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Mapping Elements Between Process Models Based on Petri Net

CAO Bin, WANG Jia-Xing, FAN Jing, DONG Tian-Yang

(School of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: Comparing processes has important application value in business process management, and it is common in scenarios of
process version control, and process similarity calculation, process merging. Mapping elements between process models is the first step
for process comparison. Current comparison solutions, however, only consider the mapping between tasks but ignore the correspondence
of other elements in the process. Hence, the reliability of the results from the process comparison cannot be guaranteed. To address this
issue, this paper first proposes a Petri net based model for element mapping between processes, and focuses on description of the context
that is required for places mapping. Then, based on the place mapping context, a mapping algorithm is also presented. For any pair of
processes modeled by Petri net, the algorithm adopts bilateral and unilateral mapping strategies where the pair of places that shares the
most similar contexts is given high priority to be selected as the mapping result. The extensive experiments based on the real world data
sets show the effectiveness of the proposed method as well as its efficiency in the scenario of process similarity search.

Key words: business process management; process comparison; Petri net modeling; element mapping; context similarity
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Fig.1 The workflow model based on BPMN and its abstraction
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Fig.2 Graph representation for basic Petri net elements
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Fig.3 Basic workflow blocks modelled by Petri net
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Fig.4 OR-split and OR-join modelled by Petri net
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Fig.5 Two processes modelled by Petri net and their places mappings
5 PAAN Petri 5 FR R A1 K2 L P2 it S5

EX UE. BEIES). /£ Petri FEBIR AR b TR —NERT PyI& Py 4 % H P T IR A2 1T
EETRA P IR AR & R oR 0 LT(Pa) s Py AR R N R BT (2R ST 2 A& oM A R IT4E A R RT(Py).

I 5 ORI IRAR N A EAREE BT G E T S I SE BB R T R AE Petri YRR T BRSO,
R, 5% 5 B AT 6 MBI 5% & I AR ST B AT AT LA g i i N Ja T 45 AR AT 4R A (s A4 BB AT 55 I TP R), 3R 1K
WA BT A (RN AR TAT 5 45 ).

TEX 2(EEFR L T3CIRE). 75— Petri B BB (R IR AR A B o 0T — AN R Py 3L b R SO i 2 AR AT 4R
7 LT(P) 5 A AT RT(P)ALK.

FRE 52 S 2, FRATT4 H AR SCAE X e i R AT e S i) 36 F (I B b SO ST — A% 110 B 9 A2 A TR 1) AEL R A
Petri [P A (1) U AR ASE 20 LU A AR 22 A5 000 T FE A BB R B PHA b SO IR 58 4 —FF 10 P JIT, B AN A7 AE S8 A AH S5 11
JE T W S ARLAE AR R B b ORI 30 43 4 (R0 060 2 9T, 0K BT, e AT T gl AL e WA 6 2 3 1) 6 WL S T 6 4 e K, A B
AT LA 8 55 Ay T 6 AL SR £ 2 3 6 2 k.

ENX 3. AITIERE). 4EMA Petri P EH K FEH A Process 1 55 Process 2,7% %% Process 1 71 (1]J%
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LT(P) );il RT(P))5 RT(P) MIAZ4EF A Py 5 P A AR IT A4k Intersect(RT(P;), RT(P)).

TEX A EIRTR). 258 Wi Petri 9 E B () 57 BB 7 Process 1 5 Process 2,Process 1 71 (¥ %2 it P; 55 Process

2 EERT PR
DP(P,P)={(T,,T,)| T, e (LT(R)NLT(P)) AT, € (RT(P)nRT(P)),P, € Process 1, P’ Process 2}.

ME X 4 A LLF H Process 1 HHIEAT P; 5 Process 2 HHIKEZERT P I R R BRI Py, PP I AE AR IEAT £ R
— RS Py, B BIA AT AR AN A T R RE A R

BT B XAV AN FEAT B R SCRRBE AR B KN S BT A . AR A 2 16 AH O, B 2L =2 1
AL ) b SCER B R AL, S5 % B A R I G R 119 AT B AR R T O 6 R AN AN TR TR R R AR SR AT
2 D P R S5 A 5 20 SRE s n

1) WL (two-side mapping): Xt T 22 AR IE AT B2 545 AR IE ALY AN Ry A LI PE Tt 35 e AN R 2R B

(& 3 4 I TC EAHNKF Nk HE;
2) B (one-side mapping): X TR ARIT AL AR 5 A ARIE A — A N I T IE A N AR
LA AR A B R BN %,

3)  EWUN AT A K 5L AT LRI AL,

AT DL Y, b3 WS A 5 2 AR 1 AT I bR SRR 11 58 R S SR K 43 1), BRIV XUId e S 1) 2R i AE S i 1)
LA A R 7T, B W AN A — 1 3L AR AT W 38 4 e AR T A A A S sl A AR I AR AR A B e A Ao A
AR H8 TE I AR AT, U AT R ) e RS P S 1% O SR B AR I — R 3R T T A 1 S T o — A AR
PR T s g 2D P Y A 0 3R FRATT 0 e 2 A S A B UL ke R A I B £ T (R 4 1) D g S IR ) PR BT ket
TR W, A AR AT B 5 0 AT A AR W T R AR AR SR R AT DU Sk R 78 b SCERBE I ARALLRR 8, BV % 26 i ]
REAETE IR S 4] 1 PR A0 A0 15 0 1T S T WS A3 0L, b SCER B B ARBURE B B e 1A by 28 SR 1) B i AR ST A 4 TRl ]
TE R — R AR T T SO I I el A A B AR ST

3 ET ETXINERMERR B AL

AATET 4 2 R K B SCR A G RE SCLA L P BT S D0 5 2 SR, B8 1 17 LA [0 P8 P i S S0 5
LI PIAHET Petri 9 E B WAL, i 1 O 28 WS Je I SRR I E BT AR 5

SRR HE T — S AR A 3R (AR W) BT RS 3%, 3893 3 AN B

(1) AL BT WS A S R R UG A SR R BT AT R i

(2)  HHE XIS (12 QA AT L A 1 R

(3) e AT AL W TR, VG E A AL AR T A B AN A D PR

X J A B 1) 5 R BEAT I AR AR 0 AT 43 3 P YRR ] d 2 008 T2 28

FATIE R A 20 21 10 = B Ak, AR a6 SR A I BUR T VA A I & 7 1 S s i RE A 51 4 B ox A1
RIS 2 SR B W]
3.1 HiEEH

DAY HEAS WG U B 2 p Y — 5K 4 SR K £ 44 Place_Mapping_Table, 3 J5U 3 15 28 i (1 i 5 & 45
P 4 B AL, e X R

E N S(EERTBRESR). 45 E WA Petri PUEEFEF R AEF M Process 1 55 Process 2, Process 1 HI4EAN T
Pic(Py,Py,...,Pn)#BY Process 2 H1 I E i Py, Py,..., Py BEATULIC, 312 3% P; 5 Process 2 H ¥ T A7 B i (M) 2
FARIE A AL 8K mxn [ 2 T R

mE 6 Fiow, AR BIESI LR Process 1 TN (H Py £R), A48 1T ERAS T A
Process 2 WA AT, 1 P} RoR 2 i — DN PE T o 0 oA LI — AN e e R A 14— BER BT I N 4
P/ O H P 3 23 Mg e Py o) 5 A0 i Process 1 o [ 46— 47 10 2 T EAT DL G 48 8 S [{3 {13 1

© PERREERSMROT  httpy/ www. jos. org. cn



480 Journal of Software #k#F34% Vol.26, No.3, March 2015

AN HTUCEC P I) 22 (5 1A AR 2 M) AT AR,

Process 1
P, P30 P Process 2
P PG
P; > P P
PG Py 0]

Fig.6 The example of place mapping table
K6 JF T % Place_Mapping_Table

3.2 A 1LAREY

WIUAAL WS 5 32 32 5 B2 WA 10 FT S % Place._ Mapping_Table, 3k 1M £ 57 95 AN EL AR Petri TR T
A7 P BT IR) R B SO SSEARABURE B2 4 JR 2 i T AR B U 12 P58t M St AH % IS S s
B 7 JEoR T RIERAG IR A S0 BRI Do AR, JEEE T-45 SE IO PIAS Petri LR (G N ), 22 B 26 BT W55 2 A% A i
HL 5B D 28 1 AN Process_1 FR BT FE T 00 T Herb (R AN B I, 3R AN % 52 5 56 2 /MR Process_2 i
BEAN R T AR B SOMTBURS 00, 220 SR ok — A ik B 1k ) 52 (3R 2 47~%85 5 47).
Input: Two Petri-net based process models: Process_1, Process_2;
Output:  The Initialized place mapping table: placeMap.

for each place P; in Process_1
for each place P in Process_2

Intersect(LT (R), LT (P})) < get intersection of LT(R) and LT(P)) /€ X 1. EX 2

Intersect(RT (P,), RT (P})) « get intersection of RT(P) and RT(P)) /%€ X1, & X2

Place_List<-Add “ P/ [Intersect(LT (P,), LT (P))), Intersect(RT (R),RT (P{))] .]”
placeMap<«register P; and Place_List to Place_Mapping_Table.

Fig.7 Initialization of the place mapping table
Kl 7 #1414k Place_Mapping_Table

FE W JZ IR B AL B R o 6k T RS Process_2 H IR I, RATIVHSE N AR AN T IR ey A3 AT AT 46 98 I K
FCGAZ I P A g — A RS SIS I B N BER T I 5, PR I RER S AN R (K02 i — A2 A0 a4 280 P2 T S 2 4
.24 Process_1 H [ T AT P T3k 3 56 FRGINT P28 T W) 2R 491 s T A% 5 ke

Pl 8 52X I 5 R A AT An AL AT 45 3 AN TR 355 AT 4 AN e 31 A0 iR Process 1 (RIBEAS BT, 1)
A RN & BERAEATTL S 20 NS [ L3 5 AT 19 P26 B B0 6 S A ] 0 2850, A R ATTA 08, 3K
FER TR A TR SCHIALRE S 0, 85 J AN BE K e AT DA g 4 SR s

= P {AL{BY]| P30 | P3LI{ALLCHT| PG
P, = POIGLG1 | PAIBLIEN| P5ULGLUO1 | PYICH{EN
—

PULIALGT | PO | P AP} PLLEL )

Py

p, ™ POIGLO1 | PGB | PSL[{L00] | PaLI{D}L{E}]

Fig.8 The initialized mapping based on Fig.5
8 JET K 5 KRBT AG L ST
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3.3 Wihnkst

XL WSS ) H R 0 IR 22 L A5 AR I AR I ANy 23 R DT BEAT LR SCIRBEARALLBE 1) 1 e A5 3K 28 v
kBT SIS RHALURE e K FRD 126 i RS A1 DAy S5 45 Rk (0] A L ARSI B AR FATT6S b SO B AR ABLBE F) R e o 2
Tl AR A AT AT A (0 1 R R B B R R B e s AN Ol 2 UK S P TG R I L AT AL B
I SO B, EATTARE 8 Dl RS ) 2 DK

KL WEF R RE R VLA I 9 o, Fd AN I B BEAT AR I R 4 JR) R T IS 3 i s i 2 A5 AR
IEATARBIAN Jhy 25 0 T 34 5 2R

Input: The Initialized place mapping table: placeMap;
Output:  Matched place pair after two-side mapping: Matched_twoSide.
Sort each list of Process_2 in placeMap by the cross join value of Intersect(LT (P), LT(PJ.')) and Intersect(RT (P), RT(PJ.'))

for i=0 to Process_2.size
maxValue<0
for each place P; in placeMap
Place_List«—get the place list corresponding to P;
First_Place «get the first place of Place_List
crossJoinValue<—get the cross join value of First_Place and P;
if crossJoinValue>maxValue then
maxValue<«crossJoinValue
LCIear Matched_twoSide
Matched_twoSide<add First_Place
L—Delete Matched_twoSide from placeMap

Fig.9 The pseudo code for bilateral mapping
9 XL WLs Py AT

16 T UA LR VT IR, 56 6T 42 J=3 4 T 5§ % Place_Mapping_Table 347 HEFFHR AR (55 1 A7) B Ak 77 3 e 4
TR Process_2 54 i1 76 3, el 22 A7 748 ST AC SRR KA B 76 AN BOA KB /N HE I S I, 4 JR e
#+ % Place_Mapping_Table i) 45 155 4 5 37 4 HE 7 5 1 91 22, LR BI85 L ANBET B AR el 22 o A58 5T
A A Y 2, 36 5 25 100 0k I T 5 0 AT B ST 60 b S0 PR 8 s R B JRE . 2 0k, BROAR A 4 R PR T R R
Place_Mapping_Table A4 ) EARAE T 45 58 P AN 2 BT LS 1) 85 ok b SCERBEARABLRE (R ) EHIA— 2.
it R A PR BT Py SRR B PR BT B AE R AT A B KB bR SCRRBEAR AR 6, (HLIL I, S A
R Py 5 R AE Rl A7 AR B KR bR SCERBEARE, FL 2k 9,Lk Py 5 By KX RIS UL R 3R AT S i PR
b S ER AT 55 K F T ek Jk 4 WS 45 5L B0 P, 5 By s 0 1 0 DL E R 75 068 5 1 9 o g 5
BAT~4 1L AT ot 7 5 24 1 51— 08 XU W 5 140 P 9T, 5 44 22 A0 A 42 J=3 9T e 5 2 Place_Mapping_Table i 5%,
BTG A SRR P R 4 o IR IR (56 12 4T7).

B 10 i T %5 Pl 5 REA AR R0 I 25 52 HCeR 0 €0 bkt AR T 8 97 S AR I B R i £ 45 1

Py, > PUCLIEY] | PLIUBYLAEY] | PiALOL{Y]

Py > PG Py, PyLALG
Py PYLALICH | PYLLALBY | PLIGLOT | PTG : AHHOT | POIUG) ol U]

by el pesicyiEn| peapiEn| praon | e |0 L L PADMEN | PA0AEN | prail

Py T P{ALDYH] PG | POLAL U] | PGS @

Py > PYUDLIEY]| PAIELEEN | PLIGL00 | Pl Py = BB | Pr4h{

Py M PYOLEN | PLIELO

Fig.10 The two-side mapping based on the example in Fig.5
10 JET-&] 5 FEAG] X2 S

W& Place_Mapping_Table — JFaf R4 % i i) 2o A7 AT ACER K 1T R 2R B R /AN R RRAT S EAT T
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J7 885 TR B HCBRRAT I T R R KD O AE R ) JE ARSI T 4 AN RIS 22 1 AR T A
FEFT 0 B SO EE KM IR (B R R BRI 1), IRk f A 3R i BB R FE R Py 5 Py AE R — X i 45
B e AT Place_Mapping_Table t il 43X I, Place_Mapping_Table 6435 4 |8 10 4 b A 45 5, 3 R~F
Wi /N ARG EE FRIE R, BTN IRBN T Py 5 Py IXFE— Xt w45 L. 5 2¢ Place_Mapping_Table 4% Jj 45~
1N 25 A1 B2 Place_Mapping_Table ff) ST M 4x4 95/ 31| 3x3, 85 J& Sk /I 3] 22, PR e 7F X2 et 3o 7 o
A 4R B — 0 WG 4 B 98 R A DK LB e 1) 3B, xR 1 5 XA — e R R ORIE T 80 i e Ak
3.4 BIihBRES

BRI LI B B T B3 1R A AR I A A 5 A AR T AT AR — N AN A A R I R T AL S B B SO B A
BLEE AN B 4% R T R R BRI KA B AT ) 0.55 R B 1K 8 PE BT 0 A7 AE — N AN N B AR IS IE AT AR AR 4 Bl 3L
TEAH A AT, R LA — s AR ARLEE . T A BT/ AT W B B e AT ANy 2 AR ST A AR AN BOR/IME R R 3
FRBEARABLE Fry £, BV 422 JROAS Oy 25 (1 AR 3T A8 SR I AN SO K BN AT 36 5 70 S0 S BB i o B g 003 e S i —
AR R AE 06 42 JR 2 T e 4 36 Place_Mapping_Table [k 746 38 AN 8], 76 BN PR N T 4k 428 10 WA
WS &5 TR (K018 - 3R AT A,

Blo11 2K 10 4550 )5 S, v LUE A 2 CL 5 ] 10 By B4 oA )34 TR 4 76 S a0
SEIT UG FRATTSERTAFE Process 2 Wi B P ARG EATS A Py B Py ARIE RS R /NEAT T HEJ3 4 n 7E Py
SR ATRER T B 5 Py AT FAEEE A ARIE I Py 5 Pa AT (AT SL 2 (K AR, IRk, P i HEAE T Py il

b 3 0] A T AN BT 0 3R 20 99 SRS BATT DA S VR I LB SRS T T BN A DG AR O T AN IF (1 N 3
S, 7 B LAANR] A 7 2R A 3 808 48 45 A1) e AR BLYE B e P a v, —A mT RE R D O 3O oA 7 28 26 kAT
VURE B b Y Rl S b B, W] R R B e AR Dy A e 4 LR 5 A v R S R (B AN IX A AR ST T 2R A
T, AT B R ) (B2 T AN TR (b5 R, SR 5 A P TR ARy R S O R A T A% ¢ el AR ARV DUSE o 55 5 3 RV T

P PALALOT || PoL0L0] |
; = ;mﬂﬂ nmmncwfukﬁﬁﬂ“m‘

¥

Fig.11 The one-side mapping based on the example in Fig.5
(SN R SRR ST Ul )

4 LEITAE

H T A SO SR WA 7 95 2 R AR LU I 55 1A AR ke T R xe FG I S 4 R0 5 R B ) 2 5 S A G AR
(3 S EAT 20 BT B T H AT R 2 8 — (R0 25 VE bR v, AN S5 56 6 66 - 0 91 50l 1 A P EAT N E 64032
TR BEL Ze B PR 0 SO, N TR M AN TR (00 S A BRSS9 R T %o, 2 S S ) S IR S T AR T AR LR S
AR TR) 4 S5 10 WIS P o0 b N T P R 2 T o AT LU A, 8 SRR R AT 2590 3. R BL. Eik
{1 5 J A ST WS B D A T R AR AR

e AN AR A TGS TG G T ARAT 2 AR AN B SRS A ) R ) A AR VA S b B AT R R
(] — 0 — 4] 26 T B S 3 A, 20 o B 2% 5 T b SRR A T I S A0 (1 P e S, B AT AR S R I N R K
S v R LA rh R PR e T SR A i ) SRR AR LU TF B S5 K A AR S R T R I R AR AT — X 2 T
BRI M A A AL S B Y 1 o

ASCTAT S U 3L T R A BE AL FE 28 Intel(R) Core(TM) i3-3240,3.40GHZ,2.00GB W 77, Windows7 64 {7 1
#4:,JDK 1.6.
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4.1 BBNAE

SEI KR R AT 1BM 2 TF 10— 41 B 30 ) A0 45 5 AN, i 3t 3 000 2 AN FE I SU P FE K 22 42 /0 0
I E AT ARG SRAF I RS AT A AR AR, ENEE. BT AR S O R EEAE
2 AN AT AE IR SRR P B 25 T ORI PR AN S Wy A SRR E 44N AB1,By, B3, C AT A Te,To, Ta,.. RACHE,
R G0N Py, Py, Pa,... B 44 J5 MR 206 1 i 56 1 SE B 5 ST I 2% R L 25 M 5 6.5 AN IRRE PR 1) 52 % B #BA
AR LR T EMS ARER . BT, BEEEAE. BME PR R, 30,y By, Bs A0 3R [ 2L A [ 45
Sl (1 [ — AN ZR B0 (R AR, ERT b 2 A 0 4 7 8 1 AR 0 o ) — A P 386 o O 22 () e R AL O L 4 Ak 3L BT AT 11
TR, T LLA B 5 A SR R A SC s 5 v BT FH S Petri 99 304, 35 38 1k UML20WEN T2 190 WebSphere 4% 2t
7S S SRR % 8 1 oK.

Table 1 The dataset
x1 HIEE

A By B, Bs C
min/max/average place 9/174/50.93 5/217/46.91  5/271/50.03 7/1276/53.23 2/585/14.42
min/max/average task 5/107/32.36 5/155/34.08  5/150/33.48 5/188/37.7 2/8431/20.53
min/max/average edge  15/362/102.21  9/452/94.73  9/558/99.81  11/585/107.48  3/61978/75.93
Size 284 288 363 421 1702

4.2 ERHIMEITY

TEHERG R VP4l SER D B 4.1 35K 5 AR h Ak B 8 BRI R 0 HE AT 2500 3L BB B
PR 0 50, 9 A T3 M T i R 0 S P A AR PR e T T W S, 25 ¢ P AR SO ARV ) S0 T S 1 SRR AT
S R A 1
421 £

M 4.1 5 5 AR EE S IE I 100 AN (RN AE A% FE AR 6 FEHEAT 25 4 S i o an B 12(case_1-1)
N LFE Process 1 A — ANERRE M, AT FE N T e b Fov (1) — AN E B0 32, BB R HE h (MR P, FARSE
B,C, it J5 48 N i Process 2, I\ g PN AR W S AR X8 Py 5 B Py 5 B P, 5 P LR EE, W&
13(case 1-2)Fn, BATH AL Process 1 AT EfHAH—ANIAT 0SB RE Process 2, BLI AT N, H
I PE BT X P 5 Py Py 55 Py Ps 55 By

FBATTI S50 100 4 (S0E 1T 5 08 5 ) TR REBEAT WL 5 45 31 1) e IE A 26 24 100%. 8] 12 s pii— /i 4%
43y 35 483 XOR-Split Fl XOR-Join [ g JiT sk /b — AR IT, 10 228 (19 53 32 P B R BT [F) Ac o ATt b T,
DR b, 36 266 2 At ) 2 T 5 S S8 S 0 AR SRR [0 1) P S 1 b 1 SORE AL EE 7 R e s 1) B 13 el — A3 AT 4
SIS R IR BT (0 AC | A B VA OO, B b SOMARLBE 5 S A [, R, 8 AR YRR [ (6 kT e

Gk
Processl®—> A
IRFEWUR:

\ B C Pl—Pl’
P3-Ps’

P4-Ps
ProcessZ@—» A D

Fig.12 Case 1-1: removing the branch of XOR
12 Case 1-1: L35 %

i
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¢
Process 1 @_’ A D
Y AW
Py-Py
Ps-P5'

Process 2 @—» A D

Fig.13 Case 1-2: Removing the branch of AND
13 Case 1-2: %41

422 ERE

PATTEEZE ity 80,100,120 AR X HLREAT 2 R B (FHIE K — AN FE BT R — AN AR IE ) i o an 18] 14
(case 2)Ji7R,JiFE Process 1 & —/ MY &5 k), FRAT] 22 4 L A J 4R A T s 10— A BE R AR GE B R T P, 75 2]
I KE Process 2. BCIS FRATIA K S AR 1K A BT e X o P 5 B P 5 Py

BATHEE BT ECE= o 80,100,120 FIFFEAN T984b 5,10,15,20,25,30 AN B4R Joi AR SCHTHE 592 56 e30ass iy s
V10 P S SRR R AT B SR T P2 T B O 80 IR X JLEAT 25 v B &, 49 31 B T B = ok 75,70,65,60,55,50 19
A X 6 ANB0E JG I RE S o0s i A S R AT R AR 15 A BT T LA 30 A ek s> 110 128 BT A A 1 1
TR S 3 ANV AR b (AT HER A SRR PR T B SR DR R v 2o By B 25 A 25y B i T R
AN T AEAE 2 Pl LS AT BE R ) 14 v R AR Process 2 W KT P S5 FE Process 1 HEFT Py, P, R AEIEAT
WIS AE L B AT A AR v BT T A SR IR SR G 0] 3 P 5 5 R AT AL B BRI SR O R Process 2 T IRIE BT By ik 4%
Process 1 H1EERT Py ids /& Py SKEEAT WL, FRATTI0 ANAT 01 BE A 2545 ¥ 1 BSOS In, S50V 48 HE 1R Wi 22 i o) 5 AT
N T 45 (1 W S S5 A ) ) 50 B SR 20>, B, L Aiff 6 SRR AR

Process1 | @ 4 Py > B P, C

Process 2 () A Py C Py

e ZEAUSHE
P]-P]’
P3-P3’

Fig.14 Case 2: Removing the sequence segment
K 14 Case 2:2: iUy Fr B
1.0 LJ"- e -
0.8 S

Accuracy

0.7 +| —=— Process with 120 places
06 —e—Process with 100 places
| |—&—Process with 80 places

0.5} ; T : : : |
5 10 15 20 25 30
Number of reduced segments

Fig.15 The accuracy after removing the sequence segment
15 Case 2 T Fr B AEAf 5 45
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423 Lmh

FATIE 2 B B S 40 F1 100 PR 6 L HEAT 25 4 0. 1 16(case 3-1)3FR 7 & XOR-Join i# i, 3 A1
F 4 R LR AE T 22 T P3Py FIAR AT F,G,JF H AL ARIT E 5% T P, 4HIE A% D 5 % it Ps #HI%, 15 2 I 72 Process2.
B FRATTIN R T2 Process 1 5 i fE Process 2 [ s A FE T WL X Py 5 B P, 5 P Ps 5 B Ps 5 P .

Process 2

Fig.16 Case 3-1: Removing XOR-Join
& 16 Case 3-1:2: XOR-Join % th

17(case 3-2)7% 7 2 XOR-Split i o1, Tl 122 i i G AE v 19 2 it P, P3 AARSE B,C & #2145 T Py 5 &IE E LA
K EPT Py 578 3T D13 RS A2 “Process 2. A TN A, EAT M SRR DB A Py 5 B Py 5 B Ps 5 B Ps 5 B .

SRR TR
P\-P/

Process 2

Fig.17 Case 3-2: Removing XOR-Split
K 17 Case3-2:2: XOR-Split %
18 7R T 2218 BRI 50 I IV Af 1 S 25 R R AVT 06 38 P78 Ji B 4 40,100 1A PIAN S R 481 3 3o o /0 B0 57
6 ER &5 K T ) A JBOR 3BT R R AR R R e ATV AT AR

1.0f5
0.9
0.8

0.7:

0.6 | —&—Process with 40 places
—&—Process with 100 places

Accuracy

2 4 6 8 10
Number of reduced routes
Fig.18 The accuracy after removing the routes

18  Lkhigi R
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Bl 18 5o T Bl I/ (0 5 P 45 A K 1 358 o, Y 1 B S oA R R T R I A R DR 2 G )
o R BT 0 W S AT BE AT 22 BRI, R AT R bR SCOME AL R AR [ AE e 26 0 e R S AL A L AL Rt
HER B & T % a1l 16 9 35 FE Process 2 HHIAIFE AT Py AT LLS AR Process 1 HH IR AT Py (IR A2 AR i AT 2 301
D)k Ps Wi, K A & AT LT STHTURE — 4%, 3 4 Sl it Ps 15 B A AR E RS L BN BN LP, 5 P BT A
EICENA N VARSI SN R SO B A I 2R BT A sz 33— 25 19 G J S s, R k4 F Process 2
PRI Py IR A B T R AT WS A R A 1.

A LA H s B B 3 50 AR 0 B 2 A 1 AT T 1 B S S A B 2 B 2 PRI (B F R /A 22 AN K
(R RE EL 3 5 A S T SR Ak B A0 AR R 0 v PR VR B 25 1) 18 P S T3 AT 40 AN BT IR R 5 i s 24w 10
A B SR BT (RS 20 AN BT, R, BUSR) 4% 50% 0 22 JT) ) SR R b A 7 e B 7 i BE 7 60% LA L.

4.3 Wi
431 —XF—mess

AT SR BRATTE B A 5 Z% BEAH AT (i £ 257 AR IT %0 185, 1 Ek 538) T FE A 5 B AT HLS LE#R,
5y 3B B SRE T AT LA K BB 3 AN DR Z 0 AR ST I T S S B A s i, e 45 L P ) s
TR S AT AT A% 21 S 56 1) AR S it 5 SO BRI AR B ME A S KRR A INEERT. AR ERLEAT N h 1
8l ] ok S5 A AR T R 5% 5 DR 3 Sk RS AR BN L % WSS S ) P T L 081 £ 552 ) v, IS BT D L B e S
A 5 B WS RLEhE EE BT A E AL A T BT R AL

W 19, B 20 Frosscih A 138 [ s ke A f9ARSE LA H AR AR A B BE BT R H I 2 S0 A 8
S I T LA R B S 0y 1) PR T L 051 B 2 i 5010 2 A 55 ot A B 19 B AW ik 5 H < R AT P 1 0, A B S5 BT )
AN T 58 0 £ I Bk B BE 2(phase 2) X2 RIS A, At B B 240 A S50 2 38 I B 1 L5 9 B 3 BN R Dk EE T I
14 %2 5 8001 4t A B S R B 0 S Sok R v T AR AT R T ) LA 0 2 5K o, 3 i B T AR SV F 8 A B 2 i )
JE A B S 1 SR R B ] 20 R AR AT IR RS U S A b R DU HH R R S 1 25 R 1% 25 A AR T
LA PR W S LA B TG WIS S 0 T L Sk B, 12 S 445 R AT AR A i N ) I T R AN B B 20 rp Bt
JIT CRT R0, S5 0 £ 3T LA LT 86 2 BT A 386 I £ 20 T 50 o 7o A 0 R SRS T R A LRV BT B B R
7 385, T LA LA 4 TR %

200 e 1.0 I i

I — 0.8} | MTwo-Side mapping

E 150 [ ;gﬂzzz ; 2 E0ne-Side mapping

2 < 0. O i

= DOPhase 3 = 0.6 No mapping

=t 100 1 <

é § 041 b s ]
=

0 0.0
157 177 197 217 237 257 157 177 197 217 237 257
Number of places Number of places

Fig.19 Mapping time with different place numbers Fig.20 Mapping ratio with different place numbers
19 FBIN BB T £ AR L R AR 20 WIS ke Dy B P LG A8 B P T R AR 4K

Bl 21 5181 22 3R i AR 5, I e H At DR 35 ) i 56 45 SRt 5 A 50 P 484 0, 2 9 F I s o ) 4 B
INAREY BE 1 AT BE 2 (R BRI 1) L P AN AR, T 3500 £ S B B 3 (10 RS e 1) 3 52 DR Dy A0 A S 1 T 1] 2L
AR P T PIAS VRRE ) 28 i 80 %, 345 P P B8AN 22 90 G A R S5 e o) AN A7 K e 8l AR B B 2 B T
IR B R BN HEAT HE P I R AR B 22 J 7= B B 2 7 2 FR U0 WIS ke 2y 2 i L 481, G &85 SRABONS I B A
(] 5 IS TRD AR EE B y CE A AR TR I, e B 22 W) R B2 R RS RS B ) P2 BT B 38 K, U D 2 e 3001 98 o 8K o
WS R RN 2R DR B B 3 (I T 2 Bl 2 AR K
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200 1.0

] ]

150 [ 1 MPhase 1 0.8 B Two-Side mapping ||
DPhase 2 E o6 E0ne-Side mapping
: CINo mapping |
a
100 | | Phase 3 .
0.4} | 1
° 0.2} |
0.0
85 105 125 145 165 185

85 105 125 145 165 185
Number of tasks Number of tasks

Mapping time (ms)
Mapping ratio

o

o

Fig.21 Mapping time with different task numbers Fig.22 Mapping ratio with different task numbers
K21 ARIE A A B WS IR ] £ 55 A% K22 WS RSBl R 12 BT B9 BB AR ST H AR Ak
K 23 s AR T A ] 5 At 70 3% B 1 S 0 45 Rt 320 R F) 488 o, 12 BT S D T B 2 19 (L 3
NG B B 1 R B 2 (W WIS IR 8] JU T A D5 T B B 3 118 SR I ) W8 A6 38 1. e 18] 24 mT 60 8 o a2 2 34
LI B W SRT S R T BB T B 0 B S D s B 2 b X 65 oA W St 26 A ] AL ) b T e (R AR 2218 T
AR B 3 WIS A i) ey 38 DA 3 8 A 12

200 1.0

— : - ]
150 |
100 {
5
0
338 358

0.8 | {MTwo-Side mapping ||| 1
;Enase ; E0ne-Side mapping
ase CINo mappin | 1
OPhase 3 06 L
' S 04 - - '
.II | = | il ol el
0.0
438

Mapping ratio

Mapping time (ms)

o

378 398 418 338 358 378 398 418 438
Number of edges Number of edges
Fig.23 Mapping time with different edge numbers Fig.24 Mapping ratio with different edge numbers
K23 TU A A B WS IR ] £ 55 AR K24 WS R 126 BT B9 BE L B AR Ak

432 Xt

150 22 5 B0 AR R AT LA 00 Y I 3 5 224 v R ARABLBE VI AN AT A I 45 52 % 1) S R L DG R B 2
7550 14 IRF ] AL 2 A K B AR T 0 R P A % R e DAy AR ABL ) 2 A % T I A 8 P 3 5% A LR 1 4 2%
BN RN R AR AR SE 5 T Ok T 25 SR T 2 R A RN T B R AR AR AL T 5 BT AR
BRI AR T I, 2 SR A R TR 1) 2 AR ) — X 2 B R

FATIEEL A, By, C X 34N HAT AN [F) 52 2% 5 I AR 22, A8 4 18 IR0t P2 e v POk 2 2% B AR 3 1) — S R dh AT —
Xof 22 WL 14D S5 56 e S A ol D A 8 2 T RS 1 5 B ) R 22 T WS ) AR B T 5 22 i S AL, B AT 43 ) 2 4 A
PRRII PRI . AT S B0 AR A 55 AR R TR] I S A F ] ) 5%

Pl 25 o LA BRI AN B % B0 T, L5 00 P 5 W ST F 1) i 26 BT 58 A1 . T DU HE b 81 386 o,
TRFEEG 3 AU PR IR S i A 35 6 P 1 3k gt DAY DA MR b — 5 1R S 56 4 A 26 9T e 3R T W) B Iy T iR R
[11) 7 3% B S 5 BT I ) 8 K308 4, R b of - ) — A G0 2 R 130, B2 3 1) 38 0 5 550 W B T (9 189 0.3 AN AR
ol T C R AR d 2 (1 702 AN GUAR), T DAL B SR) BsF 1) S A 0 17 00 Jee A, e KO 7 A A LI B(421
ANFRE) A 5.7s 2o 45, A(284 )N 3.2s A

Pl 26 2 BT NF 1) B A ST 25038 A 1) S 56 5 S B G A B 0 i AR S 3 /NG (1 Bl ST I ) 30 38 o
X DR g 38 AR ST, — g T T A R S PR BN D, 573 — T R KT R I S R T g B A T
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TOT P B S P IS D) A AR ST B /N I AR S B B AT AR O VR AR S C R R B R R ] R i f oK, 3L G B
i A PR TIAE AR T RO ORI, AR T2 (0 14 AT A5 HOR R AR 55 B 7R IR IS R I 1) 5 i e R, et C L A L
Ji DR - AR S U /N B SRR S U R A 2 I P S R I R 2R P DR/ e A R R B, LB ) (DB K,
WA X2 E A EARRAR, T B R Ak 2 5 24 5B s IR AR, S BN AR 1 AR IR B0 KA, ol LATE AR B AN AR
5B PP v A A TR A A T S PR A T S N I L BRSSP P RS 0, T R 5 B R PR RS
W T IES C BB SR A B AR T H RN R . AR IR 2R R L B,C R
/b BRI G e A e PR AT BE 4R B B,C /.

8 T : 5
ig gataset A —&— A dataset
Z 61|—=-C dgtzz(; b B = 41 —=—B dataset
P g 2 :_,’ —&— C dataset /gg
£ - & 2 -
> 4 3 //
& £ 2 £
=3 o
= g y /E/B/
= s V
(R : : i 0
15 30 45 60 75 90 105 120 135 150 5 20 35 5 65 8 95
Number of places Number of tasks

Fig.25 Mapping time with different place numbers  Fig.26 Mapping time with different task numbers
K25 T 3 A 5 R IR (1] £ G % K26 AT H3e Ak b WS IR ] B O 2R

27 JE IR TR 2 T BT W ST I ) 160 5 W 5 3 5P 38 00,3 A 370 R ) RS O ) 229 398 o, DAL A 32 01y 38
SO < BRI WSS 78 P () B A8, DA T 16 o0 P T IR ST £ IRF 160 320 PR 16 I 6 R 5 C 78 R S B T £ 5 0
RHDGE B PES A PRI 55 R P P iR 80 H o 1.

30
—&— A dataset
= —&— B dataset
o 2||=—C dataset
> »*“5
£ 6
(=X 1 i _—
Qo i
g i = gt ..ﬁ Hd—
ﬁ_ ,é, -F,,-H'
0

15 30 45 60 75 90 105 120 135 150
Number of edges

Fig.27 Mapping time with different edge numbers
K27 TuER A 5 WS IR TA] FR) 5% &R

2 By DU iR L R P EAT WSR2 I [) S5 B R BT S ARG 3 A0 L R i 84 e P B R H
P 8 T A5 45 I ) P9 2 A o W9 Sk, G 1] 25 v el s B BN 1 8s. 6 T AL R R SRR SR U, A A SRR AR ABLEE U SN 2
HEAT TCF 1) 1AW SF, 2 0 50 AT BRI 14 450 2R S8 70 2 (94 m 7 MR S ) O TR ) LA A S S 360 1) & 2R 45 5 A BL A e
FRZRAE S P BRI 18] 5SRO T B T 0 2% WS RIS M 38 00 £ T T] 2 T LA B2 (). e b A KR R 128 A B2 23 e ik
SFVCRCIN (U AL 55 150 AN FEFTHI AL S & A 1 702 AN JAER) C FEBEAT W), FC R W i o) 720 2031, R tE ] LA
N AR ST $E FR R T 3% ) R AR 75 925 T LA A2 S o 2 R ) 1 i i 3K
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5 MXIE

PEBATVITEN, B AT T 1R SRR (7] 76 2 Wi BT AR 2> 78 K 2 B0 Kot 2 LU AR 0k B AR DS 92 5 i
) 76 26 (RIAE 25« 8 U 25 ) e ) 2 e P4 A4 77 T A A B Jochien 25 A W4 7E R4 R 20 2= Wl Kl st 75 b ) ) SESE
(single-entry-single-exit)™® 7 v 45 i FE 40 7 4 AN [ £ 9T, 4R I 60 35K 26 P I 30 4T 77 Il S5 b P AL 46K 1) 2 At ]
I AN e SESE W7 14 1% rh 340 07 25 4 p 4 H AR 1) e ) A0 T R A h PR L E AT T i3 Dijkman 25 A 12
LEVEARARALLRE v 5508 St b g A [R) i 3 5 6 A IO TR TR I 0 il G F 1 48 SR o 2 R A A3 R v R AT 4%
ARG HNEE B D W A DS TC VAR IE J5 42 45 SR I AT S5 k. e Ah, Dijkman 78 30 AE 22 Rl 5 Ty gl T — 2%
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