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MEPOX A: Behtiotomoinon £mid061g OTOYUCTIKOV GUGTINUATOV TOPOYNS VTNPECIOV NE YpP1on
ogoopévov

XOvTopun TEPLYPUPN

O topéng ™G TapoyNG VINPESIOV gival KEVIPIKOG 6T cLyypovn (oN TOV UETARIOUNYOVIKOV KOWVOVIDV -
nave ond to 70% tov AEIL otic Teplocdtepeg OVETTUYUEVEG YDPEG OQEIAETOL GTOV TOUEN AVTO. ZNUOVTIKA
TOPUOELYLOTO, EQAPLOYDY TOL €V AOY® TOUEN TEPIAOUPAVOLY TO. GUOGTALOTO VYEWOVOMKNG TEPiBailymg
(vocoxopein), oL xpNUATOTIOTOTIKEG VINPESieS (Tpameles) Kot ot vaNPeieg TMAEPMVIAG (TNAEPOVIKA KEVTPOL)
Kot oadiktvov. E&attiag g onuaviikomtag Tmv €V AOY® DINPESIOV GTI CUYYPOVI] KOWVOVIN, LITAPYEL Uil
avéovopevn omn Yoo SIEMGTNUOVIKY] £€PEVVA DYNANG TOWOTNTOG GTOV TOUEN TMOV VLANPECIHV, Kot
EKTOIOEVOTG EWOIKMV OV £ivat 6€ BEGM VO GYEIAGOVY GLGTHUOTO VITNPESLDY KOl VO ETAVCGOVV TOAVTAELPO,
TPOPANLLOTA TOV TTPOKVITOVY KATH TNV EPOPUOYN TOVG. ZTOYOG TOV HoOUTOG ival Vo Tapaoyel Eva TANPES
TAQIGL0 GTN LOVIEAOTOINGT) GLGTNUATOV TAPOYNG LANPESIOV (LEYOANS KAMpaKAG), KaBdg Kot Eva GHVOAO
TEYVIKMOV TTOVL YPNGUYLOTOLOVVTOL Y10 TO GYEOAGHIO, TNV avdAivor tovc. H ddaxtikn pog mpocéyyion eival
TPOCAVOTOAIGHEVT] GTNV KOTOGKELT CTOXOCTIKAOV HOVIEA®V OV TEPLYPAPOLY TA €V AGY® GLGTHUOTO
TOPOYNG VINPESUDY YPNCUOTOIDOVTOS dEGOUEVO. Ba TaPOVCIAGTOOV TAPUSEIYUATO OTd SLAPOPOVG KAAIOVS
VINPECLAOV PE KEVIPIKO TOUEN EPUPLLOYNG TO TNAEPOVIKE KEVTPO KO TOL GUGTNLOTO VYELOVOIKNG TTEPiBaiynG.
To kbp1o BewpnTikd Thaicto givar 1 Oewpio ovpmdv. Q6Td6G0, To BEHa ival SlEMGTHOVIKO Kot TeptAapPdvet
EVOALOKTIKA TAaiG10, TOV TTpoEPYOVTAL 0md TN XTaTloTIKY, TV Puyoroyia kot to MapkeTvyk.

Mpoanrarrovpeva: 'Evo pdonpo Xtoxactikng Loviehonoinons/ZToxacTikdV StodtKocLdV.

Mpéypappa dwwréewv
Efooudda | Avrikeiuevo oraieéng Asmrouépersg
1 Ewaymym oTo ocvotiuate | MeEAET THAEQPOVIKOD KEVTIPOL KOl TUNUATOS EKTOKTNG
TapoyNg  vanpecidv, Boaowd | avaykng, MHEAETN GLOTNUATOV  TAPOYNG VANPECLOV
otoyeia glopong-ekpong: | Pacilopevol o OeOOUEVO,  EPOPUOYEC,  GEVAPLOL
Xopntkomraoa, Babuog | memepacpévov  opiCovta, meplodkn  perétn, og
ypnoomoinong  e&uanpeTnTOV, | 6TOTIOTIKY 6oppomia. Eumepikny avdivon pe ypnon
TPOCPEPOLEVO POPTIO, TOPOL, Kot | SloypPaUUATOV.
Nouog tov Little
2 Metpricelg dedopévav H onuacio tov perpnosmv: Avédivon kor éieyyoc,
ouvdeon HE TO oTOY0 NG emyeipnonc. MéBodot
amoOKTNONG 0E00UEVOV: AVTOUATOTOMUEVE GUGTHLLOTO
TPOGMOTO e TPOGOTO (TNAEPOVIKA KEVTPA). MeTpnoelg
Bacwopéveg otig cuvarrayéc: Bank Tellers, Telephone,
Internet, Transportation, Administrative. Xvvortikd
oToTIoTIKE otowyeior Ko epyoleio: peTafOAEC pe v
hpodo ToL YpdvovL, dtaypdupata Pareto, iotoypdupoto,
dwypdappota Fishbone, Scatterplots.
3 Boowd Movtéha. Aiktva épyov | DS PERT / CPM, diktva BPR, Aopukd otovyeio: meldteg
(emelepyaoia). Eunelpikd poviéda | (Béoeilg epyaciag), dpactnpldtreg, mopot, d10d1KoGIEG
(Bdoer dedopévarv), Avvapukd- | (dtadpopés). Tleprypoa@ikéc €VVOLOAOYIKEC EVOTNTEC:
Ytoyaotikd diktvo PERT / CPM | Awdypoppa  dpactnpiotrag, — Adypoppo  mopmv,
Yvvovacpévo Awdypappa (Apactnpotnro + Ilopou),
Awyeipion Epyov:  Avvopko-ctoyootikd  mAaicto.
Xpnion ovpav avapovic péocm DS PERT / CPM,
KaBopiopog Xopntikdtmrag otabpov eEumnpémonc.
4 Melétn otaBuav efumnpémmong | Moviéha pong tov  Owtdwv  g&ummpétnong. ‘Eva
ue povtéda pevotav (Fluid model) | Tpocdiopiotid poviého evog otabpod e&ummpémong.
Epapuoyéc omnv otedéymon tov cvotiuarog (staffing)




5 Baowkég pébodot poviehonoinong | Awdikacio  Poisson, kAMpdkmon kot KevIpapiopo
TOV JOOIKAGLOV api&emv, ogdopévev,  Suvapikny  Toxoio  Kivnom,  xpovikd
eELMNPETNOEDV KoL e€aptnuévn dadwkacio Poisson yi v Kivnon
OVLTTOLLOVNGlOG dgdopévoy  oTO Internet,  vmoloyioudg  TOUL

TPOCPEPOUEVOL  POPTIOV, KOTOAVOUEC TOTOL  PAGT|G.
[TpoPreyn.

6 Maprofrovég ovpeg avoovig Merétn towv Bacikdv GUGTNUATOV Kol SIKTH®OV

7 To ovomqua Palm/Erlang-A, Ta | Eeoppoyéc oty pelétn miepovikov kévipov, To
ovotquato.  G/G/m  pe/yopic | cvotnuo M/M/n+G Queue, Zyedialoviog TNAEPOVIKA
VO MPNGELS TEAUTAOV KEVTPO LUE OVOTTOLOVOLG TTEAGITES

8 Ta povtéla Erlang B/C. Movtéha | Erlang-B / C: avdAvon kot aoOUTTOTIKY GUUTEPLPOPA,
vimpeowwyv ED, QD, QED «m | ypovouetafintd goptio 10000V, dlayeipion epyoTiKov
epapuoyés ot oteréymon. | dSuvapukov, Erlang B / C / A oto kabeotdg QED,
SVOTNUOTO OVOLOVIG HE YPOVIKA | Xpovikd eEapTnUévn ovAALGT GUGTNUATOV OVOLLOVIG.
eEaptuéveg TapapéTpous

9 Apopordynon Baciopévn otig Xpovikd peToPaAAOLEVES OVLPEG Kol  OPOLOAOYNON
OeELOTNTEG KO AEITOVPYIKES Bacwopéveg otig 6e&ottec (SBR). Tpoypappatiopnog
TOALTAOKOTNTES. XYXEOUGOG, e€umnpe T, OPOUOAOYNON TEAATMOV KOlU GTEAEYMOM
[Tpocwmikd, EAeyyoc. npocmnikov. E-Driven SBR: otpatykéc dewktmv. QED
A€1TovpyIKES TOATAOKOTNTEC. SBR: Ewwéc mepmtoocels. Awotactoldynon evog

TNAEQMOVIKOD KEVTPOL
A&woroymon:
1. Epyooieg (30%0): O gpyacieg Oa givar mpocavatolopéveg g BempnTiKO, EUTEPIKO Kol TPAKTIKO

eninedo. H gumeipicn avdivon Ba meptapfavel mpaypotikd dedopéva omd Eva TMAEPOVIKO KEVTPO
e&umpémong wog tpameleg (http://ie.technion.ac.il/serveng2013S/callcenterdata/index.html). H
wpoakTikn avéivon Ba Baciotel oe dvo epyareio: to SEEStat ko 1o 4CallCenters. To mpdto gpyaireio,
nmov avantoydnke oto SEECenter, mapéyet éva 010d0ktvaKd ypagikd mepifdAlov pe dedopéva
ouvaALOYDV (TNAEP®VIKE KEVTPa, voookoueia). To debtepo epyareio vmootnpilel T dwoyeipion Tov
£PYOTIKOD SLVOLKOD (GTEAEXMOT)).

2. Toapovoiaon kot avantuén Oepdtov omd v o1ebvn Biproypapio/apbpoypagio (20%6).
3. T'panty e&éraon (50%6).
Bipioypagia

1. J. Fitzsimmons, M. Fitzsimmons, Service Management: Operations, Strategy, Information
Technology, 4™ Edition, McGraw Hill, 2004,
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6. W. Whitt. Stochastic-Process Limits. Springer, New York, 2002.
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8. W. Whitt, X. Zhang, A data-driven model of an emergency department, Operations Research for
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PART A: Service Engineering

Brief description

Service sector is central in the life of post-industrial societies - more than 70% of the Gross National Product
in most developed countries is due to this sector. Important examples are healthcare systems (hospitals),
financial services (banks) and telephone and internet services. In concert with this state of affairs, there exists


http://ie.technion.ac.il/serveng2013S/callcenterdata/index.html

a growing demand for high-quality multi-disciplinary research in the field of services, as well as for a
significant number of Service Engineers, namely scientifically-educated specialists that are capable of
designing service systems, as well as solving multi-faceted problems that arise in their practice. The course
will provide a framework for modeling service systems and techniques that are used to design, analyze, and
operate service systems. Our teaching approach is data oriented: examples from various service sectors are
presented at lectures and homework assignments, with the call center industry being the central application
area. In this course, a service system is viewed as a stochastic network. Thus, the main theoretical framework
IS queueing theory, which primarily involves a large class of stochastic models. However, the subject matter
is highly multi-disciplinary; hence alternative frameworks are useful as well, including ones from Statistics,
Psychology, and Marketing.

Prerequisite: A course on stochastic modeling/processes.

Course Schedule

Details

Service Engineering of a Call Center, Service Engineering of
an Emergency Department, Data-Based Service Engineering
(Science, Management) in Call Centers, Hospitals.... Inflow,
Outflow (rates), Capacity, Utilization (Occupancy), Offered

Week | Lecture Subject

1 Introduction to Service
Engineering, Flow Basics and
Little’s Law

Load, Resources: Servers, Highway, Examples and
Applications  The  customer/server/manager  paradigm,
Scenarios:  finite  horizon, periodic, steady state,

Queueing/Inventory buildup diagrams

The importance of measurements: Analysis and control,
connection to firm’s goal. Methods of obtaining data: Face-to-
face, automated systems (call centers). Transaction-based
(Event-based) measurement: Bank Tellers, Telephone,
Internet, Transportation, Administrative. Summary statistics
and simple tools: changes over time, resolution, Pareto charts,
Histograms, Fishbone diagrams, Scatterplots, . . .

Some subtleties in Measurements: Patience; What is Service-
Time (Duration)? Queues in Hospitals: Empirical Study, Call
Center Measurements, Data Models and Data Analysis

2 Measurements - The  First

Prerequisite

3 Models-The Second Prerequisite;

Project (Processing) Networks;
Empirical (data-based) models,
Dynamic-Stochastic PERT/CPM

Processing Networks and DS PERT/CPM, The Processing
Network Paradigm (BPR), Building Blocks: customers (jobs),
activities, resources, processes (routes); Conceptual
Descriptions: Activity Diagram, Resource Diagram, Combined
(Activity +Resource) Diagram, Project Management: dynamic
stochastic (process) view. Why (operational) queues? A
systematic answer via Dynamic Stochastic PERT/CPM,
Defining Capacity of a service station.

4 Fluid model of a service station The Fluid View, Flow Models of Service Networks, A
Deterministic Model of a Service Station
5 Scaling and Dynamic | Empirical Introduction, The Poisson Process: Definitions,
Randomness; Poisson Processes, | Properties, PASTA = Poisson Arrivals See Time Averages,
Service times, modelling | Biased Sampling, Intuitive construction: from Bernoulli to
(im)patience Poisson, or The Law of Rare Events, Non-homogeneous
Poisson process, Testing: Poisson or not Poisson, Beyond
Poisson: Internet applications. Forecasting of the arrival rate
Calculating the Offered Load, Phase Type Distributions,
abandonments.
6 Markovian queues Markov Jump Processes, Markovian networks




7 | The Palm/Erlang-A Queue, Non- | The Palm/Erlang-A Queue, with Applications to Call Centers,
parametric queues G/G/m | The M/M/n+G Queue: Summary of Performance Measures,
with/without abandonments Designing a Call Center with Impatient Customers, Non-

Parametric Models of a Service System; GI/Gl/1, GI/Gl/n.

8 Operational Regimes and | Erlang-B/C: Some Proofs, Facts and Analysis, Markovian
Staffing, Quality and Efficiency | Many-Server Queues: Excursions, Asymptotics, Time-
Driven (QED) Queues; | Varying Loads, Workforce Management, Erlang B/C/A in the
application to staffing, Time | QED Regime, Time-Varying Queues.
varying — Erlang-R

9 Skills-Based Routing and its | Time-Varying Queues and Skills-Based Routing (SBR). Agent
Operational Complexities. Scheduling, Customer Routing and Workforce Staffing. E-
* Design, Staffing, Control, Driven SBR: Index strategies. QED SBR: Special Cases.
» A Multidisciplinary Challenge; | Dimensioning a call center
* Operational Complexities.

Evaluation:

1. Homeworks (30%): Home assignments will be theoretical, empirical and practical. Empirical analysis

will involve real data from a call center that serves one of the Israeli banks

2.
3.

(http://ie.technion.ac.il/serveng2013S/callcenterdata/index.html). Further data resources are from the
Technion SEE Center (SEE = Service Enterprise Engineering). Practical analysis will be based on two
tools: SEEStat and 4CallCenters. The first tool, developed at the SEECenter, provides an online
graphic-based interface with transactional data (call centers, hospitals); the second tool supports
workforce management (staffing).

Research paper presentations (20%b)

Final examination test (50%0)

Textbooks-related material:

1.

2.

o Noa
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