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Process Variants Merging Method Based on Group-fair Control Flow Structure
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College of Mathematics and Big Data, Anhui University of Science and Technology. Huainan, Anhui 232001, China
Abstract Merging process variants models can quickly construct a single process model to meet a new demand. The issue of how
to merge the process variants models is of great practical value. Therefore,a process variants merging method using group-fair
control flow structure is proposed. Firstly, process variants are segmented into individual variant using group-fairness in Petri
nets. Then,the control flow paths of the variant fragments are extracted and their corresponding matrix representation are con-
structed, then the variants are merged into a single flow model. Finally,it is proved that the merged process model captures all the
behaviors of the input process models,and it can detect the unexpected behaviors of the merged model compared to the former in-
put models.
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Process merge diagram

Fig. 1
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Variant fragment VF
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Table 1  Control flow matrix of variant fragment
P, P, Py P, Ps Pg

Py p 2y

P, rs’

Py py

P, ps’

Ps bs

P
Py = (P1 Py ((PL T (T1 P 1) s py = (P11 Ps (P T (T1 P3O )
by’ =Py Py {(Py T (Ti POV p, = (Py Py {(P5, T3) (T3 P )
pg/:(lﬂ.1’6.{(1’1,'1‘1).(11 Ps) i) pg "=(P5.Pg.{(P5,Ty), (T4 . Pg)})

TE X SR WA M 57D 4 E — 4 S AR M CPMs =
(CPM, ;CPM; ,++-CPM,,) , Pk 3% — A~ 42 il ¥ i B CP M, 5 4 3 4
A R A I 45 U A B R AT X 5% i i CPME = (N, CP, o)
Hrp

(1)CPMN = B U I”CPMJ N;
(2)CPM} - CJP:CPM, - CP;
3T Va a, €ECPM! « 4,
CPM? -« u(a, .a,)=

CPM; -« pla;saz)s  (aisa,) € CPM; X CPM,

{@, otherwise
EX ORI RS, h— AR, MS &
H— ARG TR A, W g R R AR .0 2
B I JE TR I AP A , S 5 I AR R R 5

(1D Align(y,8) =0, 0 55 P B AT 7 2F fiv 22, I ASE 81 1)
B 38 2 A T Y 5

(2)Align(y. O F0, XoF 35 B A3 77 A i 25 . BIVASE 280 i) () 30
ASAHTE 0 T 7= A M 28 1B AR 6 60— 9 BRZ I AN ERAT R
3.1 THRRFBIRRER

5 50 R 0 U R AR AR B L AR R e BT L 220 T VA A 8 A
s G B A 2 TR . O HAR IR B BeAE S A B N T
SERE B AR AR XX FALUE B R UL, B A S R . H Ik,
ARSCHR T — AR B R R B ST, ST T O S8 R R AR 1A
HR U IR B T A RS An g ik 1 R .
ik RBUE R A B
WA AR RS R RS W AR T 4R
il B K B VE
1.i<1
2. FOR i to n DO

3. FOR1to | S« tl DO

4. o,<Find Transition Sequence(S;)
5. A <CountNumber(ty,oc,)

6. Ay<=CountNumber(ty,0,)

7. IF Ax=0A A,<k then

8. (ty s t) ER(S)

9. IF Ay=0A A<k THEN

10. (testy) €ER(SD

11. tx and ty are in a fair relation
12. END IF

13. END IF

14. END FOR
15. IFV ty and ty are in a fair relation THEN
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16. S; is a fair Petri net

17.  ELSE

18. T/<Divide(t,m)

19. FOR 1 to m DO

20. IF t.,t, €Ty, t, € T—T; THEN
21. (testy) ERF(S), (t,,1,) € RF(S)
22, 1IF Vaule(T/)="true" A ¥ (T}, T—T}) € RF(S) THEN
23. Si is group-fair Petri net

24. END IF

25. END IF

26. END FOR

27. ENDIF

28.  VF<-map(T/)

29. END FOR

30. Return VF

BV 1 AR AR B AR R AR AR rp SR IR Sk, TR T A B L
T 2 BRI — 2P B A BT . BRI ES 3 — 16 A7 S A B i AR
RS SR A — AW H o 58 4 47 2 A AR AR R Sk —
ANAETF T o, 5 5—6 1T RIS A T e, Me, AR TE T Gl ,
IR WRE 55 7— 14 AT X AR 3T e, e, B9 20 S Pk 20 47 240 5 5
15— 16 f7 AR HEAT BEAE 1 2, Az, B9 28 - ok 0 W7 37 78 28 1 S
AT, G R AR AR RO R — AN S L D 4k 2 AT AR
18—27 4T WYL 3R FLp 55 18 AT B i R AR A vh (9 2 3 Rl 43y m
e, DL S 2028 5 41 545 19— 22 47 2 X8 3T 4 A 28 1 10 48
HEATJUWE s 55 23— 27 47 J& J U 0 P2 48 IR /2 75l 43 410 7 Petri
W, 55 28 474 AT 4 SCIE I i AR SR AL W O 45 AR IR R B 5B
30 A7 3R [ AR A B B 1 1
3.2 BT F BHE R R E

P — AR R R B AR B — > 4 1 I A B L S R R AR
i BB T O 6 A T o A B A U ST AN YT A 2 M) 1 A8
BT A — A B AR U R AT — A BE AR 0 B BR s LR K s i
LB AR AT A PR A B A B L T T G Ak 2 R ELACRS
T o R
Bk 2 bR R A A
A ER R BVE
i H - 45 A B CFM
1. CFP={},CFM={}
2.1<1
3.FOR i to n DO
4. CFP<{(0,0,,(0:,0) | (O,,0) € CF}
S. FOR all(Os, Oy, Seq) DO

6. IF CF1{ O} # O then

7. FOR all NE CF!'[{Os} ] A —Seq. object {(O) DO
8. IF(0, 0. (0,0, ::Seq) & CFP then

9. CFP<-CFPU (0,0,,(0,0,) ::Seq)
10. END IF

11. END FOR

12.  ENDIF

13.  IF CF{O.} 7O then

14. FOR all N€ CF[{O,} ] A —Seq. object {(O) DO
15. IF(0Os.0,Seq::(O;»0)) & CFP then

16. CFP<-CFPU (Os,0,Seq:: (0O,,0)
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17. END IF
18. END FOR
19. END IF
20. END FOR

21. Return CFP
22. CFM<-map(CFP)
23. Return CFM
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FEAESE 22 47 b e S 30 % [ ey, AT A5 389 A8 A R B i 2 1
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oS 2 W A A R Bty i A ] O R L 3 R 4 o 3 AR
W J2 4 I 1 — T R Bk 23R T8 2L IR 4 FRATT K MK HIE RE 1 A G )
P X 2 T O R A T A OGP B R AT — 2D I AT

EEUTEM  SHEEGIWHEME CPM=(N,CP,pw . Y
a;»a;sar € Napla;sa) ) Z D pla; va) 7O I HAFFE plaiva) #
Oopla;sa)7FQ P AR R BEAE prypo MEB P € pnlaiva;) s
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B 200 J@ M) 4 R CPM = (N.CP. ). ¥
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B propo s B8 p1 € pCayva) s po € Cansa) s W pr. seq. last=
2. seq. last

EW] R B ay sas sas it N Y 3 AT 5, IF HAEX 3 A9
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a1 =2, 5% L 6 7 )G H MR KL, @ # 2 £
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S F 28 RE BOAT AT S0 A S I . BV A 1 2 4 I B AR AT
WL B B[R] — 3 1 B [ B 4 s (R X T A o
P v 2 B B T T — AT T P R A A T A A A B
SN TR AT 74T B A 1 A B AR S e B 2 5 1 4 T Y A £
Uit » RIVAA TRV 20 458 ) 0 B AR DA TR) — A7 39 s B0 Rl A7 19 R 5% 7% 3
LR ER

1T AR W R R p Mp. T W —47 . ps” Al
po LT W — %, 3 H py'. seq. first=p,’. seq. first, ps’
last= ps’. seq. Last, W] LA RE 28 1 v 0 s o) 37 26 B o A o B 1
5zH 2,

3.3 mETLEEH

K i U R B P A Y RO SRS AT LK S R O — A
A PE TR B . R 3 T A b R A T R R X 5 S
&It
ik 3 WRBEEIIE
A & 42 TR AL AR
i < B I 0 4 o VR A B
1. ACFM; = {} .MCFM = { }

. seq.

2. i< 1,j<1
3. FOR i to m DO

4, CFM,; < Select (CFMs)
5. FOR j to m DO

6. IF CFM;#CFM; THEN

7. ACFM;. N<-Union(CFM;. N,CFM;j. N)
8. IFY (axsa,) € CFM; THEN

9. ACFM;. CP<-CFM;. CP

10. ACFM,. p(ay,ay) < CFM;. p(ay,ay)
11. ELSE

12. ACFM.. p(aysa) <@

13. END IF

14. END IF

15.  END FOR

16.  ACFM;<(ACFM;. N,ACFM;. CP,ACFM;. p(ay,ay))
17. END FOR

18. MCFM. N<-ACFM;. N

19. MCFM. CP<=Union(ACFM;. CP)

20.

MCFM. i<~ Union(ACFM;. )
21. MCFM<-(MCFM. N.MCFM. CP,MCFM. 1)
22. Return MCFM

AT Bk 3 e MO 4 R I TS R B SR LA R R R
TR PR AN X 005 3 b BRUEAT R A . B 3 P 1 T
Fe B WA R A L ACFM, Fl MCFM . 55 3— 17 47 R
UL P X 5 A e R PR B 4 A R T A T U A P — A
P VAR B 5 2 T 0k A X S AR o B R AR B S A B AT

X5 AES 6 AT T — A FIWT 55 185 45 7 478 3 i 2 ) i
SEFECFM, T (9 75 505 F00 4 2 1) I S B o 1 T SR AT O R 4
VB 5 55 8 A7 AW 3o r iy 2 ) O 46 B o 1) 8% A2 W S B ACF M,
55 8— 13 4742 S %k 55 B 48 il U AR B i AT 5 9 4 o0 3R AL A
T SR 5KF 5 14 T A R R A T X e T St S A O
R NH PR ITRA NS B A, 5 18—21 17 2%
X 5 0 A A R B HEAT A 0T . BB 22 AT R IR IS I Y A I
pil

ATl S b e ddi , — 2 4 o U R 1 G O AR R P Y
WOSARY R B 5 — L 5 2 %N A A B R, BIIF T R
S 4 4 T R R v s T O B A 5 R A A T A A A o o O
B AT R YT R AR 09 2 5 F BT S CH AR SO 5
— AN B AR 0 AR R QIR D A R R R, Rtk G D
2 1) A R R O T A 8 Y 4 o O R B I T I R AT R M 5 5 e
PELRIE R L FE 2, QB G IR IS B R AN 2T R
P W05 2 AE PR NS BT Z )i A — > ) e Y A N
%, FLR 28 2 A T I S AR RN s TRLRE b L AN O S B 4
T AR AN ol 50 D UV S AE H bR T RS R R T R TR AR A
— ATy E AR ARG,
3.4 FTEARITAHWEN

F R AR R A IT N — A B — I R R 45 5 ) R N
AT Ry, B4 R TR A IR R R o A R I BB AT Sy 1 T 4
LR,
ik 4 NIRRTk
A <A T AR P R R A AR v 1 3 L AR o 1 3
i AN ERAT
1. IF CFM. 7= THEN
2. CFM.p=1
3. ELSE
4. CFM. ;=0
5. END IF
6.i=1
7.FOR i TO j
8.  CFM~ <CFM,; —CFM;
9. END FOR
10. IF CFM ™. p#0 THEN
11. IF a€ AMCFM H |CF ![{a}]|=2 THEN
12. IF Align(MCFM(a) ,AMCFM(a))#0 THEN

13. Find undesired behaviors
14. ELSE
15. No undesired behaviors

16.  ENDIF
17. ENDIF
18. END IF
19. Return undesired behaviors

BEE A4 PSR 15 AT X 4 T A A e 4 ) I A
Al . 5 6 —9 A7 X BB Ak LU B 42 il i A B A7 —
i B AR PR s B . 45 10— 18 AT S R IR AT N O A I o AR
R 2R A I 0 0 R R 5 9 R O R A 28 5 A Y A ) I A R A
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Fig. 3 Model diagram of library loan and return books process

variants
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Table 2 Traces in process variants
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Table 3 Fair branch results of process variants
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Fig.4 Variant fragment of process variant
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Table 4 Single control flow path for variant fragments
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Table 5 Control flow paths of variant fragments in process
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Table 8 Control flow matrix for variant fragments

()25 1K} BEVF

Por Py Py
Pgr by
Py Ps

P
B

pr=(Pgp Py i (Pgp A (AP
py=(P,+ Py {(P, . B).(B.P)})

(D) A 4k Fr BEVE)
Py P
Py Py

py=(Py P {(Py.C).(C.PO})

() BK K BVF) VFE

Pe Pp Pp Pp,
Pe Py
Pp Ps
Py
Pp bs

P =P Pp(Pe.D).(D.Pp)))
ps=(PpPp{(Pp.F) . (F.P) D)
pe=(Pp, P (P .D). (D, P}




178 Computer Science EMEY  Vol. 48, No. 12, Dec. 2021
(DA BEVEF) VE? QoA R A BEVES
P Py P, Py, Psr Pr Py
P Ps Pgr n
P, .
Py Ps T bas
P, Py
P, N pon=Pgp Pp((Pgp - T).(T.P)))
! i Pos = (P Py {(Pp,N)L(N, PO
pr=(PesPp ((Pe E).(E.Pp) D) e '
Py =(Pp.P, {(P.G),(G.P;)}) (DA K BV
o=(Pp +Pp.{(Pp E),(E,P)})
Py D, rE D, E Pa P
- iyl 2 Py 20
()R )T BEVF 5 . VF7 ! >
PW
Pr P Py Py Py Pos = (Py s Py (P s W)L (W, Py b
Pr P1o
oy TN TR A
P P28 (m) B AR J BEVF
Py P12 Py Py Py, Py Py P, Py P Py P Pp
Py I4¥] Py bar
P, Py Pag
Py, .
Pro=(Pp Py (PrsH)«(H Py ) spyy = (P Py s A (P H) s (H Py ) o P2
P12 =Py P APy D (L.PDD  pra= (P Py (P, ]) (I,P}) X Pao
by P31 P36
5 P, 3
(DA BEVF Y VEY z Ps2
Py, P33
>
Py Pe, Pp, P, bay
Py P Py P35
Pe, P15 P
Pl), PDI

pru=(Py+Pe A (P .C)(C Pe )
p15=(Pc Py (P D), (D Pp )}

(@) Bk H B VEF?S
Pgr Py Py 1)
Por Py
Py P16
Py P17

>
I()

b =(Psp Py {(Pgp AV (AP
prs=(Pa Py (P4 N)(N.POD)
pra=(Py Py (Py.0). (0. P}

(A kA BeVES

Po Pp
Py Py
P,
prs=C(Py Pp . {(Py.P).(P.Pp)})

DA K BVEFS
Py Pq P Ps
Py Pig
P, P2
Pr 22

Pg

Py = (Py-Po((Py.Q . (Q.PO D
P20 =(Pg P +{(Pg R) (R, PR}
Py = (PR +Pg {(Pg.$).(S.P))

AR R BVE]
Pp Pg Pe
Pp 2
s Pas

P.

Pos=(Pp.Pe{(Pp.C) . (C.PO)
Py =(Pg P {(Pg O, (C.POD)

Por= (P + Py (P sU) o (U.Py) ) s pog=(Pry o Py o (P V) L (VL PO D
Pog=(Py Py {(Py.X) (X P D) pyg=(Py Py A (Py YD (Y. PO D)
P =Py Py ((Py ) (ZoP DY) pyy=(Py Py (P, AD (A Py D)
Pyy=(Py P APy WD (1P pyy=(P Py (P B (B Py D)
Pys =Py Py Py ) (T POV pgg=Cpysppy ol (pys 2D (Zopp D)

() 2B K BVES

P, P, Py,
PA, D37
P(‘, Pis
Pl),

pyr =Py Pe (P .C)(C P )
p1s=(P Py ((Pe DD (D) Py )b

5T 2 A5 20448 I R B i 5 R O 4B B R L AR R B
B3 A, B SE AT 3 I 1 AT A A
ACFM, fl MCFM ; J: Uk L BRATEE 3 — 17 47, LA ML A5 B i f2 A8 4
Sy Xt FF R FE R R AER 9 B I,

9 FARARMRS, x5 G 4 ] I A R

Aligned control flow matrices in process variant S;

Table 9

Py Py Py PD,
Por Py
P, Py
I’U
Pp,

O PwoL R RA R TEK BVF N A4 ARz 4.
HAHR ISy 2 5 BT 0 W S AT JH A 7 4 7 Bw 5% Y
22 1 R PR AN I — — B 2

B B A4 WA B — — X 5 X 5 4 4 o O AR
LT 3 AP AL A B BT AT Y L IR 5 A O
AL T LA ] 42 K AR A AR R AT 50

SR 3 AR 18— 20 47 J2 H X 5 A4 42 i AL HE R P Y T R
A4 A A e A e S B O B0 o R . PR R R I



FRAR A BT 2 T R A A A SRR RS O 5

179

210 FUBI A JF B0 45 1 0 B o 0 L
F10 B I 4 O

Table 10 Consolidated control flow matrices
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Table 12 Unexcepted behavior in merged models
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Fig.5 Process variants merge diagram
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