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Generating LTL Formula for Verification of Business Process Event Logs

Using Decision Tree Learning
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Table 1 Examples of event logs.

Trace ID | Trace
1 ABCD
ABED

3 ABC

2 HEOH
Table 2 Examples of properties.

(1) @ AFZEIE (4], (5] 2 RESEZHDTHS.

Property Formal Property
A BFEFENTH0OPIE B BETS D A = oB
VORI D E4EEFFETFEND o(D V E)
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Fig.1 Summary of our approach.
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Table 3 Examples with event order relations of
traces.
trace ID | trace AB | AC | AE | AF | ... | label
1 ABCEF | 1 1 1 1 . | true
2 ABCD |1 0 1 0 . | false
3 ABBA |2 0 0 0 . | false
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Fig.2 Flowchart for extracting features of a trace.
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Algorithm 1 % b L — A 25 OFfiE O

1: Input:
logo, ..., logn @ FEHIE LTRBENS ML — A
log; = (eventip, ..., eventiy,): L —AFA XY bPDEF
DICEoTHE SN2
AllFeatures : $XTDA X2 MEFHBROES

2: for ¢ =0 to n do

3 //step 1: & ML —ANS ANy MEFHEGEZMET 2

4:  FeatureListO fLog; = []

5: Results =[] : £ T O AERET N PLVTF—%

6: for j=0tom—1do

7 for k =j+1tom do

8: FeatureListO f Log; .append(event;;+event;y)

9: end for

10:  end for

11: //step 25 FMOMEEFIHT S

12: for L = 0 to last do

13: for O =1 to last do

14: if AllFeatures;; == FeatureListOfLogo
then

15: ValueO f FeatureListO fLogo += 1

16: end if

17: end for

18: end for

19:  Results.extend(FeatureListO fEachLogo)
20: end for

21: Output:Results

N Tl #sftd EH<0.5 TH Y, ZhiddLdHb bk
L —ZZBWVWTE—-HDIETA XY M7 E N5
False 2470 L (K 3 RAMHI), 29 Thwizd True
(14 3 d7efll) 124 5 &) 2 & 23T, samples
WFRERDHELEICHN ML = 2D TH 5. value
1% samples @ true F 7213 false #F 9% b L — 2K,
TEMOEAE false DEL, A OEIER true DE
9. class & value I8} 5 false & true D AR/NEFRIZ
LoThEEND., AEOZENLY T/ —FiCB
WTHFEITEND., —DD 7 T AFKINAIZL - T
HEINTAERTHY, 7IATNAUB1LOHEHEE 0D
Y& oM ORI 50 (50, 48 + 2) TH5H. ThHD
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I LT CRTEIO ik TR S N eE R 2§ 5.
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value = [50, 50]
class = False
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Fig.3 Decision tree based on event order relations of

traces.
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Fig.4 Example of decision tree.

(AAN-B)V (mAAN-C) (2)

COMBREBRIEICH WA Z & T, MRmEREHW
2E00, L) -FOEOERZ KM L 724 %215
LNb, ZO7 A REH1IZBIFLTHO [LTL 2
L BRG] T A,

4. ¥ 1

COETIE, REFLEOFIE r—AZXY T 1 %
frolll, FRLIBT S LILoTRY. 7
oy b EFIET AN 4.1 2BV THHT 2.
4.2 TIIRETEICL D RERTHEL, Hrrzkmi
AZERT 5. 4.3 TEATTRUE LwENIZ L 2
MERE, PRI & 2T, AR L 72 & 2 MGE,
MTFEE WA OISR LT 5.

4.1 FFEBEITOER

Taldzy 27 ETHTOATHRTH Y, 200
WFFEIZ B 550 TR S N2 FEED H 2 BakisH 7
Ot 2087 e SHio 7z oI Hvb, Zoasid
1104 D P L —=2I2BT 5 12 HEO A XY P2 b
11855 DA N FAFLHFHENTE Y, KL —AW
BEBEHOTO LA EZR L TWD (Bfk, HBEEK 5
Mr, BIAEROMR, ERUHEOT = A ThEDA N
MR END).

FFC X RS T T 2 AR A 4 FEO T LW
IR L WhE - 2R oORT 2 H W, ko
EZD—HTH 5.

correct : ¢ (activity==Repair(Complex)start
A ¢ (activity==Repair(Complex)complete
A ¢ (activity==Inform User
A ¢ (activity==Archive Repair)))) (3)

incorrect : ¢ (activity==Repair(Complex)start)
A ¢ (activity==Repair(Complex)complete)

A ¢ (activity==Inform User) (4)
Correct 1L —HFOEH %2 EMEICRKML72LF Lw

(1) : http://www.processmining.org/logs/start

Mg %% L, Incorrect |& 2 —H D E X % IFHfE I SCWL
LTWAWREKTH D Z LA KT, ARMGE IR
FTAREFHAZ IEMEICRRTE TRV v ) R
ATI37% B AL CHFRR B O Mi#EE b o> Tw»
LYV EA. W ORHERIIP TV B,
NOHEZENETNRLDERE SO0, W OMGE
FERII R DR RT. Correct DFmHlaliL 1 X
I “Repair (Complex) start” (A) 25E4T & I7-6 %
D) HAXRY b “Repair (Complex) complete” (B) 7%
FAT SN, VWO A XY+ “Inform User” (C) 23FAT
S, WO A XY b “Archive Repair” (D) 25347 &
N5 EVI)GRHBXTHY, TOLDINLDOMDDA
NV MIOVTHAESNBIEFIZ—D LML L W
(ABCD "2 OMEFTHETSNG). 22T, FFHFS
N5 LT hbbigE LR, BICgHESNL L
T&H 5. —J)57T Incorrect DMz 4 X b ABC
WENENFEFTEINE LI BDTH L. ZOFmst
HINL =20 Ny MZOWTETFENLNEE
FreHeLTwirnzo, ABC,BAC,CBA 44 7
M ASFF4E S A . B Incorrect DRI TIZ A N
YD DOFEFIZOVTIEIRBE ATV AW, 2%,
Incorrect DFHEAIIIZ A NV N ETNEF I A1
BLEMORFLELEV) ZODMEIH L. b
DfBilX LTL checker # W CHGREE N A, Zhud
B 112B W TL ERRICRIR & /e [LTL 12 X 5 4GE |
24T 5.

4.2 HBEINREAEHERX

TEAREREST H72012, A XY ba s z2ilHET—
YETFANT=FII0ET A, AWT - 3EOR S
Ehourrs 7 vy ATEREN 50 RS
77 ATNNVEFEHTHTL. CNL0HT—%
HHWTHEARD CART 7V T AL [6] 12L& -T
scikit-learn [12] Z W THESE S LS. X 3 (33T —
Y HORESNITRERTH S, ZORERIE 3.2 12
BWTHPH SN TS,

KIZ, 3.2 BV THBH SN PE AP ST
7o B R R Y. C OREARD S AR S Nz P
(5) THAH. KEITIH, ZOWEAITHTHEIL
RS 5.

(¢ ((activity == Repair(Complex)complete
A ¢ (activity==InformUser)))

A ¢ ((activity == Repair(Complex)complete
A ¢ (activity==ArchiveRepair)) (5)
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Table 4 Verification result using manually written
logical formula.
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Table 5 Prediction result using decision tree and ver-
ification result using logical formula gener-
ated by our proposed approach.
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Fig.5 Comparison of a result of each step and the
other approach.
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