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Analyzing Repair Processes Using Process Mining : A Case Study

Hanna Yang - Minseok Song

School of Business Administration, Ulsan National Institute of Science and Technology (UNIST)

A lot of research works in the BPM area focuses on the development of new techniques in process mining. Even
though the application of process mining to analyze real life process logs is important, only few case studies are
available. Thus, in this paper, we conduct a case study on how to analyze a real life process log which comes from
a Korean company in the heavy industry area. We analyze a customer service process that consists of a series of
activities to enhance the level of customer satisfaction. In this case study, five research questions are derived based
on collected questions from the company. Then we focus on bottleneck analysis, basic performance analysis and
pattern analysis that are selected in order to answer the research questions. The analysis shows some abnormal
behaviors in the process and possible ways to improve current processes are suggested.
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Figure 1. A service process analysis framework using process mining
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Table 1. Applicable analysis methods and specific process mining techniques based on research questions

ZHA A7 dE o

Research Questions(examples) Analysis Methods Specific Process Mining Techniques
* Heuristic Miner
* What is an actual workflow? * Fuzzy Miner
1 * Is there any difference between reference process model| Process Discovery * Comp Miner
and actual workflow? * Alpha Algorithm
* Genetic Algorithm
2 * Where are bottlenecks in business processes? Bottleneck Analysis * Performance analysis with petri-net
* Performance Sequence Diagram
3 * How well is a business process standardized? Pattern Analysis Analysis
* Advanced Dotted Chart Analysis
* Do the workers follow the workflow that a reference
4 process model describes? Conformance * Conformance Checker
* Is the discovered process model reliable?
N *F Mi
5 * How does an actual process work? Animation uzzy vner L
* Fuzzy Model Animation
6 * What is a workload of each activity(per hour/per day/ | Dotted Chart A.rla.lysis « Advanced Dotted Chart Analysis
per week)? (for Each Activity)
* What is a workload of each worker(per hour/per day/ Dotted Chart Analysis '
7 per week)? for Each Work *» Advanced Dotted Chart Analysis
* Is a distribution of work among workers fair? (for Eac orker)
* What is a social network of workers who are involved in Handover-of-work  Social Network Miner
8 a process? Network Discover * Frequency Miner
* Who plays an important role in a process? y quency
* What i izational structure? o . oo .
9 gl 15 a organizational s ru.c 'u.re . . Organizational Analysis | * Organizational Miner
* Does each worker execute activities that he is assigned?
* How soon does a worker arrive at a customer? . .
. . . * Basic Performance Analysis
10 | «How fast does a worker provide a service? Performance Analysis . L
. - * Basic Log Statistics
* How long does it take to finish a case?
* Alpha Miner
ule What are benefits when improvement plans applied to the Simulation . Orggglzatlonal Miner
process? * Decision Tree
* CPN Tool
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Table 2. Selected analysis techniques and specific process mining techniques

. Analysis . - .
Research Questions y Specific Process Mining Techniques
Techniques
. . Bottleneck Heuristic miner
1. Where are bottlenecks in business processes? . L .
analysis Performance analysis with petri net
2. How soon does a worker arrive at a customer?
. . Performance . .
3. How fast does a worker provide a service? . Basic performance analysis
. . Analysis
4. How long does it take to finish a case?
. . Pattern Performance sequence diagram analysis
5. How well are business processes standardized? . 4 £ . y
Analysis Advanced dotted chart analysis
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Figure 3. The analysis procedure of step 3 of the case study
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Figure 4. A process model generated by using ‘Comp Miner’
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Analyzing Repair Processes Using Process Mining

== Average workingtime ~®  Average waiting time

10 800

B / 700
8 >
[ e
g 7 i
s / &
o S00 =
s ° / £
sh g
g s 00 &
2 / B
=] =
= 4 / 300 2
go =
g 3 2
g £
s / 200 %
2, /.

) 100

0 0

pre-work depart work return report plan

Figure 7. The results of activity performance analysis

EZZN 2 FHAEE & a4 Aol a7t AFE FEE
W 7kA 8] A 7HS o m| s, T2 A A SN T ZEA 2 )
7IN 29 §roltt, ZEA| 2 FHAIZEE Ao] 2o E3HE
59 FYAIZEY Folal, ZEA 2 T 7| AZE Alo] 20 X
= QRS0 g7 ALY ro|t} <Table 4>& ZEA X~
ERANTE A AR o|HE 219 ZTRA| X AT
S I LT, 1T HT ZEA L FPALE F 1Y, HE =
ZA 2 U7IATLS S 13U YER T

444 HEEH

A MH| 2 G Z2A 20 £23 A RS E4 5] 95t
‘Performance Sequence Diagram Analysis’$} ‘Advanced Dotted
Chart Analysis’E AH&ste] R EA S £33tAT o5 &
&, oJWlE 1A Yetus o2 7HA e 3t 74 sjd o] v
BUusHEE s 2 s olon, 15 2N 52 F
Qs EE5 TRA 2 23 A A 4 ol
ALl I ME) 2 f F- O] E 20 M E F 5470 9] wjEl o]
UEHE O, <Figure 8> 1 oA 28 W=7 =2 98 10
He 4 Bzt 7181 107) 38 8o 23 W
= <Table 5> sttt 8 HE 2 P1, P2, P3E, o] A
THA R 2 v e BolFal glom A Alo] 29
F37%E AHA T

P3,P5, P83} 0] &) 9| ThE sl o A A7 ¢f o] of & A} Hl
H5of TR o] BEFH UG o] T TA M o thef A &
A3HA E49317] 913l ‘Advanced Dotted Chart Analysis’ & &

=1
uh—y

CE =

—F 3

=20
o=

Table 4. The results of case performance analysis

93

register | depart

work retun

pn | [ oport | pre-work |
Pattern 0: —— . |
un T I
|
Pattern 1: o o |
I
Pattern 2: —+ !
o L A |
I
[
Pattemn 3. —— |
— — o |
|
Pattern 4: !
pe e !
|
I
Pattern 5: 1~ |
=g 3 |
I
|
Pattern 6: - |
Patterm 7: —+—_ I | | I
N - | 1
I |
~ |
1 T I |
I I | I
Pattern 8: I 1 | 1
B | | 1
I | T |
I | | 1
Pattern 90 T, | | ! !
I | I\ |
: ! L\
I | | \\ 1
I | | \ 1
I | | A
I | I A
I 1 | el

Figure 8. The results of performance sequence diagram analysis

X

ko] 4 3 EXE B FE ChartE <Figure 9>3 20] =
Z3tAth @AYol wHEE o FPE = Aol2Y Ao
ZEA 2 RN oY AYE ACE YHP}OoER X7
A2 T3AZE0] 21 10% ) 215 A4-8-8Hof Dotted ChartE =
Z3IGiTh 2 Aol 29 ZRA| 2~ FHATS 7IF0E E45}
71 el A A A AZbe AHEStE o, 5 ARl mebA
sorting3F A T}, <Figure 9>¢] 71252 7Y T2 AITHE EA
staL glom A 252 247t Ao]~E oudith ZEA X F
FATEe] 71 Aol Fole, @AYol A A Yede
Aol ~8xk ohy g}, o] AR o] AA TP = Ao~
So] AT o2 Ao A BAE sl #e|AAA
o A3, oj= 4 FEAY QA AFel wE AY
o] EIF A oA 2] AAell ZAAM FAH = BHAA A4,

=

Y JFAYE 7 B3t 4T FAL A=t ot d, g
Ao 2 JFAEE 7153t 9F AV A7) W&ot

Process Throughput time(days)
(working time+waiting time)

Process working time(days)

Process waiting time(days)

Average Standard deviation Average Standard deviation Average Standard deviation
13.7 16.8 1.0 2.5 12.7 16.5
Table 5. The results of pattern analysis
Pattern ID PO P1 P2 P3 P4 P5 P6 P7 P8 P9
Appearance Frequency 564 284 140 61 58 30 27 22 19 13




94 gt -

T g
; .--:l‘ register
» o = e pre-work
..- = ._,*- depart
L ===» - work
::. 1 return
£ ‘-‘ = = ;$ report
et = lan
Ina -
== 'GE&?"
- ==
=———
o “\;
= - = "“‘
= r :
2 ==
£ - e
£ e . . .
ase e

Figure 9. The result of dotted chart analysis

45 Step 4 B4 A 4 2 =9

Step 391 M & ZZA 2 nlo] S 1
A $A4% 2345 Ydsiin. £3 435 S48 938t
o Al 7HA £4 71 o] A5 AT 1
AZE A Stepd A E2T AT
A WA AT HE2

;;lr

Bl R 2 o M

o
kl
iin)
>
©
i)
o
S

o Jm oo

UEbsth 27 AH 25 21Z
TGt Aol FFA oIt of
Az ol AT 71 B A =
ZA 2 ZAHE n|dhs ALZ A4

1AA A5 AR 15047, ¢F 6.2%
o] AYt} el A3 HuZAA AF-= ofd 54 doll FHA
7 gttt o] 2 Q3| B HuAA|

o = =3

7

X 1=

4o
It

¢

X2 o

2AA G e 298 F

7] YA BEAES B
& 45 AAE MANAk &t} B8 Hg - 24, E2F
BA - 24, 28 > AN, H1AA -
A T T ATY BE Fho] AN, EAEA -
ATFANY T4 A st DA NA A Fshs Aulx
o 71 B o] e Fikolth 1 BEE S 9
A e BE g EEAQ WA} GF ol T2 A
< B UVIANTY AV F ast

FHA AT AR drpg wEA 1A 2 H o thgste
PR, 14 84 U AHE S8 1 QAo of g3t
T AEE 2R 47 U7ANTORE Hike o 15547 <F
6.592M 24 A 7| A7) 1 AL & & Ak B A,
ol AARY] 1A Au 2 B EA o] 71918 Aol T ¢4,
ALY 1 Aul2ae B Fn) 2 e AZS ASEd 2
@ AZbo] Atk s AHE gF ] wj e 2+ dujvict
ZHlo] B Aol 21 149 3o et ad §
Fol g 27] WEolth =3 AARY I M2 Al FE 99
A 1A @49 A717) abdE ofof gtk ol 711 2% o

714718 491 A 02 otsIgieh AUH OB B A} A
o 4718 eI T 44 G ol @ H e ANS 1, A
A A 1A B HA BN AAE BYFS GE o
M ZETh B 5 Qo 1A Au 2] A8 $4-2 314
YR 5] B FolT YT $ANRE B2 b
5 2% 4R U RAE A% ol Bast) w9
24§79 WEOR AP BHAT IR0 BT B84
QR g A 2 Bk Basith A ATt b
ARl Ahe A Qo] 4 FIAE IIY 5 USE, #
F20l ;

e
%
et

ED)

2,

i

P

B\

2

e

o

= 0

5 © .o
THE Bt O 9AITE O E A A

(o3
aad
>
o,
i)
b
e
B
=)
=
S
[\]
>
[
O
[\

[ ol Sl

o Jm oX o
A
Q,

f
© T
NeJ
>
N
|
[e3

Oﬁ _L>|’I_,m

NI

= T orlr oot
o
I
T,

3o -

=

i

2

e |0 &

XN 2
o
>
B
X
>
r_}j_‘
©
S8
°
).,
(o]

H

ol 2

o
rr
> dE el Ml
— d
%

-
i)

4
4z
=2

it 280l Yyt ©f
o & 6.5/%0] A=

= Mo omt > ™ Fo

e S
© °
d
5
2
sl
>
=

ko e
N
%0,
lui

2
=
R
2
of
QL
&
52
kil

A AH 2= B

ol ok oN

R
o U
1
oft
ofl
>
AN

( mlo

of
-
N

| A B Rl R fo — o
rir
i
o
R
©
]19, e
-z
fitfe
oxl
ot
Of

>~
el

Ol

)

il
o
=)

{0 _[l.m

< oy
Bl o

~,
oo W
Sl

o
2

(e}
o
e
G
ok
=
)
lo
fo
o
>
ok

=

=
)
4,

o fio

dhops )y ol 2 O
oft
Yy
N
ofNe
e
ol
H>
>
2&
=
>
=
[~
(it
24
of
2&
bt

N ™)
2 2o o 40 ek do =
[e]
- ol
s o o
oo 2

re
o
&

i AL
o
o [H

=
>
of
=
>
[
rlo
o
et
12
oo
[\)
oo
=
L
=
ne
o
it
—
>,\I

s rr
rir

> >
RR N
°

T - = A A T

o

228 245

W71 Azke] 59

4. &4 479 AAE 714l 1A B39 o

o] 2 202 BT UAT, 1 29 AR,

283 AP R Q9| 7] Azl 1 AL ¥
o YR

rr
poh
o
e
S
%9,
&
N
R
=
)

O

Ruiiify

A& Ao

1
A

Z ol [ o MU Lo
o ogr & or
el o ol
fo =

>

—d
o,
:{o
18
=l
it
2
1o
NI
fit

+ ;(]

of $-Az o= AR Ao t71A
Tk xol 2Z AT
7



T2z vho] Y& B4 A
87 ol 1A Al BA S R QT BEH FE 9
A4 B4 a7k Basit o] F QRE B QR
AAE Aoz ALA Ak Bk

npA e AT AR drhg ZEA 27} ESE O YeTb
ojr, Z=A 20 23} YEE YHEHE T3 S
o 2 A3 T 647) 9] R o] EAst= AL YEgon, 1
F 3709 "ol Fa HEd A2 YET ¥l E <Figure
5>of Yehd ZAA Y Z2A s mdo] o
He o) F7e s vetue As
9] E}Oo“é«l TE 94U A -
- ELQZ%]’S’% 2o] o WHE o IE}
40| HHEE = 4= Bol YERT. of
P ol A A 84 uhe
2

PH
ofy ot

HE

u:2
i

a krﬂ{mngnﬁqahuéonmzrioii_
T
oft
ofl
N

it
e rfr £ > 42 47 W p® off oft x> 4o fo U

2

rlot rz
|o
-
M
i)
b4
£
rd,
>

P

=
o fu

12 12 M ne oo 4 o o

S
2L
olr
=
N
N

U o g0 2 iy
o 4
o
il

NI

Iz oSt
e r1m
2 1o fo
rr = >
(m ox r

I

o i rlo £
©

—Q‘_Qiﬁoﬁir—i!'iﬂ—a

o flo rlo -

[

U4z oM
o %2 oy

[ rlr

1
rlo

>

ot

r

=2
2 N

ofr

ol

=}
-~ o e
Ruiyd:aNcHe
2Ll L8

gk
S
-
=
il
o
Qb rot
5

B

S
hin's

N
N
<4~ &0 o
o e 5% o
2
=L
1o fo it
s
O
_]:N: e
—lg J
o e

P,E
N
s Mt & o rlo o o

=

el el Q@
=

—
N

Z= Z
o fm ot
b ox

2
e o
o

=2
>

J
&
ol
o
e
h
-
= o
o
ui
|o
fru

i N

i)
_>|~i_‘
toby
oft o>
o
m({})l

o
ooy N R 2

rJ
e o2

cEod oy N L

® 3P > ol ofl
nIIO_{)rBHf -

o £

gl
oft Mo -
3

it

mlO ofr

lo =5 NN
e 1o rm -

T A

:?L_'.
©
b
4N
o
i
=)
(T
=,
(e
K3

=
o F
o
ot
£

=
Ho

ith
rhu

)

a7

B =rodAe 5y 719 1A Ar2s 22
Jof| Z2A| 2 wfo] Y& A Bl AiE S = lu‘
g AHATFE AT 9A 1A wl* ZEA 2
AE 3 4719 Stepo 2 FAH ZHYYIAE A AT

o, okl thE 3} 2Tt 74 WA A Hl 2 Miﬂlé
A AFAEERE 243E 4

4
i

Hl E

A 28] o]l

o
%ﬂr

1
_0,_

[

it
:_
rulm K
B
m{?’
2

J_ 3H/\4 1,}]
of TZA 2 )M Y

A ATl A = AA} A7) A A 24 Au s ZZA
29 o HIE 215 £4 }915}. Z2A 2ol 71 F 1
B EA 7R A B4 e o] £4 7|HoE A
o] AE&HAth &4 A3, FA o] HAHoH, 1A A

B 227 45 AA N 2 A5 e B3I 283 Ao
FAUEE & F ATt o9} o] B A AT E ZE2A A

1:(
U

F2 Z2A S EH A AT 95
nholid & A3 7 o) ZA T FgE AdA ol A
A2 24T & It AL 2ol FoUh AAZ £ AT
£ ad tAe BAEAA AASA 2 ¥ dF
FAMES 7”424011110%010134 FF A B S
3 7kl TS A £ EY A LEA
2 vholig & }7} BT EAHE 7] A8l =]
%’43&9}*}&%$L o] 57 % St

B ATE A Az did 3t 24 PP E AT 2
A 711 202 7, the gl e w &4 iy

o2 Fe A D Aoz BT =8 A A7 2%
S 7N Ak Fa A LA 2 vholg o] AHl s L2 2

9]

BY b5 S 8 ¥ 5 Stk 3F A7RE FYAE
L /AR e B % shpel, elas BN AR B
9 B ARG AR Y 8 FAT] o 240 7}
STh EW, O V19 A 218 283 F7HAQ A4
ATE §3) TAY Y2 d dFol o etk 173

ShER A3k 57 P A chekd Fopl A o] T2A 2

vtold & BT A7 B4 PHEY AYPE AF A7} ¥
230 Ao, Z2H 2 vtold A%E VMO & 4
AN Bk A A3kl e B4 o] Dasith F, 7]z
OME 21 24 Adeh AA Wek A g Fo BAEHE ol
E 23 $4 A% dludta, 242 o]y g9 23}

Bose, R. J. C. and van der Aalst, W. M. P. (2009), Context Aware Trace
Clustering : Towards Improving Process Mining Results, Proc. the
SIAM International Conference on Data Mining (SDM 2009), 401-
412.

Bozkaya, M., Gabriels, J. M. A. M., and van der Werf, J. M. E. M. (2009),
Process Diagnostics : A Method Based on Process Mining, Proc.
International Conference on Information, Process, and Knowledge
Management (eKNOW “09),22-27, IEEE.

Choi, L., Song, M., Kim, K., and Lee, Y. (2007), Analysis of social rela-
tions among organizational units derived from process models and re-
design of organization structure, Journal of the Korean Institute of
Industrial Engineers, 33(1), 11-25.

Datta, A. (1998), Automating the discovery of As-Is business process
models : probabilistic and algorithmic approaches, Information Sys-
tems Research, 9(3), 275-301.

Dougherty, D. and Murthy, A. (2009), What Service Customers Really
Want, Harvard Business Review, 87(9), 22-23.

Gable, G. G., Sedera, D., and Chan, T. (2008), Re-conceptualizing infor-
mation system success : the IS-impact measurement model, Journal
of the Association for Information Systems, 9(7), 377-408.

Ginther, C. W. and van der Aalst, W. M. P. (2007), Fuzzy mining- adap-
tive process simplification based on multi-perspective metrics, Proc.
the 5th International Conference on Business Process Management
(BPM 2007), volume 4714 of Lecture Notes in Computer Science,
328-343, Springer Berlin Heidelberg.



96 Hanna Yang - Minseok Song

IEEE Task Force on Process Mining (2011), Process Mining Manifesto,
Proc. Business Process Management Workshops (BPM 2011), vol-
ume 9 of Lecture Notes in Business Information Processing, 169-194,
Springer Berlin Heidelberg.

Jans, M., van der Werf, J. E. M., Lybaert, N., and Vanhoof, K. (2011),
A business process mining application for internal transaction fraud
mitigation, Expert Systems with Applications, 38(10), 13351-13359.

Kim, E., Kim, S., Song, M., Kim, S., Yoo, D., Hwang, H., and Yoo, S.
(2013), Discovery of Outpatient Care Process of a Tertiary University
Hospital Using Process Mining, Healthcare Informatics Research,
19(1), 42-49.

Lee, D. and Bae, H. (2013). Analysis framework using process mining for
block movement process in shipyards, ICIC Express Letters, 7(6),
1913-1917.

Lee, Y., Kim, S., and Song, M. (2012), ECM (Enterprise Content Mana-
gement) System Analysis Using Process Mining, the 2012 Fall Con-
ference on Korea Business Intelligence Data Mining Society, Busan,
Korea, November 30-December 1, 2012.

Mans, R. S., Schonenberg, M. H., Song, M., van der Aalst, W. M. P., and
Bakker, P. J. M. (2008), Process mining in healthcare-a case study,
Proc. international conference on health informatics (HEALTHINF
'08), 118-125, INSTICC Press.

Maruster, L. and Beest, N. R. T. P. (2009), Redesigning business proc-
esses: A methodology based on simulation and process mining techni-
ques, Knowledge Information Systems, 21, 267-297.

Molka, T., Gilani, W., and Zeng, X.-J. (2012), Dotted Chart and Control-
Flow Analysis for a Loan Application Process, Proc. Business Pro-
cess Management Workshops (BPM 2012), Volume 132 of Lecture
Notes in Business Information Processing, 223-224, Springer Berlin
Heidelberg.

Pavlou, P. A. and El Sawy, O. A. (2010), The ‘Third Hand’ : IT-Enabled
Competitive Advantage in Turbulence through Improvisational Cap-
abilities, Information Systems Research, 21(3), 443-471.

Ray, G., Muhanna, W. A., and Barney, J. B. (2005), Information Techno-
logy and the Performance of the Customer Service Process : A Re-
source-Based Analysis, MIS Quarterly, 29(4), 625-652.

Rozinat, A., Mans, R. S., Song, M., and van der Aalst, W. M. P. (2009),
Discovering simulation models, Information Systems, 34(3), 305-
327.

Rozinat, A. and van der Aalst, W. M. P. (2008), Conformance checking
of processes based on monitoring real behavior, Information Systems,
33(1), 64-95.

Son, S., Yahya, B. N., Song, M., Choi, S., Hyeon, J., Lee, B., Jang, Y., and
Sung, N. (2014), Process Mining for Manufacturing Process Analysis :
A Case Study, Asia Pacific Business Process Management Confe-

rence (APBPM2014), Brisbane, Australia, July 2014.

Song, M., Yang, H., Siadat, S. H., and Pechenizkiy, M. (2013), A com-
parative study of dimensionality reduction techniques to enhance trace
clustering performances, Expert Systems with Applications, 40(9),
3722-3737.

Song, M., Giinther, C. W., and van der Aalst, W. M. P. (2009), Trace
Clustering in Process Mining, Proc. Business Process Management
Workshops (BPM 2008), Volume 17 of Lecture Notes in Business
Information Processing, 109-120, Springer Berlin Heidelberg.

Tsai, C.-Y.,Jen, H., and Chen, I.-C. (2010), Time-interval process model
discovery and validation-a genetic process mining approach, Applied
Intelligence, 33(1), 54-66.

van der Aalst, W. M. P., Schonenberg, M. H., and Song, M. (2011), Time
prediction based on process mining, Information Systems, 36(2), 450-
475.

van der Aalst, W. M. P., Rubin, V., van Dongen, B. F., Kindler, E., and
Giinther, C. W. (2010), Process mining : a two-step approach to bal-
ance between underfitting and overfitting, Software and Systems
Modeling, 9(1), 87-111.

van der Aalst, W. M. P, Reijers, H. A., Weijters, A. J. M. M., van Dongen,
B.F., de Medeiros, A. K. A., and Song, M. (2007), Business process
mining : an industrial application, Information Systems, 32(5), 713-
732.

van der Aalst, W. M. P., Weijters, A. J. M. M., and Maruster, L. (2004),
Workflow mining : Discovering process models from event logs,
IEEE Transactions on Knowledge and Data Engineering, 16(9), 1128-
1142.

Wang, Y., Caron, F., Vanthienen, J., Huang, L., and Guo, Y. (2014), Acqui-
ring logistics process intelligence : Methodology and an application
for a Chinese bulk port, Expert Systems with Applications, 41(1),
195-209.

Weber, P., Bordbar, B., and Tino, P. (2013), A principled approach to
mining from noisy logs using Heuristics Miner, Proc.2013 IEEE
Symposium on Computational Intelligence and Data Mining (CIDM),
119-126, TEEE.

Weijters, A. J. M. M., van der Aalst, W. M. P., and de Medeiros, A. K. A.
(2006), Process Mining with the Heuristics Miner Algorithm, BETA
Working Paper Series, WP, 166, 1-34, Eindhoven University of Tech-
nology.

Weijters, A. J. M. M. and van der Aalst, W. M. P. (2003), Rediscovering
workflow models from event-based data using little thumb,
Integrated Computer-Aided Engineering (ICAE), 10(2), 151-162.

Yahya, B. N, Park, J. H., Bae, H. R., and Mo, J. K. (2011), Similarity
Measurement Using Ontology in Vessel Clearance Process, Journal
of the Korean Institute of Industrial Engineers, 37(2), 153-162.



