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ABSTACT

Title : A Study to Investigate Time Durations of a Call Center Customer Service

Using Fuzzy Miner and Transition Systems

By : Miss Chenchira Chuchaimongkhon
Degree . Master of Science

Major Field . Information Technology

Adyvisor . Assoc. Prof. Dr. Wichian Premchaiswadi

The main purpose of this research is to apply process mining transition systems and regions
technique in order to discover, investigate and analyze the customer service procedures of a call
center in a bank which was in charge of handling some issues like; credit card problems, daily
inquiries, customer complaints, etc. Using the appropriate algorithm via ProM process mining tool
enabled us to simulate and generate the resulting graphs in terms of transition system models.
Moreover, using the Disco Fluxicon process mining platform made possible having a look at the
collected event logs from different perspectives and dimensions including the standard deviation
analysis and investigation of the frequency of data at each stage as well as the relationships amongst
the performed tasks. Accordingly, the findings of the study can be beneficial to the administrators
and managers of the bank’s call center in order to improve and enhance the quality of their service
while being able to better benchmark and detect the potential (or existing) problems, bottlenecks,

discrepancies and noises within the available system.
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enn ™ Callcenterfxample.csv
g : @)

>}

gent Fostion Customer 1D Product Service Type Agmnt
Customer 1 MacBock Pro  Referred to Servicer  Helen
Cusiomer 1 MacBook Pro  Referred 10 Seevicer  Hefen
Cumtemnar 1 NacBock Pro Referred 1o Senvicer  Henk
Custemer 2 NacBack Fro  Referred to Sanvicer  Susi
Customer 3 NacBock Pro  Referred o Servicer Mary
Customer 4 iPhone Referred to Sarvicer Fred
Customer 5 NacBook Pro  Product ASSistance  Kenny
Customer 6 MacBook Pro Refemed to Senvicer  Harold
Customec & NacBock Pro  Referred to Sarvker  Nancy
‘Customer 6 MacBack Pro Referred to Servicer  Llena
Customer 7 MacBook Pro  Product AsSistanc:  Karen
Customer 8 NacBook Pro Referred 1o Servicer  Karen
Custemer 9 NacBock Pra Product Assistance Samuil
Customer 9 MacBock Pro Product Assistance  Samuil
Customer 9 MacBook Pro Product Assistanice  Samul
Cusiomer 10 IPhone Product Assisance  Jochem
Custemer 11 IPhede Product Assistance  [rena
Customer 3 NacBoak Pra  Product Assistance WM
Customer 12 MecBack Fro  Product Assistence  Ton
Customer 3 - iPhons Product Assistance Wi
Cusiomer 13 Phooe Product Assistance  Erik
Customer 14 MacBock Pro  Referred to Sanvicer  Halen
Customer 15  NacBock Pro  Referred to Servicer  Kenny
Customer 15 MacBock Pro  Referred to Sarvicer  Kenny
_Customer 15 MacBook Pro Referred to Seevicee  Kenny
‘Customer 15 NacBock Pro  Refered 10 Servicer  Kenny
Customer 15 NacBock P Raferred to Sanvicer  Manigua
Customer 16 Phone Referred to Servker  Karen
‘Custormer 17 MacBock Pro Sroduct Assi:
o e Boan st A

Service (D Dperstion Start Dexe £nd Date
tnbound Call  9.5.108:05 '9.1.108:10
Handle Case  11.3.1010:30 11,3.10 10:32
Call Dutbound 31310 11545 11.3.10 11:52
inbound Call  4.3.10 11:43  4.3.10 11:46
bound Call  25.3.10%:32 25.3.10 9:33
Inbound Call 6,310 11:41  6.3.1011:51
Inbound Call  18.3.1010:5¢ 18.3.10 11101
Inbound Call  25.3.1017:09 25.3.10 17:13
Inbound Call  25.3.1017:16 25,3.10 17:18
Inbound Call  26.3.108:36  26.3.10 8: K
Inbound Call  18.3.1011:49  18,3.10 11150
inbound Call  11.3.109.20  11,3.10 9:23
nbound Email 119.3.10 19:47 .21.3.10 8:17
Call Outbound '21.3.108:32  21.3.20 8:33
Hordle Emasl  21.3.108:33  '21.3.10 8:33
Handgie Emasl  27.3,1011:29 273,10 11:30
labound Call  273.108:09  27.3.10 8:11
Inbound Call  29.3.109:28 29.3.10 9:29
inbound Call  5.3.10 10:13  5.2.10.10:15
Inbound Call 4.3.107:49  4.3,10 7:50
inbound Call  7.3.108:06  7.3.108:13
Iabound Call  25.3.1010:26 '25.3.10 10:34
bound Call  4.3.10 7:35  4.3.10 7:48
Hordie Case 4.3,10 7:53 43,10 7;55
Hardle Case  8.3.10 11:16 &3.1011:18
Hondie Case 11310 11:15°111,3,10 11:19
inbound Callg 114.3.1017:53 114.3.10 17:56
pund Call $25.3.1010:35 25,3.10 10:38

B R e T e P T

® @

311 2.4 N3ZUUMIAMTUMIATAAIDE1INTEVIUNS Call Center (Anne Rozinat. Disco
User’s Guide. https:/fluxicon.com/disco/files/Disco-User-Guide.pdf.)
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eno Disen - Sandbox <
‘ = O © ™. Disco |
|
S L N— - L _I@.faa i
Creals Purchaes Requisiton Mo Qerbeer Aoquestes A
2011217 003400 000 0 Ansiyze Purchase Raquiskon Mars Frosman Rozuester Marapar)
2017217 212900 000 At Pureh i Requiaison Enitd Lovas Aduester h
2011ARNE 2400000 2011ARIEIPHID0NG  Anslyze Purctase Raquistion o Guidhindt Adcuiier Manage!
201142n8 17, 000 NARIEIAE00000 Coeana Reguest for Qoouson Roguecter Mandzer  Fraros Quall Aaguidier Maramr
2011ARE205340000 2011402208 58000K0  Ansigze Faquest ot Quotation Megiiviena Predifls  Purchastng Agart
2011A2C2 1IE0NON0 30114802 11LAN0K0  Amerd Recuest ke Quolsion Requestee Penn Oshrwaider Aoquesiee Manaper
20110220 0530000 Anaigze Request bt Quctation Francois de Perer Purchastng Agant
20110507 07GR0000  CHak Puschise Aequisisen Weasuel Kiragarn|  Alasiater
20114817 100600000 Coan Recuia for om¥on Roquister Esssins Lutista Abzpiiitic
MAENE19SEDOO0  Anidlyze Fequest b Quetaton Frarcoz de Penter Purchasing Agant
select 20110618 255900000 S Frequest e 0150 10 Suggihec Maasna Predifls  Pushasiog Agert
1 201126/18 0831 0.000 Cream Quotaton compareon Map Frarcois de Pemer Purchasing Agert
20114618 155200000 Annlyzs QUiThon comppiss Map Kim Paoss Roquesier
c°|umns F 20118618 155200000 Grooes bestophen Aras Knumann Paquestee
20110501 0BZ200000  Sama cordisons wih suippier Wigakna Predidts  Puithising Agart
20110621 155000 000 Cream Purchass Osder Frascoa 06 Permér Purchicng Agnt
20110822 174400 000 Cealm Purdias Ore Esméraida Clay Suppler
20110684 134600000 Dalwer Goods Sanvoes Esmecalds Clay Suppler
20114624 210000 000 Release Purchase Orger Kim Passa Anguesie
20110626 07 4200000 Approwe Purhaze Order for gayment Karel e Groce Purchasirg Agart
2011/£528 01:1100.000 Send Irvoce. Ku Kan Suppler
20110528 152800 000 Auhonze Suppiers Fao e pay e Pedeo Alvaras Framdsl Manige
20110508 161100000 2011KS8 161900000 Pay imoics Karaid Nivmida Frandsl Managér
2010023 125300000 20110 0 100 Croad Pusthisd Requisancn Chratsan Franceis Roquestir
201107231751 00000 20114 K0 Creak Request for Quotyson Raguesier mmarwel Kvaglarnl  Fleguesise
20110602 074200000 2011460207 2400000  Analyze Request o Quctaton Karsl o Groce
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2.4 ProM 6.5.1
S Yo A A A Hdqw o .. o E
ProM (Jugii luGounseelon141unszuIUNII Process Mining 58 AUIWININUDY
Tan TmaiialumsaiuayunszuIUNITIN Process Mining NIANUHanHa1slugduunves

g a 1 I a 4 I
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MtlaTemaliinidovazwannldsuasuarvsoui Tdwauminan 18 vsev 1d14uay
wWalu 11 mnwiugﬂuuﬂmﬂﬁ’ (W.M.P. van der Aalst, B.F. van Dongen, C. Gunther,
A.Rozinat, HM.W. Verbeekl and A.J.M.M. Weijters, ProM: The Process Mining Toolkit)
I A [ 1 I a A o o
ProM (1)1 Software Open Source NUN15UFVuA U UWAYIWO AT VA YU TWAIU
Process Mining HagiAMUKAINYHa1uves plug-ins MIMNUVNTIUVOINTEUIUNIT Process
Mining JANMINAUUNVANLINGNG 15U A1TATINAOVATLUINMT, MItasseninamsadi
o (% @ o A ' [ .
HyuIaIgYanNs ANUANAIINUIA (Ana Karla Alves de Medeiros and A.J.M.M. (Ton)
Weijters, ProM Framework Tutorial)
A A A Aq v o L. 2 A
ProM A9 LﬂileI8%1%1Hﬂ1iyjim1ﬂ1iﬂ15%1 Process Mining GIN@YHAINITEUIUNIT
pazdadTamunIzUINNsA1 18 ProM I msaiuayusanes Nuvaregluuvuaz
! ; s S 9 & a A o Yy
NAINNAYNTIYUBU Petri nets, EPCs, Social Networks Wudu wazdansunainisasiun e

9
ax A % o

o A o Y da A Y a \ . v

Na19350nNIau1301IuI5 N e 1 1s luanunisalidiass esdunainmsauas uld
[ v

WnWaazinave nuanuda ldwauidandugduvuIvig i@y (BF. van

Dongen,A.K.A. de Medeiros, HM.W. Verbeek, A.J.M.M. Weijter, and W.M.P. van der Aalst, The

ProM framework: A new era in Process Mining tool support)

7 o ST TS
Isch
TU/e 5=z
wibeesiy of Technology

Wherr imamtion starts

311 2.6 uaaalalsunsu ProM 6.5.1
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NIZLINMIIUMIINOUVBI Process Mining Hog 3 1y
¥

1. Discovery Ao ﬂizmumiﬁuﬁmmm Process Mining Tagn15411 Event log (ﬁuﬁﬂ

o U @ I
migmsel) mszuanaigszuundranaseniugluun Tuaa

] o o
2. Conformance checking Ao M3 lumanag Event log (Uuﬁﬂms{]msm) NINITIVNFDU
° a @ P
ANwapAndeId lumanslszutana wierHuANGANT5UYBI Event log (Tudinignisel) 1iu
o o o J 4

3. Enhancement Ao 115111 Twiaan Event log (Tuiiniigmisal) wlszuianaoveny

Tuwaniiegsmdimamuaunaziuilydie
1 v 1 ~ Y v awv v o A 1 1
na1lageagi ProM 383113)U Open source N M130 1H1AITBUAZ NN IUI MY
& a ] { 4 1 @ {

Tumsaddandugiunulng oM Aelusunsuiludena1asz1ing Event log 11 Model @

A Y 3 A A o QD A A o
annsadenlgiiunseslio U39 Process Mining NUAMUHAINHANATANITI Process

o ) o H [
Mining 920¢ Tugiluvvvestanaualudeginddanaunindonldauuinnd 400 Uandu
gNAIE1UTY NIBIVDY Process Modeling 154 Petri nets (PNML, TPN) EPCs/EPKs (EPML),
<

BPMN (XPDL) iudu
Yandunawsarun 14 Process Mining 1d1a5

- ﬂg nouneadud U control — flow mining (1¥U Alpha algorithm (422 Genetic mining)

- ﬂagﬂaumﬁmiwﬁwmwmmﬁﬂi (1%U Social Network miner)

- Udndudm3umsih mining Al Tassatiadeenionszuumsiininimbangy

1Y Fuzzy Miner
ﬂgﬂﬁum‘%mhw%’u‘imswﬁﬁﬁuéuqﬁzﬁmwﬁu

- NIIANTIVADU process models

- NIANTIVADY Linear Temporal Logic (LTL)

- MIAATIZHHAMIANTUIIY (mﬁmiwﬁmqﬁﬁaﬁfugmuazmﬁmﬂzﬁwami
ﬁuﬁmmﬁﬁgﬂgmumzmumiﬁﬁmu@)

ProM Import 1T esilorasutasdoyalugiudoya Ms-Access 1Hoglugaluiy
MXML & u5luTa/51n51 Open source a3y plug-ins ‘ﬁgﬂﬁ’mm%uuuﬁasﬁmiﬁ’mmﬂm
Yoyaluszvugudoyananlfudinlszsriuvesnsihigsnoluesdlfoglugaluy
MXML AigunsatihlfFinseinariuTlsunsy Prom Gl,uﬂTmﬂmﬂT@u“ai?uTﬂmﬂm ProM
Import dzantiumsuilasdoyalnoizonlsd plug-ins st la)il

- Mining plug-ins #2131 plug-ins ﬁ’mmimnﬂn%’umum‘sﬂizmawamaﬁwmﬁm
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- Export plug-ins 1% plug-ins Lﬁfnﬁ’u%’umu?’%midwaﬂ%’@yaiug1Ju,mJ MXML

- Import Plug-ins 1J14 plug-ins Lﬁmf‘i’m‘iy’uﬂ@u?%miﬁwffvffay,mm MS-Access WM
174 ODBC

- Analysis plug-ins 1311 plug-ins Lﬁfnﬁ"uﬂ13ﬂ°1Lﬁumﬁmﬁwﬁwamuﬂmﬁuﬂ’amm

. A A a Jd 9
algorithm NADNAUATIEHHNATVDUD

U

. <3 . { @ 3 )
- Conversion plug-ins 111 plug-ins 1o un1sulasuaziagluuudoyalioglu

311y MXML

ProMimport 15111 T1/511n51 Open source Tl 14310 Tunsaaauaz 19 awisa
a1ilvanaldsunsu uazgionisldau '| @7 htp://www. processmining.org/promimport/
(B.F. van Dongen,A.K.A. de Medeiros, HM.W. Verbeek, A. J.M.M. Weijters and W.M.P. van der
Aalst, The ProM framework: A new era in Process Mining tool support, 26thInternational
Conference on Applications and Theory of Petri Nets ( ICATPN 2005) ,G. Ciardo and

P.Darondeau,LNCS 3536, pages 444-454, 2005)
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