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Identical Timestamp Error Correction Based on Hierarchical Transformer

XU Meng', XIE Kai'?

'(College of Mathematics & Big Data, Anhui University of Science & Technology, Huainan 232001, China)
*(Anhui Province Engineering Laboratory for Big Data Analysis and Early Warning Technology of Coal Mine S@afety, Anhui University
of Science & Technology, Huainan 232001, China) :

Abstract: In the field of process mining, numerous process operations are highly dependent on accurate timestamp
information in event logs. Consequently, quality issues related to timestamps have particularly significant impacts,
especially identical timestamp errors, which can lead to misleading,process insights and subsequently result in severe
process deviations. Existing research addressing such errors lacks sufficient consideration of long-term dependencies
between events and potential correlations between attributes, limiting the accuracy of repairing identical timestamp errors.
To address this issue, a methoc\i for repairing identical timestamp errors based on a hierarchical Transformer model is
proposed. This method. captlires' long-distance behavioral dependencies between events and deep correlation information
between attributes through hierarchical information propagation combined with multi-view interaction. The tasks of
reordering erroneous events and predicting corresponding timestamps are accomplished layer by layer, thus effectively
repairing event logs with identical timestamp errors. Evaluations conducted on four publicly available datasets
demonstrate that the proposed method can effectively improve the accuracy of repairing identical timestamp errors.
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AKX (1) Pros.

AL A B[] 5 58 PR TR0 AR A It 18] e 71 [l ) )
i, I8 AR 53 |2 Transformer 2K H1 55 2 ALY
B AR ER B bR, 7R ZE G, BTSRRI ) 2 R AR N
B EIEREZ R, 1% 0 25 S5 1) EH A 2 1 AR
B R I S0 R L g 25 R, s R
LA R BEAZ I S N B PR IE 2 (R ) B AR A R &,
AN, 2011 AR # 1 5) ANAEASZ )2 B9 2 ST S\ 7 51

A FAL ERFAE A FALE ) . R A E S AL

2518 ReLU (rectified linear unit) 0% bR £ % 5
2, T USSR T8 (] B E’ﬂ%ﬂﬁ. 5 2 ]2 Transformer
it 25 AR T 48 R AL N 299 6, Skt 4K b 49 8. ReLU
WO B SN, $hrl, x B 1R ().
ReLU (x;) = max (0, x;) 3)
WKHE ReLU %552 /= %t 1R =B A1 I 1) 1) B 2504, S
0 BT 0 A %) R (DK, 5 T S 30 ) A [ BT ] 38K )
B2, AN, AR Transformer 1584 R FH I 1A 4% &
R RAAL TN R 2 5, Hik 38 77 - 2 (MSE) fF
R R Y7 R 2= AR

n

1 ;
MSE =~ (di~di) )

i=1

Forp, n 9 TRINFAT R HR, d; 09 FCSE S A TR
TEL G, ;g TN g =1 ) g B i) o

4 SLEG PP
4.1 XWRESHEE

A IGAIE AR ST T v A [ TR) B8R R A5 B &
PEFIA 25, DA AR AN RIS 5 N s A, At
TPRSELG. BB 1 SRS B AERT i A T A S A
JIVEAEAE A [F) I [A) RS 1% 7 T RO PR RE R I 56 2 4
<SG O B 49 50 A5 2 S G5 TR sk 4
5 L AR,

AT O AR T e Fo 4 1 35 rh AR [
[k I 0, AR Ko 52 5 e <A 1R R HE P R AH
(B ) T ER] A 75 S X603 1 AT 55 3E AT % B VA

B 5% A 7 B 1) B 2R S HE P AT 55, SRS R 7 7
FRHAERIZ SLA (sequence label accuracy) 1 AL 8 F5.
SLA 7€ 3k (5) Fiow, Ho, ES AR FTA Q& M R
) Bk R AR B S, PRS IREBRL L i HEF 5
SE4 IERf AR R £

PRS

Stof - A2 [ s i) ] 5% 3000, SIS S8 A8 o o4 4D ] 04
T ks, P45 R % (MAE) ﬁui@\ﬁwﬁ% (RMSE)
(ARG R, MAE. RMSE GESCI T

n -

‘ ‘MAE: % Z l;l, - C,l\i

\

(6)

i=1

A 1 ¢ 2
RMSE = ;;(di—d,») @)

Forb, n N T500 A ) S H, d D S I S A (R] R I TR
T,y A T 1y 264 [ g s ] ] .

SLEAEH T 4 NATFTHEIR S, W3k 3 fis.
Hospital billing ¥4 F — 5% B< 5 1 b SR R 4, 1
gHidk 7 RIT RS LT SRS BPIC 2017 s — K & il
HURI R B8 B RS, BPIC 2019 — 5K 85 [H A 7 76 i
R AR U SR MG 1T B AR BRI RE; Sepsis SR H — XK
= Bt P R EAE R A R AR X AR H B A A
5] F S5 R 3 5%, I Bl s B i AR AT IR TA) 5
2% ANAH [

BEAR, BEREA SRR A 7%, SESR IR I T ik
R BSR4 @ FEE, BRG] (case). FAF
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(event). ¥EVR (resource) UL K B [A] & (timestamp). %
ANE AT H 3 P A Ik 55 P85 72 S, AR B A  HL T
— AN 55 I [A)ERAH G 1) BN J@ 44 (variant).

K3 LRBIEEEE

Btk iRk il I
Hospital billing 92748 405794 18
BPIC 2017 42995 193849 8
BPIC 2019 229813 1204639 29
Sepsis 1050 15214 16

42 LWHER
42.1 ARNEEAS

NI UE AR SC 7 VEAEAS SAH [B] IR (8] 8 2 7 T (A
R, S5 2 A [R] B[R] S A 22 49 2 HE P A R I

[F1) 3B P A5 52 (D A B T ) o ) ) 5 47 T AR
Fr 5 R AER % SLA, ¥ BT 5 5 A& E 5 1 7 51 EAT
PeA, {5 7 38 4056 % 25 MAE F135 05 1R % 25 RMSE
XFEE T LS F) 5 48 5 5 I TR ] 1 22

SZIGE /3 JT () “Hospital billing” F1<BPIC 2019”4k
PEEE b, X ASCHR IS S 7 1A T T VR A, Rk LS
Automatic repair'® 146 1F 42 B TR 2% CGAN X g fih
B J7AT T XL T AR S 56 1) — B F ey &
SOVE, SO0 TG SCR ) S0 BB RART 1
10%—50% ¥ EEAI, LA 10% JNIATRE, BEALAE ik A2 AH [H]
IR R S, GBS 100 OB, 472
%\zﬁ%mﬂ« G-I 8 i,

R 4RI ETR

AE/TES ik HRE (%) EHTUETIE MAE(s) RMSE (s‘) g ik HRE (%) EHFUERE MAE (s) RMSE (s)
Automatic 0.6449 2476723 5604632 Automatic 0.6746 650974 1287022
CGAN 10 0.5'99“5 L 1724704 3651212 CGAN 10 0.6412 482166 921203
KT L 0.6784 1353821 2574616 A5 0.7213 430634 632402
Automatic | 0.5946 2533668 6253468 Automatic 0.6114 680412 1300981
CGAN 20 0.5188 1993404 4148983 CGAN 20 0.5865 499832 994862
ALTTIE 0.6441 1618811 3099677 ARITTi 0.6579 448621 703735
Hospital Automatic 0.5656 2646568 6584315 BPIC Automatic 0.5534 709713 1454722
o CGAN 30 0.4789 2246568 5270584 CGAN 30 0.5246 524593 1088229
billing N RS 0.6150 1832487 3445522 2019 ARITTi 0.6013 489710 722163
Automatic 0.4958 2758163 7016896 Automatic 0.5016 736004 1469337
CGAN 40 0.4398 2458163 6043843 CGAN 40 0.4489 559648 1147804
AT 0.5742 2012182 4043271 ARILTT 0.5431 518226 792459
Automatic 0.4147 2762676 7154863 Automatic 0,4396\ \ 764985 1573252
CGAN 50 0.3958 2552676 6706835 CGAN 50 0.4045% 589110 1221485
A 04779 2242219 4509173 A Hrk ) 04981 558729 812476
\. -
0.8 08
== CGAN -? == CGAN
07 | —Au'gomqtip repair | & 07 == Automatic repair
= R = R
ﬁ 06 | 0.574 2| E 06
L] L]
04 | 0.4
0.3 0.3
10 20 30 40 50 10 20 30 40

AR EI (IR 122 (%)
(a) Hospital billing AH [R] i [ Bk 2 A 3 i fy 25 77 0] Bl

AH R TR R (%)
(b) BPIC 2019 A vl i [AIER A 5 HE 5 vk Aff 28 5 100 L

K6 HEHEFHERR (SLA) J7ERTE

6 B/~ T ARSCEE J7i% . Automatic repair J7
5 DA RS A N BT 4% CGAN J77%, fE“Hospital
billing”F1“BPIC 2019”54 H & b, XA 5] i (A &k 44
ESUTNERC IR ESl=n

224 W FH K Research and Development

7 5K 8 JEur 17X 3 FiJ7 ik AE“Hospital billing”
H<BPIC 2019”544 H & _F 0 THERt  gkis & (RN
A TE B 5] (6] o Fo ) ()T 25 20T 1% 75 MAE R 77 H iR
7% RMSE X L.
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1E6
25 1

2.0
1.5 1

MAE (s)

1.0
0.5

0
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repair  CGAN

10
- 20
Boorit 50 B0 e 00
‘ B

(a) Hospital billing ##54E

1E5
8.0 -
70 — AR A S
6.0
Z 50 -
§ 40
3.0 -
2.0 -
1.0 -
0 - =
Automatic CGAN 30 0
repair . o 40 wen s (Y%
R s 0
(b) BPIC 2019 %44
B 7 PSR ZE (MAE) JiE5t
1E6
V.o
L 6.0
5.0
4.0 g
30 €
2.0
i 1.0
| g 0
Automatic CGAN B 20 4;;& )
. N RN -
repair RITTH: @ﬁ\é\ %
iy,
(@ Hospial billing Yotk ¥
o\ g 1E6
1.6
1.4
1.2
1.0 =
0.8 §
06 =
04
- 0.2
S
— o 30 04}(@/\
Automatic — 20 50 °
1% CcGAN o 10 L
; e
repair AT *%@ﬁ\
(b) BPIC 2019 ¥4

K8 i HRiRE (RMSE) J7i5%tEL

-

PRl 25 R AOR, M Automatic repair fIZ&fFA=
AT PTI 4% CGAN 75V, AR SO EE S0 FH 4 HAET
AERZR L I )BTRS P8 LA e T30 A 5 kb A T
BN Y B 485 SR 2 9 i R 02k T LA A v A
[F) e} [ BRAE R B NG
422 EHMEAS

S VAR A SR (8 P, SEER R TR RS 3 A
b 545U (BET7 « Sl LA R L) 9 4 AR,
X H E@ﬁ?%ﬁ%ﬁ‘]ﬁiﬁ?{%ﬂ%ﬁ%%ﬁ
[ 25 1. ELOATR 25, FF eSO B S 4 /R R A
%ﬂ@ﬁi{%ﬁgﬁﬁgﬁ@ PR TR L RS
1 bR P, XL HR AL T 366 606 MFE R
1819496 AN DU 71 NS CHEESE BN 3 B
7R). o, Hospital billing B2J7 T 2% i 2 451 S ]
6] B8 K- 35 % A 2 #04E, BPIC 2019 SEITT B b 38 7 72
A BPIC 2017 58k A% R G491 S 41 ) R 7 LR
R 2 1], Sepsis MR 4 ) b BRI T 52 49 26 ¢
ARG LR — A A A

T TR 7 A SRR AR (). &
] BN} 141 25 3 5040 b, S 5 AT 0 I [ B A L) - 5
Automatic FERMEE M EER NS LL, 8 7 7 VAL H X
AN TR % AU AR AR R RN Y2 AL R ) 50 AV, 3@
FAPEVRAG S R 5 BT, \ \

25 SRR

Homse vy BRRRO0) EHFUETIE MAE () RMSE (5)
_, \ Automatic - 0.6449 2476723 5604632
N S Wil 0.6784 1353821 2574616
“ "Automatic 2 0.5946 2533668 6253468
PN ik 0.644 1 1618811 3099677
Hospital Automatic 20 0.5656 2646568 6584315
billing A7k 0.6150 1832487 3445522
Automatic 20 0.4958 2758163 7016896
AT 0.5742 2012182 4043271
Automatic s 0.4147 2762676 7154863
AT 04779 2242219 4509173
Automatic 10 0.6746 650974 1287022
AT 0.7213 430634 632402
Automatic 2 0.6114 680412 1300981
AT 0.6579 448621 703735

BPIC  Automatic 2 0.5534 709713 1454722
2019 AR5 0.6013 489710 722163
Automatic 20 0.5016 736004 1469337

AR T7 0.5431 518226 792459
Automatic s 0.4396 764985 1573252
ARICT7F: 0.498 1 558729 812476
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2025 4F 534 % 55 8 1

x5 HAPEPEER (50)

B Jrik HBRE (%) HEHFHERE MAE(s) RMSE (s)
Automatic 0,7086 167654 458435
AT 10 0.7543 116725 302894
Automatic 0.6365 169922 47536
AT 20 0.6920 130585 330158

BPIC Automatic 10 0.5765 183947 509106
2017 ALk 0.6215 141512 351916
Automatic 40 0.5011 190217 528453
AT 0.5109 167989 368147
Automatic 50 0.4637 193234 541835
AT 0.4732 179367 377916
Automatic 10 0.6625 69238 691782
AT 0.7041 57458 638788
Automatic 20 0.6023 74562 752012
AR T7: 0.6584 64960 639838

Sepsis Automatic 30 0.5523 85523 882933
AL T7 0.6335 74361 641256
Automatic 40 0.5193 100234 934586
AR T7 0.5922 92811 644365
Automatic 3 046578 7116732 1023459
A T7 1 L 05107 96970 649226

PPAl 25 R, AT RAE S EdE 4L BB B IE
IS 2 5 Automatic 775K I H — Fit: H 8 R B
EMF Automatic FiE. BARTI S, 7EAS R (8 BAS 2
Eefl T, Ak R R BN S 2R K 4, I R] 5 R A K )
Hospital billing %4 45 1A (R 8= Z V5 FEI7E 15-25 K
Z [A]; T 7R AR B R R 4 HLI (]85 B 8O 1) BPIC
2019 i dm g b, iy a8k 22 W 7 5-7 K X T tE
FX 2% HL S0 0R 8 FE UK B9 BPIC 2017 $da 4R, i [a]
BORZEN T 30-48 h 2 [A); AL Z T, fEAL PR AR S N

] B L BT IR) 3 /N ) Sepsis ﬁﬁ%lﬁ', I i) B 152 22

U FE AL/, 7E 14-26 h 2 18], AN 6 AR [ AN T 4Gk
R SN 16 25 B )P 26, AL Tk R 472
16 53 KD IR ) 8 2, 9@@?&@1@@#%@@%
I AR P 202 LRk .

5 4iiE

ASCHEH T — BT 3 & Transformer 2244 1) 77
25, BTEBSE F B A 0 AH [ B (R BCRT 1% 1% 05 il
i #4253 )7 Transformer #HEE & HAHT A 8 M5
PR A 2 L, AR R AR AT IR R, 1240
A ek ) T AR B SRRl o R 2 SE B R A
HE 77 R0 JSL P B ) B T AT: 45, 338 T S 30 %o A [+] e (1]
B RIME S, SLIR 4 B BoR, BTt 072 mT DUA b4

226 W5t JF K Research and Development

7 R I T D R 0 S B, L% 7 92 7 T e 45
M 25 37037 2% AR R 6 P 0 ¥ 4 b S e T T ot
5 3 P T O A

252 3 T T M R e A A2 1 16 52 2 T £
FE 0 B A U 7 V7 S R 0 TS 2 3 3 28 )L 44T
B {F, R UL 208 T PRI R IO TTREYE. KR THERIRA
R A e )RS DR A TR . e, SR R A
B A F B I ALAS B FFI0 R4 2 Transformer
U L 22 R R R A 2 T 0 4 L 5 A
F 9 7] 2308 0 T R A B, A R ST £ e
BELE(3 2, 30t AL A IO T 52 1 2 S .

p 2%k
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