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Abstract: Remaining process time prediction is important for preventing and intervening in abnormal business operations. For predicting
the remaining time, existing approaches have achieved high accuracy through deep learning techniques. However, most of these techniques

involve complex model structures, and the prediction results are difficult to be explained, namely, unexplainable issues. In addition, the
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prediction of the remaining time usually uses the key attribute, namely activity, or selects several other attributes as the input features of
the predicted model according to the domain knowledge. However, a general feature selection method is missing, which may affect both
prediction accuracy and model explainability. To tackle these two challenges, this study introduces a remaining process time prediction
framework based on an explainable feature-based hierarchical (EFH) model. Specifically, a feature self-selection strategy is first proposed,
and the attributes that have a positive impact on the prediction task are obtained as the input features of the model through the backward
feature deletion based on priority and the forward feature selection based on feature importance. Then an EFH model is proposed. The
prediction results of each layer are obtained by adding different features layer by layer, so as to explain the relationship between input
features and prediction results. The study also uses the light gradient boosting machine (LightGBM) and long short-term memory (LSTM)
algorithms to implement the proposed approach, and the framework is general and not limited to the algorithms selected in this study.
Finally, the proposed approach is compared with other methods on eight real-life event logs. The experimental results show that the
proposed approach can select effective features and improve prediction accuracy. In addition, the prediction results are explained.

Key words: process mining; remaining time prediction; feature selection; explainability; hierarchical model
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11000 10982
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17, PRI F 4 5o 1D 25040 7= A28 12, LSTM RES iR vt RNIN A77E (194 S48 it 1] /0, 282 4k B R0 o000 oy 1) o 27) v 1)
K E AT, BAAKANIAIZIhRe. 3& G R P o e 20 S50 1R S, A2 B AT 0 i 5 22 A4 1 2%
FATTEEH. FRATT DR TG Y AU AN AT AR A R N, DRI = 5 115

LSTM HAKMIAIZI e T e M B oc s 1), Wi 4 B, B —AN PR IR fi N HR 22 I 1X S8 LG, e 4k
FINT VIR, AR T N T IR T BRES AR B S AT i 220 B P, Hovb ¢ SRR 240 I %1, x
FRoRKN, h B, C RoRBIUIRE, 0 Fox Sigmoid JZ, tanh R E)E.

TRIME TR R R

%10, MBS Sigmoid JZ W@ N E—HIIRESHEE 2 ME B, b, F x, 1T Sigmoid B iR 5075 2
£ 0 ) 12—, | REBRREE R, 0 AR EFE R, £ FE AL y:

fi=oWphy+Wex, +by) 3)
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552 0, AT T Sigmoid JZHRE 24 7T I 2 A A A TRLE ORAE I B 0IRES, THEE i, 1 tanh SRS HRRES
15 AE C, , SRR T TR 45 SR LA b — I PRSI _E A8 A\ 1T 45 SR 3 LA 22 bR 2 (6 28 8 45 21 249 Bir i 20 Frg IR
SER C, HEAKXWT:

i, = o(Wyh_ + Wix, + by) @)
Ct = tanh(WChh,,l + Wch, + bc) 5)
C=fC+ itér (6)

553 0, thith 10 Sigmoid J2 YR e S i MRLE FTIRAS, T o, K CIRAIE tanh REH LR [-1, 1],
SRJE S T S AR, 19 214 i 20 R Ay, VA SRR
o, =0c(Wyh_ +W,.x. +b,) (7
h, = o,tanh(C,) ®)
PA_E T A3 A ¢ I ZI BT Ry, 25K B)~(8) T, AUTEFEEE Wye Wi Wi Wops Wi Wi Ween W Al
B b b bes b, J9 LSTM I % 12 41241

@
o R
J

4 LSTM HIT4sit

FERRL N Rt R v, B AMECHSE 2 N 25, RISEINERES 1 )2, vHEE 2 1 AT 55 U Y loss, 1E
1T R AL R A I 2 SR S5, ARG TS 1 RIS EL, WSS 2 2, TSR R 2 (1 loss, LLILIRHE, Ha R — =
#AF 2 7870 I .

4 TEEEMER S

AT DA ST 15 ) 2 58 5 RN i FH i B, R A SC T4 7 vk (R S it R R 45 RBEAT T R OR AN 43 4T,
IR S 45 R HAb V54T EEER, A Helpdesk S H 35 A I BEAT AR S5 1) w] WAL REFI. AN SCJTiAT Python 3.7
FREE N S, P A BT LI BC 2 Windows 11 #:4E R4, AMD Ryzen 7 5800H with Radeon Graphics @
3.20 GHz AbBE2$F0 16.00 GB [N A7, 4I5S FFY5 %1 GitHub (https://github.com/gn874682003/Hierarchical-Prediction-
Framework).

41 SIRE

(1) BARARK 73 A SO REAFAF H BTN PR R 8:2 X L) HEAT X143, H it
FLARHIR T 0 5 358, 46— BBAM IR 1S SR A TIASE, JE AN IIZAE,

(2) B EIEI: TEAFGERTRUNEY, FR T SUAT IR PERAL I R R 6 MHCIRE, 53 33T ) duration.
MAAT IS A allDurations B4 month. H ¥ day. 2] week Fl/Ni hour. HiA duration & 45 L —ANFi4F &5 d 524
B AF SR KIS, allDuration /& £ MAZ S 06 B 24 5 AR 45 AR I LightGBM 53k 15 B HU T 48 1K %
1B BN A K T A 2
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(3) FRAEGm A : 1] 1) B (0 U 25 75 1 B e K B0, ARSCRITSCEE 2 58 1. 3. 5 IR B BB
CBOW VIZRB BE TR~ — A i 2 di o (W U B, AT 52 R AE S A B B (R TR B0 3.

(4) AT PR AR 2 2 TROIAS Y : LSTM WK BT A B30 1 4 O P Ay N 22 0 2% B e, W B Al 48 K (K 148 o
B ARER A ZE IR 24 1 P AR T B A PRI AR BT 5K, B0 — 2 AR AT EIE N [ey, ea, €4, €3, €). 35 1 B2 LIRS
AR R HEE, BN [e), ey, ey, €3, €], HitH A REAS AR (1 B0 SERI A I (8] 741 [4.2, 3.1,2.9, 1.2, 0]. 28 2 Fh
SV RGER) > s, WA B 5 AR, MIANEE (el [er, e, [e1, e, e4], [e1, €, €4, €3], [ey, €3, e, €3, €], Hinth 53
SR [4.2], [3.1], [2.9], [1.2], [0]. PiF0RI43 75 2 250 AT S BLAE B0 FROAT— FRAET s AT TINAT 45, 76 1 H BP0
BRI DL RS 2 a7 3K, SN ZRAR I A, REA8 5E 78 o M I SR TIOR8 . AR S 28 3 S N A
2 A 23 g S SR BT (P B BB I R 24 S R 0.001, DAL ETVELE ] Adam, SEARFE K /N 100, AR B
300, K8 2T A AL A ) B AR B B AN R 1 SR H R AT
42 ¥Rk

ASCSZEGAE R 8 4K B 4TU Center for Research [/ TR 4 H B EH 4, RIGAEA SCHTHE 7. Helpdesk FH4F:
H &3 fe— Fom KRR AR A ) F B & 02245 5 B FE (https://doi.org/10.4121/uuid:0c60edf1-6f83-4e75-9367-
4c63b3e9d5bb); BPIC2012 3K H 2012 47 BPI $hi% 58, &I B B3k Hig w2 0 4 H & (https:/doi.org/
10.4121/uuid:3926db30-£712-4394-aebc-75976070e91f); BPIC2015 3k H 2015 4 BPI $hik3E, & 5 A H &,
Sy S s 2 T BUR ER A, B AL KL 4 AE IR T AR/ AT UE Y (hitps:/doi.org/10.4121/uuid:31a308ef-
c844-48da-948¢-305d167a0ecl); Production 4t H &k AR A 4210 2012 4F 1-3 JI#i53 77 I8 A2 7 I AR 40
(https://doi.org/10.4121/uuid:68726926-5ac5-4fab-b873-ee76ca412399).

HEWNEARSG I B OREI N, PUBKE. BHREES, L2460 T 8 MEFHENSG IR X T4
P EH /N1 Production H & R FH AT AR BEZEHC B 10 56 2 B D) o3 azs K1) 43 258 10 7 AR O GRB il ik 45, S B0R 4R
22 3 ST I A S N B ERE R 1, 107, BRI K (W oz g 8 AE AR T AR rh S 8 LIS B, X R Aff 2 1) 4R
FEARE R, 3E 2 SN 2805, 58 1 bR o Oy R A T 4 4, DRI 0 75 v B AT 4K v L

*2 I HEMG E

y o ” N ” o FEL (REAHLL)
KR 7[RI R AR TEBIEL JE V2L AR AL YN, T WO
Helpdesk 4580 21348 14 15 226 2 ) 15
BPIC2012 13087 262200 36 6 4366 3 20 175
BPIC2015_1 1199 52217 398 28 1170 % 44 101
BPIC2015_2 832 44354 410 27 828 1 53 132
BPIC2015_3 1409 59681 383 28 1349 3 42 124
BPIC2015 4 1053 47293 356 28 1049 1 45 116
BPIC2015_5 1156 59083 389 28 1153 5 51 154
Production 225 4543 55 14 221 1 20 175

4.3 FHEBERURBE S X ELEER

A BIE R [ HR SR G T R AE Xl S5 SRR PUINAT 55 1A Rk, SRR G s @ ik« At v DL R SOy ik
Ja 43 S A DAy i N A SR JEAT X Ll S 3. S0 (1 T &5 R 56 3 TR, activity 3R (0 FH 3% 315 Ky B N RFAE,
all 7R HUFT AT J& kA N B N AE, FeaSelPartl o8 28t R5AF [ 6 HUSR B 58 1 350 40 BT 3k Je@ o A 4 S N AR5 A1
FeaSelPart2 # /R 28 i BN S T 8 M 1 o i AN RFAE. ARSI MAE A LAR Ry SAST, 303 JI A SRR 0L 328 i 488 1) 152
Tl % I 170 5 30300 ) 4% B ) (1~ B4 46 45 22

& 3 WTLLE L, 78 8 N H &k BPIC2015 3 Hiidh, HoAth FAGRE A All Lb 4 Activity i& 50 @t
AE Ay TSR (i N AR A 2 R A e PO PR M A 26, BPIC2015 3 7 vp vl RE A7 8 S J ot 0 B A T 94 .
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i3 FeaSelPartl Fili i AR i, MAE {HAES S HIE T B2 1 FRAIR. FeaSelPart2 78 ) GR UE T A
AR B D0 b T (K45 i K. wT DU H IR U (RS L& ANE 2 B H A MAE {5 T R B, e B
oD T TR A, R S AR TR L AT R B SR, S AMRIE AL R I AT I TR S, AT PRI AT

® 3 ARG AR TIN5 L AR IR L

Activity All FeaSelPart1 FeaSelPart2

b AL Nye—— T —
Hip MAE (R)  MAE(R) HAEHt  MAE(KR) FPiEsk *’ﬁt‘%ﬁ@fﬁj MAE (R)  HFAE3 hgﬁﬁg Bf)ﬁj
Helpdesk 6.575 4.917 18 4.684 10 16 4.659 8 1
BPIC2012  7.483 7.207 9 7.192 8 17 7.192 8 4
BPIC2015_1  40.143 32.062 22 26.364 14 38 30.505 8 3
BPIC2015_ 2  80.278 63.224 22 62.405 18 53 59.472 8 2
BPIC2015 3  23.590 26.811 22 19.001 9 26 18.594 5 3
BPIC2015_ 4 63.098 53.445 22 49.451 13 41 48.475 5 1
BPIC2015_5  49.094 43.677 22 37.613 15 44 38.579 8 8
Production  18.312 12.919 16 12.550 11 11 12.469 7 1

4.4 TIRRRAHESD BAREIRSLIN X EEEER

N REAIE 73 JE AR RN G i 7 ORT PRI 55 (56, B8 T U0k 4 Fros (R B S i os T KSR InAct o
KHUEE T2 511 gt 77 ZOFAUE NS S AE b i AN RFAE, InEFH o R HUEE TR 51109 5 77 2OF H FeaSelPart2
Pk Jm R i NHFAE, EembAct RomRHRER 3.2 15 Frdk (4 55 75 SO F AU AT s 7F 4 i AR AIE, EFH A A SR
RITE.

K4 ZIETE. ISR EAETRIAESS L) MAE RBLXTLE (OR)

sk InAct InEFH EembAct EFH
Helpdesk 6.587 6.411 4.582 4.270
BPIC2012 7332 7.079 7.686 6.986
BPIC2015_1 32.186 28.125 26.998 25.493
BPIC2015 2 76.240 71.748 64.132 66.993
BPIC2015_3 21.564 18.862 17.993 17.323
BPIC2015_4 59.308 52.940 50.973 50.227
BPIC2015_5 40.397 33.605 35.278 33.464
Production 17.584 18.004 13.220 11.510

3 4 W15 LL N E5E, £ 2B H & InEFH 1 MAE {H¥/8T InAct, 1 A2 SCHEE FT 38 REE BE 642 5 000 1
YR, £ 28 H & EembAct (TN 4SS AL T InEFH A1 InAct, Wi WA SCR FH (1035 s 4t 7 s\ AW AT R IS
FIA) 126 & EFH 76k BPIC2015_2 ¥ H 2 BT T8 dF 45 R, S5 JE B MR 16 Re W 1 AR 4 — AV
TEAY, 15 BB 1A 45 3. 4R, BPIC2015_2 H & ¥ EFH JiikAHE: BembAct Jiik M MAE (64 i Th i, JF A& 3
& HLT LightGBM [f] FeaSelPart2 7F BPIC2015 2 1 BPIC2015 4 H & 75201 MAE {EE EFH AR, X Al fig 2
T RESCENE 20 G T [F) I R HEAE 3 EBOOE AN [ (R 2 IR TR 7 A S AR S ). AR SO A 2% S8R HL A 21 & 1 R (e
TEJRN T — 2 9, IX ATV A AR SR M50 ).

ST AR L S A VA AR g SR, o LSTMNNT®UZ Tax 25 A48 H 2L LSTM Mk 455t
FETRIUARI, SR T 35 S A A o) 8 2 4 9 AN JSRAIE, LSTM 2 o B B FH R 85 2% > A0 3] e R 00w 1) )7 72, Process
Transformer!"”J& Bukhsh 2 A\ 32 1} {35 T Transformer FNV A FE AR, %77 VAN T IS BAE TN, 2
S TR 2 ) 75 A SRR TR AT HH (6 . Auto-encoded g X S T 2R BT 4w A LASRE A2 B I B R SRR,
R FOR X — s k.
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RS AR L AR SE K MAE RPN EE OF)

prg e LSTMNN! Process Transformer!"”’ Auto-encoded™” EFH
Helpdesk 62.089 5.419 8.733 4.270
BPIC2012 61.175 5.968 8.4268 6.986
BPIC2015_1 49.648 39.472 38.324 25.493
BPIC2015 2 127.834 87.622 88.895 66.993
BPIC2015 3 61.190 17.544 17.588 17.323
BPIC2015 4 151.565 43.777 39.619 50.227
BPIC2015 5 120.750 51.847 38.270 33.464
Production 521.296 14.992 11.775 11.510

t 5 o LLE H, A SCHTHR VA 2 B0 H i P R IR T, 12 (T I T 5B 2 (AT R I, A AR 2 4
T EERCHE R, PEm T F A I A 70 45 SR MERRPE. 7€ BPIC2012 H & Process Transformer T 7Y 2 B
Sl X R BT H R R R, A2 A S i 2, FF FLECHE R4 K BE 78 43 VIl 5 Transformer #5524, 75
BPIC2015_4 H&EH Auto-encoded Tl I 4T, 10 i #2804 I /) 43 H17 T 15-1% H A& 7E BPIC2015 RAIHEH 7
WAE R, AR D, T A A BOR BB A X A AN R U RS, 73 25 it g . e b H &
PR T RIS 22 N5F, B AN [RS8 28 1) 0k H R38R [R] SO BE 28 . AR S In 1 oAt A5 50 fE A 15 4
LSTM X —H Ay FER A 1 th B 3 I K 4T, VLB T HRAE R B R0 20 J2 45 A 564 -9 4 b 0 T 00 e i 2R 0 5 2%
P AR SR IR — P PR P AR R I 2 5 TRUIIATE B, S 3 532wl At PR A SR8 AT B i, R PP B ) B
(RTINS 2 ] B £ 75 31 B 4 1 Tl &5 SR
45 RBISHR

AATLL Helpdesk S H & A, e T HEE B FE I T MALARRE T T Z5 2. 1 5 R 43 R AE I B SR s 28
1 B85 2 JE MR Ly T 1S FRVRRAE B B R, 0 ] T 8 R0 T F0000 5 SR (R S M R, 4 T 2 Rt Wh R T
o T LA REURR R e P S 2, S B A A DB AR AR R AE, AN 75 S S LA I FE

allDuration (.739 087
seriousness_2
variant index
day

resource
product

duration

HAE

hour

responsible_section

0 0.10.203 040506 0.7
HENEE

5 Helpdesk fFRFAE FEZVE{E

REAE G FR SRM 1)5F 2 FB o Rk I AR W3R 6 FTow, 3K 6 1 No. 0 &SRS 3 1 3070 3% B 4 i 4 & FH T 245 2R,
No. 1-10 JE7R T SRME 5 2 I /3 R UE A F 1 R 2 & FN Tl 45 5. SR 28 2 ¥4 iR 1] No.8 R IE4L & Jy d 44 45
P, MLET No. 0 2:5% T hour 1 responsible_section 52 T $5 /MK MAE {i, 7T LA H X P9/ J 1 5k 2 [ 411 2 1
DRI ZE, T P ) I 2% B AT DA ysls > Pl 22, B BARRAE L R E AR R,

R 98 4 1 108 B¢ SR SRS IR IE 4 A No. 8 AE R AN I 2543 JZ A5 20, A5 TR R 4 e i M () R P 028 2 4 e A
2%, ML SR 6 o, v LA H TR0 5 7 2 0k 08 2 1 B 1K) #a 34, {RL7E variant index AT product 1))@ 1% 2% FRg
H R, &G )2 G310 ER/ME 4.27.

K7 BEHLAMEL T MR AR ok B 4 408 4 ASFHER RTINS R, FF A T &R I TS, W LUE
allDuration 3X— Ja P X6 TG B IAR R 0, e s REFS B LU AU activity SEHAT B M AR, Kl 7(a) R 7(c)
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A LA HH allDuration BRI F 42 I TR] S AR s/, BT U R FIIIE 5 28 1 2 TRUELAR L s ami2b, T 7(b) AT 7(d)
- allDuration =l /N U TSI A: A 3 i K. GBI 1] 7(c) RTE 7(d) %t He ok B e UEIX 518, & 7(c) T 7(d) h
[ activity ¥ Jy“take in charge ticket”, TR {EAH 7, {5 EC S AH 228K, I AN [H] i) allDuration {E 752 T #2310
SR PR TR0 25 SR A e et B AN ) AR R )RR AR R T, A S P AR 224 AR AL P A [ 5 AR ) &5 SRR R i
e (g an B A T B SEAR A RPN, bl T I H AR B R A N BB R AL B AT T B A R, 2 R A
G RIAT R IR, TR ARG S A Valuel S5 FrHR I B A5 S W] 3 TR 25 577 42 50 == IR R vy LA
B, TAT T VE R S 2 bR IR FI0IN 1) N ARE A AB X FR0I 25 L1500

# 6 Helpdesk FEAEA] A T 45 5

No. SRRAikey MAE (R) L%
0 activity, allDuration, seriousness_2, variant index, day, resource, product, duration, hour, responsible_section  4.684 10
1 activity 6.575 1
2 activity, allDuration 5.223 2
3 activity, allDuration, seriousness_2 4.786 3
4 activity, allDuration, seriousness_2, variant index 4.744 4
5 activity, allDuration, seriousness_2, variant index, day 4.722 5
6 activity, allDuration, seriousness_2, variant index, day, resource 4.704 6
7 activity, allDuration, seriousness_2, variant index, day, resource, product 4.699 7
8 activity, allDuration, seriousness_2, variant index, day, resource, product, duration 4.659 8
9 activity, allDuration, seriousness_2, variant index, day, resource, product, duration, hour 4.687 9
10 activity, allDuration, seriousness_2, variant index, day, resource, product, duration, responsible_section 4.689 9

4 7.028
75+
7.0+
—~65+1
§6.0 F
55
= 50+
45| 477 4.494 4.480
4.0 L 4.349 4.425 4.415 4270
HIE  Hw2E B3 Ha4E  BSE ENA ®71)E B8R
activity  allDuration seriousness 2 variant index day resource product duration
RHE

6 Helpdesk 73 JZ 1520 1122 J22 00 45

33t
32+ P
S 31t °
— 30}
29t
Br eceece o Tl
27+ —— HYAE
26+ o
254

PN

AR (1]

5515 2 R 32 54 %52 556 )2 377 582
activity  allDuration seriousness 2  variant day=11 resource=  product= duration
=Wait =10.0387  =Value 2 index=16 Value 12 Value 3 =7.3245
HIE
(a) “Case 1899” & 3 A1 45

7 Helpdesk H &0l &5 541



SRR S —FP TN AR ) A B 18] 49 T RRARAE AR S B ik 1353

A
45+
°
40 ° ° °
o
= 35¢
= 30+
& eceeee o TiijllfH
T o5t HSE
°
20, . . . . . . . L
B1)E 22 B3 ) oy =¥ B 62 BT B8 )=
activity=  allDuration seriousness 2  variant day=18 resource product duration
resolve ticket  =0.0016 =Value 2 index=1 =Value2  =Value 3 =0.0014
RFAIE
(b) “Case 3907 3 3 A 15 11
A
28 + ° .
2l ecoeee o TijllfE
2l —— S
= 22+
oot
&
= 18}
16 + ° - ° _
14+ A
B)E $2 B3 B4 BSE 6= BT 38 JE:
activity=  allDuration seriousness_2  variant day=11 resource=  product=  duration=
Take in =22.8956 =value 2 index=1 value 2 value 3 22.8956
charge ticket
FHIE
(c) “Case 404” 55 2 N1 55
38“
| eccece e Tlll{H
36| — HIME
1'5 34+
= L
= 32 ° o ° °
ﬁ 30+
T8t °
26 +
B 2 IR B4R 5 6 2 7 8 )2
activity=  allDuration seriousness_2  variant day=29 resource=  product=  duration=
Take in =0.0002 =value 1 index=1 value 2 value 3 0.0002
charge ticket
RFAIE
(d) “Case 45057 55 2 N5 55
7 Helpdesk H TGl 45 Fonfi (£2)
5 4 i

TR LA 0 PR 55 TR TR A% I 1) 0000 5 5 R B T B i iU S AR RE Dy, 19810 TSmO HER . DAY
AR 2 FUR I sl A mRR 4 A0 e D8 i AR AL e 22 TR Y, ke /D3 P RO RSB 7 4. 3 M TR
27 S (R TIPSR T G A 1) 52 20 P e LA i A\ L5 0000 45 R 1 A FE DR AR O e 3 [ i, ARSI 3 i



1354 HAEFFIR 2024 F5F 35 5% 3 A

BR A (1) B —Ffrldd ] AR AIE 8 ISR, 5 ORUEMER 3 A AT o/ B IRCRS I A B30, A S i R i
ZRFERE; (2) 4 AT MR RF AL 7 2 PO B Y 25 4y , 0 S O TR) (KOS AL, I IR (RO IZ S 1B AT R4
1, DUARRERAE 5 00 25 10 ORIEOC R A SCE I LightGBM Al LSTM S3ASEHLUITHHESE, JRALT 8 AN FLsE ik H
RS PIHRTTEBEAT SR 0T LSRR, 6 F b — A H RS HEAT S0 047, YRR TR AN I R 4 A 1R S0 56
E TRHIE B BRI (A28, SR AL T — IS IR i, ST T R AR I ) AT 55 R HE A R

AR TA 32 EEAEHrARMEL SR B ST (KR EE 2 ST B4 BT LSTM, PABSHIE 2 15 AT LARE— D4 T
DR, LU, 220l g B A5 R R AORAL, KON R — JZ P LRI AL S5 26 P 45 SR A 5. eah, AR SCE
REREARIK — O TR PT AR EEAT TR0, AT DAARSLARI SoAt mT AR OB R B 15, kD P A Ry mT £ 12
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