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Abstract  The business processes of the modern enterprise computing have been becoming more
complex. To coordinate workflows from different organizations, which are geographically dis-
persed and autonomous, this paper proposes a model called IOPN (Interaction-Oriented Petri
Nets) to describe the workflow coordination between different organizations. The IOPN model
can describe the internal process models and the interaction relations between different organiza-
tions. To assure the IOPN model being executed correctly, this paper presents the relaxed sound-
ness of IOPN model as one of correctness properties. The size of the composite IOPN model is

usually large, so the analysis based on state space methods will encounter the state space explosion
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problem. This paper presents a decomposition approach with invariant analysis, which can de-

compose a circuit-free and relaxed sound IOPN into a set of sequence diagrams. Furthermore,

this paper presents the corresponding theorem, i. e. , a circuit-free IOPN is relaxed sound if and

only if it can be decomposed into a set of legal sequence diagrams.
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BRI AR T A 3E (soundness) B9 A E
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PE— 208 WE-net & Ji£ 5 IOWF-net f] L 3¢ 85 40
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228 Petri P Y BLA B 15

Petri M J&— =704 PN=(P,T,F). Token
TEPE TS B 43 AT R BEFR A Petri R ZS (mark-
ing) s /KR AM: P—{0,1,2,} IR R EL. & M
N PN ) — R p —DPEFT B A M(p) FoR
RS MAEFZERT p ) Token HANEL. A8 34F ¢ FEAIRTS
M R A# B Y (enabled) , 4 HAL G VpE€ 1:M(p)=1.
MEMPFAARSEHFEREAMHINETERICH
enabled (M) . 3T Petri P JEAME S, 7] DA S 3¢
Mk 8-971.

TAER P (WE-net) j& — F R 5k 1) Petri ™,
—A~ Petri W PN=(P,T,F) & WF-net, 75 2% [a] i}
WA (D PN AWANRROED: i 5o.
PEPT @ ARG ET: o= O PERT o &5 K PE T
o=y, Li]5Lol4r AR TAER M PR HIRE S
ZEAUIRES. (2) WPRAE PN P A — 85T ¢ ° HL
Bt ={ot 5 ={i},BAY JBIG K Petri ¥
PN=(P. TU{t"},FU {Cost"), (z",i)}) & BRIk
STIRIUR

B1 7R S — A T AR i 99 e S i) o R AR A
A8 T (transition) & /8 T E i i & 85 &L 19 3l fE
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(action) , Token & i It 4 v 1) 73 4 4R &0 & 7n T AE
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EX 1. TAERM KA B (soundness) 77 1
LU &

(D X FALAfT AT ff AR A Ll ik iR 2S ML A7
TE— A RUKTFI 15 RE 45 MR 2 M2 3K 45 HOR 25

Lol F A4 g VM([i]— M)=>(M —[o]]).
) BTAERB AT NGRS R E] — 1
B o RSB, BB A X N IRSTERR FE B o VA AH

B LT P F B 45 Token, JE 2 HE i O WM ([i] —
MAM=[o])=M=[o]).

(PN [i D RGP, ALEAEIEAS AT B A
RBVET: IM M [i]—M —>M'.

FE L A LR PN 4 B
M ALY (PN, LD R 0 LA R

3 IOPN &8 . T{EiRth EH&RE

3.1 IOPN &Y

Internet & JF i 1M 2l 25 (9 31 53 B 555, 75 22 4 it
— A FE A (loosely coupled) (4 & 7 ik iEH: ok A
ARV ZH U TAE . A SCH M — B AR Oy 1 1] 52 B 1Y
Petri ¥ (Interaction-Oriented Petri Nets, IOPN)
DL AR Ok B A [F] 2H 21 22 1] 1) By ) A€ L. TOPN A6 74
K A [A] AR 19 28 3 CTAR 3 996 21D 2Z (8] 1) 28 B
e R AN [F] LA Ui 2ok AR 22 18] 1 BRI G &R T, AR SC
25 5 TOPN BRI I 30 L OIL e S 2).

EX 2. IOPN(Interaction-Oriented Petri Nets).
TIOPN #HIAT LLE Xy IPN=(ONs5,p) :

(I1DONs={ON,,ON,,++,ON, } & n4 Petri ¥
HMES B ON AR R B AR HLH W 2.

(2) ON& = (PwTka)%?/j—'\‘*ﬂ#‘%jﬂ k E"JX‘T%
EHy.

D pC U UTeX T, (A< k<nal<j<n b))

k=1 =1

i #EAE H. (process interaction) FUEE S . (a, .6,) €
oA (a, €T N (b € T)) A HEMW — 4 IC £,
(ay+b) € p FR7m N ON, B ON; 1y — A>3 74 58 H.IH
Bova B i Bk s e b 2 R Bl 1. 1k sk
Z: 532 5N EE R TAE W Z 18] 1 58 AR | — 4 3
H. o BEAZ B ] PR IS 2 4% 38 (message passing)
9 L 55 2.

(4) 7R 30 2o 7 52 AR — 2L BR ], 5 4> K 2% 5l
VB R ME— RO B s A R ME— 1 &
BEH. AR (a0 €0y a JE XD H KRB K1k
HE IR 24 by XA S H KR R W ME— 1 BB 1E
LA by =po (ar) s by & XS HK A I ME— 19 & 1%
e A8 R b =pna).

EX 3. WL HEPILEER. & (b)) €
oM (a € TN € T X FiZad B8 H KR K
it Petri [ {035 12 77— MEI 0 JE S5 BT
CanTEl 2 Bz s B IS IRER Cas peay o)y )P ) s
b) , 45 I F P REW8 JE 2 N ai B by 19 P A A2
L TOPN A7) vh Ay e =2 P i AR 5380 Paared =
(P o)1 Carsb)) €N €ETONDETHNRFE])).
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ON,.M+M,, M, &R L TR ILZ P g = TUAEAE A8 DR Y 58 B4R 1 8 SUAFETE 48 1% B A FT g
(b | Cars b)) € p) M AR IE (marking). ONLi S8UE A5 B9 AR W B ) 455780 K Rl 0 6 11 6 4 o
5 ON o5 3 R s A2 ON ¥ b JR 38 A B0 BG AR ZS BT O 1 0 o A 00 A 40 0 0 T 2 98 AT 7
MEERCRAE. IPN B R ARE LR K IPN. final = B JOPN A5 #8159 & B 155 & B E (relaxed
ON,.i++++ON;.i+ - +ON,.i, &5 IR E LK R K soundness). 24~ 3OS R TAE 7 N H 56 T4 R AR
IPN. final=ON,.0+*++ON;.o+++ON,.o. &gy it TOPN BORL G5 & B T2 20 SO E L 8) s
MT 2T ar € Tos #iar € enabled CON M+ S 05 S A SO BSOS 1O K 1 304
M) 384 a, € enabled (IOPN.MD. 34 a & 5i K AR A A B 4 A R T O R 0 A 5
A7 AE 3 B AT e AR UL ) — T 7 I — R UE L T Peurd W i T 3% &1
D WERAEAE (b)) €0 H(brva) € 0o B v g8, T LA BT A 90 190 9 07 i [ 3 3o 3 9 0 ik
SR AR TR A A4 IPN.M — > IPN.M’, P AR A 2 TR ] L) A 3 fE‘ AT Al A E Y
, , RS 2 ) 7 20 40 38 BR A5 %8 1) 4R AR Cstate
B ONk./M —>ONk.M , IPN.M'=0ON, M-+ space CXplOSlOH)’n] {4 I 55 jgﬁhzlgjcéi:/\ 55
ONo Mg+ ON, M+ M, T L 4 B % 5 4Rt TS B 69 BT O
(2>ﬁn%ﬁf~/\f‘ﬁ(al,b])ep B 4 IPN.M

L IPN.M', BJON,.M~+M, —> ON,.M' + M, +
Py H IPN.M"=ON,.M++++ON, M’ + - +
ON,.M+M,+ pe.,

(3) WA ié/\”‘l—i(i)l va)) € IFAIPN.M

—>IPN.M', B ON,.M+M, —>ON,.M’'+M, —
Pi ey s LIPN.M' =ON,.M 4+ +ON .M 4o+
ON,,.M+M R ACERE

TENX 5. T 5 (Projection Sub-Sequence,
PSS). ¥ FIPN=(ONs,0), ONs={ON,,ON, -+,
ON,}, ON,= (P, T, . F) ARE o=1t1ty 1,1, 5=
MARZE TPN .M, 3| IPN. M, ] — 4~ $447 )7 51, HF

% IPN.M, —>IPN.M, . IPN.M, =ON,.M, + -+
ON,.M,+--++ON,.M,+M,, . JPN.M,=ON, . M,+---+
ON.M,++++ON,.M, +M,,. WIETEM o=1,1, -
et JRAE K B — A F JF 91| (sub-sequence) a =
v, s BRI IET ON 5 F 751 (projec-
tion subfsequence) S LB A0 R S L)
(xi=t:s €T,
Ii:jx =e, L%Tﬁ'
T a $iFEk N o 76 ON, ERIHE T 5, 3
e olov, . BUE . ON, M, —=ON . M,. 41 : 4

Woo=a,a,bsb,a5b5, (aysassas € Ty) N\ (by by b &
Tk)s%lz/l\ azd‘(,wk:a]azag,

X1 Xo

. R HE AR M) 4 5 LL B Petri B RG T-A A8 &
MVRRIR & ARS8 1 T LMST-A 78 5 (19 A%
A ULRE SC 100 AR M A iy — A4~ LMST-A 28 &
Xof W — A WG AR A ) 25 JOIR S AT 4 32, B
— A TAEJE M a0 2 2 A P (sound) s AR 4% TAE I
I 7 37 3 (A2 ) B Ak LMST-AR A8 i 2 55 (UL 3
30 BIAZ T AR i B9 AT DL 43 il S 224> T4 4 10 1)
(g S 12).

IHEFP R S B E, A M T 4 20 R AR A
W S A S RS TRl A R G B AE R T ORI L Y
PAT 5 3G 45 5 A FEBOIRZS S IR G 7™ 4% 5 R
i3 7 TOPN @1 R G, o T 3 & TOPN £ R {1y
RGYE A S T WE-net 554 #0180 E
ST AE X BT R [R) R el )2 TOPN [y
556 FRVE. 596 BRI SO AR M i A~ AR
ITHA Pl AT

EX 6., & ff% B s Kk J# %) (Sound Firing
Sequence)' . A& (PN,[i ] & —4 WF-net, %} T —

Bl o HLLi]—>M 0 A A 5 — 15 KT 5

0'@"??%1\/1ﬂ[oj,%ﬁéﬁ’ﬁamnfﬂﬁﬁﬁkfIJ
EX 7. &M A (PN, ]DRE—1WF-net,

(PN D 554 B 24 HACHAE E— T 2

FAG BB S K I R — e R R

ViET,IM M .[i]—>M—>M'—>[o].

A K



10 4] B RMRAE . — R TN AR R B A U B R A R i O i 2173

ME LT AT LA L 55 BRPEAR N TS A L A
R4k 1. 58 G BRI S5 18 R 7R AR N Hh A7
TE R Z 15 B KT 91 B a3 s KT 3
T AL S I AR G RO A T AR I M B AR I
L EE-NZEHATREDHRAERL -G
BRI ST A L R ) A BN A A SEBUIR S
(dead state) , %f ™ 4% B & #LIE  59 & Bk R A
FEAARAS. SCHRL10 45 3 T — Ff 8 4 58 1 (robust-
ness algorithm), o] DA % [ 55 & B A T /£ i M
(relaxed sound workflow net) Hf ) ZE IR 2.

WE A4 Fros By ARG 2 55 5 38, mEE ™ i
A . 2 R A B S AT RE Y A B B KF
Bl titatstitots Ml titotststote, LB TE T T A A1, AR
I8 AE AL TS WG RS L Al ik i 28 Bl R &
[ ps+po TN pr + ps 1.

K4 —A4 WF-net 52 O 558 B B 2 G 21D

—A~ WF-net 2™ & H M, FAE—EHiE
55 G FLY (relaxed sound) o fH & S Z AN — 58 J AT
[ A TOPN 454 5 WFE-net B4 A A, 4 it TOPN
M4 FME 5 55 5 P (relaxed soundness) TE L E
S5 EEA T AR 0 SO X, S I AR SO T
AR M Y 55 A A S 45t TOPN SR 1) 55 &
M B I 28 SCAE 2y DR [R) AR 1) TE B 1 A 1 22—

EX 8. 1OPN # Bl 55 & M P (Relaxed
Soundness of IOPN). %f FIPN=(ONs,p), ONg=
{ON,,ON;,++,ON, } ,ON,=(P,,T,,F,),IPN &

555 PR MY (relaxed sound), 4 HAU Y, T = L”J T,.
SHFEEM € T, 17 IPN.M, IPN.M’ i 12

IPN.init —> IPN.M——>IOPN.M'—> IOPN. final.
i 5 s & — AN 55 A PR TOPN Bt

Oon,

Bl 5 —A> TOPN SEffl . BEASTHE 2 & BE Lt S o 2 55 5 B

ﬂvi‘jgl ON, ':F' al)ﬁj(ZEvTj—: ONZEF’ b:s’l%&ﬁ
*R/ﬁ\)ﬁj(v ﬁ%‘% ON, ':F az)?J(Z}E va ON, ':F b,
PFBA L SK.

& F TOPN 57D 1 55 £ B M 4 500 76 — 15 20
T AT Petri W i A] s [ A AR 2 A ] o A O s 2
— BRI AT 9 2 B 5 L AE O 2 TOPN AR BY ) 45 A2
3 BOR B I, TOPN f 4 34 19 By [7] 52 B 2 48 19 4R
A5 A) 23 BOR BOR DL Z T B ok A B R
T3 —J5 Tl AT Petri WY AN A2 553 B 1 20 il 5 1%
AL RIAE S — b R B AT S50 23 BT B S DAk A R 2
23 () g K T 83X 0 2 AN 728 o 20 A 5 0 Y 2 A
FIH] Petri W Y AN 42 1 5 3% PR A A 1P 2 T) A B
F AT LU 35 Petri W B A 742 R 453 M1 WE-net
IS PERE FLvE, L2 S H M. T RS A
SCHREH T — R B TG Bl (circuit-free) IOPN 43 fif i,
T VL8 5 i s O 4 1 G EL % TOPN ) 355 & B
5 A5 il Z B A AN G R — Ok E, — 4> TOPN
R 2 55 5 BEAE , 5K TOPN 28 N ) 4 4> ON,
e A B A Rad ok 4598 A — s s, B
TOPN #E B 2% 4> ON il 2 & BVE . H 2l T 22
HARVOEAIER 2 38 i TOPN A58 6 2 55 &
FHAE.

5 Petri MEPATENR LMST-A" T =

Petri % A] DA 7R B IC I 1 1) 2 2 A3l Petri
W B AT B S SRS T e, Petri W4 P A 25 4 . P-
ARARS T- A28 XA R Petri WA
FPE (boundedness) fliE M (liveness) A5 & % V) 19 2
M0 AL 9 2 — T R R 5 48 1Y) Petri 19, i ) T
VEL W AN A2 31530 ] DL B AR I 9 A 5 3 . AR
SCHY R W e T- A48, R L, A SO A 47
T- A5 DU TAEGE M T- A8 2 R R A 2.

EX 9. KRERHEFE, T- A48 .

(1) —4> Petri f{§ PN=(P,T,F)a] LR K —
A KRB FE AL

() T-AAERZITFEA A « Y =0 i) 5 LU . i
MESRRNRI T={T1Jos o T AR B T- A2
B J T m E (T-vector) , BEHT R R TR A
Jo: T>Z. —4 T-AZ 7 J, & 1E 1 (semi-positive)
BHE S 0N S A0 — 4 T-NAE R J, 2RI
(positive) Y HAU B Ve T:J. () >0. || J, || TR
JPERERTOMETHES I J [ ={reT|
Jo(DO>0}). — 4 Petri Mg T-RNAF 8 E 55, 4 HAX
BHEAE—AIE T-A2 5 J,(0>0.
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() /AR X F—A2FIE T-ARAEH J, A YR TAEE AT t€ T EE— 4 T-W 4 PN' =
AHEEHERIE T- A8 J a5 TJB J.CJo . (P T ,FOffis e T,
TFR J 2 e /N AT AR 2 T S 25 i B 2 e /N AN AR TEE2. —APetri MAFZEIEHHERL,

LR TEAL A 5 — A Petri MAFTE— A IEAZ =,

NHE B A B H R RN T B RS,
() T- AN AR L. A (PN, M) j&—4>

MAG.J & PN f1—4 T-AEwm.e &5 J, /%

iy Parikh [ & 84 M oM, EEEAR S ML &5
FF‘QQH S 5K Z 5 AT L EE R B SRS ML RD

AL TR A — DR RAT

5— & Petri P AH LL, AR 3 9 2 A7 — 26 K§ 5k
AR 235 K BR A1) AT OHG T A O T ) AN 8 o B — SRR N
FVRRIR & . T AR A 45 4 4 5 A SCHR T
LMST- A48 &,

EX 107 TERMAE T- A4, 4 PN=
(P T E)R— N TAERM ¢ R 0o 5 i 1Y
BHmAEL . PN=(P. TU{¢"} . FU{ (0.t (t74) })
S HA AR, X T A T- A5 S AR J () =
TAS =08 AFK Jo &5 /N IE T-A 8 &
(LMST-A %% #, Legal Minimal Semi-positive T-
invariant). % J, /& LMST- A48 &, 384 % v & — 14
Aﬁﬁﬁ%ﬂ T o=w uy - u,t” N\ (u, € T), Hoop

M, S M, o] S [ 4

[i]—
m(o) j— e sk B NIRRT F) o H BLIR B 1)
.48 tr(o)=J,, w(o,t)=J, () BTRATF t £
JPA o i AR A 1 ) LMST- A8 &
[1,1,0,1,1,0,1,1,11%571,0,1,1,0,1,1,1,1]. &
GitF s — A8 Lo J 1A B 55 KT 81 X By 45
—~ LMST- A8 5. A SCH ) & 7 5 F LMST- R~
AR 4 AT
ENX 11. T M (subnet). & 12 7€ W 4~ Petri
™ ,PN =(P , T .,F)5 PN=(P,T,F), % &
%M PPCP.T'CT,H F=FNWP' XTHUT X

cu,t”

P’ B4 F PN 2 PN (T (subnet).
EN 12.  T-#54 (T-component). ¥ T 1£ W

A Petri M, PN'=(P", T, F')5 PN=(P,T,F),
PN’ 2 PN 1y T-#4{F (T-component) , 24 H 1 24 i#
SRS

(1) PN'=(P",T',F') & Petri ¥ PN=(P,T,
)W+ (subnet) , A Vi€ T . tUt <P’

(2) PN'=(P". T, F) & — R & (marked
graph).
TENX 13. T-78 1% (T-coverable). —4~ Petri ¥

PN=(P,T,F)O## N T-% % (T-coverable) , 24 H.

% Petri MAEHE—TIE T- A28,

EE 3. W PN=P,T,F)E—ANTIERMN,
WHR PN G2 & M, B4 fE H P8 W PN =
(P, TU{t"}, FU{Co.t), (t", D)) FIELE— D IE
T-RAE 5, PN B T- A5 5 5.

. ORIEME LR PN=(P,. T, 2
HEME, I8 4 (PN, [i D 2% A (live) HA R W
(bounded). fIFAfEPN= (P, TU{t"},FU{(o.t"),
(DD L My =Li AP R R & @3 (PN, M) J&
A HA R I8 AR E B 2 n 1, PNy fE4E—
ANIE T- A28 & 4% Petri B TAE WM T- A2
HREAM S (W E X 9 A%, PN T- 475 &
. TEEE.

ENX 14, T LMST-A48 & 40 it . %
PN=(P,T,F)&—ATAERM . 5 PN W2 &
HYELPN 9 M PN = (P, TU{t"},FU {(o,
) (DD BT REPN I — A LMST- A48 &L 38
Ll J AT R BEI F ME S PN |, = (P, Ty, »
Fy 0 Hil R LUE &40
(D Ty = 1 I\ ¢
(2) P, ={pe T, \peP Ui{peT, |pEP).
) F, ={(p,0)|peEP;, M€ T, Np,) EFIU

24

{G.p)lpeP; NteT; N.p)EF).

MR 3R 4598 . — A AR L 2R AL 5 B
P AT AR SE PN LMST - A8 5 £ 743 P 1 o
{18 A i P 3 2o B LMIST RS 5 1) 43 iff . 153 51 15 6
HE PSR CT- A 1R WEEAS LMST - A8 5t 7 fif
H g — > R R — A L2 13 Lo T AT 23 32

P, i by f b,
P 1 TR B LMIST - AS 25 ik 43 fff 11 45

B 6

6 AITESHNH:.IOPN 5 AR

IOPN #AY G845 P [5] >k B AS [7] 40 21 19 T4 i
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¥ Ok TOPN #5554 58 8 4 15 6ff 1M 56 5 o A7 . 5
2% [ PV R 55 G IR A S B R AR 1 T A P R
HEZ —. 5 FE 53 A AT DR IR 25 23 6] J s, SR T Y
Z: 5P A B AR A B 2 mf, H e R R R
25 (ARG AR B 2t BIOIR 25 5 1] 9 A ) A8 g
PRI B ANREA RUBE T O A SR MY — i £ R
A7 (A () R 7 i s BB S o i 0 3. R TR
A5 F MR OB TG B B Ccircuit-free) TOPN 4 U 43
fift R — 2 B (WL DL 3 AR SCGE 25 H T A
FER . — TGl TOPN R R 55 4 B i 24 H A
Y HAT DA 53 i R — 4R I B B OO 3 5).

My 3 w4 22 A X R 2Z 18] 1 28 HL P
W AR S T 1 BB e ST

TE X 15. /7 E (Sequence Diagram). — i
JPE T LR AR i — ATt D= (O, E, Mes, L,
W), Horp

(DO:—PHWHXSRES.

(D) E:— DM RBFEA.

(3) Mes: — M HRBEEES. X TEEHE LA
g€ Mes, g! Tl g?743 3R REFIBEWIHE R g X T
EEFEM e€ E, 5Z AWM A% SFHEBOH B A
g HBLFTIR N ple) =g B H ¢ple)=g7.

(D L:E—O J&—hr % ek 50 AR = S F
e€E FIX4 L(e) €O [hMht.

(OWCEXE Z2HMER E— DT LR,
B (e e EW L e s (e, HIRERTIHEA
J¥51.

6.1 HEi%.% IOPN & A F &

XF LMST-ARZE & J, . Ji.out FTaRTEANZE G
Job i HE P R R R R AE T RS S out oy,
FORTEAZ 5 T, h ) 3 2 ON, K266 B A2 1T
BA. Jin FoRTEARZ & T NHEFI 2K
HEMWBITES Janloy, RARTEAL & J PN T
iR ON RO BTG,

FEX 16, FiA LMST-RAR 8 2 8] 1 A k58 0
(Legal Interaction between two LMST-invariants).
X FPA LMST-AAS 5 J R, FRE AT Z 0] 1 58
HRAVER Y HAYY J, € ONLINAT, € ON;.J Nk
j’(O(Ju-OUt|():‘\"J )=J,.in ‘()Nk #JH plJ..in ‘(w] ) =
J/;-Out‘();\vk A MR J AT, A E, NEE N
QU ) =1 BMIE AT, J,) =0. KA p(XD &
X Ro(XD)={y| Ve X:(x,y)Ep or (y,x) Ep}.

BIanTER 3 H1 . IPN 1) LMST- A% £ JON, . J =
{Ji1sJ21sON,.J={Js:J.} ;ON;.J={J: - Js}, J. =
[1,1,0,0,0,0]={aisar},J>-=[0,0,1,1,1,1]=

{assassasag)J;=[1,1,1,1,0,0]=1{by +b; 65,0, },
J,=[0,0,0,0,1,1]={b;,bs},J:=[1,1,0,0]=
{c1y¢}sds=10,0,1,1]= "¢, ,6,1}.p(J1.()uz‘,|(,N2)=
Joinlox, = by b s o inlon, ) =dout | on, = (b, )
FRACO I o J ) =1, il i 153 LMST- A8 5t 2 [ /)
BIEAEH AT IAF B AE PR (B 7 ROoR B 3 BBk H
R LIRS LMST - A2 Z Al BiE S H R R,

(ST I PR PR PR FENEN ERN
Ja
J2
J3
Ju
Js
Js

© = o = o ©
- ©o = ©o o o
S = O O O
- o o o = o
o o ©O = O m

Bl 7 NI 3 1331 LMST- A8 & 1 45 58 H 6 R M

M4l LMST - AR i 2 [8] (1) 45 75 38 B 5 mT LA
Wit IPN 27 B 1) 4y ff 551k, |ONGJ | R
ON,H LMST-ARAZE# AN J. |, =J..inUJ..out
Fon LMST- A48 5 J TESCHAE o LM AZ T &,
R — M FE D= (O, E,sMes; , L. ,W,)#,0,
EJER% 0 HIt B 1 FE X EWE S DY
O,ME,.

ASC# 1N TG ] % TOPN 51 I e [ 1 43 fiit 54
O E—NRFE R, 2 558 E A ON R
B =003 B E B — A S s 1R
BT H R 4y S AT k. Wi AE TOPN b R &
B ONA A T AT 53 3 M BA AT 53 3O )
F ON ) —A LMST-RA8 5. [ I 76 44 15 43 i 55
B, HZ B IOPN #1144~ ON, ) LMST- A48
WIFH AT I —A PR (B D ) 28 TR,
S AT DAAS i — AN TR 3R A B A T 1 s o £
A X R B TOPN i Z A1) GE AT 43 3. e A
T8 ) i SV B OC B AL 2 B TOPN & > ON, 1Y
LMST- A AR A LA H R R (WL E X 16) 4]
HTE—iE.

Bk 1. M\ TOPN 2 & i 43 ik 53 .

& IPN & — 4~ J¢ ol #& IOPN Hi B, maxnum =
max(YEE (1, .} |ONJ ). 38 LMST A 25 4~ 40
Z 1) — M BV | ON, . J | =maxnum

HWiA: ON..J B ON,H LMST-ANEE R NESR .0 AKX

H A
il —@HWFE.DS={D;,**+D:y*** s Dprnum } +
D, =(C,,E; ,Mes; ,L, W)

1. FOR i=1 TO maxnum DO

2. J.: = ON,.J;;

3. C. :={ON,};
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4. E = J.l,; //EMWIEBE R ON,.J. |, {1,++yn}.ON, = (P,, T\, F,) & J¢ ] #% (circuit-
5. TIS, :=={J.}; free) Petri f. IPN 2534 ¥ (relaxed sound) &
6.  FOR j=1 TO n DO //n } IPN H1 ONs % IPN feig /0 Jy— e’ DS={D,.D,,*.D,}
573 IFF()fzin:sz(lj |PN,.J| DO B IF B R AR 25
9. J, :=ON,.J,; h EW. L.

Lo, Bool +— TRUE: WHE & B 5 AT LLA E TC [l B Ccircuit-free)
11. FOR (EACH J, IN TIS,) DO TOPN BRI 5 5 HR .

12. Bool := Bool A Q(J., +J,) 3 J,:ON, J,;:(_')NZ J.:ON, J,:ON, Ji:ON,  J;: ON;
13. END FOR a >0 @ b,

14. IF Bool THEN b, »|| ¢, ay > |
15. C:=C,U{ON,}; o |l< o |l b,

16. E:=EUJl,;

17. TIS:=TIS, UlJ, ) s U I ol ] :
18. BREAK; B8 ARSI 1A 3 iy TOPN BERL Gy AN B
19. END IF

20. END FOR & 8 JMARHEA L 14 & 3 By iy TOPN #5743
21. END IF fif R A 1L SRR 5 g TOPN RV 2 55 &
22, END FOR PR P 7 N1 o7 Ll I S e S D B
23. END FOR HON,.J={J,.J.}» ON,.J={Js}. J,=[1.0,1,

] Bk 155 6 47 TIS, 3/n LMST-
AN RES P EMA LMST- A28 & 2 (8] i
RALRZHRXR. S 13T /K Bool 3R J. J&
M5 TIS, H i) LMST- R fHA GELHRXR
WL S 16) . Z B B R &2 2% 2 O] ONg |*
Mazx® C(|{ONJ D). BRI 1A SCH T 2 5.
6.2 IOPN EEMAHMBEEBEFEMEMNEEXR

EH 4. WAEE— IOPN % TPN= (ONy,
©) sONg={ON,,ON,,++,ON,}, Yk € {1, n}.
ON,=(P,,T,,F,) 2T (circuit-free) Petri ¥,
HZ IPN 2556 PR (relaxed sound) , IF 4 H
BB —A ON, £ JRy Rt 1 2 55 5 B

IEH.  XTXEM ON,=(P,,T,,F.,)., Vt€

T,: 3IPN.M,IPN.M’,IPN.init —>IPN.M —>

2

IPN.M’ 2> IPN. final, IPN.M=ON,. M+ - +
ON,.M++++ON,.M+M, . IPN.M’ =ON, .M+ +
ON,.M'++++ON,.M+ M/ FL.t€ enabled (IPN.M).
X F 2R Y o0 s ONAFHE— N2 F 75 (L E

X 5) ay =0, |()N,J ﬁiﬁ?ﬂf ON,.i LON}wM?HE ON,

. W R (€ enabled (ON,. M), B ON,.M —>
ON .M. %3 F 4 RFES) 0, » ONAFAE— D

F$3 a, =0, | on, 1% ON..M —>ON,.0. Ff Lk ON,
TE Ry 5 2 55 5 JLPE. UEEE.

T 5. WAEE 4 IOPN Bim, [PN =
(ONs,p)s ONs={ON,, ON,, =+, ON, }, Yk €

0,1,0]="{aisassas}, J,=[0,1,0,1,0,1]=
{aysassasts Js=[1.1,1,1]="{by.by,by,0,}.
{O(Jl.aut\owz): {b,}, o (Js. out ‘()NZ ) = {b,},
J:g.in|()NZ:{[71’[72}9 P(Jl.oul‘|()wz)¢J3.i77|(w] s
{O(Jz.out‘();wvz)iJg. in ‘”“\'1 SR (s Js) =0,
Oz ) =0 P AN BE 23 it th 5 15 B U 4]

7 RGBS

ASCKEA 43 TOPN BERY 1 SR iy . B 9 gk 1
ff ] TOPN RV A T — A~ B2B o R AR, %5 72
BRI AL 5 A4 B YA I AR 32 44, H b EMarket
RRX G FEBT A, B, FRETT B, sk
75 s Account 3 7R 45 2 b 4}, Delivery 3 7~ 1 38
Ir. By it EMarket 22 %)V &5 &K 8 B, B &I K3k
T 3K . EMarket 30T 915 38 15 B 4 B, 6
N ERE B, BN Z )G . EMarket A1 B, MiZiT
PAA AT By W] EMarket B AT A Z )G, 8 T
Account A AT, Account FIAFEWE] B, A1 X
2 JGiE % EMarket, B, B & X 51T 8 T %4,
£ EMarket 2] B, © & 7 XM WEEZ)E,
EMarket i Al B, W B, XX Y. R )5 B, i
Delivery H14pm] B, &%t #). 24 By W% 0T
W Z G AP RESL: (1) By XIS 19 17 9 1
LR G B ¥ A EMarket i%Z 17 8 a3l , EMarket
545 Account A 1T B Ty, Account H A B 42 3K
BRof B,  BILITRALE A (2) By XU E i 52 90 A i
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HWEHRE. —METAR

AR B A I DR TR A Y 5 it 5 i 2177

B, ERIBT. B, A EMarket 77 BRI, SR J5 B,
3 Delivery K529 81 27 45 B, . 24 B, k3| B,
TR EYZ S5 . B, 8% EMarket B 40 3 2 9] #9

ON,=B, ON,=EMarket

B9 —A 1 IOPN R i id

*x1 IPERERXEMNEERE

t1_1 = Ordering Mesg. _1!
t; »=1Infor. to Account?
t1 3= Account_1!

+ = Account_OK?
t1 5 = Delivering_27
t1_¢ =Bad Deal!
t1 7 =Back_Delivering_1!
t1 s =Back_Account_27?
t1 9 =Good Deal_1!
t5 1 = Ordering Mesg. _17?
t> » =0Ordering Mesg. _2!
t 3 =Ordering_ OK?
t5 o =Infor. To Account!
ts 5 = Account_27
t2 ¢ = Account_OK!
t2 7 =Infor. To Deliver!
t5 3 = Bad Deal?

t2 9 =Infor. Back Account?

t2 10 =DBack Account_1!
t2 11 =Good Deal 17

t2 12 =Account_3!

t3 1 = Ordering Mesg. _27
t5 2 = Ordering_OK!

t3 3 =Infor. to Deliver?
t5_4 = Delivering_1!

t3 5 = Account_47?

t3 s =Good Deal_21

t5_7 = Back Delivering_27
t; g =Infor. Back Account!
ty 1 = Account_17?

ty 2 =Account_2!

ty 3= Account_37?

ty 4 = Account_4!

t; 5 =Back Account_17?
t5_¢ = Back Account_2!
t5 1 = Delivering_17

t5 » = Delivering_2!

t5 3==Good Deal_27

t5_4 = Back Delivering_17

t5_5 = Back Delivering_2

RIETEZ B2B j

HREP S5 EEAERRX ST
R SRR L v DU H TOPN £ AL
AFEAAP TR RERBIR, KX HEN o=

EfE T AR A

1Y .98 )5 EMarket #45 Account T4 i% 1T BA S [H] ,
Account AR FGE B4 B, BT W, B 9
Fritid 7w W B R BARE ISR 1 iR,

ON,=B, ON,=Account  ON,=Delivery

0

i B2B #8540l 55 i

(v ato 1) s (g gty ) s Clsontys)s (tyustin)s (21 s
L) sty ostos)s Clogatig)s Clogotys)s (yystsy)s
(£5 9001 5) s Ctigaton ) s Cloanntys)s (Eyystss)y (23,
ts ) ot gstog)s Ctigstss)s (lsantss)s (s gslsg)s
(ty 1098450+ (Ly a1 g).

K9 o TOPN #5581 1) £ 4~ ON, ) LMST- A 728
BIE R ONLI =T J. )y ONJ={Js . Ji s
ON; J={J;:Js}s ON..J={J:,Js}, ON;.J =
{Jgsdiot.

J.=[1,1,1,1,1,0,0,0,1]

={ti 1+t gslisatigslisslio)s
J.,=[1,1,1,1,1,1,1,1,0]

=l 1+t gsli sl aslissligaligslig) s
J,=[1,1,1,1,1,1,1,0,0,0,1,1]

=ty 1 slogslogalsyslysalogalogslyiislsiz)s
J.=[1,1,1,1,1,1,1,1,1,1,0,0]

=ty 10ty 00ls 59ls 4sls5sls oty qatsgatsontsio)s
J;=[1,1,1,1,1,1,0,0]

={ly 1 2ls 0 als sty i slss5als) s
J,=[1,1,1,1,0,0,1,1]
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=l 1 0ls g sls 5als sty rslsg)s
Jr=[1,1,1,1,0,0]={¢t, 1 stssstssstss}>
Js=[1,1,0,0,1,1]={ty 1 stsostisstis)s
Jo=[1,1,1,0,0]={t51+t5 2153}
Jio=01,1,0,1,1]={t5 1 st5 55854155 }.

MRAE bR 5, AT LIS 2 & 9 i i B ik 38 AR
M 10 fir .

@I T Js J Js Js Ji Js Jo Juo

J 0 0 1 0 1 0 1 0 1 0
J> 0 0 0 1 0 1 0 1 0 1
Js 1 0 0 0 1 0 1 0 1 0
Ju 0 1 0 0 1 0 1 0 1

0
Js 1 0 1 0 0 0 1 0 1 0
Js 0 1 0 1 0
Jr 1 0 1 0 1 0 0 0 1 0
Js 0 1 0 1 0 1 0 0 0 1
Jo 1 0 1 0 1 0 1 0 0 0
Jio | 0 1 0 1 0 1 0 1 0 0

10 & 9 ¥ IOPN B[y LMST- A8 & (194 1 38 B 46 [

WA B 10 145123 38 B WA 2 W9 A IR B A8
FhEER CAnE 11 Rz m BB 9 Fnge 1 T B bR
2 AT LA B B A 0F & Dy Can L 12 s # D,
CIn & 13 fir ). | rl IR 9 [ TOPN 55 78 fig 5 4K

Ly 59lo 69lo 7 9lo 11982 12 9l3 1 983 0 9Ll3 3903 4
Ts59ls69b19bussbi s stussts 1ots sstsa)s
Mes,= {OrderingMesg. _1,0rderingMesg. _2,
Ordering_OK, Infor.toAccount, Account_1,
Accout_2, Account_OK, Infor.toDeliver,
Delivering_1,Delivering_2,GoodDeal_1,
Account_3,Account_4,GoodDeal_2},
D, = (O, ,E, ,Mes, L, , W),
0, ={ON, ,ON,,ON; ,ON,,ON;}
={B, ,EMarket,B, , Account,Delivery} ,
E,=J.UJ,UJ;UJs UJ

=t stiastissbiastisstiostiostissboysloos

Ly ssloaslosslogslogalagslogslonosls sl s

lyzotlsaslsrslsgslinsliastlassligslsislsas

L5 4 sls5 5 I

Mes,= {OrderingMesg. _1, OrderingMesg. _2,

Ordering_OK, Infor. toAccount, Account_1,
Accout_2, Account_OK, Infor. toDeliver,
Delivering_1, Delivering_2 , BadDeal,
BackDelivering_1, BackDelivering_2,
Infor. BackAccount, BackAccount_1,
BackAccount_2}.

N N N J; J
P B 1 BT o S A TE R I T AR A v B S ‘
A RIIZ TOPN KA 35 1 355 7 PR, HOAA 35 20 BRANF
D]Z(O] 9E1 9MES1 sL] 9W1)9 "I J ‘]2 JH
O,={ON,,ON, ,ON;,ON,,ON;}
={B, ,EMarket, B, , Account, Delivery} ,
J, J
E=J,UJ:UJ; UJ; UJ, I ) 1
={t1 10t o sli g59b1 g sli 5981 o9sls1sts s ety sals qs B 11 IR 10 114 R R A 20 AT ) DS A
J J, J J J
B, EMarket B, Account Delivery
. Ordering Mesg._1 |(7,
- ‘ g Ordering Mesg._2
22 >[5
1, 1|l< Ordering_ OK .
11.2|| (Jnfor. to Account_|f, -
I 2.4
. Account_1 |
l25 Account_2 .
i olle Account_OK ; +.2
14| 2.6
' Infor. to Deliver
2.7 —»| (33
3.4 Delivering_1 .
» 1
11 5|« Delivering_2 '
Good Deal_1 :
t o (| 1211
- Account_3 | .
. B Ll 1.3
1| Account_4 ‘
|| & 14
s Good Deal 2 ,
o »| 5 3

Bl 12 B 9 23l 45 2 A — B & D,
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J, J, J; J, o
B, EMarket B, Account Delivery
| Ordering Mesg._1 | | | I
Ly > 15
. Ordering Mesg._2 y
2.2 3.1
/. ||l Ordering_ OK .
r e Infor. to Account ? B
1.2 2.4
Account_1
Z] 3 ti,\
! Account_2
2.5 | | [LZ
Account_OK ‘
1), ||« 2.6
. Infor. to Deliver
2.7 P (155
s, Delivering_1 y
5.1
0 |le Delivering_2 -
s Bad Deal NI
. Back_Delivering_1|
17 » (L5
ts; Back_Delivering_2
. Infor. Back Account ; Ls.
' i B;ck Account_1
2.10 (1,5
¢ Back Account_2
1.8 | [ t
B 13 I 9 4 AR 30 5 — ) B D,
workflows: Modeling and analyzing workflows crossing

T PR B AN R AL Ul 55 i A A SCHR

TOPN #5484 F] F 4 ik 15 20 2 09 AR i Bir ). o 17
P& TOPN £ I € % 8 1F 8 b S0 A7, A SCHE il T
TOPN #7155 7 B AR O TOPN A5 10 114 1E 8 P AR
iz —. TOPN BERLE —Fh &2 5 #5040 55 LU Y
i P AR R 2 2 A] A9 58 HL G AR L O — MR . R
P TFARZS 23 18] 9 0 A 05 4 o 45 5 7 A RS 23 ) g
TR Oy AR SCAR H i T A A8 4 1) 20 il 07 15 - BE
W — A~ 55 A B G ] % TOPN 5580 43 it Ry — L0
Bl 45 AR OGS B — > o ] i TOPN A5 R 55 4
TR 2 LAY HE AT LBl figt oy — 45 R 0 .
25 AT LU RE G (] % TOPN A5 10 (Y 55 5 BE .
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¥

MR

EME S WAL IOPN 8, IPN = (ONs.p),
ONs= {ON;, ON,, ==, ON, }, Yk € {1, ===, n}. ON, =
(P Ty s F) S TG % Ceircuit-free) Petri . IPN J& 55 & H
) (relaxed sound) & IPN FE 9 4 it v — 40 )0 J¢ B DS =

{Dy:D;,-+,D, }H%/l\mﬁﬁ"{%/%ﬁﬁtéﬁﬁﬁ
. AR 2 a0 PR

(=) BEHFEE—NIFR D, € DS.D, = (O, E,,
Mes, L. .W) . J. |, =J..inUJ, .out F/Ril T LMST-RZE i
JHESLEE e FREBAN AN EFESE [on, = 1€
E. [t€ T} %R D475 ON, E#SE 7 RIS 10 4. 0
FIPN PR c€ T AT (D (2) M3 3 Fhof fE
TETE

(WG D ep H5U 0 € p YA ML I 2B BAE
ON,H t € T, FIRFEE D, = (O, . E, sMes, . L. «W ) T74E
—A LMST- A28 5 J, € ON,..J ffifF c € J. H J.|,=E. o, .

26 ON 17 7E ON .0 —> ON,.M —>ON,. M’ > ON,.0
HJ.=nlaytasty) KW F ay Fl a, yﬁﬁwﬁ\é}%f?ﬁﬂ ol o,

7% IPN.init —>IPN.M —>IPN.M'-Z>IPN. final. a, =
o lox, H s =0, [ox, - IPN.M=ON, .M+ +ON, .M+ +
ON,.M+ M, H IPN.M’ = ON,.M+ =+ ON.. M’ + -+ +
ON,.M+M,.

() WIRTEAE— A2 H X (100) € oo 8 4 [ BEAE ON, i
€T, X FMWiFE D, =0, .E, . Mes, s L, , W) FEFE — 4>
LMST- A5 5 J. € ON,.J 751 €0 FLJL |, =, |ox, - 1
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Background

In modern enterprise computing, there are many busi-
ness processes from different organizations, which are geo-
graphically dispersed and autonomous. This paper proposes a
model called IOPN (Interaction-Oriented Petri Nets) to
describe the workflow coordination between different organi-
zations. The IOPN model can describe the internal process
models and the interaction relations between different organi-
zations. To assure the IOPN model being executed correctly,
this paper presents the relaxed soundness of IOPN model as
one of correctness properties. The size of the composite
IOPN model is usually large, so the analysis based on state
space methods will encounter the state space explosion prob-
lem. This paper presents a decomposition approach with
invariant analysis, which can decompose a circuit-free and
relaxed sound IOPN into a set of sequence diagrams.
Furthermore, this paper presents the corresponding theo-
rem, i.e., a circuit-free IOPN is relaxed sound if and only if
it can be decomposed into a set of legal sequence diagrams.
This theorem provides an approach to decide the relaxed
soundness of the circuit-free IOPN,
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