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Abstract: Mining business process models from running logs is in its ascendant. Inevitably, the ever changing operational environment
makes these log records diverse. Considering every mining algorithm has its pros and cons, this paper focuses on the challenge to apply a
best mining algorithm against diverse logs. A novel approach, SoFi (survival of fittest integrator), is proposed to mine business process
models effectively in such a diverse environment. SoFi tackles the diversity issue by utilizing domain knowledge to classify the cases in a
log and applying various mining algorithms on these categories to obtain comprehensive process models as candidates for optimization. A
genetic algorithm (GA) based optimizer takes these candidates as initial population for purpose of both genetic quality as well as genetic
diversity. Under the principle of survival of fittest, the GA optimizer can aggregate best process fragments with context into the final
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process model for the entire log. Experiments on synthetic data and real cases from a telecommunication firm demonstrate the
effectiveness of SoFi and comprehensive quality of mined process models in terms of replay fitness, accuracy, generalization, and
simplicity.

Key words: process mining; process consolidation; genetic algorithm; log classification; ProM
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Fig.1 Process mining approach SoFi
K1 kg5 TR 2 4 T v SoFi

AL an%«m

2 ETOWMRMEESE
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G AEAT H R T 5 A S 04 B S B BT« BT I I ST 1 B £ e £
PR F o 5 26 FU T3 5 2 SO0 [R50 i 47 1 B8 £ 15 ) PR ATUBR ) L 4T
I3 T AL — A F AR A 4% 55 K7 k.
21 EEBIEWASHESE

7 4 ) SR B RS LR 4 1 IR 55, SUAR B VR (g BPMIN KR 1 ) 2 7 7. 5 56, 4 s e 80

I PR A HL(C). SE A &5 AN ORAE B0 T 504G BEL 3% I JF: 35 S0 2 (D), A RARAE 107 i A2 LA U JE 7 A6 A O 12
B T TSGR P A0 SRR R A8 B D D TAB B it (E) I MCHK B I (G). 2 SRAZ B 7 i S A, 7
B2 )53 75 AT S IR (F). 47 U T A8 B it A IR 7 K (H), ™ i 2 [ 45 I (1), U P 5 R

AT ARAG 5 SR A s B I s CoRy B ORAE B Do vl 55 38 1l st 2%
B8 B i P k™ Bt G HR B8 1T HE B Y B 33 5K 1 95 177

Fig.2 Repair process using the BPMN notation
2 BN BPMN KA

ZI AR BT AL BE Y BHE X % (data object)f 7 8 AN Z (¥ 8 1k, 4% JB 2k A LB (E Y [ W% 1.3L 7, RepairType
g A8 T 258 W 5 Mobile B8 Navigation;CustomerlD )i % 1D;CustomerAddress i % [ #ly 31l ;
FailureType > 7= &b K I 21 1) i B 2 70 93-S 8 Tk 2K A4 I AH 4y FO~F7;WarrantID 4 115 545 Payment 4 & 21 it
T 10 2% L IUE KT 0 193 ; Canceled R 7 & 45 & H U 115 3K, Paid 8 7 2 L& 45 32 A e 2, MUl Yes 1 No.

® 2 PO TG R PAT HE, B — 1T il R Rom— i (event), id % 7 5 AL & FE &,
Wi 4F ID(EventID). Ff & A () (] (timestamps) . $UAT K135 2 44 % (activity) 36 8) 40T 2 (resource) LA K i%
T 50 A0k TR ) S o B 1) J AT 24 (case) A2 YRR I — AT I B HI S48 ID(Casel DY R AN S T4
—ANRAT S BE AN BAT S5 R REHR A T T A S 1) B X S 1 e AR S G PR AT IS 2 B R X % IR UG
WL AT JE vk % 2 FP A 2 47 EventID Jy 1001 (1ic 5%, % FAF AT AR K58 1 AN 3h A %36 30 2 4]
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UEAC B X S 11 8 AN JE kB2 1ID(CID)4 CID12, /i %% il (CAdd) % No.280 Hutu R.D. 3% & 7= i JE Y (RT) Ay
Navigator; oAb & 24 4 BRI J5 3% 2l i St 2L v FEAN a8 A8 T 5T, D000 53 12 2 S S (VAR 5 6 AT
EventID & 1005 FJ3c 5%, % FAF0AT AOTE B0 A2 T A8 B 9% 1 545 %0 % (D), i35 sh o4 Pmt J& PE A T 58 7 4
{F,(Pmt,2000)# 7= & #L9% ] 4 2 000 JT

Tablel 1 Attributes and allowed states in data object of repair process

R 1 ARBTRRREE B I L U VE

B S) AR v T Vi W]

RepairType (RT) Mobile 8% Navigation PR

CustomerID (CID) JE1:CID1,CID2 251 F45 H Jii% 1D 5

CustomerAddress (CAdd) /£ #1:No.560 Cailun R.D.Z5 )7 £ H: JAi % Ml
FailureType (FT) Fo~F7 A B ARG

WarrantID (WID) A 41:N0.1024 25 (1) 545 R

Payment (Pmt) KEET 0 4L X AT &
Canceled (Can) Yes ok No P SR P

Paid (Paid) Yes ok No ST

Table 2 Event log fragment of the repair process
F 2 WMBREMSWATOE

Properties
EventID  Case ID Timestamps Activity Resource Data object
1001 103 05-01-2014 08:10am A Clare (CID,“CID12") (CAdd,“No0.280 Hutu R.D.”) (RT,“Navigator”)
1002 104 05-01-2014 11:00am A John (CID,“CID16”) (CAdd,“N0.560 Cailun R.D.”) (RT,“Mobile”)
1003 103 05-01-2014 14:20pm B Pete (FT,“F1”)
1005 103 05-01-2014 15:01pm D Sue (Pmt,2000)
1006 104 05-01-2014 16:21pm B Pete (FT,“F2”)
1007 104 05-01-2014 17:30pm C John (WID,“N01324™)
1008 103 06-01-2014 09:00am E Mike (Can,“No™)
1009 104 06-01-2014 10:00am D Sue (Pmt,4000)
1010 103 07-01-2014 12:04pm F Pete
1011 103 07-01-2014 14:00pm G Jane (Paid,“Yes™)
1012 103 07-01-2014 16:10pm | Sue
H

1013 104 07-01-2014 16:20pm Clare (Can,“Yes”)

I3 MR 2 H & I X G MR A S R A R AT S 4 i 32 e X 4L b JE 1t RT S Navigator
HJETE Can 24 No AT sEF1H 58 1 35 )82 RT 24 Mobile HJE 1 Can i No FI$hATSL6 A 0 55 2 28 v
RT 2 Navigator I Mobile, H )& Can & Yes FIHATSLHIH L5 3 K. 4K )5, 58 1 M FHET S EEAS
AL PAT 20,28 2 AT H &P S 2B BB ) g AT e85 3 AT HEh &2 e S Aer
B Bl i Ja SIS A& BT R R AT 2491
22 BHESEFEX

KA WEET B EEORE BAAUE AR B & B8, WA LA AN — AN 1217 H & Log f1—4
& T AR AR IR 4 28 454 Conditions. ik (% H o 40 285 10— 407 H & SLogs VA 1 AT~38 4 17 A1 341
T H & KA Conditions H I BEAN 43 4 A5 B — A7 H A& R, 7 H B A B0 T 0 AN LSS 5
17~35 12 47314 Log = BT S0, J 04 e A1V S5 B ¥ 7 H & .26 6 1T d=getDataObject(a) & %f 1 H &+ i)
FF— AT a SRECH M 3R T % .26 8 47~58 10 47 JIWT d 2750 L 3o 4 1k 8 0 2 DK AT
S a BRI T &

B N E N R N A7

Input: Log, Conditions I N H & oy K44
Output: Slogs RN —H T &

1. for each condition ¢; in Conditions
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2: Create slog;; Set slogi=7; W& FHE

3: SLogs=SLogsuslog;;

4: end for

5: for each trace a in Process Log 1D — AT T2 451

6: d=getDataObjects(a) IERIZANAT S5 () H b o 5

7: for each condition c; in conditions

8: if d satisfies ¢;

9: slog;=slog;ua 135 d W25 | AN AR K d B
10: end if BRI AT LB a IR i K7 H &
11:  end for

12: end for

3 FIAZMEZEREZESENRMME

BE TSN R o3 S vl T H R IR 2 RE I 18] R R A — 2R R LR A IR FA I SR AR — A B,
BRL Ay 5l it R A2 i R 354 4% 1 1 3 T i L 45 380 [ R R A 20t 25 e

H T R HRIEAS 1)L, SoFi ¥ 2 PR IR FE PSR SV T A 281 H AR DU i AR08 3 A8 H A A BE kA2
S8 G R AR AR A TR A SO IR N SR 1 YR 2 PR A B T AR SR R R Y R,
DA T 38R SR B SIG T HLAT R et B L 4% 383 25 R A2 G T AR B AR IR S8 45 2k N T B8 o T e A2 R 45 SR 1
e A0, 16 FH o298, Heuristic 45511 Region-Based 23 45 12: 10815k o % 1 H AR #50 SR FE A5 0 o v R
BN Z I 008 KA I8 Petri A5 28 458 100 o AN 35 T 523 2 AN BT L 3% 2y, BR] bk 45 BRARE 8 AH %) 8] B2 Heuristic
SRR 5 T DAL B T e A OG5 . FT T Heuristic 82099 FAE MR 365 3 19 H B0ATT 26 k34 by g
7, DAL LA S A 1 30 30 T B A e 7 O D e, 3 B LS G Region-Based 4291 5 v A AR AN T g
Ml 11 5 v L R AT 0 M, DR sk 2 90 1 280 A R 7R (S 0 38 A v ARG WA R A 19, I R 3 26 (1 B
—AN T H B P E 1S PR B EAE R AT S TR I o83 . Heuristic 57981 Region-based 5vE% % 7 H &
HEATH239 75 2 ¥ 25 A8 4 5ol i 1] 3(a)~ ] 3(c) .

(c) Region-Based 5 i [ Hif 4

Fig.3 Three results adhering to sublog of preparing mobile phones using different algorithms

K3 BHBI R T HER 3 Mriziss R

3 G R Heuristic 53275 21 (L RE AR Y 45 Ky IR, (H2 A7 AE — L8N B AN T WS s (18 3(b)
(¥) 5 (4 1) );Region-Based 1241 53215 21 AUt Fe LY AE % BHL A6 (HAURE 1 S 2% LA vy A o o SR AR 2 K
PRS2 G50 d A R — IR I B 6T HA H & oA — 52 Be 459 21 58 4 IE M I iR AR B Y RV X 3 M

© PERREERSMROT  httpy/ www. jos. org. cn



MWE F—AriE A T S AR IR L SRR IR IR 555
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SCORTH PRGN A v AR AR5 T v
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A S ASF R R I S AR A R (1 2 7 O 2, R th T 4 Sk T AR R T A T A (R
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JR)ERE . AT R IR T R4k SRR 45 4, 0 s AT M i 2 S TN T A A IR R 3RO B R R AR
T ST — Pl 25 R (1) G R B 2R, L A K I 47 A 2 R RE T JBE SR BB A5 PP IR IR G SRR R oR T iR i 4 B
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Fig.4 Five control-flow structures using process tree
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42 FIEHEBIRREITNIER
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51 ) T L PAAT 1R BRAT B 12 A 1) I AT S B i A PRAT S % e H AR I B
J3E Ak v S L P A B ARIOLIE s B F A R R IR 2 1) ) st ek I, R AR B B A
BRAINE B BB IR T B 7 AR AR B A AR IR R AR A 2 R] (1 O 29 5 i 2 5RO i R AR AR 6 H AR 1
HIRE N
o R U RE AR (RS fiff R R VRO S AR AR IR U ek ) FE B bR 2 — G S PR AT R AR A ] DL AR
VP22 H A PN 1 AT S, 0 0 2% R0 R 5 700 PR 0 P88 At AU S 00 3 (1) AR KL AR ROV o
R AR — AR I R RS T RERE PAT B RE Sh BN K 2 T H 2 P SE bR AT 190 35 3 35, OS2 (R0 4 7
PERAR;
o I R AR SR B H IR BAAT T 5 B i R AR TR I 1A R N R R v, U T A R AR AR ) T A
TR R N 1% LA — o I8 A SRR AR A 5 AR S B AU e 0T 8 3 R R AR B I R B
FEVPE 482 i 1 458, DR A AAVTIG 9 T R SR 0 8 ] R AT 50 300 S A S AR TR e i R - B
AT SR AT A5 AU ) TR A v, U A R A T (1) P P A s B 2, SR T R 7 ) AR AR
JIN DU RS 2R P 2 gk A 2
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o fRTFLPEFEARUEICAD 3 ANFEFR TS DU N, SRR AL 20 I SR B fa] o 8 e 7 DA B8 B 1y T AR SC R I 2% 18 T
LLF 3 ANy it
(1) EEIGBFIEE E S D i R A A
(2) NIRRT R I 1828 20 0 Y B 2 i 28
(3)  MEFTT RUMIIL PETT AR /D I R A TR Bk ] 2
43 FRERBEBLTE
BT 56 0T A0 G AR v P S R AR (R AR ) A7 P 3 A e B R A SRR A R R T e R Lk R I
o 5 g DG 1 22 AN AURR A 2R TG o A A 5 R R B B AR AR SRS R AT B bR B8 T ik I O R AT 2%
A AT JEREN TR AR B B I v 1R TR R A T (A R v R AR A O Y R BT SR R (V) R, S T
THI I R — A, TR R R R B O B B AR, AR B P 8 A 4 7 A Ak AR 2 LB L
12 A A7 4 T R 450 1 G T S AR S R AL B A AR TR v 1 B G R R AR R (1 5 e 2 AR A5 R B LT
ARARTI TS v J5T 58 5z v (1 9 A ABE 20 B2 o A 0 85 LI T 1 0 A 40 2 i 8Tt A BT 1) s S
431 N R
— e BRI R AR AR XL e Sl RS L8 T T A 5T e b 49 8 - Region-Based 420 500 AR B I AR AR L 1Y
IS5 RORE T JSE A2 A (2 ABE IR 6 SO P R L 5 2 O A 0 92 3o A R 8, 42 0 0 3o R W
PERERER 4 AT T ) 5 B Figb . A SCRH 6 B (177 RPN 4 A REHR AR (LSS 4.2 39 Zi bl ke, i1 7
(&5 R B A I g5 A i B SR . RSO 38 P M 0 ] SO A R B T A R
fitness=w; xFr+w,xPe+w;xGn+w,xSm (D)
Horp Fr,Pe,Gn Fl Sm 35 SRR IR L RGO L S MR AN B IX 4 T TR TSR W, wo, W T Wy
I3 4 A BUR R AR A E . H T DU B O I 4 ¥ B IR AR AR X 4 5 T (A
432 G TR R R AL ST
M 3 1 R B0 B8 2 T 9T AT DR AR TR ) o A, 4 R 5 A N A e v ) 22 SRR AT e R B
BRI A B0 TR A P b B 7 VR 0 R A s A TR A B VR R
(1) 7%
Z: 5 058 PR BRI FE BT BENLIE B %5 B 1 T AT A e AP B AR PL P2, B LI h & B 1) — BT
WKl 5 JT, P13k b 73 stl,P2 i v T4 st2.06 P ER T3 28 4 )5 15 1 P AR BT R FE B P P2

P1 P2 Pl P2’
2 > > >
/\ /\
- — vV N /\ V -
— -
><AD stl 5 | H/\C st2 ¢ | /\ a/\c stl 5 |
AT < AT AL = D AN T A
Ap | AC A B EG /\ /\ A B AR
E F A B EG EF

Fig.5 Crossover of two process trees
KI5 PIERGFERS )AL 2E

(2) %5
ARSIy 3 MG DL R . MR AL RIS B R
o W EAR AR HAE Y R AR ) AR RS B R (T ) AR R O T R AR R A AR I

S E 19521 ) A8 MU 4 4, 5 - 5 ] 6(0) 544 PL Al 1 A D OV 2 AR e C, 2
Rk S0 6(C)FT
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o MMIERT SRR BEALIE A AN R SEE R T AT R MR A T DRALE SRR AR 0 LE A R AT I 2
TN )y N T < i o e R v e =3 1 B 32 A B e N B S e
AR IR R GRS S AT AR SR A R AT 6(d) P,

o NS BN RARBEHL L ANE SRR E I I BT AR SR O T ORUESURE B 1) TE A
Feg AT IR 5 2 [ IS I A2 2, S R IR AL SR R B AL 2 1 i AE TR PL AP RIS 375 ki C RN
B EN AT RL D AT RN AEIZSCH RUF B AN R FEACR MU &5 K 1R #7515 5 K19 50 C 0 D s
FNZARAE T AL S 45 R 6(e) Brs.

- - - -
NSNS ARG N AN
XD A X p A 1 X c "o\ /\ 503 X - - 1
/\ AN G /\ > G /\ N G R D/\ WA /\A

4B AN N 4B N G agcp N
E F E F EF 48 E F
(a) BRI P (b) BAET AR (c) VEBIT DA S (d) RS RE (&) VRN i

Fig.6 Mutation of two process trees
K6 PARRVIUREM 142 5

5 RWE5ERSN

EF 0T AR SCHR HA IRt R AR B HX 4 7 70 SR AR5 HEAT 17 P 20 S 56 5k 43 BT 90 UE 1% 7 VA IR A ARk 5 1 4 SRR
MRS R R H &2 2 Asei R P ERB A F 3 ANE TR SRR H B X S8, Wit T 5 Ak
J7 % A8 1 ProMBP2 T LS A R AT AR B RE, SEEL T GA PRk 2 R r 0 335 1 £ b K. TS S 45 SLEEAT 43 M A
Lhs.

51 XWigIT5SHEE

S 1L SEII HRS SR A 2 W A A IR s VR AU H & 7 4 T H PLG(process log generator)@ 4 1 000
ANPAT L], 6 760 4 T DA AT SO0 HE B % B IO B X G AR X 0 B 0 G AR K45 A BT
SEB Ay e 3 5 E 1 IS E 390 ANHAAT S, A 2 S E 450 AT SER, A 3 A 160 AT SERIL A 2 45K
B HERATEBISAREI. g 915 3 /MW IR SCRRNEIT A&, % H &6 4 1800 44T
S, 14 190 45 A 2 MR B B e AR A 15 K B AR 4 i 32558 1 284 550 AN AT 51,5 2 et 420
ANFAT A5, 55 3 A5 630 ANPAT SE K A 4 S0 R vE S I S

(1) AZBCASCER M SoFi 753k, 4y 385 % 1 H S 4wl it M of33% . Heuristic 59551 Region-based %
159 GA Ak #5 k&) an P,
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Fig.7 Experimental results using synthetic log of repair process
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Fig.8 Experimental results using real-life log of document issue process
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Table 3 Comparing the qualities of mined process models using
a, Heuristic, Region-based and SoFi algorithms
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