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Abstract: Waiting and service times of activities are not readily available in most event logs that only record
either the start or the completion events in activities. Authors had proposed a method of estimating the
average waiting and service times from such event logs. However, the probabilistic model of the method does
not match a process that includes And-join gateway. This paper proposes a probabilistic model of AND-join
gateway with exponential distribution and a novel method that estimates the average waiting and service
times with expectation and maximization (EM) algorithm. Our experimental results using artificially gen-
erated logs indicated that estimated results of the average latent waiting and service times enable practical
applications with sufficient accuracy.
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Fig. 2 Example medical diagnosis process on hospital.
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Fig. 3 Time sequence events of the diagnosis process when a

patient is suspected case of disease A.
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Fig. 4 Time sequence events of the diagnosis process when a

patient is suspected case of disease B.
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Table 1 Example single timestamp event log observed in the

hospital process.
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Fig. 5 Time sequence events of the diagnosis process when

a patient is suspected case of disease A (Start events

only).
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Fig. 6 Time sequence events of the diagnosis process when
a patient is suspected case of disease B (Start events

only).
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Fig. 7 Latent waiting and service times on single timestamp

event log.
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Fig. 8 The probabilistic model on AND-join gateway with an
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Fig. 9 An AND-join gateway and probabilistic distributions

W ~ Exp(2) -

used in the experiment.
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Fig. 10 Estimators v.s. sample size.
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Fig. 11 An AND-join gateway and probabilistic distributions

used in experiment.
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Fig. 12 Estimators v.s. sample size with similar parameters.
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T2 BELINRNTA—FIOTTOWEMERE (THLAL Y AF ¥ 28800, #EERAIC X S

FIIE)

Table 2 Estimators and errors over various true parameters (800 process instances,

heuristic initialization).

BOE N7 A—5 HOE PE HEEEOTIE JUERGEO I B O

1 a1 1 1.29 1.0140.20 0.13 —0.817893
o 1 1.01 0.92:0.10 0.12
Bs 1 1.33 1.07+0.15 0.14

2 a1 1 2.77 0.99:£0.28 0.22 —1.382378
Qs 1 2.63 1.02+0.13 0.10
B3 5 3.09 5.06£0.19 0.17

3 a 1 4.05 1.5740.25 0.57 —1.570569
Qs 5 4.05 4.31£0.43 0.69
Bs 5 4.61 5.42+0.61 0.57

4 a 5 3.87 4.68+0.91 0.74 —1.556994
Qs 1 3.87 1.22:+0.27 0.29
Bs 5 4.40 5.16£0.95 0.74

5 o 1 2.58 0.49+0.17 0.51 —1.334855
s 5 2.43 1.20+0.14 3.80
Bs 1 2.86 4.59+0.23 3.59

6 a 5 2.44 1.7141.00 3.29 —1.305542
as 1 2.28 0.40+0.13 0.60
Bs 1 2.69 4.08+0.96 3.08

7 a 5 3.38 2.64+0.75 2.36 —1.46871
o 5 3.30 2.00=£0.76 3.00
Bs 1 3.81 4.87+0.30 3.87

K3 BLELNRTA-FOTTOWEMELE.E (FTULAAL VA5 ¥ A% 800, EDfEIZIE W

)

Table 3 Estimators and errors over various true parameters (800 process instances,

initialized by near true parameters).

BOE N7 x—% HOE HfE HEEEOTFHE JUESEOTE GEIUEOFIE

5 i 1 2.00 0.95:£0.22 0.18 —1.356998
o 5 4.00 5.08£0.22 0.20
Bs 1 2.00 1.06+0.21 0.19

6 a1 5 4.00 4.91+0.24 0.18 —1.289309
o 1 2.00 1.0340.30 0.23
Bs 1 2.00 1.03+0.31 0.25

7 a1 5 4.00 4.55+1.02 0.97 —1.464521
Qs 5 4.00 5.04=£0.67 0.54
Bs 1 2.00 1.1640.33 0.28
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SO KRN TREIIHRE) LORLEL 2RO Z Z L8
TELZWI EWGh oo,
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Fig. 13 Estimation errors v.s. latent waiting time.
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Fig. 14 An AND-join gateway and probabilistic distributions

used in experiment.
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N, HEEKEEDIN LT 52000 ol 7.3 HiOFEBRT
FREE D, 6, TICBWT, HOMEA 1 D B3 325 LLED
KEGMBIHEESINTLFE 2727201203 F X — 5 D
FICOEBLEZ, §XRTOIT X — ¥ OHEEHEDO BN
KEL o7, LoL, RETIE Ay 25 A3 ~D 70—
M S, HED, 6, 7 TIEI OEBEROYRE X
B[S+ W3l =ay+ B3 =2 &%, BIREH S N7 BBEE
ISP 21255 &) RERPHREONL. L72hF>TZ
D70 —DFFEBBIZ 85 1I22WT, 025 2D/ EZH
RS ZFO L9 BRI RS, 20 L) R EERED
b s ET, B3 ICBT 2MAMOAEA 2.5 DL Lo E
PO LD PN REICBHLI-EEZLNS.

8. BBHIWIC

RUFFE T, AND BT — b2 A 2ELEIART
Ot ADLDARGZEERANY A7 TH-> T, FIHBHE
O e — VAR EZHEE T 52 FEeRE L. Th
FCBIEMBE L UCTHEMWICBII SIS 4 XY P TAIAR
EETHDI2OIITE LD o 2RO, I—RETFHEEF)
H4AZ LTI o7, ZDX) HIkREIBEIZY VA
AT 0L ADOWRELEZ T TR, WREIC T 2 00 O%F
WEELTOHVDLIENTELD, %< DIH IR
T&5,

F72, NLWICERSE-a 72 V- KEERIC LY,
REFEDPELLMEETEDLZ EERL. ZOMETH
DHLAZZRREX, FRHEEN, =Y R, 2 T4 v
XA, AEFEBEBRSBI SN 2w E W) R LWERETH
HICb0hbbd, ELWHEEELZGL &N TEET L
ootz FRFEBOER, WRELRDLTHEXETIV
VAR L COIMEIC X A RIENB X 5 2 L2V o Tz, 2
ORFEIL, MUNT A= 52 ET DL L) BELLINAD
EINTEI S NAUTEM SN D 2 0V o 7z, BERME
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£ 4 AND &¥iE XOR GHOM B2 7O AETFTNVIZBWT, BAEBINTA—FDTF
TOHEEM L RAE (Tut A v Ay v ¥ 800, REERANC X 2 #IHiMiH)

Table 4 Estimators and errors over various true parameters on the process model which

has AND-join and XOR-~join (800 process instances, heuristic initialization).

BE N7 A—%  HOM E EEEOFIE £ BERE JULRGEOISE WO Ol

1 aq 1 1.26 0.98+0.17 0.15 —1.067418
asz 1 1.03 1.14+0.21 0.17
B3 1 1.31 0.92+0.21 0.16
oy 1 1.33 1.05£0.26 0.21

2 aq 1 2.72 1.234+0.58 0.44 —1.816994
o 1 2.60 0.95+0.26 0.22
B3 5 3.29 4.84+0.22 0.20
(o7} 1 3.79 0.99+0.17 0.14

3 aq 1 4.04 1.49+1.44 0.76 —1.963659
asz 5 4.00 4.64+1.23 0.66
B3 5 4.38 4.99+0.31 0.23
Qg 1 4.14 0.92+0.19 0.17

4 a 5 3.88 5.18+0.42 0.34 —1.948688
asz 1 3.85 0.94+0.21 0.17
B3 5 4.25 4.90+0.24 0.20
Qg 1 4.16 1.05+0.11 0.08

5 a 1 2.47 1.61£1.35 0.80 —1.416955
o 5 2.26 4.74£0.84 0.40
B3 1 2.35 0.89+0.21 0.19
oy 1 1.39 1.09£0.22 0.18

6 a1 5 2.34 5.07£0.29 0.25 —1.380908
oo 1 2.07 1.16£0.38 0.31
B3 1 2.21 0.87+0.29 0.26
Qg 1 1.37 1.09£0.27 0.24

7 Qi 5 3.14 4.67£0.75 0.52 —1.492248
asz 5 2.92 5.01+0.61 0.47
B3 1 2.92 1.11£0.19 0.18
gy 1 1.38 0.87+0.23 0.22

& LT, AND it & &t 7 — b 7 = A P2 AR TH W
bNBEIBREVAATOLRARIHETHY, WO DT
JTAETART = MY oA BREIMEDNDLZ LN
O, FULNRT 2= %G TLEBONRADFI SN D &
Hbhd.

K L CIEHBAO 2O KA Ry ba sz Y
TCim L7275, METFHIEBEMZ0WT 2 THETH 5
72, BEBANRY FATIZBWTHMEAIRETH 5.

ARG SCC UL IR [ R BR O BSR40 A & L CHRE M 2 AlE L
72, TOREIRSL S OBATHENLZY, L EMLRSE
AW ER TR D, RERITERONE LY A7)
TIT4ETANIINELENT WL Z BT
VA, MRS A OMIC RS, 29 Li—
BOWEEBOSAE LTIET y~5hnsmehnTBy,
REFFEZ T~ Mi%d S LT EICETEE Y
S DOGHTEAGEER) T LR (BRI R D72
B, SHOMIFRETH 5.
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Fril8F (ExA)

FAT 54 AR, P 14 AR AGRE R
A HHOEE AR, P16 4R (A
RERF P LRI 7. F4H
ATA - B TABASHAR, '
SUHRETZEAT ISR, AR I X B
BRI, 70 7T b OERESHT &
#t, EVARTHEAGH, LX) T4 T =5 DORE
BHIOWIZE 1S, TEEE Task Force on Process Mining,

W HBRE RS 2.

=fE BA

BAAN 27 4F 4. BEAN 50 4R A S0EBAE R
SRS R PR AS TR, Al
52 FERARFREFRIELRET. I
Fil 55 4 RBURF KT b AW e FHE
LRI T. i (1), R4
SRBPAFFRFI T WA 61 FE
SOBME R A #EC, BUE, M. B =2 -7
VA b =2, SERFEOMEEICIESR. B 59 FEE T
THGBE Y S FM R HZHE, BT HHREETS, EE

Za—F Ry N — 74

(IE&R)

=H.

32



