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Abstract: To solve the issue of modeling for loosely coupled inter-organizational workflows (LCIOWF), based on
the colored Petri nets, the colored multi-dimension inter-organizational workflow (CMD/IOWF) Nets is proposed
through importing color-set, colored function, resource places, waiting places, busy places, begin transitions, end
transitions, roles, organizations, time functions, resource functions and transition functions into IOWF. Based on
CMD/IOWF, the issue of modeling for multiple workflow instances in LCIOWF (loosely coupled
inter-organizational workflow) coupling through resources sharing and activity synchronizing is discussed, as well
as the issue of modeling for resources constraint and time relative to simulation. By means of defining
inputs/outputs, states, events, time advancing functions and state transferring functions, a simulation model of
loosely coupled inter-organizational workflows is presented. Based on the proposed simulation model, the key
performance indexes of loosely coupled inter-organizational workflows can be obtained, which are the average
execution time, the average execution cost of workflow instances of a respective project, their distributions among
organizations and the resource-utilization ratio of a respective project. Finally, to verify validity of the proposed
model, a case of loosely coupled inter-organizational workflows simulation is demonstrated.

Key words: simulation model; loosely coupled inter-organizational workflow; Petri net; colored multi-dimension
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1 CMD/IOWF
1 A (14l A N JbeA>N. aeA, b(a a A
Aus A s HA,bEAMS Zb(a)a
acA
by, b,eAus,deA.(1) geby, b1(9)21;(2) by+by=
> (b (a) +b,(a))a;(3) bi—b=>" (b, (a)—b,(a))a;(4) bi<b,, VaeA,bi(a)<b,(a);(5) bi=b,, VaeA,
aeA acA
b (a)=by(a).
2. CMD/IOWF=(IOWF,%,C,F,o,R,¢, ),
(1) IOWF n ;
22X ,2=PIDURID,RID=ROLEIDxORGID, ,PID RID
ROLEID ;ORGID ;RID  ROLEID ORGID ;
3 C ,CeP>IP=P UPxc,P'=> P P k :
k=1
(4) CT CT={{p,V)[pePAveC(p)};
(5) F ,VtET*,F(t)G(CT)MS—/-) (CTXZ)Ms,(CTXZ)MS CTxz (multl-set), Z
Z={xereal|[x>0};T=Y T, ;A B A B ; F(t) t
k=1
: .dom(F(t)) t , t
6) o: T>Zw ,0={ o(t)|w(t) eZrte T}, a(t)
(7) R T>usR JR(t)e QusteT ,2={(p,V)|pePAveRID}
(8) @ PAP=P UPyc, ¢ ,VpeP,p(p)eAA ,A={ source,wait,busy,resource,
sink,AC}, p AC, .
9) . T 5B,y ,y(t)eB,B ,B={begin,end}.
CMD/IOWF 3 IOWF :
1) . ) )
2) a(t) R(t) op) ¥, ot)  R(D)
t t -9(p) p (t)
3 IOWF . CMD/IOWF
IOWF )

CMD/IOWF  IOWF ,
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CMD/IOWF, (task-net). CMD/IOWF , |IOWF
) ) CMD/IOWF.
3. Task-net=(pin,Pout: Pbusy: Presourcestost1s R(to)),

(1) .to:{ pinupresource} ‘tO.:{ pbuw} v.tlz{ pbuw} ytl.:{ poutypresource} )
(2) pineP,poure P, o(pin) { source,wait, AC}, o(pour) € { Wait,AC,sink} ;

(3) @(Pbusy)=busy, p(Presource)=resource, y(to)=begin, y(t;)=end.

1 . y to ,C()(to)
t; sa(ty) R(to)
TOKENpid Pin X, R(to) TOKEN;ig
Presource X, ,TOKENpid max(X,X')—X. ,

max (X, X" )—x+a(tg),

1
[ ]
, Vpepin, p(p)=AC. Vpepin ¢(p)=AC.
, 2 , I i’
i R(to)=R(t5). ;
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Fig.2 Model of coupling inter-organizational workflow
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ec{{(i,V),¥)|C(ix)=vave PIDAxe Z}, X, ik
, V.
4)
seS ., (tbinbon)eE , (1) binss;(2) M(bin) edom(F(1));(3) bou=F(t)(M(bir)).
L t s . 2 t t
@} t FOM(bin)).-
€=(to,0in,bow)  €1=(t1,0in, Do) €5=(t0, i, Dour)
€1=(t1,0in,bow)
dom(F(to))= M (« P+ D RGP VPV, X'>j :
(p'V)eR(to)
X X ,o(p) ¢{ resource,busy,sink},
o(p')=resource, vePID.

F(to)(dom(F(to)))=((p.\), @(to))+ D R(t)(P VI P'V), o(to))
(p'V)eR(tp)
,o(p)=busy,vePID.
F(t) (dom(F(t)=((pv), o)+ D R(t) (P V)P V), o(t)) |

(P V)eR(to)

,o(p) ¢{ resource,busy,source} , p(p’)=resource, vePID.dom(F(ty))=F (to) (dom(F(ty))).

. ta(s)

ta(s) , S .
e=(t,bin,bour) ET(e) LET(e)= max Xx.
((pV).X)ebin
e=(t,bin,bour) TT(e) ET(e) wft) ,TT(€)=ET(e)+(t).
seS MT(s) , MT(s)=min{ TT(e)lecE, e
s }.
ta(S)=min(MT(s),X'), X' seS
) ta(9).
ta(9), ta(9)=0.
seS TT(e) MT(s),
s . s é(s) ,
E(s)={e|lecE(s),ET(e) =MT(s)} . VeeE(s), Ve e E(S) ,e=(t,binbow), € = (t', b, L), binM b, %0,
e ¢ ) s VeeE, e t ecE(s). E(s)
Vee E(s), e t s s,

s,=S_bin+ zbou[ (<< va>: X>)<< p:V>n-|_r(e)> .

{P.V),x)e(CTXTS)
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seS X Dext v (PV),X) €Dy
p % X X s
s,
s=s+ D b (L PV X PV X
( PV),X)e(CTxZ) s Pelix[k=L1,2,....n} AvePID
° G(S)
. seS
ta(s) , ta(s)=MT(s), ) e=(t,bjn,boutr) )

S=sbit Y by (P, XU PV, TT(E))

{ p.V),x)e(CTXTS)

ta(9)=x' X , ; ,
§=s+ 2 Do (<CP, W, X0)( P, V), X) -
{ PV),X)e(CTXZ )sA Plix[k=1,2,....n}AvePID
3
3 2 1~ 3 . 1~ 3
orglorg2  org3. ot [ j , tl
i i. 3 , pidLpid2  pid3.
pidl pid2 2 % , 1 2
pid2 3 pid3 2
3 p* , 2 3 , 3
1~ 3 .
plrjaouroe i J (i=l,2,3;j:1,2)- 8 g rolei
(i=1,2,3,4,5,6,7,9).
S=PIDURID,  ,PID={pidi[i=1,2,3} ‘RID={ roleifi=1,2,...,8} x{ orgi[i=1,2,3}
Preoirce 3(rolel,orgl)+2(role3,orgl)+1({role6,0rgl); pZL,, e 3(rolel,org2)+2(role7,0rg2);
P e 3(role4,org3), P2, e A(role5,0rg3).

R(te") =X Praource: (01€6,0rgD)y , R(t;’) =1 Plagyyce: (101€6,0rg3) + K Pragyyce: (roleb,orgl)) ;

resource’

R(tZ") = X Pl rcer (FOIEL Org2)) + 2( p2r v {roled,org2)y ;

resource’ resource’

R(t&%) = X Plaource: (TOIEL Org2)) + 6( Playyyce, (101€4,01g2) + 2 Py yce: (TOIE7,0rg2)) ;

resource? resource’

RS = R(IS) = X Piource: (r0164,0rg3)) , RItT) =L P2 e (rOIE5,0rg3)) .

o(ty) = o(ty) =0, o) = 6,0(t°) =12, o(tg") = w(ty?) =0, o(t’") = 3, 0(t?) =10,
o(ts) = o(t5?) = (1) = 0, () =3 0(t?) = 7,0(t) =10 , Ot yg_sit2) @t joinzr) = O-

pidl 1 i 1~2

pid2 2 i 1~3
pid3 3 is 1~15
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Fig.3 A CMD/IOWF based model of inter-organizational workflow

3 CMD/IOWF
FIFO . ,
. 7 ( 24 ), 8:00 . ~
8:00~12:00 1:00~5:00, . rolel=8 / ;
role2=7 / role3=5  / roled=6  / ;roleb=9  / ;role6=6 [/ ;role7=8 |/ role8=7 |/
2 . 1=,

, CMD/IOWF ,

’

Table1l Average wait-time distribution of workflow instance among organizations (hour)

1 (G
orgl org2 org3 Total
pidl 33.50 0 0 33.50
pid2 0 16.90 16.40 33.30
pid3 0 0 11.10 11.10

Table2 Average execution-time distribution of workflow instance among organizations (hour)

2 « )
org1l org 2 org 3 Total
pidl 40.70 0 0 40.70
pid2 0 20.90 19.40 40.30
pid3 0 0 19.10 19.10
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Table 3 Average execution-cost distribution of workflow instance among organizations (yuan)

3 ()
org1l org 2 org 3 Total
pidl 4.92 0 0 4.92
pid2 0 6.40 5.40 11.80
pid3 0 0 12.60 12.60
Table4 Resource-Utilization ratio of workflow instance (%)
4 (%)
pidl pid2 pid3
orgl org2 org3 | orgl org2 org3 | orgl org2 org3
rolel 0 0 0 0 10.50 0 0 0
role2 0 0 0 0 0 0 0 0
role3 | 7.65 0 0 0 0 0 0 0
role4 0 0 0 0 0 15.75 0 0 55.16
role5 0 0 0 0 0 0 0 36.10
role6 | 92.64 0 0 0 0 0 0
role7 0 0 0 0 5.25 0 0 0
role8 0 0 0 0 0 0 0 0 0
4
(1) , IOWF —_
CMD/IOWF;(2) CMD/IOWF ,
Petri %151 CMD/IOWF
/
( ),
Petri
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