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Interpretable Repair Method for Event Logs Based on BERT and Weak Behavioral Profiles

LI Binghui, FANG Huan and MEI Zhenhui
School of Mathematics and Big Data, Anhui University of Science and Technology, Huainan, Anhui 232001, China

Anhui Province Engineering Laboratory for Big Data Analysis and Early Warning Technology of Coal Mine Safety, Huainan, Anhui 232001, China

Abstract In practical business processes,low-quality event logs due to outliers and missing values are often unavoidable. Low-
quality event logs can degrade the performance of associated algorithms for process mining, which in turn interferes with the cor-
rect implementation of decisions. Under the condition that the system reference model is unknown,when performing log anomaly
detection and repair work,the existing methods have the problems of needing to manually set thresholds,do not understand what
behavior constraints the prediction model learns, and poor interpretability of repair results. Inspired by the fact that the pre-
trained language model BERT using the masking strategy can self-supervise learning of general semantics in text through context
information,combined with attention mechanism with multi-layer and multi-head, this paper proposes the model BERT4Log and
weak behavioral profiles theory to perform an interpretable repair process for low-quality event logs. The proposed repair method
does not need to set a threshold in advance,and only needs to perform self-supervised training once. At the same time, the method
uses the weak behavioral profiles theory to quantify the degree of behavioral repair of logs. And combined with the multi-layer
multi-head attention mechanism to realize the detailed interpretation process about the specific prediction results. Finally. the per-
formance of the proposed method is evaluated on a set of public datasets,and compared with the current research with the best
performance. Experimental results show that the repair performance of BERT4Log is better than the comparative research,and at
the same time,the model can learn weak behavioral profiles and achieve detailed interpretation of repair results.

Keywords Event log repair, Weak behavioral profiles, BERT,Interpretable model, Attention mechanism
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B RAR B
3.1 Mask iESH#H

NLP H 3 5558 28 BT L) W7 — A 8 81 2 — A~ 0 1 9 B
RO ZATFAAHEARIESTHRN, AE—4%H2A0 N
A~ token BYFFN AEH seq= 11 ots s ooevtn) o FRUE SIS T M
#l (Standard Conditional Language Models, SCLM) 7E 15545 i
AP b token 9 AR B MK S8 By J2 % A0 B Z AT R AR B, /D
(ty oty s sty ) o PG, SCLM B0 3% 52 91 Sk — A ) F 14 K
2N

p(xeq):’ﬁlp(l, [ty sty seestioy)

FERE Y 25 1 b2 JR KA 5 50 (0 TR AR R 22

ELMo ffi F{ LSTM #:47 £ 2 X1 i H W8 U1 25, H 8 B
M i AE FAY token B b T % 07 B G 1 895 B, 1D
st ) s PRI R — A ) T R AR N

<t/+1 sligo st

p(seq):ﬁp(t, e otyseestio)) —b—ﬁlp(t, [ty st sy

tn)

BT LSTM EA4 54, ELMo 7£ # il H 4% token Hf
SR & — 77 o) B {5 . BRIV ) i 35000 e S Re 4 AR I S
A4 B o B ] T B AR A DA 1] m R4 B IR AN e IR i F
XL A AT

GPT i il A 1 2 J BL il >k AR 1% 48 00 1 26 ol & ) 2%
(Recurrent Neural Network, RNN), B ‘& ¥ ill H #% token i,
S B P A token XFIZ A MR 14 EL AR
e EH AT A 8. Wi AL ) SCLM —#F,
MR 3 S A2 B AT (AT 30 260 19 O 2 AT U 55 9F B A R
BHE B T —A4 token B, IEANGERE F1Z token Z J5 W ME
B fln, £ ¢, iy, GPT HBE R o Z A0 915 B B (o
Lrsmsti ) oA Tt AR B 2B e, 7E T 2,y B3 25
A A5 1Y 4 i 0 BU H AR R94E B . BT B R ] LU ]
A FBAE S K I AE B0 2, , 5 2 J5 1H (Y token 3 35 451, AP
4S5 T Y token # B IMASK 5 .

Sy Y RE X ) MR T B R I HLEL BERT i 7 MLM
19773, ANTE TR LR A o A R S R L B0 R — A4
token, A A2 P 51 op AN J& T 3 8 0 8 B2 Hh 19 token 3K
M JE F 1 token, 2578 —IF N seq, HMEZE P, 3 75 B
HERY token Jf A4 B IEEHE 5 2 45 L 1T Covaae » HAL 19 token A
MEF PR e i MASK bRk . SR IEBEAVRIH] 1R e fE B &
T seq v 4 A~ [MASK X R JF G token, 3X FE 76 1 F v 2%
AT U0 B, 5 AE [R] B R seq oK B HE (Y token, 5% B
M) 2 3. Cos A token 25 70 AR 3 P 8 8 # h
[MASK, #i¢ B P e BOR H H BEHLIY — 1 token, i B
P onsean FFAALS , =8 Z RN 1, i FH 3D 55 58 s 7 Ji K]
R TN ZR MLM I {8 i E 8l b4 & [MASK ], (B 78 5 45
0 2 Y i R A 55 I AP ) R e AN L AR R
B & 3RE 30 4 7E TUUIT 2R A0 B8 =2 i) 7 A AN DG T A ) R, 4R
T 4 BR L 34 JE 40 SR, MILML - S 13 [ MASK ] 45 4 11 2 16
—~ token, B A AF AT — 4> token #B AT DL gk M8 g W Ll X
2330 A B FE T 2 A I 20 1Y token IR BB 2 T R AR
B MRHEZ RN LT EBRA LT SOR#AT A4,
TEA S, BERT4Log f# A 1) 3 i #E 2% 5 J5t BERT A [5] . BJ
Pt Preptace FUP conan AR S350 0 0,80, 1 F1 0. 1, {140, 275 5
— 2% o XF R G BTSN N Casbadesgyid » 37 F 20 38 e 5k 4
HCse ={d} W2 BRI 3 Flg A0«

(1d £ 80 % Ity A 22 B 3 4, B % 4 il [ MASK ], 4n o
(a+b,[ MASK].e.g.i);

(2)d A 106 1 HE A 4 B 4 i B WL 9 — 0% ), 2 o>
{asbsasesgsi);

(3)d A 10 MRS ARFEA AL, RN H57 0% 2, W o> Ca,s
badsesgsi),

G BT B E I o= (er ey s
A Con TR F AR BIRE AR

D Cemuic) = PCemask | €1 5€2 500 ve,,)
P e € Cos se1 v€2 5200 vy & Crue s <L,

H AR 5T A g5 1 H G 18 500 3 5 6 WA i A 06
PLM. HASCA 2 B ELMo & GPT i /& % £ ¢ BERT 4244
B B R 2 . ELMo i XU LSTM 2 4 25 35 4] 7 B9 15 X, (H
YR AR, LSTM JE 34l 4060 A vh i R AR D6 & . ol
AL F— B TR B 54 R MR Z B miE X FR . IFE
ML HAES AR SEMER ST LRI, 5H T EZHKE
AR T AT Py — B SCAR IR BRI AR SO 8 A5 58 1
RNN, M2 A RREBEE. GPTHMT ETHER
JIMLHI Y Transformer SR FEHE L X R HH TERZ —FH#
] AT LR, 7E S H AR token B A [ B 25 58 S T 1)
ERER . B ELMo &R LSTM, {H i T+ SCLM Ky
Y0, TAE BT 1) L T R A 6 B Y token B I AN B[R] B F)
H 55 —AJ7 ) B (5 B 7 WK 82 15 B 45 J5 B2 ) 25 1) 13
W, psE S5 A b s g 5 AT R R S B AT ER,
YE—F MLM, BERT 454 £ )2 £ 3k T8 & 1 AL 52 30 A XL m)
Transformer 22 ¥ 7E WM token B 7] LA 7] B % j& i A1) v T
A8 B R, BB IR AR A R T 2% ) gl T 2 5 3
T RS S 2 M AT R . LR IR AR SOl TR

,e;) s BERT4Log il —



AEMNE 45 FE T BERT RS AT oy 58 16 00 AT A B PR 00 HS 8 =05 vk 43

BERT 122 14 A& S AR BT 4 40 H 35 90 HOE B 3Ll A B
T 1 iR T 45 5L B AT AR R
3.2 BERT4Log Ry Ay

B KER LT o="Cerre,rye), HP,e €E,
5% . BERT4 Log 7 44 3+ 14 4w i 5 £ A E 2009 1) 5 X R A
REH A BIE S B P AT U 2. X F R g 1, 7T L % R
5300 4 By A2 o Y 45 A TR S R RS SR BB SR TR B 4 ) 7 =X
BV RIE R R . o TR T R M2 3] Bk H AR g AT
HKR L ARANEA PG RN, W EeEA
A B R B L X B AF A BERT4Log 1932 JHME., X T3
b oAt IR 1 AT LUK B /E BERT4Log 19 il A1 45 5k &b
¥R (N A\ BERTALog W42 BUAL & H 747 9 29 30 1 sl A B
TR HY I A ) 1 g S T s v 1B E 5 PPML B S50
1550 . B, A SO 38 o B 12 iy Hxt 1 36 30 5 8 Cact
acty s+ sact) ) FTem HH act€my (o),

WP EATE SRR E 2 PR A Z LB, A SCK S
PR M /N BT RO L I It BERT4Log B9 ik A JZ B 42 fi

A B — D)2 S BUE M L9 S 1R A5 fF M
XFF W0 Bl 0 S A ) B AR R L AL T e A R
N RBEE . 16 S A SR BE M, AT DL [ 3% 3l i 5 R [ G
TG SR A 16 ) )7 51 28 35k ML W] LAAS B 45 A 1 2l 6 B 09 i A ]
X Hohx =M, Cact) i€ [1,0], T
BERT4Log fifi il A i & J1 HLiH AR £ 4800 RNN, X £ 53
J¥ 5 v A I Bl XA B AR BB G PG T X I P I )
F AL HE AT B o A, DTS B R i A ) RS AR
B, BERT fli HAY 2 LI S A X AL & i 7. T
7 H R R L, AR S T 5 0 Bl s A R AT 2 0 G i T
Koo 78 A R A AT DUAT B A7 8 i A SR BE M, , 3 o A
57 X N A T R (el xt e L xd) L HE R =M, (D)
i€ [1,0]. fJa 450 3 5 % N A7 B Y kA ] i % ot R A
JE S BIVRT A5 20 A T 3 e 2 A BB AR OA 1] AL e
X=X 5 0eox,) Hohx, =xi +xt i€ [1,0], TG shik
AN e B A= NI s 2 2 D[S e N R D 5 A
Bllxg s oo, € R hat , X € R s L oaa T A (0 5

L, (e, xg e

FHA] 22 30 0 4 1% J7 38, 0 A J& BERT W 6 A9 7 5 ik A AR .
shared Softmax Encoder Multi-Head Attention Scaled Dot-Product Attention
r Xve_ig_ht_’ Linear
| FFN2 Multiply
| GELU
| Linear Softmax Scaled
| X FFN1 Al 1 -
| e 7y : | Scaled Dot-Product Attention u Rg
| Encoder = : X r's Scaled
I it [ Linear U | Linear U I Linear U
: n_layers B Multi-Head Multiply
| ; Attention i M
| Encoder 4K v
| )
| o .
Position embeddin
| S *{ Embedding Layer |- l_“_“_“T“_“_“_l . . B
OOOOCOOE Activity embedding
g

[ 2 BERT4Log HJ M £ 42 4
Fig. 2 Network architecture of BERT4Log

B H)T o %R AR A 8 = X SR X A B A
fx AT GE 3 MR LY E A 0 N Lo, Ly MLy . 4K
Je it 3 ASANTR] B 1) &, 43 00 S I B A il g, T Bk TS
il AEENBE Nd, d Fd, I Hd,=d,. BTHHE
ERIPE = F W 58], B,

g, =Lo(x;)=x; * Wy+by

ki=Lx(x;))=x; + Wx+bg

vi=Ly(x;))=x;, * Wy +by
Hodr i€ (1,00, Bl AY K E Wy € R e e [ Wi € R lmosc i F]
Wy € Retmia o G35l kg 3 A2k M )2 B A T 46 BE © by » by Filby W] 2
it 22 39

TR A 2 09 4 s BUE B 7 Bt (Scaled Dot
Product Attention) , % & 43 F Hl q F1 k >k 35535 3 Z (8] 1
BhAEs. BARERN.

. { softmax("% ) if @, € Cone

€, if a; € Couak
Hodr s, AVRTE e, XTI, EE 0%, €[1.1],/€
(1010 #a; € Couses WK s, B OF e, X R M0HY R 2, U1 25

HAR R T Cnaac AT B, P IR TR 7 32 13 Crne T IS
B AHR i TSR 75 2 5 1) 5K 5, BRI BB 13 3 0 3 2K
BRNE MR — AR E NG BRELV/d, o] LR
FaER , BEEII Sa, 500 HTA KRB FCouea B0 30
19 B9 2 7R =, » BV SR o 0T A 1 Sl B, 5 0 R 4 s 1 AR R
M, BARFRRR:

z.,:Ej:x,ﬂj .

b BRI S X B S B A AL B 4 T R R
SN AT I, R Ny

Z:Attention(q,k,v)zzj:zj:s,j .V
H,zea” s . XA BRAIR T E ) 5063002 W 40
50 BIVAS 8 2 WY $tb 34 47 5 A 35 3 100 B0, AR sl 5 A7 Ak 2
T 7 70 LA ) B A 330 5% 378 o 1) JOT A 9 B0

SCHRL20 R BB g k Fl v 43 5 2 IR AT AS ) 1 4 ML %
AN FMCHAEH 2 L P B AR R SCH R AR
[ EARRRFERBAGES . T PM s B &,
AHARe% S BN AT AR, £k i ) B (Multi-head
Attention) 1AL 24> FEAT 19 4 Tl s BRI B O B AR R K E AT
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Bk ROk . RN 2 )R T AT AR 25 % 4 L 9T LA Rt B
B4 B0 R A T 1 0 R [ . S ok, T KR H I 1Y ) R 485
— LRk A R AR ] B

H=MultiHead(Z) = Concat(Zy +Zy ++** + Z, yeaas WE + b
Hrhon_heads HTERE SIS BLW € R s Jy R APE R 19 S
BOERE sbe WRPET; HE R ey Z 2R WM IR S
eH A X B4 AR .

BB T 2R P H AR SCHEE N kAT
R 2% R F AT )2 FR 4k (Layer Normalization, LN) , &~
il F ARt BERT, A SCHKIR 4 2 4 % 2 )2 FFN1, GELU #1
FFN2, BARERN:

H, =LN(H+X)

H,=FFN2(GELU(FFN1(H,)))

HoH L H, €3 B B T — AN FEA ) Encoder
B, HTHES n_layers 4~ Encoder B, Il B iy A Fl fiy 1) 4
AR, .4 — Encoder BB A X 5%t H, By 45
BEEB R 1 X dyoue «

BJG K % i £ )2 Encoder Bt 1Y i H i A 2 — 4~ A
GELU #ih B k)2, BEEMmARNRR — &MU E,
IF XA Z WA E L E R AR E, k&% Soft-
max J2 5 15 5305 A0 E 0T I h i

AT BERT, A SCFBR T F — JC I A7) 19 B A 5%, Hi Ut
Al L7583 BERT4Log B4 H AR BR B -

Log  Cunask

max ; ”Ek log pCactm |acty sacty s+ sact,, ;0)
HP act ek € Chuk sacty sactz s+ yact,, & Chase s Chus N 0 T
WEHEAR S .6 € Log,0 2 BERT4Log 1 7] 2% 3 S50,
3.3 HMIASAM@EEE

TN ZRI ) 1 F AR AT B B U R, U 2R 58 1k
Je . — B B RD B 5 o PLM R B 82 bR AT 55
— PR FHRRAE A U7 2, B PLM P BUE 7 token R #8156
F IR [l d AR5 R LA B0 X AR AT 55 i T AR T
T — PR S F 00RO 28, BD X4 2 AT 45 4F PLM (W 3L RE 1
FRHEAT — VR W B 00 I 25, 391 1) v) R 2 AE PLM H fin A A
B 4% J25 R 45 98 43 S s A G Al O B T . AR SO SR BB
TR 7 IR R A5 VI 4 1) BERT4Log &S 4k. |
FTHEELZHMAH EPEALMASK] bR X T 508 5 B gy
T, A TS ) A B O P G T BT i YE S . JF B
AR HERMAQERENEFAE IMERMEERNA R, &
A R B A B R — R BB, BRI R E
WA AT M B IR,

XF T BERT4Log 1852 45 R 0 ] filg BEM: A S0 25 X il BT
TP A 3 B (),

Ql: A ff 4 BERT4Log $ il v R A~ B 19 1 3l F RS 2

Q2: 4 BERT4Log ¥ T 1A Jy 4 15 (1917 3l 5000 A H: A
537

ARSCHR A 22 3 1 R ) R3S AT O B Y SRR Sk i o b
MR IRD R, E T 2 b I A A R GR k2 R, A B B T Y
AH G R EGHAT 8 SR OFE 5% R B RN 125 LA 26 Python 89 £h
REIERXER) .

B TR BERT4Log B4 A FIET Y . B0 H A
AL R R H R e Ao . H U T AR
53— N IABE G R A0 K oow s IT How Foou MK AN
Ti— " o, TS BN Z E W R T 8 12 R score. BT
BERT4Log i1 £ 2 £ L8y H T E I LK, B e R — 2 5
—3k FEEE T AEEWAME LESZ R EE — A
ERIIEGE s, Wo T — B o — 3k LY 200 4 8U8
Fid K score,, - BN ImRiL sy . Hp.i.je[1.1].n€
[l.n_layers],m € [1.n_heads],n_layers N 3.2 T/ F
Encoder Y& )28, n_heads } 4 Encoder B9 i S 1Y
KA, A LA B3 Tow 76 T A )2 093 2 07 43 80, B
score € prtversntead X PR G FR A RN A

BERT41.og(si,) =0, sScore
Hwk 38 33 X Hooy, o, K 5 5] BERT4Log ¥y, H 1 2L 35 3l
FIE i, 0 B2l 55 S MR EE TR B, R L A S0 RE XORR B
getTraceDif f. BN o, Moo, Hi N dif [ E K5 —
NITEEE N —AD =TT Cerr_posserr_actsrepair_act) , Hr,
err_pos i BERT4Log ¥|Wro., 1% sl B 55 WAL B L err_act H
S NE B repair_act OIS G TR 3, BT B AN 1
J 7R
B
Input:cin s Gou
Output: diff
1. Def getTraceDiff(6iy s 0ou) :
2.diff =[]/ * MR — D HIFE = /
3. foriin[1,1];

function getTraceDif f

4. actw=o[i]

5. actow =o0ouli]

6. if actwFactou:/ * W R ow 5 oo M F AL & 116 3h A TH] ] £ 7E 2
HE L % /

7. diff<— (i, actiy - acton) / * 10 5 FIHE 1907 B DL K 2 13678 = /

8. else:

9. continue

10. end

11. return diff

PL— A~ 87 58 1 481) - U8 W o B0 get TraceDi ff WFE .
HE—NEERE N Bo, = (arcrcrasb) A= {a,b,c.d} B4
H# A% BERT4Log 114 Eloo, = (abscra-d) L KR FERE T4
B score, Bid getTraceDif f(oi 000 ) AT VIR E diff=1[(2,
c+0) s (5,b,d) ], HIT R /3 B R R I Mo, 1 2B 2 AL E B
%5 ALE FITES) a Ao FIEE IS5 N oo THAH R 1Y
bHd,

T BERT4Log i ] 20 J2 2 3k i T8 B8 1 - I il v 4
FLE BB S BEA n_layers X n_heads X I AN 150
B, HIE X Fow A B ARG S 0TI IR TS 3 A
HRARTE TN . O T AR XA R A A R A S A R
W 1 3% 3, A SCRE LR Y getMaxScorePos., B B i A& score
Hl pos, A 54 BWRIGE s o, PRI E . R ER—2
B B — 3k b B B KRR 7 4 00 T S o6 B A L S e
layersXn_heads 1>, B AR RMEE 2 R,
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g%k 2

Input:score, pos

function getMaxScorePos(score, pos)

Output: MaxScorePos

1. Def getMaxScorePos(score, pos) :

2. max_score_pos=/[ ]

3.for nin[1,n_layers]:/ * M & —)2 * /

4. for min[1,n_heads]:/ * PE¥H A —k * /

5. max_score_pos<getMax(score,m [ pos])/ * g ¢ 7 B i B K
B O PAIE A

6. end

7. end

8. return MaxScorePos
B, A FRIG RN score UL K pos iT score M5 — 2
55—k TR R Hyscoren o T (=5, W score, J&— 1
5X5 MR, & pos=2,IF BB scoren WIS 2 4T M9 143
$04(0.1,0.3,0.1,0.1,0.9), W3Eid getMax(score, [2]) 5
BB =N 0.9, X WAL E 5. UK, PEES — )2 — %
BRI 508 2 MM EMNES LES . REHMAME S
St MaxScorePos 51 R, [R5 5 2R R )2 LA %
FA) 5 R T 2 0 43 0% o Y 2 8
HTF ik 3 A ehE. W LI & BERT4Log & & 1 fif B 5

% Explan, ZH LA Mo, MIWBP" , i & N & A WM& 1
i, J5 2 Al %k BERT4Log Bl I 25 14 B 35 X5 0 1 5547
R, Wi N topN_act Fl con , 53 540 55 ¥ 4 55 0516 52w
BRI 2h DA B s B JE 6 AT N A A R A . Bk
WM 3 iR .
&% 3 algorithm Explan(c, ;WBP")
input: oy, » WBP"
output:top N_act,con
1. Def Explan(ai, » WBPL) ;
2. Gout s sScore=BERT41Log(si,)
3. diff = getTraceDiff(oin s 6ou )
4. top N_act=[]
con=[]
for d in diff.

ep=d[0]/ % err_pos * /

ea=d[ 1]/ * err_act* /

ra=d[2]/ * repair_act * /
10. coni =[]/ » JI Fic & & i 1% sh X 5 WBPL 1947 7% & J&

o

© o =N >

*/

11. conow =1/ * HTILRIERIG 3% 5 WBP- (47 4 15 7 &
x/

12. msa=[]/* I TICRB 28 —KXLT cp W KEBE N
Hox/

13. msp= getMaxScorePos(score,ep)

14. for pos in msp:

15. if 6in[ pOs]= = 6ou [ pOs]:

16. key_act=oi,[ pos ]

17. msa<key_act

18. WBP{ = WBP’ (ea,key_act)

19. WBP!  =WBP’ (ra,key_act)

20. WBP. = WBP" (ca, key_act)

21. WBP! =WBP" (ra,key_act)

22. con,, <—conform(WBP!, , WBP})

23. con,,,<conform(WBP’  , WBP" )

24, else:

25. continue

26. end

27.  top N_act<—getTopN(msa,N)/ * 3 msa o H B [T N 19
Wl =/

28.  con<—getMean(coni, — conoy) / * FRIMAE &S B AEAT [ 19 48
LB * /

29. end

30. return topN_act,con

BBk E AN, .score Tl dif f (5 1—3 41) I3F%)
WRAEFN % topN_act Ml con (58 4—547) , BHEBEMEN iff
T =T CGF 6 17) , XA A AL E 1A 18 5 & BT
PR HT K = TR A KL epoea Al ra (55 7T—947) . &
Kotk ep P E FITE SN ea & BERT4Log & & J5 28 4 oou 1E
ep PN E LGS ra . SRIGRIEG K coni s congu 1 msa (55 10—
12 459) . i getMaxScorePos EUG B ep {0 & 1 B — 2 &
— 3k b B R R B AR B L B 3R s p (B 13 47) L
Filmsp| =n_layers X n_heads, ¥ BN H msp T & —14
P8 pos (3 14 F7), IF H W B & K on [pos] 5 T
Gou L p0s s Blloy, Moo FENL B pos FEYTE S — 3, 28 2 T
WA s . M key_act o [ pos 13 H HIMA R msa 513
CFE5—1743) B R T B2 — A [ Q1. 38 msa il
AT AR 5 W T S0 B /E BERT4Log ¥ ea JI 58 i B ¢ 5 iy (K
FOE 2710 5 A RS A R B R T3S 3 X = 6] Y WBP?
FIWBP" (3518—2317) . 5o TGS XT Ceaskey_act) Z [0 1)
WBPS, s L Koo GBI R} (ra s key_act) Z 18] (GWBP?, (55 18—
19 47) , #: 4 #% i WBP" 35X W5 A~ 1 3l 4 19 55 17 o %6 B (56
20—2147) , 3 J5 43 3t HWBPS, \WBP:, FIWBP" 4T W75 &
BECH 22—2347) X W R 45 2 B 545 6 )5 F 1 A
OB 281, AT, MUY BERT4Log o1 T Y ea BLH
Cou TV ra, ] A By PR LB TSI W ep 78 L BTG Bl ra
B R AT A AR TN L5016 2 2 B 0947 g 29 S RWBP , I X
Q2 TR, B Mo, T — DL E BB E BT TR
RN i R (5 28 47) TRV BBAIE 38 i f f oh b 5T 24 3 15 3] X %
e300 TG B ok AR Y A% R

4 EBISWH

AN SN BIELE B R T RO B B S
AL AL TR A & H A B A P R Y DA 98 A DL K T 2k
BERT4Log [ BARS % 48 )5 & /7 BERT4Log %t F 7R IE #f Fl
B ) A A PR RE IE 5 B S i AR R AT R L AT s B R R
o F A v i EL A O R S B0 A T 5T A SR A R
4.1 XWigit

AR SCAE 2 FE RO SR IR T 4TUY . Hop Bpic2012 J&
IR T A 22 R AL 4 Fl ML A B SRR O R R 0 R R H A

D https://data. 4tu. nl/search?q: =keyword: % 20real % 20life %5 20event % 20logs
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Bpic2013 ji 3% T % TR /R IK 1T (0] 855 5 2R 45 10 37 7 552 491 5
Bpic2017 5 Bpic2012 AL, (HH 2 A G I & £
AR AT B B 5 Bpic2020_PL & 15 22 filk 3% B R I A 56k
S0 F AR 05k T 5 E BR 4 AH 3G 1 3 R 5 Hospital Billing
K AT M X PR B R G 0 S A e, b 4 A 5 R IR 45 3T
A SC I TEFE ; Nasa f& 90 5% 6 F NASA iy 5L 8 R 4 54 1

HF & A I BRI M IR TS 0 o iR
EfFRREGHRE., LREAEENRESGIHER IR 2
i, o, Cases #l Events 43 51 Ay 344 H i v 3k A 244 19 1
%, Trace Variants Ml Activities 43 5l 7 7 [6] 1 36 7 51 1 A4S )
W s RS AU 8. Max. case length Fil Avg. case length I 43 51
8 300 14 fe KA BRI

2 HFfFHENGITHE L

Table 2 Statistical description of event logs

Datasets Cases Tr.ace Events Activities Max. case Avg. case
Variants length length
Bpic2012 13087 1366 262200 36 175 41.79
Bpic2013 7554 2278 65533 13 123 8.68
Bpic2017 31509 16692 1202267 66 180 38.16
Bpic2020_PL 7065 1478 86581 51 90 12.25
Hospital Billing 100000 1020 451359 18 217 4.51
Nasa 2566 2513 73638 94 50 28.70

HT S BEA SO ik A R R R A SR I E A4S B
B0 25 R B SCRR D4 7 o B o . % BIF 90 6 A1 B i o A
H & 0915 5 5 R 43 S WA B B, 433 kg 3 BRI A, i AR 4
B 4% 5 7T BE 4 36 2l L 5 A AR IS T 0 2 R A T A R T
T4 SR 8 5 45 S 1 A 9 BB % T A5 80 Sy 1 S ) sl HG A 56
ARAA . TR B O R — A AR SO R X A Y Y R AR R H
AR MR R, BT e AT X A B A MR RS A A S T
BARLE, R T AT Fah g AR AR A S0 % R
P L BT 43 2R IR AT R 09 16 2h 7 0 T AS 2 g s ] A H b R
XHER] LU BERTALog 78 B Il 5 7] % 1 T 2% 2 4 2Z 7]
BIAT T 20 A i A 22 TR A L DT 6 2 i T & T 5 4
Z A OCHK I B Sh VR SRy S 4 B B A 1 J M T S 6
B TSR 2 R LG A R R A () DA R IE AR 2 1 32
P BT SCERCATR 7 R T AR R M, T AT K,
XoF 5% L i s AR K s ) T 1 3 A T E A DA DR 2 oA O
I 52

T Br B, B T3 0F 0P AREAR B d /T A SR 5
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Table 3 Accuracy of missing noise repair
B=10% B=20% B=30% B=40% B=50%
dataset Low High Low High Low High Low High Low High
AE AE AE AE AE
Mask Mask Mask Mask Mask Mask Mask Mask Mask Mask
Bpic2012 0.795 0.975 0.992 0.786 0.947 0.984 0.765 0.910 0.975 0.726 0. 859 0.964 0.666 0.788 0.945
Bpic2013 0.717 0.677 0.807 0.700 0.632 0.803 0.665 0.583 0.789 0.633 0.539 0.761 0.575 0.497 0.728
Bpic2017 0.736 0.938 0.988 0.733 0.905 0.982 0.728 0.851 0.975 0.719 0.768 0.964 0.706 0.656 0.945
Bpic2020_PL 0. 750 0.920 0.976 0.746 0.821 0.961 0.729 0.728 0.942 0. 700 0.616 0.907 0.664 0.512 0.861
Hospital Billing 0. 838 0.905 0.916 0. 840 0. 869 0.932 0.824 0. 805 0.923 0.779 0.730 0.891 0.733 0.643 0. 860
Nasa 0.901 0.995 0.999 0.899 0.978 0.998 0. 894 0. 949 0.994 0. 885 0.908 0.988 0.861 0.842 0.969
F AP T R F ST HighMask 5 AE XFF A8 1 WG S, X T H5 5205 3 18 & , HighMask 7E4% 8 /Y FPR
g g

Wi MERE RO XT L. TT LA B HighMask HI 45 A M RETE £
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Table 4 Performance comparison of incorrect noise repair

B=10% 8=20% B=30% B=40% B=50%
B e A I A v
TPR 0.814  0.998  0.811  0.996  0.803  0.990  0.785  0.980  0.746  0.962
Bpic2012 FPR 0.794  0.945  0.785  0.913  0.764  0.868  0.720  0.805  0.645  0.719
AVG  0.804  0.972  0.798  0.955  0.784  0.929  0.752  0.893  0.696  0.841
TPR 0.899  0.974  0.897  0.969  0.892  0.961  0.889  0.954  0.881  0.939
Bpic2013 FPR 0.621  0.647  0.595  0.613  0.578  0.582  0.549  0.545  0.518  0.500
AVG 0.760  0.810  0.746  0.791  0.735  0.771  0.719  0.750  0.700  0.720
TPR 0.760  0.998  0.759  0.996  0.757  0.991  0.754  0.982  0.748  0.965
Bpic2017 FPR 0.733  0.953  0.729  0.924  0.720  0.880  0.709  0.817  0.690  0.725
AVG  0.746  0.976  0.744  0.960  0.738  0.935  0.732  0.899  0.719  0.845
TPR 0.827  0.995  0.824  0.990  0.821  0.982  0.818  0.967  0.809  0.943
Bpic2020_PL FPR 0.733  0.808  0.731  0.750  0.705  0.669  0.676  0.587  0.634  0.499
AVG 0.780  0.901  0.777  0.870  0.763  0.826  0.747  0.777  0.722  0.721
TPR 0.938  0.987  0.935  0.982  0.931  0.971  0.926  0.955  0.918  0.932
Hospital Billing ~ FPR 0.753  0.796  0.748  0.775  0.711  0.710  0.666  0.637  0.611  0.558
AVG  0.845  0.891  0.842  0.879  0.821  0.841  0.796  0.796  0.764  0.745
TPR 0.907  0.999  0.905  0.997  0.902  0.993  0.898  0.983  0.892  0.963
Nasa FPR 0.897  0.982  0.893  0.962  0.888  0.927  0.878  0.878  0.859  0.805
AVG 0.902  0.990  0.899  0.980  0.895  0.960  0.888  0.930  0.875  0.884
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Fig. 4 Attention score of a Nasa instance
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Fig.5 Repair process instance with missing and incorrect activity
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Fig. 6 Process of repairing missing activity on Posz to activity 43 in Nasa instance
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Noise MaxScorePos1 Repairl MaxScorePos2 Repair2 MaxScorePos3 Output
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————————————— ————————————— —————————————
Layerl Layer2 Layer3
Headl |change: (38, 20) > (42 20) change: (42, 11) -> (55. 11) change: (55, 94) = (21 94)
conform: 0.0 -> 1 conform: 0.0 -> 0.0 conform: 1.0 -> 1
Head2 |change: (38, 20) > (42 20) change: (42, 39) -> (55, 39) change: (55, 28) = (21 28)
conform: 0.0 -> 1 conform: 0.0 -> 0.0 conform: 1.0 -> 1
Head3 |change: (38, 95) -> (42 95) change: (42, 87) > (55 87) change: (55, 28)-> (21, 28)
conform: 0.0 -> conform: 1.0 -> 0 conform: 1.0 -> 1
Heada |change: (38,38) >(47 42) change: (42, 74) -> (55, 74) change: (55, 28) > (21 28)
conform: 0.0 -> 0 conform: 0.0 -> 0.099 conform: 1.0 -> 1
Heads |change: (38, 20) -> (42, 20) change: (42, 11) -> (55. 11) change: (55, 69) -> (21 69)
conform: 0.0 -> 1.0 conform: 0.0 = 0.0 conform: 0.0 -> 1
Heade6 |change: (38, 39) -> (42, 39) change: (42, 20) -> (55, 20) change: (55, 57) -> (21, 57)
conform: 0.0 -> 1.0 conform: 1.0 -> 0.874 conform: 0.899 -> 0.865
Average |Increase in conform: 0.833 Increase in conform: -0.104 Increase in conform: 0.161
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Fig. 7 Process of repairing incorrect activity 38 on Posg to activity 21 in Nasa instance
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