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Abstract Current workflow mining algorithm using local strategy couldn’t ensure that a globally optimal process model
was mined. The algorithm was also sensitive to noise. To solve the problems,a hybrid adaptive genetic algorithm (HA-
GA) was proposed. Firstly, Elementary Workflow net (EW-net) was defined. The enabling and firing rules of EW-net
were given,and the process model was described. Secondly, a converting algorithm proposed was used to convert the
process model to EW-net, and an evaluating function of the individual fitness was presented in order to measure the
compliance between event log and mined process model. Lastly, hybrid adaptive crossover and mutation rates were de-
signed according to evolution stage and parents’ similarity. The simulation testing results demonstrate that the new al-

gorithm has noise immunity and is more robust than « algorithm, and it can find better solution and converge faster than

the simple genetic algorithm (SGA) employing general genetic strategy.
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CMatriz RIG B XBE K, CMatriz = [ ¢ Joxns 65 =
{;:;;;éi;ﬁ,A BEMAA BER e =1, A RA,
EIBTIRIE 3,100 Ai= PreActivity(A;), H A; B A; W58k
W3h.180 A;= PostActivity(A:) ;& ¢; = 0, A, F1A; &
HRBRKER,

OSet B EhH B8 ,08et = (01,0;,+,0,}»n HIF
HBGO HIEF A WHEEE. O RN {A A" 5k,
A FlA, A WIS .

ISer RIESNNBH, [Ser = {Li, I, L, } ,n RIES
B, L AEHA BWEAZE. L#ERIA AL jERA
A HA WETHEIES),

A 1 FrR iy EW-net B BB E LANTF .

ASet = {A,B,C,D,F,E,G,H};

01 100000
00011000
00 000010
CMatriz— 000 0O0T1 00 :
00 0 0 01 00
00 0 0 0 0 01
00 00 0 001
00 0 0 0 0 0 0l

OSet={{BC},{D,E},{G},{F},{F},{H},{H},{ O }};

ISet={{Q},{A},{A},{B},{B},{D,E},{C},{FG}}.

Xt CMatriz R Z 3 #4057 X7 H85 . EREH TR
HAITRAER T — R ek, RakKER » (o BTESIE
B). CMatriz kN ERSROT .

B 1 ERakg A IEEAREYIERER 05 1;

$H®2 HEERNMEEERGAHREFHEDMG
WES FHFEHREHER I EWHLE L,

BB 3 WAERMEEEMATIRRE X;

$®4s BELRSRE, HF X PEE PopSize 11T
.

XF OSet RS G F XHFT WG, BHMN ERWAFS
KiEBNE Ao OSet G iRMERTBIT .

Bt 1 CreateOSet

#iAN:ASet = {Ay,Az2,+,A,},CMatriz

it :0Set = {O1,0z,++,0,}

OHBEANESD A BB E (ODegree) ,it 3 ODegree(A);

@% ODegree(A) = 0,0 O;={0};

®# ODegree(A) = 1,0 A — NG 8kiEsh H = PostAc-
tivity(A),O;= {H};

@% ODegree (A;) > 1, | OSet = CreatBoolExpr (ODegree
(Ai), PostActivity(A;)) ,0;,= {OSet},

B CreateBoolExpr RIEMIATES A, W EBURIESD
A BIGSEEE Al A MESHESIHRMN A /RERE
B, BEWF.

#Hix 2 CreateBoolExpr

¥y :ODegree(A;) , PostActivity(A;)

B4 .0Ser

Dk=0Degree(A;), PostActivity(A;)=B;,Bz,++, By, B;7#A;;

QEEHLAE BITE R O 5 1 89 £ Xk EE Marix=[m; Joo, BT
FEFIRA-IEEEN L

+ 236 -

Ofor(i=1;5:<k;i++){
a=0Q;
for(G=1;j<<k;j++)
#Hm; =10 at=5B;;
# OSet AR a, JIMA a;)}
ISet H BTN OSer 2600, LEML A BE
3.2 ENESRE
RS, AN AN E LB EARERE TG
AR R A RRR SRR, A A SRR
BRURETYE. BN IRZENASHEMRA N LA Me-
deiros"*) % A 4% th (033 R (B o6 3, B B LR R U Sk %
BEMHABEINRERR, ARESFEFHAETESH
N 7 (17 0 » DR I 7 T A0 I R OR PE U B R SRR
FEM. B TAEREER, BRATEA HE MR REE X
EXS BREFMHEEN L IERERN Mk BEH4H
FRARRIZREBAFBE v Q<< BB E ., Is-
FiredTrace; i i RPUBHEBIEE S X BER OGEH &K
SO ICREETEHE &K, NumFiredActivity, 351 K8
BES KIS B, NumActivity, 8 i KSR HIESIE
¥, Punishment 3251 BR#(, NumArti ficalToken; & i K ¥
A ATHRNAIEE O N B4 B & SRR TG HEEN
(L G

k
Z n; XisFiredTrace;
Fitness(M,L) =aX= z

+pX

k
21 n; X NumFiredActivity;

k —aX
2n; X NumActivity;
i=1

Punishment

&
21 X NumArti fical Token;
Punishment=""1

& 2
i.;lni X NumActivity;

JiHBBEMERBEARTHENSHNE FEEL
A5 P SE B AR PR A B SR AR A 1 B AU S R A TP
R, B LATE SRR R SR, T A T4 Y b R T RS
HIWAR. BT U HEH R BEAR TR B AL,
BRI B B R BB T NI AR SR TR B Y s A B B R R IT
TR R 9 BT B BB AV Z R A . B ERE
&ﬁu?:

Hx 3 ActivityConvert ToWork flow

A ASet={A;,Az, A, },CMatriz,08et={01,0z,+**,0,},
ISet={I Iz, 1.}

#it EW-net=(P,T,F)

Q¥ ASer HEFEW R TE TSet ={T1, Tz Tu}s

O BEANBE T; Y B (ODegree) Ml AJE (IDegree) , 43 Hlit
3 ODegree(T;) ¥ IDegree(T;);

Q% IDegree(T;)=0,MA%E T, FIMF RIS Po, B E HIE
B 1,350 Po #1 T 22 [RIB9A B, #18 Po—T:;

@# ODegree(T:)=1Degree(T;) =1, MBI BEFF Prt1(k B
Bl EW-net P EEFRIANE0 .18 TP, Po—>T;;5

Tz },08et(TH=0,=N(A) A=V (T3), T €{Ty,++, Ta }, W3
FB—EK A BW—AEK P, 18 Ti—=Pss Pi~>T s
®3 IDegree(T:)>>1, H PreTransitionSet(T;)={T; s Ta},



ISet(TH=1,=NA) A=V (Te), T €{Tj s Ta b T —A
JoE A ®IN—AEEER Po 818 TP, Pi—>Ti, 5

@ ODegree(T;) =0, WHASTE T; FMGERES Perr, #18 T~

Pit1s
3.3 BEBENEEEE
3.3.1 #BERHK

HHBEC AR R ABRS S ERARRER. M
P38 I BE M FitnessCa;) , FPREMUAE N PopSize, Wik a; HF
—RAERIER R

P(a;) =Fitness(a:) /Pjquitness(a,- ) (3)

ATHEENEEH BN EEEK BEPHRS
22U BTN, 3 X g R B T ORAVE R AR S IN3E L F1AE
BEE.

3.3.2 RAAERXXXFEHE

SR 13032 B B e A8 L HR AR B R RT3 XA 7
B1E, BE A YIS TE H 32 RN R R LY B A
AL, BD B E R T AL BBy B D, 1 3 fR T AE
AERTEGEA e B L R R LB 4 B B LS AR
REMNEENFRME. HP AP.€[—(0—~P.),1—P.]JH

AP, €[—(1—P,),1—P,],

W XARY AN ERAMM M’M’éﬂ XERR RN ERRNM
AF, v

o

| == |

RERE

B3 AERRGHLNE AP, 1 AP, KRR #0416

BLAh, [ RE 32 AR B 38 SRR AR 1Mk 2 B B AR BE
B A3 LA R MR IR AT 38 X, AT B 75 IR A3
B, REAKRAUE B 135 R R 38 XAk 38 LE, Xt
HRLLBE R B3 AR LA A X /N O RS 38 3L, AR RLEE /NI AE L
AL KBS, AR RS B At iy B
EARMER NS REKKERIE, BRBEPRR Ak
AXEY,HAHEMER:

Similarity(X,Y)=1*(:§1X,- xor Y;)/N? €Y
X RBEEX WE MERY. BREEY B85 M EHA,
xor RAAFRBIEH .

SrinvivasU' 242 H B9 B & BB E B LR X R AT R R
BEBEIE N BEHEAT B 35 DL AR , (BT v 7 A8 I B A B
ETRIGENER,.P. AP, HERE TR, X bR
AR, FESLM BT BB LR E—R AR R £
R, HAGER R R BB TR, RITEIRES
HEALH B AT B R R BB A3 R 1 B R T
BiEN AR, RXNEATRENHETABARXMAG) —
R@®FR. EXBEFRABLELEN, ZXRESIERIZX
RN Bl B STk S R X R ) e AR AT S X, FERHIE ShAG
BHREMEM R ., BXEEHENEE LIS IE S CBKERE R
—BEIE B WX RL S B A B BT R, RGIFR
(DF s fra BT B ME R EE ;s fue TR B EEA
THYIERAE; £ FRR B B A P8 K E R f
RABEERMRBERAE; k1 k2 5 ks ok FEO, DX AIRAE.

TR B SRR AR B X B A Jr etk E AT A R iR
16, LI R MR P FEREVLIE E N — LN EHITER

BE. ERE - MREIHH  AZEH ‘3?5‘6’19%@?9@!—“—‘53:—
B, NHERMESI O AGEE.
b ={__Lmax_i)_, =1

max _favg )
kZ ’ f<favx
0, Similarity(X,Y) €[0. 9 1]
p.+AP, ,Similarity(X,Y) € (0. 1,0. 9)
P. (X, Y= R
(P.+AP.)(1—Similarity(X,Y),
Similarity(X,Y) €[0,0. 1]

(6)

R e L

ks f<fwe
P (X)=P,+AP, ®
R EAE T AR L B B R BT R
IR 53, I Bk /0 80 AR BLBE MK N 32 SUTTT R BURP B Bt
R BT AR S IEAR L BE MR IR RECR , N R R R 14
FRHBE, I RE R R SGEE
3.4 RABEMBEAENLRE
BHEREmME 4 iR,
(T T s |
[ zrxmEmietkx :ﬂgﬁﬂkﬁﬂu’,)\iﬁiz&ﬁﬁiz ]
REELMES 1+x;r#4\¢w=mmzmm ]

T

_:.Q
P, =<{ )

RERERABRARER E’ﬁ'&%é‘ﬁﬁr‘tﬁ)ﬁ&ﬁ:ﬁ#&fﬁ ]

TP, 3
ﬁl)\ﬂﬁZﬁtﬁﬂ‘#l

[%ﬂesﬁﬁx-wx Pacy + )\g ;.; ’}‘é’?&’f’m' FAFAR
[ é&x#]%k## ]
£
— mm:%k ]

B4 BEABNBEEREE

4 FRAREHRZELER

RTRAFE LR, #7 T KEMITENGERER.
SRERERBRSAEEHEN, ITHRER ML,
AT A 105K AEEEE, & shEE 57518 6,18,36 M3
B HEBTNE. FIFH CPNTOOL 4-3IHE 5— & 7 iR
EW-net it f745 & A AR ERE B &R . 7E0K A R AL H
BEOLF=4 100 R FE B, WS RN MR EEAE
PopSize=5N(N HESHHB) . EREBBFER «=0. 3,5=
0.7,7=0. 2, XM B E LXK P.=0. 85, RRIEH
EEAxFHE P, —=0. 25,

A 8— & 10 X A RIMBE M4 B FTER e
BALERERESME. AEPITLUEY, HAGABERAH
REF ISR, BB TR SGE R RS N .

E5 & 6/4ZER EW-net

o 237 »



S BB .~

LEEs LT E0
2888

-0
08

LY
¢ 0]

03]
[~ JARNE T E R MIGA P
| T
% 40 & % W00 136 W 10 w0 B 20 0 B0 40
#ER #R

B8 &6NMEHMBRZES B & 18 MEINMEEIZIE
s R E S E BACE B EESE

B 10 & 36 MEBAERRIMBNE N EESE

F 1M TEA « HET Medeiros! ™ 4 Hi 9 SGA H ik
R AR MIES BB N BRERE (HAGA) B8 R
KRmMAARAE AR ERMBATRE, WE 1P LIEH,
HAGA I o B3 .SGA K18 T B4 BRI ARAE; X b SGA, HA-
GA A ERAAEER, B PUTR [RMHBAE BTFER.

%1 THERSENAESRLE

. Bk R HEE
a SGA HAGA SGA HAGA
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