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Y, AF, A4S 84, A ol F5F He
)l Zom HshA7|E droltal Aofstal W=y e 4l
% =

et AESA, O3 o] F 7R 4l F7te] B ZaAA F

T3t RES] HY o|BoANE ZZ2AA FAS {5 dap 9 HHES
dfos  AASUH.  dE & Six  Sigma°AE=  DMAIC
(Define~Measure—Analyze—Improve—Control) W23 Aolot9al (Pyzdek,
& Keller, 2014), CPM (Corporate Performance Management)©f|A+= Z2F/
E324% (Strategy Formulation), AlU=] 2 EA (Scenario Analysis), A<}
oAs 43 (Plan & Budget), JAAS (Communicate), AI=H
(Performance Monitoring), 915 (Forecasting), B34 24 (Report)2] Ax};
S Aot (Bourne, Franco, & Wilkes, 2003). E3SF CPI (Continuous
Process Improvement)«= 7199 A|&EHQ Z=2AA JHA-ES 98 SAMIE
(Select—Analysis—Measure—Improve—Evaluate) PH=ES ARgoldon,
(Robson, 2010), TQM (Total Quality Management)o A& 87}x] %
(Customer Focus, Total Employee Commitment, Process Approach,
Integrated  System, Strategic and Systematic Approach, Continual
Improvement, Fact—based Decision—-making, Communications)®l] Process
ApproachE Z&stth (Dahlgaard, Khanji, & Kristensen, 2008).

55| "HIE, 4, AHA, £op T2 A AToA FAHQ FS

=
o7l sl dF ZEAMAE dEZFoR oA st daHe=m A

4
l‘
o

_11_



A”(Hammer, 1990) Shi= BPR (Business Process Reengineering) W' E1}

S 7|ftog2 PH7|&o] T Y ERP (Enterprise Resource Planning)
%_% %5].01 ?ij\:l ng/\ﬂ/\ x%EA]AEJI u] z;d %0 74]14 oz oﬂ/q?_ﬂ-

S =olgl= PI (Process Innovation) ®'HE (Davenport,
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J24 Cozijnsen, Vrakking, & van IJzerloo (2000)¢] UEzt=e] o
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Environment Analysis : As-Is Process Definition> To-Be Process Design 5 Implementation Plan :

Analyze the Business Analyze current Setting improvement Al
q B Prioritization
environment business process goals

Identify stakeholder
requirements

‘ Benchmarking ‘ specification roadmap

| }

Establish strategy L To-Be process Change
‘ and direction Analyze the gap ‘ design management

Improvement task ‘ Define

[19 2-1] PI Z2AE 43 WHE A (AL, & o]F3], 2019a)
[Fig 2—1] PI Project Methodology Example
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2 4 gk olol] i@ Higroz dlolegojste et Hold niol
dopet 24 BUSel grHglont dRE PHEY FRallE FT
A4 Folrk 7] T o .

2) mEA~ dolde B8 ZeAs vl A4

m2As nlolde 7]9e] YREAL g5 dlole nfoldo] thrst 7
2 8% A0 dlold ntolyt fASIAR, dlolE7t ofd maAlx A
z S

of FFedth= Holl S540] Aot Holy mpolido] miEd, £ T3 o

DAL 39 F A AR ARG, T2AA mfojd2 A &
=AM~ (End to End Process)®] 3 M4 HAE Aot A|Zt3}sto] ofE
A F8& MAD Ao HEeh olHgt ZEAA mrold A2 ¥
3 AEIE SR ZEAA EAREH 58, ARA, 2% 5 odR 459
AgEw o= AEY AH|A 2085 EAck=tdE 851 Qi
=5 oMlE 27

n2A|A uto]de FHAARA JFE T o 7]
£ Jbtog [& 2-114" OZ2AAE T4 (Process Discovery)ste] 2E
S A5 St AA £H Z2AAY 25 TR A 2E Z|EsE
of thst @ATA H7} (Conformance Checking)E sl @Z2AA Bdl
2 3A7§A (Enhancement)sh= Z]HHo|th(Van Der Aalst, 2011). Process
Discoveryet 7]&9] 947 215 Zgele] ZgAA Rds A UE Aol
oh o|ZA ABAEE mEAA mdw V& JF 4, wiwd ol o
T2 O|EAQ mEAlATE A7 dRsh=A] #elske A2 Conformance
Checkingol=tal gttt o]2fgh vl Afls FolA @3 m=A~9 AE
2 AR e EEYHH olE Fo dF 8 uiwde JiAdst =
o A=

ZAA BES A 4 Qi) o]y 2 Enhancement2til &3y,

)
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[E 2-1] Z2A|A blo]yd 4 g4
[Table 2-1] Components of Process Mining

Classification Contents Tools
Process Based on event logs, process model is Alpha
Discovery constructed or discovered Algorithm

The process model is compared with o
Conformance . . Decision
. the system event log; Inconsistencies
Checking Tree

between log and model are analyzed

The model is extended with additional
Enhancement performance information; improve the -

performance of the existing model

LA utoldg &-85t7] fsiMe FHAIARE] Event Log HlolH+«=
Case ID, Activity, TimestampZ} B4 Q40|t} o5& 5o [ 2-2]9F &2
A= FE mzAA7E ok SHH, AEZIE= LT9123&  2021.05.02
10:20:319] & ]‘1.*% g—a‘_} % Sale Order, Delivery Order, Good Issue
o] &M= ZEA|AZE AP colm A AEE FEAY 173 Casezt
1 5kl o] Case= A= Ur% IDE 7Ht. &2 o2 7H9 AEFS g Hej
T Case ID ste] o2 AlFo] 552 4= Stk 9
‘Sales Order’ 5%, ‘Delivery Order 553 72
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1
=
A o golsiAT glo] ZeAlx nlolde] g WS BEEL B Hol

A2 it

[ 2-2] oflE 271 T4 84
[Table 2-2] Essential Element of Event Log

Product
Case ID Activity Time stamp Resource -
A0501-1 Contract 2021.05.02 10:20:31 11011 |LT9123

A0501-1 Sales Order 2021.05.02 13:43:15 11011 |LT9123

A0501-2 Sales Order 2021.05.02 15:10:15 11021 |LT9125

A0501-1 | Delivery Order | 2021.05.03 11:10:11 11011 |LT9123

A0501-1 Good Issue 2021.05.03 11:20:34 11011 |LT9123

A0501-2 | Create Invoice | 2021.05.04 15:30:11 11021 |LT9125

olo]l IEEE| A+ Process Mining Task Force2E FAJste] T3t 9 &
=

S R = AP 9or], gL £nEYe] AxAFEC] U
2

TS FAot At (Van Der Aalst et al,, 2011). Process Mining Task
Forceoll= IBM, HP, Infosys, Fujitsu 52| 7193} Gartner, Deloitte 52 &
2 A4E 7%, oF 200] 7je] dfisto] st Qi Eeh JEHE AA

A
S 23R BTG 59 g4F ZRAA B4 AHEY 9 HAo g3

i1, 1 —

2) “The Data Mining Technical Committee (DMTC) of the Computational Intelligence Society
(CIS) of the Institute of Electrical and Electronic Engineers, Inc. (IEEE).”
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{ Analyze the Business

N |
Analyze current busmessJ : Setting improvement
1 | I
I 4 L ~ 1]

environment process goals

e

Design Implementation Improvement task
) specification
Activity Extraction | | T Data verification

To-Be process design

Process Merge

Log data extraction
design

{ PPI, dimension define l

PPI, dimension
Calculation

Process simulation

[ 2-2] PIofA Z2A|~ ol g (B, & ©]+3], 2019a)
[Fig 2-2] Process Mining for PI Project
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. .

Create | [ Create | [ Create Create | [ AR |
Ctract Sales Order DO/ Gl Billing Clearing

Field staff Office employee Clerk

JDBC Adapter SAP Adapter SAP Adapter

o il = =]
= — -9

| Contract Ordér  shipment 'iﬁif? | Invice %@

_ ¢

Contract Create Create Goods Create AR
SO DO Issue Invoice Clearing

[17 2-3] Z=AA BY 25 AE (Y, & olF3], 2019a)
[Fig. 2-3] Process Model Discovery

T2 A~ mrolyd-g S85HH [17 2-3]9F Zo] theket HARA|AHES A}
&ote 4F ZEAAE HES oy Advtew ¥y 2IF 35t F
TH ZEAA Y JHE 2T 4 Stk JI2ER 7]EY Pl ZRHE
A QRS Fdl A8 Z2AAE mofshs oAl A=A QI Holy Zvte s
T AA B A (Process Discovery)sh= Zo] 7Hesith, 88 ZEA|
A mpo|gRto 2= A DR A|AE oRotER] of=the AV QAT &
ole A5 tiFREe]l AEAARS o]§stal 7[Eee pAes PP
PFEL BHHIY 7715 o8t SA] ARE RS gloHRE ZaAA
afold o] F-8/442 H% EorAL Qlrh 55| o] dF mEAA Q4 &
RAEL ofx] HHSIEZ] of2 FofE ZtotA HHAAHE ZQloh= AT
o7k FER AN A4 S 7S & AHH, 2T Ve
Q5|3 HHSIEZ] F2 FoFs 7] oY 7]|ES] FHAAHA AL

o] =t o)A H$ 7]



< Spaghettl Model>

Only frequently performed activities and paths are displayed

I < Simpliﬁed Model > JActivities : 52%, Paths : 0%|

_ Activities : TQO%. Paths : 100%

I 1

1 1

1 1

| 1

&= |- L& i 1 o 1
= 1 1

I !

I 1

1 i

Mt Frequency
“
_ Show: [ Absolute frsquency &

e || e | 183652 81017

137,738 60783
91,826 40,508

- [EEEI 0254

(8] 2-4] maAA tlold mele] B (B4, & oA, 2016
[Fig. 2-4] Complex of Process Mining Model

JEv ZRAA bloly kg Fo Ao AdE ZEAA =Y
URUE B3ote] AR Stogs SQIg 4 glong T2 AA ujo]
L1 ProM3), DISCO%, PPMY FollA Algst= ottt ZE 7]15E ©
Sto] ZRAAE FASS= AdE Saoiof vk [18 2-4]3 Zo] o
E 204 Asog A DZ2AA BE2 YR E36)A A o=
= SRIE 4 gl AHH Rdo] HER % 7P AF Edohe
Activity9to 2 FEEsto] Z2AA WE Teslctofop qitt (FFA, & °f
E%‘, 2016).

I

Fgsre nde] A9 Aol AT B¢ LAHE felsht 12 24
7w e mRAAE $AA @3 dolHst HBule] Haker B @

3) ProM& )19l FElR vhefdt ZrAx vlold Ve Adshe 7 7hed efas 29
= (http://www.pmtools.org)

4) DISCO+ Fluxicon AR ZEAM|A upo]d =2 IZA|A WME &6+ 9 744
5) PPM& SoftwareAGAFS] Z2A|A ulo]yd =42 ERP 2 7|49 Z =24
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[ 2-3] Z=A~ 24 7% (B33, & o194, 2019)
[Table 2-3] Process Analysis Method

map

Target Method Expected result
Process |° Comparison of the Discover inefficient
Flow process model with processes (delay, rework,
the actual process bottleneck)
Organization » Organization relation R & R redundancy

Workload by organization

Performance |* Performance of
(time) Process Flow

Find Long-Time Activity

e KPI measurement
KPI, PPI |e PPI (Process
Performance Index)

Choosing a process for
improvement
Root cause analysis

* Data accuracy

Non—compliant rules

Data * Risk analysis, Outlier Outlier condition
HA Process Flow 242 AAAH T2 A A 4SS S9lsto] 71 A|7ko]
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A Y, Aot Hsfof ste mEAA Fo] et fofsfiof gttt
FEQF, FOSA FRlsfiof & AL A0 HHE @4 (Loop)olth. = 2

A SollA TAst=d [18 2-5]¢F Zo] HAAMAL (Underwriting) Al
of 714l A7 A e Heto] Paste] ofz] Wo] Aol dojdrt

o
=]
Gl A5 AL 7S AL g 29l

Za7h e

Comparison of Branches Process Analysis Inefficiency by major factor

inefficiencies
(Loop Process)

1zt [Average business processing time per branch]
25

Branch

20154.2 10:38:15 20.9

Register
documents

20

Branch 15

10 L1228

2015.1.2 11:42:23 T T
Request Revi '15.1Q '15.2Q '15.3Q. '15.4Q,
il eview

additional d Branch
documents ocuments " " e\ branch ==B branch ==%=C branch

2015.1.7 13:24:57 Maln execution

= path . .
- [Number of processing / processing time per employee]
Examination
Division 60

Processing delay

(bottleneck) Execute a

loan

A branch B branch C branch D branch

— Consuiting e Document Loanpayment ekl Lead time

2015.1.14 11:42:23

(198 2-5] Z2A|A mfold B4 oA (Y, & ©]F7, 2019a)
[Fig. 2-5] Method of Process Mining Analysis
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Inter-organizational
communication performance
analysis

Patterns of work for a specific
organization

=
* .
| / L\

|

J \ | 4 / ,;‘

,;;\ \ ‘\\ / F
|

e /
Jasr:

(1" 2-6] 22 £4 94|
[Fig. 2-6] Organization Analysis

tt& o2 Performance —E—’ﬁ.% oub o 2 okx] AW3F Process Flow7}
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[Timely delivery rate ]
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(0" 2-7] Z2AA 5 24 oA
[Fig. 2=7] Process Performance Analysis
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w9 olste] 4o Ao tsid= F7HE] AA HAE AedewA AA
Al KPIE 2745ttt o|4d A KPIE vA Z=A|AF Activity ©91=
A 270 F PPIE Sl W Activitye] 84S St ol Tl +A4
Hom P& 4 e @Y= ol ZAolofdr dwrAor KPI F
Hem 7|9 e HEske dolHdlelske2u ol mrolda &2
A 7 22 AL atolid o] R Al ApololRtal & 4 QI

[ Order-to-Delivery Process |

Order Number | Delivery Number
[

..................... i
Ordering Order Change Delivery Complete
i Error _h Block —" Order : Order RelEs Delivery | §

KPI(result) )
Timely delivery rate
4
RDD . Release Transit
[ accuracy ][ Order Processing delay rate ] [ delay rate ] [ delay rate ]
PPI(progress) |

Order error Order Change Assign
block delay | | orderdelay | | stock delay
delay rate
rate rate rate

Order-to-Delivery Lead time

SO: Sales Order, DO: Delivery Order, IOD: Information of Delivery, RDD: Requested Delivery Date

[ 2-8]. KPI®} PPIO] #HA (X, & ©o]T A, 2019a)
[Fig. 2-8] KPI & PPI

52 ZEAA uto]d T (Toolw o]2fdt m2AA FA
gt 71se Aestal Ao A€ S DISCO= [ 2-919 o] o
St Filters A-&sha %Eﬂ Timeframe Filter= EASE A|7FHS 2] Aste] 5
T 717ke] ZEAQARE 3Felst 4~ Q= V)55, Variation Filter= HIWYSH] 4
PE ZZAHAE EQI5tE 7], Performance Filters= 43§ A|7to] o2f 24
g ZZAAE 2= 7], Endpoints Filteri= 543 FYH22 A2 Z2A
A5 2= 7)1, Attribute Filter= BT &4 30d o4 o8 1H)S 7]
o

2 T2 AAE 3915t 7135, Follower Filter:s AZF AdiE & EA A

N

—1

_I
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Zko] AUzt Fofl B7F Add 95 Aot 7Iselth olAd not ¥
H 7= AlTste 2249 ol vtz BT AuE ZRAAE A
of olsfd & Qe FELRE FATI] ft Aold. olelk= PPMI 2
EEd 4 dolH mheld ZlsS F7Kste] b Activity®b Attributeo]
& EHEAS Ao SAY A=E Aelstal ol ittt Atk Tle= AF
ot Eob, AL mholy oA AlFehA] ge AT 24 7se] ¥
2 fie dirzoz doly utold =5 @A ARESt E45h= A9t

Event Log

Automatically

A

Process Mining Filter >

< Derived Process Map >

i

Timeframe Filter

Frequently performed process map

< Discovered Process Model >

P

- —
|

j 1 1
| 1 1
| I 1
1 1 1 ‘ Manually
1 e o | 1 &
y Variation Filter 1 1 I 1 J
| 1 1
I ! | Process map that took a long time
I : | to perform Relpo‘r t
1 1 analyzing
= ! Performance ! ! — the cause
: Filter . : 1 of the
J | i issue
1 : specific funnel path
I -
1 1 —~— \ Ry
L End L
I
I
I
I
I

1
I
|
1
I
ints Filter :
I
|
I
|

Attribute Filter

r—r— 1. ‘_

Process map that takes more than
3 seconds to page B after A

Foll Filter

|
I
|
|
|
|
|
[}
|
|
|
|
|
|
1
I
|
Process map started with a :
|
|
[}
I
1
|
|
I
|
I
|
|
|
I
|
I
|

(1% 2-9] T2A2 vold BA W (394, & o|8F, 2016: Loen
Entertainment, & PMIG, 2017)
[Fig. 2-9] Method of Process Mining Analysis
olalg e~ mlolde] B WAL sz dnid] ofFt 1T 24
5 wlsle AeAel 270 sk Baol slssick Aol ok el
oA Eg AR Eulole] @ AN A vlold Agel gt AR}
7} = Folstelol shul BA7LY MM Gefo] wet 2 Aut hen
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R4 7] o Aucks BAHL oAs] ot gk thAl WA LA

de mEAs Bde AFOR AYHL ol4E Fohft oy =7

Agstel AW ZEAL B4 BA Bie A2AL o= = AN
ol gt AARA W BE zaAs A6 delat ods 49

of ool o5z AL ot glrk

[ 2-3]14 ANG 574 B4 wEe ok Al ntold mey

q
59 7A=Ht 229 449 15A KPMGOE Z2AA vl x

>
k=)
(o]

o
w2 [

—

Preparation & Planning Implement quick wins
Project kick-off, data extraction planning, Define an action plan to implement quick
technical preparation. wins.
¥
Extraction & Transformation Optimization embedding
Extract data from relevant source systems Embed and implement medium/long-term
and transform into correct format. improvement projects.
¥
Analysis 8 Evaluation Continuous monitoring
Run process mining algorithms, evaluate Development of long-term Bl tocls for
initial results and opfimize. continuous process monitoring.
v
~
Reporting
Dynamic reports that allow to further
deep dive into results and help you to
identify improvements.

(717 2-10] KPMGS] Z2A|A wlo]y =) W=
[Fig. 2-10] KPMG’s Method of Process Mining

55| mEAlA o]y AvE AT wWe 14 AE PHE KPMG's
customer experience methodology)oll whet 4=dgtetar ¥s|al Qledl, 1 W
§2 [F 2-4]¢F Zo] 67HA] "4 49t 5749
n2AAE QIS S, Al k¥, Zdie<E, Sf

&

6) https://home.kpmg/be/en/home/insights/2017/09/process—mining.html
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Blevi, Delporte, & Robbrecht, 2017).
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&Mz oW §me ZAEoF 20| gt of
437 e Aol

Qole BAT m &
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o 717t

[ 2-4] Z2A|A B YHE (Blevi, Delporte, & Robbrecht, 2017)
[Table 2-4] KPMG’s Customer Experience Methodology

6 Essential Pillars

5 Aspect

* Personalisation

* Integrity

o Time & Effort

* Expectations

* Resolution and Empathy

* Explain exactly what is needed
o Effectively manage delays

o Offer alternative solutions

e Inform customers about issues
o Use latest efficient technology

A7 (2018)2 Eikﬂi ofoly 7S
~ Z& (2% 2-11]3 7
2UHy 9 A3 7}3} B

o

o
ot

mutel A9l o]gA o
2o “mupel A9 o874 9%
A% mAARA"E ANSAT. “me 9

r=
=
HE 279 &, M= Sl

_|.4

39| A HA Data LayeroA+= o]Hll ESF AR
o 2IE ETL Z2AIAE AA dlolglolste2of 21 dlole= #7dst
= A4S AYsty, & WA Process Mining Layerof| A= Z2A|A0] EA
2 steto] ot A BUEYS Q3 wetnt ujxA AZEE 9%t
HorS AJAlsHH, Al A Monitoring & Visualization Layeroll A& #|& At
SR ARA WA dRtAHo® 2 HUEY W AZE 7He] 24
Aol B A7 Sl s AA sk (FEA, 2018). T2y oHg &
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A Al oty AR EYHY, AZer 3k 3 AgekE st W
He Ao Aer HFHoR S7 Z2A29 ol (7]Me AlY o84
o ol ol "t Ade ot Aol otdzt, ARgAe] &F (Customer
Journey)= ZEAAg FASF= WY ol AR HYHHSH:E HHS
oot Adolnt. AtH o= oA EfRt 2nAE ZRAAE 245 9
I'ege AE7he Aol 7|Histe] AgsjHEA o]f
of tigt ¥l FFste A A= £oh AdAlz gl w=t A1z
std Zits oA At ZeAL mrolgollA AAHE ZEAA RdY

r‘\

Layer '8 73 dhot Layer ' Output
1. Data Layer
x*ls_l
2143 | ETLZEHA 23 dHoley
2. Process mining Layer
Al BLEY web dA/7H HiXI A[Ztst wet dA/2H
= = FHE
= DA 1= oME 23
= : = = Gl o|Ef
o A % P 22
Z2MA Hlo| & F {2 230 e 2 Holg FHa]
=28 AA e RS ZEM 2 At
N
3. Monitoring & Visualization Layer \ filtering
A Bg BLEY Alztst xt2 7|5 HiK| 2 . DEHA Y
. Z2MA 7|8
[._‘Tﬂ = c "
. q @ 3= &} raw E|O|E{
Z2MHa Zaly AAl/AA TR K| 24 % . EZ2MA 7|8
HLHY ZLHY og =y Het 24 7|2 =2 M1} X E
o

.

DEHA(OI8TF OF) BHY MAE EE U HH2 Y 73] Z%

(1% 2-11) Z2A2 ol 7lWe Tae BUHY 2 A28t 78S
Qe medYga el AA (B, 2018)
[Fig. 2—11] Process Mining Monitoring & Visualization Framework
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& 2-5] 71E WRETS] Zo]
[Table 2-5] Differences From Existing Methodologies

Traditional Method Proposed Method
T * Procedure o Algorithms
ype o Checklist &
* Process Model
Output |, Graph Cause
Performer | ¢ Expert * None

Al2"d Z2A2 uto|dd} HAlY
D Ay dizEd Z2AA
HARY diRlEe dirF o= o5 WA wat "oty (Supervised

Learning)¥t  H]X|]Z3}5  (Unsupervised Learning) 13]31  7F3tels

(Reinforcement Learning) 522 E273tct (Lison, 2015). E3F dh

)Y

2
=
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e

| otet B35 (Classification)?t 3]7](Regression), w3 (Clustering) 522
25 o= ok

D2 A~ mro] oA ARREE FHAAR 2s ARkeo® HjdH Al
@ (Series) HIo|H 2 F4] dlolEut 2¢do] A& 9% TEXT HolHe}
ARRb A 2 low, Axdhss Tl KPIO| 24 oARE dScte &
5 (Classification) = A4 428 At 52 9=5t= 37 (Regression) &

ne)Ze] 22 AH§HL

A
= s JdEs £ 7 e 2 HAE ot EE JAYER U=
@< Decision Tree (Rokach, & Maimon, 2005) <i2]&y o9
Decision Treeg= ool AR8ste YAE W< Random  Forest
(Breiman, 2001) ¥112]&, 2t B4 Afele] =HE 7HAsk= Hlol=2 AHE
Hgst g5 ER77]9 dF9l Multinomial Naive Bayes (Caruana, &
Niculescu-Mizil, 2006) &xelE, =Y W59 Ay S ol§stf A
of WA 7HsAde dSskedl AABEE A 71M<Ql Logistic Regression

(Cox, 1958) 5o] Utk

o= geld 71Nt Ay dreEEe] Wol 8=t HaEH 4
2 23 d3eE]lE9 RNN  (Recurrent Neural Network)e] Qlth.
RNN2 f43 7t ddo] &otd x5 Zhe E4S 20 qlom, AWA,
A EAe A" & 4 s AT dFe] dHE AFE 5+ A Sl
SOz, A9tAQl HHRF A g YR wRelE o]go AL P
o] A= AT 4 At (Dupond, 2019).

T2y RNN2 [28 2-12]9F 2ol 4 dlole7t AAH sta58o] A
sslo] dlojele] MmOz A4 me] de Holug Wr: BrloE
4 (Long—Term Dependency)e] HAsitt, =22 olF o257 $ldf
RNN¢ ®Wge FxQ LSTM (Long Short Term Memory, Gers,
Hochreiter, & Schmidhuber, 1997; Schmidhuber, & Cummins, 1999) T+
GRU (Gated Recurrent Unit, Dey, & Salem, 2017) 5°| 2 ARgHTH
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Input N Input A
. \ ,' “\
[ \ [ \
x * RNN | > h » Xy * RNN 1> hy_
e Ug \ ) W 0 Y . Uer \ ) W ot
Y / -
Wh, Wh,_,
Input o Input A
X4 o[ RNN hy X, —*— RNN 1> h
Us \ y v FEe v, G Y
. RNN —
Why 2lojof Wh,
Input e Input . Output
| / A W /
x / RNN | > h x J RNN > h
Z sz \ y 2 e UX:+1 L /) W =
\,\777/;‘ S

YO E0| HO{HE+F HEr 2AH 7 Mo FICL

[ 2-12] RNN2] Z7]e]&4d A
[Fig. 2-12] Long—Term Dependency Issue

LSTM2 [1% 2-13]o] mdH AA"H =3t olee] LSTM A Afo]d
5= 2l A A (Cell State) H7t F7t= FRFHTh oHe Al A4
Bi7t o2 dlololz ADEWA 7|9 FEHE HESte] A7|9Ed 7AE
siAae 4 Qlich LSTM glojejo] 7z Aa & ¢ FA¥e=z HY [19
2-14]12} Zo] Input Gate, Forget Gate, Output Gatezhi= ¢ #S H3S5tal
Aolots Alo|EEo] EAstH ZF Alo]E& Sigmoid Layere} Pointwise
A4teE et (Gers et al., 1999).
ofell ¥rell GRUE LSTMofA{e] A el (Cell State) HZe] 7t glom
A 29 &9 holA I 92 st Update Gate, Reset Gate®] F
7HARto s B IFESHA o]Folith o]F Fof 7|&2] LSTMOA A&
A E AL (Y8E dHlelE)E o & 9 a&3<d Akl Zhssith

|

& Eole "l A2 A SHox ct.

Sl

N
X
fot
l_n
i
<
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Input - Output

\ I s
Xe-1 o LST™M ) s hy_y
! o i = sigmoid(x Ui + h,_,W)
Crq ‘ , '
» & = tanh(x U+ h, W)
Input y— N Output N
e o LsT™ ‘I‘ - hy | fo = sigmoid(x Uf + h, W)
r Co=fiCe + ik
, Ce 0, = sigmoid(x,U° + h,_ ;W)
Input . Output
Xiiq L 1‘" LSTM | - ht+1 hy = tanh(c,) + o,
\ : % :
[79 2-13] LSTM9] #% [73 2-14]. Cell State®] 7%

[Fig. 2-13] Structure of LSTM [Fig. 2—14] Structure of Cell State

2) WAHY 7)Hte] 2 AA o=

BAA0] Y e HUE stk
Zotde dF-5ol AP Ut

Van Der Aalst, Schonenberg, & Song (2011)2 FAZ< 7|HE Tl
g T A2 E2 23 AR d55H3e™, Ceci, Lanotte,
Fumarola, Cavallo, & Malerba (2014)= Naive Bayes, SVM (Support
Vector Machine) & ©tFet HAlHY d18&S 7|9to s 498 A)gtat wp
219F 8 ActivityE ASSHTE HZolls "H8d e S/ LSTM dael&
Zlgto g2 mpzxjut T2 HAE o= (Evermann, Rehse, & Fettke, 2016)&
goto] 2 AL E HAAH

ge ngAs oEF gueE Pu kB EEdow AgE BPI
o

Challenge 2012 o] AME (Van Dongen, 2012)-& 7|¥te=z dye|EH
=g AU o [E 2-6]7 o] Naive Bayes, SVM 59| H5A<
S}

mAleido] Hsf] dejd 7Igre] &t AY Jdae]Eel LSTMe A7t
=ro F o= 89.5% (Theis, & Darabi, 2019)7}#] ASt=7} 3k
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[E 2-6] d2FE ZEAL A= At
[Table 2-6] Process Prediction Accuracy by Algorithm

Algorithm Accuracy | Precision | Recall |F1-Score

SVM (Ceci et al., 2014) 0.817 0.856 0.822 0.817

Naive Bayes (Ceci et al., 2014)| 0.617 0.633 0.612 0.555

Evermann et al.

(2016) 0.824 | 0.852 | 0.824 | 0.817
LSTM e

€1S, arapi

2019) 0.895 | 0.895 | 0.895 | 0.887

% BPI Challenge 2012 Hlo]g 7]& (Van Dongen, 2012)

T3 ARRE HlolH MEE dE2T, AR, A4, & °o]HE7F (2018)
< =l 2 SHEE A ZEAA HlolHE T4 g4l

LSTM)& 71‘i2i AZs] HSEE 90% old7Al &

2, & A (2018)= vhA| =9 Activity T4 ZE2AA
Bl Ei*ﬂi/] 714" eks KPIE WEoh=AE A5 & dvhe A& A
Attt AAl 714l M= Bes] o ActivityE S0k ARt AAA
O] _u_i/lﬂ/\oﬂ EHO]_ KPI_E_ A—]X—]o]-_]_ OHE}' KPIE 1:1-/\40]- ]

Apdol mrefsto] AA|A o=z 2He ZAHE st Aol Fasthe SHA

KPI o5 el 7]E0 o5 REAET 7|0l 8T Aoz wohdd,

A3 A 49 s A%
DAY FsE ABAS Ad B 53



oo 2
X,
>
i

=8

XAI (eXplainable Artificial Intelligence)& 93t €e|F 2 TH52 &
A DARPASIA 3l <1 Explainable Learners, Psychology of Explanation
Z2AE (Gunning, 2017) ¢Jo% IBM®] Al Fairness 360 (Bellamy et al.,
2018), LIME (Local Interpretable Model-agnostic Explanations), LRP

et

(Layer—wise Relevance Propagation, Montavon, Binder, Lapuschkin,
Samek, & Miiller, 2019) & o}t dagjEEo] &ts] AFE L ot
Montavon, Samek, & Miller (2018)& [19 2-15]3} Zo] AW 7}
1825 FYES 58 540 wet 24 I3 AT ZdE AAE S
+ X (Interpreting ModeD)™ %}, “¢1-52]5°] f 1% 24& WR=A]
3 dlojHz2 AwWst= ®WH  (Explaining  Decision)” 22 GRS}
Interpreting Model> THA] Berkes, & Wiskott (2006), Erhan, Bengio,
Courville, &Vincent (2010), Simonyan, Vedaldi, & Zisserman (2013),
Nguyen, Dosovitskiy, Yosinski, Brox, & Clune (2016) SolA AAIgH
Activation Maximization@ ¥} Hinton (2012), Goodfellow et al. (2014),
Van Oord, Kalchbrenner, & Kavukcuoglu (2016), Simonyan, Vedaldi, &
Zisserman (2013) G°] %3t Data Generation®d 2= Wil Explaining
Decision THA] Khan et al. (2001), Gevrey, Dimopoulos, & Lek (2003),
Baehrens et al. (2010), Simonyan, Vedaldi, & Zisserman (2013) 9]
Sensitivity Analysis (SA)@ ¥ Poulin et al. (2006), Landecker et al. (2013),
Bach et al. (2015), Montavon, Lapuschkin, Binder, Samek, & Miiller
(2017)9] Decomposition® 02 Lt ol [T 2-15]9] 7P &
AR Activation Maximization®] 7Fg Model ZHAlo AFttH  (Focus

on Model), 7FF 2E22Z] 9]%|gt Decomposition®] 749+ Dataoll #Z5t

N

= m o
ol rolr
- I+

(¢}
Wi
I
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o] (Focus on Data) SfjAlsH=

w4l e,

DNN Transparency

Interpreting Models

L

Explaining Decisions

N

Activation
Maximization

Data
Generation

Sensitivity
Analysis

Decomposition

- Berkes, & Wiskott (2006) -

- Erhan, Bengio, Courville, -
& Vincent (2010)

- Simonyan, Vedaldi,
& Zisserman (2013)

- Nguyen, Dosovitskiy,
Yosinski, Brox, & Clune (2016)

(19 2-15]

Hinton (2012)
Goodfellow et al. (2014)

- Van Oord, Kalchbrenner,

& Kavukcuoglu (2016)

- Simonyan, Vedaldi,

& Zisserman (2013)

XAl €325 257

Khan et al. (2001)

Gevrey, Dimopoulos,
& Lek (2003)

Baehrens et al. (2010)

Simonyan, Vedaldi,
& Zisserman (2013)

= (Montavon et al.,

- Poulin et al. (2006)
- Landecker et al. (2013)
- Bach et al. (2015)

- Montavon, Lapuschkin,
Binder, Samek,
& Miller (2017)

2018)

[Fig. 2—15] XAI Algorithm Classification
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(Focus on Data)

2= LIME, SHAP, LRP
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2) LIME (Local Interpretable Model-agnostic Explanations)

LIME &a1e]&9] a4 7Hd-2 i=ighel oftte] Hsls Fols o HEo
o= Azglo] =LA HHH, 11 W49 FaL7F wthe ZAoltt (Ribeiro
Singh, & Guestrin, 2016). ¥ 2]&2] WAHIANE & & Q1%o] LIME &1
gE52 =AM S Algctes AAEHSIT & oS Rdo] ofd Ao



2hESH=A1E oldliste ti4l siAlstE = ASgke] el HEo] ofEA
S2el=25 A5t (Locally Interpretable), R&o] tiaf]l 7142 sHA] &
7] wzell olHe Redofke A8 4 ot (Model-agnostic).

fAHe] He= =28 A (Global Interpretability)? 22 o4
(Local Interpretability) 22 &g £ Qf. 229 s[4 (Global
Interpretability)> R @of oJs Ragstel £HAFE HAAE ol & YA
tieF2lo| Ay H#AQ1 gholl EASH He Eilo] Stk =4 si4 ¥ (Local
Interpretability)> Ellol8 i o] 2k
o [O" 2-14]9F o] 2HARE FHo] #2 1
oB&® Localof| tHgt Awo] Globalol tiet AXot 54t Aoy At
of tisiA He=rt o =& 4 AUtk

ﬂrﬂ

;... +:.

Complex Non-linear Simple Linear

(1" 2-16] 229 A8y 245048 (Ribeiro et al., 2016)
[Fig. 2—16] Global Interpretability & Local Interpretability

LIME &1gZ&oA AWzt (Explainer)= Rdo] 7ol AMglo] 24
FAoNA A ALY FAA ZF77] (Classifier) o] ¥F= EZFSHo]
A (Decision Boundary)E At (Approximation)@tey. LIME &3]
5 Yol P2 A5 Yol d=l@ts wet (Perturb)ste] o o]
AR =2 glgth. LIMES] SAZAl =g= S&%  Global

5]
k5t Local ModelS E3] Balursol mAlay mus 2}
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= A oA 2
I A~E BAF

3 oF
O

Sh= Zlo] ¢ gtk dlel Sl
ol fotHor mISHH WA HWStalA} st
(Feature) 7S Hob /& ThETh 74 B4 A5 A8E+= E
Az Solid "o Feh= A Au|de Feth vt =t getel A
ARESt= o] 2o "k tgo=® /9 oA /& oy i Hopdrh
A EW ArE W IARE Y= Aotk T oA B zE T
=t 238H gt A% deb v 2 Aotk
&(g)=argminL(f,g,7,)+ L2(g) 2-1)
g€ G
A Q-DI Zol AA mygor g o= f(z)9 49 mIAYE 4
7Hsdt B oz gt o g(2/) 9] Aol(L)ek Ao EFA(Q)o] 71 &
(argmin) 29 ¢g& 2 O™ o] g7} x9 THolA foll thet Aol Hrt.
3) SHAP (SHapley Additive exPlanations)
=82 A9yl Sl Ad olE9
aEFoltt (Lundberg, & Lee, 2017).
0l
A4S Payout< Align o}
7

ans o] g5 o
o] W= WgAol w2

Faelze
Shapley Values& 7|§to=z
O

5

SHAP HAlEY 2Eo
= @84 o]& (Conditional Game Theory)o2 L=
Ho= 7t Player?] @3t vH|PE o] & F7

TE‘
=
KX
el 7

Shapley Values
ekl gk =

2} Player®
Adoltt, = shte] EA (Feature)o] T
6‘1——% +AT (9
ol Shapley Valueolq
St

= |

713} o] dlolels} s
Al dlolg7} A o].

A BEA4=
7oA ‘?:*01‘51
[1¥ L e,
s Agsta Az A
A7]et yFoz JAJH FQl Shapley Valued A4tstod
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— Model ) Prediction

Data

Explaination

(727 2-17] SHAP &a12]& 2584 (3, & °194, 2020)
[Fig. 2-17] SHAP Algorithm Workflow

SHAPE= Kernel SHAPSF Tree SHAPZ FEHT}H Kernel SHAPS HA

Feature®] & AJAsto] F2H9 A (Random Coalition)= AT &
Feature®] zot= HHo] #gsto] AE ¥il 7} Feature £EE9 7152
(Weight) & Al4terer. olwf] 7H5217F MiAX Ho|HE 5ol Linear Model=
=3 o] RdS 7|Hto 2 Shapley ValuesE ARty LIME¥ Kernel
SHAPS] 7P 2 Zpol= dHlolgof 7FsA] (Weight)E #i7]= Alel Aok

LIMES] 79 Instance¢te] AHE Fsl 7MEFEsE =2 7IAE F4
T

A}

s
z10] B4 digt 1G5 TS FE U oW HE BEAS oeld &
Atk ohA] el ek Ag (Coalition)o] shte] EA4o=qt 1A 7-e-2td
15 FFEe | 2F AT A Gt wkel
Tt A9 (Coalition) o] AWME EA4S 284 e Z-92hd o]#dh x39to]
Fo|l WotxBEg ZHZbol EAdo| digt gFEe 2ahel €= &+ fith
Lundberg, & Lee (2017)+&= 4] (2-2)8F Zro] A3zl

Shapley Valueg AL =

(Coalition)2] o =Z7)0]

k
N
rir
r o
A
IAM]

)
N
2
_OL
rir
B[l
o
>
o
Al
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r o)=L
) (24) Zl(ar—121)

Tree SHAP-S Decision Trees, Random Forests, Gradient Boosted Tree
oF Z2 Tree 7I8FS] HAl2d 2do] siA4S 93t 2 o= Kernel SHAPY
Hle] B4 £r7) wi2oh, SHAPE £3] Tree 7|9 2do] tisiA we &
E 7IA™ LIME¥ th27] Feature Values®] 343 EHE & AS547E
B7tstal, Global Model Interpretations ©]-8stt}t Tree 7|§F dlo] ofd
8% &£7F LW, Feature 79 FH4S FARMGE A= A

(Lundberg, Erion, & Lee, 2018).

(2-2)

4) SA  (Sensitivity  Analysis)®} LRP  (Layer—wise  Relevance

Propagation)

2ol % Aol daf mAE Gl 25 A

|
o} = T+ BAA (Relevance)= stz A1} (Propagation) €l
o= dF Aol izt deld AFE 7 glojojd 7|o=E S5},
7} glojojo] Aite] Higt 7o E SE W FElE A|ZEFettt (Bach et al.,
2015). ESh &34 oY HI= H dAZR| ] BE R dis) &% 3
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S a% 7FA wel BS Aum Pz Al 54 G Jeid
(Deep Neural Network) Z&of disjAigt 283t 4= Qlrt

Prediction f(x) flz)=LR;

w "
N

Explain Prediction X;R;

(1+1)
R; / Output f(x)

[1¥ 2-18] LRP ¥18]& ZEHHA] (Montavon et al., 2017)
[Fig. 2-18] LRP Algorithm Workflow

LRP= E3|E B3t A% (Explanation by Decomposition)= AR&5}o]
ged mde  dAen o wsw Qe mER
X — <'r1’x2"“’xl"“"xd> Oﬂ qif)‘]-o% 6}{—5‘% %FH% EE’;‘]O] f(l‘)a]'x—lf %E—li

S A, Y 98 19 7]o% (Relevance Score)E AAMSH= Zo] =
Aolt}, o} f(x)e A 44 2-3)7} Zo] 7+ Y o] 3t Relevance
Score (R;)¢] gt Zth Bach et al., 2015).

M)

f(l’): %RZ' (2-3)
o 5ol (19 218144 54 "eld mdol @ o] ANS YL #
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‘HoFol'd gHgol 0998ty EHPTHA (f(x) =0.99), T Bdg o]F1
RE Z Layerg #4952 e 7 (Neuron)E2 25 0.992h= &9 of

—

g 7199% (Relevance Score)E ZE1 §lo™ Relevance Score®] @ (X R
7

0.997} =lojof dtty (Montavon, Lapuschkin, Binder, Samek, & Miiller,
2017). 28 E2 79 g 7t 7o &8t (Outpun)ollA =& (nput)
For AEuiste] AL o low T8 ALtE Ay= Heat Map9 o
B2 3T 4 vy & o] AR AREo] 7ot A, wFEo] 7]

AR - [e]
olgt ¥4, mev} 71l A 5 AZHoz gl > gl

— - =2

o K
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A3 97wy 2 A%

A1A 7 H a7 3

u
H—l
i
:.OL_',
£
k)
i)
3

N
i

2 olzg mRAse dste] by
axt AT AP Aok ol Yaln
T 247t AR SAskE Al %
shekx bk,

t}

< 717E= 84 (Activity, Attribute 5)5 50
dd e Fe 7138 Ao oAE
A=

m rLu
zo Mo op

ald
£

Traditional Process Mining : Human

Process Mining Perspectives

& filters

Domain
Knowledge

Root Cause

Information System Process Model

Event Log Data

of Issues

Expert’s Heuristic

Proposed Method : Algorithm

achine ;
; < ; Factors that
Learning Predict Model Affected

[1¥ 3-1] |9+ 714
[Fig. 3—1] Research Hypothesis
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oAlE S0l [E 3-1]13 Zo] 5749 m2AA7E Qlha 7PgsiRan. @
Process %%—8— AHAAROA HAYRE oHlE 25 ZHZo] ZEA|AER
Hoto] REETh o3t 752 TREAA
o E%LOM 71%1—19& Algoty d¥tdo== Raw Hlo[ElE Itz
ARESFA] oAl Aol JEE ZAA BE P2 LAEE

P
T
o] ZEAAE sk A9 &% (A, B, C §)& Activity2tal st 242}
pA

9] Activitys 43 AHE, 9 AT 59 A4S Attributegtal Zebcy Zb
ZYol TRANASS dREE T3 dRE AR OE Activity®} Attribute2 -
AEh (o]nf Fdet Activity29F 4% Processg= Case?t £l gttt
[® 3-1] Z2AA 24 oA
[Table 3-1] Process Analysis Examples

.| @ Root

No @ Process @ Result |® Predict
Cause

1 A—-—B—-C—D—E Success (1) 0.78 C =043
2 A—-—B—F—D—E Fail (0) 0.12 F =10.76
3 A—C—D—E—G | Success (1) 0.91 C =032
4 A—-B—F—D—E Fail (0) 0.45 F = 0.51
5 A—-—B—-F—E—G Fail (0) 0.03 F =042

@ Resulte ZEAAEE AR D94 oFE HE=z A4bsto] 7
gt oﬂ =01 A7 HigEolehs AR metal shd AR mEA| A0 43
AZHE 7102 109 o] Success (1)E 1098 =16HH Fail
el Sttt o]ZA @ Processs HA ] £ 2

7) AA ZRA|A mlo]dol] ALEEE HlojEE HE FutilA Sulul Ao

ol Hl
ftlo

H2Fh % Training

IZRA|AE AR




Data® ARESHY, @ ResultE 2Pz ARgste HAled A kots 2
off stse HApsHH A7to] mEAA FRE=E O Predict #E 7
t}. o] Zrol 0.5 oJste]H Failz2 o= Zlo]il 0.55 ZIsHH Success
5%t Aoz mdsto] MAZ A5 FEE ALt T2l oA

= XAl ¢uglgoes EAshH Ldof <=EHEH  Activity,
Attribute gFE°] AS5H Aol 72 o] AEo] JFEE THH=A AL
g Qe oluff A2 BE GAHA] 3 (Fal) ZEAIAS ([ 3-1]9A4=
24,5800 tisiA oS Axtol] 7P @ A ([ 3-1]ofA4
+ BE olfrel tigt &4 9 @ Root Causeoletil 7 o3y,

9 AHde2 ) A—-B—-C—-D —E 7 44 ‘FE - 2% —
FEed — YA — AFALATY T2- 20l 2) A - B — F —
D — E 7} &7} "F& — 2 — s — d2ATY — AlaASAE
JrolgtH Az oR TEH Root CauseZb “s-25"0] HEZ SJA-450]
2t= Acitivtyell =A17F slote 2Jn|7t "o

4 o

l
Mt 2 %0 o

ok

T
=]

Flo rek
of
-|o-rl‘
filo
=
ﬁ[‘
Ir
fo

i

Ol

Analysis results Build a Predict Causal Analysis
® of Experts @ Model Automation

Expert’s heuristic Machine Learning eXplainable Al
Domain knowledge

Same Result

oot Caus

oot Caus

of Issues | = | of Issues
Traditional Proposed {algorith
[T9 3-2] 7 O 32 23 (B, & olF4, 2020)
[Fig. 3-2] Proof Method and Process
olfdt MdE TS flst] & dAFelME [ 3-2]3 o] © 7]
Fo] ZA2 ulo]d ZRAEES Fo ol Udlo] =EW AlE o} b
olfl NEE d5otil, @ mAlRY LSS o5t ol ¥AE A&
o] AHE 5T F, O o] A5 Hde XAl €idFer 245 7H
2 9P 713 FRS ANt 1 Fipt A4 mRAEN Sad AR



R APATolN & URel ZEAA 3P Ay oS Rd2
Decision Tree, Random Forest, Multinomial Naive Bayes, Logistic
Regression, SVM ] #52¢l vjdlely mauct gelyd 4e] LSTM
wale] oz AEEsl A Uehdoh T 2 e BHe gerse)
Homo] glone slEe chke vldey YneEE cerel 2§t

Zizte] gnelE 710 AR AAEHe] nAE JFS Hmstict 55
A bse ABAS FUAES B AP AW FQ Hopg gmels
Zre] Wit g B4o] Wag gelh o2 g5 @A 7@ e
A4 F=7F 370 LIME, SHAP, SA, LRP ¥112]&S ZH2to] o= g
Hgate] AARNY FHEE WA Hlastgon ofF T Hiad LA
2 B ol uae o mdu 49 Msd AFAs duLEe
e o] o] B 4 Y5 s G, A7 Ane] NH=E kol
7] glal Sele] chokt mEAA vty ARIE AL LA, ARG, <
Y ARAY Sold B HlolHE HE wel Sustel A@FoRH
AR §A e m2shed selstrt

A2d AT dold £7 % Wg

DZ2AA mroly ZRAEA EEH 21 HolEHe AA AAHE F
T3E AFo A= diZfe IrpelME ZIEE HEEIL glo] ShE=iol
A Zgst7] ol =Wl Uth. uds] vEHE=9 TU/e (Eindhoven
University of Technology)ol4l+= i@ BPI (Business Process Intelligence)
Challenge W25 &l FHo thfet 7Id=clA NABEE ALt ZaA

2 glolHE F/stal AH). o] & 20120 F7HE UETES] A2

8) https://data.4tu.nl/search?q=bpi
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L A9 43 F4 39 e Bk 29 o) nE

Az AR B RS B Gk F§ ZRAL S A BE ¢
7} ARALDE olgaty] WR Fhe] e PR FFo| AT /1A
o] Mo maAx ol de] felsteis | At o2 Sof AW o wY
2 s Aot $aE SHe Fo| emelel gRst WAstdeE o 13
A AT FEG AN WEe BE Asde] SRt ReAS ol
skt st Ths

20179 %= thA] g BPI Challengeol Ho]EZ
b ¥ =Fo] Bol = 20129 HlolHE AEoHIH.

Z2A|A mrold T F Skl DISCO9] A|ZEARI Fluxicon AbelA1 %
AALS] EA-E -8Rt Z2A|A atoly ARE 4R 7hEshe] AlEstal itk
% 229 AAE Ax7I99 PAY] gHE mEAlA dRE IR AR
(Rozinat, 2012)& ARESIAH. PARE HEHE 2419 th=4 71042_% At
7R ofyet om7]7|et Wik A| HofolA w2 A= RSt e 2R
9 7]dolth. wetA] g ZRAAE Tes] Y 7HAAlE ?’]_'EO] o
=7} 7te] ER7HA skl Qlol &% Aat Fol ¢ S3Fstr

ooz S ZRAA atoly HMEZ|PQl Hoto| DA AR =]
oAl APt ofy] mEA|A wiold ZRAEO AiES dF JhEsto] F
Skl Qi+, JJ:LOﬂ SME &FoF 2ETY AH|IA 719491 MARS] HHEY A}
Jo]E](Loen Entertainment, & PMIG, 2017)& $HA AR&5}

2A|29F th2A QAIE E= HHFY 4O] AREA}
o7 A& (Customer Journey Map)o|2til gt} o]
met pasts 7)Y dF ZEA A} g e B3
Skl thefet ZEA|A SRS HolFn T 8 AE A2 oAl 9, Rerd
2~H9] By 2IE Foll 7R AEE ERIF 4 de 540 ok

=
Y/mutd o] BE 2

-

IF

ol
=
o]

9) http://www.pmig.co.kr/
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[ 3-2] AFE o] ME 2 o
[Table 3-2] Used Data Set & Format

Data Set Country Industry Format

Van Dongen (2012) Netherlands Bank XES
. Netherlands Electronic

Rozinat (2012) (Global) Manufacturing DSC
Loen Entertainment, & ) )

PMIG (2017) Korea Online Service .DSC

Theis, & Darabi (2019)= 7|Zo°] Evermann, Rehse, & Fettke (2016)°]
AR Z2AlA oS ATl Holy  HAE WS AARlshe
DREAM-NAP (Decay Replay Mining to Predict Next Process Events)o]z2t
v Z2AA dS HHE (BZDE AASHH. (13 3-3]3F Zo] oHlE =
1 dlo|HE Training Set¥ Test Set®= Uir T 21 Ho]E <] Timestamp
E 710 E ARtees FET F m2AlA mEo] AFQl Petri Net2 A4
otal, ThA] Ao 2 JEiHEE 7H Timed State Training Set¥ Timed
State Validation Set®2 Hz|5l9ict th2o=2 dolg Hzd o= mdel
Multilayer Neural Networkel]l %7 7}3st & Sh52 Fdfsty &2 o
Test Set®] HloJHE o|&sto] 45 SHst= :
Ao A= Theis, & Darabi (2019)2] DREAM-NAP Ax}el Fdst

¥ Event LogE Training Set¥} Test SetCe= UFglom, ZZ2AA
ds skt ot 71E AFolMs LEALSY ProM& ARESH Petri
= A whef 2ol Wol ARREE ZEA|A urely Q1 DISCO
£ &8skt DISCOE HlolHE AlXkeo =z AYst= 7|5 2ZdstaL 9
o] o]& o]&3d|l Timed State Training Set?t Timed State Validation Set&
A 4 Aot g Multilayer Neural Network® 7]& A1et L5}

| LSTMS A}-85}49tt. Hochreiter, & Schmidhuber (1997)% &7 719

4 i

A

H

%

X,
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o] 7s3t LSTM E%‘% Taste] AAE dolefof digt theFRt o
SAER Shgid, 4HF EAAS 97 ANAE RE 9Y usE 0~
Atole] =22 Eﬁ%}ﬁ}oqo}:‘?l ottt Evermann, Rehse, & Fettke (2016)9] ¢4
ToAE a2 B Z2MAE 22 vH7] 5] word embeddingsS
AT ol ZIEol AFolE Apdol ZHiste] ZF dolel £2E 1dlE
Mgste] HsHe JjHoer EE doAHE olgsitt. Iy 27 oAt
tolz 4 Activiyth S4wAF 5o 2A417F SAstE B0 qlof 2 4
T Z2AAE FAsHL e Activiys HIko] APHOR AoJsto] 5=
k2 Agkeks WHE Foll siEaskirh. Eot, 71229 LSTME] #2& Al
2k el 2z JHO HlolHE fEgtor Hholgo|Bg x|t 7t
ActivityS AAE FeE|E WHelsto] ALgstglon, Activity ©o]E ©]9]o] F7}
A &4 (Feature)2 oA A& A-tole 4 AALG o7 7o) #2=2

d 47 PSR 9k 34 FH HelHg Yegtos Agshar.

0]7

-

(1Y

EventLog |

[
it
p

Training Set ‘ ‘ Test Set

Decay Function Enhancement

v v
‘ Timed State Samples - Training Set ‘ ‘ Timed State Samples - Tast Set
split #
‘ Timed State Samples - Training Set ‘ Timed State Samples - Validation Set

L

v

Multilayer Neural Network Training and Evaluation
Deploy Multilayer Neural Network z

‘ Performance Metrics and Predictions ‘

(17 3-3] "lole] A e ARl (Theis, & Darabi, 2019)
[Fig. 3-3] Data Preprocessing & Training Approach
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A3d AF =7 3 2o|BHT

CThFRE A2ofA] 23 E ] JHELS EF XML (XES), Z2A|~ ujo|y
T AA Zol (DSC 9oz M2 t2A FA4H] Utk ol& HAlzdit
XAI &argj&ol &gat7] flaiAe HA 71 o]y ZHel CSV (Comma
Separated Values) @ejz WH&to] ™ Qsltt. XES (eXtensible Event Stream)
ZUL m2 A~ mfoldS 95t oHlE =11 tlolE o] wAlEE 29 (IEEE
1849-2016)082 F2 QIZAA TRAMA ulo]yd T2l ProMIOoA F2
AMEEH 2 AFolAs molilg e EAA gholHZ#Ql PMAPYIDE o|&
a XES dlolHE 92 & CSV 2oz Higsigley. DSCE Z2A|A ulol
d ER1 FluxiconAte] DISCOOA ARgsh= dlolg ZHie= DISCO2]
Extract 7]5& ©o]&d] W2t DISCO Z=2T132 FluxiconAte] SHo]
Ao Ag¥g 227 7Fsst dAle Windows B4R Al5-H et
Ao AFHgE =258 2131 Version] Al@@oz Q2Egt o+ Q=
o|F 9] Fit AR T]Fo Aol ot HAAHQ mEA|A utold HolHE
gelstal Aol ARgshe= dHlole Fstt
ol ety e e Vg A2 Hl8or GPUE AMES

g e 729 Colablda AREsHHt. Colab> F2olA 72 Euto] Y g
= AlEst=dl el digh 971/2715 ARSI HsiA

(19 3-4]9F 22 F=E ARESto] 3 Soto|Het AAsH3IH

=

O (

from google.colab import drive

drive.mount('/content/drive', force_remount=True)

(718 3-4] #+=2 Colab 374 A2
[Fig. 3-4] Connect to Google Colab

10) http://www.processmining.org/prom/start
11) https://pm4py.fit.fraunhofer.de/
12) https://fluxicon.com/disco/

13) https://colab.research.google.com/notebooks/intro.ipynb
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-85 AL 27 HolHE #MEsy] flsid= PMAPYE AR8She
7ol #Halsitt, PM4PY+E o|HIE Z719] Import/Export, Petri Net] A§/d=t
Process Discovery, Conformance Checking, Social Network Analysis 2]
LA~ mtolyd EFoA Algste vt dagES molfer s
< stolyl grojHzjgfor}y, Ao AMEE Version 2.2.7.28 uto]ofA

L [79 3-51% 2ol PIPZ ol&d) 4 4AF 5 et

pip install pm4py

[71™ 3-5] PM4PY ZlolE g AX
[Fig. 3-5] Install for PM4PY

AZE PM4APY A xes_importers ImportstH [18 3-6]2F Zo] XES
melg oS 4 les ol thal CsvIlUE ARt

from pm4py.objects.log.importer.xes import importer as xes_importer

log_path ="./BP|_Challenge_2012.xes"
parameters = {'timestamp_sort": True}

log=xes_importer.apply(log_path, variant="nonstandard", parameters=parameters)

[13 3-6] XES ™ dlo]g ¢}7]
[Fig. 3-6] Read of XES Format Data

79 maAse FzE fley] ¢s] maAs utold el
DISCOE #2 %8sl meAs mug A4sigon, YolHe EAQR
NZstel7] SlaiHE T4 atolEala]el MatplotlibldE BHesto] 1%

ol FEF sttt HolH HAZE HIEt o4y 2d 3 XAl

14) https://matplotlib.org/

15) https://www.python.org/
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gstgich. otold 9 7|2 golB = ColabolA 7]2o & A5t AlF
oz WEe 4xk Ha gl

HAHY dg]E F Decision Tree, Random Forest, Multinomial
Naive Bayes, Logistic Regression 52 [1™ 3-7]1 o] mto] glo]H g
2|9l #po]Zl A (scikit—learn)16-& AH-8-SI T,

from sklearn import tree

from sklearn.ensemble import RandomForestClassifier
from sklearn.naive_bayes import MultinomialNB

from sklearn.linear_model import LogisticRegression

(1% 3-7] M4l golB 2] ARG
[Fig. 3-7] Use of Machine Learning Library

He
d 3-8]

oryalZel LSTML Tensorflow!? Version 2.3& At8&ste] [

=1
Zo] Sequential &2 st

& oC

from tensorflow import keras

from tensorflow.keras import Input, Model

from tensorflow.keras.layers import LSTM, Bidirectional, Dense, Embedding
from tensorflow.keras.models import Sequential

model = Sequential()
model.add(Embedding(MAX_NB_WORDS, EMBEDDING_DIM,
input_length=MAX_SEQUENCE_LENGTH-TRIM_CNT))
model.add(Bidirectional(LSTM(174)))
model.add(Dense(1, activation='sigmoid"))
model.compile(loss='binary_crossentropy', optimizer='adam’, metrics=METRICS)
[1d 3-8] o5 =4 A4
[Fig. 3-8] Make a Predict Model

16) https://scikit-learn.org/

17) https://www.tensorflow.org/
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XAl €12]Z % LIMEZ Ribeiro et al. (2016)¢] A1 Ribeiro7} &
A JRdst LIME stolEa]a]1899} ELIS sto]Ha#]a]l98 37 Agstgir
T grolEgE]e] dueE2 EATW AZst 75| A= gt WHaste Ak
ek E3t SHAP € 18]&2 Lundberg, & Lee (2017)2 wE3F Lundberg
7b 270t SHAP gto]lHag208 s|¥toz zHstgdct. LIME, ELIS, SHAP
drE]E2 PIP 7|8F AXEAE-e AlFetng [O" 3-9]et o] 7itstA A
ct.

30 1|

A
T

pip install lime

pip install eli5

pip install shap

[(19 3-9] XAI 2to]Eeig] 4dZ]
[Fig. 3-9] Install of XAI Library

O3y SA9F LRP ¢€118]&2 Fraunhofer HHI, TU Berlin, SUTD
Singapore®] &% ZRAECl heatmapping.org2Do|A  AlFe LRP for
LSTM FE22¢} KAIST, UNIST, AMedisty, 1oista, Ax|djstuofA
7 2Fste A 7Hee EAs AFAIE (Open XADZIo|A Pycon 2t
= 20192904 FIRt wol 4 FEE Z|HFe g mZA|A mholy
olgof] gHA A7t £35] LRPE Z42He] Hidden Layero] EAfsh= w4l
EE9 7525 JAnstHA Atstojof stus do|krt w2 F Lol

AR o 2 =foA ARRE RE HADE HolEet mold A4 FEE
2 2+2] Github20e]] F7H5} ATt

18) https://github.com/marcotcr/lime

O

19) https://eli5.readthedocs.io/en/latest/

20) https://github.com/slundberg/shap

21) http://www.heatmapping.org/

22) https://github.com/ArrasL/LRP_for_LSTM

23) https://www.openXAl.org/, http://xai.kaist.ac.kr/

24) https://archive.pycon.kr/2019/

25) https://github.com/OpenXAlProject/PyConKorea2019-Tutorials
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A 4% AY W BA 2

A1HE 23 A Z2AA E4 2Fs)

D 28 dold 54 2 W27t 24 2

&

Evermann, Rehse, & Fettke (2016)3} Theis, & Darabi (2019) 5 ©dg
g 7IHEe] ZRAA oE B ARAFNM FEoE AF AMEE 8th
International Workshop on Business Process Intelligence (BPI) Challenge
2012 dlo]g AIE (Van Dongen, 2012)= UE@HEQ] RePA £xH A
A dolHz [ 4-1]3 Zo] F 13,08771¢] Case2Det W 262,200719]
Event?®=2 =0} glom it 5 7|7k 8.62¢, 7 433 7|7k 137

U7 At

[E 4-1] A8 dloJe] AIE EA (Van Dongen, 2012)
[Table 4-1] Used Data Set Feature

Data Feature Count
Number of Cases 13,087
Number of Events 262,200
Distinct Activities 36
Distinct Paths 4,366
Average Events per Case 20.03
Average Case Duration 8.62 (Days)
Case Duration (Range) 0 — 137 (Days)

26) https://github.com/bankplus/process_issue_analyzer
27) Casex= 92] 719 Event® o|Fojd ZgA|~9 33t

28) Event= Al2=glof| A 97} BAS 7] F 02 Activity9} €S 9nYd
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BPI Challenge®] 7152 ZRA|A mholy 7|HS =
7ol AZEolA A7 BRE DAE ot H T A& Aol A
Al Case®] 80% ol4deo] 234 ool mgE, 30 ofHEE 4l
A47F AA] S7Fshe A BR
Al Ao 71491 k8le &9 Zart dobetal £45H%ith (La Rosa,
& Soffer, 2013). DISCOE &dlfl =482 2} 5L Activity”F 22 <A
=2 435 Casel HE Variant= [IFH 4-1]3F Zo] 4366702 A
™ 3,42970¢] Casex= W& 414 (Application Submitted Complete) — F&
A7 &%= (Application Partly Submitted Complete) — SAAE
(Application Declined Complete)QJ 384 Event= FAEgloH BHHF 38%
groll AERE v A-folth

Variant A Cases | Events | Median duration | Mean duration
Variant 1 3,429 | 3] 37 secs, 828 millis 38 secs, 524 mlllls
Variant 2 1,872 sfl 50 mins, 21 secs 5 hours, 10 mins
Variant 3 271 8| 2 hours, 5 mins 6 hours, 55 mins |
Variant 4 208 M 10 [0 2 hours, 39 mins 7 hours, 47 mins
Variant 5 160 § 7 1 hour, 36 mins 6 hours, 17 mins |
Variant 6 134 71 2 hours, 8 mins 6 hours, 27 mins
Variant 7 126 1220 15 hours, 50 mins 21 hours, 20 mins |
Variant 8 93| 9 5 hours, 41 mins 13 hours, 24 mins
Variant 9 87 | 9/ 10 hours, 37 secs 13 hours, 20 mins |
Variant 10 74 14 21 hours, 37 mins 1 day, 6 hours |
Variant 11 63 | (RN | 21 hours, 8 mins 1 day, 8 hours |
Variant 12 58 | 100 3 hours, 33 mins 9 hours, 5 mins
Variant 13 55 | Ly | 5 hours, 35 mins 10 hours, 27 mins |
Variant 14 54 | 16 [ 1 day, 5 hours 1 day, 18 hours |
Variant 15 44 | (RN | 19 hours, 14 mins 19 hours, 25 mins
Variant 16 39| 13 2 days, 4 hours 2 days, 17 hours |
Variant 17 33 13 ] 1day, 1 hour | 1 day, 6 hours |
Variant 18 32 8 1 day, 11 hours 2 days, 4 hours |
Variant 19 3 128 3 hours, 8 mins 10 hours, 7 mins
Variant 20 30 18 1 day, 4 hours 2days, 2 hours |
Variant 21 30 128 5 hours, 26 mins 14 hours, 20 mins
Variant 22 28 20 2 days, 6 hours 3 days, 19 hours |
Variant 23 27 2 30 days, 17 hours [ 30 days, 16 hours [
Variant 24 27 17l 2 days, 23 hours 5 days, 10 hours |
Variant 25 25 28 I 30 days, 15 hours [ 30 days, 14 hours [
Variant 26 25 15 1 day, 19 hours 2 days, 21 hours |
Variant 27 21 14 [l 1 day, 2 hours 1 day, 8 hours |
Variant 28 19 26 | 30 days, 18 hours | 30 days, 17 hours |
Variant 29 19 24 30 days, 16 hours | 30 days, 15 hours [
Variant 30 19 14 8 hours, 18 mins 19 hours, 30 mins

(18 4-1] A% 307 Variant
[Fig. 4-1] Top 30 Variant

2429l Casex 3659 Evento] 9oz FAJHM: Evente Activity?t &
ooz dutxom "QhAbEo] ixfEo A A% @k 9 ®lo] A2lste &
gefoltt. [I9 4-2]eF Zo] ofIEE oot HlgdEolz FA= X



23,9673 aEo] HA|Y] 9.14%E AA|qF ‘Completeren aanvraag = S
oz ‘A1F ¢hm'olrh. E3F [E 4-2]9F o] ZHZHe] Activity @Ol HFol=
At Application & & AHAY] AeiE oWk, ‘O &
Offer’ 2 29 dg2d AX A, W= Work Iem’ 5 2] 9%

AEE oJulgtet, EoF ZF Activitye] FHulojel ‘COMPLETE &= &= AbHj,

m
s
39
N

Pt = AAHDO] 2 dES wjgEre
AHl, ‘COMPLETE'=  2Fgdo] Byt o2 2zt di7|def wiA
(‘SCHEDULE ¥ AtefE oJn|ghct,

[ 4-2] o|HIE Et¢] A% (Van Dongen, 2012)
[Table 4-2] Event Type Explanation

Event Type Meaning

States starting

with ‘A States of the application

States starting

with ‘0. States of the offer belonging to the application

States starting | States of the work item belonging to the

with “W_’ application
COMPLETE The task (of type ‘A" or ‘O_") is completed
SCHEDULE The work item (of type "W_') is created in the
queue (automatic step following manual actions)
START The work item (of type “W_') is obtained by the
resource
The work item (of type “W_’) is released by the
COMPLETE resource and put back in the queue or

transferred to another queue (SCHEDULE)
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Activity | 4 Frequency | Relative frequency
W_Completeren aanvraag-COMPLETE 23967 9M4% [

W_Completeren aanvraag-START 23512 8.97%
W_Nabellen offertes-COMPLETE 22976 8.76 %
W_Nabellen offertes-START 22406 855% e
A_SUBMITTED-COMPLETE 13087 4.99% [
A_PARTLYSUBMITTED-COMPLETE 13,087  4.99%
W_Nabellen incomplete dossiers-COMPLETE 11,407  4.35% [
W_Nabellen incomplete dossiers-START 11,400 4.35%
W_Valideren aanvraag-COMPLETE 7895 3.01%
W_Valideren aanvraag-START 7891 3.01% [N
A_DECLINED-COMPLETE 7635  2.91% [
W_Completeren aanvraag-SCHEDULE 7371 2.81%
A_PREACCEPTED-COMPLETE 7367 2.81%
O_SELECTED-COMPLETE 7,030 2.68 % [
O_CREATED-COMPLETE 7,030 2.68 % [N
O_SENT-COMPLETE 7,030 2.68%
W_Nabellen offertes-SCHEDULE 6634 2.53% [N
W_Afhandelen leads-COMPLETE 5898  2.25% [N

W_Afhandelen leads-START 5897 2.25% [N
A_ACCEPTED-COMPLETE 5113 1.95% ]

W._Valideren aanvraag-SCHEDULE 5023 1.92% [N
A_FINALIZED-COMPLETE 5015  1.91% [

W_Afhandelen leads-SCHEDULE 4771 1.82% [
O_CANCELLED-COMPLETE 3655 1.39%
O_SENT_BACK-COMPLETE 3454  1.32%
A_CANCELLED-COMPLETE 2807 1.07 % [

‘W_Nabellen incomplete dossiers-SCHEDULE 2,383 0.91% [N
A_REGISTERED-COMPLETE 2246 0.86% [
A_APPROVED-COMPLETE 2246  0.86 % [
A_ACTIVATED-COMPLETE 2246 0.86% [
O_ACCEPTED-COMPLETE 2243 0.86% [
O_DECLINED-COMPLETE 802 031% [l

W_Beoordelen fraude-START 270 01% |

‘W_Beoordelen fraude-COMPLETE 270 01% |

‘W_Beoordelen fraude-SCHEDULE 124 0.05% |

W_Wijzigen contractgegevens-SCHEDULE 12 0% |

(19 4-2] Activity 55 2 A3l A4
[Fig. 4-2] Activity List and Frequency

FQ3% 48 S5 RIGIETA [1Y 4-3]7 o] tiE AHA A&
(Application Submitted by Customer) & th&E A% A4 (Application
Pre-Accepted), W& A1HH4 (Application Accepted), WEXZ AHA
(Offer Sent to Customer), 17 -3 (Offer Response Received), #F <<l

2 &4 (Loan Approved and Disbursed)®] 67] ©AZ F+EZ 4= QL

AP Al olm] 44%9] tiE A o] AFR/HAEM, ABHT7HA=
AA O 39%, 117 FHE 25%, F U 59 E AR SrEHE= BE
+ AAY 17%°] E3ster. TS [ 4-41& EH 149 & AHZHS
5 SAl A (Declined Instantly) ¥= Zlo] 3,429 0% 204 o] ¢tad o
= A% el Higt Ado] 2,2904, AAo] FHaste Aert 2,807 To=
Z7t] & A4 (Declined), 742 FHA (Canceled) 502 T2AMAV} =
HEE A7t Bon FHFAom diE AWM REche 9w 2,246719]

CaseO]E]'.
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=

Declined(Instantly) : 3,429
Declined(After Call) : 2,290
Cancelled : 1

Declined : 754
Cancelled : 158
Unresolved : 96

Declined : 1,085
—— Cancelled : 1,100
Unresolved : 69

Declined : 48
Cancelled : 1,482
Unresolved : 231

Declined : 29
— Cancelled : 66
Unresolved : 3

[ 4-3] 8 =24 A 55 (La Rosa, & Soffer, 2013)
[Fig. 4-3] Key Process Steps and Application Volume Flow

13,087
-,
. 0 2,246
Total Declined  Declined after Declined after Declinedprior  Declined  Declined after  Cancelled Unresolved Successful
Submussions mstantly  follow-up on pletion of  to finalizat flowing  final validat pplicati ipplicati pplicati
3 ol liminary of appl
applications ;pplimu'om ) respanse
to offer

[ 4-4] A% A d¥] AZ5 ¥]& (La Rosa, & Soffer, 2013)
[Fig. 4-4] Total Submission vs Successful Application
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(02" 4-5] Z2AA whold 2dll (DISCO 2-8)
[Fig. 4-5] Process Mining Model
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BPI Challenge 20129] 5&}7]-§} =2=5S A9t La Rosa, & Soffer
(2013)9] y&-S 2d, 7SS [1d 4-514%" DISCOE H|ES thokgt
Z2A|A drolyd et 7S ARgE] A% At U1 tiE 4] oF 1/4
(13,08771 & 3,4297W)°] SA| AREHE= A2 A4 HA4d ol 5oz A&
e AP 7120l W AAsIE 2) U] A 719] ALl 1/4 (9,6587] F
2,2907M)7F AFTH] A F AREe] A& 2aa P Z2AATE A
Ao gsta Stk 3) 2 A DA tiE A9 oF 23% (3,254
N F 75477 AREl A AN HES Fshet 7HsAol dss v
Pk et EA45H3IHE. BPI Challenge®] S444; A4l =

r2
r{m

A FAolmz olajdt BA Awtg B¢ TAHoR tE AY 4T A4E
La)7] 9je) olWg AREAo]l WadHe] gt dAAL ATEA 29k

=

o
—

AY ZALY] ¥ A= HEHoz diF Ad (Declined), X
40l A4 (Canceled), 12]31 /441 ti& A3 (Loan Approved) 5 dt
volo}, Z AR o2 Activity?t #HF 9 AIZHS olSE Evermann,
Rehse, & Fettke (2016)3H= o2/ EAFoAE 2+ Case 2 HF 59

!

Ao disf oASote Rde AT 53] T AHStET Qe dHY
230 T4 9 23 7Ho] Y AA T 1Y o dE AH o HiE
V4] FHA (Canceled)7t F7Fstal glow o]= oy 87|l & A%
T StHE 1EAY 0.1%9 F2 Aolvt Ur G871 &7+ 5 A3
749 Wste] wE Axfo|tt. IHBER Ao HAvE WA ghEo] w2 I
Ae Aol A5 4 Jotd o o] disf] g2l 9 ZERAS
ol 7 olgg WAety EF m2AlA ZHoA 1A HATE WA¥sh=
T2 HRlE Hopdod fF mRAA RS Foll 29 AIAERE =Y
T e A 718E g5F & JE otk dREgE 2 AfdAs HF
4 Ays 140] HA (Canceled)dt A4t T84 ¥ A% (& AZ
= AR 27HAE FEste] dlolHE fpdEstal o] FHAsh=
A5 ST
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2) Z=AL dlold HA e

BPI 2012 o]0 4 thewe Hole AE wae

=2 —

w2 A2 o]y

o] dlojE] ME ZAZEFEQ XES30 Zuioz LAxlo] 9lo] Wz PM4PY3D

o moly e|HYEE

ggoto] mdS CSV3) ez Hgstart.

Rk

mAdofA F= ActivityZt 17 FHA<Ql Canceled (A_Canceled, O_Canceled)

ol Case%He

oA o 4

FElstgdet. 1A HaR FREE ZRAA Caser [ 4-3]
Qo] AAS] T%<1 9347, Event=
™ 1 2] (Declined, Complete)<!

A9l 12%<21 31,807710]
7329l Casex= 12,1537, Event:= 230,393

Zoltt.
[F 4-3] 24 A& Z2AA A
[Table 4-3] Statistics of Customer Canceled
Data Feature Canceled Others Total
Number of Cases 934 12,153 13,087
Number of Events 31,807 230,393 262,200
Distinct Activities 29 36 36
Median Case Duration 30.9 day 12.1 hour 19.4 hour
Mean Case Duration 32.4 day 6.8 day 8.6 day

i

=
T

[T

o

AAFstal ZFzke]  Activity

HoleE 7|§re =2 Case ®H Activity §2 AIZF &=

He tholz2 HI Tokenizers

Activitys A2 JIZ Yot JIFEE wf AREE Tokenizer+= Act1v1ty

229 o]gd) [E 4-4]° HEAH Dictionary S

29) https://www.win.tue.nl/bpi/doku.php?id=2012:challenge

30) XES Standard, IEEE 1849-2016, 2016.

31) https://pm4py. fit.fraunhofer.de/

32) Comma-Separated Values
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[3 4-4] Activity Q1529-& Dictionary
[Table 4-4] Dictionary for Encoding

Activity

Index

W_COMPLETERENAANVRAAG-COMPLETE

W_COMPLETERENAANVRAAG-START

W_NABELLENOFFERTES-COMPLETE

W_NABELLENOFFERTES-START

A_SUBMITTED-COMPLETE

A_PARTLYSUBMITTED-COMPLETE

W_NABELLENIN-COMPLETEDOSSIERS-COMPLETE

W_NABELLENIN-COMPLETEDOSSIERS-START

W_VALIDERENAANVRAAG-COMPLETE

W_VALIDERENAANVRAAG-START

10

A_DECLINED-COMPLETE

11

W_COMPLETERENAANVRAAG-SCHEDULE

12

A_PREACCEPTED-COMPLETE

13

O_SELECTED-COMPLETE

14

O_CREATED-COMPLETE

15

O_SENT-COMPLETE

16

W_NABELLENOFFERTES-SCHEDULE

17

W_AFHANDELENLEADS-COMPLETE

18

W_AFHANDELENLEADS-START

19

A_ACCEPTED-COMPLETE

20
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W_VALIDERENAANVRAAG-SCHEDULE 21
A_FINALIZED-COMPLETE 22
W_AFHANDELENLEADS-SCHEDULE 23
O_Canceled—-COMPLETE 24
O_SENTBACK-COMPLETE 25
A_Canceled—~COMPLETE 26
W_NABELLENIN-COMPLETEDOSSIERS-SCHEDULE 27
A_REGISTERED-COMPLETE 28
A_APPROVED-COMPLETE 29
A_ACTIVATED-COMPLETE 30
O_ACCEPTED-COMPLETE 31
O_DECLINED-COMPLETE 32
W_BEOORDELENFRAUDE-START 33
W_BEOORDELENFRAUDE-COMPLETE 34
W_BEOORDELENFRAUDE-SCHEDULE 35
W_WIJZIGENCONTRACTGEGEVENS-SCHEDULE 36

AAAHE Dictionarys 7|¥te =2 Z}zFo]l Activity =A% 2 1A Case
S [} 4-5]9F 2ol Sequence® HIMAZITE ol Z7H mEA[T; Activity 7}
Canceled2 BUYE H$E = Zo] Exo|Bz RE CaseollA wpx|at
Activitys  Z=hal, opx|gr Activity?b  O_Canceled-COMPLETE E+=
A_Canceled-COMPLETE®Q! 79 Labelg 12 1 2Jo] AL HE o=
AEstet. Fale [F 4-5]9F o] R CaseoflAl wpz|gte]  9fx]9h
Activity (Last in Case)= 25 13702 O_Canceled®] 3,65571, A_Canceled
o] 2,80771 0]t}
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[E 4-5] B9 Activity 98
[Table 4-5] Last in Case Activity

Activity Frequency Relative

frequency
W_COMPLETEREN AANVRAAG-COMPLETE 23,967 9.14 %
W_NABELLENOFFERTES-COMPLETE 22,976 8.76 %
W_NABELLENOFFERTES-START 22,406 8.55 %
1\DX]/jEI}TréBELLENINCOl\/[PLETEDOSSIERS -COM 11,407 435 %
W_VALIDERENAANVRAAG-COMPLETE 7,895 3.01 %
W_VALIDERENAANVRAAG-START 7,891 3.01 %
A_DECLINED-COMPLETE 7,635 291 %
W_AFHANDELENLEADS-COMPLETE 5,898 2.25 %
O_Canceled-COMPLETE 3,655 1.39 %
A_Canceled-COMPLETE 2,807 1.07 %
A_REGISTERED-COMPLETE 2,246 0.86 %
W_BEOORDELENFRAUDE-COMPLETE 270 0.1 %
B(Q_SVUZIGENCONTRACTGEGEVENS—SCHED 12 0 %

TE3H CaseS FA5H= Activity 5 Canceled?} T Activity 25 4}
AstAt. 4714 7H A2 ACtiVityi T4H Casew= 37H, 7P @2
ActivityS -5 oF P e AR A AArt £4H) Case= 175719
Activity7b 8= 9lom 6290] At LSTM Rdo] A-8&st7] s 22t
O] Case ®H Activity List®] Afo]2E Tsflof stz o ZolQl 175¢] gt
o] 2L 007 A9 ¥E Padding LS £Fskct 182 vbx9 10
N ActivityE ATAIsto] AA| AL FREZ] 1094 ofde] A5 4
UEE HFTHo= [F 4-6J4" 165709] dolE 27| =AUt
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[3 4-6] Activity 179 A3} oA
[Table 4-6] Sample of Activity Encoding

=y
M

W&

Activity
List

A_SUBMITTED-COMPLETE — A_PARTLYSUBMITTED-COMPLETE
— W_AFHANDELENLEADS-SCHEDULE — W_AFHANDELENLEADS-
START — A PREACCEPTED-COMPLETE — W_COMPLETERENAAN
VRAAG-SCHEDULE — W_AFHANDELENLEADS-COMPLETE — W_C
OMPLETERENAANVRAAG-START — W_COMPLETERENAANVRAA
G-COMPLETE — W_COMPLETERENAANVRAAG-START — A_ACCE
PTEDCOMPLETE — O_SELECTEDCOMPLETE — A_FINALIZEDCOMP
LETE — O_CREATEDCOMPLETE — O_SENTCOMPLETE — W_NAB
ELLENOFFERTES-SCHEDULE — W_COMPLETERENAANVRAAG-CO
MPLETE — W_NABELLENOFFERTES-START — W_NABELLENOFF
ERTES-COMPLETE — W_NABELLENOFFERTES-START — W_NAB
ELLENOFFERTES-COMPLETE — W_NABELLENOFFERTES-START
— W_NABELLENOFFERTES-COMPLETE — W_NABELLENOFFERTE
S-START — W_NABELLENOFFERTES-COMPLETE — W_NABELLE
NOFFERTES-START — W_NABELLENOFFERTES-COMPLETE — W_
NABELLENOFFERTES-START — W_NABELLENOFFERTES-COMPLE
TE — W_NABELLENOFFERTES-START — W_NABELLENOFFERTES
-COMPLETE — W_NABELLENOFFERTES-START — W_NABELLEN
OFFERTES-COMPLETE — W_NABELLENOFFERTES-START — W_
NABELLENOFFERTES-COMPLETE — W_NABELLENOFFERTES-STA
RT — W_NABELLENOFFERTES-COMPLETE — W_NABELLENOFFE
RTES-START — W_NABELLENOFFERTES-COMPLETE — W_NABE
LLENOFFERTES-START — W_NABELLENOFFERTES-COMPLETE —
W_NABELLENOFFERTES-START — W_NABELLENOFFERTES-COM
PLETE — W_NABELLENOFFERTES-START — W_NABELLENOFFER
TES-COMPLETE — W_NABELLENOFFERTES-COMPLETE — A_Canc
eled-COMPLETE — O_Canceled-COMPLETE

Encoding
&
Padding

[0OOOO0OO0OO0O0O00OO0O0OO0OO0OOOOOOOOO

OO O O

—
N OO OO

—_

s O OoOOoO OO
—

WO OoOOoO O

wgoooo

—
S OO OO

—roococoo
hROoOOCOOO
woococoo
rhOoOOCOoOO
wooocoo
hnOoOOocOoOoO
wooooo
hOoOOoCOOoO
wooooo
Ao OoOO
wBoococo
Ao OO
LMoo OO
w—oooO
MO OOO
wNoocoo
AGocococo
_

Label

Sl wwoocoo

3) ZEAA Ax} 9=

A2 H 13,087702] Case &

E H2EgoR UmAE HZS

50%% WA Lefstn 1% oA 50%
Sigt dlolHz ofefe gol LRt &
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gk, dlolelo] BRE BH HA 13,087709] Case T 7.14%%1 9347H9] Case
qho] 1.0 (Canceled)2  HHAZHA Aol Tensorflow]
tf.data.experimental.sample_from_datasets33) 7]'s= Z-8sto] Hlo|g A E9]

Weight7} 5:57F & 4 Q&2 Labelo] 191 dlo|EE =54t

® Train Data : 6,5437l] Case
® Validation Data : 3,2727l Case
® Test Data @ 3,2727] Case

oz mde [ 4-7]7 Zo] Decoding ¥ ActivityS THA] Embedding
A2led 4 Q== Embedding Layerg F7Fstal 3487H¢] Memory Cell2 7}
71 Bidirectional LSTM Layerg AAstglor, npxjetoz 1 (Canceled)d} 0
(Not Canceled)E F+&517] 9%t Dense Layer 17HE F71olith. o= =24l
o] &A3} gt Softmaxs 4T+ Binary Crossentropys A5}t
(19 4-6]ollA Zefs] 2Rt vl Zo] Train Data® &#FF 6,543719
Cases°] Zt7F9] Event A2 S22 ®HRME|o] LSTME| ZF Unitel]l 4
oz So|7H =1 & 328709 Bidirectional LSTM #lojo7} EHx]o]
2FH 22 Dense #o]oolA 0.0014] 1.0 Ato]e] AZZLS o|S5HA At

[3 4-7] Hyper Parameter (J3Y, & ©]F7, 2019b 7|8+ A2H4)
[Table 4-7] Prediction Model’s Hyper Parameters

Layer Output Shape Number of Parameter
Embedding (None, 165, 1) 37
Bidirectional (None, 348) 244,992

Dense (None, 1) 349

Total parameters : 245,378

33) https://www.tensorflow.org/api_docs/python/tf/data/experimental/sample_from_datasets
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Dense
(sigmoid)

» Result:0.0~1.0

|

N LSTM LSTM LSTM LS::‘,:' ",_S,L“t" ‘
Unit #1 Unit #2 Unit #3 #164 #165

i i i

32871 [

I A
1 1
I S R I

Layer ! ! f [ ! [
LSTM LSTM LSTM LS::' L'j:xl
Unit #1 Unit #2 Unit #3 #164 #165
[ Embedding
Event #1 Event #2 Event #3 | ... Event #164 | Event #165
Case #1 | A_SUBMITTED | APARTLYSUBMI W—AFLE’Af‘NDS'?EEN W NABELLENOF W—NF’;%”ESE_NOF
-COMPLETE TTED-COMPLETE SCHEDULE FERTES-START COMPLETE
Case #2 A_SUBMITTED A Canceled- O Canceled-
-COMPLETE COMPLETE COMPLETE
Case A_SUBMITTED W_NABELLENOF W—NQ'E{E”E{NOF
#6,543 -COMPLETE FERTES-START COMPETE
[1% 4-6] A5 BEo] fx Q9F
[Fig. 4-6] Predict Model’s Structure
SLA 510 =1 = SLA Bl AE = =
st mdo] HAFS wy] g5t HA9| si 942 Ak 918 Early

Stopping %412 AUC (Area Under the Curve)397} Hd2 U4 4 ==
2145t e AUCZE AH=te © Sh5olE = Patience 342 1082 2|34
sto] kGt Axt F 503]9] 952 49t & Stop HYew [OFH 4-7]14

& Accuracy”t 0.9639, Validation Accuracy’} 0.9704=2 gh5o] F= = A

+ ROC (Receiver Operating
WAoo FE|~ FiEshs BAe s SAH AT

AUCE AR

Characteristics) =41 oz}

34)

=
He

of

9]



(2" 4-7] 45 2 shs =41
[Fig. 4-6] Predict Model's Accuracy & Loss Learning Curve

olgA stad oS5 HdS ulE] EFdES Test Data Setg 7|Hto=
ndol Aol = HAES Ait= [E 4-8]3F Zo] Accuracy”t 0.9721=2 =
A=A, ol WA HE Aol FaH7] 1084 o]l 97.21%9] =

58 g g Ay AL 7Mo] HA4A] ofBHE A &8 4 Qi

LS
oujolet, olfdt & RES HA] 23 o4l Alage] HEghH 179
ot =

=
A FAazt didE=e diE dS ARdol gQlste] 58 o 59
2RAE Fo 14 olgg ®HAsh= A 5}

getell AA| ofutAld Zelt.

(% 4-8] A= nd Az P}
[Table 4-8] Prediction Model’s Accuracy

TE Accuracy | Precision Recall AUC
Training Data Set 0.9639 0.9675 0.9602 0.9859
Validation Data Set 0.9704 0.7007 0.9431 0.9759

Test Data Set 0.9721 0.7424 0.9406 0.9750

_67_



oA ZAAE S BdS FoliA 1240 AH HA 7S ARl 4
S 7 e AverRn: AR Foto| TFo] HAAN, TEAos 2349
AMUYT m2A| A F o FRo|A 1ol HuyrtA 3}% wA7F WA S
A5 dotdal, 1 F& W AT EH dFeile] JHEste ol
O FHA A dis] o4l mEAA0l ZAFo] FARIAE dottlr] 919
A 7Hett 1S AE 71Me A8l EedTh

W2 LIME d18j&2 285t 429 CaseEs 4% At [117 4-8]
oF go] 43 A7} ‘Canceled @ &E©] 0.99% wl¢- E3tew (HA He]
HE 414 F& Hdoldls) 7MY =2 IdF<= mI* Activityx= W_Nabellen

offertes (W_Calling after sent offers, ZZAAA] & TZof|A] H3}) AJZfo]
0.2944, <t= Activity7} 0.26282 7]o%=7} =9ith LIMEO|A A Fst=
Text Explainer 7]%52 o]&s] ZzAA HY  &SAE ERlsiHEd
W_Nabellen offertes Start@} W_Nabellen offertes Complete7} 143] o]/4} vt
HEH g ZEAA FTte] 7P Ao ol Z3lge Agos JAS
=T}

Normal Cancelled
liabellenofiertzs..  Text with highlighted words
WNabeH noffertesC.. ASUBM\WEDCOMPLETE APARTLYSUBMITTEDCOMPLETE WAfhandelenleadsSCHEDULE WAfhandelenleadsSTART APREACCEPTEDCOMPLETE
e mp‘ 1. W gSCHEDULE WAfhandelenleadsCOMPLETE WCompl START WCompl OMPLETE WCompl gSTART
o2 AACCEPTED(OMPLETE OSELECTEDCOMPLETE AFINALIZEDCOMPLETE OCREATEDCOMPLETE OSENTCOMPLETE WNabellenoffertesSCHEDULE
S I WCompleterenaanvraagCOMPLETE
AAC csmncov
*|ocanceiLencom..
a0
AFINALZEDCON.
" |Weompleterenaan.
oon ACANCELLEDCOMPLETE OCANCELLEDCOMPLETE
[ACANCELLEDCOM.
APREA(E PTEDCOM..
WC ‘ompleter:

;SUBM\WEDCOM

f\P#\RTLVSUBM\WE...
OSENTCDMFLEFTE #
** WhFhandelenieadss.
OCREATEDCOMPLE_TE N
I IWhisbelencfertess..

Wahendelenleadsc.|
7

[Z™ 4-8] 7] #Ha dfl2A B3t #1
[Fig. 4-8] Result of Process Issue Analysis #1
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= & A% g 28] 2AAA olF 14Xt LqY el sk}
Achd 1A hE 8HHAT AT FEol MO Bkt 2L ouid
T olalEt 4 Atk (@ZolAE arAE 1079] Activiy® A7) o
AAsE 10709 29 A8 Pl Activi QS mZIth AHA Aol 3
A% QS Qlold 97 o Aol Aske AA, o8l Ase U
gol siA 1ol thE 43S Axskl B AAA AnpAL Bes
otk (B2 AZY 8o rh it o AWE B L o4l meAx
o4 mATte] a7k 103] ol ARF i WEo SojFeE Hgec]
st AEaS A8 59 ofoldelg AgTti 4T FAln YA
POl 2 B8 F Aol

Normal

Text with highlighted words
ASUBMITTEDCOMPLETE APARTLYSUBMITTEDCOMPLETE APREACCEPTEDCOMPLETE WCompletere

A SUBMITTEDCOM...

APARTLVSLBNIWE o
APREA(( PTEDCOM.. raa ACANCELLEDCOMPLETE

(23 4-9] 24 A% AR A3 #2
[Fig. 4-9] Result of Process Issue Analysis #2
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BPI Challenge 20125 Sl tiE 413 ZzA|xof tfgt 24 Z2usE A
Al GFoll drgste] AakE d3dd R

o] Adadel=d WAL trA] BPI Challenge 2017399 A|F35tAt (Van
Dongen, 2017). Z15& Tlo|EE Al-5stHA] ofefjo] 4712]9] =0 of
S Q5o (Lopes, & Ferreira, 2019)

dlolg AlFgAe] 4714 QFARFS E4o 2 Studuent F5, Professional
, Academic FwE=2 F 23719 "o| Fofsilnt. H7HAES whdet 7]
g-8sto] HolgE FASIAAT R AR A0S AASHIH. ot
Fo| A £AZES Povalyaeva, Khamitov, & Fomenko, (2017)2.2 o]&
2 BPMN (Business Porcess Modeling Notation) Tho]o]1siS 7|gtoz A
e Frketal, ket EFE ARESe] A £45HHh 5] Random
Forrest& AMgSte] ZRAA 43 AWE o Soielt. oha i 7422
Rodrigues et al (2017)&= DISCO, ProM 59| thfst T2 A|A ufo]yd L
E AREStTh 59 ME7E FEolA $53t Blevi, Delporte, & Robbrecht
2017+ ZEA|A mroldyt S=9 AdY 7|94l KPMGE] 117 7ol 1y
= Agsto] SAE 7oz 74 AuE AAFE. 22y KPMGO| W
=2 54T 71e4 7Weolgty] HEthe O Preparation & Planning, @

Extraction & Transformation, @ Analysis & Evaluation, @ Reporting, ®

o®

Implement Quick wins, ® Optimization Embedding, @ Continuous
Monitoring®] A= HPE= Hapo] it AFoJoltt. FEJh,  Logistic

35) https://www.win.tue.nl/bpi/doku.php?id=2017:challenge
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Regression, Random Forrest & Deep Learning 2@-& ARgsto] ZTZAA

o Aol digt o= 2de st

[ 4-9] BPICAIA AHEH &4 7|9 (Lopes, & Ferreira, 2019)
[Table 4-9] Techniques Used in the BPI Challenges 2011—2018.

4 719 2011|2012 2013|2014 | 2015|2016 | 2017 | 2018 |Total
Cla @ @ @ @ © o @ | @ =
Trace clustering | @ o ) ] o [ ] 7
ek o @@ @ @ @ | @ 7
ffre (@ | @ @ @ | @ o o 7
Log statistics [ ) o o o o [ o 7
Conformance o o Y o o ® 6
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s DD
g | e el e e e |
Plotting/ovrisualizati Y P e Py Y 5
Trace alignment | @ o [ [ 4
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2 Zlst= Performance perspective 52 EX47F tjFEo] &4 A&sh=

Moz z/1RE A% Argsoel st T [E 4-0lH & 4 Aol

Aofl= EAHA] dotd, T2AA A} o= (Predictive Modeling) 71H-&

sal wzz 41 SR 2a5 B4 7|Ho]

A 7|Holgte Aol FASIA Predictive Modelinge 4343t

= oM E T Aol digt S =Tt 00%7HA] EoHH ek

2] Zt}. Blevi, Delporte, & Robbrecht (2017)o|X &= 7]&2] tt

%—74] w4 7o o]fo] Higt oy dEs W ol Ek Moo=

ZYZt Logistic Regression, Random Forrest W Deep Learning &2
AL A& EE}—J AgeE d¥st= Aoz 4 9l

i

)
lo
t
[,
HU

0%

to Mo
4ol
ol
ol
_&

o 1
Tok [ JoA Z2AA BAS QI3 HAlgy duelEe & BF
uto 197124 = Z7]oll&= Decision Tree 5= ol Activity & &

Ju
el
u:E

Sfoht B AFSEITE 20141 ol ZEAA A o] AHEH
shA wAlely guese] FR7 oA deld duelEs
A,

A
>
2

ol
oz
ol
5

[3 4-10] BPICOIA ArgH &i12]% (Lopes, & Ferreira, 2019)
[Table 4-10] Algorithms Used in the BPI Challenges 2011 -2018.

4719 2011 {2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 [Total
Decision Trees 1 4 2 3 1 12

sl z > 2|
Random Forest 1 3 1 5
Neural Network 1 2 3

Reléirré‘ssirion 2 2
Sugert Vector ! ! 2
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Sequential 1 9
Pattern Mining
Sequence
Classification 1 1 2
Naive Bayes 1 1 2
Ada Boost 1 1
Apriori 1 1
Algorithm
Association 1 1
Rules
Multilayer 1 1
Perceptron
Binary 1
Segmentation
K-means 1
Clustering
Bayesian 1 1
Networks
Generalized 1 1
Linear Model
Deep Learning 1 1
Gradient Boosted 1 1
Trees
oA fAF el SRR Ze sy &
At Zol 43y o= FAHol HAEA FA, A=
mo] ofy At A5 5 o s a7
= ob4 gl Ze o}
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A2d Azx 714 g8 Z=AL 24

D oV Z=2AA B4 9 dwrt 24 4

22 AZAE AXAR PARE ZERAA mtolds Fo €= A
(Refund) @F ZZAMAE /JA5H S, Discogte T2A|A blo|yd EHLE
Metst FluxiconAtolAd= 1 Z2AES Ayt 9 277 glo|eE A 2|5}t
AP E 52 AAT A=E WA did Z2AAE Fol= AH/dE o
or [E 4-111014 & 4 gl%ol 1,338719] g2 #2] Case?} 9,03271¢]
A (Event2 F4d=o] ok (Rozinat, 2012). Event= Activity?} A5
Aol omg2  AMEEW  ZF Activityle Sl ARE St AR
(Resource)o] @7]&o] glom o] 2= Hgo|A H|ATsE. Solth
AL o R Qo] AZE 3709 AHE (Dealer, Internet, Callcenter)® &
A FAISHAL QU

d

~

[E 4-11] && Z=2A4A HolgH HE EA (Rozinat, 2012)
[Table 4-11] Refund Process Data Set Feature

Data Feature Count
Number of Cases 1,338
Number of Events 9,032
Distinct Activities 32
Median Case Duration (Days) 9 Days
Mean Case Duraction (Days) 15.5 Days
Resource (Person) 27 Person
Channel 3 (Dealer, Internet, Callcenter)

Z 32709 Activity= [E 4-12]3F o] 1,3387H¢] CaseollA 9,032
H 5% (Event)ol™, ‘Order Created” Activity= H=dF7F Hzx AlF
He 9z LE CaseolA 100% (1,3389H) HHAYSITY
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[ 4-12] && m=AMA 4 Activity (Rozinat, 2012)
[Table 4-12] Activities of Refund Process

Activity Frequency fi(:‘llzzg’fy
Order created 1,338 14.81%
Missing documents requested 1,130 12.51%
Request signed L1 995 11.02%
Request signed L2 697 7.72%
Request signed L3 666 7.37%
Product received 576 6.38%
Shipment via logistics partner 455 5.04%
Pick—up prepared 410 4.54%
Order sent back 339 3.75%
Order completed 337 3.73%
Reparishop X - Checking 290 3.21%
Request rejected L1 224 2.48%
Shipment via forwarding company 209 2.31%
Repairshop X — OK 198 2.19%
Special Refund issued 184 2.04%
Warehouse 152 1.68%
Product ready for scrapping 138 1.53%
Product scrapped 110 1.22%
Repairshop X — Rejected 88 0.97%
Create refund 83 0.92%
Refund issued 83 0.92%
Amount modified 76 0.84%
Checked 63 0.70%
Payment issued 51 0.56%
Invoice requested 48 0.53%
Canceled 27 0.30%
Invoice modified 20 0.22%
Supplements requested 19 0.21%
Product checked 13 0.14%
Request rejected 1.2 8 0.09%
Request rejected L3 4 0.04%
Refund checked 1 0.01%
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[:L%' 4-10] %}% Eilvﬂ_/; U]—O]lé E]?l_] (DISCOZ Z;H?_)])
[Fig. 4-10] Refund Process Mining Model

=

[C19 4-10] Z2A|lA bhold =75 S AHsoz AdE T=AAE
Path S H3 doz FAeet Wioly ol& &dl AdA Z=ALof of
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[Fig. 4-11] Summarized Refund Process Model
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nAEd Fold AE/ISS §HE maAs 218 Juom Topt =

2A2 slold J19 AT ALTIEL Lo S AESA] E 41503 29l 3

[E 4-13] A&7 4% 2 o]4+ (Rozinat, 20129014 AAE])

ELE I 64

[Table 4-13] Issues Analyzed by Experts

Method Activity Root Cause Action

Missing  |Do Not Check Attached Internet
Process Analysis| Documents |Documents When Filing|Reception Service

Requested Online Improvement
Performance Ship ment via Delivery Start§ iny Shipment via
Analysis Forwarding When the Shipping Logistics Partner
Company Pallet is Full
Regulation
Conformgnce Payment Double Deposit, Etc. Strengthening
Analysis [ssued -
and Training
A AR olpe TR2AA TE BA (Process Analysis)S Folf glE A
oz QHUlE T $Eo] HaH B g ARTE FEEo AeAsh=
Hhe ZpQl o] dhgolrt, FAE A A2ld ZaA AL QIEUE T 3
ZeAAE [ 4-12]13 Zo] vlusld 23, 2AHE T dad 3%
ol= 50 ¥ 3ol disiMT FE A7l dit 71 970 FAstR oY
JEUlE T = HeAle 76709 Haed BEFe] dis| U AR 8F
(Missing documents requested)”7} EAYsHALE o] QAHYU-S T3 & M5
Aol Ha ARE AFsHA] GAd Zo] dddojlen, 2= 24 Ha 4@
AOIEE St Ha ARE AToR AFste ASRE AAA AR
AE=s Astes /dstgion olE Fdf 174 vt 24 4 ot



Via Callcenter Via Internet

Order created
50

Missing documents
requested

Missing documents
requested

Request signed 1

Request signed 2

[ Order sent back ]

Ieres cftge] o Order sent back

(19 4-12] ZAELE AU 2HE T2 A|A H|W (Rozinat, 2012)
[Fig. 4-12] Call Center vs Internet Refund Process

T WA ol dF meAA A% B4 (Performance Analysis)2 53
gl TE 2F AR Aotk FE A" AES AvH =FIAH
ol HjEskH A2jAlzto]
7zt (Pallet)30)e] 3hEo] 44

2} (Forwarding Company)
A =

2F o)A} Arojolul HjEo] A& St= Zo] Yolo|itt mix|Eto g = HHA =
=R

=

SHFAART FEANE

2

RS MEY BAS HUsAE g1 FEIS AFeke 5o 73
=

HrASHA T (Rozinat, 2012).
&

olElFt 37HA ol F ol WARA AFHE o wlwa FyHom
Bl 41, 9 2 99

= 5A9 JYEE e BEAL A7 AP0 2
#ol AY glol FnLFWos AF BAs 1 24 Avt 44 A
o %

—
Aol Ze ‘eEFAYAE B W4 (Shipment via

M o

36) BRAEG 34 e FolA AgEel AFS AT Ao} FoW olF AARZ & ol
Sof Aol o] BAAZ wike §EE A
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806 Disco - Refund Process
i [ Boteneck Analysis JMEP J Statistics  Cases o 9 mawg,mmcw Disco

Zoom Q 183% @ sear ) Detail

Pick-up prepared Activities Paths
instant

7.1d 66.3 hrs

———— e
- &

-
f Shipment via forwarding company > Shipment via logistics partner
. instant / instant
e g i 2 e =
162d 81d
Product received . .
23.1hrs Mt Frequency

@ Performance

Creale refund
instant

5.1d

Relund issued R 129d
instant. =

instant 97d
instant 65d
instant 32d

Version 0.9.21

[ 4-13] Performance Analysis 24 (Rozinat, 2012)
[Fig. 4-13] Performance Analysis

AAl AE7bE2 (1" 4-13]3 Zo] mEA|A wiold =5 285t
7} Event Afolo]l 43 AIZbe gQlste] A Oo=m AFto] e A=
ActivityS Zropdity, HE T A|A ufo]y EloiE A7to] Q&) A&
Activity®] A (Line)& w712 EAISHAY AZS st st AlZslsiEt.
Ty dAeks 2 tiRRY] ZeAL Rde wig B39 AubAE H]
olaL Ajzto]l e Al Activitys AT SiE ST ActivityZb ol
A Qe dndon od Aaj Zo| AANAS Wels] olgm, o
Activity 2ol A AlZro] o Azl Aol ohet F7ke) sjetslz] Bat ©
makel Zhgjo] %ol 9lolH AHE AAE weksfol @k, T wE
A2 T2 % Activity 7be] Fol7t Waks] Bolwg sty maAA Hholy
HE7FS0] thet Filters €-85tal Paths®] Frequencys o2 #pe] 45|
7YX A 2SS A dsfoF it

_81_



2) Z=AA Hloly HAe

AREE dlofEfo A A g= AP AlZHLead Time)> T2 9¥olaL
Wagh2 155201 em [Od 4-13]4" 1 ool &&= Case?t i+
ol A gk Alto] o2 Ay A9l 20%°] Case= 309 o4 ARt olo] =t
2t A9 20%2] 71E 30 ool A7t ¢md S GAIAE (On
Time)2 1 oY Z2d AFE A (Delay)o= &7t

Case <=
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[13 4-14] Case ¥ A& A7+ 1=
[Fig. 4-14] Duration Chart

(£ 4-14]°4 ZHH Variantst -2 Event A& 7H Cases9] A
olt}, dl& E° Variant 12 ‘Order Created — ‘Missing Documents
Requested’®] 27 Event=2%F FAH CaseZ L3 439 Case?l 1667 LF
TS Ho 6 41x7F AR uRI7EA|E Variant 2= 3709] o|HIE

=
£ 20 2o 697119 Casesol 54T a5d= U= A= & =+
A
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[ 4-14] ¢ 1078 Variant
[Table 4-14] Top 10 Variant

Variant Cases | Events | Median duration | Mean duration
Variant 1 166 2 5 mins 6 mins 41 secs
Variant 2 69 3 4 mins 1 hour 50 mins
Variant 3 58 7 7 days 15 hours 8 days 3 hours
Variant 4 57 3 4 days 23 hours | 8 days 18 hours
Variant 5 50 10 39 days 47 mins | 36 days 12 hours
Variant 6 36 2 6 mins 7 mins 58 secs
Variant 7 35 11 34 days 2 hours 34 days 1 hour
Variant 8 31 5 4 days 2 hours 4 days 2 hours
Variant 9 20 4 2 days 20 hours | 5 days 19 hours
Variant 10 19 4 5 hours 35 mins | 9 hours 39 mins

T3 7} Case® A5}

ol A Z
itk A& =
oz Zd

250
200

150

v
o

(719 4-15] Case

1
e

187H77}1] wEEo] Jlom tiFEo] 2~107] Ateldl Ae &
2 falA= Case™
pldell 187H°ﬂ e Aoy

Activitys=

[:/_Fﬂ 4— 15]% 71—0] _,J/K 2

s
M

Activity®] A4S FU5HA ghojof 5}

- | | I | I
§ o I I I I I I I I = .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

H Activity 7}

16 17 18

[Fig. 4-15] Number of Activities per Case
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[3 4-15] Activity §=2]2} (Word Index)
[Table 4-15] Activity Decode (Word Index)

Activity Word Index | Frequency

Order created 1 1338
Missing_documents_requested 2 1130
Request_signed_L1 3 995
Request_signed_1.2 4 697
Request_signed_L3 5 666
Product received 6 576
Shipment_via_logistics_partner 7 455
Pickup_prepared 8 410
Order_sent_back 9 339
Order_completed 10 337
Reparishop_X_Checking 11 290
Request_rejected_L1 12 224
Shipment_via_forwarding_company 13 209
Repairshop_X_OK 14 198
Special_Refund_issued 15 184
Warehouse 16 152
Product_ready_for_scrapping 17 138
Product_scrapped 18 110
Repairshop_X_Rejected 19 88
Create_refund 20 83
Refund_issued 21 83
Amount_modified 22 76
Checked 23 63
Payment_issued 24 51
Invoice_requested 25 48
Canceled 26 27
Invoice_modified 27 20
Supplements_requested 28 19
Product_checked 29 13
Request_rejected_1.2 30 8
Request_rejected_L3 31 4
Refund_checked 32 1
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W Activityg<2 tf.keras.preprocessing.text. Tokenizer3? & Ap&o}
a

of [3E 4-15]¢} Zo] Word IndexE AAstal Z+ Case® THAIE £ TH=
7] 98l 189A R e AL 002 A= Padding ZHS S35t
BE JIFY AYE v A= (19 4-16]7 Zo] 4] vidE FAI5H

ot.

Case GA]
O_’ Order created Requesf signed Request signed Request signed
L1 12 " L3
Payment Product SPJ?‘,'}L?‘}T,,‘S“‘ Pick-up
issued received company prepared
Product ready Product Order .
for scrapping scrapped completed |

Encode Z o} '

array([1, 3, 4, 5, 8,13, 6,24,17,18, 10,0, 0,0, 0, 0, 0, 0], dtype=int32)

(17 4-16] HAA Z2A|A Case ¥ 1Y At
[Fig. 4-16] Real Process Case & Encoding Result

AR ¢rd dHlolHE 7Fter nzAlA 558 ARE ASste A5
HdS st ¢S Rde ged duYE T mEAAL T2 AAE
tlole o] AxofZe] ARt LSTM ¢iel&E 7IHre R [11% 4-171¢F &
o] Embedding= 99t Layer®} 12870 Unit& 7F{ LSTM Layer, &9}
A5 $1%t Dropout, “GAIA 2" (On-Time)2} ‘Z|44" (Delay)e] 2712 Ax&
AlEst7] #1t 2709 Units 7H4 Dense Layer® F/dskaitt. <=9 Agte

£ =ol7] foliA= o2l 39 Layergs SN BES Tk Aol

37) https://www.tensorflow.org/api_docs/python/tf/keras/preprocessing/text/Tokenizer
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Shu, 2% XAI GUES 5o g 29e BAT go] Holg 98] B3
o LSTME AFgatglch. A8 o] B4 T4t Sofimaxs 4TS

+ Binary Cross EntropyE Aottt

Layer (type) Output Shape Param #
embedding (Embedding) (None, None, 128) 4224
[stm (LSTM) (None, 128) 131584
dense (Dense) (None, 1) 129

Total params: 135,937

(19 4-17] LSTM ¢l 22 9| nietr]H
[Fig. 4-17] Predict Model’s Hyper—Parameter

& A3 S&UolE ] Accuracy7t 086542 Vrekidth A7 A
2E dEske do] 9ol 7 Eventd] 59 AZE AAT AR )
Activity B9 59 SRS Sof A55Es] o] 1E FeEst B4
O AR, mEAlL ol UARA AFHE I dnES HA
FEG Yoz waE oFe] AYelH & 4 %ol 5 B
e @:E—;: ol7] SelAE Hold WA Fol Activiy® ohjat

¥ AzF 43 4E(Call Center, Internet), 5332+ (Resource),

rf
2

ﬁ S o % o] 27h49 &4 (Auribut)S EFAZD 5 9k 1
b 2 dde] B wet ook WAEd SueE A bse 9
A FnEES AARI] AL dolHE e wast A2 Bast
QAolch. E, 86%0] AHEL AA AR Agslolt 23 He SEol
A Aol Wag FneE 7 HEE FelNE R AT B
=

_86_



-0.1 -0.05 0 0.05 0.1

Pickup Prepared

(Shipment via Forwarding Company NI _ '
Missing Documents Requested
Request Signed L2

Request Signed L3

Request Signed L1

Product Received

(15 4-18] LIME x5 7|9 99124 #1 (B, & °1%4], 2020)
[Fig. 4-18] Sample Process Analysis Using LIME #1
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of ool 2¥AR & 7| E HoFoh F Y ME BT Pickup
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On-time Delay

Prediction probabilities
N;ﬁsmg documems

On-time I
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Order_created
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Reguest_signed_L1
loos
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[1% 4-19] LIME ¢xeE 7|8 Z2A|A 24 #2
[Fig. 4-19] Sample Process Analysis Using LIME #2
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[E 4-16] LSTM 22 Activity'd B 9F= (Y, & 0154, 2020)
[Table 4-16] LSTM Model Average Delay Effect by Activity

Rank Activity Contribution
1 Order Created 1553715
2 Request Rejected L1 2.43365
3 Repairshop—X-Rejected 2.012444
4 Pickup Prepared 1.052724
5 Shipment via Forwarding Company 1.036031
6 Order Sent Back 0.904899
7 Request Signed L1 0.876625
3 Repair Shop-X-OK 0.812951
9 Special Refund Issued 0.762597
10 Product Received 0.754658
11 Amount Modified 0.067975
12 Warehouse 0.057908
13 Product Checked -0.00115
14 Invoice Modified -0.01171
15 Canceled -0.0139
16 Supplements Requested -0.028%4
17 Shipment via Logistics Partner -0.14689
18 Checked -0.1489
19 Invoice Requested -0.32605
20 Request Rejected L2 -0.68165
21 Repairshop—X-Checking -1.36764

22 d5 Rdo] ofol= SHAP digEE  AHEoHEHY

shap.DeepExplainer38)& ©]-839] Explainerg A4St & Test H|o|E]E o] &
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ol Shapley ValueE ottt 4% Shapley ValueE o]-8sff ¥<]¢] Case
of s [Z1" 4-20]% o] Force Plot= ¢ A} ‘Shipment via
Forwarding Company’ 7} Z|1o] 43S F= 7|t 2HARZ =7 Vert
o},

high" = I)v'Ar

0.42° -

)-____-I(((

Request_signed, L(ann ent_via_forwarding_company > Product_received Refund_issued eate_refund | Pickup_prepared Request_signed_L2
-~ -

- s

Shipment via forwarding company

[T 4-20] SHAP ¢i1elE 48 A3 (Force Plot)
[Fig. 4-20] Result Using SHAP Algorithm (Force Plot)
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[ 4-21] SHAP &a2]ls A8 Ay (B3, & o154, 2020)
[Fig. 4-21] Result Using SHAP Algorithm (Summery Plot)

38) https://shap-lrjball.readthedocs.io/en/latest/generated/shap.DeepExplainer.html
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4-1819] @9 CasedlM+= ‘253|AHE B¢ i< (‘Shipment via Forwarding
Company)9] 7|E7t & o =4 2450 Heert =9kt 22y (19
4-18]9] @ CaseollX= ZEA|A 559 FHEO| vix]E Activity=olAl 5%
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39) https://github.com/OpenXAlProject/tutorials/tree/master/LRP-Time-Series
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[Z19 4-22] SASF LRP &ale]E A8 23 (3, & ol#31, 2020)
[Fig. 4-22] Result Using SA & LRP Algorithm
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lon, LIME ¢xeg&o] djdezs 43t de5& HoFUrh ot o]
9] fdelel “Shipment via Forwarding Company” 9] &=t 3~592
EtE = ARgfo] ZiQdste]l F7HAQl A4S Sfofyt AgRt dEs WE &
U Tl & olF AWt U2 olf= AlXF AdE ASst= dHlel
Activity©] A|ZF Hlo|HE ARESHA| oot WASHE oS AL rF ¥ A
o o Cased E440] Qs &4 Utk AAR A, & o]FZ1 (2019b)ell
A HIAERN ZRAA At on] Qe ASEE HolF

(2020)9lA4+= F7F4 Q1 AttributeE Sl AL E =Xt oyt o A9
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4 HAlEg 7IHE o5 8 XAL datels 48

olflol= Hd <ayE oAl EHo AFAQD mAiled dargEQl
Decision Tree, Random Forest, Multinomial Naive Bayes, Logistic
Regressiong &-85te] o5 HdS 7ldstyint. 4712 2o FAgH HofF
S AHgdl HAESE 23 [# 4-17]¢F Zo] Multinomial Naive Bayes
= o] JSL (Accuracy)”t 0.8432=2 71 =gtoy HMAHo=2= 0.81
~ 0.84 Eo=m ZAo7F QI o] AARE LSTMEHE 27 W2

=g HAh

[® 4-17) 6% 29 o2 AU ¥T (B3, & 1A, 2020)
[Table 4-17] Accuracy Comparison by Machine Learning Models

Model Accuracy
Decision Tree 0.8134
Random Forest 0.8283
Multinomial Naive Bayes 0.8432
Logistic Regression 0.8320
LSTM 0.8654
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vldede] et Qe es F shbe BE uldedo] Rauia m
wWolelq Aztele Zolth, 4EL SYZo] S| ZAjsi Heldos
AT ZHZEe] oA ZHAAL Sl TSR] @hEe Aldtshe Aol A9 &
7beotig E3utAaet= Zo|oh, 2y Baehrens et al. (2010)¢f] w=wH
Decision T s}

ree B otxo=w A RO Fxof 7tEA] g T2 AH
2l A= FA mdlojt}, [O7 4-23]+% Decision Tree 22| 1]
B FxE B4 2122 “Shipment via Forwarding Company” Activity:=
4RA LEoA BREM Y ESE (gin)E 0403011, 14%°] HZ o]

E7h Aesoirts 3E 52 F7t2 & 4 ek

Order Created<=0.143

gini=0.378
~ Samples=100%
True Value=[0.747,0.253] Fa|se
. %

Product Scrapped({=0.099 Request Rejected L1{=0.428
gini=0.499 gini=0.186
Samples=36.1% Samples=63.9%
Value=[0.482,0.518] Value=[0.896,0.104]

Special Refund Issued {(=0.27 Reguest Rejected L3¢(=0.196
gini=0.488 gini= 0.353
Samples=26.3% Samples=9.8%
Value=[0.577,0.423] Value=[0.229,0.771]

Shipmentvia Forwarding Company <= 0.206 RequestSigned L3¢{=0.17
gini= 0.403 gini=0.485
Samples=14.0% Samples=12.2%
Value=[0.72,0.28] Value=[0.412,0.588]

[(1™ 4-23] Decision Tree REO] 7152 (Y, & ©]%3, 2020)
[Fig. 4-23] Decision Tree Model Weight Composition

Ztzrol mAleyd Hdo]A A’ (Delay) o2 wHE oo CaseE
LIME ¢i12]&S o|gste] EAE At [17 4-24]3F o] ‘Shipment
via Forwarding Company 7} Z|9o] tigt Qlojat= Hekde BE gl
A dA5FF 2 Decision Tree?t Random Forest RE-& JsFr-7} 3919} 4
A2 LSTMI} FARE 4==o]m Multinomial Naive Bayes 2@} Logistic
Regression RE2 L& JFLrt 192  ‘Shipment via forwarding

company ActivityZt ‘A WAe] Fb 2 gelojetn BAste] Fojug
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[Fig. 4-24] LIME based Analysis Results for Learning Models
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(217 4-25] SHAP Z]5F sfid A (3, & o]+, 2020)
[Fig. 4-25] SHAP based Analysis Results for Learning Models
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[3F 4-18] Activity &5 7|9F JF= &4 (B3, & ©]¥3l, 2020)
[Table 4-18] Contribution Including Activity Flow

Contribution Feature

0.897 Shipment via Forwarding Company — Product
Received

0746 Missing Documents Requested — Missing Documents
Requested

0.739 Create Refund — Refund Issued

0.642 Pickup Prepared — Shipment via Forwarding Company

0.623 Order Created — Missing Documents Requested

0.501 Product Received — Create Refund

0435 Request Signed L3 — Pickup Prepared

0.393 Request Signed L2 — Request Signed L3

0.386 Missing Documents Requested — Request Signed L1

0.373 Request Signed L1 — Request Signed L2

6) Ad Ay 3 ofn]

2 Adode mZEAA A 952 fs) dEd EdEl LSTM
Decision Tree, Random Forest, Logistic Regression, Multinomial Naive
Bayes & w4leld RHdS AFSiEodth. I, ZHZbo] o= Hdllo] sy
LIME, SHAP, SA, LRP 59| ot XAl €1 8&S A3t dE Aot
Aot A AvE 2d oS5 Bl Ao Aete= "efd 7|Ere] LSTM &

o 7bg Eorott PR et ow
o 228 AT 4 G IS s RAlol Ao Aol A5 £
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280081 ol4ke] FhAtel 40081 ol4ke] 4= &9 ol 4AE Stug Tjgt
W Aol 29 AulA slolt. KAetel $ 7 MAE Z1l% S

A8 KHlAlA] o] &2 Ex 719 glo] &9t= &5 & k& skl o] AMg
A=e = 7R Agstr] et A S APstah. ol flsi KH4l
A ABeR FdH ABASY] Fs= olsista, o9 FHidgs (CVR:
Conversion Rate)& %°l7] 93t ZEANA wiold nm2AEZ 3Py, =L
EHAEYE WHIA ) ARGRRY] AH|A ARRS 7|ES AAF 271 HolHE
F=% 5 =9 dolHe| =2 AT vw olge E91F
ottt AAe|dH md& ZEAA mfold EA (DISCO)O =
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Aoto] ZEAA We AAZeH, 7471ES ALt 47 HeolHE ot
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D2 A~ mo]d o] F9 A1 KHIAAE o 7Hdeh ARgARe] 7H &
Aof] 2HEY HE AFERE o]F A (Customer Journey)S THAFCZ L2 A
2 A5 A8gste] OAHEA ZEIAE S, @A ZHdARe] Feidehs
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A FHsto] s 4 HAL] PatcchE Z3ste] EAE HE I

Play Music

Music Player

1 min. Listening List of tickets
limit message )

Payment window

=~
<
S~

Choose payment
method

Payment success ‘ Payment failure

[1F 4-27] &9 AHA BA =242 (Jung, & Lee, 2020)
[Fig. 4-27] Mu51c Streaming App’s Payment Process Discovery

2) dlolE A=
HAEZ199] PMIGE 2HFY f ARRAFO] AfH]A o] &2

7123 271 YlolHE sHs Al~®l(Hadoop System)olA] F&35lo] T2 AA
ofoldS Zldstglon, Holel URE 7hgote] wsHRHo= FIHsHH
s ool o2 [F 4-19]9F Zo] 52,6577H9] Case@t 993,751742] o]l
E (Activity)® A=l e, mZ2AA Ao HH5AQ Case 1D,
Activity, End Time& Zg3] o], App &, AE, OS ¥ 59 F71#<l
A2 91 &4 (Atribute) 5 ZEEO] Qith BHid 4o AMgA 2OE

m2As o]y
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2 Customer Journey2tal 3t} ©o]2]3F Customer Journey
Holg= 7]&9] dF ZEAAeL de] H 435 BN A= 9|t
of PHh= EAS Za Utk TS, 7I7E AEAHE o]&s] OS
Version @ App Versione Zsoz mpetad &= itk ot Age, Sex 59
AHEAE JEE 21919 /\}31}01 gk ZAnk opelst 4 glong W Event
oAl Hlo] QI7|= Shrf. ESE, AdWF ¢
= Yot A== Aot w4

=
=9 AEQl Variant®] 52kt Case®] =27t H2 o]z YA ‘E%% .

|0

0

[E 4-19] RHtD 4 AREAF 271 HlolE HE E4
[Table 4-19] Mobile App Process Data Set Feature

Data Feature Count
Number of Variants 45,004
Number of Cases 52,657
Number of Events 993,750
Distinct Activities 42
Median Case Duration 35 Secs
Mean Case Duration 4.3 Mins
Age 51 (12-62)
App Version 24 (4.04 - 4.7.1)
Sex 2 (M/W)
OS Version 46 9.0 - 12.0)

AA 4271 Activityg9] 53 Rkt E4-2 [# 4-2011 Zo] ZHZte]
App 7' WA Zow 7P gol] AREE 715 S A R
(Frequency)7b 7F4 =t} ogt Eolgt A2 2721 Event/t 3% H|-&0]
5.03%°l Edsto] 2IRlskA] ¢Fn . 715k ol&ot= AREALY] &AL
B ges g 4 Sl

©
n rlo
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[ 4-20] 2utd 4 Activity B4
[Table 4-20] Mobile App Activity’'s Feature

Activity Frequency fizligr‘llsy
=78 229,566 23.10%
ol-&d =<l 114,453 11.52%
= 87 114,428 11.51%
=9 Edo]o] 76,733 7.72%
AR E 66,103 6.65%
29l 50,000 5.03%
A4 21,581 2.17%
BLELPRS 18,898 1.90%
e 18,289 1.84%
ol & HUEFH 17,935 1.80%
FEHEEZ7]| oHIE 17,422 1.75%
e sof 17,243 1.74%
FHEERT|_AB AT/ 17,232 1.73%
1: 1257 17,186 1.73%
FHERZ7] o] & HEAEE 17,186 1.73%
FEEEZT|_TE 17,125 1.72%
2ot 17,064 1.72%
Eic st 16,950 1.71%
H/8E 16,901 1.70%
FRE=EZT| o A& 16,875 1.70%
FEEERT]_SYEH 16,863 1.70%
EZE 16,782 1.69%

- 102 -




Ré&Soul 16,768 1.69%
Rock 16,757 1.69%
ZI/EFE 16,725 1.68%
Hz29l 2,657 0.27%
12nEE7] A A ] 2,460 0.25%
FAEAZ 1,039 0.10%
o|Hl Ezto] 1,013 0.10%
FIE R AA/ A/ D= 596 0.06%
AHAZZA 407 0.04%
oot sERE 379 0.04%
Sl R R 379 0.04%
ojghAlH|20]G 377 0.04%
ZAEEA A 371 0.04%
L e Afu] A0l 364 0.04%
TR 195 0.02%
A7 149 0.01%
ARG = 149 0.01%
ol g dTULE 133 0.01%
AR of 16 0%
TANEZEY 2 0%

T

rl

., A dlelEellA App Versiono] ZZE HlolElE ERoIEHE [E
4=21149 AH&AF tifZo] 4.6.0 oldS AMgstal lou, 449 AMgAN=
obAE 460 olste] HMHZ ARSI Qe Ae o

4.3.62 43.60 AR d9H 2R moro] o R 43602
A A-g-SA.
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[ 4-21) =okel @ B Hlo]e] 54
[Table 4-21] Mobile App Version Data Feature

Value Frequency Relative frequency
4.3.6 534 0.05%
4.0.4 554 0.06%
4.1.4 388 0.04%
4.1.8 451 0.05%
42.2 471 0.05%
4.2.6 440 0.04%
4.3.2 536 0.05%
4.3.8 590 0.06%
443 548 0.06%
4.4.4 630 0.06%
4.4.6 682 0.07%
4.4.8 438 0.04%
4.6.0 83,001 8.35%
4.6.1 81,917 8.24%
4.6.2 82,690 8.32%
4.6.3 81,915 8.24%
4.6.4 81,879 8.24%
4.6.5 84,244 8.48%
4.6.6 82,014 8.25%
4.6.7 81,050 8.16%
4.6.8 81,157 8.17%
4.6.9 82,801 8.33%
4.7.0 81,441 8.20%
4.7.1 83,380 8.39%
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HA HolgEs A4 uto]lyd Z<l DISCOR ZZAA J
¢ % Filter 7|52 &9l ‘HlZ ZAA'E A% Case¥t AEste] Activity F
AA Jgolgte oMIEZE & A9E 'SuccessZ, AA Anf' o]HIEZ} H
St 739 "Fail & Labelingdt & CSV mtd =z W5t o] mtdoflA] ot
Al Label©] ‘Success’Ql A= 12, Fail g A= 0oz Hiely 24 2
ol AFAR] A HAE Activity (A s, EA AA)E AASEA
t}. 271 ol SE5 Activity, App HZH, OS WA, o] AH AA &
o 5o £A42 AA %T‘ﬂa‘_ 350 &5 HH i}gﬂi skal, sk
24 o] 71—E—1%}\-oﬂ 19] Z+e Hololw, tf2 ZrEztol= 0L S wralo
One-Hot Encoding) #2]sto] HH E1]O]E1§ H3lsl 9l o},
Zl (2020)01]/\1 eIt mRel o] YQEA AEte] A
AR Activity?] A4S 7|90 & Text Mining
7197 FAFSHAl Word Embedding FEil®E ARERE 2 g -3t Q179

mae gA

-

—lolx OE

o2 AHlstal Activity ol ot =71 £A4 (Attribute) & F7HECZH
Ay} o= 9 o]g Yl digt sjH=o] FEEE ShHth. d-st IdFd
Aot 29| flolg Columne w5 Zo] 7270= ZdEglen e AR
2] Zkjo] B F9] T HolEl= [B 4-22]¢F Zo] A=t
[# 4-22] ®utd qf 277 Hlolg AA A
[Table 4-22] Mobile App Log Data Preprocessing
Activity .. P B X
1802 | Actvie | ST et | Awvd
No | ram | 5 | BAF ol | w.zhE | _4187}
b . Al A CAA
WAL a7 A
1 1 0 0 25 0 0
2 0 1 0 25 0 0
3 0 0 1 25 0 1

- 105 -



[Activity_120]2]E7] AGHAIA]", Activity_ A, 'Activity AA| A&,
2

Activity_ZA| A=), Activity AR, Activity_sFAEZH 7]
Activity_ &G, Activity_F2&]&do]o], 'Activity_ AAZIZFE

Activity AHAZZA' Activity_SF A, Activity O|HIEZFS]' 'Activity_
o] gAY R, 'Activity_ Ol FHEZFHT]' Activity_ FZ=2QI', 'AppHH
414 'AppHA_4.1.8, 'AppHA_4.2.2", 'AppHA_4.2.6', 'AppHH_4.3.8,
'‘AppH1_4.4.3, 'AppHH_4.4.4, 'AppHH_4.4.6', 'AppHH_4.6.0, 'AppHA
4.6.1', 'AppHlA_4.6.2', 'AppHA_4.6.3, 'AppHA_4.6.4, 'AppHA_4.6.5,
‘AppHd_4.6.6, 'AppHAd_4.6.7, "AppHA_4.6.8, 'AppHA_4.6.9, "AppHA
_4.7.0, 'AppHH_4.7.1, 'Case ID', 'OSHZ_10.0.2", 'OSHA_10.0.3", 'OSH
Z_10.1, 'OSH_10.3.1, 'OSH_10.3.3", 'OSHA_11.0, 'OSHHE_11.0.1,
'OSH_11.0.1(15A8391)", 'OSHA_11.0.2, 'OSH#_11.0.3, 'OSHHA_11.1,
'OSHZA_11.1.1°, 'OSHA_11.1.2", 'OSHH_11.2, 'OSHA_11.2.1", 'OSHA
_11.2.2', 'OSHA_11.2.5', 'OSHA_11.2.6', 'OSHA_11.3, 'OSHA_11.3.1,
'OSHA_11.4, 'OSHHA_11.4.1, 'OSHH_12.0, 'OSHZ_9.0.2, 'OSHH_9.1',
'OSHZ_9.2.1", 'OSH7_9.3(13E236)', 'OSHZ_9.3(13E237)", 'OSH#_9.3.1',
'OSH7_9.3.2(13F72)", 'OSH%_9.3.3, 'OS#_9.3.4', 'OSHH_9.3.5, "}o],
AEpG EAA, AErt A= AA]

npRaro 2 Z47EOl ActivityE ZEAIAEE AZFY] S5of wet JHdho]
52,657719] Case H=Z 43719 A7t @A 71719] <139 = EA (Feature)
o5 FAHE 3L AAE (Time-Series) H|olElE A/ 3T

DI ERt IR

o= e (117 4-28]17F Zo] Tensorflows AR&ste] 1,024719]
LSTM Unit# 2719] Dense Unit©.2 TA8HA.00, 4495 3627]] ntebn]e
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£ 714 LSTM &1egj&o g A5t

Layer (type) Output Shape Param #

Istm first (LSTM) (None, 1024) 4493312

dropout first (Dropout) (None, 1024) 0

dense first (Dense) (None, 2) 2050

Total params: 4,495,362
Trainable params: 4,495,362
Non-trainable params: O

(19 4-28] o= =9 4 #2tm]E (Jung, & Lee, 2020)
[Fig. 4-28] Predict Model’s Parameters

AAe g dloleE ol skt A, B2 o B ey Hofe
d& HAITL 96% (0.9667)2 vl A 245614 AW}E o Zst=
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i I I
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Player) — ‘S48 (Play Music) — ‘&2E=7] At #WAIA] (Listening
Limit Message)” — ‘°o]8¢# 21 (List of Ticket) — “ZA% (Payment
Window) — ‘Z| 2948 (Choose Payment Method)'& #stx o8] =
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[ 4-23] Z2A A Z2AA0 AJNEH At (Jung, & Lee, 2020)
[Table 4-23] Failed Process Causal Analysis Automation Result

Step #1 | Step #2 | Step #3 | Step #4 | Step #5 | Step #6 | Step #7
Attributes
0.09081602| 0.089235 | 0.086856 | 0.095998 | 0.086729 | 0.086789 | 0.094582
Activity : Music Play | listening | List of | Payment | Choose
Login - limit : : ayment
player music ticket | window | Payi
0.046949 | 0-00708 | 03373 | 0.00329 | 057955 | 0.00619 | 0.00708 | 06036

App
Version 443 443 443 443 443 443 443
0.03833 | 0.03833 | 0.03833 | 0.03833 | 0.03833 | 0.03833 | 0.03833
0.268298

OS
Version 10.0.2 10.0.2 10.0.2 10.0.2 10.0.2 10.0.2 10.0.2
0.03833 | 0.03833 | 0.03833 | 0.03833 | 0.03833 | 0.03833 | 0.03833

0.268298

Age 35 35 35 35 35 35 35
032666 | 0-00708 | 0.00542 | 0.0047 | 0.00447 | 0.00389 | 0.00305 | 0.00407

Gender W ' W W W W W
00t019 | 0-00000 | 0.00403 | 0.00222 | 0.00394 | 0.00000 | 0.00000 | 0.00000

Payment .
Credit
Method card
0.004603 0.00460
Middle Low Non

[ 4-23]olA 24"
T A)olm, oS ZAite] df
= AA Aol digh ¥l
Step2  Activitye] A|AIE

ll:l
fr
>
>
Ir

AA A gEo] 091 (AA= Axt
Feature (Activityﬁl} Attribute) 9] 7],
Ue FES ALt Aol 7RS4
s &ME HEWH Activity @]l

l
:

ol

O
e
HU—l> N

b
oX,
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App Version, OS Version, Age, Gender, Payment Method= X5 Attribute
S2 9840 588 Hol7] 9ld ZeHAt. § RE Activiys FLE
AFE2FO] glolElo|BR2 ThRE O] Attributes 22 e ZAW ‘AA] S
(Payment Method)®] 749+ vkAE}t ‘Choose Payment Method™ Activity®ll
ATt et &40 82 1 o] Activityollde BT o= AU

Time series impact Attribute impact

0.12 0.098
o1 0.096
0.094

0.08 0092
0.06 0.09
0.088

0.086 App Version,
0.02 0.084 0.268298487

0.04

0 0.082
Process Process Process Process Process Process Process

#1 #2 #3 #4 #5 #6 #7
. Activity . App Version mmm OS Version
- Age _— Sex s Payment Method

—cum

[ 4-29] 948 9FT (Jung, & Lee, 2020)
[Fig. 4-29] Activity & Attribute’s Impact

Step #4°] 7% Listening Limit MessageZ} o= A¥}t (A=f)of 0.01093
9,] AFL Fo] ThE Sepo] HJ| AHOZ 2 0.0959989] AFEZ Z1

o o2 Step B Zo|7t 0.01 FE2 IA] okt Iy A2
A= (Attribute) 9] -9 App ¥ OS5 WA o= Zufo] et
Z

I' _1].-} ;0

T

Tt BEe @A Z2A w2 Z2dE HAFA glen AL
0.268298= o] (0.032666)HF 4 (0.01019)] 0.17 ol = & [
4=2910l4 HAHE wiet o] A AL £8 A oS M w2
F= "= 542 App HAT OS #Aolzh= A FestA & 4 Stk
ChA] St App HZFF OS wzde] ZA Aufo] Fa dflolzhs A7t
Aol 7 glo] AAFom EEEH I

of ot N o2 o
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drelES T Abs S5 ZAy= "AA AHmfe] & Yilo] EF
WA (4.4.3)7 OS #HA (10.0.2¥4e Yetd ct o] A¥= Loen
Entertainment, & PMIG (2017)0] Z2A|A utolyd HARIIEQ] EAoz 2

ob “AA Aufi’ o] ¢yt

/" Issue : Some people failed to pay the ticket \

[ Mobile App log data
I

Traditional I | Proposed
Human Analysis Analysis Automation Tool
* Expert's heuristic * Deep learning
* Domain knowledge (LSTM)
« Statistic function = XAl (LIME)
Root cause | Root cause
The cause is App and OS version = The cause is App and OS version

Same result
\ o

[ 4-30] AE7tet gaels 24 2y v (Jung, & Lee, 2020)
[Fig. 4-30] Human and Proposed Algorithm’s Analysis Are Same

(23 4-30104 2 % QlFo] ‘A% AFAE olg AAC] il sk
olrol el 71EY LA mlolde =l go] ZEAA BYL AR
o ZEe o BAste] Appd} 059 HHo] Yglojet ARE Witk 1
Pt 2o mulel ¢ HolHE AFASS T o5 Rde wEL, o5 3
Wt BA AR o] Jlefst 94 (Facton AW Hsd ABASE
ol AFOR =EF AT A Appit 05 MU BAlgt: FUT AE

9% 4 otk ol Fal ANG ¥ AFsd QA% | ol

28 Pt 2g 39

ol
A2 datEge] AAl ARl E FE9|
A
T
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A ofojd 4= & Aol
IAE 3712 A9 dlolHel sl 47 g dA2 s A

stow, 9= Hdoe= dHyd 7|§re] LSTM ok Decision Tree,

=

2 =T

>

2

Random Forest, Multinomial Naive Bayes, Logistic Regression 5& &5}
A, A9 7HeR AFAS ¢S LIME, SHAP, LRP 52 #8513
o T3 AY AdeAe A7) d5 Rdy A9 bt daEE 7
Zool|l ofsff =RlE A5 Apolet Aekzdol sl AMAls] AEstlct. ES,
oA ARRE RE A2 FEQ 7HgE HolH HA] GitHubs Fdl 371
Stttk ©olE ol ¥ ZERAA AJIEA AsEt AFE JHASEAY Het,
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A7E g Fl AEHE Aol @ W Foll ol 71| Alko]l U
t}. Gunning (2017)9] w2 ZXREZF DARPAOIA A &
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The fields such as recognition and prediction that were
considered what only humans could do are being automated with the
recent  development of artificial intelligence.  However, human
intervention is still regarded as essential in many areas of work. The
process innovation project, one of the methodologies for business
management, is one of the areas that was considered impossible
without an expert's judgment process. Business process innovation is
divided into the steps of deriving an issue through status analysis and
establishing an to—be process model by analyzing the cause of the
issue. The process mining contributed —significantly to effectively
conducting the status analysis by automatically discovering the as—is
process model using an information system log. However, it is still

recognized that the experience and intuition of experts are very
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important to understand the root cause of the issue.

In this study, based on the data of process mining, whether the result
of the business process is normal or whether an issue will occur is
predicted in advance using a machine learning model. Also, the cause of
the issue was automatically found by analyzing the XAI (eXplainable
Artificial Intelligence) algorithm that can explain the prediction model. By
automatically deriving the causes of business process issues in this way,
the scope of the use of artificial intelligence has been extended to the
area of issue cause analysis for business process innovation that was
previously considered impossible without human intervention. Furthermore,
business process innovation projects that the companies operated with
significant time and money can be conducted with far less time and
human resources that can contribute to the company’s sustainable
innovation.

The research was conducted on the results of process mining and
system log data published by banks, electronics manufacturing companies,
and internet service companies. First, it proved that it is possible to
automate cause analysis through an algorithm by analyzing the cause of
the cancellation of the customer's loan application based on the bank's
loan process. Additionally, for the refund process of manufacturing
companies, various machine learning algorithms including deep learning
and actively researched algorithms in the field of XAI were applied to
analyze and compare. A deep learning model increases the accuracy of
the prediction than a traditional machine learning model. On the other
hand, the traditional machine learning model is advantageous for the
cause analysis that they are in the trade—off relationship. However, the
most important factor that affects the results is data pre—processing and
it was confirmed that the performance of the cause analysis algorithm

increased as the process flow, execution time, and additional attributes
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were added to the process log. Based on the result, a process model is
created based on the user log of the mobile app of an music streaming
service company. Then the machine learning model is applied to predict
the user's ticket payment failure in advance and automatically derived the
cause of the payment failure through an XAI algorithm. The
automatically derived cause of the failure was the same as the cause of
failure previously analyzed by process mining experts, and through this, it
was proved that the automated issue cause analysis algorithm has
excellent performance to replace the analysis of experts.

The ‘eXplainable Artificial Intelligence—based Process  Analysis
Automation’ presented in the study extended the scope of application of
the artificial intelligence algorithm to the field of issue cause analysis that
were considered impossible without a human’s judgment process. In
addition, the usefulness of the current process mining tool was improved
by automation of cause analysis. With this, in the modern business
environment where competition among industries is fierce and rapidly
changing, process innovation activities that are essential for the survival
of companies can be performed with much less time and human
resources. Moreover, by allowing the process innovation system through
automation, it will be of practical help in strengthening the
competitiveness and continuous growth of the company.

In the future, the development will progress by standardizing the data
pre—processing and applied algorithms that they can be added as the
major function of the process mining solution while researching to
increase  reliability by  applying  the  ‘eXplainable  Artificial
Intelligence—based Process Issue Cause Analysis Automation’ technique to
various business process data. In addition, the application of the artificial
intelligence—based cause analysis technique that explains not only process

mining but also numerous tasks that require cause analysis will provide
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various academic and economic effects.

[(Keywords] Explainable Artificial Intelligence, Process Mining,

Causal Analysis Automation
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