��hU[�, ��6� t[task id].status T-	 “START”. ��&/ p[i] ���6
� t[task id].status �B�a=, F4���6�, $	[� p[i].Update Enviro(), �����/0��>�,
/��(��H rt++ ��
��. /0��>�����=, ��&/ p[i] ���[�,@17. �
�
�#N+��-���(��H rt++ ��
��, 7:���/��
.� a.

4 &Y^q

4.1 _r`a
%6/4��&�������	�, ����������-��� 6 ,:, �����0��� 4

(� 6 ,:.
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PI0

TA2 PI2

TA3 PI3

TA7 PI7

TA9 PI9 TA13
PI18

PI14

TA4 PI4

TA5 PI5
PI10

PI11

TA14
PI17

PI16

TA15

PI15

PI19

TA6 PI6

TA10

TA11

TA1 PI1

TA8 PI8
TA12

PI12

PI13

[ 6 bcsd03e/0G2[

9 4 ft - \k - QuOg<hR\kijopkl

EI
FG

ti

�D

EI
FG

ti

�D

EI
FG

ti

�D

!$
i G

!$
i G

!$
i G

� a � a � a

TA1 P1 4
R4 3

TA6 P5 30
R3 2

TA11 P1 5
R2 2

R5 1 R5 2 R6 2

TA2 P3 5

R2 2

TA7 P7 25

R1 1

TA12 P6 1 R6 4
R2 2

R4 2
R3 2

R5 2

TA3 P8 5

R2 2

TA8 P8 7

R4 2

TA13 P9 1 R6 2R3 2 R5 1

R6 2 R6 2

TA4 P2 6

R1 3

TA9 P4 5

R3 2

TA14 P2 1
R1 2

R2 1 R4 1
R4 3

R4 1 R6 1

TA5 P6 30

R1 1

TA10 P9 15

R1 1

TA15 P4 4

R1 2

R5 2
R3 1

R6 1
R4 2

R6 4
R5 1

9 5 Qu,NahQm
PA�D (Ga) R1(5) R2(4) R3(5) R4(5) R5(8) R6(3)

DG�D (Ga) R7(2) R8(3) R9(2) - - R10(2)

“-” jfjPA�DLRDG�D

9 6 5`nQLv
�"ef-kg_% PI0 = Known; PIj = Unknown(j = 1, 2, · · · , 19); TY PE(PIj) = Rework(j = 13, 15, 17, 19);

PI() TY PE(PIj) = Initial(j = 1, 2, · · · , 12, 14, 16, 18, 20);

!gOhik decrease redo decrease = 0.8, except decrease = 0.8

'>J: α α = 2%

'>J: β β = 2%

JjJ: γ γ = 2%

kJJ: λ λ(TA1) = 2%; λ(TA5) = 2%; λ(TA7) = 2%; λ(TA10) = 2%; λ(TA11) = 2%

'>E7kh h`kh

4.2 _rop
	�	���?<���;*#,�@+����34�		��;+�	, %6>�� 9 ��7, �

� 7 ,:.
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9 7 d?ABmn,qwLM
BlSY '>E7GF6CNMBK �D6CNMBK

Bl A

?GBK

,CBK

Bl B ?GBK

Bl C OOBK

Bl D

,CBK

,CBK

Bl E ?GBK

Bl F OOBK

Bl G

OOBK

,CBK

Bl H ?GBK

Bl I OOBK

4.3 _rrstux
�� 100 .�
8=, 9 ��4���
������'��� 8 ,:, 34�	@+#,	f?#,

(4.�
&/�	�� 7 ,:.
9 8 yMvwOz{x9

(I) W� (J) W� aSl (I − J) "�l�aS (a = 100)(i) �Wjl mmW

A
B 9.800*

66.87
1.35042 .000

C 11.650* 1.35042 .000

B
A –9.800*

57.07
1.35042 .000

C 1.850 1.35042 .172

C
A –11.650*

55.22
1.35042 .000

B –1.850 1.35042 .172

D
E 7.520*

71.72
1.59488 .000

F 8.500* 1.59488 .000

E
D –7.520*

66.87
1.59488 .000

F 0.980 1.59488 .539

F
D –8.500*

63.22
1.59488 .000

E 11.650* 1.59488 .539

G
H 11.880*

66.86
1.27628 .000

I 12.330* 1.27628 .000

H
G –11.880*

54.98
1.27628 .000

I 0.450 1.27628 .725

I
G –12.330*

54.53
1.27628 .000

H –0.450 1.27628 .725

D
A 4.850*

71.72
1.27286 .000

G 4.860* 1.27286 .000

A
D –4.850*

66.87
1.27286 .000

G 0.010 1.27286 .994

G
D –4.860*

66.86
1.27286 .000

A –0.010 1.27286 .994

E
B 7.130*

64.2
1.59529 .000

H 9.220* 1.59529 .000

B
E –7.130*

57.07
1.59529 .000

H 2.090 1.59529 .191

H
E –9.220*

54.98
1.59529 .000

B –2.090 1.59529 .191

F
C 8.000*

63.22
1.35317 .000

I 8.690* 1.35317 .000

C
F –8.000*

55.22
1.35317 .000

I 0.690 1.35317 .610

I
F –8.690*

54.53
1.35317 .000

C –0.690 1.35317 .610

* jfRmmln.
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R5(2)

R1(3)

R1(1) R2(2)

TA3

TA2

TA4

P1

P8

P2

TA6

TA16

R3(2)

R2(3)

R1(1)

P5

P3

R6(1)

R2(1)

R2(2) R4(2)

R3(3) R6(3)

R4(1)

P5 TA6

R1(1) R2(2) R6(1)
TA16

R6(4)R2(8)

R1(3)
TA4

R2(1) R4(1)

R5(2)
TA6

R3(2)

R8(2) R3(3) R6(2)
1

R10(1)

TA2
R1(1) R2(1) R4(2) R8(1)

R7(2) R8(3)

R9(2) R10(2)

R1(5) R2(4)

R4(5)

R3(5)

R6(3)R5(8)

0.10182

0.0978264

0.112422

0.306202

0.413695

0 0.1 0.2 0.3 0.4 0.5

TA2

TA3

TA4

TA6

TA16

[ 7 by5`i]+p| (zmAB)

�� 7 �$: 11, ��&/ P1, P2, P3 	 P8 �34 R2 +�`n	�	, ���&/ P1 	 P8 �3

4 R6 +�`n	�	, 34�	4����&/�� 2, ;*&/$	�,�#,��34�	@+. ;*
&/:aCg-
8����C�, 
e\f?34@A, :2	f?#,��;*. ��R(�� TA16 �

11�H������C�, ��34��Cn	j, ,/;*&/: R2 � R6 '�C
<g��&/ P1;
� , TA4 ��C�-�, �n	 R2,  (34 R2 � R6 ����H/�m�� TA2 	 TA3, f?34:
Wb	, ��&/ P3 �	f?34 R8 [� TA2, ��� R2 �f?34 R8 ���H, TA3 :o�[�, �
�&/ P8 �(��
�H:�n.

�� 8 �$, 1��;+?<�	@+#,�0(, 2	�
�n#,�	34�	@+#,(���
���H, �2	�
k�#,	k�
	#,(�����o."oV, 9�2, ��������, ��
	f?34-��(
lW-4, 3b�;<�lW
-4, oR��nhU34me�(
. 134�	
@+#,�0(, 2	�n#,�	��;+?<�	@+#,(������H, �2	.�#,	
	
#,(�����o."oV, 9�2, ��������, ��	.��%�	��;+-��(
lW
-4, 3b�;<�lW
-4, oR��na?��;+�(
. .��������, �����$��
��,2	.�#,c�f?#,�	��;+?<�	@+#,/��(2	�
f?#,	k�
	#
,�	34�	@+#,��:nl�������.� ,	�d3����$���_��,��^��
��������, o��	p@A, #7e2	.�#,	�
f?#,�	������;*#,.

5 {|}
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.��
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����������
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	&/
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