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LABURPENA

Drum-buffer-rope (DBR) Goldratten murrizketen teoriaren (Theory of ConstrdiGtS)
funtsezko elementu bat da. DBBn arabera, botildepoaren programak kontrolatzen

du ekoizperaginduak abiaraztea. Egungo literaturan jadanik aztertuta dago- TOC
DBRren baliotasuna eskaeraren araberako testuinguruetan (Make to -®fté), hau

da, ekoizpen ingurunea planifikatzeko etankolatzeko sistema gisa balio ote duen.
Egindako azterketa gehienek, ordea, ikuspegi analitikoa hartu dute, mundu errealeko
kasu enpiriko gutxi daudelarik. Are gehiago, literaturak onartu du MTO inguruneetan
ekoizpena planifikatzeko eta kontrolatzeko sislak ezartzea zaila dela, eta hori izan

liteke, hain zuzen, azterketa enpirikorik ez egotearen arrazoi nagusia.

Bestalde, MTO inguruneen gainean egindako literaturaren berrikuspenak erakutsi du
botila-lepoaren hautaketa eta ustiapenari buruz nahikoa ikéaki& ez dagoela, hori
DBR kudeaketaren funtsezko zati bat izanik. Beraz, ikertzaileak MTO inguruneetarako

jarraibide berri hauek ematea izan du helburu:

1) Botila-lepoa nola aukeratu:ikerketak lau irizpide eman ditu botiepoa
aukeratzeko. Irizpide horiekbaliabideetan oinarritutako ikuspegiarekin
(Resource Based ViewBV) bat datoz, eta bereziki Barneyren VRIO
kontzeptuarekin.

2) Botila-lepoa nola ustiatu:botila-lepoa ustiatzeko hiru urrats operatibo garatu
dira, praktikan oinarritutako ikuspegi estrateg#éo finkaturik (Practice Based

View-PBV).

Lanaren emaitza botilepoaren aukeraketa eta ustiapena gauzatzeko prozesu
sistematiko bat da. Goldratten DBR metodoaren lehen bi urratsak operazionalizatzea
ahalbidetzen du prozesu horrek, eta lau kasu erreal¢srtez garatu eta probatu da,
ekintza bidezko ikerketa (Action ReseafdR) eta ikerketa konstruktiboaren alderdi
batzuk baliatuz. AR metodologiak mundu errealeko arazoak konpontzen dituen
bitartean ikerketa akademikoari ekarpenak egiteko aukera ematei®ddorioz, izaera

praktikoa duten ikerketetarako egokia da.
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Ikerketa horrek zenbait ekarpen teoriko eman ditu (adibidez, nola hautatu eta ustiatu
botila-lepoa MTO inguruneetan), baita ekarpen praktiko batzuk ere (hau daDBRC
ren lehenengo bi urratsakpéikatzeko prozesu sistematikoa, eta enpresaren emaitzetan

zer nolako eragina duen erakutsi).

Azkenik, espero ez ziren zenbait ekarpen gehigarri ere erdietsi dira. Horietako batek
berebiziko garrantzia dauka, eta bi MTO ingurune mota desberdinentzat

identifikatutako kudeaketa bereiztua da, zehazki:

1 Produktu errepikakorren enpresaRepeatbusiness customizersproduktu
aniztasun ertaina eta bolumen ertainen ekoizpen#erketaren arabera, botila
lepoa ustiatzea errendimendu hobeko iturria izan daiteke; ¢émaahoriek bat
etorri dira praktikan oinarritutako ikuspegiarekin (PBV).

1 Fabrikazieenpresa aldakorrak\{ersatile manufacturing companiegroduktu-
aukera handia eta bolumen txikiko ekoizpenajkerketak erakutsi duenez,
baliabideetan oinarritutako ikuspé&k (RBV) eta praktikan oinarritutako
ikuspegiak (PBV) enpresen errendimendua hobetu dezakete. Bxypda
hautatzeko baliabideetan oinarritutako ikuspegiaren VRIO kontzeptua erabil
daiteke (bereziki, baliabidarraroak eta imitaezinak kontzeptuak). Pralkkan

oinarritutako ikuspegiak (PBV), berriz, boté@oaren ustiapenari eragiten dio.
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RESUMEN

Uno de los principales elementos de la teoria de las limitaciones (JEG&)ldrattes su
método de gestion de la produccién DriBufferRope (DBR), que conteo el
lanzamiento del trabajo al sistema. La secuencia en la que se lanzan las érdenes de
produccion esta determinada por la programacion del Cuello de Botella (Drum). La
literatura existente ha discutido la validez de TOBR como un sistema de planifiidac

y control de la produccién en un entorno de fabricacion bajo pedido (MTO), pero la
mayor parte de los trabajos tienen un enfoque analitico y los casos empiricos del mundo
real son escasos. De hecho, la literatura ha reconocido que cualquier intepnde

en practica sistemas de planificacion y control de la produccion en entdii@es
complejo de gestionar y, por lo tantestapodria ser también la causa principal de la

falta de estudios en la literatura.

Ademas, la revision de la literatura ha stiado una falta de entendimiento respecto a
como seleccionar y explotar el cuello de botella (una pestnciatle DBR) en contextos
de fabricacion MTO. Por lo tanto, el investigador ha desarrolladtratajo para

proporcionar los siguientes aspectosvedosos aplicados a los entornos MTO:

1) Como seleccionar el cuello de botellauestra investigacion proporciona cuatro
criterios para determinar la ubicacion del cuello de botella del sistema. Estos
criterios seinspiran en laperspectivabasada eros recursos(Resource Based
View-RBV) en elmarcoVRIO de Barney.

2) Como explotar el cuello de botelldhemos incluido tres supasoscomo guia
operativa para la explotacioel cuello de botellainspirades en parte en la
perspectiva estratégica de la vision bdaan la practicgPractice Based View

PBV)

La seleccion y explotacion del cuello de botella se han incluido en un proceso sistematico
de toma de decisiones guacilitala puesta en marcha de los dos primeros pasos del
DBR de Goldratt. Este proceso sisé&ico ha sido desarrollado y probado en cuatro
casogealesmediantela Investigacion en Accipnombinada con ciertaagspectos de la

Investigacion Constructiva. Dada la naturaleza practicaest& investigacion, la

\%
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Investigacion en Accidn es una metodyibp apropiadaya que permiteintegrar la

investigacion académigala resolucidmproblemasen contextos reales

Como resltado de nuestra investigaci@e harrealizado diversas contribuciones, tanto
tedricas (por ejemplo, como seleccionar y explotacwedllo de botella en los entornos
MTO comopracticas (proceso sistematico para hacer operativa la aplicacion de los dos
primeros pasos del TEAMBR o comampactan en los resultados operativos de la

empresa.

Como resultado de esiavestigacion tambiéise han producidaiertascontribuciones
inesperadasUna de estas contribuciones, de especial inteeéfa identificacion de una

gestiondiferenciada pardos dos tipos descenarios MTO analizados

w Produccién customizada repetitiva(Repeatbusiness custamizers (RBC):
variedad de productos medio y produccién de volumemedio): La
investigacion demostroé que la explotacion del cuello de botella podria ser una
fuente de mejor rendimiento; estos hallazgos coinciden cdrBY

w Empresas manufactureras versa# (Versatile manufacturing companies
(VMC): gran variedad de productos y produccion de bajo volumena
investigacionha demostradoque los enfoquefkBVy PVBpuedenmejorar el
rendimiento de las empresa#si, mientras la seleccion del cuello de botella
puededeterminarse utilizando el concepto VRIO RBV(especialmente en lo
que respecta al concepto decursos quesondraro< e dinimitables), la BV se

aplicaa la exlotacion del cuello de botella.

Vi
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ABSTRACT

Drumbuffer-rope (DBR) is a key elemestD2 f RNJ 16 Q& GKS2N® 27F
which the launch of production orders into the systes controlledaccording to the
daO0KSRdz S 2 bottlierieck. Thedesisiing Me@adure has discussed the validity of
TOGDBR as a production planning darcontrol system in mak&-order (MTO)
environmens, but most studiehavetakenan analytical approachealworld empirical
cases are scarce. In fact, the literature has recognised thatirapiementation of
production planning and control systemsMTO environments is complex to manage

and thiscould also be the main cause of the lack of studieshis subject

Additionally,a literature reviewshoweda lack of understanding regardisglectingand
exploitng the bottleneck (a crucial part of DBR)these MTO manufacturing contexts.
Therefore, the researcheaimedto provide the following novebuidelines forMTO

environments:

1) How to select the bottleneckThe research providd a set of four criteria
inspired by the resourcbaseddA S ¢ I Yy R RIOlcawded.e Qa =+

2) How to exploit the bottleneck Three operative suksteps to exploit the
bottleneckwere included; these werpartly inspiredby a strategic perspective

based on theracticebasedview.

The selection and exploitation of the bottlenesfasincludedin a systematic decision

making procesthat enabledii KS 2 LISNJ GA2y A&l GA2y 2F GKS

DBR. This systematic procesasdeveloped and tested on four realorld casesising
action research(as well as somaspects ofconstrucive research. Given the practical
origin ofthisresearchaction researchvasan appropriatemethodologysince itenabled

contributions toacademic research while solving re@brld problems.

Theresearch provided several theoretical contributions (ehgw to select and exploit
the bottleneck inrMTOenvironments)yas well apractical contributionsi(e., asystematic
process for operationalisg the first two steps of TOOBRand determininghow the

companyperformance could be impacted).

VI
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Additional (on-expected) contributions also emergeiom the research. Among
others, a key contributiowasrelated to the different managememequired by the two

types of MTO environments, as follows

w Repeatbusinesscustomizers(medium product variety and medium wlume
production): The researchshowedthat exploiting the bottleneck could be a
source of better performancethese findingsaligned with the practicdased
view.

w Versatile manufacturing companies(high product variety and low volume
production): Theresearchshowedthat approaches based on thhesourcebased
view and practicébasedview couldimprove firm€performance.Thepractice
basedview appliedto the exploitation of the bottleneckwhilethe selection of
the bottleneck could be determined using e resourcebased viewd@ VRIO

concept (especiallgoncerning resources that werare andinimitable).

VIl
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1.1. Problem outline

The rapid development of science and technologgs dramatically changed the
competitive environmenbf modern manufacturing compani€g/ang, Qi, Cui, & Zhang,
2018) Shorter production life cycles, customized demand and flexible production are
becoming typical challenges ftlhese companies(Wang et al., 2018and the mult-
variety, smakbatch mode of production is more widely appli€gtevenson, Hendry, &
Kingsman, 2005)n a makeo-stock (MTS) manufacturing environment, most products
are high wlume and low variety and have short lead times to the customér this
environment,customer demand is mostly served by finished product inventories. On
the other hand, lowvolume and higkvariety productsare typical ofa maketo-order
(MTO) manufacturig environment. Lower storage costs and greater flexibility to
respond to customer demand ar¢he most outstanding featuresof an MTO

environment(Wang et al., 2018)

Recently, production planning and control systems (PPCS) have become a critically
important field of business around the world. PP@& vital for the survival of
manufacturing compaies in such ahighly competitive environmentas poduction
planning and control are two essential tasks of operational managethattstrongly
influence improvement of copany profits as well as the efficiency of resource
utilisation (Wang et al., 2018)Choosing the appropriate PPCS is an important and
complex decision for MTO compani&evenson et al., 200®Ihager & Rudberg, 2002
Gaury, Kleijnen& Pierreval, 2001)The PPCS8f the company has directimpact on
workin progress (WIP)eadtimes and ortime ddivery(Maccarthy & Fernandes, 2000)

Due to imited empirical researchegarding the suitability of different PPCSnactical

MTO contexts this dissertationcontributes to theongoingdiscussion bynvestigating

the implantationprocess of the drunbuffer-rope (DBRthe PPCS within the theory of
constraints[TOQ) in four high-value MTQoriented manufacturing companie¥he few
existing studies based on simulatibave suggested theuperor performance othe

DBR in MTQontexts compared to dter PPCS. Therefore, the authproposed a
systematic pocess for deploying the first two steps of the TOC within a PPCS,

particularly in the selection and exploitation of the production system constraint
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through integrating a strategic perspective. The systemic process was based on the
seminal work from Goldr i i Q @oldrait & Cox, 2003)nd induded key aspects from
theories on strategyincludingthe resourcebased view (RBV) and practibased view

(PBV). The RBV and PBV argue the importance of resources and practices in achieving

competitive advantage and/or improved firm performance.
1.2. Reseach context

Since the research questiorfRQs)arose from a real managerial problem requiring
solving, his doctoral thesisvasdeveloped in close contact with four companies from
different MTO scenarios in the Basque Country. In faetPhD candidatevorked asan
active change agent in all four case stud{€S) having beenintegrated with the
different working teams from the case companiéhe research developed in this
doctoral thesisvasalsobeen partly financed by the case companies that took jpart

the fieldwork. The PhD candidate was hired by the different companies to advise them

during the challenges described in the cases and resegnaited projects.

Nonethelessthe case companiedid not placeany restrictionson the research design,
execution, documentation and/odisseminatiorof the results. In fact, full trust from the
top management of the case companigave the candidateexceptional research
freedom to propose new hypotheses and empirically test thertheacompanies. The
only demand fromthe case companies was keeptheir namesconfidential as well as

not to showsome quantitative results with the real values.

Obviouslyi KS O yréehaR & ch&h@ezagent in the cases influenced the research

direction, as usually happens Wwiaction research (ARbased projects.
1.3. Research questions

Aspreviously statedstudies on PPCS in MTO scenarios have been mainly descriptive
knowledge about the design characteristics, application and impact of these PPCS
implementations is still limité. Therefore, the following R€aimed to overcome that

knowledgegap
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T
T

RQ1 How can the constraint of a production system in an MTO context be

systematically and by means of TODBR selected and exploited to enhance

performance?

RQZlaHow should the boteneckbe selecte@

RQD. How shouldthe bottleneck exploitation be executed?

1.4. Researchopics,contributions and related publications

1.4.1.

Researcliopics

Thisdoctoral thesis is classified withiive main research topicéRT)

w

€ € € €

1.4.2.

RT1:MTO scenario complexitfRepeat Business CustomizRBC onNersatile
Manufacturing @mpaniesVMQ

RT2The importance of PP@& achievingD2 YL YA S&aQ 321 f &
RT3:TOCroduction planning and contralsingthe DBR
RT4:Strategiacesourcemanagementusing theRBVapproach

RT5:Strakegic resource managemeunsing thePBV approach

Contributions

Accounting forthe gap in the literature andts research focus, this paper hasckey

contributions:

w

C1 Identification of how to select the bottleneck by means of four criteria that
extend begond the load versus capacity analysis by providing a strategic
perspective inspired by the RBV theory regarding the contribution of strategic
resources to maintain the competitive position.

C2:Description of a detailed process to exploit the bottlendaattaligned with

the PBV theory and recognised that practices could also provide superior
performance for organisations.

C3:Description of four industrial cases detailing the implementation of a DBR
PPCS in MTO scenarios.
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w C4:ldentification of differencesvhen selecting and exploiting the bottleneck
(based on TOOBR) depending on the type of MTO scenafirBC or VMC.

w C5:Creation, description and testing of a systematic process for operationally
executing the selection and exploitation of the bottleneckaar steps according
to TOGDBR seminal concepts.

w C6: Description of four industrial cases of the MTO environment that have

implemented TOMBR and analysis of their improved performance.
1.4.3. Research outcomePublications, research projectandteaching

During the doctoral thesis, the researchfeuund different results thatshowedthe need

for external evaluation of theNB & S I ghditK Thé researcher participated in four
companies to carry out applied research projects on topics relatedisghesis which
allowed the researcherto execute and observe realorld casesTheresults of the
research and applied research projects have been published in three journals classified
by Scopus/JChnh several publications by international publishers angbreserations

at international conferences. Finally, a pedagogical outcome TnteRching in
undergraduate, graduate and executive prograrhas been achievedTable 1
summarises the eight publications (P), four reseagdnted projects(RP) and two

teaching assignments (T) executed during the doctoral thesis.
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Tablel. Summary of publications, research projects and seminars

Outcome \[o] Description

(P1) Publishedn Direccion y Organizaciér(Lizarralde,

Apaolaza, & Mediavilla, 2019a)

(P2) Publisheth DYNA(Lizarralde, Apaolaza, & Mediavil

Journalpapers 3 2019b)

(P3) Publishedn the Journal of Industrial Engineerin

Management(Lizarralde, Apaolaza, & Mediavilla, 2020)

(P4) One book chapter in Project Mamagement and

Engineering ResearcBpringer2017
Bookchapters 2
(P5)Onechapter inProject Management and Engineeri

ResearchSpringer2018

(P6) XXI International Congress on Project Managemen

EngineeringCadiz 2017

Conference 3 (P7) XXII Interripnal Conference on Industrial Engineeri
proceedings and Industrial Management, Giron2018.
(P8) XXIII International Conference on Indust

Engineering and Industrial Management, Gjjadl19.

Sectors: (RP1Wind-energy towers manuf@urer, (RP2)

aeronautical sector precision machining manufactunr
Research
_ 4 (RP3)steel tubes manufacturer usingthe hot extrusion
granted projects
process (RP4) machined and welded solution

manufacturer.

(T1) University of Mondragon (postgraduate); (]
Seminars 2
University d Mondragon (undergraduate)
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1.4.4. Linkage of research topi¢selated publicationsand contributions

Table2 shows the relatioshipsand influence among the fiveesearch topicqRT),
including the related publicaties @) and contributions @. The research content has
evolved slightly during the timef the thesis; the scope has been refined, and hbes

different research topics wereelated has been clarified

Figurel provides a summarized view of the research program and the key activities of
the doctoral thesis, including the literature review, construction and evaluation of the
systematic process for applying DBR to production planning as well as the quality criteria

used for validating the research.
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Table2. Linkage of research topics, related publications and contributions

Contribution

Related

publication

Related

projects

Related

researchtopic

ng

Cl: Identification of how to select the

their improved performance.

bottleneck by means of four criteria P1, P2 and| RP2, RP3 and RT1, RT2, RT
that extend beyond the load versus P3 RP4 and RT4
capacity analysis
Q2: Description of a detailed process
_ P3 RP4 RT5

to exploit the bottleneck
C3 Description of four industrial case

- ) _ P1,Pand | RP1, RP2, RP RT1, RT2 and
detailing the implementation of a DBI

_ _ P3 and RP4 RT3
PPCS in MTO scenarios.
C4:ldentification of differences when
selecting and exploiting the bottleneq b8 RP1, RP2, RP RT1, RT2, RT{
(based on TODBR) depending on thi and RP4 RT4 and RT5
type of MTO scenario RBC oWMC.
C5: Creation, description and testing
of a systematic process for
operationally executing the selection RT1, RT2, RT]
o _ P3 RP4

and exploitation of the bottleneck in RT4 and RT5
four steps according to TAMBR
seminal concepts
C6:Description of four industrial case
of the MTO environment that have P1, P2P3 RP1, RP2, RP RT1, RT2, RT{
implemented TOMBR and analysisq¢ andP6 and RP4 RT4 and RT5
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. SYSTEMATIC PROCESS
a L SYSTEMATIC PROCESS CONSTRUCTION RESEARCH EVALUATION
= PREVIOUS UNDERSTANDING EVALUATION
a.
TOC 5 STEPS: Action research
GENERAL/BROAD PROCESS OF i L
LITERATURE REVIEW: ELMIIOIE s
B— IMPROVEMENT CASE 1: wind tower NOVELTY
structures manufacturer
« TOC/DBR
* PPCS SYSTEMATIC
PROCESS
V.1 extrusion manufacturer
E
= SYSTEMATIC L H_ _ RESEARCH RIGOUR _
m PROCESS .| CASE 3: aeronautical sector
SPECIFIC LITERATURE IMPROVEMENT | machining manufacturer
REVIEW: V2D
.« RBV PRACTICAL
. - — RELEVANCE & UTILITY
PBV SYSTEMATIC CASE 4: high-precision
PROCESS machining manufacturer
IMPROVEMENT
V.2.1 EXTENT OF
T L APPLICATION
PROCESS V3.0 CROSS CASE STUDY
* Focus of research m * Research gap confirmation * Systematic process * Confirm the research
W areas/topics i * Constructing the the systematic process for evaluation and novelty and practical
o * |dentification of research i applying DBR as Production Planning and Control application relevance
fu] ! . .
5 gap : System (PPCS) * Confirm given answers to
o * Formulation of research ! RQ
guestions (RQ)

Figurel. Research program
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1.5. Structure of the document

This thesis idividedinto sevenchapters asshownin Table3.

Table3. Structure of the thesis

Chapter

Chapter lintroduction

Theresearch projects introducel, and the purpose o

Description

the study and its objectives are analysed

Chapter 21 iterature review

The main PPC#nethodologies are presented.

Chapter3: Researchmethodobgy
anddesign

Different research methodologies aranalysed to
determine the methodology used to carry out th
research work.

Chapter4: Fieldwork

Four CSare reported andthe resultsare explained A
crosscase studys performed

Chapter5: Discussin

The main findings ofhe crosscase studyare used to
answer theRQs

Chapter6: Conclusions and futur;
research

The onclusionsare presented and future linesf
researchare identified

Chapter7: References

The references usedre listed

10
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2.1. Introduction

The objective of this chapter is to analyse and describe the theoretical framework in
which this thesis will be developed. To this ebadsed on the review of the literature

found in the field in question, the following points will be developed:

w The characteristics of MTO manufacturing contexts

w Production planning and control systems

w Production planning and control system of the theofyconstraints
w Research gaps

2.2. The characteristics of MT@anufacturing contexs

Manufacturingcompetitivenesss increasingly driven by customer satisfactiBroduct
variety, short and predictable leaanes and reliable delivery times constitutee three
main customer expectationgJaegler, Jaegler, Burlat, Lamouri, & Trentesaux, 2018)
Custoners increasingly demand more variety, lower quantity and higher reliability, as
well as shorter delivery timggRomagnoli2015 BorreguereaSanchidrian, Pulido, Gareia
Sanchez& Ortega-Mier, 2018) ConsequentlyMTO companies have had to shift their
objectives toward flexibility, quality anddaptationto consumer demandSultana &
Ahmed, 2014)Additionally, nanagers in MTO orgasaitions are pressured taeduce

inventory levels and achieve maximum agttion of their resouces.

As noted by SomanDonk, Van and Gaalmai2004) researchersexamining
production/inventory control systems have traditionally characterized manufacturing
operations as either MTS or MTO. In an MTS system, production is initiated before
demand occursand items enter finished goods inventory before they are sold to
customers. Merefore, the MTS system is appropriate for mass productionwhich
products can be easily standardized; the benefits of the system usually include greater
economies of scale and shorter lead times. In an MTO system, on the other hand,
production is initiatel only after demand is knowmand each item is delivered directly

to the customer after production is completed

12
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Amarg Hendry and Kingsma(l999) presened a new classification for neNTS
companies. This classification is based on the level of perormed after the order

has been placeds well ashe nature of theproductcustomization. In an MTO company,
when an order is given, the basic design is avaijahle remainingwork occursin
manufacturing and assembly. The design of the product can be included in the definition
of an MTO and considered as a raming process to be planned and controlled, as in
the case of engineerintp-order companies. Therefore, the ter@dMTCE refers to
products for which production and/or design does not take place until after the
confirmation of the custome® order MTO conpanies cannot precisely predict demand,
order raw materials and produce in advance or effectively implement batch production
methods. In addition, the material and production requirementsio¢job in the factory

can be very different from those of oth@bs, so the lack of common parts and variable

work routes adds to the difficulties of planning and con{@inaroet al.,1999)

According to Amaro et al1999) there are twotypes of MTO companies: repeat
business customizers (RBC) and versatile manufacturing companies . (REC)
companes provide customized products on a continuous basis faetperiod. The
products are manufactured after the order arrives but are produnemte than once,
allowing a small degree of predictabilitin contrast,VMC environments are more
complex each order is differentand a wide variety of products with variable demand
are manufactured in small batches with little repetitidfigure2 illustrates the position

of the RBC and VMC categories on the traditional volume/variety spectrum in relation
to anMTS(Stevenson et al., 2005)

13
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High
VMC
Product
Variety RBC
MTS
Low
—— >
Low High

Product Volume

Figure2. Classification based on volerws. varietyStevenson et al., 2005)

Most VMC environments are usually orgaad into workshops and require high
management skills due to the typology of the material fl{&tevensoret al,, 2005) In
addition, if the VMC company produces many final prodércis a fewraw materials
known ad- V @lant (Lockamy, 2013) the problem of achieving high productivity and

high service levels becomes more ac(arlington, Francis, Foun&l Thomas, 2015)

The optimization of industrial operations, adates to production planning and control,

is one of the problems faced by the industry. In turn, integrated optimization from the
perspective of a whole system of complex systems, such as production systems, has
become an interesting and important iss@@/ang et al., @18) Soman et al(2004)

explaired that

The main operational issues for MTO companies are capacity planmidey;
acceptance/rejection and attaining high due date adherence. Capacity planning
should be addressed at several levels including the stage at which orders are first
considered and thus the customer enquiry stage is of particular importance to

the MTO setor. (p.224)

Furthermore,ithe competitive priority is often shorter delivery lead tijéSoman et
al., 2004 p225. Kingsman Hendry, Mercer and de Souzd996) agreal that a
company® offer in response to a customer enquiry must contain realistic and currently

competitive delivery dates andriges, although other factorsuch as the compa®/

14
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reputation and financing packagemay also be important in winning an order.
Therefore, the ability of #PC%o calculate realistic and competitive delivery dates at

the customer enquiry stage is alsoportant.

Thus, PPCS are essential tdolsmeetingthe increasingly complex needs of customers

in MTO scenariofManikas, Gupta& Boyd, 2015)A PPC8asto provide solutions to

the operational problens of companies that include material requirements planning,
demand management, capacity and scheduling and sequencing of work. The main
objective of these functions is to redueeork in progressWIP, minimize lead times,
Improve responsiveness to charggen demand and enhance compliance with delivery

dates(Stevenson et al., 2005)

Therefore, PPCS have become a key element in achieving maximum efficiency in MTO
plants(Stevenson et al., 200®Ihager & Rudberg, 200&auryet al.,2001) They have

a notable impact on aspects such as WIP, cycle times atticherdelivery(Maccarthy

& Fernandes, 2000)n this context, the effectiveness of the chosen PPCS constitutes a
keyelement2 ¥ (1 KS 02 Y L@agykeretal., 2R OS 4 a

2.3. Production planning and control systems

As we have seembove, the typicafunctions of a PPCS include planning material
requirements, demand management, capacity and the scheduling and sequencing of
jobs. Variety, quality, short lead times, minimal WIP and maximumisatilon of
resources appear to be conflictingnothermain objective of moder®?PC$s to find a

compromise solutin amongst then{Lengyel, H@no, & Ueda, 2003)

Since the middle of théwentieth century, several PPCS have been developed. For
instance,material requirementsplanning (MRP) systems focus on detailed production
schedules and may be more suitable for MTS environmgisvenson et al., 2005)
MRP systems try to minimize the costs associated with the planning cycle by using
batches. Other systems give priority to improving the flow of materials {he.speed

of transformation of raw materials into finisdeproducts) and systematically reducing
waste (i.e, anything that does not add value to the proseBeming, 1982; Ohno, 1988;
Womack, Jonesk Roos, 2008)Two of these systemsre the KanbanBerkley, 1992)

15
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and the constant WIP (CONWIFSpearnan & Zazanis, 1992hey are usually

appropriate for large volumes aridw production variety.

However, he literatureexaminingPPC%acks sufficient evidence on how these systems
should be applied in MTO environmergdaylor, Turner & Murray-Webster, 2015and
which of the different PPASmost appropriatefor this scenarioln MTO scenarios, the
successful implementation of different systepssich as MRP, Kanban or CONWH3
proved difficult(Darlington et al., 203,55uan, Peng, Ma, Zhang Li, 2008)However,
empirical evidences lacking fothe appli@tion of other PPCSuch agthe DBRGoldratt

& Cox, 1984)quickresponsemanufacturing(Suri, 1998)workload cotrol (WLCSilva,
Stevenson, & Thirer, 2018nd agile manufacturingChristopher & Towill, 2000)n
MTOscenarie. Additionally no perfectPPCSuill fit all situations(Plenert, 1999)As a
result, applicability depends on the individual characteristics of a company. Therefore,
managers must still play a large roledehampioning the project, giving their specialist
opinion, setting parameters and easif@PCSmplementation through faititating

organgational changgStevenson et al., 2005)

Stevenson et ak2005)critically reviewed the PPCS literature from the perspective of
the MTO industry, considering shaconfiguration, company size, customization and
provisions forthe customer enquiy, job entry and job release stagé heir conclusion

is that TOC is a valid tofbr solvingthe problensof the two MTO scenariaggure 3):

MTS MTO (RBC) MTO (VMC)
Kanban WLC
Pure CONWIP General CONWIP Not
Flow ERP Flow ERP A |.° .
Shop POLCA Shop POLCA ppiicable
TOC TOC
General WLC WLC
Job ERP ERP
Shop TOC TOC

Figure3. System selection matrix presenting PPCS alternatives for MTO sceisewesnson et al.,
2005)
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2.4. Production planning and control system of the theory of

constraints

The TOC is a management philospplased on systemic thinkirfBoyd & Gupta, 2004)

It wasdevelopedin the 1980s and has great theoretical and practical dissemination in
the industry(Goldratt & Fox, 1986; Goldratt, 1990he¢ h / n@a#n underlying idea is
that every system has at least one constraint that lirsgstemperformance(Goldratt

& Cox, 1984) One of(il KS dstrengsi is focusing on constraints as a basis for
managing and improvingne system. According tGoldratt and Co¥2003) a constraint

or bottleneckd Zrdything that limits a system from achieving higher performance versus
A G & . Bherkfére, identifing bottleneck’s) and manaigg the organisation according

to the impact of saidottleneck(s)is critical for achievinthe goal.Animprovement of

thebol (i f S Ye8f@rhaQce entails an improvement of the entire system.

In contrast the capacity of noitonstrained resource@.e., the rest ofthe resource$is
composedboth of productive and idle capacitf. ockamy & Cox, 1995From a TOC
perspective, idle capacity is not an excess of capacity but rather a margin of capacity
that protects the system against uncertainty. The use of this idle capacity as productive

capacitywould not improwe throughputandwould unnecessarily increase inventory.

Implementing TOC principles in companies is known as the proa#ssngoing

improvement(POOGIand is composed dhe following two prerequisites:

w Definingthe sysem and identifying its goal

w Defining the measurethat align the system with its purpose

The POOGAHIso includes five focusing stepRahman, 1998; Watson, Blackstorée
Gardiner, 2007)the DBR the scheduling mechanism of the T@Jjmited to steps 1 to
3 (Figured).
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TOC five focusing

e m——— pm————

steps
Description
_________________________________________________________ \
Step 1: The limitations can be both physical (materials, machines, people, demand, etc.) and 1
identify the management (type of policies that apply), procedures or methods. Normally, companies tend to !
system have more management limitations than physical limitations. In addition to identifying them, it is |
constraint(s). important to prioritize them according to the impact they have on the company's objective. 1
1
________________________________________________________ J—
________________________________________ =%
Step 2: 1
Decide how to Once located, those resources that, due to their limited availability, limit the overall performance 1
exploit the of the system must be ‘exploited’ to the maximum. If, for example, the restriction is in a certain 1
system’s work center, exploiting it would mean obtaining the maximum performance of the machinery of 1
constraint(s). said center, eliminating any cause of unproductive time. 1
1
_________________________________________ s
Step 3: \
Subordinate Subordinate the work plan of the non-constrained resources to the program/planning of the !
everything else system limitation. By not limiting the productive capacity of the system, these resources have !
to the above capacity margin. Their task is to work at the rate of limitation, according to the priorities of the !
decision. system. !
1
____________________________________________ —_—
_________________________________________ o
Step 4: \
Elevate t,he It is possible that as a result of a better use of this limitation, or of an increase in its capacity, :
system’s this will no longer be a restriction of the system. In this case, a new limitation will appear .
constraint(s). somewhere else in the organization. i
_________________________________________ -7
_________________________________________ e
Step 5: \I
If constraint is
broken, go If, in step 4, the limitation has been broken, it is necessary to go back to the first step, making a 1
back to step new load/capacity study taking the appropriate measures to stabilize the system. 1
1y !
/

Figure4. Five focusing steps of the TOC

The DBR is a powerflPPCSn shops withbottlenecks(also calleddrums) oriented

toward addressing market or physical constraifitetirer, Stevenson, Silva, & Qu, 2017)
One strength of this approach is its simplicity control the whole system, precision is
required only in thedrum (Gupta & Snyder, 2009)he drum is identified on the basis of

the compan® order book. @ce the constraint has been identifiedhe DBR

synchronizesproduction with customer requirements through theope (i.e, the

connection between the input of work and thieottleneck Thirer et al., 2017)

Previously, program criterihad beendefined in the stepfocused onexploiting the

botteneck Finally,the DBR usedrum andsK A LJLJA y 3

amount of WIFE 0

02

0 dzF ¥ S Nduivaterit G A Y S
SylrofS (KAa a@yOKNRBYAIF(GAZ2Y

system from variability with reduced levels of W(Phurer et al., 2017)Usually,

bottleneckresourcesdo notneed to be programmed, since each operation is governed

based on the buffer consumption of each ord@iisprovides great simplicity to the

PPCS(Goldratt, 1990) Figure 5 shows the different DBR components and thdr

relationship toeach other.
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LAUNCHING DRUM < DELIVERY
PROGRAM PROGRAM PROGRAM
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PROCESS 1 PROCESS 2

FINAL WORKS WORKSHOP

RAW MATERIAL

FINAL
PROCESS 3 PROCESS 4 PROCESS 5 PROCESS 6 PRODUCT

Figureb. DBR mechanism for production planning and control

The benefits of applying TA&MBR have been documented in the literatRanizzolo,
2016; Watson et al., 2007lror exampleMabin and Balderston€2003)documented
numerous implementations of TGMBR, noting that 80% of companies utilising this
system obtained improvements in meeting delivery deadlines and compliance.
Significant results havalsobeen reported in terms of inventory, WIP afehdtime
reduction and delivery performance improvementamong others (Mabin &
Balderstone, 2003)Similarly,many investigations related to the effectivenesstioé
DBRhave focusedn simulations under specifiglant conditions. These studies have
concluded thathe severity of the constraint is a decisive aspect when choosing a release

method in job shops with hottleneck

Although these resultiave beemmainly relatedto repetitive manufacturing, they are
especially promising when it comestilisingthe DBR in MTO contex{Stevenson et
al., 2005) However, in spite of such an extensive bibliogmadiscussing the use tife
TOC, reaworld studiesrelated to current job shop contexire lacking Thus, recent
researchstudies have encourageftirther research to validate their findings. One of
these areas is the study of additional actual comptecasesincludingone withmany

products(Maylor et al., 2015; Threr et al., 2017)
2.4.1. Quality validation of the literature review

¢ KAAa OKIF LI SNRA LJzN1lJ2 a S nglliteratir€on TQDBR &sué& | Y R

and to identify areas for further researcBased on the central theme of books written
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by Goldratt and previous review articles that hasempleted classifications of the
subject, the body oTOCknowledgealready exploredn the literatureis separated into
six areas(lkeziri, Souza, Gupta, & de Camargo Fiorini, 20d®duction, projects,
throughputaccounting thinkingprocess supply chain management (SCM) and POOGI.
Asthe presentstudy is based o®PCSit will focus only on theknowledge area®f
productionand POOGI

A systematic literature reviewas choseras the appropriate methodological approach
since it is a valid method for generating knowledge through the synthesis of existing
articles that may be moreelevant and of greater importance than new research
(Co@er, 2010; Kitchenham, 20Q4)he methodology used in this studsasbased on

the work of Hohenstein, Feisednd Hartmann (2014) This approacltonsistsof six
process stepsand it discussedhe issues of time horizon, database selection, journal

selection, aricle selection, article classification and article analysis.
2.4.1.1. Time horizon for selection of papers

The date of publication of the journal articles usext the review and assessment
processwas between 1990 and the end of 2018. Consequently, the paper aisaly
comprisal a threedecade timdéine. The year 199Waschosen as the starting point for
collecting the relevant data because from the topic of TMER began to attract the
attention of several key authorsarting in 1990 The end of 2018vasselected aghe

end point to include the most recent academic journal publications in light of the

increase in articles that address this highly significant topic.
2.4.1.2. Selection of databases

Two online primary databasesgere used as search tools: Scopus and Web of Seienc
Theseare databases that include research into operations, organisational management
and social sciences. Furthermore, additional potential artickese identified by
searching Google Schol&or certainresearch topicsa selection of books (from wlel
known international publishing houses) and conference papers (from renowned

international conferencesyere alsautilised.
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2.4.1.3. Journal selection

One of the focuses of this reseansfasmethodological rigarTo ensure the high quality

of the studiesonly pwblished journal articlesvere evaluated. The main unit of analysis
selected for the doctoral thesiwas thosejournal papers published in English peer
reviewed journals included in the most commonly utilised academic datapases
academic research journalprovide the usual knowledge base for the research
community. These are the most relialfier havinga totally updated workbased on
current sciene. Therefore most of the literaryreview was giverthrough research

journals.

After a first searchno journalfiltering was performed With the results obtained and
the total number of articles identifiedhe latestversionof the journals waselected

according tats relevancebased onts Scimago Journal Rank (SJR) intieklé4).

Table4. Selected reference journals for the research

Fiveyear
impact
factor
2018

Abbreviations JOURNAL JCR 201¢

JOM ol Clf Ol IR i 3.661 | 6.481 | 7.776 | 10.161
Management
| ional f

IJPE nternational Journko 2486 | 2.475 | 4.998 | 5.631
Production Economics
International Journal of

IJOPM Operations & Production 2.275 | 2.095 4.111 5.604
Management
In ional nal of

IJPR ternational Journal o 1720 | 1585 | 3.199 | 3.336
Production Research

PPC sl 1514 | 1.427 | 3340 | 3.423
Control

CIE CEmEIETS are el et 1.755 | 1.334 | 3585 | 3.600
Engineering

ESWA S48 BRI Wl 2696 | 1.190 | 4.292 | 4577
Applications

IMDS Industrial Management& | 4 706 | 4 145 | 3727 | 3.418
Data Systems
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2.4.1.4. Article selection

Articles were selded following a systematic process. First, some keywords were

defined as search criteria based on extant literature. Ti@Cliterature was full of

evidence of DBR aratticles on theive focusing stepdhe interest in those studies was

on MTO scenariogiowever MTGanalysis was left to do on the articles selected for the

refined analysisThe string was as follows:

W5 NHzY . dzZFFSNJ w2LI5Q hw W5. wQ
ABSTRACT AND KEYWORDS
hw We¢KS2NE 2F /2yadNIAydQ

WD2f RNJ GGQ F2NJ ¢L¢[O9X | .{¢
b5 Y9,2hwed ! b5 W¢
hw W¢h/ Q F2NJ ¢L¢[ 9% ! . {¢w!

AND KEYWORDS OR

& 2F hy3d2Ay3 LYLNRGSYSY(HQ

GAydz2dza LYLINR@SYSYyGdQ F2NJ ¢
AND KEYWORDS

Yt N2 OSa
W/ 2y

FTZ2ZNJ ¢L¢C

h w

w! / ¢

/

¢

hw WCAQ
Le[ 9 !

Asseen synonyms were included for each of the three aspects to capture the maximum

number of possible articles.

For instance, the keyword search identified 168 papEigure6 T2 NJ ( K S
a 5 . ,Wwut mostof these articledid not meet the criteriasome of themwere not

among the selected journats on the production planning topic.
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Figure6. First search with selected string

Then, every article in each of tleght selected journals (from 199@018)andon the
production management topigvas considered if any of the syngms for the three
aspects were included in the article title, keywords or abstrébus,the papers had to
show a clear connection between TOBR and TOROOGIToassess the relevance of
the journal articles to TOOBR, the abstractsere reviewed Articles that seemed non
relevant to the necessary criteria of this study were eliminated to ensure consistent
focus and reduce bias. Additionally, duplieswf the articleswere eliminatedto avoid
counting a paper twice ithe analysigHohenstein et al., 2014In total, 60 appropriate
scientific articlesvere identified Figure7 and Figure8 showthe 60analysedarticles by

publication year and bthe journal of publication, respectively
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Articles per year
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Figure7. TOCDBR articles in selected journals by publication year

Articles per publisher
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Figure8. TOCDBR articles in selected journals by publisher

Finally, the last step involved reading all 60 articles in their entifatyure9 provides

the keywords, authors, journadtc., of all the articles analysed.
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Sale, M. L/Inman, R. a. based ison of and change in of firms using traditional manufacturing, JIT and TOC JIT, TOC, improve productivity, traditional, innovative 2003
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Gupta, M. Constraints management--recent advances and practices history, TOC 2003
Mabin, Victoria J./Balderstone, Steven J. The performance of the theory of constraints methodology Methodology; Performance appraisal; Surveys; Systems, TOC 2003
Gupta, M. Constraints management - Recent advances and practices TOC, bottleneck, management, technology, innovation 2003
Yuan, Kuo Jung; Chang, Sheng Hung; Li, Rong Kwei Enhancement of Theory of constraints replenishment using a novel generic buffer management procedure buffer management, TOC, buffer sizing, feasible 2003
Chaudhari, C. V.; Mukhopadhyay, S. K. Application of Theory of Constraints in an integrated poultry industry Strategy and Tactics, Finance and Measures, managing people, marketing, operations, Project management, Sales, TOC 2003
Mabin, V. J.; Davies, J. Framework for understanding the complementary nature of TOC frames: Insights from the product mix dilemma Product mix, five steps, TOC, surface, tools, variety 2003
Riezebos, J./Land, M. J./Korte, G. J. Improving a practical DBR buffering approach using Workload Control Workload control, DBR, buffer 2003
Boyd, L/Gupta, M Constraints management: Whatis the theory? TOC 2004
Aryanezhad, M. B.; Komijan, A, R. An improved algorithm for optimizing product mix under the theory of constraints improvement initiatives, ILP, product mix, TOC, production systems 2004
Bollapragada, Ramesh/Sadeh, Norman M. An empirical study of policies to integrate reactive scheduling and control in just-in-time job shop environments MRP, Kanban, DBR, CONWIP 2004
Souren, Rainer/Schmitzz, Christian/Ahnz, Heinz Optimal product mix decisions based on the Theory of Constraints? Exposing rarely emphasized premises of Throughput Accounting  Decision centric cost allocation, Product mix-decisions, Theory of constraints, Thorughput Accounting, TOC 2005
Chakravorty, Satya S./Atwater, J. Brian The impact of free goods on the performance of drum-buffer-rope scheduling systems Drum-buffer-rope, Productionscheduling, TOC 2005
Mishra, Nishikant, Chan, Felix T.S.; Shankar, R.; Tiwari, M. K.; PrakasHybrid tabu-simulated annealing based approach to solve multi-constraint product mix decision problem Multi-constraint product mix decision, Manufacturing systems, simulated annealing, Tabu search, Theory of constraints TOC 2005
Watson, Kevin J/Gardiner, Stanley C./Blackstone, John H. The evolution of a management philosophy: The theory of constraints interface, control systems, Operations strategy, TOC 2007
Taylor, Publisher/Atwater, J Brian/Chakravorty, S S The Management of Bottleneck management : theory and practice bottleneck management, case study, TOC 2007
[SHS . AKmwdz Management accounting in ERP integrated MRP and TOC environments TOC 2007
Coman, A; Ronen, B. Managing strategic and tactical constraints in the hi-tech industry Permanent bottlenecks, hi-tech, strategic constraint, TOC 2007
Gupta, Mahesh C./Boyd, Lynn H. Theory of constraints: a theory for operations management TOC 2008
Tsai, Wen Hsien; Chou, Wen Chin; Tseng, Li Jung; Lai, Chien Wen  Embedding management discretionary power into an ABC model for a joint products mix decision Activity-based costing (ABC), TOC, Joint products 2008
Linhares, Alexandre Theory of constraints and the combinatorial complexity of the product-mix decision Product margin heuristic, NP-Hardness, Mix, TOC 2009
Gupta, M/Snyder, & D Comparing TOC with MRP and JIT: a literature review production planning,production control JIT,MRP,TOC 2009
Coman, Alex; Ronen, Boaz Focused SWOT: Diagnosing critical strengths and weaknesses Theory of constraints (TOC), core-competence tree, SWOT, strategy 2009
Kuo, Tsai Chi; Huang, Shang Nan; Chang, Sheng Hung Due-date performance improvement using TOC's aggregated time buffer method at a wafer fabrication factory Aggregated time buffer, due- date control, on-time delivery, TOC, wfer fabrication 2009
Betterton, Carl E.; Cox, James F. Espoused drum-buffer-rope flow control in serial lines: A comparative study of simulation models Protective capacity, DBR, TOC, protective inventory, serial lines 2009
Tsai, Wen Hsien; Shen, Yu Shan; Kuo, Lopin, Lin, Thomas W.; Kuo, Yi@hizre elasticity of demand and capacity expansion features in an enhanced ABC product-mix decision model management's control over resources ability, ABC, TOC, capacity expansion 2010
Nazari-Shirkouhi, S.; Atashpaz-Gargari, E.; Rezaie, K.; Ghodsi, R.; Eiv&njyiig the integrated product mix-outsourcing problem using the imperialist competitive algorithm Imperialist competitive algorithm, outsourcing, product mix, TOC 2010
Bashiri, Mahdi; Tabrizi, Mohammad Mohajer Supply chain design: A holistic approach Particle Swarm Optimization (PSO), distribution center location, equity model, TOC 2010
Lee, Jun Huei; Li, Rong Kwei; Tsai, Chih Hung; Chang, Jia Ging Research on enhancement of TOC Simplified Drum-Buffer-Rope system using novel generic procedures Simplified Drum-Buffer-Rope, DBR, TOC, due-date performance 2010
Sobreiro, Vinicius Amorim; Nagano, Marcelo Seido Areview and evaluation on constructive heuristics to optimise product mix based on the Theory of Constraints TOC, heuristics, product mix 2012
Wu, H. H,; Jenc, W. T.; Huang, HH Astudy of the elongated replenishment frequency of TOC supply chain replenishment systems in plants TOC supply chain replenishment system, Theory of constraints, supply chain management, replenishment frecuency 2012
Gupta, M.; Andersen, S. Revisiting local TOC measures in an internal supply chain: A note Supply chain DBR, inventory dt days, measures, TOC 2012
Georgiadis, Patroklos/Politou, Alexandra Dynamic Drum-Buffer-Rope approach for production planning and control in capacitated flow-shop manufacturing systems Production planning and control, DBR,Flow-shop,Simulation,System dynamics, Time-buffer 2013

AYSAGT %SeySL) ¢d€ Skl 8@l 83X mi | Thedk DiCyistinibts: i Bitératyfe Revbedif | TOC 2014
Wu, Horng Huei/Tsai, Tai Ping/Lee, Amy H | A two-level replenishment frequency model for TOC supply chain replenishment systems under capacity constraint TOC supply chain replenishment system,Inventory replenishment,Supply chain management, TOC supply chain replenishment system,TOC. 2014
Pretorius, Pieter LYGNBRdOAY3 AynoSis8Sy RSOA&A2Yy LRAyda G2 ¢h/ Q & FTAGS F2O0dz A YAC, biotiheck management 2014
Darlington, John/Thomas, Andrew/Found, Pauline/Francis, Mark Design and implementation of a Drum-Buffer-Rope pull-system DBR, Lean, pull-system, shared resources, TOC 2015
Myrelid, Andreas/Olhager, Jan Applying modern accounting techniques in complex manufacturing Advanced manufacturing technology, bottleneck, lean, TOC, throughput, value stream costing 2015
Golmohammadi, Davood Astudy of scheduling under the theory of constraints TOC, Theory of constraints, DBR, production planning, Scheduling 2015
Buestan Benavides, Marcos/Van Landeghem, Hendrik of S-DBR in four SMEs: a research case study production planning and control buffer enterprises, rope, simplified drum, small and medium manufacturing, systems ZIBR
Hilmola, Olli Pekka/Gupta, Mahesh Throughput accounting and performance of a manufacturing company under stochastic demand and scrap rates Throughput accounting, product mix, scrap production,TOC, throughput accounting, uncertain demand 2015
Sanjika, Thawani Mpatama;Bezuidenhout, Carel Nicoolas | LNAYENE AyFtdSyO0S @SNIUSE LILINEEOK G2 ARSyGAFE RNAGAY3 Tl Ol 2 TOC, complex systems, driving factors, network theory, sugarcane, system analysis, supply and proces: 2016
Chakravorty, Satya S.; Hales, Douglas N. Improving labour relations performance using a Simplified Drum Buffer Rope (S-DBR) technique Simplified Drum Buffer Rope (S-DBR), DBR, TOC, service operations 2016
Thiirer, Matthias; Stevenson, Mark; Silva, Cristovao; Qu, Ting Drum-buffer-rope and workload control in High-variety flow and job shops with bottlenecks: An assessment by simulation Bottleneck, DBR, Order release, TOC, Workload control 2017
Lowalekar, Harshal; Ravi, R. Raghavendra Revolutionizing blood bank inventory management using the TOC thinking process: An Indian case study Inventory management, blood banks, TOC, thinking process 2017
Modi, Kartik/Bhatta, N M K/Lowalekar, Harshal supply chain the theory of constraints way : a case study replenishment solution,CCPM,TOC current reality tree 2018
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2.4.1.5Article classification

(assification of the selected articles was done by separating them into two independent
groups the articles related tdhe DBR and the articles associdtgith the five focusing

steps of continuous improvement die TOC.
2.4.1.6Article analysis

Foreach of theanalysedarticles the contribution and the future lines of research that
the different authors proposa were analysedlrheconclusion®f the andysis are given

in the following sectionpresented as theesearch gaps found in tHigerature review.
2.5. Research gap

While many academic workeve showrthe successful implementation of TMBR in
repetitive manufacturing(Mabin & Balderstone, 2003}he research related to the
application othe DBRn MTO contexts is very limited. Théficulty of applying PPCS to
MTO environments, which are inherently complex to mamagthe maincause of the
lack of knowledge related to this arg®abani & Tanhaie, 2015 he few existing
studies discussing the application of FOBRin MTO environments havmainlybeen
theoretically developedy means of simulations ~ (Maylor et al., 2015; Thurer et al.,
2017) However, this theoretical research stream has shown some promising results,
such ashorter lead times, les#/IP, higher service leveindhigherplan stabilityGupta

& Snyder, 2009Stevenson et al., 2005)hus, additional reakorld-basedCSwould be
valuable to validate the results obtained by simulation, thereby extending the current

knowledge related to MTO companies.

GAP 1: Lack of empiricatof TOEGDBR application to MTO contexts

Extendinghe current knowledge by presentir@@Sof MTO companies add validatethe
results obtained in the empirical researahd providea detailed understanding of how
TOGDBR should be operatively implementé@upta & Snyder, 2009For example,
Guptg Maheshand Boyd(2008) found a limited understanding of how the first two
steps of the TOOBR (identify and exploit tHeottleneck) are operatively implemented

in real MTO productive systems. Moreovligor, Bernardeand Coman(2013)claimed
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thatnewmethd&Rda I NB Yy SSRSR (2 RSUOUSNXDES RNKS (1D&a FS)
step). Ikeziri et al(2018)concluded that thePOOG(i.e, K2 ¢ G2 I LIJX & D2f RNJI
steps)d Yy SSR& Y2NB (KS2NBGIAOIFf adddzRASa GGKIFG RAA
process of continuous improventén(p. 26). hey also concludedhat research

regarding how to conceptually structure and deploy the principleshef TOC that

Goldratt (2010) presentedin his book The Choicere lacking (Ikeziri et al., 28).

Moreover, Petorius(2014)identified the shortcoming®f POOGthat allowfor moving

from one step to the nextas well aghe lack of clarity around the ideal location of

constraints.

GAP2: Lack ofa systematic procesthat contains specific actions and decisidos

support the operational deployment of TOBR irthe MTO context

Additiondly, a recentdiscussiorwas found in the literatureegarding how to identify a
QY ydzZF I OG dzNR y 38 (i.&.20520f SRNG aiDB@sey apimpdically the
bottleneckin a manufacturing system has begtentified usinga load \ersuscapacity
anaysis(Betterton & Silver, 2012; Chakravorty & Atwater, 1996; Darlington et al., 2015;
Georgiadis &olitou, 2013; Manikas et al., 2015; Panizzolo, 2016; Thurer et al., 2017,
Vignali & Zundel, 2003; Wu, Lee, & Tsai, 20déyever, @en when the analysihas
explained andneasured the successfapplication of TOMBR, current research has
presented ewdence that suggests thathis analysiscan have limitations even if

effective

Among others, Thirer et al. (2015tated the following about TODBBR application in
MTO contexts: (1)dentifying the constraint can be difficul{2) when a constraint
changes place, extensive reprogramming and reprioritization are neceséahe use
of a time buffer to determine priorities is problematic in MTO environmer({®) the
synchronisation of a classic DBR with a larger system is complefg)aménges in the
capacityconstrainedresource due to order changes are similarly difficiihey also
concluded that future research could explore how thwtleneckschedule in DBR could

be improved without compromising its simplicifyhdrer et al., 2017)
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GAP3:Lack 0fad LISOAFAO aS4 2F ONRGSNAI (2 ARSY(ATE
extends beyondhe load versus capacity analysis and isyal§R ¢ A G K (G KS O2 YL.
strategy
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Thischapter will tackle the most relevant aspectétbe research methodology that
were utilised during the research project.The research objectives and questions
(Sectior.1), research methodology and design concepts (Sestakand 3.3), selected
research strategy (Sectidh4), research tactics (Sectiéh5) and, finally, the research

programand quadity criteria of this thesisare detailed (SectioB.6and3.7).

Although the termsdresearch methodologyand ¢ NS & S+ NOK RSaA3dyé
incorrectly,since they areutilized as synaym, there is a significant difference in their
meaning.For the purpose othis dissertation, thefollowing undestanding will be

utilised:

w Research methodology is related to the principles, procedures and practices that
govern research(Kazdin, 2015)Methodology is the whole process of the
research (e.g, plaming ard conducting aresearch study,concluding and
disseminating results).

w Research desigis the many possible ways that study can beperformed to

answer the question being askédlarczyk, DeMatteo, & Festinger, 2005)
3.1. Researclobjectives and questions

This doctoral thesis aims to present a systematic process that enables effective
implementation of TOMBR in MTO environmentsuch a proces$as not been
identified inthe literature. In factthe systematic literature revievshowedthat new
insights into the empirical applications of TOBRin MTO environmentsare needed
asthe few existing studies haveainly been theoretically develope@aylor et al.,
2015; Tharer et al., 2017Jherefore, one of theobjectivesof this dissertation is to

provide empiricalCSof the TOGDBR applicationn MTO contexts.

In addition, the presentation of different cases of DBR in MTO scenarios will also provide
a detailed understanding of how TdIBR shoulde implemented operatively. Ithis

regard different authors have called for moresearch such aghe following
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YIS



mn

Mandragon Facully of

Chapter 3: Research design andethodology Unibertsitatan Engineering

w Understanding is limited on howhe first two steps of TOOBR (identify and
exploit the bottleneck)are operatively implementedn real MTO productive
systemqGupta,Mahesh & Boyd, 2008)

w Naoret a. (2013) claimed that new methods are needdd determine the
aeaitasSyQa NBAUNROGAZY 2LISNY GAGSteod

w The existing research lacks discussions on how to conceptually deploy the
principles ofthe TOC that Goldrat{2010) presentedin his bookThe Choice
(Ikeziri et al., 2018)

Therefore the dissertation has aecond objectivepresenting a systematic process to
support the operational deployment of TODBR iran MTO contextwith the specific

actions and decisions to execute at each step.

Moreover, the literature has widelghowedthat new researchs neededo propose a

method for identifyinga system constraint beyorttie traditional analysis of load versus
capacity(Betterton & Silver, 2012; Chakmaty & Atwater, 1996; Darlington et al., 2015;

Georgiadis & Politou, 2013; Manikas et al., 2015; Panizzolo, 2016; Thirer et al., 2017;

Vignali & Zundel, 2003; Wu et al., 201#Hs a result, thehird objective of this

dissertationis developing within the systematic processa specific set of criteria to
ARSYGATE FyR &St SOllextendsbeyoidBeYodiversug dapadits y S O
Fyrteaira FyR Aa | fA3ySRdémiekpkitatipk S O2 YLI y & Qa

In conclusionthe literature has showrthe relevance of promoting the application of
DBR in MTO scenarios as a valid PE§ecially in the first two step&e., to identify
and exploit the constraint The three research objectivesdlowed the authorto set
appropriateRQdor thisPhD researcivork. Defining the appropriatdrQis a key starting
point that allows for choosing the appropriate research methodolo@yin, 2013)
Additionally,the selection of research strategies and tactics dependherype ofRQs

to be answeredRobson, 2002)

Therefore this PhD research work will aim to answiee followingRQ
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RQ1) How can the constraint of a production systemamMTO context be
systematically and by means of TODBR selected and exploitedo enhance

performance?

1 RQla. How should the bottlenebk selecte@

1 RQ1b. How should the bottleneck exploitation be executed?

3.2. Research methodology

oResearch methodologys a term widely utified in the scientific literature, but what it
means to individual researches can be equally variedTherefore,the following
definition of research methodologys assumedfrom key authors(e.g, Clough &
Nutbrown, 2002; Freedman, 2000Jhese authors maintain that a good research
methodology should last the entire research work and justify the research assumptions

and comparehemwith the existing philosophical paradigms.

Additionally, the research methodology should contain the process that has been
developed to formulate theRQsand, consequentlythe process thatjustifies the
selected research strategies (¢.4Ror CS§ and methods or toolsisedto gather and
analysethe data (e.g. interviews or triangulation). These aspects of the research
methodology are also characterized within tleencept ofresearch desigrisee e.g.
Robson2002).

¢ KA & dteralaRr&eRidw confirmedhe need for more empirical research this

field of researchthat is,the first research objectiveas been seasproviding empirical

CSof the TOEDBR applicationn MTOcontexts Theresearch field is part dhe field of

operations managementwhich containgawo methodologiesfor theory depending on
researchpurpose: formal and empiricalWhile formal science uses deductive methods

to arrive at theories, empirical sciences use inductive methods to create these theories.
Sax(1968) explaired this distinction as followsa A ¥ | GKS2NEB Aa ol aSR

deductive rules, it is called formal scienttes objective is to distinguish itdm other
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areas of knowledge that depend mainly on empiricism and induction: thelksal
SYLIANAOI (p68 OASy OSat¢

Wacker(1998) concludal that, no category or research methddr creating a good
theory in opeations managemenis superior to othersEach research method serves a
different purpose(although equally importan)tfor developing operationsnanagement
theory. The formal methodologies are intended to develop theevigh an internal
consistency througHogical analysisEnpirical methodologies provide an empirical

verification of moded while offering evidence for the development of new theory.

Many authors have claimed thaperationsmanagement is a problersolving research
discipline that camprofusdy create new knowledge by interacting with practitioners in
the real world(Lewis, 1998McCutcheon & Meredith, 1993; van Aken, Chandrasekaran,
& Halman, 2016)Therefore, and attending prolific calls for more empirical research in
thisfield of research, the authassumedempirical methodology athe main research
methodologyfor this prgect. Thismethodological choice and the type BRQanfluenced

the posterior selection of research strategies the research design and program.
3.3. Research design

G5SaAr3dy A& O2yOSNYySR ¢AlGK { d{Ribioy,200NB.4 S NOK
71). In fact, the value of research is closely related to the coherence between the

NEB & S lobjgdtkerad the way thahe objective is addresse@onsequentlydefining

preciselywhat is to be investigate$ essential for correctly establishitige appropiate
methodologyin terms of efficacy and efficiency, and this implies the creation of the

research process itsdlRotson, 2002; Voss, Tsikriktsis, & Frohlich, 2002; Yin, 2013)

Robson(2002)definedthe followingtwo general principlesas well as thaspectsthat

must be followedvhen developingesearch designl@abk 5):

1. Strategy: The general orientation taken in addres$t6p

2. Tactics: The specific methods of investigation
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Tabk 5. Research methodology aspe¢®obson, 2002)

Identification of the rese@h purpose
Researclstrategy Selection of the research strategy
Unit of analysis.

Data collection methods

Analysisof data and evaluation.

Researchactics

3.4. Research strategy

Following the aspects depictedTiabk 5, Section3.4.1contains the research purpose;
Section3.4.2discussesesearch strategy and typselection,and Sectior8.4.3defines

the unit of anaysis of this work.
3.4.1. Identification of the research purpose

The first step in undertaking a research projeaté$iningthe purpose of the research.
Each research project has three possible purposesloratory, descriptive and
explanatory(Robson, 2002Table6).

With an exploratory purposethe aimis to uncerstand howa new phenomenon takes
placeand identify keyissues and variables. In other words, it is an attempt to lay the
groundwork that will lead to future studig®kobson, 2002Research with descriptive
purpose aims to convince someone that a phenomenon is relg@mtMassis & Kotlar,
2014; Gummesson, 2000y hispurposeis used when the study provides an accurate
description of observations of a phenonam In other words, studies that explore and
explain while providing additional information about a topic have a descriptive research
purpose (Robson, 2002Finally, research with anexplanatory purpose aims to
understand why an event takes place agalysingthe causeand-effect relationship
betweenvariables. Specifically, explanatory research looks at how things come together
and interact. Thisype ofresearch does not occur until enough understandixgststo

begin to predict with some accuracyyhat will come next (Robson, 2002).
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Table6. Main characteristics of research typ@obson, 2002)

TYPE CHARACTERISTICS

Exploratory

To find at what is happeningto seek new insightgo ask questionso assess
phenomena in a new light.
Usually, but not necessarily, qualitative.

Descriptive

To portray an accurate profile of persons, events or situations

Requires extensive previous knowledgethe situation to be researched ¢
described, so thathe appropriate aspectdor gatheling information are
known

May be qualitative and/or quantitative.

Explanatory

Seeks an explanation of a situation or problem, usually in the form of c
relationships.
May be qualitative and/or quantitative.

The objectives athis researchprojecthave been set as follows:

1. Provide empiricalCSof the TOEDBR application to MTO contexts.

2. Presenta systematic process to support the operational deployment of DERC

inanMTO contextyith the specific actions and decisions to execute at steghn

3. Developg within the systematic processa specific set of criteria to identify and
SOU + &aeéadi S eeads begandhé BablS/erdus dagadityi

ast

analysisandd | £ A3y SR g A GK (K Bottléheckekploaton &

aid NI G

Therefore consideringhe research objectives, the purpose of the research is eminently

exploratory. However, objectives 2 and 3, whose purpose is to determine the relevance

of the subject imply an investigation of a descriptive nature. Therefore, the purpose of

the investigation is twofold, descriptive and exploratomth the latter being dominant.

3.4.2. Selection of the research strategy

Once the purpose of the investigation is defined, @t&igy and type of investigation

must be selectedThe strategy is often conditioned by the purpose of the investigation,

distinguishingfive strategies(Table7). Therefore, a valid approadbr determining a

suitable research séitegy is based on three facto(Rowley, 2002Yin, 2013) (1) the
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type of RQgo be answered(2) the extent of control that tb researcher has over actual
events and (3) the degree of focus on contemporary as opposed to historical events.
Table7 showsthese factors, as welhe appropriate research strategy present in social

sciences

Table7. Relevant situations for different research methg®sn, 2009)

REQUIRES CONTROL FOCUSES ON
METHOD FORM ORQ CONTEMPORARY
?
BEHAVIOURAVENTS" EVENTS?
Experiment | How, why? Yes Yes
Who, what, where,
Survey how many, how No Yes
much?
. Who, what, where
Archival
. how many, how No Yes/no
analysis
much?
History How, why? No No
CS How, why? No Yes

The five strategies as seen inTable 7, have a commormuestion related to how
phenomena occur. The surveya tool thatcollects closed and standard information to
describe statistically,the environment in which phenomena are developéar this
research project, howevethe survey was rejected as a reselastrategy becausewtas
the researche® desire to closely observe thehaviourof the organsation, particularly
that of the teams that work in operations managemefuch behaviour could include
intervening in the execution of improvement projedts observethe effect of actions

aimed at improving the model itself.

The experimentatiorand CSwere oriented to discoverthe cause of the phenomenon,
causing the scenarios in the first case to understand the effectthén C$ the
manipulation of the scearios was not so important, although different scenario
identification was Archival analysis antistory were not focusedon; this research

focusedon contemporary everg (TOGDBR, MTO scenasd@PCSgtc.).

Although the experimental strategy andShad the search for root causes of the

problemsin common, theydiffered markedly in procedure. Tperform anexperiment,
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the following must be controlledthe variables or factors to be manipulatethe
management othe experimental environmenthe use othomogeneous experimental
units andthe size of the samplesignificant enough to mitigate the effect of variabijity
Yin, 2013)Therefore, replicated situations or similar cases/contexts are needed with no
memary of present/past experience to conclude the effect of the factors under study in
the success of projectéYin, 2013)The main reason why the research tedi not opt

for the experimentaktrategywasthe impossibility of obtaining replicated pseudeal

equipment in companies in adequate period.

In situations in which a single strategy is not sufficient to achieve the objectives of the
NBE&aSkNOKI | cdaKBedudelh® is iniernikdiatd @ @iré, basic strategies
(Robson, 2002) The singularities of management research, such as (double)
dependence on the plsjcal and human elements of an orgsation, often prevent the
researcher from taking control of even{®rejer, Blackmon& Voss, 2000)For this
reason, given that the objective of this reseamghsto develop and test a systemat
process to implementhe DBR in MTO scenarios atmdinvestigate thanfluenceof the
process orthe organsl (i A esulisQCSvere considered an appropriate approach. CS
are an in-depth investigation, on data collected in a given period of time, frora or
more companies, or groups within companies, with the aim of generating an analysis of
the context and processes invotvén the phenomenon under studfHartle, 1994)
Furthemore, CS hve often been viewed as a useful tool for the preliminary, exploratory
stage of aesearch project aa basis for the development of théenore structured tools

that are necessary in surveys and experiments. For example, Eiseriha8®)stated

that CSare

Particularly well suited to new research areas or research areas for which existing
theory sems inadequate. This type of work is highly complementary to

incremental theory building from normal science research. The former is useful in
early stages of research on a topic or when a fresh perspective is needed, whilst

the latter is useful in latertages of knowledggpp. 548-549)

The authors who defend CS methodology mention the high impact that the results

havewhen using this methodology, given th@Gdoes not have existing limitations in
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other methodologiegVosset al.,2002) The author most citeéh casebasedresearch
Yin (2013)stated that CSresearch is the most appropriate strategythe following

aspectsoccur (as was the case for this thesis)

w The researcher is not an independent obserbert is an active part of the
process, and hiker observations can be used for the generation or extension of
new theories(Coughlan & Coghlan, 2002y the present studythe researcher
intervendl in the change of the management model as a coach and facilitator of
the teams that addresl the projects.

w Theinvestigated phenomenoms contemporary and its investigation will be
carried out within a real context instead of a historical one.

w The mundaries between phenomena and the context are not clearly evident; in
the current case, theboundaries between themportance of the tear@
environment the organsation itselft and what happens within a teanwere
not clear.

w The research will draw on diffent sources (interviews, documentation, social
networks, team support, public presentations, etc.) when identifying the

elements that affect the effectiveness/efficiency of the management model.

In addition,CSprovide direct access to information, obtaig a deep knowledge of the
analysedcontext(Rowley, 2002; Wacker, 1998)

3.4.2.1. Action research

When the research coincides with the action in whibe researcher participates, the
CSare performed througha specifidype of researcltalledd Itiéh researctt & The 0
name was coined by Lewif1946; Lewin, Lippitt& White, 1939) whose school of
adédarch from within the actiaghheld the premise that change begins with the
involvement of thosewho are directly affectedGreenwod & Levin, 2000)n this
context, the researcher is not a neutral obser(asterbySmith, Thorpe& Lowe, 2002
Gummesson, 2000put a participant who, in addition to taking part in the
implementation, seeks to evaluate a spezxifintervention technique(Benbasat,
Goldstein, & Mead1987) Therefore, ARries to influence the development of the

processand deliberately intervenes in the context of the investigation to achieve
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