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Process Mining: An Extended o-Algorithm to Discovery Duplicate Tasks
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(Key Laboratory of Symbolic Computation and Knowledge Engineering of Ministry of Education, Jilin University, Changchun 130012)

Abstract  Based on the a-algorithm, an improved process mining algorithm called a™* is presen-
ted and a proof of its correctness is also provided. First, the properties of duplicate tasks are ana-
lyzed through the techniques of machine learning, several theorems to judge the duplicate tasks
and their proofs are given. Then, all the duplicate tasks in workflow logs are discovered and iden-
tified by them. Finally, the workflow net is extracted from the identified log using the a-algo-
rithm and fine-tuned to get the result workflow model containing duplicate tasks. Experiments il-

lustrate the validity of a”"-algorithm, the experiment results prove the higher efficiency of the a*

comparing with the existing duplicate tasks mining algorithm.

Keywords process mining; workflow mining; duplicate tasks; Petri nets; workflow nets

RS OB R PERE 4R b . R IR N B AR SR BCE Y
L A R 8 N — 2 IR A R AT R B
R 254 Al it AR 5 1 L SRR AR IR

HAr7EMRZE B RGN HEFhAAEE R 128 el w0 3 B Br: sk B 4b B v A Ak
TSR G B PR AT ke R gy BB i T AR S AR H AR B bk B
PRAT I3 S ) B o =2 86 A o R 22 R e L RE PRI 3-8 R A A R 32 B T RS A

1 5]

T

Wehe H 391 :2007-01-23 5 & OB OB B 11 :2007-06-05. A PR B4R 3] [ K A SR FE2F 56 4 8 K0 H (60496321) L [F 58 H 4R Bl 2% 3L 42 (60373098,
60573073,60503016) , [E 5 “ AN =7 i AR BF 98 & R H R0 H JE 45 (2006 AA10Z245) (75 Mk BH 42 & B 3 %I 8 K T H 3L 4 (20020303) |
A B R R TR H JE4: (20030523) FIEK B H TH/ Asia Link/010(111084) 1l H % 4: % 0. 2= €. %, 1976 4E A=, PRI, {8 £ WF
S FSE DT R TAE R A  TAE RIS YR & TAEF S 2. E-mail. jialei@jlu. edu. cn. XIK A B ,1942 4545 8082 1+ 4E S0, £ ZHF
RIWHAMRTRE CXKRGE L Agent B3I Agent RS EE Agent BURIZ I TIERBAR KR TAERIZHE. B #.5.1974 454,
W BB BT U B2 3 B 3 Agent REGEG R AR Agent 4.



NG

8 1

AR SE . SRS — A RE R R E R AL S YR « B 1437

T2 RTE.

AR BRAIZ WA BT £ B PR AR H &
AP B Z IO 5 ROk 42 48 — 2855 K A
DU 8K Ji5 P Tk S B D) DA Y 5 b 4 B R A A L AR
ZAE I bR A A AL v % ik A7 7R B S A 2 AN
B AF %% (duplicate tasks) . fa i /F 45 (hidden tasks) .
[ 28 2 By Gimplicit places) F19E B Hi % £ 45 #) (non-
free-choices) %5 34 il 1 1k A2 4% Ji (4 ¥ 2

B RS 3k 472 40 0] A A R IS TR T 2 A
T HEAT T 2R, Agrawal ™ f FORE R B AZHE ST A
B THERE BAY T F. Cook F1 Wolf TE4K {4 T2
2 T L Il B Al T 45 A PR S AL A
Lh IR A] R AR 28 00 2% = Fh 75 vk IF B TP AR 5
2 O Ja — b 07 12 00 A R 3E X 28 5 3k B X
JP o R AR AR R A B A TR AR T
R TT ok K BB S IR AT AT O AR SR O
. Herbst fil Karagiannis 78 T 4E 3 (9 35 5% vp
AN 5 1k 58 B T A B AE A Al AT T R SR
ARV T RN [ B I g Sk — R A
JIG 1] b B DR SR B — Y 7 1%, o5 — B U SR A T
] T 5 DA — M 0 R K 110 SR M. X T 7 i RS A A
B AL 5 MO AT AT O WA R Aalst F AL (Y BF 5E
N TAE R P2 I IR AT AR b A AT
T REA ARG R 2 B R Y oS

X H B B A Aalst 19 o B UE B T ORE U
B2 4 8 AR AL D 28 3 ol A 9 B 1 ) O SR A TR
TSI T fifp R S B I ) g P B A A A H RTZ A
2 ST JRAE BE B BUR BL G FIAS 3l 5 R 4855 91
SR S B 8 PR T4 AT ) 4

a- R IR I L Sy BT A B] AT REAATE 1 5 4k (w0 |
B () JFAT Clleo) AR ARG (Hro) PO A
KA TAER B 2R AT B X T /5 48 6 R 2
TR FLWAT W35 L X SR O R AR AR 1 AR
Hh R AR R E Y XA A o FEE TR AL AR R
A B AR A R s Al B TG R TAE T A
PE T ETCIE LT AL 55 BT X o B R BR A
de Medeiros Fl Wen 435l 45 5 T it 7%, de Me-
deiros 73 M7 T o S33E Y R BRI 32 Y 1 i A 34 476 24
MFEY  Wen 72 LK fill B4k 2297 J, 45 1 T RE AL
AR B H 2 B 45 0 BE & BUAE 55 [R] 1 B =K A
TR,

S B f0 B Y v 22t B S AT 55, O AN e
FRAT AL B T R o % m DL R T S L e A] R

FUSUT T PR a0 2 0 F R F00T . 2 A ARSI s 19
W7 BAGER UL BT WA 55 A F B AR 2 1 i 72
hE S B T o Bk R A4 5 R W E AT 55 A 1Y
PUERK R MTESR G A RV TE M R o R I
TEAL PR AT 55 1 S K E NI [/ — AT 55
HICAZ A A IR AR AL 2 > 9 ) e e s Rl
JPERME B RGPS A Sh MO R SOR L R R
FI Sl A B R b BLE o ) R — e AR
LIRS Y UBR R BEA T I A4 S R AL A 2 )
(477 %6 N H RSB 2 o) RE A E B AT 55 19 R
Ja s AR H A i F AT 55 . ] o S05 0
A LA AR UG 1 B AT 55 #RL S TR AR A L X FROET
A4 & 07 R BA B o« FORRER A S X 2
SAT 55 NI AT RASE B 52 B i T o K o &
1T 55 19 AR RS 10 19 42 4l - B AT 85 R B BRI A
M E. LYY AR N T o - UOR R & AT S5
A AR Y L (H B REAL PR HF / e PRI Pl 7 G .

G A SCHE— 2B T o B L L REZ A
HEP M ELALS. |56l hlds -~ 175 0 br
THE AL 5 WP FE T 4 A T A AT 55 0 E BEOF
UEW] T ICIE RV, 7E B AR AL B4R —Fh AT DU AR
T H & PRI AL B AR AT 55 (19 AR R M (Work-
flow nets) 77k ——a -5 Z a4 AL B IE
B PEIEI S B S R Bk 1A A R
Br 1R B BRI BE.

ASCH 2 gy I REUE 3G 3 A o« - H
LI UL IE B P 50 4 1 ASC IR 45 R Ul W Sk
(A O s B e 4 A SO AR,

2 EBENX

— M55 A AT REAE [A] — AR A T o 22
L. BEIS . AT 55 B AR TR Y 44 B L 3K RE 19 R] 44 AT
S AT 55T AT 55 7 SE BRI A A R R
i A7 AR N TR 1 R R R N B SE TR T
F Y IR AT AL ) BT I A

AT 55 AT RE B AR M AR Y R AT
sl e REL Y L R 2 I A AT 55 R PR L G R
W LA AL E AL GO0, W I 6 RO &R
O3 I R W W/ AT I /A 94T/
F7 IFAT /R R MR/ e R L 43 T XSG
Z R S S B A R AR AT 55 9 R L AR
AR X 6 B G R IS



1438 it

)

2007 4F

N,

O xpOAAAPOAAPO-Y PO

3 EREEESW e -EiE

3.1 MEESHIETR/GEH%ER

o - A I T 55 B R/ A AR
WAL LA RS B 1 2 AT 55 2 15 8 T A AT 55
Xt F AR TAR G UL i LAY AL 55 AR T AR
i H B IRBCR PG B - O HARAEAL 55 A R I B
WAL S5 A PR O Te b P05 © HAREAL 55 A J5 i
BT 55 19 2 PR O T ARl X L6 45 B AR B R A7
TEAL 55 A RYRTHR/ J5 4k R .

AR 1 B B aed R AR R L A SR S A 1
BB A T — AN BEAL A AL 35 1000 A A i Bk
A AR IR . B 245 A 4% A B R H S 5 28

T £ 5 1) B 1 10 0 806 7 )

T AL BT 55 0 4 Bl AT BE B OO 9 AR B
5L P 3 BRI/ Ja AR N 25 T AE 6 S H A A
FRFAE A LI 1 B Y 52 AT 55 i AT 98T 55 A 4k
1145, A BG4/ IR 6, (o) Fm AT 55 ¢ 16 TAE TR B
O AR n OB BN, 6 (XL D JEEE S X T
PEWBE 0, 128 — U BL. 5 2L A2 [ 1 P
BEAL Ny N RN, o B 8 54T 55 b i — AT 55
A (node) J& T 149 2 3L » 100 55 — 4> 00 20 531 s
T AT FIE P S AF . TR N FI N, H Y
AL B i — A A & A — A AT B
(%5 A ) AND-split Z544) , 55 — 4~ J0 43 ] 5 3
FEEFEMIAT I . BB N, R E AL 55 A
P P O B0 4 2 A T 45 o 1

SR | AR Sk | R

SR E LR 0, XABXY 0, XAXY
5] XAAY s, XAXBY 5, XABY

(El) VlE"’JEl#f»L\ (b) N?E"JEIFIEL? (L) N,E’UB#:‘:\L;

AR IR ECEisu AR IR FEAF T

SRR | R B XABCE B XABCD
5 XABY 5 XACBE 5, XACBD

5, XAY 5, XBADF 5 XEBFG

5, XBY 5, XBDAF B XEFBG

(d) Ny H &L,
& 2

ME 3 A LLF H: D0, (A, D A6 (A, 2)
I RTIRAT 2 AR ;D6 (AL, D6, (AL2) [R5 4kt A
—FE; @0 (A, DS (AL 2) B BLLE R — AN 8Ll 6
. % TR 3(b) ~ &l 3 H g 8 (XL D6 (X, 2)
PLRE 3(h) I 6, (XL 1 F 6, (X, 2) 7] LAFS B 26 1)
4518, B 3 H i fE BiE Uil - @ 0 (X, 2) Fild, (X,
2) WIRT IR AN [R] 5 gk A 55 @ 0y (X, 2) 1 i 3K Al s
45 0, (X, 2) M XAEE; @ 6, (X, 2) Fl 0, (X,2)

(e) N3ty HAE L
Bl 1 AR A H s

() Nsfy H &L

FEAST] B AR IR o o .

B 3Ce R T Ns o (T 55 B /YRR A S 4k 4T 55
AL NE 3 LE L D6, (B, 1) B FT KT 5
MG 555 0, (B, D E A @0, (B, 1)l
8, (B, 1) Y Hir 9K A [ 1 Ji5 4k AR ) s @ 78 FH 4Btk o,
AL S A WG YRT 5 AT %5 D mifE#Ll 0, b A
RIETIRAE S5 D@6, (B, DRI ER A5 4k 5 6, (B,
D0 (B, DR XA ; @0 (B,1),0, (B, 1),



8 1 TR AESE . IRIZI D — M RER B E Z AL 5 B R o Bk 1439

0; (B, DR 0, (B, 1) BAEA R 0y = A i vpr. &1 3
(D AR5 B AE ARG iy Pk i 5 i i 4 A
SR

3D FEEFEMW Do (A DHNS, (A, D
{8 I 9K AH () 11T i Ak AN ] s @ 76 FE A0 00 o,
5% Bl BIREMES Y HES Y KHEHRED
HiTA s @0 (A, D0, (AL 1) H BRAE A [ 14 5 4 5
HLR — T AR SO AR g a2 LB 45 A G s LR A
S FE HOR UG H G i E R AT 5.

1255 b il Te | Ts
0(X,1) ~ A
E 55 bRl Ty | Ts 0,(X,2) B Y
0(A, D) X A 0,(X,1) ~ A
0,(A,2) A Y 0,(X,2) A B

(a) NPT 55 AR/ J5 k2 (b) NoH T 55 X i8R /)5 4k 3%
55 BRiR Ty | Ts

51(X,1) ~ A 15%4‘5\}/"{ Ty Ts
0(X,2) AlY 0(A, 1) X | B
0(X, 1) ~ A 8,(A,2) X |y

(c) NsHE 55 X RTSE /)5 4k 3% (d) N H 55 AR TSR /5 46 2%

155 bRl Tp | Ts 55 bR Ty | Ts
0(B.1) Al C 5.(B,1) A C
5,(B, D) C | E 5,.(B,1) C | D
5,(B.1) X | A 5.(B,1) E | F
5(B, 1) x| D 5.(B,1) FlG

() NS BIHTIK /G463 (D) Nyt fF %5 B AT 3E /J5 4k 2
Bl 3 B 1B R A AT 55 TSR/ i Ak 3R

3.2 MIREERES

Xt Hh BEAE Py 45 4L B A2 AT 55 1 R E A X 4
Gy X JE N O AR AL HE A AT 55 Y AR B R
R[] 44 4% 55 1Y iS4 55 S AR AT 55 62 A ) 1 346
R 4 2 JCBE )% 2 P A A7 H [ 44 FR A B AT 55 I
Z QR A BR AR TR AT 55 0 A TR R £ i KRS 4R AT
55 B2 EATTCIE U -d A 7T BE 2 P ASAS R A4 55
Ak A AT P LR R T A
S o RIS [ 44 4 55 A5 AH [) 4 i 90K el i AT 55 L AR
RHE ) 7 3019 S o B — 1 55 3 2 ) BRTE R R 45 1
R E AT S5 R BN N P RAT SF AL AR
AR 22 It A, B AR A~ AR 3 B iy [R) 44 4T 55 Ay
AN T5] 64 i 384T 55 RIS 4R AT 55 o (HR FRATEN AN REH E
B O E AR5 K B AT R R EKAE 55 A
JEARAT 55 AT BEAT 1 5 SUAH A5 1 0 o RIVZAT: 55 76—
AP P ET AR S B AR I3 — A B R AR 4R A T
X AR T B AT LAAE B — AT 55 I8 T A7 0 SO B
Wl RITEA AT 55 I R AL 53— il BE 115 2 2

BIRANAEAEAS AR B B IZAE SR e # S — 1 ik
BEEE R A % AN 4 TR AR AL b (4 55 E. X
P B0 AT DA e SC Ry B A v i B BB AT 55 HLA BE R OC
F. R SUARYG T R E E AT 55 1Y B 2R k.
TFHEIRATLS IR R M E X

BN IHEHEAERL). B’WEESET |
B TAERBE M WeE(T d.ab & THRY
5 AR5 o F 0 HARFECR Y HALY W P fEAE
B O, F0 0, s i 8 =t1t0ts o001, 000 =11 15151, s H.
GIE(€E{1,2,n—2)iEti=a Nt =bNa H.D N
tiv1i=ti1 Nty =tr1-. 0L a[J.0.

4IRS B MC R EECR oy TAE
Wi HE P AEE R 0, = XABEFY #16, = XACE-
FY,HA i=3W®E t,=BN;=CAB#,C \t,=1,=
ENts=t,=F .

TERT— 5 & 3 () R 55 A BYTHTEK/ 5 4k %
HRE B UL 00 (A DA S (AL 2) 2l P> A A Y
7] 24 AT 55 43 50l 7 A 0 B R AT B9 G 9K A S 4R 4T 55
Se AN AL i HE AT 8 T WA 0. 7 W —
Bl rh A AL BT B A SUR A I L X2 R D
A AR 5 SR A ol — 8 At B AT 55 A S IR AT
FAF R A S 5 R B, BB 3 Ca)
01 (AL DFI 6, (AL 2) . iR 3 F (o) LS5 X 1Y
AR/ 5 4k 2 LA A5 B AT AKX o, (X, D Aoy (X
D AR S5, 738 A [F] 24 AT 55 1 BLAE
AN R ) 0 T s 40 SR e AT B AT K S Ak BE S AH [
A28 SCAHAE B AT 14 3K AT 55 )t S A7 78 E #%
RAVURY B ENEhEmLEARS ™ 4Em. K 30
D 6, (B, D6, (B, D BYME Bt il T x —
S DI B R 5 L e a] H g R AT S5 R
1.

EIE 1. W N=(P.T.F)l— 4TI
WM. W g N BN TAERA &0 &2 W
HITAERBIE AL S a€ Ta €0, Ha€d, Tl
T MIEAT 55 a ZEBLIE 0 v i A BRAT: 55 F J5 4R AT
55 To L TS BJEAT 55 a FEHUE O, B T 3R AT: 55
MG 55 U REZRRER. 4

(D 6,=08,,Tp#Tp H Ts7# TS, (S (asn),
0;(a.ny)) €U;

() #5078, Tp£Ty  TsFETs Tp~Ts, Ts

B4 ek R



1440 it = L & i 2007 4E
T;H TpmwT; 9)'_1U<8f(a s 1 ) 981(617772)>6U~ Ef%ﬂ TP%H T;H@%%Rﬁ‘é% ﬁF ﬁ H . ﬁn% 8i(avN1 )
IEW. ROUEEE.RE 6 (asn) 105 (asny) & AH 16, Cas Ny &[] —MMEFS AN a>Ts Ha>
IEJE/‘J'ff%FEEEE]/‘J Fﬁﬁ%’]iﬂiﬁﬂ ’Wﬁ‘fﬁﬁ?%ﬁqi}tﬂ Té vﬁﬁ H i **%ﬁﬁﬁlﬂ Oy =titsty > TpaTs 1,
PP & . X B AT A Sk 1L b 3.2 i Mo, =eitsts - TraTst,. Wit Tp[J.Th, 554
AT 55 1) A9 L 7 5 2R FE. UEEE.
(D& o, =aiazas+a,»a;=a, W i€ {2, TENE 2 F i B AR EU R AT 55 R S
n—=1}, 0 Tp=a, ,»Ts=a,... AN 6=0, % Tr= gk b HER 1.8 K S Mis i EEES
a;— ?Tg:ai 1. ﬁﬁt%%%(TP:T;)E(TS:T;) I'ﬁzbﬁ EI J:lib:: ':F' E’(J Al vX1 ’Bl /ﬁ%%1ﬁ‘iﬁﬁ E’JEE
S5&M07IE. i€ {l.n) BB Aa 555 8. 5. e 5 p9 H B AE 1 sl o] D& B . B
a>TAEUE To M TR RE S8 (| Tr—>Tr, N h I EEAL S AL E AR X 4 N AN
M T Tp>a, MAFE— 5207 51 (firing sequence) , B\EAT . b b 7R B A SOM SF i, SR e A
TS TofE T Hif S5t (fire) o 1 S5t T J5 ¥ B 42 AR5 @ T HEA AT I 30 A6 2w wT LA B X
SEEAT 55 a. M B AE 72 48 X6 0 7 Petri A5 R0 B, i PN TAE SR A i R 24 3 4 2 R — AN 55 77 A
KFRALSS Tr W98 1T )5 18 Al DLE BR & — A r 5% 1) 5 B AT 05 2 BN 55 AR X R . ZETHE I
PN DL B PR BT Sk FE T B AE R 45 2 5 To S AT 45 W AT 55 I 1k T 22 S A U AN pREL pred
AN HEBEN o, 8FHAT5S a B —AFCAT 55 X P Fp (O ORI succ(8,0) s EATTH M5 BME 55 ¢« ZEHLIL O
THOLERA T RE = A T & B &, P JE. & 1) HIS SR AT 55 A0S 4k AT 55
FE Tp—Tp W AYUEBAZEML. i SCHRC 11 ) A9 PR 3. 3
S5 BR FAFRLT SRR R ERIRTR
D 6 | XABX)Y B XAXY
5, XAAY d, XAX BY 5, XABY
() Ny H&LL, (b) Nufy HELL, (c) Nyt HELL,
SRR | R SRR | B
FHIRRIR | L 5 XABCE 5 XABCD
8, XABY S, XACBE 8, XACBD
3, XAY 8, XBADF 8, XEBFG
S, XBY s, XBDAF 8, XEFB,G
() N HELL, (e) N;Hy H&LLs (5 Noly H &L Ls
B 5 xE2PhHHEENHCHLEMHE

TEE 5o LR O .00 (B D JE 4k 2 AE:
% C 1 suce (0, , OO WIS RE E.EIERG(B. DK
JE4k. 160, 1,0, (B, 1) By FTIRAT: 55 J2& C, 1 pred (0,
ORAES% A IER 6, (B. D MRTIK. B 50 H iy
8 (B, 1) 0,(B,1),6,(B.1)F1 6, (B, 1)t 4 20
BB, 7T, X FIE 5Ce) Rl 8, (B, 1) 1 6, (B,
D, AR E AT AT IR A G 46t 58 A 45 B2 th T &
TS /2 b T A M o BT LB AT 2 A 2 AT 55
B 7 A . AR 3 sl LER 4 1 n) LA B k) B AT
% EH 2.

FE 2. K N=(P.T.F)N &M T
WML W g N B — 28R TAER H&.0.0, & W
P TAERE . E 5% a€ Ta€ 6 Ha€d,, Tp Al
T MRAT 55 a TEIE 0, v I | BRAT: 55 S 48 AT
% Tofl TS5 BIRAT 55 a FEBLIE 8, 1Y AT 9K AT: 55
MG 55 U 2 EE LRER. B4

(D #5 0,70, Tp=TsH Ty pred (3., Tp) , M
(6;Casn )+ 0;(a,ny))€U;

(2)%3;#5].,’1}:’]‘;& Tsisucc(é\,,’ffg),)ﬂﬂ
(6;Casn ) 0;(a,ny))€U;

(3) #5840, Ts=Tp H Tp+# pred(d,, Tp) , N
(0, Casym),0;(a,ny)) €U;

(4) # 0,40, , Ts=Tp H TsFsucc(S,, Ts) N
(6 (asm),0;(asny) ) €U.

EH. R ABRE 0 (asn) F S, (avny) EAR
) B AT 55 7 A 19 B IUVA — AT 55 @ T T3 93 R
FELLT 4 Fiig 0004 1 B0P . i 5L FRATTA i FH S
BRLTT b SC 3. 2 &5t B AT 55 (8] 9 T Fe G &%

(D FENE Tr=pred(S,,a) . Ts=succ(d;,a),
AL Tp>aa>Ts, X Tr=TsHRH —MES a
FEAE BT 3 Ty || a. BeBE Tp R0 a A A [H] 09 A7 5K
155, BIAERGE 0, P a WATIKSE T B W2 33k 0,



8 1 TR AESE . IRIZI D — M RER B E Z AL 5 B R o Bk 1441

d T o (AT YR AT 55t b Sz BI AT 45 8] T = pred (6,
Tp) X 55T JE . A5,

()W AW Tr=pred(S..a), Ts=succ(S;,a),
A Tp>asa>Ts, X Te=Ts H A —MESF a
A T A5 5] a || Ts. BUBF a F1 TS5 A1 F 49 )5 4k
55 BIFEHLE 6 va MG 462 Ts, B W 2510 0,
TSI G 4K AT 45, m b 57 B AT 15 3] Ts = suce (6,
TS) X 55T JE . ARiE.

(3) HE 5 (1) B IE B 2510,

(4) JIEW 5 (2) BYIE B . HERE.

A LAE W v ) A 5] 24 55040 A [R] 09 17 9K
E GRS e P 1 N E B 2 S R E Rl )
— AR5 A I E SCe) HT R 05 (B, 1) F 6, (B, 1) {H
& A7 AE T AT S5 B T AR AR X RRIG R B 40
S(DHR 6, (A, D6, (A, D). BARATIKE A X,
Uk A B ALY AR AR 1R R B N,
TATTE AR B A R B AT 55 SEBR b 7E AT 9K A 2
BF s G SRAZAT 55 SR B — A 55, WIAE Petri W o J ok 3%
TREAT 55 128 3 I 18 R DS R — A PR BT 4 LA
FEERT. NG AT N H AT 45 A SR T 3 9 Fl i .
WIS BT G AR AT 55 ) Y 26 02 || 5. AR Sk
C1T I P B 3. 3 Al 0, 2 S 5 A A5 A8 [) i 3K 7 [
2 H AR 0I5 AT 55 T S AR PR O R >
XA R 45 5 1 5 F 50 8 A AT 55 4 6 gL i an
S(DHRE R ERES A FEBLIE 0, 1 6, PG
HAT5 BRY (X RE B—Y. [ ERME. &£
BN RS YL A B — A R 4648 O S B W RS
S A (R 2536 . 100 78 S5 4k AH 5] 10 A7 S8 [ B 28 n] 45 5]
FAEE . B TRATT A 2 K R AR S5 A 2 B 3 R
FEH 4.

3. W N=(P.T.F) NP 4ERM T
WML W JEN B — SR TAER H&.0,.0, &2 W
R TAER LS AL S a€ Toa€d, Ha€o,, Tp Al
Tsor AT 55 a TEHLE 0, v B HTIRAT: 55 Fil 5 4k AT
% s ToFl Tsor HURAT 55 a FERLEE 6, [ Fif 3R 4T: 55

MG TS U REEXRES B4

(D Tp=Th TsATsH Ts=*~" {3 (a,
n),0;(a,ny))€U;

) Tp=Tp Ts#TsH Ti="*~", M3 (a,
nm )0, (a,n))€U;

(D ETry=Tp, Ts#TsH Ts—>Ts, M5 (a,
n1),0;(a,ny)) €U

WD #F To=Tp Ts7#TsH Ts— T, M6 (a,
n).0;(a,ny)) €U.

WL R BUE 6 (avn) Fl 65 (avny) S H
[ AT 55 77 A2 1 B A — AN 55 o T 1843 50 IE B
FELLR 4 Blis LR K 8 307 I X HL L FRAT 4 S
BRC1T b S 3. 2 25 AT 55 TRl IR 56 .

(DWN Ts=*~"H Ts7#Ts, 1716 B4 B
P1sb2 € P p JEILIEFT M po €a » N Ts. FEE i a
i sa ¥R po B po 43 5177 A — AR AC (token).
S AFAE— A S JF A4S TSAE a J5 S H po o
FRRR A% B30 2 BT o Hh. i3l S Ut % BT oA R
PR N AR L e G, 5507 E. 15E.

(2) §EW] 5 (1) R E B 2.

(3) W1 Ts M TSk a FEATRELIE P Y J5 kAT 55
Hea>TsHa>Ts. AN Ts—>Ts AT 1E— A Lt
FPAERF a 78 T AL HS2it Ts )5 %8 % 5L it
Ts. SR AT BEF= A AP I, k& o R A S W
TS, B E TS5 TN —ABCAT 55 3 5 Ff 155 10 4P
AATREF= AR B AR i H O R . ARIE.

(4) JEBH 5 (3) W E B 2. HEEE.

FE 4. W N=P.T.F)RJ LM T
WML W RN B — W TAER A &.0.,0, &2 W
PR TAERBE, (545 « € Tva €6 Ha €6, TpHl
Tsor AT 55 a TEHLT 0, v B HTIRAT: 55 Fil 5 4k AT
%5 To R Tsor AJEAT 55 a e O, o (9 1 9K AT 55
MIGAAE 55 U REEXRER. B4

G)# Ts=T, Tp#Tr H Tp="~", M3 (a,
m)s0;(a,n))€U;

SR | F R SRR | SRS

SRR | R 0 XABX\Y 0, XAX Y
0, XAAY 0, XAX,BY 3, XABY
(a) N\ H &EDL, (b) N,& HEDL, (¢) N:#y H DL,
SBR[ SEAR |

SEAF AR E BRI 5, XABCE B XABCD

0, XABY S, XACBE 0, XACBD

0, XAY 0, XBADF 0, XEBFG

8, XBY J, X BD AF 8, XEFB,G
(d) 3\]\‘3’:] H ﬂn,_‘\DL\ (e) N—,EI‘J H ﬂJ\qu (f) 1\’55@ H $DLI%

6 X 2 v S B R R S R K



1442 it " GijN 2 i 2007 4F
) Ts=Ts5. Tp#Tr H Tr="~" (5 (a, 5.2, % T4 A R — AT X R TTAL 0, $EAT N T $RAE
n)+8,(asny)) EU; 5. 2. 1. 4 A PR 55 0 R[] 9 ST AL R A A
(Y% Tom T Tyt T HL Ty T 1 3. (a 5. 2. 2. W FF AP AT LI ICAL O AT T 4R
n),.0;(a,n))€U; 5.2.2. 1. MERT TR E RN 1 B2 P 4 SR FIW T 0 F
() Ta=TL T2 To AL Tr—>"Th (6 (a, OISt BB RELAS  EREA L
isDup FLEL.
m)»0(am)) €U, ‘ 5.2.2. 2. W isDup Ky 20 W ¢ ORI/ J5 9525 2 b
I IOTEDTRRE 5572 50 3 W25 . W R 0RO TE AL KT ¢ T
FEFET 2 1Y 126 o 2 L9 i) 2 SRIEHE ¢ EINE) Ty DLRER ¢ 30— 5 105
ﬁlm #Uﬁ?ﬁ%ﬂf: naJ 15 2| & 6 E’JI'ﬁE{}IL H . 'Iﬂ’i/( [G) B A5 17 isIdenti fy B E ;15 W R B 4
HESE D hry BERE LS, ATLLE A1 5.2.2.
P25 A XSS T v ) B AT 55 © S AR R T B A 5.3, W isIdentify g B0, WA C 2 AR08 ¢ B T

P k.
3.3 MR BERERITIERM

AR AR H 4 A0 PR TR R R R AT 55 O SR
BT AR b A o B 425 4 ) T Ak BRI S A 3R B, L
B2 H AR e 3, B AT M. WAL BB B A s TR AT
55 I AN 6] B b 10 6 FE R AT b a1 B HEA T 55
AT 55 R b T ) ) S B AT S5 T/
J5 Ak R A R RA L 4 AR BOZAT S5 T g
290030 v g s B R AT 0 AT 55 R AT
55 (R [l B A H A e o0 G i 4% S i 44 0 O T 02
TEJF R WA %5 &4 )5 s n—> ¥ = . il n B1,B2,1A,
1B. R T i 7 8, 155 F R R AT 45 45 B2 A TR

FAFHE BRI AR A R ep L R O A A Aot
1%275%&%9? 44 AT 55 To 5 FE 5 T TR 44 4T 55
A B TR e I Y S A W A 55 2 & R L S
(1) 44 41 55 L ik 1. 5l an SR E AR A AR 55
bR B B S ROk AT S E L. |
R ABOEE ES A B T4 SRR I RO

T A E B AR SO o« L PR AR
ﬁz?“’?}ﬁﬁﬁﬁﬁ_%m o R H T AR5

HWERESET EMTERAE «BES X
ﬁﬂt[lljtﬁﬁﬁmx 4.9, 7 & RS 0 k11 ] i
E S 3.2, ARSI AnR.

HiExl ZHELMLSH -

WA ESES T.TERAEW

i TAERM N

LA TRV HAE W58 e W oeb i BLAG BT 6 A 55
AR B T e
CBRTERRIR I AT S0 H o WA A W
.M*LE rrﬁﬁﬁc%ﬂﬁ %stupﬁMFx
HFHIA R T SR F W L
tify ajﬂﬁx.
KT T PR AT 55 0047 10 F B AR -
LOMARAT S ¢ FUH % W27 4 i e BORITIR /J5 4k 56 A

>-J>CAJ[\')

A& islden-

(92 ol

WK/ JE gk 0 B & WPt
WPT 285 D3 (8] 25 5.
6. iﬂ)ﬁiﬁﬁ[ll]rﬁﬁi)‘i 4.9 1 e FIE N AR IR B AT
%509 H AR WPT HEAT #2448 UG A R R PR A AL
(Py-01 Ty 01, Fy 07 )
7K RAG R EES Pyl Pyt
8. ¥ Tw—or vhH i iy 44 1 1 S AT 55 19 24 BRI &2 3 B AT
JE K 1 24 FRG PRAFAE T
9. ¥ Fy-or spiR £k b5 50 iy 45 1) H AT 557 DG [ IR L
I3 ) A 50k 19 44 FRIAE %5 b RIS RAFTE Fw.
10. ¥ N B R (Py . Tw,Fw) HEZ% L.
T TR AR S R P AN Iﬂlﬂf'ﬁ%% 1 FyIERf .
'S, WN=P, T.F)N—1"EHH T
Wk L.S e N hEEMLSES.D j‘ﬂﬂ N ) &
BAEGFENmAENESFES F oo A N HH
EEFARMNMERES F oo S TEF o THY
TR R AL S5 B8 D Y £ FR 5 4 3 593 ¢
ZEALS. KN =P, T ,F)HE—4 Petri W, Hh
P =P, T"=TUD,F' =(F\F ) UF . pp. W J&
N —Z8MTERDE W 2B WhERZ
55 pRiR S B B AR W H A& WA R T R 45
A
(1) N J&—
AR
(2)a(W PTH=N
LA ?tﬂ]@xj’\% N’ *&ﬁﬁi@ﬁ%ﬁ'ﬁﬂ
G TR A AR 0 AR I R RAIE R 2598 (1) 3d 2o 15
W N 58 ?&E’JIVE(ALEluﬂ%lﬂiﬁﬂénm(Z).
(D i Ny s N RS & G AT 5. #%
L RATEUEW] N A 3. R 3 1 #)eH 4,
Gy N ) B E AT 55 BRI R N g ik
B N b A AT 55 R A 44 A B Y. R AT el —
AT B 44 0 T A 55 1 S O R B N AR R
(marking) , il H. N B9 47 o] ik bR iR A5 N

HEAT AR IR S5 R AR A AE

A HEATL S 1 B S AL T



8 1 TR AESE . IRIZI D — M RER B E Z AL 5 B R o Bk 1443

— 3N A HEE DL N AR, B NORTN
A IAFR RS 19— B0t B i N J& — A TAE 7 M.
BTk RFEIE N 28540 TAE R MBI a]. i F
PR N R E A4 TN R E R AT S O
WA UUAE N hERT AR R S5 R, HE 5 N
Je— AL ARG L 0 Nt — 254 4k TAE
M. ARIE.

()4 W g —52 850 TR H & T NI
N 0] 35 bR A G 2 AH ) 095 BT A 6 A 4] 1 A4S
AT a, b€ T — D a>> b, W a>>,b. N HAEIT a
b FoR A R E AT S 2= W )L 78
W IR A B EANT ) a>  orb L. #7 a€ D
o€ DN G F HAE S vh 5y AH B Y 5 A 78 5T L K
EMlha s 0./ SCT,fa'>0". g F W " il
TR W B Y TR AT S B U Do AT S AR
B BT AT AR IR @ R 675 va>>_ orb {T8R IR ST
WP N — A58 80 TAER A & af i 2
ZAEW] N R AR EEAT S50, A P 245 0 1k T4
WL SCHR L1 ] e 410 L a (WD) =
N'. UEEE.

FEG6 WN=P.T.F)RF—NLFM T
TRLW RN B — 588 0 TAE R B & 68 SCk
(11 RE X 3. 2 T X5 o (W)=N.

. Ao (W)= (Py,Tw,.Fy). BHHE
W IR 8 ARG E H 1 B e B 4,95 W h AR
SAE 55 B AT fE B oE B bR R Ok B G, 5
WP 5 W OAHXS B L 58 8 0 BN AL & S AT 55
A H &, ST P e B 4. 10 B T o Bk
REMSERE M TAE W H A2 B A S EE 5
AHEE R L TAE R M. B a (W T = (Pyoor,

Ty vr o Fyoor) =N AR5 #5043 N — AR
5 T2 AT 55 95 PR 45 0 1 A kL o B A
Py o0 =P, Ty or =TUD Ml Fy vt =(F\F_p,)U
Fopp oL AR B 112 7.8 Pw=Py .
it P=Py. 82Tk, AFuEW 2P 8 #1289 REKHAT 55
B Tw—or TR FRAE Fo-or i I A AR T A9 B2 AT
55 RS BB AT IR 1 44 BRI AT n] LU T =
Twor\D J Fw=(Fy v \Fpp) UFpp k555 52
BP0 TR et AR R E B S W T=Ty . F=
Fy. NIEA o« (W) =N &AL, HEHE.

4 KWRERGH

28 S 1 YR R P K ] Microsoft Visual C++
WG AT & & Windows 2000, Hl 45 it & 4 P4
(2. 0GHz) ,512Ram, 80GB #f . fE & L8 T 3 &
o B S DR % i Y R 45 R S T AR A
PR 4 Stallware 74 1 SCARTE 20 TAE R H &
R SEI6 0 FH A e A R gk [ SOk WA T M1 M2
A M3 5 Herbst ffi F #1117, 45 LE B R FRAT]
FESCHY S AN AT T HE 2 1Y) 6 Fh A7 B OC R AR R 41 & 5L
o], HoAh BT K B T 5 8 WIS B BRIy A R
Al ERP SR H . L0l 15 55 o AR 4
T —AFEHLA AL 1000 A~ F 800 TAER H &
T X ik 2 H AR EE T2 ) B/ T T R AR
TN Z @ - L 32 4 o (A5 78 S i)kt LG 1L o 1
i MR BRI o B 45 i T AR AL ML OFD M9 Y 42 i 45
BT R AT DR B o - R R I T R AR
G5 AR 5 RO — ) TAE ALY, 3% 1 45
LA S 5

(a) JER A9 AR R M1 AIMO

(b) Za** B AT 5 145 R

7 S a5 RS K]

FIRAY SIS R UL L X Herbst i AT 52 5
BT RSO Y o7 - S0E X HE Herbst 194590734
HA W@ R E 4 (PR RE. BEE H & b F R AR

W Cevent token) B H A3 T - 475 4l 452 284 Jor T £ 1 1]
WAL AR R A i E AT 55 R 22 L i
i P [ A B A AR M4 R BE B W 42 418 H ok B0 D



N

1444 it "

¥ 1 2007 4

PTE T HERT 4K/ )5 gk 32 P 945 R A A3 5800 0k
I L8 R A B3l AP IR B M o )L T M8 R BE B
YRS 2 9 1R A DD A T A A B e R A A
o A5 5k AR B A B E AR AT 55 (H T ik Ak BRLAE JRY o Y

SLOREEH. 3R LR 7T SR A R AR AR SR
o =B AT LUK R 22 B0 A I I s g R A A
B A S X R e AR IR H S PR AT S5 L
YRR UG I B S BEAT F2 408 019 5k 2 A 0.

x1 XBHER

2t SR B - Herbst 53
BB 24 R FH bR R HEEARSHE AT/ R I

R GG B3 A 8] /s IE 2 i a] /s IE A7
M1 5975 2 5/6/12 (5/6/12) 0. 600 = 0.8 2=
M2 8750 1 5/6/11 (5/6/11) 0.670 = 0.8 =
M3 7250 1 9/11/22 (9/11/22) 0. 830 P 2.0 s
M4 1350 2 2/3/5 (4/3/8) 0.161 = — —
M5 6000 1 10/12/24 (10/12/24) 0.603 P — —
M6 4000 1 6/5/12 (6/5/12) 0.562 = — —
M7 8240 2 12/13/30 (12/13/30) 0. 816 = — —
M8 10050 3 12/14/33 (12/14/29) 1. 182 = — —
M9 11300 3 13/14/30 (13/14/33) 1. 293 & — —

ingful Internet Systems 2003 CooplS., DOA, and ODBASE.
. Berlin: Springer-Verlag, 2003, 389-406
5 g:él: .L/k\' : Opring g

AR SCEE X AR 3 R A AT 55 B 42 1 ) A 1
FFE A blde o T BOR 5 a- LSS & 3R H T fE
P2 AR R b B AT 55 R O AL AR A 6 R
AT 55 6] R] AE Hh B A0 A S5 R A Al b e i X
JUAEE X 6 M OC R IS5 0 B AP A B 2 AT 55
BOH AR AR H OSSO AT 22 2] A il T H
AT 55 1 E BUOFIE W T IR A PR 2RI 4 1T AR
S T AT 55 ) 3 AR A2 4 0 1 MO TR R R B S
W 45 R AW 5 1 A A K E E B E A AT 55
F4 S BRI 2 TE A 199 5% TR R Y AT L FRATTRE X% 580k
PEATYTRE Al RE 0 b BE A 52 B Y HLAL 5 W A
PRV H A5 I B0 AR AT T R 1Y) 5 B B304 X 53 32 A
HE— 4 1 56Uk A ot

oo

P

M R s B AG 0T AT k89 E

2 % x W

[1] van der Aalst W M P, van Dongen B F, Herbst J, Maruster
L, Schimm G, Weijters A ] M M. Workflow mining: A sur-
vey of issues and approaches. Data and Knowledge Engineer-
ing, 2003, 47(2). 237-267

[2] de Medeiros A K A, van Dongen B F, van der Aalst W M P,
Weijters A J] M M. Process mining: Extending the a-algo-
rithm to mine short loops. Eindhoven University of Technol-
ogy» Eindhoven: BETA Working Paper Series WP 113, 2004

[3] de Medeiros A K A, van der Aalst W M P, Weijters A ] M
M. Workflow mining: Current status and future Directions//
Meersman R, Tari Z, Schmidt DC. On the Move to Mean-

[4] Agrawal R, Gunopulos D, Leymann F. Mining process mod-
els from workflow logs//Proceedings of the 6th International
Conference on Extending Database Technology, Valencia,
Spain, 1998: 469-483

[5] Cook J E, Wolf A L. Discovering models of software proces-
ses {rom event-based data. ACM Transactions on Software
Engineering and Methodology, 1998, 7(3) . 215-249

[6] Cook J E, Du Zhi-Dian, Liu Chong-Bing, Wolf A L. Discov-
ering models of behavior for concurrent workf{lows. Comput-
er in Industry, 2004, 53(3): 297-319

[7] Herbst J, Karagiannis D. Integrating machine learning and
workflow management to support acquisition and adaptation
of workflow models. International Journal of Intelligent Sys-
tems in Accounting., Finance and Management, 2000, 9(2)
67-92

[8] Wen Li-Jie, Wang Jian-Min, Sun Jia-Guang. Detecting im-
plicit dependencies between tasks from event logs//Zhou X,
Lin X, Lu H et al. Proceedings of the 8th Asia-Pacific Web
Conference. Lecture Notes in Computer Science 3841, Ber-
lin; Springer-Verlag, 2006; 591-603

[9] Jiao Li-Cheng, Liu Fang, Gou Shui-Ping, Liu Jing, Chen Li.
Intelligent Data Mining and Knowledge Discovery. Xi' an:
Xidian University Press, 2006 (in Chinese)

CRRZR I, X007, oK 0 BRAT. & RE B 42 48 5 ik
. V4% PG T RO AL L 2006)

[10] LiJia-Fei, Liu Da-You, Yu Wan-Jun. A process mining al-
gorithm to discovery duplicate tasks. Journal of Jilin Univer-
sity (Engineering and Technology Edition), 2007, 37 (1):
106-110(in Chinese)

(FEFEAERNKRA . THH. — Mgk E AR5 09 742 38
B HMRR R CT AR 2007, 37(1): 106-110)

[11] van der Aalst W M P, Weijters Ton, Maruster Laura.
Workflow mining: Discovering process models from event
logs. IEEE Transactions on Knowledge Data Engineering,
2004, 16(9) . 1128-1142



8 1 TR AESE . IRIZI D — M RER B E Z AL 5 B R o Bk 1445

LI Jia-Fei, born in 1976, lecture,
Ph. D. candidate. Her research interests
include workflow technology, process

mining and workflow management.

LIU Da-You, born in 1942, professor, Ph. D. supervi-

Background

Process mining aims at a more fine grained analysis of
processes based on event logs. The goal of process mining is
to extract information about processes from these logs. Most
research in process mining focuses on mining heuristics pri-
marily based on binary ordering relations of the events in a
workflow log. A lot of work has been done on utilizing heu-
ristics to distill a process model from event logs and many
valuable progresses are made in the domain. However, all
the existing heuristic-based mining algorithms have their lim-
itations. There are still many challenging problems that the
existing mining algorithms cannot handle. Duplicate tasks are
one of them.

The a algorithm theoretically constructs the final process
model in WF-nets, which is a subset of Petri nets. This algo-
rithm is proven to be correct for a large class of processes,
but like most other techniques it has problems in dealing with
duplicate tasks. In this paper, combining techniques of ma-
chine leaning and the a-algorithm, a new algorithm called a™*
that can deal with duplicate tasks is proposed. First, the
properties of duplicate tasks are analyzed through the tech-
niques of machine learning, several theorems to judge the du-

plicate tasks and their proofs are given. Then, all the dupli-

sor. His research interests include knowledge engineering
and expert system, multi agent, mobile agents system and
intelligent agent, data mining, workflow technology and
process mining, etc.

YANG Bo, born in 1974, associate professor. His re-
search interests include data mining, mobile agents system

and intelligent agent, etc.

cate tasks in workflow log are discovered and identified by
them. Finally, the workflow net is extracted from the identi-
fied log using the a-algorithm and fine-tuned to get the result
workflow model containing duplicate tasks. Experiments il-
lustrate the validity of a”*-algorithm, the experiment results
prove the higher efficiency of the a**compared to existing du-
plicate tasks mining algorithm.

This algorithm can be used in various domains, e. g. .
governmental agencies. municipalities, hospitals, ERP sys-
tems, etc. It will improve the efficiency and performance of
the discovery of process with duplicate tasks.
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