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Abstract: To improve workflow products, handling of the validity of information, temporal workflow is presented
as a new concept by introducing time into workflow concept model as a dimension, which leads to time attributes
being assigned to all workflow basic concepts and relationships between them. Based on the research on the
expression and calculation of temporal information and the process meta-model of temporal workflow, through
mapping the concepts in the meta-model into the elements of Petri Net, a temporal workflow process model,
TPWF-net, is presented, which can describe the process, resource, case and their time attributes in one model
synthetically. Then, some theorems are proved, which include structural equipollence between TPWF-net and
WF-net, and the soundness of free-choice synchronal TPWF-net. It is also proved that well-structured TPWF-net
can be decided in polynomial time. Finally, a structured modeling method of TPWF-net and a structure-simplified
method of model verification are presented. Temporal workflow makes it more comprehensive to describe and
analyze the time-related problems in workflow area. A temporal workflow engine prototype based on TPWF-net has
been implemented and applied in some projects supported by local government.
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Work item
Case

Case dimension

Fig.1 A three dimensional view of a workflow

1
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{ , (temporal workflow)
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dimension) ,
« )
Temporal Workflow Time
Workflow Timed Workflow , ; .
[11] “Temporal Workflow” , [15] ]
:Combi 3 [16] 3 ,
[17,18] Temporal Workflow 3 ,
1 ’ (
):
2.2
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Process
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Fig.2 An extended process definition meta-model

2
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3 ,
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y
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3 (TPWF-Net)

, Petri-Net ,
etri-Net -net . -net -net -net
Petri-N TPWF TPWF WF TWF
3.1
311

(case) WFMS . WF-net TWF-net Petri
(token)["291, (20 Aalst :
, ool Ling
[7]; 3DWEN1 , ( ,3DWFN
Aalst ), ;] '
TPWEF-net , .
231 : CT VT,
Aalst , ' )
23],
3.1.2
Petri (place), (transition).WF-net
Petri , ' '
WfMC / ;
3

Suspend
/Resume

Fig.3 State transition diagram for activity
3

So, WFMS;
( Sy), TPWF-net .S
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' SleZ
[20] :
) , , PIT
WEF-net WEF-net ( ),
. So . S35,
[20]
SD , FD ED .
t(M,N,(m,n)), M,N,m,n , ["tI=M,|t"|=N,
m<M,n<N, TPWF-net A(M,N,(m,n)) 4 ,
,AND-split, AND-join,OR-split,OR-join
pu[x.y] aa[x.y]
tx.yl[u.v]
p2[x 02[x,y1
pulxy] \Aqui[>x,y]
Fig.4 Symbol of all-purpose routing transition
4
3.13
WF-net  TWF-net ,TPWF-net Petri , 1.
1) , 12)
WEMS , WFMS
WFMS
3.14
, / , WFMS '
. , TPWF-net Petri ( ),
( ) / ,
3] ‘
: 10 ( )i
’ 2 3, )
( 2 3 )
3.2
TWF-net
TPWF-net ) '
,  Petri , .
) , 3.1
Petri , 3.1.
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3.1( ,TPWF-Net). TPWF-net TPN=(P,T,F),
@ P T , PNT=0  PUT2Z;3i,0€P,’i=J,0°=J,
xePUT i o .
(2) Fc(PxT)U(TxP) , dom(F)ucod(F)=PUT.
(3) T=TpuTr, TpNTr=4. TIp TIr
4 VteT,t=(FD,ED,R,AP,ECA guard(),s), :FD,ED ;R,AP
;ECA ECA ;guard()
'S / :
(5) VteTp:'t|=1At"|=1,ECA S1,S,
(6) VteTr:ECA S1,S,
@) VpeP,p=(SD,ECA,TK,s), :SD ;ECA ECA ’ So
TK 'S / \
(8) VtkeTK,tk=(CT,VT,RT,ST,FT,RDataList,CdataList,s), :CT VT
RT,ST,FT :RdataList,CDataList
;S
WE-net , TPWF-net ;
R AP ECA ( ) [2,3,21]
, , VpeP,p.RT,p.SD,p.ECA
p ECA
TPWF-net , :
1) . VpeP:* p=@<p=i;
2) VpeP:p*=0<p=0;
3) TPN TPWF-net, t° TPN, 0 i( °t'={o}
t°={i}), TPN. JPN  TPN ;
4) : 1
1 ,
4) '
/ : :
\WFMS : ( :
), ,
( ) Petri 291,
, TPWF-net WF-net , ,
WEF-net , WEF-net
3.3 TPWF-Net
3.2( ,available). VpeP,p M ,
(1) M(p)=1,
2) During(Now,tk.VT)ADuring(Now,abs(p.SD)).

Jtkep.TK tk ,
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ing() ,abs() ,Now ,
: [2.3,21];
Jtkep.TK:Before(tk.VT,Now)vBefore(abs(p.SD),Now), , 3 . So
p.ECA . Before() :
3.3( ). (enabled) (firable). VteTp:
@D t ™ , Vpe't:
) p M ,
2)  Jtkep.TKtk , (t.s=Sp)At.guard(tk)( , guard
).
@ t ™ ( M[t-],
1) t M )
2)  (t.s=Sy)ADuring(Now,tk.VT)ADuring(Now,abs(t.FD))ADuring(Now,t.R.VT))ADuring(Now,t.AP.
VT)).
3.4( ). / (fire). t . M[t-, t /
; t ; )
M’, M[t>-M".
t(M,N,(m,n)) , ,M,N,m,n , [*t|=M,|t"|=N,m<M,n<N.

3.5( ). (enabled) (firable). Vt(M,N,(m,n))eTr:
1) t(M,N,(m,n)) M , :
1) 3P, |P’|=m, vpieP’, o<ism,p; M ,

2)  3Ftkep;.TK,tk; , (t.s=Sg)At.guard(tky,tky, ..., tky) (guard
).
(2 M, N,(mn)) M (  M[t-],

1)  t(M,N,(m,n)) ™ ,
2)  (t.s=S;)ADuring(Now,tk.VT)ADuring(Now,abs(t.FD))ADuring(Now,t.R.VT))ADuring(Now,t.AP.

V)
3.6( I (fire)). t(M,N,(m,n)) o M[t~, t(M,N,(m,n))
/ , t M m ) N n
) M’ M[t-M'.
: t(1,1,(1,1) . , ;
TPWF-net WEF-net,
; , Petri
) ( M t(M,N,(m,n)), m
). .
3.7( ). teT, M[t-M’, M M : o=ty t,...th1(c ),
vi=1,2,...,n-1, Mi[ti-Mis1, M;[o>-Mp, M, M, ) Mi[">=M.
(TPWN,M) M TPWF-net TPWN, TPWEF-net
( ) Petri ,
[19].
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4 TPWEF-Net
TPWF-net ,
: , : (
) : ,
4.1
Aalst WF-net (9], WF-net ,
TPWF-net , ‘ ( )
4.1(TPWF-net ). TPWF-net TPN=(P,T,F) ,
i M, , M 0 )
Vu(i[>M]=M[ 0.
0 i , ,
V([ ~MAaM=0]=M=o.
(PN,i) , VierImmi[ =M]AM[t-M".
, 41  WF-net [ .o >
TPWF-net  WF-net , TPWF-net
, TPWF-net guard() True, TPWEF-net
WF-net : , , M
t(M,N,(m,n)), m , , N
n ( ). Petri
4.2 TPWF-Net
TPWF-net ,
1) . TPWEF-net guard() True,
. TPWEF-net ;
2) . TPWF-net True,
(. , ). , guard() True,
guard() ) '
4.2.1 TPWF-net
TPWF-net ,
4.2(WF-Net ). WE-net PN=(P,T,F),uz PN . P={(M1,M,)|M1,M, e u,
JteT M{[t>M,], PN &=(u,P) PN .
4.3(TPWF-Net ). TPWF-net TPN=(P,T,F),z TPN . P={(M,M))]|
M, Mo, 3teT M[t-M,], TPN @=(u,P) TPN
WF-net TPWF-net , ,
TPWF-net  WF-net , 4.2 4.3
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4.4( ). TPN TPWF-net,PN WF-net, ,
TPN PN .

4.5( ). TPN  TPN' TPWF-net, , TPN  TPN’

, 4.5 WEF-net

, TPWF-net  WF-net TPWF-net

4.6( TPWF-net). TPWEF-net TPN=(P,T,F), T=TpuTr,Tp ,TIr

. Vt(M,N,(m,n))eTr M=m, TPN TPWEF-net.

4.7( TPWEF-net). TPWF-net TPN=(P,T,F), T=TpuUTr,Tp T

. Vt(M,N,(m,n))eTr N=n, TPN TPWF-net.

4.8( TPWEF-net). TPWF-net TPN=(P,T,F), T=TpuTr,Tp ,Tr

. Vt(M,N,(m,n))eTr M=m  N=n, TPN TPWF-net.

WF-net WEF-net WE-net ,
: S ], WF-net ,
, TPWF-net
4.9( ). TPWF-net , t1 6, hN L= =",
4.10( ). TPWEF-net TPN ( ) TPN.
[19].
TPWF-net  WF-net , .

4.1. TPN=(P,T,F) TPWF-net,@=(u,P) TPN ;PN=(P', T',F) WF-net,
=i ,P) PN fiu—u, VM, MoeuteT, M[t-M,,3t'eT’
f(M)[t'>f(My), TPN PN .

: , fiu—u TPN PN , VM,MyeuteT,
M[t-M,,At'eT’ f(M)[t'>f(My), f TPN , ,TPN
PN . 4.4 TPN PN (|

4.2. TPN=(P,T,F) TPN'=(P',T',F") TPWF-net, o=(u,P) @'=(u/',P") TPN TPN’

fiu—y, VM, MaeuteT,  M[t-M,,3t'eT’ f(M)[t"~f(M,),
TPN  TPN’
, TPWF-net  WF-net

4.1. TPWEF-net WE-net

; TPWF-net TPN=(P,T,F), T=TpuTr,Tp T

TPWE-net guard() True ,

WF-net PN=(P",T',F"), @=(u,P) TPN ,@=(u/',P"y PN

1) VpkeP, k=1,2,3,....Kp,Kp P , Px P
2) VieT, t T, V(pitdeF  V(t.pj)eF, (pi.t) V(4. pj)
F, k=1,2,3,.... KtKt T
PN=(P',T",F) ,TPN PN ,
TPWF-net guard() True ,
1) VteTp, t , 4.12 4.13
4.14 , WF-net , Petri ;
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TPN TPWF-net, 4.8 M=m  N=n, ,
3.2 3.5 3.6 , WF-net
,TPN PN , ,
fiu—u, VM, MoeuteT, My[t>-M,,3t'eT’, f(M)[t'>f(M,). 5.1 ,JPN PN (|
4.2. TPWEF-net TPWF-net
TPWF-net TPN=(P,T,F), T=TpuTr,Tp JTr
TPWF-net TPN'=(P",T',F’), @=(u,P) TPN D=/ ,Py TPN
1) P'=P.
2)  Tp'=Tp, V(pit)eF  V(t.p)eF, (pirte) V (t.p;) F', k=1,2,3,.... K,
K Tp .
3) Vi (M,N,(m,n))eTr, CnCq U, LT T T b (m,n, (m,n)) e Uy(
k=0,1,2,....K.K  Tr ;i=1,2,3,.8,Cy i M m i
J=1,2,3...,Cy J N n j ), vi,j,a.h, ,0=1.2,3,...,
m,h=1,2,3,....,n, (Prig:tii))  (tijs Pyjn) F. +Prig t M m
i g \Piih t N n i h
; 1(3,2,(2,1)) WEF-net
5 ) , 5 1 k
D
O Zil D)
< e
(a) t(3,2,(2,1)) (b) A TPWF-net equivalent to Fig.5(a)
(a) 1(3,2,(2,1)) (b) 5(a) TPWF-net
Fig.5 An example for equivalent conversion of TPWF-net’s router
5 TPWF-net
] fir: Tr—>Tr', Tr'eT’, Vke[l...K] fer(t)=Ux, ,
teeTp,UeTp’ K Tr B Uy Uy
, ty v Uk iy
Tr , TPN’ TPWF-net.
4) , Tr'=U;uU,u...UU, Ko Tr , T'=Tp'UTr'".
TPN TPN’ ,JPN  TPN' 7T uou
VM MyeputeT,  M[t-My:
1) teTp 3Jt'eT’t , My [t'>M;
2) teTr 3t ef ()T, M;[t'>M..
4.2 ,TPN  TPN' (|
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4.1. TPWF-net WF-net .
TPWF-net TPN, 4.2 , TPWF-net TPN’,
4.1, WF-net PN TPN’ . ,TJPN PN . (|

4.2. TPWEF-net WF-net

4.2 , TPWF-net
; ) ; 4.1 ,
(|

4.3. TPWF-net WE-net

4.2 , TPWF-net
TPWF-net, ; 4.1 ,
(|
3 , [19] ( WF-net WF-net
, : S ), :

4.3. TPWF-net

4.4, TPWEF-net ,

4.5. TPWEF-net

4.6. TPWF-net ,

, TPWF-net , WF-net ,
TPWF-net WF-net
[19] WEF-net , TPWF-net :

4.7( ). TPNy=(P1,T1,F1)  TPNy=(P,,T,,F,) TPWF-net, T1NT,=0,P1nP,={i,0},
t'eF,. TPN3=(P3,T3,F3) P, P, tr TPWF-net,  P3=P;UP, Ts=(T\{t'HuUT,,
Fa={(x,y) e Falx=t Ayt Fo{(x,y) € Fal{x,y}{i,0}=@}A(x,y) e P1xTol(x,t") e Fin(i,y) e FaFo{(x,y) € ToxPul(t"y) e Fin
(x,0)eF2}.(TPNy,i)  (TPNy,i) , (TPN3,i)

4.3~ 4.7
4.2.2 TPWF-net
421 TPWF-net , TPWF-net TPWF-net
( ), TPWEF-net
4.7 , )
, / / , ,
Aalst  http://lwww.workflowpatterns.com/ 43 ,
JAalst 7 (291,
7 , Aalst
TPWF-net , ( 1), ,
Aalst 7 ,
TPWF-net ,
, TPWF-net 5
4.1. 1
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1) ( )i
2) ( ).
4.2. / / , , /
4.3. 4.1 , TPWEF-net.
4.4, 4.1 4.3 , ,
4.5, 1 .
Table 1 Basic building blocks of TPWF-net
1 TPWF-net
Name Basic building block
1. Sequence

plxyl  bxyluv] q%m to[xy1[uv] rixyl

2. Implicit selection

ta[x,y1[u,v]
pIxyl

3. Explicit selection

4. Parallel

AUxy]l  talxylluv]
ta[x,y][u,v] raxyl
XYV s[x,y]

Ayl IxYIUV]  rplxyl]

] tlxyIu,v] nxy]
— >0
D] DT \i[x,y][u,v]
5. Selective parallel plxy] @byl el l@]\’ s[x.y]
O»| 11 —» > 1 ()
\qN[x,y] bl ]
ta[x,yI[u,v]
alxyl
6. Iteration
7. Repeat plxyhy talxylluv] arx.yl telxyllu.v] rx.yl
[ —=O—L—0O
pIx.yl txyIuvl  r[xyl
8. While

Qi 2O
txylluvl - qlx.y]

Note: For each block, the most left place is the input place, and the most right place is the ouput place.
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1 Aalst 7 (9], TPWF-net
1) (explicit OR-join construct). TPWF-net , , ,
, . 1 ;
(implicit OR-split) ;
2) . TPWEF-net . Petri
, . , t ,
TPWF-net, ;
3) (repeat  while). , )
1 : : TPWF-net
( ) / , TPWEF-net

4.2.3 TPWF-net
( guard() True),

TPWF-net
True,

[ )

TPWEF-net , ,

) ( JWFMS
).
VT:[Vminmeax]PCTPCT ’
l) TmaX:
[2.3]
2) Tmin:
3) Smin: Omin=Vmax—€Nd(Trax). v Viin 0,
5min .

4) Omax: Omax=Vmax—€NA(Tmin).

4.11( ). TPWF-net Omin=20

4.12( ). TPWF-net Omax>0  Omin<0

4.13( ). TPWEF-net ,

4.14( ). TPWF-net
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.
TPWF-net 1 , Marjanovic
221, TPWF-net
1) (squence)
Tinax=Tmin=[P- X+t X+t U+Q. X+ X+ U+r.X,p.y+E Y+ v+ Y+ Y+ v+ry],
P-Xp.y p [x.y] . )

2) (implicit selection)
Tmax=[P-X+max(ty.X+t1.U,t.X+t,.u)+q.X,p.y+max(ty. y+ty.v,t.y+t5.v)+q.y],
Tmin=[p-Xx+min(ty.x+t1. Ut X+t.u)+q.X,p.y+min(ty.y+t;. v, 6. y+.v)+q.y].
3) (explicit selection)
Tmax=[p-X+t.X+t.u+max(qq.X+ty. X+t1.U,02. X+ X+ U)+r.X, p.y+t X+ U+mMax(Qy.y .y +t1.v, 0o Y+, y+o.v) +r.y],
Tmin=[p X+t x+t.u+rmin(qe. X+t X+t1.U,0o. X+t X+.U)+1.X, p.y+L X+ U+mMIn(Qe. Y+ y+t.v, 0oy . y+1o.v) +r.y].
4) (parallel)
Tmnax=[P-XHXFH U+mMax(Qr X+ X+ U+ X, Qo X+ X+ U+ .y )+ X+ U+S.X,p.y+t.y+t.v
+max(qy.y+t Y+ VHrY, Qo Yo Y VR Y)Y+ VSLY ],
Tmin=[p X+t x+t.u+rmin(qq. X+t X+ U+r X, Qo X+ X+ U+ Y )+t X+ U+S.X,p.y+t.y+t.v
+MIN(Q Y+t Y+ VALY O Y+ Y+ v+ )+ yHv+s.y].
5) (selective parallel)
Tmac=[p X+t X+t Uu+mMax (g X+t X+ U+r X, Qo X+ X+ U+ Y, L Oy X XH G UG Y ) HE XCHE U+S. X Py +EL Y +EY
+Max (e Y+t Y+ VHrLY, Qo Y+ Y+ VY, O Y HING Y Hin VAT Y) HE Y HE VS,
Tmin=[p-XHt X+t u+ming (g X+t X+ U+r X, Qo X+ X+ U+, G XHE G X UL Y) HE XY U+S.X Py LY +HELY
FMIN(Qpy+ty Y+ VALY, Qo Y+ Y H VY O Y i Y VY ) HE Y+ v sy,
,min,() n , n
6) (Iteration)
Tmax=[Kx(p.X+ty X+ U+Q. X+ X+o.U), KX (p.y+.y+ty.v+0.y +Ho.y +1.V)],

K
Tmin=[p-X+ty. X+t u+q.X,p.y+t. y+t.v+q.y].
7) Repeat
Tinax=[Kx (P X+t X+t U+ X+ X+ U)X KX Py Y+ v+ Y+, Y+ V) +ry],
K
Tmin=[p-X+t. X+t u+q. X+t X+t U+r.X, p.y+H Y+t v+Q.y o Y+ v+ry].
8) While
Tmax=[Kx(p. X+t X+t.U+Q. X+t X+11.V)+r.X,Kx(p.y+t.y+t.v+q.y+t.y+t,.v)+r.y],
K
T oin=[p-x+t.x+t.u+r.x,p.y+t.y+tv+r.yl.
5 TPWHF-Net
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4.7 1
/ , ; ;
) / , 6
plxyl  t[a,b]/[c,d] rix.yl
Fig.6 Standard building block
6
6 ,t[a,b]/[c,d] [ab] . [c.d]
1) , 1 ,
2) 1 .
3) : , ; )
4) ’ Tmax Tmin,
(1) Vmaxzend(Tmax);
(2) end(Tmin)ngaxq:”']d(Tmax)-
5) dnin 5ma><~
1) , ,
2) 1 )
) 1 )
3) O(n?)  O(n+e), 1 n o, , o(nd)
O(n(n+e)).
7 , )
t— ;
tr—— ;
ta—— , 3
ty— ;
t5‘*tg—— ,4 3 ,2 )
te—
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tio—— )
ty—
r1~ry . , [2,3] ECA
1/10 . : 30 ~45
s r7 ts
[0,30] [0,1] [0,10]
to
[0,30]
P19_[0,10]
[0.1]
t t r r
[0,10] [0,30] [01] [0.1

[0,10] [0,1]

Fig.7 An example of TPWF-net model

7 TPWF-net
8 . 8(a) 7 1 7 5 3 i 8(b)
8(a) 4 1 7 8(c) 8(b) 1 7 8(d) 8(c) 3
S, 3 , ;o 8(e) 8(d)
1
; TPWEF-net

Tmax=[0+0+0,1+389+1]=[0,391],
Tmin=[0+0+0,1+140+1]=[0,142].
Vinax2391; 1422V 10x<391.
: 30 ,
Omax=300-142=158.
45 , Snin=450-391=50.
Omax» Omin
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t;
[0,188]/
[0,94]
t r tg t ty
[0,52)/ [0,1] [0,44)/ [0,53)/ [0,30]
[0,52] [0,1] [0,34] [0,43] [0,10]
O : 5 O O
P1 P3 P4 [0.30] P18 p p
21 22
[0.4] [0.1] 0.1] [0.80] (0.1 0] [04]
Ps >|:FO
[0,1] :
(@)
t r t, t; tg
[0,52]/ [0,1] [0,193)/ [0,44)/ [0,94]/
[0,52] [0,1] [0,98] [0,34] [0,84]
[ |:| Ps P4 |:| Po P1s P22
[0,1] [0,1] [0,1] [0.1] [0,1] [0,1]
(b)
t{ Iy t:’*‘, tg
[0,52)/ [0,1] [0,238)/ [0,94]/
[0,52] [0,1] [0,133] [0,84]
p1 ps3 Pa Pis P22
[0,1] [0,1] [0.1] [0,1] [0,1]
(c)
[ ty ty
[0,52)/ [0,241)/ [0,94)/
Pr  [0,52] Ps3 [0,2] pis  [0,84] p22
[0(,1)] [0,1] [0,1] [0,1]
(d)
tf
[0,389]/
p1 [0,140] P22
O—f =0
(e)
Fig.8 Simplifying process of a TPWF-net model
8 TPWF-net
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TPWEF-net

7.2

1)

2)

3)

4)

5)

6)

TPWF-net

YAWL
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TPWF-net,
TPWF-net ~ WF-net

, TPWF-net

TPWF-net

IT

TPWF-net

WFMS,
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