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Abstract

Supply chain management (SCM) is a pivotal areaaltademic research due to its
influence on businesses competing in today's complex global economy. To support the
managers, the concept of SCM has biegmeratively adopted by many business leaders

to assist in designing, planning, controlling, and enhapitie network of facilities and

tasks that comprise many stages of the supply chain.

In turn, Optimisation and Simulation Tools (OST) provide virtual environments te fine
tune this supply chain operatiahlogic and processds developthe best operational
configurations and strategidseforethe execution ofany real businesglanning or

investment decisions.

However, the review ogxisting literature survey and interviewsconducted using
industryprofessionalsind subject experteveaéd that in most instances, these tools are
typically deployed to address specific problems in isolation. Theraieszsare failing

to reaptheir full potential

Thus, he main aim of this research is to design and develop a novel framéwbrk
shouldenablebusinesse® embed these tools in their decisioraking processes. Both
guantitative and qualitative approachas exploited in the research design and
methodology to provide sound visibility and a clear path to achieveetbearch aim and
objectives.Therefore, the proposed framework serves as a complete guide in Supply
Chain Network Design (SCND) and Managemewhich helps the business
entrepreneurs, or any in the OST community to start their journey from sorateér a
re-design of ag existing networkSuch a proposl will stimulate and build theull
confidencan the OST communityo reap the maximum benefits in returns out of their

investments over these tools.

The poposed Frameworis validatedby a set ofsubject andndustry pofessionals
through a survey questionnaieend necessary refinemeneggognsedareexecuted. Then
at the endthe novel contribution to the knowledge, limitatichat exist and direction

for future researchrealso well presented.
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Chapter 1

Introduction

If the future is certain, it would be quigtraightforward to design, operate and succeed

from a supply chain that was fully optised for that certain future. In real lifleowevey

the future is volatile, and a wellesigned supply chain must be accommodating and fully
competenin adjusting to avide range of prospective dynamics, operational challenges,
and issues and identifying what linsitthem from achieving further improvements

onboard.

Numerous advanced software and hardware technologies have emerged today¢o analy
these dynamics, uncarhty, disruptionsand finetuning the performance with the
increased competitoh Q WRGD\JV JOREDO HFRQRP\ seRthdd YH U
the use of Optimisation and Simulatias the most promising and highly effective

technologies to overcome rsiof these challenges in supply chain management.

Therefore, angptimisatioror simulation application mustbe competentand provisioning
measures featuring uncertainty in the supply chain analysis in the phases of design,
operation, and redesign (enltament). In thisntroductory chapter, the role thfe supply

chain and its complexities involved, how supply chain management evolved through the
recent decadesind the emergence optimisationand simulation tools are described.

Then the aim and objaees of this research and the thesis structure are also presented



1.1 Supply Chain (SC)

In today's competitive and uncertain global market, the role of SC in an paganiis

like the Nervous System (NS) the human body. The way NS coordinates its actions

and sensual information by communicating the signals back andtbaditferent parts

of the bodyis, the same way SC controls its set of entities and processes connected
throughout the network. Likewise, amppropriate NS causes unusii@havioursn the

human body, an inappropriate SC causes variousproblemsto itsabghL RQ TV RS HUI
and performancé&he supply chain is a network combined wikveraHifferent entities

such as suppliers, plantsisttibutors, retailers, customers, and many more different

stakeholders.

The supplychain is the network of organizations that are involved, through upstream
and downstream linkages, in the different processes and activities that produce value

in the form of products and services in the hands of the ultimate customer
(Christoper,1999)Mentzer et al.(2001) rephrased whata Londe & Mastershave
proposedthat a supply chain is a set of firms that pass materials fopaaddnormally

several independent firms are involved in manufacturing a product and placingit in the
hands of the end user in a supply chain raw material and component producers, product
assemblers, wholesalers, retailer merchaaisl transportation conapies are all
members of a supply chaifihe supply chain is a network of orgasations and processes

(see Figure 1.1) whereirseveral various enterprises (suppliers, manufacturers,
distributors, and retailers) daborate (cooperate and coordinate) altimg entire value
FKDLQ WR DFTXLUH UDZ PDWHULDOV WR FRQYHUW WKt
DQG WR GHOLYHU WKHVH ¢QDO SURGXFWYV WR FXVWRP
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Figure 1.1: Supply chain network of orgazations and processes

Source{lvanov etal., 2017)



1.2 Supply Chain Design, Operationsand Management

To design and manage a supply chain successfully it is very crucial to know the
interrelated nature of SCM and the steps need to proceed througholldwing
conceptual SCM frameworlsée Figure 12) consists of three closely interrelated
elements: the supply chain network structure, the supply chain business processes, and
the supply chain management components (Lambert & Cooper, 2000). Mana§ihg a

is a complicated task and even raging logistics in SC, products/service flgwasd

related information, from point of origin to point of consumption is very challenging
(Lambertetal., 1998).

2) What processes should be
linked with each of these key
supply chain members?

Components

1) Who are the key supply
chain members with whom
to link processes?

3) What level of integration
and management should be
applied for each process link?

Figure 1.2: Supply chain mnagement framework: elements and key decisions

Source: Lambert & Cooper, 2000)

Supply Chain Design (SCD)

Researchers and practitioners have primarily investigated the various processes of the
supply chain individually. Recently, however, there has been increasing attention placed

on the performance, design, and analysis of the supply chawvlase (Beamon,1998)

Much of the research into supply chain design has focused on developing solutions where
the implied objective functionis to reduce cost and/or lead times. Yet, these are not the

only outcomes driving supply chain design. Supply chains can bengelsig achieve

alternative outcomes such asincreasingresponsiveness, drivavgtion,orimproving



sustainability. As the desired outcomes change, we can also expectthe optimal supply

chain design features and approaches to change (Melnyk et al., 2014).

Supply Chain Operations (SCO):

In Supply Chain Operation, the main task is making decisions. Riymaatching
demand and supply by building a bridge between the customers and supphers.

responsibilities of SCO managers are midteted. The decisiemaking areas in SCO

range from strategic to tactical and operative leYysde Figure 13). Straegic issues

include, for example, determination of the size and location of manufacturing plants or

distribution centes, decisions on the structure of service networks, factory planning, and
design of the SC. Tactical issues include such decisions plmxliction, transportation,

and inventory planning. Operative issues involve production scheduling and control,
inventory control, quality contrpIDQG LQVSHFWLRQ YHKLFOH URXWL

handling, and equipment maintenance poli¢ieanov d al., 2017)

Strategy

Planning

Execution

> Sourcing

72

Production

> > Distribution > > After Sales >

Collaboration Strategy / Risk Pooling; Supply Chain Organization / Contracting

STRATEGIC COLLABORATION

— Supplier Management
— Sourcing Strategy

— Production Strategy
— Facility Location
~ Process Design

~ Distribution Strategy
— Transportation
~ Network Design

— Closed-loop Supply
Chain Design

PROCESS INTEGRATION

Demand Forecasting / Inventory Management / APS / JIT-JIS
- MRP/EOQ — Aggregate Planning | | — Distribution planning | | — Reverse flow
~ ABC analysis ~ MPS / Lot-Sizing — Transport. planning planning
EXECUTION COORDINATION
Vendor-Managed Inventory / Supply Chain Event Management
~ Ordering ~ Scheduling - Vehicle routing — Reverse flow
— Inventory Control — Sequencing — Tour planning control

Figure 1.3: Decision matrix in supply chain management

(lvanov etal., 2017)



Supply Chain Management (SCM):

Supply chain management is the most expensive and complicated part of any business.

Effective management of complex and global supply cdtacomea major condition
IRU JLYLQJ D SRVLWLYH LPSDFW RQ D FRPSDQ\TV ILQI

SCM forthe SC network involves coordinating and integrating the constant flows both

within and between all stages. There are three main flows related tosBEMdure 1)

1. Product flow: inventory, 2. Information flow: transmitting orders, update status

delivery, etc. 3. Fund/finance flow: payment schedules, cost, and profitabilityr{@t

& Mustaffa, 2012).
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Figure 1.4: Product/material, information, and fund flow across the supply chain

Source(Othman & Mustaffa, 2012)

Supply Chain Management was first coined in (Kransdd®82), when KeitlDliver, a
consultantatBooz Allen Hamilton, used it in an interview with the Financial Times Since
then, its development and growth as a disciplineeloacurred primarily in the industrial

sector. Supply chain management is a concept that has beenfhmactice, grown
through need, and changed in response to various challenges, threats, and opportunities
Consequently, until recently, it has largely not been theoretically grounded. Rather,
attention has been devoted to understanding what supply chaageraent is, how it is

related to similar approaches such as logistics, operations management, and

purchasing/sourcing managemgarid how it affects performance (Melnyk et al., 2014).



In thelate 1980sHewlettPackardHP)was alarmedy huge customeridsatisfaction

with their order fulfilment proces3o analye and overcome this issud¢P? formed an
in-house team called Strategic Planning and Modelling (SPaM) and a model called
Bubble ModelLee & Billington, 1995)

19 % X E E G QuarkitatiMebased Mthodology / Effective in capturing

such costs as fixed overhead, equipment, transportation, and other

variables. SPaM: Staffed with industrial and computer systems engineers

and provided the capabilities in developing and introducing innovations
inmanagP HQW VFLHQFH DQG LQGXVWULDO HQJLQHHU

HP was able to reap the benefitsMédelling their SC entities, process, timingnd
costings and ultimately that led thento strengthenthe capabilities of their top
management decisiemaking proces®tfinetunetheirbusiness process and susta@é
market(Lee & Billington, 1995)

1.3 Supply Chain Modelling

Modelling is an essential process in understanding systems of all kinds. That model
should describe thizehavioulof some aspesdf the system in a precise way (Tarokh &
Golkar, June 2006Making decisionsin such a complex network of entities can be very
challerging and calls for appropriate models and simulation studies (B. Behdani, 2012).
Considering the broad spectrum of a supply chain, no model can capture all aspects of
supply chain processes. To compromise the dilemma between model complexity and
reality,a model builder should define the scope of the supply chain model in such a way
that it is reflective of key reakorld dimensions, yet not too complicated to solve. Also,

a model builder needs to profile the potential risks involved in supply chaintestivi
Figure 1.5 Shows the taxonomies of supply chodelling(Min & Zhou, 2002).



l Supply Chain Modeling

]

Deterministic Stochastic Hybnd IT-dnven
Models Models Models Models

— b

Single Multiple | |Optimal Control Dynamac Inventory .
Objective Chjective Theory Programming| | Theoretnc Simulation | |WMS ERP GIs

Figure 15: Taxonomies of supply chaModelling

Source(Min & Zhou, 2002)

1.4 Need for this research

How SCM ha& evolved through the recent decades and prominently at present the
requirement of sophisticated tools to get the design right first, make the Supply Chain
Operations efficientand achieve further enhancements (Redesign) are very demanding

in this globaly competitive economy.

Accordingto (Le etal., 202@)eSCM software applications are stillfocusing on material

and resources management with the internal SC integration. Due to the lack of
collaboration among the SC participants, strategic decisiofete to building a
partnership, ITbased planningand logisticsbased planning are not conducted in the
phase of planning and design. This common practice reduces the effectiveness and the
flexibility of the SC ability in terms of responding to uncertas occurring across the

SCM phases.

Then (Pause et al., 2020) also argue that businesses are hoping for immense growth
opportunities through digitalization, networking, and new technologies. Therefore, the
GHJUHH RI PDWXULW\ R DisoRpaiddlgr r§idva@dexd thediDhw L R Q
FRPSDQ\YfVY VWDWXV &RQVHTXHQWO\ IXUWKHU FKDUDF

to determine the degree of maturity of digitization within a supply chain.

Fu & Hendersor{2017) made a strong statement sayihat academics should make
additional efforts to reach outto commercial simulation software developers to learn what

is needed in practice, and to explore potential joint work.



When the preliminary researafascarried outduring the stage of resegsobblenitopic
formalization, evidently it reflected a gapresearch workhatexists particularly in the
proposed area of reseayaimd in such that arouses and paved the solid grounds to cary
RXW WKLV UHVHDUFK ZLWKRXW RQ\6ULIRPGRXBPWDLR DH7 R R1X
newfound topicn WKH ILHOG Rl 6&0 EXW LWYV UHIOHBWHG W
research work conducted so far, specifically to arathe current usage, barriers which
prevent SCM professiondlsom using and reapithe full potential of out of these tools

is very limited. In addition to thatlespite the existence afange of frameworks in the
literature in terms ofheapplication of OST in various domains in SCM, there is a lack

of a robust frameworlthattiesall the aspects mentioned above togethexr esmplete
reference (Application Domains, Barriers, Success Factors, Implementation Process,
etc.). Therefore, both the research gap and the novel contribution of knowledge which
should be provided by the propog frameworkareidentified clearly in terms of what

are the potential application domains of OST in SCM, exiting bathatprevent using

and reaping the full potential out of these tools, and how to embed these OST in business
and decisionmaking process successfullyConsequently,this proposing novel
framework can be used as a complete reference for a smooth process tuf esteipes]

the full potential use of these tools either SC Design from the scratch-De&ign

activities whilst gaining aetter ROI for the investments in such.

1.5 Researchaims and objectives
Aim:

Design and develop a frameworkto emlgtimisatiorand simulatiomools nthesupply
chain management contexthich help the concerned community reap the full potental
by using these in their business decisimaking process to achieve operational

excellence and resilience.
Objectives:

1. Literature review to identify the recent developments of the proposed research and
the research gap.



2. Conducta surveguestionnaire and iatviewsto investigatahe currentbehaviour

and limitations ovetheapplication ofoptimisatiorand simulatioriools.

3. Identify potential barriers. construct a structueggbroach t@ddress them arfdffil

critical successactors over OST deployment
4. Design and develop the preliminary framework
5. Validate and refineheproposedramework with the subject and industry experts

6. Write upthethess and defendt successfully.

1.6 Researchquestions

The key research questions which have been addressas study can be aggregated

into two, which laid the foundation for this research.

1) What arethe keybarrierswhich preventusing and reaping the fydlotentialof
Optimisation and Simulation Tools in Supply Chenanagement?

2) Whatwould be the best approach to overcome these barriers by embedding these
tools in the business decisiemaking processvhich will lead to achiewng

operational excellence asdpply chan resilience?
1.7 Researchmethodology

Whilst chapter 3 presentthe research methodology in detaiharagraph aims to outline

three majostage®f the research progma

Stage 1:ldentifying the peliminary gap significanceof the researchandsetting the

building blocks for the proposing framework

During the submission ofan initial researchproposalthe significance of the
research, preliminary research gap and research aim, and objectives were
presented stronglyThenResearch stagtiwith a strong literature review followed

by asurvey questionnaire dmfew interviews. Thapaved asolid foundatiorfor



identifyingthe research gapn a very broader aspeand settinghe building

blocksfor the proposing framework.

Stage 2:Importanceof deployingmultiple tools methodsandapproaches iterms of
data collectionanalysis,andvisualization

Followed the mixg methodfor robust data collection & analysis in both
guantitative and quaétive mannerA deductive approads used to make a clear
path from extracting the essence from the necessary theory to prgopaselt
structured framework. Multiple tooland method$ave been used in both
collection and analysif dataWhy specific methods, togland approaches have
been deployed based on the category of participants have been well explained in
chapter 3.

Stage 3:Design and develoghe frameworlkfollowedby a verification and validation
phasewith input fromindustry and subjeexperts

To experience the pragmatic barrier over usopgjimisationand simulation
personallycarried out hypothetical model building using the software Supply
Chain Guru® and attended internatiosatulation andviodellingconferences.
Once the preliminary framework is designedlidationand necessary refinement

have beenexecutedccordingly

1.8 Thesis structure

Ch. 1: Introduction: As a steppingstone to the area of research focus; an introduction to

SC design, opeti®mns, and complexity involved in the recent usage are described.

Ch. 2: Literature Review: A review of past literature is presented to illustrate the
emergence of OST in terms Modelling, decision makingand problemsolving in

logistics and SCM. How OST has been successfully implemented yet the btxriers
implementation and challenges existingi@® \f{V 6&0 DUH ZHOO GHVFULEI
real case studies which highlight the gap and need for this resgResearch Question

1 is partially coverd].
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Ch. 3: Research Methodology:Provide how robust the way research method and
approach have been utiid to conduct this research followed by a detailed illustrafion
how and why these specific data collection spglethodsand techniqueshave been used
in different stages of theesearch with multidisciplinary data sourcesspondentand

participants.

Ch. 4: Survey Questionnaire and interview analysisWith a sound literature review
thatshows the gap esting in current research; to strengthen that evidence further by
collecing more data, a survey questionnaire afew semistructured interviews have
been conducted. Theas a resulia full-scale Caus&ffectDiagram(EFD) has been
constructed which acted as the bluepfortdesigning and develapg the framework.

[Reseach Question 1 fully is covergd

Ch. 5: Design and development of the FrameworkAddressed all the categories of
primary and secondary causes of EFD constructed in Ch. 4 and developed a well
VWUXFWXUHG DSSURDFK DV D IUDPHZR WsiSte@uy-Bdp ppu267
guidance in embedding these OST in SCM for a maximum ROI over the investment

decision an achieve SC resilienfiResearch Questioni&fully covered]

Ch. 6: Validation and refinements: Checked the robustness of the proposed through a
sound validation by a set subject and industry experts to seek any potential enhancement
that could be donebeforefinal submission. Recognized some valid concerns and
necessary refinements have been exeoover the proposed.

Ch. 7: Conclusions As everything in a nutshell the summary of research findings, how
the proposed adds novel contribution to knowledge, limitations exésd
recommendatiogifor thefutureandKRZ WKH SURSRVHG pud&anceds &0 F

shift to the next level has been explained.
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Chapter 2

Literature Review

2.1 Introduction

There is anmmense growtln recent years in th@pplied researcthatexamine OST in

6&0 GXH WR LWV LQIOXHQFH RQ WRGD\TV FRPSHWLWLY
this chapter is to showcabkew the focussetsearctof OST emergedyet thegap which

was the motivation and led to pursue this resesociu §'H V L J QevBl6p@ novel
IUDPHZRUN IRU HPEHGGLQJ 267 LQ 6&09Y

According to Dosso(018), Hallikas et ak2019 and Shao et a(2021) a substantial
numberof publications and reviews present digital supply chaindlasadvantages that

digitalisationcarries(Barykin et al., 2021)

As observed by Hussein et gR021)therr systemat analysisshows that OSGC
problems have been solved frequently by a variety of solution methods such as
optimisation (25%), simulation (13%)andbuilding information Modelling(BIM)
(9.5%). However, researclsetend more to integrate multiple solution methods (35%) to

address the complexities of OSST problems.

Nguyen et al. (2021) emphasd that lecause data availability is a key prerequisite for
DataAnalyticsfor Supply Chain ManagementfA-SCM), Vietet d. (2018 focused on

data and information sources existing in supply chains to highlight data assets as well as
technical challenges at stake. In terms of techniques, most have focused on statistical
analysis, simulation, andptimisationbut little attention ha®een given to advanced

analytics models.

By giving a start with an overview of the research work which has been done in terms of
SC design, operatioandredesign, the significance of decisioraking in such activities

will be highlighted. In turn to helthis decisioamaking process the use of 8#0delling

and the emergence of Optimisation and Simulation Tools (OST) are illustrated. Then the
review of the research work including some real business case studies which showcase
the application domains of tee OST, successful applicatsfa approachesandafew
frameworks which hee been developed so far have been highlighted. In the latter, with

the identification of the full potential of these GsSand the existing barriers which
12


https://www.sciencedirect.com/topics/engineering/systematic-analysis
https://www.sciencedirect.com/topics/engineering/building-information-modeling
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prevent orgarzations use such, the research gap is presented with the concluding

remarks.

2.2. Supply Chain Design and Management: Challenges

With the inception otheSupply Chain Operation Reference (SCOR) Model in 1996 by

the Supply Chain Council (SCC), @llows firms toperform very thorough fadtased
analyses of all aspects of their current supply chain by providing a complete set of supply
FKDLQ SHUIRUPDQFH PHWULFV LQGXVWU\ EHVW SUDF
(Huan etal., 2004).

Supply Chain Managemé, which is today has never been more complicated, dynamic,

and unpredictable. Achieving a wgllanned and purposdriven supply chain
management is what every orgabbWLR Q LQ WRGD\YV is ReBrSin et WLY F
onboard. Therefore valuedriven supply chain that is coupled to the strategic priorities

of the firm is the result of considerateanagement action and strategic corporate
investments aimed to procure, develop acahfigure the appropriate resources,
processesaind metrics that define that firm's supplyain as briefly explained with their
findings in (Melnyk et al.,2014).

As explained by Garcia & You (201%chieve truly sustainabtlutions, a supply chain
should be designed and operated such as to maxiggenomic potential, minimize

environmental impact, and maximize sotiehefit(see Figure 2.1)

Economic

Sustainability

Social Environment

Figure 2.1: Supply chain solutions and sustainability

Source(Garcia & You, 2015)
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Garcia & You(2015) emphasized that an atmosphere of intense global competition,

advantages that can be provided by the integration Of planning levels (Strategic, Tactical

& Operational) could be critical to a company's succsss Figure 2). Thus,future

supply chain design must consider integrated optimisation across multiple temporal

scales

A

SC Design
! focaton, techeology wlection |
0 4 A
- Strategic Planning =~
Capacities, wamport modes, |
| pply-drmand badaace

/ S =

L W A
Tactical Planning

| imory Socamons and couvel polioes.

A FEE

Operational Planning

l

i : A\
=T i |ttt
L

A

SPI(] JO [PAT]

Figure 2.2 A supply chain design and operations problem span many levels and
temporal scales

Source(Garcia & You, 2015)

Since SCM is avery broader topic when it comes to reviegrand analyging the
challenges which have been described in recent research studies, the best way to do that
is to split thescope into parts. The main objective of the subsectionsl(fh3) is to

pinpoint in each phase what are gpecificchallenges orgamations and their decision

makers facing, the significance, and the integration which should sxésE{gure 23).

Supply Chain
Design

Supply Chain
Operations

Supply Chian
Re-Design

Figure 23: Journey of supply chain desigmsupply chain redesign
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2.2.1 Supply Chain Design Challenges

Supply chain design is the process of determining the supply chain infrastriittare
plants, distributiorcentres transportation modes and lanes, production processes, efc.
that will beused to satisfy customer demands. These studies are strategic in scope, use a
time horizon of many months or years, and typically assume little or no uncertainty with
the data (Harrison, 2004).

The location of a multibilliordollar automobile assembly placannot be changed
because othanges in customer demands, transportation costs, or component prices.
Modern distributiorcentreswith millions of dollars of material handling equipment are
also difficult, if notimpossible, to relocate except in the ltergn. Inefficient locations

for production and assembly plants as well as distribwt@rtreswill result in excess

costs being incurred throughout the lifetime of the facilities, no matter how well the
production plans, transportation options, inventognagement, and information sharing
decisions are optimized in response to changing conditions (Daskin, Snyder, & Berger,
2005).

7TKH WZR PDLQ FRQVWLWXWLQJ HOHPHQWYV RI WKH VXS
RSHUDWLRQV ™ ZKLF KteD atrds&rhdrk t@an bz \dirdo sibH. ™any of the
drawbacks in the success and sustainability of supply chains often relate to the segregation
of these dimensions (Shatrifi, Ismail, & Reid, 2006).

Supply chain network design decisions are usually stratgeglaonce implemented they

are difficult to reverseWhen the design decisions are in effect, many decision
parameters, such as demands and costs, may change dramatically. Bad locations of
facilities, such as plants and DCs, can result in inefficiency atrd eosts even if the

production, inventory, and shipment plans are well optimized (Shen, 2007).

The strategic configuration of the SC is a key factor influencing efficient tactical
operations and therefore has a ldasgting impact on the firm. Furtheore, the fact that

the SC configuration involves the commitment of substantial capital resources over long
periods makes the SC design problem an extremely important one (Azaron, Brown,
Tarim, & Modarres, 2008)

Supply chain design has a higher influenaodloe supply chain performance measures
compared to integration and information sharing. To obtain the desired performance from

15



a supply chain, the number of suppliers and their capacities, distribution channels, and
the entire chain should be suitablyaarged for meeting the current and potential needs

of the customers, and the costs along the supply chain (inventory holding, transporting,
RSHUDWLQJ HWF VKRXOG EH PLQLPL]JHG $ ZHOO(GHV
distances, capacities, apthnning can providacompetitive advantage for the firms in
thatspecificchain (Sezen, 2008).

A key decision in logistics management is the selection of the transportation mode and
FDUULHU WR PRYH WKH ILUPYV LQERXQG DQG RXWER)>
transportation costs averagef#) cenof total production cost®ode choice andarrier

selection are part of the decisiomaking process in transportation that includes
identifying relevant transportation performance variables, selgbtngode of transport

and carrier, negotiating rates and service levels, and evaluating casrierrpance

(Waller et al., 2008)

It is the unfortunate reality that some critical parameters such as customer demand, price,
and manufacturing capacity are not known with certainty. If the supply chain designed
by the decision maker is not robasincernngthe uncertain environment, the impact of
performance inefficiency.e.,delay) could be devastating for the organization (Pan &
Nagi, 2010).

The decision to use a certain transportation chanflakenceshe lead time to deliver a
product which is o&n an indicator of customer service level. The availability of different
channels to transport the product between a pair of facilities is a feature of modern
logistics services. Transportation choices are differentiated by parameters of time and
cost. Conrmonly, these parameters are negatively correlated with shorter times for the

most expensive alternatives (Olivafgsnitez et al.,2012)

The strategic decisions focus the design ofan efficient supply chainntending to
achieve the organization's ovémibjectives and increasis competitive advantage such

as supply chain configuration, resource allocation, production technology selection,
supply and demand contracts, number of, locatmi capacity of sites, sustainability

issues (Sharma et al., 28)1

As emphasized byelnyk et al.,(2014)supply chain design needs to comprehend three
levels of analysiésee Figure 2.4]1) Influencershighekrlevel considerations such as the
business and political environment, the business model employed, th§¥irnc HV L UH C
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outcomesand the supply chain life cyclg€) Design decisionsSocial,behavioual, and
physical/structural design elements that define a supply c{®inBuilding
blocks:Inventory, transportation, capacity, and technology decisionsatteatsed to
implement the supply chain. Supply chain design needs to comprehend these three levels

of analysis

Influencers

- " — -,

Design Decisions

Building Blocks

Figure 2.4: Three levels of factors influencing supply chain design

Source(Melnyk et al., 2014)

Asuppy FKDLQYYV WUXH SRWHQWLDO LV VHW E\ LWV GHVL.
are numerous supply chain cestving opportunities that are hidden just below the
VXUIDFH DW PRVW FRPSDQLHYV DQG Vélp@hbchhid dedigy Y\ H [
softwareto find them (Brzoznowski, 2014).

Despite various research advances in supply chain design, there are several challenges
which include, but are certainly not limited to can be illustrated as follssesTable 2.1)
Sustainability assessment that aito quantitatively compile the material and emissions
flows that occur throughout the lifetime of a product and azeathe environmental
impacts of those flomgGarcia & You, 2015).
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SC Design Challenges

Multi-Scale Multi-objective and Multi-player

sustainability

¥ Modelling ¥ Supply chain design ¥ ExtraModellingand

criteria computational
1t Optimisation

challenges
¥ LCA (Life Cycle
Uncertaint

* Y Assessment T Different players with
+ Computational optimisationapproach theirobjectives

tools

Table 2.1: Supply chain design challengeMulti-scale, objective & player
Source(Garcia & You, 2015)

(Kreegpgth et al.,2017) they have done a research studytivatharticipation of 39
experts (30 industrial enterprises, 4 senior supply chain consuykaitd supply chain
management professors) and have identified the key drivers and barriers of §& Desi

(see Figure 5).

Forecasting is too weak

Supply chain complexity

Barriers Product portfolio complexity

Lack of time

SN | NS | SN | U] U SUN | S ] SS—) S | S_—

Lack of competetnce

Cost Reduction
Delivery Reliability
Drivers Change in demand for agility
Growth
Choosing the right SC (Competitive)
<

Figure 25: Key drivers and barriers of SC Design
Source(Kraegpgth etal.,2017)
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Recent studies in the field of big data analytics have come up with tools and techniques
to make datalriven supply chaimecisions. Analging and interpreting results in real

time can assist enterprises in making better and faster decisions to satisfy customer
requirements. It will also help orgamaitions to improve their supply chain design and
management by reducing costed mitigating risks. (Govindan, Cheng, Mishra, &
Shukla, 2018)The optimal placement of safety stocks is an important decision when
designing the supply chain as it has a direct impact on the service quality. The decisions
on where to locate facilitiesna where to place the safety stocks in these facilities are
interdependent by nature. In this context, the integration of these decisions leadsto a more
efficient design of the supply chain (Puga, Minner, & Tancrez, 2019).

The SC disruption revival polies must be developed for the transition from the recovery
to the disruptiorfree operations mode. A revival policy is meant to mitigate the negatve
impact of disruption tails and stalzili the ordering control policies and performance in
the SC. Thus, rexvery policies should not be limited to the disruption period only. They
should also consider the pedisruption period and be included in SC design decisions
(lvanov, 2019).

The design of a supply chain is an integral part of any organization's comepetiti
footprint, but it can also be influenced by the decisions that managers make when
confronted by major disruptions, such as trade wars or global pandemics. The impact of
COVID-19 and associated evethatoccurred recently willimmensely change ey

designng future global supply chains. This is a good-@pening for théuture state of
JOREDO VRXUFLQJ WKH XQLTXH QDWXUH DQG D FRP
bullwhip effect, the resurrection of lean and local production systeand the
dewelopment of riskrecovery contingency strategies to deal with pandemics (Handfield,
Graham, & Burns, 2020)

,Q WRGD\YV XQFHUWDLQ PDUNHWY VXSSO\ PDQXIDFW
coordinated to reduce disruption risksd increase the $robustness and its ability to
recover from disruptions. The SCN Design (SCND) problem is further complicated by
many other requirements, such as the need for efficiency in the use of resources, the
awareness of theirimpact on the SCN, and the flexyditrapidly adapt to changes in

the market and demands (Cavone et al., 2020)
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The all above reviewed challenges can be summarised as per their domain and nature in

a table like belowgee Table.2).

Supply Chain Design Challenges

Domain (Area)

Description (Nature)

Scope

SC Strategy (Clear scope)

Network & Capacity

Location/ Capacity (Changes to SC design
decision later is very costly)

Process & Configuration

Configuration / integration

Design time

Longer times for plannind/odelling, designing,

and processing

Design Complexity

Multi-scale and compleModelling, optimisation

& simulation

Disruptions

Supply Chain Pre, Duringnd Post disruption

(identifications, controllingand recovery)

ObjeFWLYHYfV FRPSO

Multi Objectives

Stakeholders & Decision makir

Multiple players and objectives cause multi

dimensions decision making

CSR

CSR globally, sustainability, Future concerns,

Emissions

8VHUTV &RPSHWHCQ

Knowledge & Skills in SC design

Budget Financial constraints
Data Data limitation (Source, Quality, and quantity)
Technology Computational constraints

Table 2.2 Multifaceted supply chain design challenges
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2.2.2 Supply Chain Operationghallenges

ODQDJLQJ VXSSO\(FKDLQ RSHUDW L RYNWility Yo €dchpaté L F D O
effectively in the global marketplace. SCOR Model becomes very attegriidoiing and
VWDUWLQJ SRLQW IRU LPSURYHG VXSSO\(FKDLQ PI
improvements (Stewart, 199 A.more sophisticated operation will generate additional

measures (Gilmour, 1998).

The objective of Supply Chain Operations Planning (SCOP) is to coordinate the release
of materials and resourcesin the supply network undernadenasion such that customer

service constraints are met at minimal cost (de Kok & Fransoo, 2003).

Sincetheintegration of actors and transaction efficiency are fundamental for developing
and maintaining a competitive supply chain, we are concerned Mias Swvill face
substantial challenges withotite DGR SWLR Q R W HRKMpRaDKRDWEID VHG
methodsThe question that arises is how SMEs can proceed to implement such methods
when they often lack the necessary orgational, financial,and human e@sources
(Vaaland & Heide, 2007).

Consider supplierelated disruptions that could shut down a plant (supplier bankruptcy)
or drastically reduce capacity (the fire at Ericsson). These types of disruptions not only
stop the flow of goods, but also the pration of goods, whereas a transportation
disruption stops only the flow of goods and, in that sense, is probably less secase.

of any transportation disruption, efforts should be made to identify alternative routes,
alternative modes of transportati alternative suppliers who do not share the same route,
or transhipment strategies between warehouses. Also build up a buffer of inveatory if

warning of an impending transportation disruption is received (Wilson, 2007).

Operations of different entitiein a long supply chain are restricted by different sets of
objectives and constraints. Performance improvement of the long supply chain
considering the main objectives of -time delivery, quality assurancand cost

minimization are highly interdependgidain, Benyoucef, & Bennett, 2008).

The strategic decisions thatdirectly concernoperations canbe grotupeedision areas
that represent different domains of the enterprise. The decision areas differ somewhat

from author to author, but there seems to be an essential agreement that capacity,
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facilities, technology, vertical integration, workforce, quality, protion contraland

organgation are areas that matter for operations strategy (Netland & Alfnes, 2011)

The primary routes are the most efficient routes based on the transportation costs, mode
transfercostsand shipment delivery time requirements. An alternate shipment route is
entirely distinct from its corresponding primary route and is for use during a
transportation interruption which may result in the unavailability of the primary route
(Ishfag, 2012).

In recent trends with a rapid change consumer buying preferencebge retail
supermarket is growing very fast. The sustainability of this industpedés on the
performance of its supply chain and a balance between responsive and efficient
warehouse operations which contain a fundamental set of activities in common which are
(i) Productreceiving, (ii) Put away, (iii) Storage, (iv) Order picking,Rarkaging, (vi)
Sortation & Accumulation and (vii) Unitizing & Shipping (Saleheen et al.,2014)

The distribution or transportation of products is a significant component of supply chain
operations. Itis essential then to implementoptimal distributioigipsto lower logistics

costs of the supply chain, but economic performance cannot be the only concern in
distribution logistics. For instance, transportation has the most hazardous efféwts
environment among supply chain operatiogsd certain disibution conditions may
have related social impactseg Figure2.6), such is the case of delivery time windows
which could reflect longer delivery routes and may require that drivers work overtime.
Seeing that transport managemenist deal with the mode of transport selection,
infrastructure, load planningputing, and scheduling operations, substantial efforts
would be required to improve economic, environmeiaatl social performance (Vega
Mejia et al.,2016).

Mlin. costs

M. travelled time / loading or unloading times
Mlin. travelled distance

Mlin. number of vehicles | containers :L,,'\‘-‘l-'.mnnmic
Mlin. wasted container space
Mlin. contamer size

[hin encrgy Toel consumption ~ Lr

IMin, GHGACO? emissions v *Eavirgnmental
i deviaton of cenier o graviy Y
(Min doverovertime T

Figure 2.6: Classification ofoptimisationcriteria

Source{VegaMejia et al.,2016)
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On the enterprise operation side, carbon emissions are mainly caused by production and
transportation activitiedMany countries and regions have enacted various policies to
redue carbon emissionduring the production process, it is a general way dor
enterprise to raise the production rate by remanufacturing and investing in green
technology equipment under strict emissions consgdntring the transportation
process, the enterprise usually implements measures such as waltietgptimisation
improving the utilization rate of vehicles, and cooperating distribution with Tty

logistics (3PL) to reduce the emissions in the transportation process (Li, Su, & Ma, 2017).

A supply chain with multiple buyers leads to a hike in demand and for satisfying them, a
high standard production manufacturing system is required. A predetst production

rate in a supply chain model with economic production lot size is quite inappropriate for
this type of situation athe production rate can be changed in some cases to théfil
demand of customer3he ate of production has an impamt maintaining process
guality. Manufacturing quality deteriorates with an increasing rate of production (Sarkar
et al.,2018).

The data quality problemis a commissueand it affects demand forecasting in fashion
supply chain operations significantly. Wgut the availability of higlquality data,
demand forecasting will not be good and hence the related operations such as inventory

planning will all be negatively affected (Choi & Luo, 2019).

SC leadtime is one of theystematicharacteristice any firm thaheedto pay attention

to when determining resilience performance since the negative effects difeadause
following such as (1) Propagation of the severity of supply disruption and resfuimee
pre-disruption stateZ) Disrupts the balance between supply and demand when demand
uncertainty amplifies (3) Amplifies the effect on the order rate peak and order variance
increase (4) The lengdpeed of recovery performance post disruption (5) The

effectiveness and the cotidn of the backup supply I'Chang & Lin, 2019)

Many drug manufacturing plants are situated in tropical zones of Asia, where se® air
rail connectivity infrastructures are intricate, thus posing enormous challenges for
transportation. Based dhe Global Cold Chain Report published by IQPC/Cold Chain
1Q, dramatic growth has been anticipated for the-cblgin logistics market in 2017 with

increases of 5per centn emerging markets, 46er centn Asia, 21per cenin Europe
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and 18per centin North America. Thereforegivenproduct mobility during sales, the

transportation business shall be on theingaecoming yeargKumar & Jha, 2019).

The current global interest in improving the use of esercer natural resources calls for
the realignment of supply chain operations to include not only economic factors but
environmental and social factors as well. Two of the most important supply chain
activities that logistics managearaustdeal with are the planning and improvement of the
packing and distribution of products. Although thygtimisationof these two activities

has been thoroughly studietilizing Vehicle Routing Problems and Packing Problems,
their analysis is often done saptely and, in most cases, they consider only the economic
decisions (VegadMejia et al.,2019)

Transportation has irreparable effects on the environment; Consumption of resources,
toxic effects on ecosystems and humamsse and emissions of greenhougeses (GHG)

and pollutants are examples of these risks. The Vehicle Routing Problem (VRP) is part

of a series of problems that are associated with determining a set of routes in which each
vehicle starts moving from a particular warehouse, serving a sgteaified customers,

and returning to the same warehouse (Saad & Bahadori,.2019)

Disruptiondriven changes in SBehavioumay result ira backlog and delayed orders,

the accumulation of which in the pe§ LVUXSWLRQ SHULRG ZH FDOO 3¢
transition of these residues into the pdsruption period causes pedisruption SC
instability, resulting in further delivery delays and n@tovery of SC performance. A
VPRRWK WUDQVLWLRQ IURP WKH FRQWLQJHQFto SROLF
normal operations mode partially mitigates the negative effects of disruption tails
(lvanov, 2019).

The demand management in the context of highly seasonal products is extremely
challenging and the forecast accuracy could never achieve optimal panceEmhen
elaborating the tactical plan. Therefore, the supply chain needs to be flexible and
responsiveo be able to face unforeseen events and act promptly on the operational level
(Németh & Gobbo, 2020)

Although generous return policies have been shtmahave marketing benefits, such as
a higher willingness to pay and a higher purchase frequency, counterbalancing these
benefits is an increased volume of consumer returns, which presents significant
operational challenges for both retailers and origamalipment manufacturers (OEMs).
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Since accurate return forecasts are inputs into strategic and tactic decision support tools

for operations managers, advancements in better forecast accuracy can yield significant

savings from the return management pradigteang et al.,2020)

The all above reviewed challenges can be summarised as per their domain and nature in

a table like belowgee Table.3).

Supply Chain Operation Challenges

Domain (Area)

Description (Challenge)

Sourcing Sourcing dependency (Myopic Decisions & Dependency

Production Production process failures

Transportation Transportation (Reouting, alternate routes. Alternate mog

Distribution Distribution channel

Leadtime Leadtime / Oder fulfilment

Warehousig Warehousing/ Inventory

Demand Demand variation

Periods Multi-period (Seasonal / multiple states of operations: no
busy, idle)

Resilience Disruptions / Breakdowns / Risk management/ Post disru
recovery

Returns Return processes management and obtaining accurate

forecast

Recycling /disposal
process & Re

manufacturing

Providing accurate information for OEM remanufacturing
using the usable components of returns which leads a
time and cost savings aadaster disposal proces$ unusablg

components.

Table 2.3: Supplychainoperatiornchallenges
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2.2.3 Supply Chain Redesign Challenges

As emphasized byan Der Vorst et al.(2002)supply chain redesign challenges can be
categorized in for dimensions (see Figure 2ZIAepresence of uncertainty stimulates the
decision maker to create safety buffersin ticegyacity or inventory to prevent a bad
chain performance. These buffer#lwestrict operational performances and suspend
competitive advantag@he use of one or several of these redesign strategies will alter
the logistical chain scenario, i,&he design of and logistical way of workingin the supply

chain

*Redesign the roles and processes

*Reduce the customer order leadtime
eSynchronise the logistical processes
*Coordinate and simplify the logistcal decisions

*Create information transparency in the SC

*Jointy define the SC onbjectives and
perfromance indicaters

Figure 2.7: Supply chain reesign challenges
Source(Van Der Vorst et al., 2002)

Supply chain redesign involves complex competencies such as integraticsuppliers

and customers to create value as well as the acquisition of external information and its
transformation into practices capable of producing marketable outputs. These
competencies are contextually specific. In sernfmeused firms, customer®«reate

value in an integrative environmentwith the firm and its suppliers. Prddaased firms
create value in the produmtforeits delivery, requiring the firm to acquire and transform

customer information into value offerings (Dobrzykowski e2&i1,1)

While value creation is shaped by external drivers such as market volatility, technology,
product and service offering, and disruption, it can be stymied by the internal stresses
arising from the need to minimize costs, limitations in process rgunlesmnd waste

minimization, and the unavailability of knowledge capital. The emergence of novel
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business paradigmsnonapplicability of the traditional laws of supply and demdimel,
dominance of negative externality effects, and anomalies of high grateticoexisting
with high supply side uncertaintgmust be recognized in transforming supply chains
(Chakravarty, 2014).

According toSharfuddin & Sawickg2016)fHVSRQVH WR FXUUHQW FXVWF
only the keyto a successful business but pretthg future needs and developing new
ideasand incorporatinginnovative ways of operations allow organizations to meet future
challengesffectively and efficientl. Thereforeprganizations neetb monitor their

logistics activities, reduce disadvantages and introduce innovative soltdio@sntain

a competitive edge aniilfil customer needs. This approaoledesigning the supply

chain network can be presented as a procedure, composedalfdlng 3 phasegsee

Figure 2.8).

Figure 2.8: Approachto re-designing a supply chain network

Source(Sharfuddin & Sawicka, 2016)

The dynamic business environment forces companies to secure a competitive (Re)
Design oftheir supply chains. During the last two decades, companies have faced
complexity in their supply chains currently with increased global operations.
Organkationsand companies operating in a fasick speed business environment need

to design and redepi their supply chain often and fast to achieve temporariy
competitive advantages (Kreegpath et al.,2017)

The SC structure is often changed according to a strategic business growth plan.
Managers may have to shut down some facilities, open some newooobange their
applications. These demasttiat the firm either design a new supply chain from scratch
orredesigrthe existing supply chain with consideration of its current infrastructure.

However, it is more realistic to take the existing infrastructure into the consideration and
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redesign the SCs rather than designing entirely new ones. Redesigning ana30iNg

term strategic decision thatconsiders the inherentlevel of marketrisk, cost of capital, and
price and demand uncertainty. Although managers are consdicosgeringdemand and

price uncertainty in the market, the selection of an appropriateod in an SCN with

many operational elements is still questionable. (Jahani et al.,2018)

According toEl Mokrini et al.(2018) the decision to redesign a distribution network is

rarely simple. It requires taking into consideration many factors that affect all
stakeholders along the supply chain. A distribution netwpscificallyincludes several
components that need efficientegration. Decision makers are usually faced with the
problem of selecting the most appropriate distribution network amongst alternative
onesln their study LWV ZHOO GHVFULEHG ZKDW DUH WKH SR\
and rate) when it comes telecingthe best out of all alternativésee Figure 2.9).

Selection of the most appropriate ‘
dlstnbutlon network

-

Evaluation Criteria ,1 = \' R~
: \\ \

\\‘ \

- g ."“ \ \
In':q‘.tor: Transportation Facilities and Information Response Product Customer
Cost cost handling Cost System Cost time availability expenience

Figure 2.9: Evaluation criteria in selecting the most appropriate distribution network

— — -

_— o

Sourcel(El Mokrini et al.,2018)

The new structure of the SCN willnpose substantial changes in the elements of the
budgeted statements. The main changes stem from financing the new design and
determining the necessary loan amount in addition to the company's available cash. From
the stockholders' or creditors' viewpagifihancial managers must present the company's
revised statements after employing the new design. As the balance sheet and income
statement interact and overlap in several ways, the model evaluates the effect of new

products across interactions by maximgzthe total equity (Jahani et al.,2019)

In (Bianchinietal.,2019with the modelthey have developédvas well described how

necessary it is a redesigme supply chain for companies who aim to develop new

business opportunities in the market. Fsiog on purchasingand procurement processes,

themodel application aims at the individuation of suppliers involved in the critical paths,
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then at the development ahypothesis of possible alternative strategaesd, finally, at
aleadtime reduction. Tierefore, the outcomgan optimized purchasing system, aligned
with company strategies, which guarantees benefits in terms of costs antimead
reduction, andheelimination of noradded value activities.

Many Japanese manufacturing companies are actively producing, selling, and trading
through their overseas bases. However, in recent years, there has been a change in the
environment surrounding the supply chain, with risiagourcosts in China, quality
problems, and fluctuating exchange rates. In addition, due to the rising sophistication of
consumer demand and the advancement of technology, among other factors, Japanese
firms had to relocate their production bases. Thus, reshoring, by which the marmgactu
industry returns to the domestic market, and nearshoring, by which the production base
shifts to neighbaring countries, are regarded as extremely important strategies (Kainuma

et al.,2019).

The lack of cdhboration and visibility between inbound awodtbound transportation
leads to lostopportunities in takingadvantage of empty vehicles. Empty vehicles-are non
value-adding sourcesf Green House Gas (GHG) Customers are increasingly demanding
supply chains that consider environmental issues as welt@nomic. According tihe
EuropeanCommission (2016), in 2014, the transportation sector was responsible for
almost 25% of all GHG emissionsin Europe, and road transport contrinuge 70% of

this. Their goal is to reduce road transport by 60% fr&@802030 (Andreassen et
al.,2019).

The changes in the political environment, new technologies, and conbeimaviour

often require thatfirms respond by redesigning their supply cteaapt. Is the existing
network design still optimal? Should theldlsR1 WKLUG(SDUW\ ZDUHKRXVL
the level of automation in warehousing and transportation still appropriate? Should
changes be made to sourcing countries, suppliers, or ports of entry? Moreover, as
competitors also change in response to uacHy, it is important to changaomptyto

stay ahead. What matters to firms in such changing environments is their capacity to
closely monitor and predict change and to redesign supply chains acco(dingly

Goldsby, 2019).

Today, firms are facingnormous pressure to restructure, redesign, and rethink where and

how products are produced, inputs are sourced, and customer derhalfiled. The
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drivers for this change include all the usual factors, such as market volatility, cost
differentials, andechnology disruption. Additionally, there are unknowns conceming
government policies that affect both crdwsder trade and local processes. This has led

to the current situation where we are experiencing a trade war, with governments looking
to optimize the domestic portion of the supply chains that operate in their jurisdiction. At
the same time, companies are striving to optimize thggrcificglobal supply chains,
which operate in multiple jurisdictions and generate extensive -trosier flows of

goods, money, information, and control (Cohen & Lee, 2020)

Regarding reverse logistics supply chain network redesign, sustainable goals including
economic, environmental, and social dimensions are usually considered. However, many
enterprises face a prolofethat is how to implement the recovery of used products into
their existing forward logistics networks. In this case, it is necessary to redesign a novel
sustainable reverse logistics supply chain network by reconstructing the existing facilities

into hybrid processing facilities (Gao & Cao, 2020).

2.3 Modelbased problem solvingand decision making

The research literature on supply chain managementis rapidly growing, offering different
classifications of supply chain models. Depending on the operaéwedbf the problem,
supply chain models are broken down into strategic, tactical, or operational hierarchies
(Shahi & Pulkki, 2013).

Hamta et al.(2015)have reemphasized the importanceddcisiormakinglevels and
their impact over different planning horizowkichhad been already explained Yigal

and Goetschalck§d 997)asin SCMmulti-levels of decisions are to be made on the time
horizon with multiple objective functions. The decisionlevels cardbegorzed as long
term decisions (strategic level), midrm decisions (tactical leveland shorterm

decisions (operational level)

A realmanagementproblem is the initial point of the decisimaking processée Figure

2.10) The model can be sgdd with the help of existing algorithms within a reasonable
time. Small instances can be solved with the help of Excel Solver, but for real data, a
professional solver such as CPLEX, Lindo, AMPL, Matlab, GAMS, Gurobi, and
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XPRESS exist. Then the softwar@culates the solution which should be arzaty by
decisionsupporting quantitative methods (lvanov et al.,2017).

Management ) Mathematical
problem midel
[ 1

—= Algorithm | Software

Simplification of reality
Y
Managenal '

decision

Solution

Figure 2.10: Modelbased decisiomaking process

Source{lvanov et al.,2017)

Ivanov et al.,(2017)emphasized this by giving an example likiee facility location
problem where we are given demand in some markets, possible locations and capacities
of new facilities, fixed costs of having a facility in the SC, and transportation costs from
each locatia to each market. We must decide where to locate the facilities and which

guantities should be shipped from the facilities to the markets

Current trends like business, €ommerce, dogistics, and outsourcing activities are
increasing both: the compéti¢ pressure and the complexity of thehaviouof involved
systems and their processes. Its inherent complexity creates the nebtbttelbngand
analysis frameworkModellingreatworld problems can yield large and complex models
and the way modelga structured should accommodate the way SCs are structured, in
reality (Arns etal.,2002). Supply chaitodellingapproaches can be classified into two
main types such as analytical (Optimisation) and simulation m@@#isnan & Mustaffa,
2012)

lvanov &Dolgui (2021) emphazed the trend oicombination of modebased and data

driven approaches allows uncoveringthe interrelations of risk data, disruption modelling,
and performance assessment and then the SC shocks and adaptations amid the COVID
19 pandenic along with pospandemic recoveries provide indisputable evidence for the

urgent needs of digital twins for mapping supply networks and ensuring visibility.

As per Simao et al. (2021) majority of the structures were sHomn a theoretical
perspectivavith limited practical implementation; thus, there is still a lack of empirical
studies in this field. Alsghe explains howlishraet al.(2018)highlighted the limitation
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of the mathematical and simulation models used for modelling and analysing &meSC.
authors argue that more research is needed to develop proper models that are inclusive

and easy to use by both academics and professionals.

Aldrighetti et al. (2021ategorisd the existing knowledge based on decisioaking
problems, which can be itractive for a convenient association of a particular SCND
problem to a modelling domain according to netwarike, supplyside and demanside
perspectivesThen how theiranalysis focuses on the costs specifically induced by
disruption risksresilienceinvestmentsdifferent SCM dimensions (i.e., social impact,
environmental impact, responsiveness, and-ag&rsion) and the associated multi

objective modelling settings along with disruption risks in SCND models.

2.3.10ptimisation Models

Mathematical programming techniques, maximize certain benefits by eiptintiie
strategic design and/or operational policies of the supply chain. Although analytical
models are useful in many cases, they are often too simplistic to be of practical use
for complex supply chainflarokh & Golkar, June 2006). Optimisation models
consider the supply chain at specific instances in time and do not take on a dynamic

view, as is the case with simulation modgBersson & Araldi, 2009)

The gtimisationis an analysis method that determines the best possible dption
solving partcular operations or SC probleniThe gtimisationhas been a very
visible and influential topic in the field of SCOM. The drawback of usjmigmisation

is the difficulty in developing a model that is sufficiently detailed and accurate in
representing theomplexity and uncertainty of SCM while keeping the model simple

enough to be solved (lvanov et al.,2017).

In the world ofoptimisation the factors (i.e., input parameters and/or structural
assumptions) become decision variables and the responses dréo usedel an
objective function and constraints. Whereas the goal of experimental design is to find
out which factors have the greatest effect on a respopsieisationseeks the
combination of factor levels that minimizes or maximizes a response ¢sudje

constraints imposed on factors and/or responses) (April et al.,2003).
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2.3.2 Simulation Models

In the area of design of experiments, the input parameters and structural assumptions
associated with a simulation model are called factors. The outptdarp®ince
measures are called responses. For instance, a simulation model of a manufacturing
facility may include factors such #se number of machines of each type, machine
settings, layout, and the number of workers for each skill level. The responses ma
be cycle time, workn-progressand resource utilization (April et al.,2008)apture
realistic supply chain characteristics and allow the evaluation of the impact of policy
changes carried outby one or more supply chain members. Hence, simulatitsh mode
can be used as an important first step toward reatiptimisation(Tarokh & Golkar,

June 2006).

Simulation is more suited for representing random effects used for simubased
optimisation and predicting the dynamic behaviour of supply ch@rssson &
Araldi, 2009).Simulation imitates the behaviour of one system with another. By
making changew the simulated SC, one can gain an understanding of the dynamics
of the physical SCA simulation is an ideal tool for further analysing the performance

of a proposed design derived fromaptimisationmodel (lvanov et al.,2017)

Itis well explainedy Othman & Mustaffg2012)thatSimulation models usually are
either static or dynamic. Then these can be further divided into two types:

Deterministic modelNo randomness and uncertaityeconsidered if using of so

that the problem is relatively singto solve Stochastic modeDefine as having a

random variable or being uncertain. This nature of problems may become complex to
solve analytically and need some simulation methgdrerally called stochastic

simulation to estimate the performanceloé systemThe g$atic modelis a time

independent view of the systemhile thedynamic modek atime-dependent view

of thesystem(see Figure 2.11).
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Simulation Model

/X

Deterministic stochashic
Static Dynamic Static Dynamic
Continuous Discrete Continuous Discrete

Figure 2.11: Classification of Simulation Model

Source: Othman &Mustaffa, 2012)

However,in the modern supply chain, most of the problems are usually complex
(dynamic and stochastic nature). Discrete simulafjosually discretevent simulations

or MonteCarlo simulatios) are frequently used as a methodology instead of continuous
simulation since the SC systemusually faced with discrete varialsland stochastic
behaviour (Othman & Mustaffa, 2012).

Theoptimisationof simulation models deals with the situation in which the analyst would
like to find which of possibly many sets of model specifications (i.e., input parameters

and/or structural assumptions) lead to optimal performance (April et al.,2003).

2.3.3Role of Optimisation-Smulation for better decision making

In terms of decision making which spraeatross from Strategic to Tactical to Operation
level planning horizons why it is appropriate to apply Analytical Methods first and then

Simulation Methods in decisiemaking is a very significant question.

As peravery clear explanation dyanov etal.(2017)both analytical and simulation
methodshave certain application areas, advantagasdisadvantages, addressing
diverse problems. When addressing the specific areas of problems, the level of detail
involved in strategic, tactical, argperational level decision making and the static

and dynamic behaviour varie®eé Figure2.12).
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_Level of Detail Problems Addressed

Where to Build DCs [GFA)

‘Where to Stock Products (Net Opt)
Master Planning

Fleet Size Estimation

High Abstraction | Locations
Less Detail | Flows
Static | Linear Dependencies
Cantinuaus
Parameter Aggregation

Transportation Planning
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A pyramid of supply chain design and analysis problems.

Figure 2.12: A pyramid of supply chain design and analysis problems

Source{lvanov etal.,2017)

You can optimize the supplF KDLQYV IDFLOLW\ ORFDWLRQV DQG W
control policies, transportation, and sourcing rules. You will start at the strategic level by
using a green field analysis (GFA), sometimes called a cemigeavity analysis, to

define your spply chain design. During the second stage, you will use other parameters:
such as transportation costs, real routes, and feasible facility locations and perform
network optimisatiors. As your problem statements become more detailed, your
simulations camclude combinations of inventory control, sourcing, transportation, and
SURGXFWLRQ SROLFLHVTYT ,YDQRY HW DO

According to Jahangirian, Taylor, & Youn@®010)in the modelling and simulation
(M&S) community it is widely known that M&S can assist in identifying cost savings.
Whenmodedlers and decisionmakers needavery quick, yetdecisive answer to their needs
at the time of an investmeiritjs interesting to know ha various M&S techniques work

in terms of coseffectivenesgsee Figur€.13) Simulation techniques demand more man
hours and hardware requirements while producing reliably high profits (if successful)
while Mathematical modelling techniques, on the oth@&nd, impose some assumptions
that would normally simplify the solutioiherefore, a general guide would be to see the
suitability of mathematical modelling techniques first, before a simulation attemptis to

be made
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Figure 2.13: Costeffectiveness of two groups of mathematical modelling &
simulations

Source(Jahangirian, Taylor, & Young, 2010)

The dimensions of the grounds behind this can be illustet@er the research outcomes
of (lvanov etal.,2017) whexplain onedimension as the level of problems adddessl
the details reflect decision making. Then as per (Jahangirian, Taylor, & Young, 2010) the

other dimension is the consideration of traaffs between the time, and resources must

invest and the i and benefits in returisee Figure.14).

) ) . . .
Dimension 1: . ler;l;nslon 2: 1
. rade-offs between the
The Level GfPr:_}blems Time & Resources must
address and details must e o
reflect for decision lﬂ};isg&:lts Lllere n?::;
maklgf 1{ 5‘{?;“ “ (Jahangirian, Taylur; &
- Young, 2010)

Apply Optimisation
first and then

Simulation in

Decision making

Figure 2.14: The grounds foapplyingoptimisation first and thesmulation in
decision making
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The comprehensive study conductedlgguno et al. (2022¢mphasised thaupply
cKDLQY DUH EHFRPLQJ LQFUHDVLQJO\ VRSKLVWLFD
competitivenesdNevertheless, their interrelatedmplexand global nature also makes

them more vulnerable to the risk of their operations being interrupkestt. proposed
conceptal frameworks analyse@nd validatesvera simulation analysis moddihis
ultimatelyhelpsanalysehe ripple effect on supply chains, which occurs when disruption

in one node spreads throughoutthe supply chain and impacts its perfordesigeand

planning parameter§hena conceptual framewollsee Figur@.15)is proposedvhich

includes the mai characteristics and perspectives of the ripple effect on supply chains,
and the possible proactive and reactive measures to mitigate its effects and recover from

serious disruptions.

Risk drivers

Proactive
measures

inventory

* Advanced purchasing

* Backup sourcing
* Dual sourcing

* Diversification

Low safety stock Multi-stage SC 1009‘6vcapvamy
= utilization
A Disruption risks ' Use of digital
No contingency plans Single sourcing Production inflexibility | i technologies
External Resilient supply chain
| - R h e sonn =0 “
e oS
Demand ; CamO)  : %
3 : Ripple effect 5 p | &=
: risks : Supplier Manufacturer Wholesaler Retailer :
: = ' ] Additive H
Supplyrisks | MI | I I I I e : :
: : | Robustness | | Redundancy ‘ i :
; I ; @ i
i | Timerisks | ! | - | N TTT] Big Data Analitics [
L Parametric Process flexibility Structural : i
i redundancy variety : i
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i | disruption * Risk mitigation apacity jexiilty - Dece:gralizlalt;o: I“ © Systems
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measures

Reactive contigency plans

Figure 215: Conceptuatramework for the resilient supply cha# simulation
analysismodel

Source: (Llaguno et al.,2022)

Mogale et al. (2022 mphasisedthalosedloop supply chains (CLSCs) are essential for
maximising the value creation over the entire life cycle gfraduct That seeks to
optimise total cost and carbon emissions generated by production, distribution,
transportation, and disposal activiteger the endo-endnodes o CLSCby deploying
theirmodel(see Figure 2.8).
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Figure 2.16: Application of Optimisation in alosed-loop supply chain network
nodes:. Schematic representation

Source(Mogale et al.2022)

Biswas & Narahari (2004)evelopedModel caled DESSCOM(decision support for

supply chains through object modellingBy deploying this, theconstructs can be
modelledattherequired granularity to aid in strategic, tactical, and operational decisions.
The modelling process starts witlthe identification of structural objects and policy
objects in the network. The network configuration can be updated at anyrpton by

adding or altering various objects of the supply chain without having to take recourse to
cumbersome programming efforts. The models thus created can be tisednalysis

of the system under various scenarios. DESSCOM can therefore be used to optimize the
system and evaluate performance measures under different scenarios. The development
time for various models is considerably reduced. These models are usedde prnowts

for various tools of the decision workbengee Figure 2.17).
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Figure 2.17: The architecture of the DESSCOM Model

Source: (Biswas & Narahari, 2004)

The proposed model by Amihahmasbi et al. (2022) is motivateg la factoryless

concept and by providing a dynamic decismaking solution under a mutieriod time
KRUL]RQ :LWKLQ WKHLU PRGHO LWV GHWHUPLQHG
production facilitiesisingmulti-objective functions which include minimisation of the

total cost, rejected and late delivery units and, maximisation of the assessment score of
the selected suppliers. Thus, this dynamic decision model is significant for the cost
efficient managemew Rl FRPSDQLHVY VXSSO\ FKDLQ QHWZRUN"
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2.4 Emergence oDptimisation & Simulation Tools (OST)

Supply chain managementincorporatesthe use of analysis tools such as system dynamics,
optimisation, and simulatiosoftware ARENA is a commercial simulatiooot that can

be used for simulation modelling in various applications. An integration of SCOR and
ARENA provides the supply chain analyst with a comprehensive and dynamic tool
(Persson & Araldi, 20090ptimisationcontinues to be one of the most exciteugas
within simulation because it greatly enhances the utility of simulation modelling by
helping users make complex decisiamsiduncertainty (Boesel et el., 200Thehistory

of optimisationand simulation goes far older than 60 years. BElenghthetermhasnot

been in common usage agtheginning; progressively seeking better solutions is arguably
the whole purpose of the users and &gperimented with input parameters throughout
its history (Fu & Henderson, 2017).

The following case is a higdimensional problem which is well describleglthe elegant
use of OST

37KH .URJHU &R LV WKH ODUJHVW JURFHU\ UHWDLO
2,422 supermarkets and 1,950-sitore pharmacies. The simulation

optimisation system was implemented i®ctober 2011 in all Kroger

pharmacies in the United States and has reducedfeatocks by 1.6 million

per year, ensuring greater patient access to medications. It has resulted in an
increase in revenue of $80 million per year, a reduction in inventanood

than $120 million, and a reduction in labour cost equivalent to $10 million per

\HDU"~ =KDQJ HW DO

2.4.1 Use oDptimisation in SCM

Geunes & Pardalos (2008inphasised thaluring the past decade, two relatively new
application areas have attracted the attention of a growing number of researchers who
specialize in applyingptimisationtechniques to largscale realvorld problems. The

now welltknown areas of supply chain maement and financial engineering have
provided extremely rich contexts for the definition of new lasgale optimisation

problems, the solutions of which can provide substantial value to organizations.
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Aslam & Amos (2010kxplairedthat sipply chains arén general complex networks
composed of autonomous entities whereby multiple performance measdifésrent
levels, which in most casesnflict with each othehave tabe taken into accounthen
theirresearch led themto review and identify the nfeedulti-objective and multlevel
optimisation(MLO) framework for SCMwhich considers not onlgptimisationof the
overall supply chain, but also for each entity within the supply ciAaicording to their
frameworkshown in Figure 2.18 only feasible solutions from the process level
optimisationwill be considered and sent to the operation leydimisation In this way,

all the process level entities will only send their internal optimized solutions, containing

the process settings that will be incorporated in the operationdetietisation

Optimization Goal
Input param. . - Min. SC Inventory Cost
- Transportation Batch size -Min. SCLead-ime
- Mode of Transpurt 7 - Min. Transportation Costs Output param.
- Air, Train, Truck, Ship -Min. Co2 emissions - 8C Cost
- Optimized settings - May. Transportation Batch size - Service Level
SUPPLY CHAIN OPTIMIZATION AGENT
MANUFACTURER DISTRIBUTOR RETALER
PROCESS PROCESS PROCESS PROCESS
N [ 10 10
. . Optimized Seftings
el i, Inentory Optimized Settings Optmized Settings
i n' WP " - Min. WIP - Min. Inventory - Min. Inventory
) Mini e - Min. Lead-time - Max. Delivery - Max. Delivery
W ﬁ Deliery - Min. Setuptime accuracy acouracy
’ - Max. Delivery
accuracy aoouacy
-Max. Thioughpu - Max. Throughput

— =

MANUFACTURER
PROCESS
OPTIMIZATION AGENT

SUPPLIER PROCESS
OPTIMIZATION AGENT

DISTRIBUTOR PROCESS

OPTIMIZATION AGENT

Input param. Input param. i ﬁ E i
-Batchsize |- -Batchsize | Input param. Input param. | -
-Ordersize |3 -Ordersize |3 -Ordersize ||} ~ -Ordersize |3
Output param. | ¢ Output param, | £| / Output param, : Output param| |2
-Inventory || -menory |If) o ¢ 7| | ey P/ E - mentory i
o0sts E 0osts B o costs . costs
WPoosts |3 WP costs *H/ - Sevice lvel § - Senvice evel £
- Service levels - Serviee |E’I'E|ﬁ Performante measure Ferformante measire Performance measine

RETALER PROCESS
OPTIMIZATION AGENT

Figure 218: Multi-LevelOptimisaton

Source: (Aslam & Amos, 2010)

As pa research work conducted by Torkornoo &Hou (2013, optimisationis the
process of findingd Z K D W § WuEofl & f#dsible set of solutions while meeting the
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business constraints of a supply chain. For exanfbleere are many ways to transport
products from Chicago to LA, but not all of them are created equal. Ifolgactive is
to minimise transportatiocoss, then3 Z KD W | Yhaly bE\fOMSe commercial trucks or
trains. If your objective is to minimize transportation time, tagrfreight may be your
best betThe gtimisationis also a way toeach the efficient U R Q Wdokthey fave

emphasised below the application domainsatfmisationn business:

X Network design: identify the best network to serve your customers

X Inventory positioning: identify the best inventory position

X Sourcing decisions: minimize thetal costs of making products at manufacturing
plants and shipping to end customers to meet all demand

x Risk management: identify the best strategy to miserpiotential disruption

Gulley(2016)hasexplainedthatsupply chairoptimisatioris the application of processes
and tools to ensure the optimal operation of a manufacturing and distribution supply
chain. This includes the optimal placement of inventory within the supply chain,
minimizing operating costs. Supply chaiptimisatioraddresses the general supply chain

problem of delivering products to customers at the lowest total cost and highest profit.

According toLacomme et al. (2018production planning and routing is the key feature

in a supply chain since the coordination of #néso functionsignificantly impactshe
customer service leveln return the framework they have developeéals with an
extension of the integrated production and transportation scheduling problem (PTSP) by
consideringhe production and transportatischeduling problem with multiple vehicles
(PTSPm) to optimissupply chainsThis approach provesitis possible to solve the two
problems in a coordinadevay and permitebtainingabetter solution thatheclassical
approachwhere the two problemseasolved sequentialllso, this is aradvantage of

an indirect representation of the solutions using a-bplted approach with search space
alternation betweemnTransportation Scheduling ProblenTSP solutions, Vehicle

Routing Problem\{RP) solutions and PTSPm solutions.

The quantitative planning toaleveloped byrahya et al. (2021Wwasused to plan and
optimisebiomass supply chairisased on carbon reduction targdikis works in three
stagesCarbon Emission Pinch Analygl€EPA), mathematicalptimisation and mult

stakeholder analysis. CEPA is used to determine the minimum amount of biomass to
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achieve carbon reductions. Then, mathematical optimisation is used to optimise the
biomass supply chain based on the carbeduction target. The optimisation step

considers the use of new biomass power plants a#fidicg existing power plants.

Ozcelik et al. (2021¢xaminealthe ripple effect on the system performance of the reverse
supply chain (RSC) network antroduceda robust optimisation model for designing
strong RSC networks to cope with the uncertainties caused by the rippleEifedesign
decisionsincludingworker and vehicle assignments, facility opening, and recovered
productsattempt to be optimised in the context of green logistics to obtain a robust RSC
design.The scope of the case study is limited to the northern region of Tuskesh is

a potentialandslide site due to the heavy rainfale proposed robust modske figure
2.19)is run 112 times with different weight uncertainty values. According to the results,
the robust solutions are computationally tractable; however, the price of robustness
higher than expected to protect the constraints against violationtweBrobability of

Constraints Violation®oV) is set to 1%ss

Primary Collection Centres Secondary Collection Centres

Customers

Reeyeling Centres

Figure 219: The schematic representationRdbust optimisation faheripple effect on

reverse supply chain

Source(Ozcelik etal., 2021)

2.4.2 Use of Simulation in SCM

Althoughoptimisationhas been the analytical tool of choice for supply chain analysis,
there are business scenarios where variance plays such a large part that optimisation will
not paint a realistic of the business. In these cases, simulation should be used. Using

simulationwill allow the user to understand the total cost of variance on the business,
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including labour variance, material obsolescence, material shortages, capital shortages,
and mostimportantly, the demand forecast variance. These problems are common for any

business that serves a dynamic matkegallis, 1998).

The use of simulation is a proven decision support tool in operational practice for
production planning and control, whenever a complex system of target figures, control
parameters and disturbance vates are present, the number of system components

results in a complex system behaviour over time. It is hardly feasible to handle this
complexity by analytical methods and to give tractable mathematical formulations
(R6mer, 2021).

SC simulation is the a@in of walking/stepping through the details of a process in a
controlled, often virtual, environment based on specific rules (Mihto replicate the

way a system works, usually gaina better understanding of the system. Thus, the true
value of a simlation model is in providing a virtual sandbox for doing wiiatnalyses,
ZKLFK KHOS GHFLVLRQ PDNHUV LGHQWLI\ WKH LPSDFW
supply chain(Torkornoo, Hou, 2013)

By using simulation, managecancreate a model oheir supply chain systems and test
various levels of input that can emulate & inconsistencies. The simulation models
canbecome a component of the analysis methodology and become a great partner with
supply chain management software. Then, by taking the scenarios created by the supply
chaintooland runningthem through the simulation model to test for flexibility, managers
caneliminate unrealistic solutions and pinpoint a defined set of preferred solutions well
explained (Tarokh & Golkar, June 2006)

According to (Othman & Mustaffa, 2012) continuing developments of technology day
after day increase the development of deaisnaking tools for simulating procss and

that can be performed in three different ways as follows,

X Spreadsheet simulation
X Simulation software packages (one of the major concerns which lead to this
research)

x Simulation programming language.

Simulation is the best practice to evaluate the system performance ciosatsituation.
However, simulation solely is not enough to achianeoptimal result and neado
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corporatewith optimisationtools and techniques. It further emphasizes that a method of
HV L P X O D Whtin@4tioDTQ Kiiephused by researchers nowadays reladdohding
the best solution fahedecisionmaking process ithe SCM field.

With the use of simulation technology, it is possible to reproduce and test different
decisionmaking alternatives upon more possible foreseeable scentaraetermine in
advance, the level of optimality and robustness of a given strategy. Realizing the potential
of supply chain simulation, academics and practitioners alike have developed many
suppy chain simulation tools to assist mokes, explained byTarokh & Golkar, June

2006) and concluded their findiagith the use of Simulation Tools as follew

X Testing Hypotheses about how the real System works
x Better understand supply chain dynamics

x Diagnose problems and evaluate possible solutions

x Identify thebest Management Policies

x Optimize operations

X Mitigate risk factors

x explain the bullwhip effect

x Improve performances of forecasting techniques

x Predicttheeffect of changes and supply chperformance

X Experimenwith the new designs or policiéeforeimplementation.

In (Othman & Mustaffa, 2012) argue that simulations are often used as a madedlof
system to evaluate output responses. However,

SimulatonLWVHOI LV QR W sbnQlaio8 pvdcesk hedds to communicate with
someoptimisationmodule (or decision optimizer) to provide feedbachkimprogress of
WKH VHDUFK IRU WKH RSWLPDO VROXWLRQTY

HMT7KH LQWHJUD W oRMisdichavd sintufatidh RaN ikeen created fdwing

many real complex problems (uncertainty). Gpimisationof simulation models deals

with the situation in which the analyst would like to find which of possibly many sets of
model specifications (i.e., input parameters and/ or structural assus)piad to optimal
performance. The integration between simulation model and optimizer allowed us to
HITHFWLYHO\ DQDO\VH DQG HDVL @oxapdach of¢ikhtlateriy R E O |
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optimisationbased on metaheuristic methodology can be shownllmsvi(see Figure
2.20).

Responses (Output Performances)

Search Engine/ Simulation Model/
Optimizer Simulator

{Metaheuristic)

Black-box approaches to simulation optimization.

Factor (Input Parameters)

Figure 2.20: Black-box approach to simulation optimisation

Source(Othman & Mustaffa, 2012)

The main difference is that heuristics are probimecific methods (created to solve a
particular problem and probably nothing else) while nrtetaristics are problem
independent methods that can be applied to a wide range of proBlecosding to (Suh

3DUN HT7KH KHXULVWLF DSSURDFK WKDiWw ILQGYV
expertise, experience, and intuition of the decigioaker is the most common metiod
feedbackbased decisiomaking. The metdeuristics designate a computational method
that optimizes a problem by iteratively trying to improve a candidate solabouata

given measure of quality

In the past decades, simulation amqtimisationhave played significant roles in solving
complex problems in Supply Chain Operation Management (SCOM). Successful
examples include production planning and scheduling, suppin clesign, and routing
optimisation to name a few. However, many problems remain challenging because of
their complexity and large scales, and/or uncertainty, and stochastic nature (lvanov et
al.,2017).

Supply Chain Management is a complex process avdiies a lot of activities like
purchasing, production, inventory management, logistics and transporfatioranage
this complexity, simulation software can be used as they mimidifeaituations, and

they will help managers in making superior demis on areas like facility location,
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transportation choice and inventory model choices. A critical analysis of the case studies
was conducted, and the results reveal that simulation is a powerful tool that can be used
in modelling complex supply chain agties. Simulation models however fail to provide
optimum solutions for decision variables inherent in predefined objectives. Therefore,
integrating optimisation models would offére best likely alternatives for decision
makers (Maina & Mwangangi, 2020)

2.5 OST Application Domains in SCM

Before jumping straight to review the potential application domai@uimisationand
6LPXODWLRQ 7RROV 267 LWV DOZD\V ZRUWK LW WR
what are the key pillars (Success factand anethods) considered by tdevelopers,
developmentand the growth of integration @ptimisationand Simulation which are

commercially available today for our use.

Simulation can be used to determine the state of certain controllable inputs tara syste
that will cause system outputs to be at their most favourable or optimal condition. The
optimizer would use model inputs and outputs as well as-siggplied information to
determine an optimal solution. The optimizer would possess the requisite @rtedlitp
determine an appropriatgtimisationmethod for a given problem. Dennis Pegden and
Michael Gately were among the first to report the linking obptimisationalgorithm

with acommercially available simulation package (Bowden & Hall, 1998).

Bowden and Hall 1998 extended the work of Dennis E. Smith (1973) by proposing six
distinct domains gee Figure 221) to address when developing future simulation

optimisationtools (Boesel et al.,2001).

X The Interfaces Domain:addresses both the interface between the optimizer and
the user and the interface between the optimizer and the simulation model.

X The Problem Formulation Domain: addresses the construction of the objective
function and constraints.

X The Methods Domain: addresses thosgptimisationmethods used to optimize
simulated systems.

X The Classification Domain:addresses the analysis and classification of a given

optimisationproblem to select the appropriatetimisationmethod(s).
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x The Strategy and Tactics Domain addresses the employment of simulation
optimisationto make the most efficient use of computing resources.

X The Intelligence Domain: considers the intelligence embedded in the solver to
select the strategic approach and tactical employment of varidusdaes based

on the problem classification.

Methods

Interfaces Intelligence

Simulation
Dptimization

Problem
Formulation

Strategy
& Tactics

Classification

Figure 2.21: The Domains of Simulatio@ptimisation

Source(Boesel et al.,2001)

Several simulation software vendors have introduced optimizers that are fully integrated
into their simulation packages. Simulation practitioners now have access to robust
optimisationDOJRULWKPV DQG WKH\ DUH XVLQJ WKHP WR
simulation optimisation problemsas explained byAkbay (1996). Although these
simulationoptimisationpackages are based on bettptimisationalgorithms than those
available in the late 1970s (Schwefel, 1995), further improvements can be made to this

important area of simulation (Bowden & Hall, 1998).

Recommendations are often made for improvemerdptionisationalgorithms that will
improvetK H PHWKRGTV SHUIRUPDQFH IRU D VSHFLILF VLW
for a review of methods. Although this work is useful, a framework is needed that unifies
research and development across all relevant donfaithe search methods, statistical
methods, user interfaces, and strategies associated with simuatiomsation The

synergy created by these systémew of simulationoptimisationcan lead to better

optimisationtools for practitioners (Boesel et al.,2001).
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The combination of simulain andoptimisation essentially unheard of in practice a
decade ago, is much more accessible today, thanks in large part to the development of
commerciabptimisationsoftware designed for use with existing simulation packages.
Despite this growth, untajgpl applications abound (Boesel et al.,2001).

Businesses todagre very tempédby the latest Optimisation and Simulation Tools,
Methods and potential application domains which made a huge impact on the way today
the Supply Chain (SC) getlesigned and howw utilize and integrate these successfuly

to get the products to their customers faster and at a lower cost. Predominantly the
application of these OSin SCM can be identified ithefollowing domains ¢ee Figure

2.22).
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Figure 2.22: Applicationdomains of OST in SCM

2.5.1 Greenfield Analysis (GFA) & Brownfield Analysis (BFA)

In the early days of supply chain plannirgis is known ashecentre of gravity method
which enormously help to solve the Facility Locating Reat (FLP). This is the analysis
to find out the optimal locations when there are no candidates in hand (from the scratch)
and use the power of optimisation to come up with the best options in the concemed

geographical area. But comparing to GFA Brewnfield analysis for the network which
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already existand haalocation in hand while trying to solve&LP.Thus,BFA is more
attached to Supply Chain Network®esign (SCNRD) , WV UHFRJQLVHG WKD

thatexissregarding these two Optimisati Toolsis very rare for some reason.
2.5.2 SC Network Design (SCND)

Supply chain network design (SCND) deals with strategic decisions such as deciding on
the number, location, capacities, and technologies of facilities to be opened, changes to
existing facilities, and supplier selection. In addition, it includes tactical decisions such
as production and shipping plans as well as material flows through the network (Salem &
Haouari, 2017).

*UHHQ ™ VXSSO\ FKDLQ QHWZRUN GHVLJQstnRUMREOHP
environmental protection equipment or techniques should be determined in the design
phase. This investment can influence the environmental indicators in the operations
phase. With such a concern, the decisions on facility locatiooawekity allocation have

to be integrated with the decision on environmental investment. The reverse logistics
network design problem focuses on setting up some special facilities (i.e., recovery
centres) to enable the recycling initiatives or optimizimgtnetwork configurations in a
closeloop network (Wang, Lai, & Shi, 2011).

Supply chain network design (SCND) is one of the most crucial planning problems in
supply chain management (SCM). Nowadays, design decisions should be viable enough
to function welunder complex and uncertain business environments for many years or
decades. Therefore, itis essential to make these decisions in the presence of uncertainty,
as over the last two decadesanyrelevant publications have emphasized its importance
(Govindan et al.,2017)

Recent years have been characterized by a rapid enrichment of these mathematical model
solutions. Rich models now handle multiple levels in the logistics network, multiple
periods, products, technologies, transportation modes and typéascitifies. They
integrate capacity constraints, tactical decisions, and complex product flows. Thus,
Supply Chain Network Design (SCND) can be considered the meeting point of the
academic facility location problem and the réd SCND problem (Eskandpour et
al.,2015)
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The supply chain network under investigation entails suppliers, mobile and fixed
warehouses, distribution centres, and customers fraupply chain networklesign
perspective. Arealistic problem is considered in which facilities and routes between them
are subjectto disruptions and might become inaccessiblearfitdrenath of disasters. We
presentabobjective robusbptimisatiormodelthatis resilientto disaster scenarios. The
proposed model integrates strategic taadical decisionand aims to minimize the time

and cost of delivering products to customers after the occurrence of a disaster, while it
considers the possibility of multiple digstions in facilities and routes among them
(Diabat et al.,2019).

2.5.3 SC Network ReDesign (SCNRD)

SCNRD is concerned with any refinement in the existing SC network configuration. As
stated above while GFA perfosto find the optimal locations from sxtch BFA is
performed to restructure or expand the existing network configuration (Closing or
openinganew DC, Mergers & Acquisitions may lead to ojregane centralised facility

ratherthantwo). So that @connection and comiphent by BFA over SCNRD

The existing SCN has several operational factories, existing DCs and markets. Employing
a product launch plan, some new products are projected to be sold in some new expected
and existing markets. As a result, a new SCN structure with some new Dgslied.

The SCNredesigrmodel enaldsus to quantify and use the risk of uncertain demand and
price inthe markets simultaneously. The categorised and detailed parts of total cost and

revenue can improve financial analysis for SC managers (Jahani et al.,2018)

2.5.4 SC NetworkOptimisation (NO)

Accordingto (Shapiro, 2004, p. 4) Supply chain netwapkimisationrefers to models
supporting strategic and tactical planning across the geographically dispersed network of
IDFLOLWLHYVY RSHUDWHG E\ WKH FRPSDQ\ DQG WKRVH IL

and customers (Tognetti et al.,2015)

For most nodenterprises ofhecontainer supply chain, such as inland yards, container

terminals and shipping lines, two major and very interdependent issues must be
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simultaneously addressed. The first issue is delivering containers with very short lead
times at a customeaacceptable cost. The second issue is sharing effebtgrequality,

and timely information. The most pursued objectiviagcontainer supply chanetwork
optimisationmodel is the minimization of total supply chain service cost, which consists
of four parts: (1) total shortage cost, (2) total transportation cost, (3) total handling cost,
(4) total storage cost and (5) total overstock cost (Hangu& Chang, 2015).

The scientific and technical objectives of ONBp{imisation methodology for
Networked Enterprises) requestthe developmentof a fully validated decision support tool
forthe assessmernlesign andoptimisationof enterprise networksoncerninggconomic,
social, and environmental criteria. The tool focuses on decismaking at the
strategic/tactical level. It allows a holistic approach with a continuous Vigiaeovhole
network, realizes the coupling of simulation aog@timisation and supports the
consideration of social and environmental impacts coming along with certain network
configurations as well as the explicit management of uncertainty and risk (Ding et
al.,2004).

The essence of effective supply chain network operation islé-abjectiveoptimisation
process under the constraints of internal and external factors. These objectives include
speed, flexibility, quality, cost, service, and other indicators accorditbdactual
situation. Because diedifferent natures of sygy chain networks, the target selection

and the weight setting will be very different, which is closely related to the caj@nal

ways, decision structure, and decisimaking model of supply chain networks (Fu &
Chen, 2017).

An optimisationmodel is developed for a supply chain network with the main objective

to minimize the total cost of the network and pollutants emisdmithe environment.
Minimizing the number of production facilities to satisfy a total customer demand
minimizes the total cost. It is observed that a route with more hurdles decreases the
responsiveness and results in a tedious delivery of paper reels to the demand points. Itis
always preferred to select a route with no such hurdlesiaedimum traffic faabr value.
Retailers are assigned to production facilities based on the production rates of the
facilities. A single facility may or may not satisfy all the retailers even if itis closer to the

retailers than other facilities (Razaullah et al.,2017).
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Closa-loop supply chain (CLSC) is a new concept and practice, which combines both
traditional forward supply chain and reverse logistics to simultaneously maximize the
utilization of resourceand minimize the generation of waste. In this paper, a stochastic
CLSC networkoptimisationproblem with capacity flexibility is investigated. The
proposedptimisationmodelcanappropriately handle the uncertainties from different
sources, and the network configuration and decisions are adjusted by the capaciy

flexibility under different scenarios (Yu, Solvang, & Sun, 2019).

2.5.5 SC InventoryOptimisation (10)

Inventory management is known to be an important asgesttpply chain model$he
methodologies used in inventory optimisationintend to reduce the dbssofpply chain
by controllingthe inventory ithedesired manner so thatthe membetkesupply chain
will not be affected by abundance or shortage of s{bfittal et al.,2018)

According to Daniel & Rajendran(2005) the way optimisation and simulation
complement each other in base stagitimisationprovides good insightsinto the
application of IOOne of the important aspects of supply chain managementis inventory
management because the cost of inventories in a supply chain accounts for about 30% of
the value of the product. A genetic algorithm (GA) is proposed to optimize thestoake
levelsto minimizethe sum of holding and shortage costs in the entire suppig.cha

Simulation is used to evaluate the baseck levels generated by the GA

As explained byFarasyn et al.(2011)overthe past 10 years, Procter & Gamble has
leveraged its crosBunctional organizational structure with operations research to reduce
its inventory investment. Savings were achievedin adtep process. First, spreadsheet
based inventory models locally optimized each stage in the supply chain. Because these
were the firstinventory tools installed, they achieved significant savingssaalolished

3 *fV VFLHQWLILF LQYHQWRU\ SUDFWLFHV B6HFRQG
implemented multechelon inventorpptimisatiorsoftware to minimize inventory costs

across the entb-end supply chain

According toSaad & Bahador{(2016), the wse of concept fractal over these GZhd
how that helps in determimg the optimum cycle stock for eadéwvel fractal is well

explainedThe proposed framework consists of two levels: top and belgesi fractals.
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Fractals in the bottom level analyse demand, optimise safety stock, and recommend an
inventory policy. Then transmit output to ttog-levelfractal to investigate the effect of
differentreplenishmentfrequencies to determine the optimum cycle sto@ctofractal

atthe bottom level by integrating the inventory holding costs and transportation costs to

minimise the logistics cost

As Jeavons et al(2017) due to thehuge amounof workingcapital reld by stock in

19 6 K Hi© Ot§rfilisciplinary projecteam has produced a tool, based on advanced
analytical methods, that helps assets optimise stock levels and purchase strategies. This
approach reduces the risk of deferment due to stock outs and prevents excessive stock
carrying costs. It also supports-time execution of maintenance schedules and so helps

to maximise asset uptime

Again, another example haserngiven byXue etal.(2019)of howOST habeen applied

to inventoryoptimisationof perishable goods which &very crucial product category

with time dueto its nature of deteriorationThe taste and freshness of perishable foods
decrease dramatically with time. Effective inventory management reqaimes
XQGHUVWDQGLQJ RI PDUNHW GHPDQG DV ZHOO DV EDC
with SURGXFWVY VKHOI OLIH ([SHULPHQWDO UHVXOWYV
combining discrete event simulation and particle swarm optimisation is effective for

inventory management of highly perishable foods with variab#omedemand.

Brunaud et aJ.(2019 have explained how simulation comgmhents thegiven results by
optimisation byprovidinggoodintuitionsto selectthe bestinventory polidy minimize
cost,optimisationmodels are used to prescribe optimal stock plans. The computational
efficiency of models including the (s,S) or the (r,Q) polisgimilar. As expected, the
simulation results favour the (r,Q) policy because continuously reviewing the inventory

allowsreactingfaster againslemand increases

2.5.6 SC TransportOptimisation (TO)

Generally, optimisation methods are more and more frequently utilised to manage logistic
chains because their results bring proposals to improve business processes. Advantages
of optimisation methods include the reduction of costs of transport charges, storage, or

production processes. Besideseconomic merit of the optimisation procgésere also
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increases the efficiency of time needed for logistic operations executionimtad the
optimisation is focused on more effective utilisation of transport means, technologies, and
KXPDQ UHVRXUFHV 3HpHQé HW DO

WV ZHOO HPYRHK R \Zhdrd&@O0ES)why its significantis to study how
transportation costs can be optimdkzn logistics enterprises. The transportation costs of
logistics enterprises are influenced by the fixed costs and variable costs involved in the
transportation process. However, transportation costs are more closely related to time
window constraints, WLFK DUH JRYHUQHG E\ FXVWRPHUVY
enterprises must pay penalties when twirdow constraints are violated, and this causes

increases in transportation cose Figure 2.3).

Minimize the transportation cost

| Objectives |
: Minimize the fleet size.
Transport Every route starts and ends at the
Optimization | central depot
(Cost Model) e ‘
|Every customer node is visited only
once by one vehicle
\ Constraints | Capacity constraint

IMaximum travel time constraint

\Define the time windows

Figure 2.23: TransporOptimisationCost Model: Objectives and Constraints

Source: Yan & Zhang,(2015)

ICT changes, leading to more effectivelabbrative capabilities are providing increased
possibilities for companies to work moréosely together to reduce logistics costs,
eliminate inefficiencies and deliver service excellence, within a more robust business
model framework. Reducing miles where vehicles are Niglviaded or empty, slicker
turn-around times, and optimising the ptang of the fleet are all critical if hauliers are

to improve deployment and make the most of their assets. This will also contribute to

more sustainable distribution (Doukidis et al., 2007)
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Zhang, Janic, & Tavassz{2015)preseneda freight transpomptimisationmodel that
simultaneously incorporates multimodal infrastructure, -babed service network
structures, and the various design objectives of multiple actors. Consequently, multiple
transport modes are available, thus requiring that the choice of moderaridal be
considered when solving routing problem(s). While evaluating different transport
options, the potential cost efficiencies realized by better utilization of capacities of
corridors, terminals, fleets, and vehicles need to be considered. Pdicages
combining multiple types of policies show better network performance as compared with

the optimal performance resulting from a single policy type

Container multimodal transport is a form of combined transport organization aimed to

optimise the oerall cargo transport. The optimal organization of various transport modes

in acontainer multimodal transport system directly concern the tost,and quality of

the cargo transporf.o describe the optimal orgaation problem, anptimisationmodel

based on dynamic programming is presented and is satisfied with reality constraints.
Then, a dynamic programming algorithm is proposed to obtain the optimal combination

strategy of transport modes (Hao & Yue, 2016).

However, for creating angptimisationmodels, the input variables are important: the

means of transport available (their capacity, performance, fuel consumption) and the

transport options realizable. For transpmptimisation the following criteria have been

selected: time consumption per 1 m8st per 1 m3 and fuel consumption per 1 vilBen

choosing the optimal alternative, othagstimisationfactors can play a part, such as the

guality of the work carried out and the damage causederninghe service parameter
*HMGR&a HW DO

2.5.7SCSimulation & What -If -Analysis

Among the technigues supporting a miécisional context, as a supply chain (SC) is,
simulation can undoubtedly play an important role, above all for its main property to
provide whatif analysis and to evaluate quidatively benefits and issues deriving from
operating in a caperative environment rather than playing a pure transaction role with

the upstream/downstream ti¢ierzi & Cavalieri, 2004)
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According to the explanation given Bersson & Olhager(2002)over evaluaing
alternative supply chain desigesncerningquality, leadtimes, and costsimulation
provides much better insights due to the relationshgweenthese two parameters
difficult to solve by analytical methodsTheir second objective increase the
understanding of the interrelationships among these and other parameters, tetagant
design and operations of a supply chalio. capture these relationships, we use a
simulation model, since the interrelationships among paemmate difficult to model

analytically in a mathematical model.

According toPetrovic,(2001)simulation is chosen because SC performance measures,
such as SC fill rate and total cost, cannot be obtained analytically due to the presence of
various source®f uncertainty and the complexity of the relations describing SC

processes.

Simulation is the best tool to address the problems which required detailed dynamic
statistics over any supply chain behaviour which can be solved by optimisation. When
the analgis is required to bring variability, randomness, and dynamic interactions

between the elements of the supply chain Simulation is ideal in such.

For instanceif the analyst needs to see any specific time series stats over the business
process logic simatkion provides such in detail: on a particular day, the orders in
progress, capacities of the facilities, in transit flows, inventory carrying cost, etc. So,
these stats provide good intuitions to fiume the network level polies as in
manufacturingsourcing, transportation, inventory, transportation and capacitibs in

fleet, assets, etc. Then constructing a set of scenarios with different parameters that
provide a better platform for a whiitanalysis ultimately which helps to conclude the

decsions with a robust sensitivity analysis over alternatives.

There are lots of drawbacks experiethbg the supply chain plannerstimereal business
context. The real challenge they face may be the tools that they are gearedd math
support analysisip to their expectationgpr instancethe systems they use may not
support the multiple simulation scenarios testing ascheavyandtime-consuming.
Therefore, the simulationtools provide the ability to construct multiple scenarios instantly
andperform the analysis of any changesg Figure 24) in demandsupply, sourcing,
production throughput, produutix, distribution, transport mode aseix, disruptions,

risks etc. associated to you supply chain are very attractive and substantiad$didre r

for the future uncertainty.
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* Which customers get
effected?

= New profit margins?

* Variations in Inventory
levels?

Change a
key supplier

* What will be the service
fullfillment rate?

Obtaining a * Variations in Inventory
new market levels?
* Which DC will serve
them?

+ What are the alternative

Disruption transport mode?
on road * Transport cost
transport differences?

» Changes to the leadtime?

Figure 2.24: Power of simulation over whiftanalyseshallengesn SCM

2.6 Successful application of OST

The first subsection is placed togsent a selection of real cagadies covering divess
supply chain sectors, which showcase loptimisatiorand simulation have been applied
successfully in specific problesolving in business processes. The second subsection
presentsa few reviews of research which showcase thedrehbusinesses trying to
embed these tools rather in a broader picture into their SCs and trying to reap the full
potential of these tools but the research work which has been carried out on this so far is
very limited. The following structures¢e Figure2.25) provides a breakdown of

applicationOSTin terms of specific problems
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Succesful application of OST

|
I ]

Embedding OST (Frameworks and

In Specific Poblems (Real Case Studies) Approaches)

. _ Embedding Simulation tools in
m Supplier Selection business process finetuning

Simulation-Optimisation approach
Inventory fEd“”da”W a".'d —| for Cold supply chain design and
transportation restructuring reduce carbon footprint

Plants and Distribution Centres Embedding simulation into

consolidation healthcare
Facility optimal location and __|SC Real-Time-Data combined with
distribution network Simulation and Optimisation

Optimisation Framework for
Transportation and Vehicle - Improving Supply Chain

Routing Performance

Application of Simulation-

Product Allocation, Inventory —{ Optimisation in last-mile delivery
Level and On Time Delivery of courier service

Inventory replenishment and __|A decision-support system that for

B holding cost SC Risk Analytics

|| Design Reverse Supply Chain and
minimize disruption ripple effect

Transport fleet mix, cost, and
emission optimization

Figure 2.25: Breakdown of Successful application of OST in S&dih specific
problems



2.6.1 Realcasestudies

2.6.2.1 SupplieBelection

Article /source: (Ding, Benyoucef, & Xie, 2005)
Industry: Textile

Case study description:A multi-national textile supply chain, which consists of several
suppliers. A part of the supply chain, boots distribution by the textile company located in
Europe is considered. Suppliesse located in the Far East,Asia, and Europe.

Manufacturing is owourced hence there is no plant.

Problem and motivation of application OST: Supplier portfoliooptimisationdue to
first,thecurrentordetto-delivery leadtime is relatively long because ofthe long distance
between the Far East and Europe, using sessport as th@rincipalcarrier. Second,

demand for the products has a high seasonality and stockout frequently happens.

Case objectivesRedesign the supply chain by selecting the appropriate supplier(s) and
transportation modes (While considering thestc@f purchasing, Transportation,
inventory, and penalties for missed orders)

Tools/methods used:Genetic Algorithm(GA) optimizer for supplier selection decisions,
a discreteevent simulator (DES) for operational performance evaluation and a supply

chainmodelling framework.

Results obtained:From a set of potential suppliers and combinations of transportation
modes one supplier is selected with two transportation mode combinafiomgeming
the order assignmentratio, around 73.7% f order quantityp{tjger part) is transported

via sea to Europe, while a small part is transported by plane.
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2.6.2.2 Inventory redundancy and transportation restructuring

Article /source: (Carvalho et al.,2012)
Industry: Automotive

Case study description:The Automaker plants in Portugal and is responsible for the
production of four different models of vehiglewith an installed capacity for over
180,000 vehicles per year. All vehicles produced are customized according to the end
FXVWRPHUYV UH €lxXdodyttHddiQmiexior {@n) iAstrument panel, and engne
characteristics. The automaker manages its operations in a virtual zero stocks
environment, and with a highly customized, demanding production environment. To
obtain highquality components and axerials, with low cost and high reliability in

deliveries, the automaker developed ldagn relationships with about 670 suppliers.

Problem and motivation of application OST: The disturbance affects the transport of
a material between two SC entitiesysang a flow interruption for some days. Assess the
suitability of strategies to improve SC resilience to overcome the negative effects of

disturbance.

Case objectivesDecisionmaking on keeping redundancystock (buffer stock) and
flexibility in restructuring the existing transport in case of any disturbance occurs (While

minimising Leadtime and total cost)
Tools/methods used:Arena simulation software and Microsoft Excel

Results obtained:Both strategies are effective in reducing the negative eftédie
disturbance on SC performancdieltansportation flexibility strategy makes the supply

chain more resilient to disturbance compareithéonventory redundancy strategy.
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2.6.2.3 Plants and Distribution Centres consolidation

Article /source: (Saif & Elhedhli, 2016)
Industry: Processed Meat

Case study description MLF is the largest producer of prepared meats in Canada with
revenues of over $3 billion in 2014. Demand origastom the provincef 2QWDULR TV
20 largest cities. Two plangroduce 4 product varieties. Products ship from plants to
'&V WR UHW D L Geefér Yortgners ind gmaller trucks (conventional or electric).

Problem and motivation of application OST: Strong commitment towards

sustainability as demonstrated bg/énvironmental sustainability program that has GHG

emissions reduction as one of its pillars

Case objectivesRestructure its supply chain that involves the consolidation of plants
and distribution centres (DCs), aiming to achieve significant savingsifiynizing the
total cost- including capacity, transportation, and inventory costend the global

warming impact.

Tools/methods used:Simulationoptimisationalgorithm and simulation (Cplex and
Matlab)

Results obtained:Fewer DCS kept open and assignodeby retailers to open DCo

utilize electric trucks for shipping. The contribution of the transportation component to

the total cost decreases slightly as the environmental objective weight is increased, which
can be attributed to the increased usthefless polluting, yet more expensive, electric
trucks. The gross storage area of the DCs decreases as fewer DCs are opened due to the
well-known risk pooling effect. The primary traaéf, in this caseis between capacity

and transportation cost, whesghe inventory costis comparatively insignificant because

of the lowcost nature of the products.
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2.6.2.4 Facility optimal location and distribution network

Article /source: (Sobottka et al.,2017)
Industry: Food Manufacturing

Case studydescription: A food manufacturer in Europe, the production network consists
mainly of the production facility itself, multiple suppliers in Europe and multiple
customers, which are supermarket chains in Europe. The transports are conducted with
trucks- the deliveries to the production facility are executed by the suppliers and the

finished goods are shipped to the customers by the producer.

Problem and motivation of application OST:Planning of a new factory with increased

production capacity to suppohe expected growth in the company's business.

Case objectivesOptimising the logistics network (one out of three objectivesifthe

entire case study is considered) The key indicators are: costs (costs of production,
logistics costs quality costs), neivk indicators (leadime, delivery service level),
production site indicators (site performance, infrastructure) and sustainability indicators
(CO2Emissions, usage of renewable energy). These indicators were built into the

simulation modeto provide detsion support.

Tools/methods used: AnyLogic software (inbuilt Geographic Information Systems

[GIS] is used for realistic routes and transports for every truck)

Results obtained:Scenario Atwo specialized production sitemdscenario B with a
single, lager production site. In both scenarios the suppéed customer network is
identical. Within these basic scenaridgferent locations for the production site(s) were
also evaluated. The results indicate that scenario B with centralized productieveachi
higher overall performance, according to the key indicators. The most important
difference is the 1 million kilometres shorter (20% reduced) annual accumulated transport
distance, with an associated reduction of @@f#issions by 13%, all within a sirated

time of two years while simultaneously informing the search for an optimized factory
location. The reduction is mainly due to the eliminated transport between the production
sites and the changaestransport lengths between the production plansufspliers, and

customers.
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2.6.2.5Transportation and Vehicle Routing

Article /source: (Mejjaouli & Babiceanu, 2018)
Industry: Perishable Food

Case study description:$ ILUP EX\V IUHVK SURGXFH VWUDZEHUU
SRLOQWV’ ™ LQ & Bhpsihe prepude td@allas, TX and Atlanta, GA to be sold in
STHUPLQDO ODUNHWY =~ 7KH ILUP PDNHV WKUHH IX0OO
Dallas and one shipment to Atlanta every weldchnologies such as Radio Frequency
Identification (RFID) andWireless Sensor Networks (WSN) are positioned to fzave

significant impact on the way cold supply chains are operated.

Problem and motivation of application OST: Taking decisions based on strict
monitoring, evaluating of actual transportation conditiomsation of shipped products
against requirements, initiedute,and terminal market geographical location.

Case objectivesTo optimize the overall cost by investigating the impact of stopipéng

transportation of presumed spoiled produce and of rerouting produce shipments at

simulated checkpoints.

Tools/methods used:IBM CPLEX optimisationfor testing theoptimisationmodels
using actual logistics data (full truckload, shipping points, end markets, distance, $/mile

for transportation, harvest periods, weekly demand)

Results obtained: Employing the stopping and rerouting transportation models, for a
spoilage probability ranginffom 1% to 10%, the corresponding savings opportunity
ranges from $30,850 to $296,035. An amountof $151,699 could be saved when a spoilage

probability of 5% is used as input for the proposed models.
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2.6.2.6 Product Allocation, Inventory Level a@a-Time Delivery

Article /source: (GonzalezReséndiz et al.,2018)
Industry: Consumer Electronics Manufacturer

Case study description:A television manufacturing company in Mexico relies on two
service providers to execute the logistics process in MexigdHiOl 7KH FRPSD!
strategy is to allocate up to 30% of production to the logistics provider located in Tijuana
for the distribution of FG to the retail customer located in Culiacan, Mexico; so, the
remaining 70% is shipped to a distribution centre lo¢at¢he city of Mexico to perform

the FG distribution from that point to their other customers located in Guadalajara,
Monterrey, Mexico City and Veracruz.

Problem and motivation of application OST: Define an optimal distribution cost for
products shippd to wholesale customers located in different cities in Mexico from a
manufacturing plant in Tijuana, Mexico while maximising the performance in Product
Allocation (PA) for each distribution centre, finished good Inventory Level (IL) and On
Time Deliveries (OTD).

Case objectives: Minimizing Total Logistics Cost = Inventory Carrying Cost +
Response Time Cost + Lost Sales Cost (Min TLC = ICC + RTC + LSC). Simultaneously
analyse the effect of the logistics cost improvement in case of increase the product

allocation % in distribution centres.
Tools/methods usedArena simulation andptimisation

Results obtained:Results describe thatas much as the productallocation is increased for
the DC located in Tijuana, the logistic costis impropedlportionally and can achieve a
total logistics cost improvement of 5%, 10% and 15%. Also, distribution activity can be

managed with fewer inventories without affecting customer delivery performance.
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2.6.2.7 Inventory replenishment and holding cost

Article /source:(Avci & Selim, 2018)
Industry: Automotive Manufacturing

Case study description:A multi-national automotive supply chain system which consists of two
suppliers, a manufacturer, and a customer. The manufacturer is a leading global automotive
supplier. It receives materials from its suppliers located in Europe and assembles thein to obta
a semifinished product demanded by automobile manufactuflesmanufacturer hassafety

stock level of 3.5 days for each material. Currerttigguantity flexibility limit of the suppliers

for each material is 50%. Supplier delivery loss and detkg are modelled by using past order
data. This study aims to solvethe Inventory Replenishment Problem with Premium freights
(IRPPF) in convergent supply chains by considering both holding cost and supply chain risk.

Problem and motivation of application OST: In case of a stockut or delay risk, last
minute emergency shipments called premium freight (PF) are requested. PF is a fast
transportation service alternative offered by logistic service providers in case of an urgent
delivery requirement. As PRare generally transferred by airlines, they incur very high
costsin a shorttime frame. Additionally, they cause bullwhip effects that adversely affect
supply chain stability. To avoid from PFs s to hold extra safety stocks incur high material

holding cast and keeping flexible suppliers are expensive.

Case objectives:DetermineDemand forecast adjustment factor, safety stock, and
supplier flexibility parameters that minimize total holding cost, inbound PF ratio and

outbound PF ratio simultaneously.

Tools/methods used: multi-objective simulationbased optimisation approach

convergent

Results obtained: Total holding cost and inbound PF ratio of the supply chain can be
UHGXFHG WR % DQG UHVSHFWLYHO\is+RZHY

reduwed to zerothetotal holding cost surges

66



2.6.2.8 Disruption impact and recovery policies

Article /source: (lvanov, 2019)
Industry: Non-perishable products production

Case study description:SC considered comprises four production plants d
regional distribution centres (DCs). In each of the four regions, there is a market, a plant,
and a regional DC for a single aggregated product. The former SC manager of the
company decided to close the production plant in Region #1 because of asgenre
demand in this region artdgh fixed costsA couple of months after the plant closu

the DC in this region crashed due to construction quality problems. A huge amount of
juice inventory was destroyed, and the disruption propagated into the markets. The new

SC manager of this company is now responsible for reacting to this disrupdine ev

Problem and motivation of application OST: The Impact oftime-to-recovery and
reconstruction of the DC will take about four months. The ripple effect deals with time
dependent settings which include dynamic inventory control, transportation control,

sourcing control and production control policies

Case objectivesExecution of shorterm and mieterm recovery policy to overcome the
negative effects of disruption and ripple effesthe SC.

Tools/methods used:AnyLogistix / The simulations run overehoptimisation results
and include additional, timdependant inventory, production, transportation, and
sourcing control policies which are difficult to implement at the network optimisation

level.

Results obtained Compared SC performance in the disfopifree mode and the
disrupted SC with and without contingency plans. Also analysed the impact of demand
variability on SC performance in terms of profits, service levels, and lead time. Delayed
and backlogged orders occur when there is no contingenteecpolicy in place and
when there is such a policy in place, but disruption tails still appear in thelisagption
period. The revival policy helps to improve service levels and reduce the impacts of the

disruption tail in terms of delayed and baclded ordersin the pesécovery period.
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2.6.2.9 Desigm Reverse Supply Chain and minimithedisruption ripple effect

Article /source: (Ozcelik et al.,2020)
Industry: Recycling household appliances

Case study descriptionA company disassembling household appliances and recycling
activities the company are limited to the northern region of Turkey. There are 18 primary,
four secondary collection centres, and two recycling centres. Over the last decades, itis
observed thatallection /city centres are highly affected by the ripple effect caused by
heavy rainfall. With the strict legislation in Turkey regarding the recycling of WEEE
(Waste Electrical and Electronic Equipment), the companiestdesign their network
across te countrylststage: Products are collected in 18 possible primary collection
centres, then™ Stage: transported to four different secondary collection centres and
finally products are recovered in two different recycling centres. There are 200 availabl

workers in the pool to be assigned to the operations.

Problem and motivation of application OST: Investigate the changes in the price of
robustness (PRjoncerning uncertainty parameters, while minimising the impact of the
ripple effect of due to lonterm disruption andheavy rainfall in the potential landslide

site.
Case objectivesDesign theReverse Supply Chain (RSC)
Tools / methods usedGAMS®/CPLEX optimisation

Results obtained:Based on the results, whilst the computationally tractable robust
solutions are obtained; the price of robustness is higher than expected to protect the
constraints against violation when the probability of constraint violation equals 0.01.
Besides, it is quite interesting that thed &age (Transport from 18 primary caiten
locatiorsto 4 secondary Locations) of the RSC network is more affected by the ripple

effect compared to the first stage in terms of the number of workers and vehicles.

68



2.6.2.10 Transport fleet mix, cost, and emissiptimisation

Article /source: (Ravichandran et al.,2020)
Industry: Diary

Case study description:Thesupply chain of the company can be explained as; the milk

is collected from various farmers séveral villages and stored in the respective nearby
bulk milk coolers (BMC). It is then transported to processing plants, (PP) wherein the
milk is processed such as pasteurization and packing executed. From the processing
plants, it is distributed to vayus distributors (D) associated with the supply chain and
then traded with several retailers (R) to reach the customers (C) for dade. T
transportation cost of lighkduty vehicles is low, their minimal capacity will lead to more
round trips, which will reultin more COZmissions and fuel castOn the contranfpr
medium and large vehicles, the unloaded mass and fixed transportatisareastch

higher, butthere will be a significantreduction in the travel route which mainly influences

the overall ost and COZmissions

Problem and motivation of application OST: Demonstrate the optimality of the type
of truck that needs to be utilized while transporting the milk keepinginto mind sustainable

factors such as environmental and social factors.
Case obgctives:Minimize the number of vehicles from the supplier to the end customer.
Tools/methods used:Software Arena®ased optimisation and simulation models

Results obtained:Optimized heterogeneous fleet supply chain model is more suitable,
as it is moreeconomically viable and environmentally friendly. The proposed simulation
model can aid in the process of decisimaking on problems related to logistics and
supply chaisin similar dairy units. Multiple scenarios with varyipgrcenages of trucks

to find the optimum number without losing any customers in the process were simulated.
After performing the cost analysis and comparing the results, a difference of INR

33,962.656 (cost savings) was computed.
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Application

S.N. Source Industry . Objective
Domain
Redesign the supply chain by
selecting the appropriate
(Ding, Suoplier supplier(s) and transportation
1 | Benyoucef, & | Textile Selloelition modes (While considering the co
Xie, 2005) of purchasing, Transportation,
inventory, and penalties for
missed orders).
Decisioamaking on keeping
Inventory redundancy in stock (buffer stock
redundancy | and flexibility in restructuring the
(Carvalho et . - .
2 al.,2012) Automotive and existing transport in case of any
v transportation | disturbance occurs (While
restructuring | minimising Leadtime and total
COst).
Restructure its supply chain that
involves the consolidation of
plants and distribution centres
. Plants and . :
(Saif & T (DCs), aiming to achieve
. Meat Distribution o . S
3 | Elhedhli, , significant savings by minimizing
Processing Centres . . .
2016) . the total cost including capacity,
consolidation ) .
transportation, and inventory
costs- and the global warming
impact.
Optimising the logistics to achiey,
the key indicators: costs (costs o
Facility production, logistics costs quality
optimal costs), network (leatime,
4 (Sobottka et | Food .| location and | delivery service level), productior]
al.,2017) Manufacturing| . . . . . .
distribution site (site performance,
network infrastructure) and sustainability
(CO2 Emissions, usage of
renewable energy).
To optimize the overall cost by
(Mejjaouli & : Transportation |nvest_|gat|ng the |mpac'F of
: Perishable : stoppingthe transportation of
5 | Babiceanu, and Vehicle X
Food ) presumed spoiled produce and g
2018) Routing . )
rerouting produce shipments at
simulated checkpoints.
Total Logistics Cost = Inventory
: . )
Product Carrying Cost Response_ Time
. : Cost + Lost Sales Cost (Min TLG
(Gonzalez Consumer Allocation, )
- . ICC +RTC + LSC). Simultaneou
6 | Reséndizet | Electronics Inventory analvse the effect of the logistics
al.,2018) Manufacturer | Level and On Y ) 9
) : cost improvement ircase of
Time Delivery | . :
increase the product allocation ¢
in distribution centres.
Inventory Determine Demand forecast
7 (Avci & Selim,| Automotive replenishment | adjustment factor, safety stock,
2018) Manufacturing| and holding and supplier flexibility parameter
cost that minimize total holding cost,
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inbound PF ratio and outbound H
ratio simultaneously

Disruption Non Execution of shorterm and mid

8 | (vanov, 2019 impact and perishable term recovery policy to OVercome
recovery products the negative effects of disruption
policies production and ripple effecobn the SC

Designthe Reverse Supply Chai
(RSC) by Investigating the chand

ge&gn in the price of robustness (PR)
" everse Recycling concerning uncertainty
9 (Ozgelk et Supply_ (_:h_aun household parameters, whileninimising the
al.,2020) and minimize . ) .
. : appliances impact of the ripple effect due to
the disruption . :
ripple effect Iong—ter_m dlsruptlonzand hea\(y
rainfall in the potential landslide
site.
. Transp_ort Minimize the number of vehicles
10 (Ravichandrar fleet mix, cost, Diar from the supplier to the end
et al.,2020) and emission y upp
customer

optimisation

Table 2.4: A summary of reatasessuccessful application @ST

2.6 .2 Reviewof exiting frameworks try injecting OST in SCM

2.6.3.1 Embedding Simulation tools in business process finetuning

The framework consists of five progressive stages: Foundation, Introduction,
Infrastructure, Deployment, and Embeddisgd Figure 26) Each stage of the proposed
framework hasits inputal output elements. Inputelements representbest practices; each
VWDJH LV GLYLGHG LQWR WKUHH GLIITHUHQW GLPHQV
HRUJDQLVDWLRQDOY 8QGHU HDFK GLPHQVLRQ WKHUF
achieve each béepractice. Output elements represent the main objectives and outcomes

which are interrelated with each of the following stages (Hughes & Perera, 2009).
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Input elements Five Key Stages Output elemenis

People Dimension
Organisational Dimension
Technological Dimension

People selected
Stage 1: Foundation Support

Software selected

|
L J "
. . Expectations
Peaple Dimension Stage 2: Introduction Awareness
Organisational Dimension Commitment
Pilot project
|
v
Organisational Dimension * Stage 3: Infrastructure Software implemented
Technological Dimension Simulation budget
J
L J §
" . People trained
People Dimension :I Stage 4: Deployment Model delivered on time
Organisational Dimension Integrating with business
strategy
|
L J

Peaple Dimension Knowledge management
Organisational Dimension : Stage 5: Embedding People trained

Technological Dimension Standardisation

Figure 2.26: Key stages in embedding simulation into business processes

Source: (Hughes & Perera, 2009)

2.6.3.2 SimulatiorOptimisation approach for Cold supply chain design and iegtne

carbon footprint

The solution approach combines the efficiencgptimisatiormethods with the accuracy

of simulation methodslhe modelvasdeveloped for designing cold supply chains with
environmental considerations and proposed a novel approach to solve it efficiently. The
managerial insights drawn from these reseitable the decisiemakers to identify and

target the primary cost and emissions drivers in their supply chain networks. Also,
through these tests, the proposed approach is shown to be versatile and can be tailored to
suit many realife situations includig different demand patterns, inventory policies,
transportation modes, and operational constré8ag & Elhedhli, 2016)

2.6.3.3 Embedding simulation into healthcare

The main goal of the proposed SIMT (Simulation Thinking) implementation framework
is to provide a practical and holistic framework that can enable health care managers and

practitioners to understand how Simulation and modelling (S&M) can be successfully
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embedded in their organisatiorse¢ Figure 27 7KH DXWKRUYfV DS URD FK
the implementation framework is to integrate the identified five SIMT components, the
major activities, tools, and strategies for achieving each component and the best practices
of the appropriate simulation methodologies within the framework (Hughe8).201

ST fompon&nis Local management level Wational management Tevel ’

p Infrasiruciure
- Identify simudation leader
| - Develop leamwaork ]
| - Understand knawledge capabiity Flanning stage for Planring slage for

| Management )
- Identily achievement plan Local management leve! National managemen level

= Secure lop management support
- Repoft process
T Culiural Change
- Eslabiish communication &
participation
- Pilat project
= Embed SIMT culture
HMethodology

- ldentify simulation methodol ] )
- Identity management nhpd;'g‘; Aclion sfage far Action stage for

- Visualise target problem Operational level Strategic level

= Identity simuation modelling cycle
“Wodeling
- Define patient pathway

- Define model companents

\ | - Define model data

- Infroduce best practices

PLANNING STGAE

-

-

ACTION STAGE

Operational Tevel T Sirategic level

Figure 2.27 SIMT frameworlksto embed simulation and modelling in healthcare

Source: (Hughes, 2010)

2.6.3.4 Optimisation Framework for Improving Supply Chain Performance

AccordingtoFarsi et al.(2020) despite the existence of a range of frameworks for supply
chain managementin the literature, there is a lack of comprehensive framework looking
at the service supply chain for bespoke service providers. To fill this research gap, an
optimisation frameworkor improving supply chain performance usthgDMAIC cycle

(i.e., Define, Measure, Analyse, Improve, and Control) is developed in this paper. This
framework is a stefpy-step procedure to define areas of possible improvement, aligned
with a set of tool&nd methods to act. Moreover, as part of the framework -depth

list of KPIs to evaluate the supply chain performasagentified Gee Figure 2.8).

73



Define the supply chain
element to improve

Measure the current
performance

!

Analyse the root causes
of the problem or issue

-

Improve the supply chain
by implementing solution

Control the
improvement made

:

I

I

I

Profile the problem or
issue

Tdentify the supply
chain KPIs

Methads to root-cause
analysis

Taals to find and test
the optimum solutions

Dacument the
improvement plan

|

|

l

l

Illustrate the goal &
scope

Feature the interlink
between the KPIs

Decide on optimum
solution & objectives

Implement the
potential solutions

Monitor the
improvement plan

Architcct the Evaluate the effects & Structure the Plan for the actions to Review the
conceptual model impacts optimisation statement be taken

e

improvement plan

Figure 2.28: Optimisation framework for supply chain performance inyament

Source(Farsi et al., 2020)

2.6.3.5 SC Realime-Data combined with Simulation and Optimisation

The term Supply Chain Digital Twin (SCDT) &xplained bylvanov et al.,(2019)a
digital SC twin can supportdecisianakingaboutthe physical 3@sed omlata. Ateach
pointintime, the digital twin mirrors the physical SC: the actual transportation, inventory,
demand, and capacity data and can be used for planning asidneabntrol decisions.

The combination of snulation,optimisation and data analytics constitutes a full stack of
technologies which can be used to craaeSC digital twin £a model that always
represents the state of the network in4teéak (see Figure 29) For example, if there is

a strike & an international logistics hub, this disruption can be spotted by a risk data
monitoring tool and transmitted to the simulation model as a disruptive event. Then,
simulation in the digital twin can help forecast possible disruption propagation and
guantfy its impact. In addition, simulation enables efficient testing of recovery policies
and the adaptation of contingency platfr example, alternative network topologies

and backup routes can be reconsideredheily .
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ERP Systems

]

Financia Simulation + Optimization
data Modeling Tool

2%

Notifications

Experimenting

Figure 2.29: SC Digital Twin & SimulatiorOptimisation

Source{lvanov et al.,2019)

2.6.3.6 Application of Simulatio®ptimisation in lasmile delivery of courier service

According to a detailed explanation given Berboli et al.,(2018)considering the
revenues based on the number of deliveries and the penalties in case of moenglfil
these problems impose pressure on the drivers of the traditional carrier company. On the
contrary, the reduction of the number of parcels that the traditional cadeliver,
combined with the optimisation of the routes and the reduction of vehicles on road, lead
to a less and more balanced workload and the improvement of the working conditions.
new simulationoptimisation framework is proposed for building instasand assasg
operational settings¢e Figure 20) (1) Data fusion and operational context description:
The first phase of the framework consists in describing both the problem studied and the
operational context, which may consider different typedata sources (city network
graph, vehicles and travel times, behavioural data, stemographical data and city
constraints (e.g. limited traffic zones, specific restrictions for certain vehicles etc.) and
problem objectives and constraint®) Scenam generation and simulation: Once both

the problem and the operational context are well defined, a broad set of scenarios is
generated by using a higavel scenario generatoB)(Optimisation: During this phase,

each scenario is solved using a dedicafimisation algorithm that we consider here as

a black box. Provided that the sohartputs the KPIs required into consideration, the

postoptimisation analysis is conductdd) Context modificationDuring this phase,
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some properties of the descriptiare modified, leading to a new operational context to

be analysed by reiterating through phases 2

Data fusion and Operational context description

|
|
| . o . 1
] . - Behavioral & | Context modification
i City network Vehicles &S socio- City constraints le——— a/b/c/d/e :
| 1
I
|
|

graph Travel Time demographical
data

BB 7 |

| Problem objectives and constraints

Figure 2.30: SimulationOptimisation Framework

Source(Perbolietal.,2018)

2.6.3.7 A decisiorsupport system that combines a simulatioptimisation and data

analytics for SC Risk Analytics

There isa goodexplanatiorwhichhas given byanov, Dolgui, & Sokolov(2019)about

the significance of having a soudpply ChairDedsion Support Systen5CDSS) in
business which can bEnabled over optimisation and simulatidine decisiorsupport
system for SC risk analytics aims at proactive, resilient SC design in anticipation of
disruptions and structurglarametrical adaptatiomithe case of disruptions. The
decisionsupport system is based on a concept that combines simulgtittmjsation

and data analytics. The Simulati@ptimisationpart of the system is intended to provide
proactive, resilient SGptimisatiorand simulatn of SC dynamic behaviour in the event

of possible disruptions or disruption scenarios. In addition, this supports reactive,
predictive simulation of disruption impacts on SC performance and of recovery policies
which are subsequently optimizedarpresciptive manner using an analytical model.
The data analytics part of the system is applied to disruption identificationitimeal
using process feedback data, e.g., from sensors and RFID. In addition, this #ims at
automated data input of disruptidata into the reactive simulation model for recovery

policy simulation andoptimisation Finally, data analytics is used asdatadriven
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learning system at the proactive stage, helping to generate adequate disruption scenarios

for resilient SC design amlanning(see Figure 31).

Data-driven disruption scenario generation and learning

SC execution
dynamics

Real-time disruption
identification

Proactive SC
optimization

1. Optimization 2. Simulation 3. Data Analytics

Observation of dynamic 5C
behavior; Inventory control
policy; Sourcing policy;
Production control; Shipment
policy (LTL/FTL); Ordering
ymtmmmmmmeban  eeshelaceaaa dynamics

1 '
Supply chain ' : Resilient
O contingency and | i supply chain
" recovery plan ! ! design

Aggregate capacities;
aggregate throughput
restrictions; costs; aggregate

demand

Figure 2.31: A decisionsupport system that combines a simulatmptimisation and
data analytics for SC Risk Analytics

Source{lvanov, Dolgui, & Sokolov, 2019)

However, beforanalysing the benefits of the enabling technologies, we believe that a
brief discussion about possible barriers to their adoption by companiesis needed (Giust
et al.,2019)

2.7 The barriers to reaping the full potential of (OST) in SCM

The combinatiorof simulation andptimisation essentially unheard of in practice a
decade ago, is much more accessible today, thanks in large part to the development of
commerciabptimisationsoftware designed for use with existing simulation packages.

Despite this grarth, untapped applications abound (Boesel et al.,2001)

Although the potential is significant, the joint research in applying simukation
optimisation in SC applications is small. We highlighted this gap by a quick search of
journal articles in the last dade hathe phrase 'simulation optimisationfor supply chain'
either in their title abstractsor keywords by a selection of the main active publishers in
the business, management, decision sciences, computer scemgiagering,and

mathematics. The number of papers published in applying simwagtmisation for

77



supply chain problems, from 2000 to 2009, is significantly less than those published in
simulationoptimisation in general or supply chain management in generakffsnead
& Arisha,2011)

The barriersvhich preventisingandreaping the full potential of (OST) in SChave
been captured under four maiategorie@sTechnologyProcess, People, and Détee
Figure 232).

Figure 2.32: Barriersto embeddindST in SCM

2.7.1.3 Barrier: Technology

While simulation models try to explain the relationships between input and output of
complex systems, they do not provide the capability of finding the optimum set of
decision variables in terms tifepredefined objective function(s). This is the purpise
optimisation models, which allow decision makers to find the best possible alternatives
while their impact on the system performance is evaluated using simulation models.
7KHUHIRUH LQWHJUDWLQJ VLPXODWLR QoptihiSatRS@AL P L \
into an SC framework provides decision makers with a comprehensive solution toolbox
(Abo-Hamad & Arisha,2011)

A lack of a single methodology in developing simulation optimisation models has resulted
in severabptimisation methods, which are resteid to specific problems. Once more
complex problems are considered, other optimisation methods should be developed.

Therefore, there is a need to develop a new method that can deal with specific features of

78



complex processes by using simulation models appliesto a wide range of such

processes (Napalkova & Merkuryeva,2012).

The integration of existing models in simulation and modelling is an issue of two levels
(1) Intermodal integration: The advances in integrating these models will have value in
savirg extra model building efforts; exchanging information between SC members; and
reducing overall execution tim(@) 0 R G Hegd&ky system integration: most developed

simulation models are independent and standalone (abilg&housa et al.,2014)

Discrete optimisationvia simulation techniques has recently been developed to
solvestochastioptimisationproblems with discrete decisioariables. The barriers that
hinder the wide application of this approach are the long computation time required for
simulation and the noise of performance evaluation using simulation under stochastic
conditions (Lin & Chen, 2015).

Both Optimisation andi®ulation models share similariti@s well asome differences.

The simulation model is preferred when the network structure of the logistics-is pre
defined. The optimisation model is more effective to determine the optimal network
structure. Since the a@l transports were determined by the simulation model, it allows
for thetracking of timedependent parameters. In optimisation modeliing difficult to

include the timedependent effects because they are based on the annual flows (Zhang et
al., 20%).

However, the models were limited in size and some instances had to be broken down
because of the limited version used. While this approach provided the company with a
low-costoption for planning and prediction compared to physical experimentatios, the
wereseverahssumptions made, which not only presented challenges for validation and
verification but also some level of doubt in management confidence to embrace the
technology (Nyemba & Mbohwa, 2017)

2.7.1.2 Barrier: Process

A complex supply chainetwork will dramatically increase the level of difficulty in the

model computation which may resultin extremely large processor times for calculating
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the optimal result so efficient and effective solution methods should also be developed

accordingly (Yy Solvang, & Li, 2014)

Undoubtedly, one ofthe major challenges to be overcome by practitioners and researchers
in the SCS field is the lack of research and methodologies that can facilitate and

streamline the process of performance of Supply Chain Siroal@liveira et al., 2016)

From the sample of papers selected from the literature on modelling technigues, we
observed that simulation is used by 14% of the papergh&stmulationoptimisation
approach is relatively scarcely used for solving Supigi@ Network Design (SCND)
under uncertainty problems (Salem & Haouari, 2017).

Supply chain structures are getting each time more complex and dynamic. Such
transformation requires decision support tools able to consider these characteristics.
While Industy 4.0 concepts bring technologies, which enable-tiesd data, decision
support tools must be designed to incorporate dynamic and realistic behaviour (Pires et
al.,2018)

The results showed a rising inter@stscholars on Supply Chain Risk Management

(SCRM). We identified a major gap in the lack of a systematic process to combine the

SCRM phases, Performance Measurement Systems (PMS) and Simulation and

Optimisation (S&0O) perspective and better represent the diversity, dynamic, and

complexity of SCs undeisk effects. The SCND and portfoligptimisatiorapproach was

the riskmitigation strategymost applied by the authors. The integration and

synchronization between simulatiohASWLPLVDWLRQ 6:2 EB@Eatids WLP L\
2:6 DUH LQWHUHVWLQ Jirg SCRkRceRHsHalatidhRhip maQidides

the benefits of these methoddi{@ira et al.,2019)

2.7.1.1 Barrier: People

A lack of knowledgeskills,and time for the development of simulation mod&lgcision
makers involved in the upstream decisimaking hierarchy seldom possess the time or
required skills to build models dnmust, in many cases, rely on consultant firms or
simulation experts, which would cause longer lead time and higher cost in a production

system development process (Pehrsson, 2013)
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Simulation and Modelling (S&M) requires users to be familiar with soféaad statistics
knowledge. However, most SC managers and analysts are nonexpert S&M users. Thus,
SM software should be easy to learn with an etasyse graphical user interface that
helps users in problem definition, design of computer experiments,aionlruns,
access ready information, and restidtsn theanalysis. Results should be presenteshin
understandable andinterpretable format with the ability to transfer these results to be used
in different reporting tool§AbuKhousa e#l.,2014)

Risks, uncertainties, disruptions, and the stochastic nature of SC elements make
Modelling & Simulation more challenging since SCshea dynamic and complex
behaviour. Thereforessome challenges weigentified suchas, there is need for experts
with in-depth knowledge of real SC; issues related to the coordination of efforts to model
and simulate, especially in cases that require the integration of models; applying

techniques that best fit the described problems(@tweira et al., 2016).

A further key barrier to more widespread adoption of modelling is the current lack of
capacity within health services. In addition, there needs to be a greater understanding
how and where modelling tools can support decisitaking if policymakers are to
bHFRPH pLQWHOOLJHQW FOLHQWVY DQG PRUH DZDUH R
(Pitt etal.,2016)

Due to practical challengeisq.,the inclusion of environmental and social aspects), many
of the SC decisions can only be addresssdgrobust nathematical approaches. A good
example of the above situation can be seen when supply chain planeepmuplic
planners and industrial practitioners) deal with facility location problemsyfothe most
difficult decisions of the SCND (Costa, DuargeSarache, 2017)

Implementing a simulation and optimisation system is not a trivial task. Highly qualified
personnelare required to configure those systems. We gathered the data manually for this
case study, but the process should be automated inttire flihe company needs to hire

a consultant, but we believe they also need to build some expertise internally (Wery et
al.,2018)

The lack of role identification is especially noticeable when it comes to the identification
of participants in the simulatioprojects. Therefore, imostcases, it can be assumed that

the projects are undertaken mainly by simulation experts. The lack of inclusion of
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FRPSDQLHVY FROOHFWLYH NQRZOHGJH LQ VLPXODWLI
continuous improvement projesc(Uriarte et al.,2020).

2.7.1.4 Barrier: Data

As highlighted byPerera & Liyanagg2000)the rapid development and deployment of
simulation models, however, are inhibited by factors such as inefficient data collection,
lengthy modetiocumentation, and poorly planned experimenta#ioserious limitation
amongthe above factors is inefficient data collectrtmor data availabilitwasthe major

cause othelong data collection timésee Figure 33).

Major reasons Rank
Poor data availability 1
High level model details 2
Difficulty in identifying available data sources 3
Complexity of the system under investigation 4
Lack of clear objectives 5
Limited facilities in simulation software to organise and manipulate input data 6
Wrong problem definitions 7
Ranking of the major pitfalls in input data collection

Figure 2.33: Ranking of the major pitfalls in input data collection

Source(Perera & Liyanage, 2000)

Producing credible simulation outputs within acceptaiblescaless a key
challenge.However, it appears that companies are failing to teafull benefits of this
powerful technology as the maintenance of simulation models has become very time
consuming, particularly due tbevast amounts of data to be handled (Skoogh, Perera,

& Johansson, 2012Vewant to emphasise the importance of collegaccurate data,
which has been a major challenge in this work. With the required data, the proposed
framework can be applied to a wide range of supply chains in the chemical and process
industry. Moreover, the model can be used as a basis for furttesrstons such as
multiperiod supply chainptimisationconsidering timedependentdemand and inventory

constraints (Zhang et al., 2014)
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Data collection is one of the most importantissues related to improving the efficacy of a
simulation model. A simulatin model is only as accurate as the data used to calibrate it.
Therefore, any difficulty in collecting reliable and complete data may lead to invalid
simulation results (Guo etal.,2016hedifferentapproachesand the lack of transparency
on the data sticture hamper the application of the simulation and optimisation models to
other types of supply chains than the one for which they have been developed and

constrain the exchange of the models among (BerMeyer et al.,2016).

In most current simulatioaptimisationapplications, by contrast, data sets are collected
over along period and then used to estimate probability distribution models from which
random variates are generated to drive the stochastic simulations. To reiterate, we argue
that computaonal efficiency and data requirements are the two fundamental limitations
that prevent simulatiooptimisationfrom being used in the control of complex stochastic
systems (Xu et al., 2016Jincesimulation model performance is based on the data used

in the model, it is important to gather reliable and valid data before using the proposed
approach. The mostimportant limitation of the presented approach is collecting reliable

and exact dateo obtain acceptable results (Nasiri, etal., 2017)

The validaton of models and methods becomes more difficult, being the results not
directly compared with real or realistic settings. Even when some data sources become
available, there is no standard way to mix data gathered from different sources and, from
them, geerrate new instances for urban applications (Perboli et al.,20h&)ncertainty,

its treatmentis vital as several parameters characterizing Sustainable Supply Chain (SSC)
are often subject to uncertainty and need to be modelled, ranging from productidema

to products or raw materials prices and resource availability. Uncertainty on the available
social and environmental data has been a field left unexplored, which represents a large

limitation, as this data highly influences the decisions taken (BaiBogaa et al.,2018).

New technologies are emerging every year in maritime logistics. These new technologies
add a multitude of data sources on top of the Terminal Operating System (TOS). Thus,
the question bhow to effectively utilize this massive amouritdata to improve port
efficiency, capacity, safety, and profitability is an interesting one which can be explored
(Zhou et al., 2018)Simulation models are very tirtemanding in their building phase
especially for the data collection activity. The highst and time required for data
collection often result in useless simulation models, because they are not promptly

aligned with the system changes (Lugaresi & Matta, 2018)
83



Another limitation concerns data collection. In this study, two months were@pelata
collection without considering the increasing demand before or after holidays. To
improve the situation, data regardspgecifigperiods should be collected and investigated
(Lee, Zhang, & Ng, 2019).he quality of modebased decisioimaking support strongly
depends on the data, its completeness, fullness, validity, consistency, and timely
availability. These requirements on data are of special importarthe supply chain

(SC) risk management forrgdicting disruptions and reacting to them (lvanov et
al.,2019).Countless limitations may make it difficult to monitor risks, for example, some
outcomes require a major organizational effortto collect data, analyse, and update the
information on supplylgain risk (Oliveira et al.,2019Peciding on what data is required

and knowing whether the system is accurately represented in the model's development
data is a challenge. This problem is further compounded by a system where data
availability is limited Fisher et al., 2020)

NB:

There is a CausandeffectDiagram(CED) in Chapter 4 which reflectll the barriers
captured heréhrough reviewing this literature.

2.8 Research Gap

As for the future of simulationptimisation there is certainly room famprovement.
Currently,most ofthe published research on simulatmptimisationfocuses on a single
aspect of simulatiomptimisationwithout considering the subjeets awhole. For
example, a great deal of research addresses the development andiapplicsiecific
methods to optimize simulated systems (Boesel et el., 2Bl@yever a review ofthe
literature indicated that there was little evidence to demonstrate simulation is being used
extensivelySmulation is stillused on a orghot basis or as a staiatbne tool. Typically,
it is used to address very specific problems in isolation (Hughesré&&, 2009). New
research efforts should be directed toward the apaif efficient methods that can
improve the implementation of Modelling and Simulation (M&S) in +&akld Supply
Chains (SCs). This is the greatest challenge faced by companiestiecgeancerning
M&S in SCs (Oliveira et al., 2016)

84



Due to the limited features of conventional mathematical modelling in the context of SC,
the literature in this area is in the decline phase. The emergence of integrated
mathematical modelling and Simtitan-Optimisation (SO) frameworks has been a
response to this trend. According to the frequency analys(3, feameworks are
transitioning from an emerging topic to a growing research area, while the integrated
problems are likely to be saturated during hextfew yeardourhejazy & Kwon, 2016)
Despite the availability and acknowledged potential, the practical application is still
scarce, as both aliterature review and practical experience in the field of planning projects
in the manufacturing industishow. A major hurdle iaperceived difficulty of designing
models and acquiring proper data as well as the scarcity of reference applications with

significant shown benefits. (Sobottka et al.,2017)

To overcome the inconveniences and limitations ofifa@ytic methods, simulation has
been broadly used in modelling and evaluating a wide range of different strategies in
SCM, as well as being a decisiomaking tool to improve supply chain performance.
However, there is still room for gaining further insighnto a wide variety of topics
concerning operations and SCM analysis via whanalysis (Cannella et al.,201R)is
necessary to strengthen the planning vilile integration of models addressing the
decisions ora strategic, operational, and tactitevel as well as to provide easy-use
optimisationtools for professionals (Scholz et al., 208 )nore interesting direction for
future research would be to try to assess the impact of supply chain design decisions on
the ongoing operational coststbie supply chain, based on the constraints these impose
on the Master Planning and Production Planning decisions (M6nch, Uzsoy, & Fowler,
2018).

The model allows users to check the estimated input factors and their effect on output,
showing how productity and profitability can be improved and helping decision makers

in production planning. The act of measuring performance provides information that aids
intelligent decisioamaking and proper management, so the identification of other key
performance indiators (i.e., profitability, revenue, éime deliveries, astaner response

time and manufacturing lead time) should be considered in future research (Saad,
Elsaghier, & Ezaga, 2018).

ODQ\ HOHPHQWYV VXFK DV PDUNHW DQG ZHdobBtWidukU FR Q
changeonthe retail or supply sidepromotions,or festivities, as well as intermittent

demand behaviour, may have animpact on sales and considering their conttitigon
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forecasting process may represent promising future researchiahie¢Dellino et
al.,2018)

Sourcing, manufacturing, logistics, and sales data are distributed among very different
systems, such as ERP, RFID, sensors, and Blockchain. Big Data Analytics integrates this
datainto information used by Al algorithms in tegberSCand managers in the physical

SC. As such, a new generation of simulation aptimisationmodels is arising. The
pervasive adoption of analytics and its integration with Operations Research shows that
simulation andoptimisationare key, not only in the modelling of physical SC systems
but also in the modelling ofyberSC systems and learning from them (lvanov et
al.,2019).Complexity in the supply chain can only help to smamihthe rippling effects

of a disruption, which go largely beyond supjlgmand unbalances and lead time
fluctuations. To mitigate it better, the main company must act proactively with adequate
resilience practices, which also connects to the importance of better visibility across

multiple supply chain tiers (Birkie & Paolo, 2020).

Exploring the literature over the last two decades indicates the way of complexity and
severity of SCs incread@and the role of SC becormman important elementin business

to consider. Therefore, onlypaoactive businedhatis capable in design, opeirgtand
enhangits SC can bring resilience on board with clear visibilityitefentire network

which operates eith@n single or multiple shores.

Due to the uncertainty and the disruptichsit occur while managing & SC, its
propagation can bringnegative impaabnthe entire supply chain performanées.such
it's proven that the tools like optimisation asichulation do a great job in planning,

controlling, and preventing or mitigating thestiations.

Optimisation and simulation are not a new topic dotd of work has been done by
SUHYLRXV UHVHDUFKHUV 7KXV \HW LW $¥reldedl@éedFWH G
for specific problems in isolatiomave QRW EHHQ XVHG ZLGHO\ DQG KD
benefits. Especially due to the barriebapplicationy(1) data limitations(2) skills and
knowledge,(3) resistanceand inefficienciesn technology& infrastructure,and (5)
inappropriate process flow aih application Especiallydue to the scarcity of a robust
process flow framework which can aid in emdedythese OS$ in their business
decisionmaking process. The research gap identified by vemig the literature so far

can be illustrated as followsdge Figure 234).
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Figure 2.34: Research gap

data sources

x To strengthen the evidence and highlight this gap much stronger a Survey
Questionnaire an@ few semtstructurednterviews with subject & industry
experts were conducteldata collection and final analysis are well presented in
Chapter 4.

x All the barriesin OST identified here and the areas identifieere are fuy
captured in a Causand-Effect diagram in chapter 4.

2.9 Conclusiors

In the recentreseardpacethere ae simulatioroptimisationframeworks which have
been introduced but it seems there is no robust framewbrkh provides a very
structured approachasin whole. Thogrovideasounditeraturereviewatthe verytop
of this chaptent currentlywhat are thehallenges faed by theusers in terms o$C

designoperations and rdesign have been reviewad an entry
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Then howsignificantitis the mechanism nfodetbasegroblemsolvingtheemergence

of optimisationand simulation inSCM, applicationdomainsof optimisation and
simulation models and hosuchcomplement each other for better decision making in
enhancing overall supply chain performancaseritically discussedvhile providing
exiting frameworksand models which reftéa higher research impactencourage the

future academic research.

In the very latter parof this chapter L VEdkWowledged thagven thoughthere is agood
amount of researdmas beenarried outframeworks and models have been developed,
there is agap whichsignificantly showcasshow to tackle theexisting barriers of
applicationwhich preventsnostuserseaping the full potentiadut of thisOST in SCM

So, in returnthe full scope of barriswasbriefly describedn terms ofhow thedifferent
industriesandtheirmultifacetedevel of decisionrmakingareaffected

Thenhow significantit is to rectifyguch barrierbeforeany investment of OSih any
organization and how theovel framework can be deploygdsuch phasky eitherSCM
professional®rresearchert achieve thaighestiperformancesave been discussadd

can be provided in bullets forms as follows.

X The mechanismercomngthe exsting barriers (challenges of application)

x Drives a smooth application process to embed theses@Stheir business
decisionmaking process

x Reap out the full potential of these tools and gain an optimal ROI against their
OST investments.
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Chapter 3
Research Methodology

3.1 Introduction

7KH SXUSRVH RI WKLV FKDSWHU Latedy iR tdrr@s@XnéwthisD W H
researchhad been planned and conductedachieve the final aim and objective as
defined(see Figure 3.1Atthe very beginningas an entry paimtder the research design

and methodology, it briefly described the reseandblem formulation, universitgthical
considerationpre-approval and work planas prerequisitesvhich paved a solid

foundation for this research to kickoff.

Thenhow thedeductive approadndmixedmethod$ave beedeployedmultiple tools

have been preestedandused in termsf data collectiopanalysisand visualizatiormave

been describetbllowed by a detailed justificationf why thosespecificapproaches,
methodstools,and participants have been selected to obtain the data during the study
and present the resultduring this explanatiomlata sources, research population and

sample consideraticaisohave been describ@uddetail

Then aghe most significanpart howtheanalyzedlatawhichshed light on the existing
research gap anact as the blueprinfor the design and development ttie Novel

Frameworkproposed have beendescribed

Finally at theverylatter part how strong the verification and validation of thsearch
conducted internalland externally witindustryand SubjedatterExperts (SMEsjo
bring in enhancements to theal framework has been illustratb@forethefinal thesis

submisgon, improvementsand publicatioftnave been described.

Final Thesis,
Research Data . Viva and
Research . Design and A N
Start Prubh?m_f Work Plan & sl Gulect!nn, Develop the | Verlf!catllnn & | Modifications
Topic Aoprovals Analysis & Eramework Validation /
Formulation ap Research Gap Improvement
5

¥
¥

Figure 3.1: Schematicepresentationf researcimethodology & process
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3.2 Research Methodology and Design

According to Kothari (2004 yesearch methodology is a wiysystematically solve the
research problem. In,itve study the various steps that are generally adopted by a
researcher in studying his research problem along with the logic behind them. All the
methods or techniques which are used by the reseadciiag studying his research

problem are termed research methods
3.2.1 Research Method and Approaches

Mixed Method:

Supply chain management phenomena are complex and dynamic. Thus, the application
of mixed methods research would serve the advancemehteodiscipline as these
approaches provida richer understanding and more robust explanations of such
phenomena (Flintetal.,2012).

To address the key objectives, dughtestudy area, nature of the data sources and data
obtained, this research usedibguantitative and qualitative approaches, methards,

tools to obtain and analyse the combination of primary and secondary data.
Deductive Approach:

&UHVZHOO DQG 30DQR &ODUN VD\ WKDW WKH GHC
down, fromath&k U\ WR K\SRWKHVHVY WR GDWD WR DGG WR RL
2010). This research is based well-known,and generdy defined theories anthe

objective is trying to apply and resolve a specific phenomenon by collecting historical
and empircal datagee Figure ) In other words, from the general theory to resolve a
specific phenomenon by proposing a novel framework while bringing improvements to

the existing theory.
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Contribution | knowledge for the
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Figure 3.2: Deductive approachf the research

Source: (Soiferman, 2010pnly the template contains 5 steps

3.2.2 Research Design

The research design is intended to provide an appropriate framework for a study. A very
significant decision inheresearch design process is the chdacbe made regarditite
research approach since it determines how relevant information for a study will be
obtained; however, the research design process involves many interrelated decisions
(Aaker et al.,2008)The strategy and processes executed dydkearcher to achieve the

objectives of this researeneexplained in this sectiofsee Figure 3).
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3.3 Research Problem formulation, Plan and Approvals

TherHVHDUFKHUYYVY SUHYLRXV QDWXUH RI ZRUN H[SHULF
field of logistics and supply chain manageman€ontract Logistics and Consultancy

(CLC) paved a solid foundation for this research. To formulate the research problem,
preliminary researclnad to be conducted and the existing gap had to be justified.
Therefore, the significance of the problem and area of study, the existing research gap,
the research aim &bjectivesand the novel knowledge of contributiongieeen well

explainedin the research proposal submitted.

Upon the acceptance of the research proposal, assigning the supervisor, research aim and
objectives, time frame of the research project, resources allocatidfuture work plan

for the period of study werestussed and arranged. Then the ethical feasibility, general
data protection regulations and the data repository of the research were approved by the
University Research Ethics Committee (SHUREC).

3.4 Data Collection

3.4.1 Study Area and Population

The targeted research study area is @mimisationand Simulation Tools (OST) in
Supply Chain Management. To strengthen the data collection of previous research
literature the targeted population is the professionals in the supply chain management
who ae the users of OST. So, they can be supply chain designers, managers, consultants,
supply chain software providers, etc. When selecting the sample of 50 participants (SCM
professionalsiheresearcher was able to capture the responses covering all daree u
categories as follows which providesm&der picture of the usage and the barribas

exist.

1. OST users (End users)
2. OST Consultants (Intermediate party)
3. OST Providers (Software vendors)
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Especially the responses received from the software pravaied consultants were also
very helpful to identify the actual barriers the professionals in SCM é&ad what

prevensthemfromusing these tools up to the full potential and drawbacks of such.
3.4.2Search strategydesign andselect the @ta sources

A well-designedsearch strategy is essential to the succeasotind literature review
As such the strategy should be specific, unbiasedproducible,and typicaly
includesubject headings along withrange of keywordsr phrasesvhich covers the
scope ofthe research focu®uringthe researchthe searches should be designed to
capture as many studies as possible that thedibcussedriteriaultimately answering

the defined research questions.

As such assuingthe quality and integrity of #aresearclby locatingprevious/ relevant
searcheddentifyingtherelevant databasedevelopngthesearch termsndevaluaing

and modifyng the searclesare very importanareas which should be taken into
considerationConduct a preliminary set of scoping searches in various databases to test
out the search terms (keywords and subject headings) and locate additional terms for the
concepts are vgrimportant which lead® high-quality research ultimatelguch below

listed werehighly considered

x Recommended key papers

x Papers by known authors in the field

x Results of preliminary searches from key databases

x Reviewingreferences and "cited kgrticles listdor key papers

x Articles that have been publishedreputedournals

Also, the key search terms which have been uséBoolean Logic and Truncatiaan
be listed as followto ensureapturingeverythingas much as possible wahtlosing
anythingvaluable.

BooleanLogic Strategy (BL S)deployed and its effect

X AND: Narrows searcheendused to join dissimilar terms
x OR xBroadens searches, usedto join similar terms

x NOT- removes resultsontaining specified keywords
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How Search Termshave been deployed along with the BS:

x

Supply chain management

x

Supply chain desighOR Redesign

Supply chaintR SW L P LV D wptirRdatior? 5 3
X 6XSSO\ FKDLQ 3RSWLPLVDWLRQ ™ $1' 3VLPXODWLRQ"
X 6XSSO\ FKDLQ :RBYWLAPLVODIWVL RRQ °

X Optimisation” 25 36 L P X ONDWhfB1Qdtion Technology

x

The peetreviewed articles referred by the researcher were published in reputed journals
(seeTable3.1) and the databases were able to access through google scholar and the

university library gateway by using the university login subscription.

International Journal of Logistics Research and Applications

Journal of Business logistics

International Journal of Logistics Management

International Journal of Operations & Production Management

International Journal of Simulation

Journal of industrial and managemeoyitimisation

Journal of Manufacturing Technology Management

International Journal of Supply Chain Management

International Journal of Physical Distribution & Logistics
Management

International Journal of Supply Chain and Operations Resilience

International Journal of Simulation and Process Modelling

Table 3.1: List of journals used for the research
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To strengthen the data captured throligirature theresearchenad to deploy multiple
methods to obtain the data. For an instance, the literature related to the libatiers
prevent usin@ptimisationand Simulation Tools in SCM & bitlimited. Therefore, in
addition to theliterature review, a Survey Questionreaanda few SemiStructured

interviews were conducted.

3.4.3 Participants of Survey Questionnaire and Interviews

Initial participants were identified based on their experience with the industry, job titles
and willingness to participate. As the researaldgtprogressed, when the need for
understanding certain aspects of the emerging theory rose, participants that could provide

further details on emerging questions were purposefully selected.

The interview participants have varying job titles in termsheirtbusiness and decision
making, including vice president of supply chain strategy, director of supply chain
strategy, director of global supply chain strategy, director of operations, director of supply
chain integration, Director of distribution sere& Supply Chain Consultants, Manager

of supply chain solutions and Manager of warehousing & distribution. Most of the
SDUWLFLSDQWYV KDG VHQLRU(OHYHO PDQDJHULDO HJS
before taking on their current jobs. Some are lomg employees of their current
companies and were able to provide a historical perspective of their firm and their
GHFLVLRQ(PDNLQJ UHtWsSdeaiheE Wwad BMeltdtbveisi@ &f$e verticals

of logistics and supply chain sectors like autdive, healthcare, beverage, perishable,

agriculture, oil & gas, consumer electronics, 3PL & 4PL, defence, ports & shipping, efc.

3.4.4 Quantitative Tools and Methods

A Survey Questionnaire:

This questionnaire desigonsists ofl distinct sections buginterconnected to each. The
main purpose of the data colledfrom sectiors 1-3 is to quantify the esting usage of
OST in SCM. Therefore, out of the populatjon 6 &0bjecsand industry exper®
obtaining a sample of 50 completed responsestivagarget of the research@ee

Appendix)
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Survey Questionnaire Techniques:

Beforedistribuingthesurvey,afew trials were conducted to determine the average time

to complete the full survey. A very compressed introductiontaag@urpose of the

surwey have been given while creating trust in participants by guaranteeing the
FRQILGHQwWLDOLW\ RI WKH SHUVRQDO GHWDLOV WKH
,QIRUPDWLRQYY ZDV GHVLJQHG i4<RoIGeEaWIdiparslpedwW K H Z |
and obtan broader insightanto the data capture even though this figlds kept
HTRSWLRQDOYYT WR N H Higeahld oS witthde LS nairy if they U H V V

do notwant to provide such.

This survey questionnaire was conducted both in personmimg 0oThe engagement of

the participants towards the questionnaire is increased by letting them provide their
DQVZHUV VLY J@heBikvé&yQufistionnairéSections 13) covered thexisting

usage (Quantitative) ithemain applicatiordomains of OST in SCNkee Appendid).

3.4.5 Qualitative Tools and Methods

The literature review includingfew real case studies, Surv@yuestionnaireandafew
SemiStructured Interview (see Appendix 2were carried out toobtain subject &
LQGXVWU\ H]J[S MkidNMdvides fludhedr&litdtiveaspectiatawanted

Literature Review:

By reviewing the recent literaturtheresearcher was able to find the existing challenges

in SCM, the emergence of OST in SCM, real business aaisiesh has successfully
implemented OST in SCM and yet the existing research gap. Due to the nature of the
research problenfldentify the current barriers which prevent using and reaping the full
potential of OST in SCM) researcher tried to sticktwst d the literature reviewed which

falls under recent 5 years (202621) but due to the limited content found, the period of
thestudy had to extend (204ZD21).

Survey Questionnaire:

As stated above, by distributing the Survey Questionnaire, qualitatiaerdatalso
captured. This was very helpful to further strengthen the data obtained from the literature
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review since the content obtained from the previous literataea bitimited. Section

4 of the Survey Questionnaire is designed to capture theapiwedidata.

SemiStructured Interviews:

AccordingtolLeicesterand Love{ll997) the aim of the interview, as with any qualitative
UHVHDUFK GDWD FROOHFWLRQ WRRO LV WR H[SORUH
participants, own words, their thoughts, perceptions, feelings and experiences. However,
the structured interviewsyhile possibly asking open questions and generating some
gualitative data (words), tend to rely on a rigid, unchanging format and are most
commonly a tool for surveyendthus should be viewed as a quantitative data collection
WRRO 7KH WH U Rap Xlep\pvo\b kKeFdabAte. WasHhn (2002) argues that no
research interview can be entirely devoid of structure, even if that structure is the use of

a single open question to prompt thought and discus$epyior, (2005 highlights that

most qualitative resarch interviews will,and therefore be semi/lightly structured

looselystructuredpr in-depth in format and aim
Interview Techniques:

To carry out this type of interview without any complicaspgood confidence is a must
between the researcher @mtiewer) and the participants (Interviewees). Thus, a certain
level of knowledge in the research topic area is mandabafgreconstrucing the
Interview Templateln turn, this was strengthened by reviewing the extant literature, the
conferences attended, athé VX SHU YLV R ddyeFRQVWD QW

'XULQJ WKH Ithe Wwdddrchertstanet] asking the question as structured in the
interview template. As the interviews progsed, broad questions were followed by more
focused and direct questions. This type of interview enahlegksearcher to improvise
follow-XS TXHVWLRQV EDVHG RQ WKH SépwinheB8da W TV U

focus as the interview flows.

To ersure that all aspects of the research study were explored and adequately understood
by the interviewer, during and at the end of each interview, the key points of the
discussions were summarized, and participants were asked to add anything that was

missedduring the interviews. This provided the interviewee time for reflection after the

interviews and an opportunity to express additional insights about the subject matter
98



Accordingto (Creswell, 2007; Krueger & Casey, 2009; Merriam, 2009; Rubin & Rubin,
2012) unlike an ordinary conversation, however, the purpose of an interview is to gain
further information relative to the study at hand. You can preserve the conversational and
inquiry goals of the research act by including four types of questions: (19l irdiary
guestions, (2) transition questions, (3) key questions, and (4) closing quéSastitio-
Montoya, 2016).

The SemiStructured Interview Protocol shown beloseé Table 32) was constructed
with the aid oftheabovestated guidelines (type of tli@uestion &Explanation of Type of

Question proposed by (Castilliontoya, 2016).

Type of the| Explanation of Purpose Interview Question
Question type of the
Question
Introductory| Questions that | To initiate the | Q1: As of the present, what dq
Questions | are relatively interview by you think about thé®ptimisation
neutral eliciting | creating a and Simulation Tools (OST) i
general and conversational | the context of Supply Cha
nonintrusive platform. Management (SM)?
information and
that are not
threatening.
Transition | Questions that | Pushing the Q2: What do you think about th
Questions | link the conversation awareness, skills and knowled
introductory from generalto | process of deployment and t
guestions to the more specific ag usage of OST among the SQ
key questions tq per the research professionals at present?
be asked. focus.
Key Questions that | To capture the | Q3: What are the potenti
Questions | are mostrelateq areas: application domains of OST i
to the research | Application SCM? (i.e, Supply Chain
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guestions and
purpose of the

study.

domains of OST|
in SCM, barriers
of application
and their

magnitude.

Design, Operation, Rq

Design/Enhancement)

Q4: What are the barriers whid
prevent using or reaping tHell
potential out of these OSTin
SCM? (i.e, People, Proces
Technology, Data)

Q5: Among what you mentione
previously, may | please ask y(
to rank the barriers according
their significance and reasonil
why? This can be most to least|

vice-versa

Closing

Questions

Questions that
are easy to
answer and
providean
opportunity for

closure.

To capture the
overall
recommendatior
for the
development of

the framework

Q6: What do you think about 4

present the requirement
Robus

Frameworkthat the OST user

significance for a
can use as eeference in terms g
SC Design, Operation & Re

Design?

Q7: Do you have any othd
concerns, recommendatgnor
anything to beadded on top o

what we have discussed?

Table 3.2: SemiStructured Interview Protocol

Source[(Castillo-Montoya, 2016)£The interview questions have been updated over the

original protocol.
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3.4.6 Tools PreTest

Pretest the questionnaire anmdvise,if necessary, the final stage, is the use of a
guestionnaire in a small pilot study to ascertain how well the questionnaire works.
Pretesting an instrument is necessary because, as Backstrom and Hursch (1963) have
pointed out, "No amount of intellectual exercise can substitute for testing an instrument
GHVLIQHG WR FRPPXQLFDWH ZLWK RUGLQDU\ SHRSOH?

Once the Survey Questionnaire and the Smctured Interview Protocol were
designed the reliability and validity of the contemntere checked internallyby the
research supervisor and externayafew industry experts (Supply Chain Design and
Simulation software providers and consultants). Following the feedback both internally
and externally, a few minor changes were made to the originally designed cdaotent.
assume the average time of completfew trials were conducted for both Survey

Questionnaire and Interview.

3.5 Data Analysis

3.5.1 Quantitative Data

The quantitative data collected from the Survey Questionnaire from 50 participants
(Respondents) were analyzed using Microsoft Excel Spiesst according to their usage

of OST in application domains. For an instance, a partial snapshot of the spreadsheet (
Figure 3.4) is presentetielow,and it reflects that the S0Respondent use OST in all
application areas in both Network Design anddntory Design. Then th&@Respondent

use OST in 2 out of 3 application areas in Network Design butin all application areas in
,QYHQWRU\ '"HVLJQ 6R ZKDWHYHU WKH REVHUYDWLRQ

OST and else count as Nimi-Use.

Therefore, when it comes to analg, vertically it provides the respondentse usage in
individual application areas then in thgecificsub-domains, key domains and finally the
overall usage of OST of thatpecific respondent. Correspondingly horizontaity
provides the cumulative usage of all 50 respondents in every individual application area,
sub-domainsandkey domains. The results will be briefly explained and presented in Bar
charts in chapter 4.
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Figure 3.4: Survey questionnaire data analysis technigagtial snapshot)

3.5.2 Qualitative Data

This was one of the concerns suggestgernal examineover the viva examination
conducted in mid of the researddecessary softwareequiremeniNVivo 12® and
suppot provided by the university to carry out a solid qualitative data analysis and

visualization ove50 participants anfl respondentdrfterviewquestionnaire)

Data collection methashnd techniques

Literature reviewReal case studias existing literature,SurveyquestionnairesSemt
Structured interviewsSymposiumsand conference$élped immensely to make a good
network of industry and subject experts who contributedhese throughout the

research).

Data Analysis tool:

NVivo 12.6®isa quaitative data analysighich hasbeen usedo collect,organge,
analyse, andvisualise unstructured or senstructured datauring thisresearchWith
NVivo, it was quiteeasy to uploadrange of file formatsprganizedemographic data,

code sources, capture ideas, run querievauglizeproject items
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Results visuadiation:

(1) File-Case Classification Project Map

(2) Survey Questionnaire Project map

(3) Interview Project map

(4) Survey Questionnaire Matrix Codiery

(5) Interview Matrix Coding Query

3.6 Process of identifying theResearch Gap

This isamost important piece ainoutcomederived from the combination of both the
literature gap identifiein Chapter 2 anfoth survey questionnaire and Interviezguits
analyzedn Chapter 4The results and conclusion of Chapter 4 strengtherterature

gap identifia in Chapter 24eeFigure 35). This is the blueprirfior thesuccess of the

main objective of thisresddFK pf'HVLIJQ DQG '"HYHORSPHQW RI WK

°
L Y
° ‘ Chapter 4 _
Chapter2 @ Survey Bluh?g\:IerIIt of
e Literature Gap Quest!onna| re ar]d S
Interview analysis
o
L)

Figure 35: The blueprint derived by literature gap, survey, and interviewtresul

3.7 Design and development of the framework

The proposed framework and its process illustrabanebeenpresented in detail in

Chapter By usingafew software and tools.

Design the Framework

Business Process Modelling Notation (BPMN) Stencil and Process Flow Diagrams (PFD)
in MS Visio®v2016.16software.
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Modelling database tables their Terminology and Relational Integrity

&URZYV )RRW 'DW D KB Visib@ RO & AsbRv@rel Q

To illustratehowsignificant,tis to begeared with a solid knowledgé thesderms when
constructingyour fational database and modelling with sensible logic. Also, this is very
useful when there is not much data in hand and starting from scratch by performing data
assumptions anfailfilling the data requirementin modelling. When using any OST and
populaing the data there will be multifaceted dimensional data categories, tables, and
fields so assurance oélationalintegrity among them byknowing how these data
logically mapped over Primary and Foreign Key assignment is another area to be
concerned. Detailed explanation haseengiven in Chapter 8’rocess 3: constructing &

enrichngthe modelling databasdDB).

3.8 Validation andrefinement

3.8.1 Verification and Validation of the Framework

This is where to showcase how robust the solution profgosiedeany submissionthe
validation processvascarried out and necessary refinements have been executed as
recognizedover the validation outputesults. The validation strategy contains two

techniques as follows.

1stinternally: Conducted a demonstratiof the entire framework to the supervisor and
modificationshave been carried out over feedbackhis filtered and rectified the

inefficiencies whicrexistedoeforesendngit to the external validation.

2nd Externally: Conducted Psychometric Scatirvey questionnaire which is enclosed
with the design otheframework and process explanation. Validation ouipteaken

into consideration airtherrefinemento enhance the robustnesslo¢ framework.
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3.8.2 Final submission ad improvements

Final submission othe Thesis will be submitted to the University Research Degree
Committee followed byadeferte of the These through which further improvements can
EH LPSRVHG WR WKH 3WRfSrepubicatiqnu267L6& 01 |

3.9 Conclusion

Beforeconducingany formof research, gearing up with a sound research methodology
is mandatory That provides a solid foundation through a research design which is the
road map to the research objectives in finding solutions teebearch questions formed.
Since this researchas been followedadhered to the methodologyd the process

definedfirmly, it wasvery easy tachieve theesearclbjectivesithout any hegations.

From the step opreliminary research gap identificati, researclproblem formulation,
university ethical consideraticandobtainng necessarpre-approvas havefulfilled all

the prerequisites as requirethen how thejustification of deployinga deductve
approach and mixed methgdelecting thestudy areapopulationandsampléhave been

discussed.

The significance and justification of whyparticular toolsare used in terms of data
collection,analysisandvisualizationand pretestingof suchtoolshave beadescribed in
detail. Then how theseach strategy developmetttok place in terms ofeferringto the
databasegleploying theBooleanLogic and Search Terms and data souraggles and
journalsreferredto have been described.

Once the search strategyn place whatdatawill be collected theresearctgapwill be
identified and blueprint for the novdrameworkwill be derived andthe waythe

framework g getting designed and developed have been discussed

In the latter part of thishapterjtis well describedhow significant it igo deploy a strong
verification and validation process whicwill leverage WR DFKLHYH WKH
outcomesmmenselfthroughnecessary enhancemer@agdmodificationswhich can be
brought in by a targeted set foindustry and academiexpertshave been explained
followed bythe process ofiow final thesis and modification submissiail be done

beforepublication.
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Chapter 4

Survey Questionnaire & Interviews Analysis

4.1 Introduction

This chapter isfully dedicated to illustrating how data capturing and asialare
performed throughout both survey questionnsared interviewsThen on which basis
concludeto demarcate the scope of design and development of the framé&Wwerkthe

research outcome ptured in the literature review in terms of exiting barriersteen

merged with th@ualitative resultanalyzedere and produced a strong CasaselEffect
Diagramwhich isthe primary objective. Theane willbeusd DV WKH p% & HS U L(

designingand development of the framework.

4.2 Survey Questionnaire

4.2.1Quantitative Data

In any surveyit's very normal that we cannot obtain completed responses from all the
copies oftheSurvey Questionnaire that we distribute among the participants. In this case
UHVHDUFKHUYY WDUJHWHG VDPSOH VL]H IRU WKH DQD

The SurveyQuestionnaires werdistributed in persomt International Supply chain
conferencessymposiumsandsoftware providetsgrainingforumswheretheresearcher
was able to make a strong network of subject and industry expbese eventwere
explicitly designed foBCM professionals whourrentlyuse and intend to use OST and
| had to obtairprior approval from the officialsrganisers of the everlty sending my
survey and questionnairéhen they revealed their curraridpipelineclientelewho |

should be targetediuring the vent iristributing my materials faabetter output

The detail of the events | haagtendedtheonline surveyonductedand theresponses
collectedvia emailwhich led toobtainingthecompleteset ofresponsesan begivenin

a summary tablbelow(see Table 4.1)
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x Llamcon EMEA Annual Supply Chain ConfereneAmsterdamand United
Kingdom (20172019)

X AnyLogistics Simulation conferenceUnited Kingdom(2019)

x LlamsoftTrainingCentre Conferender SCM Professional (2019)

x Llamasoftinternational Simulation Virtual conference (2021)

x CoupaSoftware EMEA virtual conference (2021)

X Survey QuestionnaireOnline Survey Monkey platforn2017-2019)

Tool Method Distributed | Completed Responseq
International Conference 65 37
Survey Online Survey 20 10
Questionnaire
Email 5 3
Total 90 50

Table 4.1: Survey questionnaire sample size arethods in responseapturing

4.2 2 Observations Structures

The structure of thebservations captured in terms of the main three application domains
of OST (Tier 1) and under them the secondary and tertiary application ddaneass
(Tier 2 & 3) can be illustrated as followaeg Figure 41). These are the application areas
captured through the survey questionnaire (see Figure #t@).total number of

observations againgte sample 050 respondents 500Q

Tier 1: (see Figure 4.1) below shows there &ileomainsand trese areery high-level
application domainSC Designpperationand Enhancement / Redesign

Then when you refer tbothfigures respectively (see Figure 4.1 & Bow the Tier 1
Main domains have been divided into sdidmains when you move along vertically in

Figure 4.2likewise in Tier 3 as well.
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There is aotal of 20application domaing+5+6)andatotal of 50completeresponses
which provided a total of 1,000 Observatio(®0 Domains in each responses®

CompletedResponseg)nce all the responses were populated &agpreadsheet.

Survey Questionnaire
Observations Structure
Application Domains & of
osT
Tier 1: . .
q b— —{ S5C Design 5C Operation SC Enhancement
3 Domains
Tier 2: q q q
) p— —{= 3 Domains 3 Domains 3 Domains
S Domains
Tier 3: b— —{ 9 Applicati 5 Applicati 6 Applicati
20 Al T e pplication areas pplication areas pplication areas
T T T
| | |
Total v - v - v - Total
Respondents > Observations _| Observations > Observations Observations
50 50x9=450 50x5=250 50x6=300 1000

Figure 41: 6 X UYH\ 4 XHVWLRQQDLUH 5HVSRQGHQWY{V 2EVHU

Application Domains captured as pe the survey Questionnaire Total
Tier 1 (3 Domains) |Tier 2 ( 9 Domains) Tier 3 ( 20 individual areas/domains) 20
Right No of Facilities
Network Design Right Locations

Right Service Levels
Right Inventory levels
Inventory Design Right Inventory at different locations 9
Right Inventory policies
Right Route
Transport Design Right Mode
Right Fleet
Application | i Delivery / Order fulfilment
R Operation Analysis ——

Domain ) DC/Hubs Utilization / Performance

Supply Chain P
. . |Assets Utilization / Performance 5
Operation Assets & Workforce Analysis
Work force Performance

OperatiOnal Risk Analysis Current & future level of Risk
Delivery / Order fulfilment
Sites / DC/ Warehouse performance
Sites consolidation feasibility
Transport consolidation feasibility
Increasing the level of Automation
Reducing the impact to the Environment

Supply Chain
Design

Performance beyond KPI's

Mergers and acquisitions

Innovation & CSR

Figure 4.2 OST Application areas captured through the survey questionnaire

4.2 3Results discussion:

As per the observatigmndstructureexplainedearlier,belowthreefiguresshowcasthe
usage of 50 respondents over the corresponding application domathseah

respondentise OST usagd.he very firstfigure (see Figure 4.3% anillustration ofthe
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usageover9 subapplication domains under tBemain gplicationdomainsin Supply

Chain Managementj Design, (2) Operation and (3) Enhancement.

i.e., Networkjnventory,andtransportdesign are the three-apiplication domains under
the main application domain: SC Design.

Supply Chain Design Supply Chain Operation
Network Design Operation Analysis

Number of
Repondents %
Number of
Repondents %

2 1 0 1 0
No. of Application Domains No. of Application Domains

Inventory Design Assets & Workforce Analysis

Number of
Repondents %
Number of
Repondents %

2 1 0 1 0
No. of Application Domains No. of Application Domains

Transport Design Operational Risk Analysis

Number of
Repondents %
Number of
Repondents %

2 1 0 1 0
No. of Application Domains No. of Application Domains

Performance beyond KPI's Supply Chain Design

In all three key domains under SCD yet more than

38% 50% of the proposition not using these tools in all
three application areas while there is very minor
2 1 0

proposition not using at all.

Number of
Repondents %

No. of Application Domains

Mergers and acquisitions Supply Chain Operation
Even in all three key domains here yet the bigger

44%
o o proposition of the usage falls under less than 50%,
apart from operational risk analysis showing a 60 %
2 1 0

Number of
Repondents %

That means there is 40% not using these tools in
No. of Application Domains risk analysis at all which is not a good sign.

onsidering all 3 sub domains here in overall there is
i a decent proportion who use these tools in
continues operational parameters finetuning (KPI
. Q . performance) and check the potential possibilities
No. of Application Domains of injecting innovation & CSR capabilities into

business which is a good sign. Regarding Mergers
and Acquisitions (M&A) its reasonable since it's a

Number of
Repondents %

very less frequency broader scope (strategic ) level

decision making.

Figure 4.3 SQ Results ithe usage of OST over Applicationdomains in SCM

Note:During this analysisit was well identified that a respondent can be a+user in

one application domain but a high or medium user in the other one or two domain(s).
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The below figurdsee Figure 4.4 asummaryobtained by scrutinizing the above which
helped to derive the overall result of this analgsidshedlight that yetthere isonly

around 40% of users reap tmaximumrange otbenefits out of these OSTs in thECM
pursuits.

~ SupplyChainDesign Supply Chain Operation
Y axis % Respondents out of 50 Likewise, in SCD even here its about 45% of propositi
High out of 50 respondents confirmed that that their usage ¢
X axis | Medium [The usage in application domai OST stays at a higher level in Supply Chain Operatio
Low experiments. But yet there is a bigger proposition whic

is almost closer to 30% which can be recognised as |
level users and is not a good sign.

Overall Result - Usage of OST

Y axis % Respondents out of 50
High

X axis [ Medium |The usage in application domaij
Low

Overall result concludes that we can recognise only &
proposition of less than 50% of users as the higher us
category who actually benefits a sound return agains
their investments. But unfortunately around 1/3 of usel
apply these as in medium level and 24% which is als
considerable proposition reflects as the low usage us
which actually boost the motivation further over this
research.

Figure 4 4: SQ Results inheusage of OST over 3 Application domains awerall,in
SCM
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The belowfigure (see Figure 4.5) reflectsitiaividualusage of OSTaf 50 respondents
Also, LWV Yaddiialidaiedhat every user at least uses these €2ltosome extent

sincethe survey questionnaire is given for the selected sample of users who only use
OSTs.

OST usage comparison Respondent -wise

.
b
.
-

Figure 4 5: Respondentwise OST usage in SCM
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4.2.4Qualitative Data

Survey Questionnair®roject map

All data were captured and reflected in the caaséeffect diagrantoded in N/ivo as

follows which can be shown as a project map (see Figure 4.6).

Question:

1. OST Usage and application domaiBsétegories then 12 child nodes)
2. Barriers which prevent using or reapingfill potential(4 child node$
3. User flexibility of existing OST (3 child nodes)

Peogle
|
\ Process
|
hid
\ child
|
Data \ \
C mm\
Barriers which —_ ..
prevent using or e
reaping the full
ent Technology
<
|
Innovation and |
mplementing |
technology |
£ |
| Child
[
I |
Growth and Chid [
sustainability | | Medium and room
‘; [ for improvement
Child [
I
Child— %, Child
| —Cha Performance Sievey T
Supply Chain Improvement uestionnaire ~Chid__
" Enhancemen s N
Child —.
5 User flexibility of ——__
existing OST Child____
: child \ T
Merging new Child \
businesses \ Low and room for
I ; id improvement
\
\
‘n
\
0OST Usage &
Agplcaion
omains Omni-Channel High-Uptoa
Fulfilment satisfac
\
|
chid Child g /Invenlofy
\ child
e |
. T—Child
Risk analysis id____
Supply Cln, Supply Chain
Operations jube ~Child_
v I —
\ \
4 \ \
child \ Child \ Nelwork
Child \
\ child
\ \
\
)
Workforcs analysis Transportation and
route
Operation analysis
Product Flow-Path

Figure 4 .6: Survey Questionnaire Project Map
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4.25ResultsSummary

Application of OST inSCND, Operation and RBesign providesimader capabilities in
geting the right supply chain design at finststance then finetuning the operational
performance to bringing further enhancements while continuously seekintheor
opportunities exist to shift the operational excellence to the next level even-ogsige

if the experiments via OST provide better institutions. This type of OST matunidtyles
multifaceted savingior yourbusiness over time

4.3 Interviews

4.3.1 Qualitative Data

5 semistructured interviews were conducted viltle subject and industry experts who
were very supportive even during the peak COMI®pandemic situation. Then all the
responsewereuploaded into NVivo as explained earlier ahdfollowing outputswere

obtained.

4.3.2Results & Discussion

File-Case Classification Project Map

This project magsee Figure ) shows the responses captuwedler the classification

of 50 survey Respondents (50xSR) & 5 Interview Respondents (5xIR). All 55
UHVSRQGHQWYVY GDWD ZHUH FDSWXUHG LQ DWWULEXW
CasePerson.
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Figure 4.7: File-CaseClassification Project Map

Interviews +Main Project Map

The way interviews have been carriedtand the area covered through the questions

have been codedin NVivo under three child nodes then which have been expanded further

for 10 child nodegsee Figure 4.8).

Questions:

(1) Barriers which prevent using or reaping the full potdntia

(2) Current Usage and Awareness
(3) The Importance & requirement for a robust Framework to atdemapplication

of OST
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Data Process
»
O \
Child o
hild
High C
x \
\ \
1‘ \“
\
‘I
Child
\
\l = = Chid——"""
Barriers which
H| prevent using or People
: / reaping the full
~ potential
Fom Chil & hfd/
ild—_
tow ) n\xThe Importance & // <
C d
requirement for a ‘_—“‘—Chdcv“iii Child
robust frameowrk
to aid in application -
of OST Interviews N
o ll Technology
Child
Medium
————Child——>
High-Uptoa
Current Usage & 2
Awareness satisfactory level
Child
Child
\
Medium and room
for improvement
Low and room for
improvement

Figure 4 .8: InterviewsMain Project Map

Question Node: Barriswhich prevent using or reaping the full potential

This project map(see Figure4.9) shows 24 barriers (Codes) under 4 CiNlddes
(Technology, Process, People & Data) whigunder thé ParentNode (vhich prevers
using or reaping the full potential of OBT

The references captured under these 24 barredss as per the Primary and Secondary
of the CauseandEffect Diagram (CED) under above mentioned 4 categories

(Techology, Process, People and Data)

So that the connection between the analysis done through NVivo and CED.
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Optimization&

Reluctant to Share

Validity & Accuracy

Groos mtionel process framework
Child Child
Lack of defining the - \ / .
SCperomance Child__ o Tk s
mee =5 T improvements
/ me“\
Shd \\ Child
e x
\
\
\
\
Lack of integration

S
———Child——— TTTT—Child—
___— Barriers whi Md/ People =
e prevent using or esistance
G reaping the full R !
A ential change
= |
| Lack of cross |
‘ functional support Child Child
\ ‘
| |
Unrealistic data ‘l
sumptions Child
|
| Organisati
. Unwillngress to stucture & cufure
| share risk and
‘ rewards

Lack of defined

ecisions

Figure 4.9: Barrierswhich prevent using or reaping the full potenRabject Map

4.3.3 Results Sumrary

To visualizethe results ovethe coded references in NVivo onetlbébest wagis to run

a Matrix Coding Query (MCQijrst and then generate the mati@ble ager the criteria

required (see Figure 4.10) then which can be converted as a chart for much better

visualization (see Figure 4.11).
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Matrix Coding QueryTable Barrieiswhich preventising or reaping the full potentjal

Barrier in appllication & reaping full Potential of OST A:Data B : People C: Process |D : Technology
: Data Sources 571%

: Lack of data 49 52%
6.67%

: Optimization& Simulation Scope
: Reluctant to Share 571%
: Solution for wrong problem 4.76%

A : Data
vl |[vdjo[u[b]w[]|=

: Unrealistic data assumptions 14.29%
: Validity & Accuracy 13.33%
: Intension of one-off use

: Lack of competancy of OST users

: Lack of cross functional support 7.76%
2245%

2.04%
327%

2.86%
59.18%

=
o

: Lack of top management support

=
=)

B : People
=
=

: Organisation structure & culture

=y
w

: Resistance to change
: Unwillingness to share risk and rewards 2.45%

: Cross functional conflicts 143%
76.43%

2.14%
8.57%

=
=

=
w

=
[=)]

: Lack of defined process framework

=
~

: Lack of defining the SC performance messures

[y
2]

: Lack of focuss in process improvements
: Lack of integration 2.86%

C : Process

=
w

o)
o

: Non-aligned SC planning levels and Decisions 8.57%

27.83%
44 35%
2261%

5.22%

[
=

: Complexity

[
=]

: Cost of Implementation
: Expansion & Integration constraints
: Time for implementation

[oe)
w

D : Technoloq

]
£~

Figure 4.10: Matrix Coding QueryTable (Barriers which prevent using or reaping the

full potential)
NB:

The significance of the results provided by this Matrix Coding Query triggered to insert

below processes into the framework.

X Proces 2: Leverage CSF: Technology, Process. People (TPP)

X Process 3: Construct & enrich the modelling database (MDB)
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Matrix Coding Query*Bar Chart Barriers which prevenusing or reaping the full

potentia)

Files coded count

w
o
N
~
N
S
= N
o _.
S L ®
3 T o
o= oo
88¢d B
=gul
Data Sources . ) —
Lack of data . | =
Optimization& Simulation Scope . ‘_".—:
Reluctant to Share \. === x
Solution for wrong problem .= = g
Unrealistic data assumptions .\ 5
Validity & Accuracy | = =
alidity y W o
Intension of one-off use S g
Lack of competancy of OST users <
—
Lack of cross functional support 9
Lack of top management support — %
z Organisation structure & culture l(l)
] Resistance to change 5
Unwillingness to share risk and rewards == Q
Cross functional conflicts ] Q
Lack of defined process framework [
s — 4
Lack of defining the SC performance messures o
Lack of focuss in process improvements s 3
Lack of integration %-
i ” e — (0]
Non-aligned SC planning levels and Decisions o
Complexity I 1)
Cost of Implementation ~_ a
Expansion & Integration constraints @
Time for implementation ™~
f

uwn|op

Figure 4.11: Matrix Coding Query+Bar Chart (Barriers which prevent using or reaping

the full potential)
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4.4 Overall Summary and Conclusion

Based on the detailed analysis of both quantitative and qualitative data obthened
potential application domains of OST in SCM and barriers which prevent using OST in
SCM wereidentified. There were foutistinct, but welintegrated barriers identified
namelyTechnology, ProcesBeopleand Data. But out of aglit was well refleted that

the Data Managementin SC projects holds a substantial weight among ti8oreisé
below-constructedCED (see Figure 4.12X LOO EH WXHH. Q Yetdp e which

is the core element of this entire reseapcti’' H V L J&Qelopment of th&rameworkT
4.4.1 Causeand-Effect Diagram (CED)

As explained earlier in Chapteythis is the point bmerging both (1)heinitial research
gap identified in Chapter 2 by Literature Review and (2ptherallresults & the Survey
and Interview Questionnairéheresearclgapidentifiedin Chapter zhas beemxpanded
with these results ahcan be well presented over a CED undlenain categories (see
Figure4.12).

Themajor groundor identifying the 4Primary (People, Process, Technology andada
thenSecondary andertiary causes the data collected througburvey questionnaie
and intervievg. A result ofthe waysemistructured interviewand theopenended
guestionnairevere conductethelped immensel{o go the extra mile anccapture the
expertisHsfviews and suggestion® produce a strong CED which reflects a better
coverage of all possible causes whaffect using and reaping tmeaximum potential out

of the OSTSs.

To get analysed and visualised the captured data systematically; NVivo® software had
been deployed. All the possible causes were fed into NViva asuctured Gding
hierarchy(Primary and 8condary Causess in 24 Codésame as how CED reflects.

The frequencyin terms of how many times the same cause has bightighted and
discussethy therespondentgharticipants vascaptured as theumbeiof references under

each codingvhich waswell explainecat the beginning of the chapter.
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LEGENI

P - People
T - Technology
PR - Process
Technology
Integration Project initiation
Delays without sufficient resources
People
Lack of skills and < I s Needtouse . g 4 = & Ti-Time for
knowledge e s various tools impleme ntation
Lack of trust
P2- Lack of Competency 4 S Lack in a Framework of
05T % tadcor e 4 Pilackofcross  T2-Complexity —y: implementation
\rinings functional support Eiating / Lagacy
systems
Short-sighted ROI G viGa Userfreindliness 5 = 4 _ Ta-Expansion
Pé-Lack of Top 4 > ¥ constraints
Management support W % tod
< \d to change ook coet Infrastructure  Transition
Lack of awareness e QldTo e
PE-Unwillingne 3 Notmovation TaCostof 4 >
hare risk and reward: ¥ mindset i entation
s g rawams P homennaon; | TrRTSHEN ® Prevent using and
e 3 i
iteiria Comp@AicH structure and culture ROI expectations Teapie
s .l ‘ - ! the full potential of
Processes
Problem definition osT
6-Lack of Integration ——g— & in SCM
Service Level D8-Solution for X .
wrong problem v
Inappropriate
D7-Optimization and

PRI

PRA-Non-aligned SC planning levels

T
ok Agreements (SLAs)
PRS-Lack of defining

Decisions not
integrated - 74— the SCPerformance
e M Key Performance o
v 4 v 5-Lack of da
Indicators (KPls) SRASEE G ol
PR3-Cross functional conflicts vailabil
5 Third party Unavailabl

Poor understanding X
& 7

Insufficient
oy Complexity
Not compatible
lity with the scope
K

) v

simulation Scope

D5-Unrealistic data
assumptions

and decisions
N
otfocuson
all three levels
-Lack of focus in process
PR2. foaus inp 5 & subseriptions / Cost
improvements
Lack of know-how BEDatssoureE No inhouse skills and
Costrot 4K FRl-lzck‘cA defined ~ o(r:::::vx::‘ Knowledga
affordable Bvocesd framevork Lack of awareness & i
Sequence Unsblatolocats & = D3-Reluctant to share
idity and accuracy - > Di-Lack of knowledge of
Process 4 significance of Data
Not reliable Long term x Availability Vs Performance.
{Pariodic Mandatory &
Data Optional Data

Figure 4.12: Blueprint of OSTiISCM=Barriers in OST application capturadprimary

secondanand tertiarycaus

es by €ED
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Chapter 5

Design and Development of th&ramework

5.1 Introduction

The barriers which prevent using and reaping the full potential of OST in &€Mell

illustrated by a Causes & Effect Diagram in chapter 4. In thiatwell reflected that the
community concerned in OST is required a vatlictured approachto come across those
barriers. Tlis isthe blueprinfordesigningand develamthis Framework$ OO pY3ULPDL
DQG 6HFRQGD(lodrzodediv CEDWhLFK pf(ITHFWYY SUHYHQ!
reaping the full potentialere successfully addressed by OSTISCM (see Fghiie&

5.2).

Therefore, the main objectwt® FRSH RI WKLV IUDPHZRUN QDIBPHG |
GHULYHG IURP pp2SWLPLVDW LRQCHINPOXOAIDW HR @ QIR RIO
address those identified drawbacksdinefficiencies and provide stepy-step guidance

WR WUDQVIRUP WKH nfpaXxveilVQHWW HGV U Pe&H I\GWUDWHJ\
decisionmakers can execute their decisions gmisewide successfully with full
confidence over contiraus experiments by using these tools to achieve operational

excellence.
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LEGEND

Technology

Figure 5.1: Causeand (I IHFW 'LDJUDPYV UHODWLRQVKLS WR 3UR

Therearefourkeycolumnsbelow (See Figure 5.2)hichexplain the connection between
the codeg4 colour codingpiven in CED (see Figure 5.8nd how that paveasolid
foundationto derive the&keytenprocesses in the proposing Framewdrken howdoes
that bring the novel contributionof knowledgeto existing space in academia and
application in industrandultimately, what are th&key milestonesindoutpus existing

and intended ussof OST can gedchievedyy deploying this Framewo®k

1. Barriers n OST: Captured WYED: -This column explains how the captured all
causedave been filtered and selected based oatudd tothe form of that
specific process.

2. OSTISCM: - These are th&enKey distinct processes derived as a Framework
which should be followed by the users to prevent the canfstsmtdrawback
using and reaping the full potential of OSTs.

3. Solution: Contribution to knowledgeThis is how this novel frameworkrings
thenovel contribution of knowledge to the eting space in both academia and
industry.

4. OST/Output- This explains what are the distinguish milestonessaguificant
outputs users can behievediuring any deployment of OST by using this Novel

Framework.
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LEGEND:

In Cause-and-Effect
Diagram (CED

P -People
T-Technology

PR - Process

D- Data

T1,T2,PR1,PR4,PRS,

D5,D8

T1,T2,PR1,

D5,D8

T1,72,PR1,PR4,

D5,D8

T1,T2,PR1,PR4,

D5,D8

P3,P4,P5,P6,P7,T4,
PR1,PR3,

PRE,D3

PR1,D4,D5,D6

P1,
PR1

=S

————— e — i — — — —

i

analysis (GFAor BFA)

| P4-Perform Greenfield or Brownfield | ..

!

P5-Model a Robust Baseline (RBL)

h

P6-Optimisation:
Network (NO), Inventory (10} & @~ -
Transport (TO) I
|
. |
! |
|
P7-Simulation (SIM) -

v

P8-Enterprise-wide
awareness &
decision execution (EWADE)

!

data (CTRD)

| P9-Capture transactional & real-time

h 4

P10-Monitor 5C health & proactive
experiments (MSCHPE)

Find the optimal locations to cater better service
levels in concerned operating geography.

Construct a Robust baseline against which all
optimisation and simulation experiments can be
carried out with confidence.

Testing the alternative choices for the optimal
parameter configuration over the targeting
Supply Chain Network Design (SCND).

Enabling a sound supply chain digital twin
capabilities to test Realtime business dynamics

Assurance of collaborative and results driven
platform for a successful SCND implementation
through a solid enterprise-wide awareness,

Stay a step ahead over future uncertainty and
inject innovation into business to stay
completive.

Monitor SC health, perform proactive scenario
experiments and sensitivity analysis for a broader
visibility of risk exposures to achieve SC
resilience.

—_——— =

-

Barriersin OST: Solution:
—| OSTISCM | 0ST/ OUTPUT
captured by CED Contribution to Knowledge ™ /
TL,T4PRLPRA,PRS, | P1-Define SCND scope & objectives Integrate business strategy and model into OST SCNDsO
D708 (SCNDSQ) scope & objectives. \f
. Ly sold cols hnob Tep
. Lay a solid collaborative technology-process-
PZ,PS,PIl,P?.Tl,T%TiTi, ..... P2—Leverage&CSFs.TIEChn0|0gy, people platform to fuel the experimentsfor a
PR1,PR,PR3,PRA,PR6,D3,07,08 Process & People (TPP) better RO of OST
v r =
PLTLTAPRL, | P3-Construct & enrich the modelling Fulfilling .the.necessary data ret.qulrement inte
0102045060708 | ] . 05T application over constructing a well-
database (MDB) structured enriching database.
hJ -

GFA & BFA

RBL

v

OPT: (NO),
{10} & {T0)

.

SIM

SCND /
SCNRD

EWADE

Figure 52 3URFHVV LQ WKH )UDPHZRUNYVY UHODWLRQVKLS
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5.2 Building blocks

Since the requirement for a structured approathaapplication of OST in SCM is well
UHFRJQLJHG LWYV LPSRUWD Quged/ta desigiRandWd¢délophter X Q G
of Framework OSTISCM. At the very aggregate level that can be illustrated as 4 key
blocks on which the rest of the parts and critemiataken into consideration over this
OSTiSCM(see Figure 5.3).

OSTISCM

ra T N '\I ra

Lay a solid Empower the Continues
Leverage the
. structure for an stake of enhancements
Critical Success enrichin decision to the OST
Factors (C5Fs) g

database making community

Figure 5.3: Building blocks of OSTiSCM

5.2.1 Leverage the Critical Success Factors (CSFs)

A lot of inefficiencies and drawbacks which exist during OST application projects
originated due toa lack of integration and crodsinctional suport among (1)
THFKQRORJ\ BURFHVYV DQG SBHRSOHY§sugpo® HF LD (
duringa very strategic level decision like SCNhich associates with a huge investment
in terms of configuring the lontgrm business operating networkthkacision should be
courteously supported. To provide such business intuitionsto the decision makers through
tools & technologythat they use such as OST; should be well integrated with well
structured processes and skilled organisational resourcesonhetine most important
HOHPHQW uf'DWDifitf GSDLQarte hroc€3SH by skilled people for better
outcomes. Therefore, its highly recognised that, these three CSFs should be well
integrated and validatdekforeany execution otheOST project with pave a smooth
readyto-operate platform with the data which will come on board at any time. By giving
that priority this is the ® process in the framework which is fully pledged with a string
of steps.
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5.2.2 Lay a solid structure for an enrichingdatabase

Theresearch (AnalyticsLearn, 2021) illustrates how significant the different type of data
businesses associates with over time and the relationship among them spread across in
complexity and value they hold (see Figurd#)5As such if businesses have the capability

of capturing that specific data into a wsttuctured database that will empower the
amountbf datathat they have in hand at any pamtime. When descriptive analytics
reflects what has happened and predictimalgticsis used to model and forecast what is

likely to happen, prescriptive analytics strengthen the experiments over OST to hit the

right choice among alternatives.

4 Type of Analytics

Prescriptive

1. Descriptive: What is happening?
* Correct Data

« Effective Exploratory data onalysis Fredictive

2. Diagnostic: Why is it happening?
* Finding the causes
* Separating oll the potterns
3. Predictive: What is likely to happen?
* Choosing the right algorithm
* Bulding the right business strotegles

Descriptive

4, Prescriptive: What do | need to do?
« Using the odvance analytics
* Recommended actions

Complexity

Figure 54: Type of data and business decisions derivenh 4 types of analytics

(Source: AnalyticsLearn,2021)

Consequentlybeforecaptuingany data the scope of data which is required to start and
operate the business which leads to adhgweperational excellence should be well
determined. Thenthe relationshipamongthe differentdata categories, accessible sources,
and acquisition from igin into a discrete workspace where data can be stored and

manipulated should be well mapped and geared.

-XVW LPDJLQH LI LWV D QHZ EXVLQHVYV ZKLFK LV SOD!
up with this type of platform, where they can start freonatch even with the data
assumptions and enrich their database over time. In return that will strengthen them in
using any tools such as OST to experiment as they move on. This is one of the objectives
which is fully pledged within the framework whichilivhelp the businesses as in

following.
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x Gain the data management maturity through sound business intuitions fuelled by
a structured DATA driven approach.

x Continuously enriching the databdsgecapturinghe data through the connected
systems or devices ., ERP, TMS, WMS,dT) to strengthen the data analytics
capabilities.

x The ability to inject strategic innovatiointo business proactively to stay

competitive.

5 2.3 Empower the stake of decision making

Sometimsthe decision makers in businesses gambltheir decisions due to the level

of uncertainty and urgency they associate with the type of problem. So, thevlomes
stake the right choicarerewarded while the others will lead the business to an utter mess
at some pointAs such the consideration in SCND decisioraking and the impact
associatdwith the entire business objectives and goals is very significant. A multifaceted
SC business case environment strongly entails a structured DATA driven Decision
Making Approach. The true hidden causes behind most of the negative impact of

decisionmaking can be listed as foll®wv

X When the problem is very complekeep exploring for the best option
unrealistically rather than simplifying it into smaller pieces.
l.e., Solution: Embed the full problem scope into OST aa Project which
contains multiple Models as swdbjectives.
x No proper groundareset to compare the alternative approaches precisely
0 i.e., Solution: Run multiple scenarios and perform comparisaogdh
OST
x Failure to determine the appropriate calibre and the number of people must
involve in decisioAmaking
0 i.e., Solution: Leverage the CSPeoplebeforeOST by defining the OST
core and support staff structure
x Lack of enterprisavide awareness and challenges involvethmexecution of
the decision
0 i.e., Solution: Leverage the CSPeoplebeforeOST project and strategy

execution in a very democratiseéyy make everyone aware, get the full
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crossfunctional supportand then which will help to perform an enterprise

wide awareness jubeforedecision execution.

5.2.4Continues enhancements to the OST community

Due to some negative impresstin the aspets of TimeCostQuality (TCQ) in most
instancesbusinesses or individual usens still reluctantto apply these OSTn their
business decisiemaking process. This general idsaalready well demonstrated and
justified through a sound literature rew and the results derived from survey
guestionnaireand interviews. Fonstancethefollowing situation can be described.

Data managementis onetbkevery timeintensive processes in any OST deployment if
the project is not geared with the appropipterequisite¢Structure & Data)ln any
project there will be time constraints imposed by the business leaders or stakeholders
over any process. During the data acquisitibthe right data cannot be sourced or
assumed thatcauses a huge drawbackbmchted time limits will be crossed. Since that
delay then propagaddorth and the TIME allocated for actual experiments will be
decreased or tightexd up which will then restrict unlocking the true value potentials.
Ultimately OST deploymeninay end p with unsatisfied decision makers due to the
QUALITY of the results and that will generate a negative impresdithmear investments

/ COST on the OST. Butthe actual root cauisths negative impressiontiselack of a
structured approadio data management not antherproblems with the tools / their

investment.

Therefore, one of the main objectives of this framewsde Figure ) is to transform

that negativity, scariness, or lack interest intoa state of uWYT&RQILGHQFHTY ZKlL
stimulate them to use this as a guide to learn and unlock the true potential by continuous
deployment. Likewise, this framework will help to sprelad awareness dliiebenefits

of these tools across the OST interested community (either business or academic) and

enhance their domain knowledge continuously.

5.2.5 The Famework +OSTISCM

Figure 5.5 presents the final version of the framewuanich nowembodies three major
changes suggested by the reviewers. Three major changes are (a) Improved presentation
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of the framework (b) short and clear headings for impdaeadabilityand (c) clear and

concise instructions fadheprocess.

.—» P1-Define SCND scope & objectives

o}

SCN Re-Design

P2-Leverage CSFs: Technology, Process &

People (TPP)
i Fully
Right stack i )
ofgthe osT integrated Right skill set
process

specification

P3-Construct & enrich the modelling
dhilezes (1) Data catalogue
with track of
records of all
actions

Validated
relational
database
structure

Construct and
enrich the database

Lay the foundation
for a relational
database

Upload
ready
data

P4-Perform Greenfield or Brownfield
analysis (GFA or BFA)

Any existing

locations?

" )

Greenfield analysis f? Brownfield analysis
k—b QOptimal

I y
location(g)

]

P5-Model a robust baseline (RBL)

Arobust
baseline

Validation against
baseline validation sources

Run Network |yl
Optimisation{NO})

,

Adjustments to
current state
baseline IF any

Medel the current
state

Risk exposure tolerance
level exceeds & SCN Re-design

Sub process: required ?

g:r: (ZEC;E:@” Yes No P6-Optimisation:

P Network (NO), Inventory (10) &
Transport (TO)

P10-Monitor SC health & proactive
experiments

—

Adjustments

P7-Simulation (SIM)

Sub Process: e
l Alert OST criteria for
Construct and enrich — — — —dUpdate MDB optimisation
the database team
Finalising
criteria met?
al
Application Programming Real-tima Ye
Interface (API) Data
L
] Robust SCND
=1 Update 1> i. _ pull— —p| Pe-Capture transactional &real- SC"N;D Slrateéy
time data
Real time data pa
'
Update
H P8-Enterprise-wide
awareness &

Q decision execution

Transactional data

Figure 55: Framework OSTISCM
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5.3 Description

5.3.1 Define SCND scope & objectives

,WIV D NLQG RI EODFN VZDQ LI WKHUH LV D VLPSOH
SUREOHP 7KHUHIRUH LWYV DheZdiplextprobew idtdesdyr G LV D
understand, simpio-solve smaller chunks. In an OST application project, it will be
either fora SCND for a new business or SCNB&sign for an existing business. The

benefits of clear SCND scope and objectives are tddetb(sed-igure 56).

OST User Clearunderst_andmg nfwhy the
models will be designed
SCND scope & Clear Insights
objectives To:
05T Vendor Define the right stack of the Tools &
Support features

Figure 5.6: Significance of SCND scope & objectives to the OST user & vendor

OST usersnustmove forth with a clear understanding of why the models will be designed
D Q G a.mafidatory check sinceethiesults of the modeéexperiments provide good
business intuition in all three levels of planning and decision making (Strategic, Tactical
and Operational). Also, that providesa clear requirement specificationto the OST Vendor
(Software Provider) to mdle the right stack of tools, features and supartsuites the

E XV LQH V-miiNong keRnLAWplication scope. Based on the SCND scope it can be
either a new design for a new businesa Re-design for an existing business (&@gure

5.7). Then tre two tables are liste¢see Table 5.1 & 5.2jo describe the process
respectively either in New SCND or SCN Hesign.
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5.3.1.1 The Process

TAR

C

Define SCND scope & objectives

Embed business strategy & model into OST scope

(SCNDSO)
£ (0]
SCND (New Business)
:
~

.

Define business's
core values and
objectives

Stakeholders

h 4

Business
strategy

consent ?
I—YESONO

business problems
& decision making
parameters

Define the . del
business model & p| Businessmode
parameters
Stakeholders
consent ?
Yes No——
Define the

A J

Stakeholders
consent ?

OST scope

}

SCN Re-Design (Existing
Business)

Y

Define the OST scope
for a Re-Design

SCN Re-Design
scope &
objectives

Yes
L SCND h 4
Integration p scope & @
objectives
)

Figure 5.7: Process Define SCND scope and objectives
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5.3.12Thedescription (SCND)

business's core
values and

objectives

the way business is geared wi
the supply chain strategy
always matters.

x Clear Projection®lansabout
WKH EXVLQHVVTIV
Financial Goals (Bottom line)
and how Supply Chain strateg
can help to achieve that muost

defined clearly.

(0]

Task Description & criteria to determing Deliverable
S.N.
1 Sub Process: All 3 key deliverables (1) Busines N/A
strategy (2) Business model and
Embed businesg
OST scope should be clearly
strategy & mode
% defined and welintegrated.
into OST scope
2 Definethe x To drive any business strategy Business strategy

ORVW RI WKH
LWHPVTY LQ M
GRFXPHQWVIY
impacted by Supply
Chain Network Design
(SCND) Decisions.
i.e., Cost of distributin
as a % othetotal cost
of goods sold.
Thereforeaclear idea
aboutrevenue and
expense transactions
(Projectionghistorical)

isamust before any

SCND strategy creatior|
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Financial documents & line items

Profit & Loss Statement: Total
Revenue, CostfdGoods Sold, Cos

of distribution, Profit, etc.

Balance sheet: Assets as in
Inventory, Facilities,

Transportation, etc.

x Organisation future state
alignment (ShorMid-Long
Term planning)

X What Organisatiosdo well
(Competitive advantage:
Strength, Oppdunities)

x What Competitors do well
(Barriers to Entry: Weaknesseg
Threats)

X %XVLQHVVTV 8QLT
Proposition (USP): Specific
geographical footprint, Single
Product or mix, seasonality or

throughout the year

Define the
business model

& parameters

X Business operating Geograph
(Market Segment)

X Supply Chain Network Nodes
& Relationship (Including
Reverse if Circular)

x Customer Nodes/ Footprint

x Demand Node / Footprint

Product: RM / FG flow through th

network

Business model
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Unit of flow Mix (FTL, LTL,
Pallet, Carton, package, assortmsg

unit)

x Transportation Mode Mix

Define the
business
problems &
decisionmaking

parameters

X A clear understanding of why
the models will be designed
(Foundation for breaking any
complex problem into smaller
chunks). As in experiment
projects which contain multipl
models.

x Decisionmaking scope which
spread across in Lorged-
Short Term timespans

Strategic, tactical & operationg

This provides good insights for th
assessment (to both OST Usend
Provides) when it comes to
decidngthe specification othe
right stack of OST & features.

Aggregation strategy:

This is a very significant caern
which should be defined and agr¢
uponamong the stakeholders/
decision makers ithefollowing

aspects.

(1) Model reflection granularity:
X Thesecan be Product(s),

Geography, Facilities,

Customers, Transportation

OST scope
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(2) Model results granularity:

X Always check the

(3) Model Run-Time:

X Models aggregated @

Policies, Constraintsnd
Fleet. i.e.

Customer: Can be a
Country, Port, City, Post
Code, 3PL WHS, etc.
Based on the demand % o
of thetotal larger proportior]
of the demand nodes cha
reflected as individual
customers who holdminor
propositionthatwill be
aggregated.

Product: As in individual or
group as in weighwise,
pricewise, technologywise,

type-wise.

requirements from dwsion
makers (i.e., CEO, CFO,
CPO) in terms of
visualisation of modelling
outputs for their decision
making.

Aggregation strategies for
entities enhance your abili
to analyse tradeffs among
decisions.

higher level minimize the

Run-Time and error fixing
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time and in turn that
timesaving can be used ag
an extra cushion for more
scenario
experiments/comparisen
(i.e., run at the very first
instance)

Then review the
aggregation later again aftg
the first instae of running.
If the model russfaster
execute deaggregation on
required parameters base(
on which more granularity
in resultss required.
Decision makés evaluation
criteria & data format
requirement (Conformity o
model culture to satisfy the
decisicn makers)

Define any periodic /
seasonality nature
associatd with the busines
Determine parameters sug
as Circuity factor for road
transportation, road traffic
concerns and transport as
speed accordingto the

business operating

geography.

l.e., Simulation results ove
different geographical
terrains: road speeds,

circuity factor. This enable
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usto getadeeper
understanding of reality
with supply chain dynamic
and achieve operational

excellence.

5 Integration All 3 deliverables should be SCND scope &
properly integrated to produce a | objectives

clear SCND scope & objectives.

Table 5.1: Description- DefineSCNDScope & objectives

5.3.13SCN Redesign for an existing business

If the business operates at present and requireedagign in terms of finetuning the
HILVWLQJ VXSSO\ FKDLQ EDVHG RQ WKH GHVLUHG VWD
strongly connects witBrownfield Analysis (BFA) one of the Optimisation Toalseal

to see the potential facility locations during asteucuring or expansion of an existing
network configuration. BFA will be discussed in detail in ProgesBeforemoving into
very highlevel causesdr a ReDesign, gding a broader pictureof multifaceted
dimensions is worth it. For instandka business conducts a PESTLE analysis that may
provide valuable business insights in those six dimensiongdo@sany change in the
concerned business optng geography affect relatively to the current business settings
and in return what are the best causieaction business can take in shovd-long-term
periods. Accordingo researchy Business Documents UK Ltd. (2021) that multifaceted

causes cahe shown belowsge Figure B).

136



Pandemic lifestyle

. ewarmmmmy Wmm mmmpm Lagtsummrus . ndmmbmmunw
* Financial stimulus Recovery struggle for trends pandemic such as employment,
« Pandemic . Ismmm consumer attitudes and . m safety el mnwdﬂ-:::.:d‘:mhhl
* Health service readiness spending opinions * Relevant current and + Environmental fight against waste
Pandemic policy factors = Current and future levels media views future technology legislation Relationship with global
Current taxation policy of government spending  * law changes affecting innovations « Future legislation fight against plastic
Future taxation policy Ease of access to loans social factors The level of research changes
The current and future Current and future level  + brand, company, funding + Changes in European The level of pollution
mmm :dm’ulmhs,lnlhlm . M;Mnlr: . Thuylinm . !I:dlmplm created by the product
initiatives Specific taxation policies patterns purchases + Regulatory bodies + Attitudes to the
Trade bodies and trends fashion and role models Intellectual property + Pandemic legislation =~ environment from the
Effect of wars or Exchange rates major events and rights and copyright * Working environment government, media and
worsening relations with ~ + mmﬁ: lmerdty o « Pandemic legal . eonul'muhm
[Election campaigns * Real estate exodus renewable energy
Issues featuring in Inner city factors Internet connectivity + Relationship with
political agendas decline ethical issues utility deforestation
Supply volatility Digital relationships
Figure 5.8: SCN Redesign and connection with BELE Analysis
Source: (Business Documents.co.uk, 2021)
5.3.3.4 The description (SCNRD)
Task Description & criteria to determine Deliverable
S.N.
Facility Footprint:
1 Define the _ . . ... | SCN Re
Adding/ Removing, Merging & Acquisitiof
OST scope fo Design OST
ZLOO FKDQJH WKH 6&fV (
a ReDesign . . scope &
(Sourcing, Production, Cross Dock, VAS,
objectives

DC, WHS) or may be due thefollowing
concerns.

x Political or Legal (Boarder control. i.e.
Brexit)

X (FRQRPLFDOsdémRIxve)Ww U\

x Environmental (CO2 Emission by
facilities / Production / Transportation
fleet. i.e., ULEZ zones in London)

x Changes to sourcing strategies {On
shore, offshore, fashore.i.e., moving
into low labour, production cost
countries), closure or opang of new
facilities

x Demand Footprint
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Adding/ removing/ merging new markets

business / facilities.

o Identifying new markets or
dropping nonrprofit markets*
Changes of the Nodes of
Demand Footprint

0 Some geographies you were n(
serving before bytlanning to
serve in future will change the
Distribution Footprint

0 Mergers and acquisitiGare
known as M&As to obtaim
competitive advantage in the
market by sharing resources af
cost reduction for better service
level improvements.

x Distribution Fooprint:

0 Mode of Transportation
Changing from fuepowered to
batter powered (electric) due to
Environmental concerns and
taxes or new rules impodéy
thegovernment.

x Other Experiments (Policies, Logic,
Period, Costing, Processes, Assets)

0 Seasonality, Bduct mix, Asset
mix /MHEs inside 4 walls,
operating hours, Capacity

planning, etc.

Table 5.2: Description- SCN Redesign for an existing business
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A hypothetical business case fetarting anew business:

Before movingintthe UHVW RI WKH SURFHVVHV OHWT{V JR WKUF

which illustrates how strong the connection between steykleliverables of Phasks
and then the same as inputs inta$®-3: Construct the modelling database

A company cabdRG Gobal established itheUK, came up with a new business Idea

and their very higHevel business model can be described as follows.

X Import Fans from Netherland to England and Distribution over an ishaatel
SHWDLOHUYV QfbrWedRasdhaldéane duvingithle British Summer which
is forecasted for 2022.

x ,PSRUW VKLSPHQWYV ZLOO EH 1T )XOO 7UXFN /RDG )
for £15 /Unit.

x Port of Origin will be Rotterdam seaport, Netherlands (NLRTM) where the
Manufacturing Plant can becatedn proximity and Port of Destination is Felixtowe
seaport, England (GBFXT) where the Main Distribution Centre can be located in
proximity.

x 2 salling services allingweekly basis NLRTM to GBFXT with an average Transit
Time of 7 days

x Distribution will be done by Delivery Vans to the Islamdde Retailers located in
Main Citiesfor £ 30/unit.

Following is a sample output which chederived after following the Process /HW {V
imagine theOptimisationand Simulation Project Team of RG Global hlasroughly

followed Process 1 and resultexdsomething likehefollowing (see Figure ®).
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Business Strategy: Take the advantage EOS by obtaining the discounts/ minimize the
per unit cost by import shipments as FTL to cater the forecasted demand spikes Nodes

-| of RTLs by achieving the Lowest possible Cost-To-Serve during the Summer season
without any stock outs which impact service levels negatively.

P1: Define SCND Business Model: Clearly determined from Upstream to Downstream
scope & objectives [ *-| Geographical Footprint of Nodes & Relationships , Mode of

Transportation, Flow of Units, Period)

Abbreviation:

EOS: Economy Of
Scale

FTL: Full Truck Load
LTL: Less-than

Truck Load

RTL: Retailer

RM: Raw Material
BOM: Bill Of

Material

MFG: Manufacturing
Plant

DC: Distribution
Centre

CZ: Customer

[OST Scope: Clearly Determined by (1) + (2) + (3)+ (4) + (5)

(2)CONSIDER:
Flow of Units
MFG to DC as in FTL

(5) Decision Making: in network
level configuration;
Facility Footprint: Optimal

(1)NOT CONSIDER:

(3) Aggregation Strategy: .
Transformation of

(1)NOT CONSIDER:

Aggregated all variety of Then DC to RTL as in LTL Individual Orders by .
fans to as one Product P;;gl]:f[t fmAm Rl\‘z;” BUT No Return Process for Customers Transport :Ezaf:g:;(;‘fe?i‘:;ad Sg:;: :jjendfon
group. NOT total Product to Assembly NOW. as LTL CZs &
Mix individually will reflect ' -
in the Model (ie., stand fan, - RIT CZ ]
table fan, sizes, different . . 7
prices, options, etc.) [ MFG_} {DC_} RTL
RTL »CZ ]
. § Business Operating Customer ‘
Supplier Product Geography (L ocations) Demand

. Period (Multi Currenc em an
Source }—{ Product H Customer H Location }—{ Transport v H UOM (Forecast)

Figure 59: % XVLQHVYVY PRGHO VWDWHPHQW LQWR 6&TV QRG

Oncethe (1) Business strategy, (2) Business modeland (3) OST Scope are fully integrated
andthe OST user is crystal clear with why models will be designed (Aggregation
strategies and Scale of Reflection in models are considered) and which businessdecisi
must take (Note: For this example, only Strategic Leeeibdis considered). The output

will be a string of entries which reflects the SC network configuration which must
consider duringhe OST application (set boundaries of OST application) and the

return provides a clear scope in the data regdoefuture experiments.

5.3.2 Leverage CSFs: Technology, Process & Peofld’P)

2QFH WKH %9XVLQHVY 6WUDWHJ\ LV IXO0O\ LQWHJUDWHG
6& 'HVLJIQ 11 25 p4iri¢is\adelPrbre IC Heesign) into the OST scope

and objectives, the platform where all future experiments will be tested is the Technology
(OST). Such Technology should be fully integrated across all OST applicadilated
Processes and the Peopleono all the experiments #te front-end (OST user: i.e.,

Skillset) and support from the backend (Stakeholders: i.e., Top management). In such to

reap the true potential out of the Technology deployed and the Processes integrated the
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ULJKW 3HRE& and §rusdumtcticoadsupport are mandatory. The detailed process
can be shown as follosysee Figure 3.0).

5.3.2.1 The process (TPP)

Leverage CSFs: Technology, Process &
People (TPP)

Check the defined OST
scope & o0

SCN
New Design ? Check any refinement
No— required in the current

Integration of TPP

Yes

Leverage the CSF: Technology

- Assessment,
SE:T: ;::EOOS; negotiation & consent
) P § (OST User & OST Task: Define
wvendor Vendor) the business
problems &
Tools Features e
& t
suppor parameters

specification

Right stack
of the OST

Leverage the CSF: Process

v

—” Defineth Current state & Assess project’s
etine the requirement stakeholders
process flow & )
) ; specification feedback and
integration consent
Agree
! No Fully
: integrated
es process
spedification
Leverage the CSF: People
Define the current e Assessment
; state between the OST
skill-set & skill set
) user and the
expertise specification rovider
>l P

[Training) ( Hire ] (Outsnurcs)

Fuffilled ? Skill set

requirement

Budget & funding

Approved?

Refinement
required ? | gl integration,
validation &
04 “ : .
j\)/ reroute if anything
. torefine

It can be one CSF or multiple out of No
Technology, Process, People

Validated
spedification
of TPP
integration

Figure 5.10: Process Leverage CSFs: Technology, Process & People
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5.3.22Leverage the CSF: Technology

It is very vital to gear up with the right stack of OST which will fuel to achieve the pre
defined OST scope and objectives. This will remtivemajority of the drawbacks
associatd with the time for implementation, unwanted technology complexity Enng
unnecessary investment & cost implications and unnecessary additional features which
juststayLQ LVRODWLRQ ZLWK QR YDOXH DGGLWLRQ EXW P
spae VWRUDJH FRQVWUDLQWYV 7TKHUHIRUH LWYV DOZD
vendors in bundling the right stack of tools since they are theekiss knowing what

they offer.The table listed belo{gee Table 5.Jhowcass&the tasks, criteria tbetermine

and deliverablethatmust obtain through this process.

5.3.2.3The description (Technology)

S.N. | Task Description & criteria to determine | Deliverable

1 Check the If the scope is for new design all3 | N/A
defined OST Technology, Process and People (T
scope & should be clearly define step by steq
objectives and then integrated.

2 Check any x If the scope is for a Rdesign TPH IF validated:
refinement alreadyinSODFH EXW L\ Validated
required in the to check and validate if there any specification
current refinement requirement required

. _ of TPP
Integration of | x Because redesign happens after] _
Integraton

TPP certain period when there might
some developed inefficiencies | ELSE reroute.

among TPP

3 Define the OST | With the OST Vendor: Requirement

scope to the S _ _ Specification
OST Vendor x Modelling limitations, Licencing

duration,
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x Model Running Platforms (Local
or Cloud),

x Inclusive & Additional Cost for
Subscriptions

X Supporting Platforms i.e. Geo
References/Location & Map
Data, Distance/ Route
Calculations, operatingin cloud
platform by multiple global users
work on the same projects /
models.

X Supporting Data: Shipping, Parcg
Delivery, Traffic, Weather,
Terrain,Currency Exchange Ratg
etc.

x Connectivity capabilities /
Limitations (Import & Export
Data: From/ To & Format i.e.,
ERP, Data Analytics, Bl Tools)

X Avoid the barriers prevent Syster
and Tools Integration & smooth
Transition from Legacy systems
(If Any)

Assessment,
Negotiation &
Consent (OST
User & OST
Vendor)

Tools, Features and Support
Specification by should be clearly
understood by the OST user.

X Any advanced capabilities
required: (Connect with existing
databasesystemsdevicedile or
data formats, maximum number
data rows in excel tec.)

X This criterionis strongly

connectingvith once business

Tools, features &
support
specification
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starts operations and the way
connect to th@lanned/ existing
data sources (any ERP system,
remote devices, transport trackin
systems, etc.)

Any additional features required;
(maps, traffic data, shipment rate
as supportive database connecti
to the more granular experiment
Product supporffhe limitations /
flexibility over any bugs fixing or
any technology related assistang
during the project., free product

trainings, etc.

5 Budget & From the finance end itcan be | IF approved:
funding approved or not approved _
h o b Right stack of the
ere may be no approva
) y PP y OST
finance department: constraints
exceeding the budget amount
against OST.
6 Refine the OST In such case refinement can be | Reroute to:

Scope

done in terms of reducing the
scope of the OST considering th
shortmid-long-term requirements
(Which will match the finance
approved amount)

Then later additional features or
support can be upgraded at an

extra costater.

Procesd-Define
the Business
Problems &
decisiornmaking

parameters

Table 5.3: Description- Leverage the CSF: Technology
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5.3.24Leveragethe CSF: Process

Lack of process definition, awareness among stakeholgaistance in the flow, cross
functional support and integration are the most highlighted drawbacks during the
application of OST (As per the evidence provided in Chd&fR2& Chap.4Survey
Questionnaire and Interviews results). Therefore, these shoulellaefined, integrated,
followed, monitored, and rectified if any issues from the first instan@mapplication,

and thereafter any experimémisiness case consider. Thisvidesa fully integrated,
transparent, traceable, proceswen project maagement culture into OST application

for a sustainable journey with a sound ROl in long run. The table listed bsd@AT@ble
5.4)showcassthe tasks, criteria to determine and deliveratii@smust obtain through

this process.

5.3.2.5 The descriptior{Proces$

S.N. | Task Description & criteria to determine Deliverable

1 Define the X Bringin a clear scope, path, and cro{ Current State &
Process Flow functional support culture in project | Requirement
& integration management perspectives: Define, | Specification

Follow, Monitor, FinetuneRectify,
Terminate.

X Tools/mechanism recommend: Work
Breakdown Structure (WBS), Critical
Path Analysis (CPA).

o Project Documentation

o Project Resources (Roles &
Responsibilities)

0 Milestones

0 Project Schedule & Monitoring
(i.e., Duration for Process: D4l

Acquisition & Manipulation,
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Model Building & Results
Visualisation, etc.)

o Deliverables

o0 Processflow (i.e., Determine
the Data Management: Scopif
acquisition /sharing and
Validation then Model
Building, Results Visualization
decision making, etc.)

0 Accessto Systems

o Cross functional Support &
Integration

0 Reporting /approval structure

x Validation & refinement:

o NOTE: Validation Sources an
process must be clearly defin
to prevent unnecessary delay
in future phases. This is also
very significant asvell as the
data requirement scope to bu
the models.

0 Sources/Systems/ Reports
must be identified and gatheryg
in advance.

o Validation must be done again
the Current Business Model
behaviour & Validation
Sources

o0 I.e., Validation Sources:
Business Mdel & Processes
Specification, Financial report
made based on Historical

metrics / assumptions, etc.
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x Decision execution and Enterprse

wide awareness.

2 Assess x Remove the consequences cause by IF agreed:
SURMHF\ back & forth negotiation and obtain
_ Fully Integrated
Stakeholders final consent.
Feedback and x Democratise the ideas and feedbacK Process
Consent all the stakeholders
x Embed a sustainable cross functiona Specification

integration and support culture in lon [ S reroute.

run

Table 54: Description- Leverage the CSF: Process

5.3.26Leveragethe CSF: People

Once the right stack of OST and properly integrated application procesis fioplace

the right skill setis the driver to take the next step forward by executing the defined OST
scope successfully. Skill setin a broader picture defines the appraomapetency level
required to perform a particular job or a series. As per the current drawbacks and the gap
identified by the author; lack of awareness, competency, confidence, trust about the job
specification and what are the deliverables to the pribgaah as a member is a burning
point. OST provider is the best source of advice when it comes taragthe right skill

set as they know the in & out of the tools. Therefore, ideingfthe current state of the

skill set within your business settingbtaining the necessary adviceom the OST
provider, filingthe gap, and gihg geared are very significant milestane 7KHQ LWV
guaranteed that will leverage in unlocking a massive potion of true potential of these
OSTs which are hidden due to thesenatessary barrier§he table listedbelow (see

Table 5.5)showcassthe tasks, criteria to determine and deliveratiesmust obtain

through this process.
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5.3.2.7 The description (People)

S.N.

Task

Description & criteria to determine

Deliverable

Define the Curren
Skillset and

expertise

Competency level of the user:

X Muddler must be a logical thinke
who inject physical reality into th
digital models. Also, must think
out of the box and add some ext
cushion in reflecting thbusiness
insights through decent model o
puts to the decision makers.

X Subject Matter Expertise (i.e.,
Data acquisition, cleansing,
validation)

X Previous Project Experience (i.e
the experience of similar busine
sector / verticaprovides
capabilitiesm rapid business cas
scenarios experiments and

comparisons)

Current State
Skill set

Specification

Assessment
between the OST
User and the

Provider

Any gaps of existing resources mus
be identified, and valuable suggestig
can be obtained from OS$Fovider
(They are the best who knows the
specific skillset required to operate {
pre-configured/ tailored tools &

features)

x Required level of Expertise:
Benchmarking and traeleff
analysis (Time, Cost, Quality)

Skill set
Requirement

specification
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x Based the on individual busines:
setting,defined OST scope,
defined systems & Process
Structure, stack of the OST &
features; OST provider can
provide better insights for your
decision in following options.

o Training for existing staff

o Hire additional staff

o Outsource (i.e., Support
from Consultany / Subject

Matter Experts)

Budget & funding:| x Its matter of expertise / skilled | Right skill set
level and the budgetary constrai
with finance departmentin termg
of salaries.

X The matter of skill level in terms
of quickexperiments and results
for decision making.

X By considering the Shoitlid-
Longterm CostBenefit/ Trade
off analysis at some point hire th
hiring the best /skilled even at
higher salaries enable the entire
team of OST very efficientand
effective. Also @abling domain
knowledge transferring into the

business in the longer run.

Final Integration, | x If identified any gaps in Validated
Validation & integration of all three CSFs TPHR specification
Reroute if reroute to the particular or multip
_ _ of TPP
anythingto refine CSF leverage step(s)
Integration
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x Refinementif any gapsin
Integration
X It can be one CSF or multiple ou

of Technology, Process and

People.

Table 5.5: Description- Leverage the CSHPPeople

5.3.3 Construct the modelling databasé@MDB)

2QFH WKH 7THFKQRORJ\ 3URFHVV DQG 3HRSOH DUH ZHC
is the most significant Process in any SC Designeeign Project. Since the traditional
approach, is very time arwbstintensive, the proposed Framework guyeel through a
well-structured approach to construct your database even the current business state and
GDWD DYDLODELOLW\ LV AcSovdildradarphiy&AréataK290ate) D W F K
managementis a requirement for the successful integration désithning, planning,

and decisiommaking issues. For continuous development towards the optimal solution in
product and process refinement, all functions nedxttble to respond directly to any

changes necessary, leading to higher quality and prodyctivi

Concerninghe constructed Causand-Effect Diagram in chapter 4ée Figure 42) due

to the unavailability or lack of data, not geared with a comprehensivesedtructed
database, failing to identify the appropriate data sources or asaessicted; most of
the projects are failing to succeed to the defi@ptimisation& Simulations objectives.
Thus, as the very first instance; fracya solid foundation to construct your Database is a

key step which removdbemajority of consequences encaeeredby OST users.

Before moving to the detailed steps as shbwlow (see Figure 1) followings area
few highlevel burning points which triggered the author to determine the area to

accomplish this process.

x Determine the Data Requirement scope according to thedeBtied OST
Scope & Objectives

150



Lay a solid foundatiofor yourModellingDatabase (Database as a strategic
assetwith a strong lorigrm vision and notas a resource for specific problems
in isolation as you move on)

Identify and demarcate the Mandatory and Optional Data sets in Particular
application domains and familiar withe trend/frequency of usage.

Data blending (source, analyze, verify, cleanse, and validate) anignak
uploadready data

Enrich the Database over time with réiale data capturingand business ease

wise experiments.
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5.3.3.1 The process

Construct & enrich the modelling
database (MDB)

}

Create a discrete workspace
for data blending

}

Check the existence ofa
relational database

Exist ?
Te
No
¥
Lay the foundation for a relational database N
Disaggregate the
business model ),
Represent the nodes & Core
Validated? . ) ) data tables
relationship asin t— —= P
specification
Yes separate entities
No
A 4 Data
Validated Validate the .
realalt:meal & Export blank data tables N tahl;iﬁ;:elds
structure _—
database . . from OST application from OST
relationships
structure Y
Define the data
table’s terminology Rel.atlonal
Integrity among
and relationship data tables
T
/

(" Construct and enrich the modelling database (MDB) N
Determine the experiment(s)
Data catal
witahctraacﬁiufe Determine the data Prioritise the data: Retrieve the data
- — mandatory & —» from the multiple —® from
—— records of all | scope . .
1 actions optional sources/ systems multiple
Update sources
I - — e e e e = ==
]
| No
I Validated?
I
| _ Upload ve Analyse the data
| { ready
1 | data
o e
1
| Update Validate by project’s L
| | data expert(s) Verify the data
.
! [
1
! + d 3
L= Cleansed o Cleanse the data [ Verified
data data
A vy

Figure 5.11: ProcesstConstruct the modelling database
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5.3.32Create a discrete workspace for data blendin@WDB)

EitherZD\ ZKHWKHU LW fhedpplidatievad OSTWIth va his@rical data at

all or a redesign which is geared with some decent amount of data in hand; the amount of
Data which must manage increases over time. Due to the scope and complexity in terms
of multiple data sources, file forns ownershipandthe involvement of OST users with

the sources the action must be taken against data mafreerbusiness case to caés.
suchany actions must takagainst data during the steps; source, aiglgnanipulabn,
validate must be undefqmed withanassurance of no harm to the originality of the data.
Therefore, keeipga separate workspa¢see Figure 3.2) for Data Blending is a very
significant precautionary method and all actionsetakgainst data should be properly
documented in dail, in case of tracing back to the original status of the data for any

clarification in future such as following.
i.e.

x Due to any gaps/errotsatcome up during the final validation step of data before
populating into OST

X Maybe after one yeartime dto a redesign process, duringthe validdtonsent
by stakeholders may need clarification on which bgeeinds that specific data

were assumed one year ago.

Discrete workspace — Data blending

- . Manipulated .
Original data . Documentati p ’ Populate in
. All actions validated
»{ (Stored as it . » on » » 0sT

i against data and upload S
is) applications

ready data

;Step 1j

In any case of tracing back to original state of data—5Step 2

Original data
sources

| Two-way verification

.| (1) Refer in to documentation
(2) Then swift trace back to specific
data

No harm to original data sources, since all
actions against data will be taken in a discrete
space.

Figure 5.12: Significance of a discrete workspacediata blending activities

After this stepthere is a check gate to see any existence of a relational database with the

project. For instancgef it'sare-design project OS team might have done the groundwork

at the initial stages ansinow fully gearedvith a solid foundation of a relational database.
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In that caseafter validation of relational integrifyit will route to the subprocess
HLI&RQVWUXFW DQG HQULFK WKH GDWDEDVHYY

Before moving into detailed steps having a Rlighel picture about what arbé possible

data required to visualize any supply chain and do the experiments in an OST application

is very important. As per the research outconme®/ TV L G H @@stdatabivB fslf K D W
underthefollowing8- N H\ p & D WAt R B URVHIMIS R VL QD UAFDUrE Y VHE
513) ZKLFK FDQ EH XVHG WR YLVXDOL]H DQ\ 6&fV VWU X
logicalbehaviour(relationshig). 7 KHUHIRUH WKLV FDQ EH SURSRVH
to construct the ModellingpatabasgMDB) IRU 26797 DQG SHUIRUP Wk
integrity check which will be discussed next in detallhen more granular you can
FDSWXUH WKH GDWD X Q GMHHUUWOHRR®DHH Y MLYH /&) WG iill X U H
IXHO WKH 267 X\bkhygfhotrelbdirp@xityntowheperiments to findune the

SCN parameters to achieve operational excellefiten the next figure after that (see

Figure 5.15) shows how tdisaggregate a business model to identify the entities in the
network which will act like data tables when it comes to pojndatata. After that, the

relational integrity between these data tables is a must to ensure the relationship and the
uniquenessfoany data field (no duplicates i.e., shipmen} izhich is in a Data Table

(see Figure 5.16)

Data Category
1 2 3 4
Structure (Physical elements) Transactions Policies General Measures

Product Customer Demand Production_Policies UOM

Site_Facility Site_Demand Site Sourcing Policies Currencies

Site_Customer Customer Orders Customer Sourcing Policies Model Horizon
o Transport Mode Site_Orders Transportation Policies Operating Hours
é Transport Asset Demand Seasonality Factors Inventory Policies
t Work Resource Shipments Return Policies
'=|Work Center Production
S Organization Customer_Forecasts

Site_Forecasts
Retruns
Data Category
5 6 7 8
Periods Additienal Costings Constraints Processes

Period Step Cost Flow Constraints Bills Of Material

Products Multi-Period Shipping Rates Production Constraints Sourcing Process

Sites Multi-Period Transport Asset Rate Inventory Constraints Production Process
o Site Sourcing Policies Multi-Period | Material Handling Equipment Ra Site Constraints Transportation Processes
é Production Policies Multi-Period Human Resource Rate Work Center Constraints Inventory Processes
Z Customer Sourcing Policies Multi-Peri¢Parcel Rate Production Process Constraints  |Return Processes
'E|Inventory Policies Multi-Period LTL Rate Inventory Process Constraints
S Transportation Policies Multi-Period |Taxes And Duties Sourcing Process Constraints

Transportation Assets Multi-Period Transportation Process Constraints

Work Centers Multi-Period Return Process Constraints

Work Resources Multi-Period

Figure 5.13: Base template afonstructingiDB for OSTin SCND & Experiments
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Structure (Physical Elements) |(Data Category)
Product
Site_Facility
Site_Customer
Transport_Asset
Work Resource
Work_Center
Organization
Transport Mode

(Data Table)
Transport_Asset

Name No Of Units _|Fill Level (Weight) |Hourly Cost Post Delivery Asset Return Location  |CO2
Fixed Asset Cost Type Fill Level (Quantity) |Applicable Rate Type Max Asset Search Distance To Site CO2 Basis
Speed Asset Weight |Fill Level (Volume) |Max Drive Time Before Break |Max Waiting Time At Location Battery ID Electronic Vehicle
Transport Mode Asset Volume Fixed Break Time Fixed Service Time Shipping Route
Capacity (Quantity) Max Distance Per Route Fixed Load Time Unit Selection Rule
Capacity (Weight) Minimum Distance Per Route  |Fixed Unload Time Shift Pattern
Capacity (Volume) Max Time Per Route Variable Load Time Asset Base Location
Organization Belong To Max In-Transit Stops Per Route |Variable Unload Time Asset While Idle Location

Max Loading Stops Variable Service Time Basis

Max Unloading Stops Mx Distance from Last Drop To Home

(Data Fields)

Data Fields are getting more granuar

Figure 5.14: The way granularity of data fieldsncreasesver the experimerg
complexity

[ MG —{ _DC

'

. Business operating Customer/
‘ Supplier Product geography (Locations, Demand
l Period (Multi

‘ Source H Product H Customer H Location H Transport }— period/ —{Cur’rency}—{ Uuom H Demand
Forecast

Seasonality)

Figure 5.15: Business model disaggregation into data tables in OST
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$¢ shipmentiD

4FK ShipinglinelD

FK sitelD

Fact Table | 4 'FK CustomeriD

p4 §FK ProductiD

Date

Quantity

i+ YK ShippingLinelD L PPk sitelD - §PK customeriD - §PK ProductiD
Name Name Name Name
Dimension PortOfOrigin City City Type
Table
PortOfDestination State State Value
TransitTime CountryCode 04 CountryCode Volume
FCLRate CountryCode PsotalCode Weight
LCLRate Category

- CountryCode

Reference
Table | CountryName

Capital

Figure 5.16: Relational integrity among data tables in OST

(Above is an example of how shipment transactions (Fact table)edlstrrrelational
integrity among corresponding data tables (Dimension table) including any referential
data (Reference table3his is generallyalidatedby the OST Data based on the Data

Fields populate intthemodel asacollection of Entities antbgical relationship.
5.3.33Lay the foundation for a relational databasg FRDB)

This subprocess contains a series of ta@ee Table %) which guideyouto lay a solid
foundation to construct your relational database. Once the foundatiand and
validated; all future data management activities can be performed on it with full
confidence. In turnthiswill enable to construmin of a sound database and enrich it over
time with all transactional and live data captli®m the systems and devicg®., ERP,

IOT) whichledto successful experiments in future.

LT<RX FDQYW EXLOG D JUHDW EQude®Y Gaidéh®. D ZHD N
+LQFNOH\TT
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5.3.34The description(FRDB)

S.N.| Task Description / criteria to determine Deliverable

1 Disaggregate | x 'LVDJJUHJDWH WKH]|NA
the business structure (physical elements) an
model their logicalbehavior

(relationship) into data categorie
(see Table 58).

2 Representthg x Thenunderthose categories Core data tableg
nodes & identify the corresponding data o
relationship ag tables éee Figure 53) and their specification
in separate relationship according to your
entities business model.

3 Exportempty | x The objective here imasonably | Datatables &
data tables map the potential data tables & | fields Pulled
from OST fields according to the OST from OST (i.e.,
application | x Fastestand Easiest way to MS Excelfile)

populate the data in a Single
Workbook as in multiple work
sheets (MS Excel: majority of
OSTs enabled with this MS Excs
file import & export capability).

4 Define the This step ensures the relational Relational
G DWD W/ integrity between Data Tables. Integrity among
terminology | Primary key to Foreign Key data Tables
and assignment ensures there is no datg
relationship | violating the structure of the Databa

and this will be done between Fact §
Dimension Tablegsee Figure 54).
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x Fact Tables: Main Transaction
Table corresponding to specific
business Process (i.e., Shipmen
Orders, Sales, Productions,
Returns)

x Dimension Tables: Primary/
Master Tables and describes
people or object integrated with
the Fact Tables (i.e., Customer,

Site, Product, Transport Asset,

etc

X

)

Site Master, Customer Maste
Product Master, Transport
Asset Master, etc.
Reference Tables: Static
Tables (i.e., Currency, UOM,
Country /Ports / Postal Codeg
etc.)

Refer to thgseeFigure 516)
Identify Data Tables
Terminology and Relationshi
Any Relational Database
Notation can be used (i.e.,
&URZTV )RRW "% 1
MS Visio, Entity Relationship
Diagram (ERD),

Validate the
Structure &

Relationships

Very significant Check Gate since th

will be

management activities take place in

future.

X

the foundation for all data

Data Populated Tables shoul

be validated against the

Validated

Relational
Databae

Structure

Modelling
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Business operation behaviou

& Validation Sources. batabase (MDB

X i.e., Business Model &
Processes Spéication,
Financial & operational repor
made based on historical
metrics / assumptions, etc.)

x Financial measures: Profit &
Lost Statement, Balance She
(i.e., Revenue, Cost of Good
Sold, Cost of Warehousing &
Distribution, etc.

x Operational measurdstbound
shipments, Outbound
Shipments, Inventory

snapshots., etc.

Table 5.6: Description- Lay the foundation for a relational database

5.3.35Constructand enrich themodelling database(MDB)

This is a very repetitive suprocessghatcontains a series of tasisee Table ) which
strengthen th&lodellingcapabilities by enriching the amount of data available in hand
over time. Oncehe busiress starts operating transactional & i@l data can be
captured over time that will enrich this structured database progressively. As the business
moveson ands well geared with new systems and technology (i.e., I0T) that will enable
the business paxtively to monitor the supply chain health alerts. Then in rethis

data can be imposed into experiments and obtain good insights which help to set the
necessary precautionary actions to bring resilience into business. Ultimately these
benefits leado making all stakeholders feel succégkabout the investment decisions

that they have taken againstthese ST
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5.3.36 The description (MDB)

S.N.

Task

Description / criteria to determine

Deliverable

Determine
the

experiment

The businesproblems need to address
and the decisions need to take determ
this.

X Spread across in all three Planning

X As the Problem move from static to

levels
o Strategici.e., Greenfield /
Brownfield Analysis
o0 Tacticali.e., Transport fleet
Planning
o Operationai.e., Warehouse
order picking process

simulation

dynamic (very aggregated to detaild
level) the application of OST
transform from optimisation to
simulation.

i.e., The discrete events in the supyp
chain and their logical association
with the time variability, and

randomness.

N/A

Determine
the data

scope

,WITV PDWWHdIbeRveeWw U D
HI$JIJUHIDWLRQ 6WUL
of granularity reflects in the model

results for depth analysis and decis
PDNLQJTT ,Q 6XFK Wi
in following multifaceted dimension

such as (1) Product (2) Customer (3

N/A
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Geography (4) Time (5) Policies (5)
Constraints (6) Processes, etc.

Product:

Raw materials or finished goods in

consideration?

o Any Product Transformationin
consideration (Raw material to Bill g
Material to Finished Goods)

Customer:

o Inwhich level asin Country /Port
ICity /exact posCode, etc.?

o Higher proportions of demand
(Customer nodes) can be reflected
individual and eistomers who hold

minor proposition will be aggregate(

Geography:

o How many suppliers / manufacture
'"FIV LQ VFRSH"
o Any specific region in scope (at

present or future)
Time Period:

Granularity of Decision making: Weekly

Monthly, quarterly, annually?

i.e., Any seasonality nature needs to b
considered in the models?
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X Model Reflection / Results
Granularity required:

0 As perthe requirement of
decision makers (i.e., CEO,
CFO, CPO) the visualisation
of modelling outputs for
decision makingAggregation
strategies enhance the ability
to analyse tradeffsamong
decisions.

Prioritise the
data:
mandatory &

optional

Based on how granular you need the

reflection in the models and results.

When demarcate the mandatory and
optional data rguirement its very
VLIJQLILFDQW WR FRQVI
of the problem, the tool use, and the
ability within that specific tool in terms
of results generation. (i.e., howyou se
requirements of detailed output table
results in which parameters priwrrun

any experiment.

X i.e., Scenario wise detailed site to
customer demand transactions as
output table after running the
experiment with Simulation tool, 5
repetitions / iterations under differel
frequencies imposed with probabilit
distribution (to see how variability in
demand impact over safety stock
levels).

N/A
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X 1.e., Run scenarios with different
inventory policies in multi period
(due to seasonality of demand) to
analyse the sensitivity in terms whig
policy is the ideal in which period.

x If the models built with mandatory
data thatis juduulfil ling the
minimum requirement of relational
integrity among data in OST
applications which is mandatory an
checked by the application to solve
run the experiment without any erro

x  With more granular / optional data i
hand you lave the power to impose
more logical constraints, randomne
and variability in to experiments for
depth operational results and

comparisons.
Note:

Under the data requiremeasiftupcoming
main process, below Tools and data
required to run a decent expaent by

them are provided.

x Greenfield Analysis (GFA) or
Brownfield Analysis (BFA)

X RobustBaselineModelling(RBM)

X Network Optimisation (NO)

X Inventory OptimisatiorflO)

x Transport Optimisatio(iTO) and

X Simulation(SIM)

5%0 LV QRW D 7RRO LW
milestondstage gate in SCND process)
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NB: This isto providean ideghowthe
data getting more granular and differer
LQ WHUPV RI VSHFLILF

WKDW VSHFLILF pY'DWD
be used as a basesioape your own datz
into OST.Some of Data field names mé

vary as per the businesature

Retieve the

data from the

X Understand and identify the best

sources / systems for acquisition of

Data sourced

from multiple

multiple required datg¢see Figure 5.7) sources
sources/ X Retrieve and centralize the sourceq
systems data into the discrete workspace

created.
Analyse the | Data may retrieve from multiple source| Analysed Data
data systems and may be with inconsistenc

among this master data.

Appropriate analyzing approach will fug
removing such inconsistencies
(Removing the Noise of Data)

x Completeness within the sources
(Vertical Check)
0 Negative values, Duplicate
Data, missing data, mismatc
in data, Missing values,
Misspellings, (i.e., One line
item in Product Table field
HTYDOXHYYT LV EO
x Referential integrity among the

sources (Horizotal Check):
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o LH $UH WKH ufT¢
same across all the data? fo
an instance Sites Master dat
must match among the
VRXUFHV pY6KLSH
HLI6DOHVYY

x ldentify patterns and causes of

incomplete or inconsistent data

Verify the
dat

Find the reason for the issues identified

the Analyse step.

X May be due to the data scoping iss{
that specific data / field not retrieve
and its missing.

X Inconsistency among sources. (i.e.
one source, Product name suffix ar
there and in other sources suffix arg
missing.)

X The quarry logic issues: Shipments
reflect the interfacility shipments as
outbound shipments but not the act
outbound- Site to Cusomer.

X The magnitude of the impact of the
issue to the overall model scope
should be considered:

o Is it worth it taking the effort
oris it possible to leave it by
taking no further action?

Verified Data

Cleanse the

data

Address data issues through remp
refill, and replace of Data. Then
Formulate assumptions where data ga

cannot be easily resolved.

Cleansed Data
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Remove:

x Very easy step but must ensure no
vital data is removed

x Understand why remove

x Confirm that data out of the scope
and does not add any valuestive
the problem

x Make a duplicate of this data justin

case it becomes useful in later
Refill:

X When the current state of the date
sourced is incomplete while sourcin

again to fill the gaps

Replace:

x Fill the certain fields of the table
accordance with thield in another
rows

x Correct the misspellings. i.e., prefix
& suffix of data fields

X Fil the blank fields of the data table

X Butbe careful notto duplicate

anythingin the same table.

Assumptions:

This is the general solution to rectify th
issues relang to the missing data which
may sometime be mandatory to full fill

the scope. This must be executed due

following reasons

x Data not existing
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X Sourcing data may cost or time
intensive

x Data sources are restricted or
reluctant to share by the parties

involved
i.e.,

0 May be its easy to assume (Produc
data of similar product in a market)
and not required the exact data.

0 Assume Demand data of a same
product/ geography / seasonality
(Period)

0 Assume transport speed based on

survey

Validate by
SURMHF|
Data Expert

Once cleansing is done with the data
VKRXOG EH YDOLGDWH(
LQ 'DWD :KRYV VNLOOV
Process 2: under CSF: People). very
important stage gate before movingin 1
populate data into theng experiment.
Optimisation(GFA/BFA/ Baseline) or

X Summarize data sources for projec
stakeholder

x Visualise data to stakeholders

x Gain stakeholder viewpoints /
feedback on accuracy of sources d
/ assumptions in terms of following,
X Scopedls thedata within the

Scope?

x Values/Sums, correct?

Upload ready

Data
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(i.e., Flow quantity,
Transportation cost, Production
guantity, inventory value)

x  Assumption have been made

correctly.

9 Documentati
on of actions

against Data

All actions takeragainst data in S.N. 4

8 Tasks should be well documented.

x Data RequirementsWhat data

Mandatory / Optional under which
Data Category, Table and Fields.
Track and Trace: the source, statu
and traceability of all data collect.
Assumption made: Recoad
Assumptions carried out with base,
dates, user, etc.

Data Relationships: visualise the
relationship among Data categorieg
tables, fields. i.e., Entity Relationsh
Diagram (ERD)

Validation comments: Remarks by

experts and stakeholders

Data catalogue
with track of
records of all

actions

Table 5.7: Description- Construct and enrich the database
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Figure 5.17: Retrieve the data from the multiple souregstems

5.3.4 PerformGreenfield/ Brownfield Analysis (GFA / BFA)

Identifying the candidate locations for a supply chain network is a strategic decision
generally known as Facility Location Problem (FLP). There are two routes based on the
EXVLQHVV{V FXUUH Q WakMyvds ihnHGréehfi@dHAnalysisR(GFA) or
Brownfield Analysis (BFA). GFA is fotheexperiment from scratch when there are no
candidate locations known and BFA is when any candidate locations exist. The two key
factors take into consideration while selang these candidates are Cost and Service
Levels. In returnthis providesthe optimal count and locations of facilities for the

concerned business operating geography.

%HIRUH PRYLQJ LQWR G H W &nme lpGvith' §\bkbSdér picthishowz R U W K
these two tools (analysis) create a strong foundation for the rest of the OSTs which will
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be discussed throudherest of the processes of this framework. As shown bétee
Figure 5.B)top to bottom propagation efich area represents the magnitude of the forces
that can imposeon WKH 267 DSS OLFHénygine by the ugeR AufikgUsach
experiment. Alsathefigure illustrates (1) the flow and the connection of each experiment
(2) how the data requirement increag3) the time OST users must spend and (4) the
way it increases the operational granularity reflection in the models and the results can

obtain.

Figure 5.18: Pyramid of experiments and its granularity using OST in SCM

The datarequireme(gee Figure 5.19processgsee Figure 5@ anddetailed description

(see Table B & 5.9) can be illustrated as follows.
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5.3.4.1 The datgGFA)

Figure 5.19: The catarequirement GFA
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5.3.42The process (GFA & BFA)

Figure 5.20: ProcesstPerform Greenfield or Brownfield Analysis

5.3.43The description(GFA)

S.N.

Task

Description & criteria to determine

Deliverable

Populate the
data

The data takeinto consideration here is

very minimal such as:

X Customer locations (Geocoded with

latitude and longitude)

N/A
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Products

Aggregated demand

Define the
scope of the

scenario

Determine how many scenariage
planned to run (at least should be two
andmore the better for sound sensitiv

analysis)

Since GFA calculate onlyhedirect
distance from Sites (locations looking
for) to customers (demand nodes) tak
into consideration the results of
locations can be in a sea@rttop of a

mountain for an insince)

Therefore, please consider the

experiment with roads

N/A

Set the

objective

Maximise profit/ minimize cost

N/A

Set the

constraints

Number locations looking for
Any specific radius covers each locati

Minimum number of
customerfpercentiges should cover
from targeting locations, or % of
demand should cover

Any last mile service constraints

N/A

Set the
decision

variables

, WV D O Z DdfVarialyaid bBieldn
Cost and service levels. (More DCs
increase the service levels / quick

deliveries butincrease the transportat

N/A
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cost fromtheManufacturing plant to

multiple DCs

Cost (consider the transportation rate

and minimsethe total distance to trave

Service levelgstay closer to the bigger,

proposition of the customer base /

demand)
Set the This is based on the aggregation strat| N/A
required appied(i.e., How granuladoyou need
level of to analyse the customeiise flows from
granularity suggesting sites?)
in results
Baseal on the detailed output level
Model run time \aries.
Recommendedunningwith minimal
detail at the firstinstance to avoid any
infeasibility in results output.
2U EDVHG RQ WKH 267
solver there may be inbuilt settings to
optin to ignore any infeasible
constraints imposed by the ustren the
same can be viewed once the optimis
runis completa, by viewing the
infeasible / diagnose results.
Run the At least two scenarios N/A
scenario
Perform a Change the parameters which providg N/A
sensitivity sound sensitivity analysis to pick the
analysis right alternative/ combinations ah

optimal number of sites and locations
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(scenario

comparison)

9 Visualise the| x , WV Da@ateNaf how powerful/ | Optimal
results for depth anbysis can be reflected in location(s)
VWDNHK visualisations in a way of easy s&g
consent the tradeoffs between alternatives

i.e., In termof cost and service levels
by using maps, charts, graphs, etc. to
decisionmakers

Table 5.8: Description £Greenfield Analysis

5.3.44The description(BFA)

S.N.| Task Description & criteria to determine Deliverable

1 Determine | x The main dfference between th| N/A
the reason analysis and GFA there the existencg
forthe of constraints imposed in the network|
experiment in locations, customers and the flows

capacity between them.

Since it will bea change in the existin
structure and flows thadre false unde
theredesign scope.

This may be due to a (1) change
facilities (Closing, opening new, mergq
and acquisitions, etc.)

(2) change in the nodes of the custon

(i.e., leave any existing markets due

thin margins of profit, securingor placi1
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a new productto a new market
geography, etc.)
x Or both (1) & (2) together

Decide X %9DVHG RQ WKH UHDVHN/A
which Nodeg happen or planningp execute) decid

of the what to add or remove.

Facility then

Add or

Deduct

Decide X %DVHG RQ WKH UHDVHN/A

which Nodes

happen or planningop execute) decid

of what to add or remove.

Customers

then Add or

Deduct

Set the X , WYV DERXW WDNLQJ E|[NA
STATUS of available in the OST to keep the stiig
Nodes nodes (Facility or customers) as exist
during but which should consider ke solver
solving during solving.

(INCLUDE,

EXCLUDE, x Enabling to test multiple scenari
CONSIDER)|  dUickly

Identify the | Note: Either YES or NO, from this tas| N/A
additional onwards same setof tasks described befg
data GFA (Table 58) must be followed. Thg

requirement

IF any

reason behind this anyway the output will
optimal locations to serve the concerneg

of customers.
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6 Sub Process| If NO, Define the scope of the scenarig Optimal

with existing data. Locaion(s)
IF YES, populate the new data

x Only if any concernaboutadding any
new nodes (facility or customers) or g
significant changes ithe existing value
correspondingp your concerimg reasory

for the change.

Assuch there may be additional datarequ
(New locations cost, new target custor
QRGHVY KLVWRULFDO GH
the forecast, any constraints to impose &

particular site should serve any spec

customer in future, etc.)

Table 5.9: Description £Brownfield Analysis

5.3.5 Model a robust baselinéRBL)

After application ofoptimisationat the very #instance through GFA or BFA the next
2ndinstance is once the current statetttd baseline is constructegrun Optimisatior]
over it (see Figure 23). The aseline model replicates the current state of the supply
chain (i.e., in this cas¢he network configuration parameters provided by GFBFA

will be the base input to this process).

2QFH WKH EDVHOLQH LV PRGHOOHG LWV YHU\ VLJQI
validation sources such as financial statements (i.e., maybe a projected one for a new
business) which describes the mmt behaviour and the values associated with the
business. This is a very significant check gate before moving any step further since it
confirms that what replicates in the OST is on the right path to get on with any future
experiments on it. Otherwisall future efforts will be in the drain if the base constructed
is not the right benchmark to compare against future experiments.
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HUL&RPSXWHUYV DUHQIW VPDUW MXQWVO¢ hyPétdr F*DUEDJ T
+DPLOWRQTT

5.3.5.1 Physical elements arlaiehavioural relationships of a baseline

As the starting pointLW{YV YHU\ LPSRUWDQW W RiskeQuiretl iz ®IIW P D C
to replicate the physical elements and the behavioural relationships of any supply chain.
The followingfigure (see Figure 21) illustrates such which must be transformed as key
datatables (se€igure5.22) andthen which mustbe populatedinto OST with the required

mandatory data fields when modelling a robust baséiee Table 5.10)
Note:

X In thefollowing two figures, a MultiEchelon Supply Chain Network (MESCN) is
considered otherwise no requirement in site sourcing policidsVif $ivigle Echelon
Supply Chain Network (SESCN) only custorfacing sites are considered (if no
inter sites relationships). TheRIWD FDWHJRU\ PHQWLRQHG iXQGHU
related to model settings whielnepopulatecby OSTs. But here is shown to show
the mandatory requirement of the same to fulfil the relational integfitata. (To
ensure any multiple currenciestinratios basis, product flows in the network can be
in different types of units, the spec#ilty concerned timgeriod/ no multiperiod is

concerned)

Figure 5.21: Baseline modelling elements and logical behaviour in OST
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5.3.5.2The data

Figure 5.22: Data requirement to model a robust baseline
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5.3.5.3 The process

Figure 5.23: ProcesstModel a robust baseline
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5.3.54 The description

S.N.

Task

Description & criteria to determine

Deliverable

Populate the dat;
into OST

X Reflets current state constraints and

behaviour of the Network as per the
inputs by user based on assumption
historical data.

Only consider populate the mandato
data requirement. Then over time of
with any optional data in hand which
falls under those data categories ang
tables can be populated.

Population of more granular data
(Optional) will enhance the
transparency to theser in terms of
logical behaviour in the network

towards more operational level.

N/A

Validate the

populated tables

This is an additional check perform Q
the OST application itself to ensure t
relational integrity among unique dat
fields (Primary& foreign key
mapping) to ensure the consistency
integrity of data populated among
Tables.

This is the reason, and that assuran
reinforced by the framework: Proceq
3: Task 3Export empty data tables
from OST application. Task-Befine
thedataWDEOHYV WHUPLQ(

relationship.

N/A
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Model the

current state

Output should be validated against
validation sources (Assumptions or
recent financial and operational
reports)

A simple representation of a map wil
clarify a highlevel digital

representation of the physical netwo

Current state

baseline

Adjustments to
Current State

Baseline

Note: This is an optional task.
Based on the feedback of stakeholds
during the validation some adjustme
can be imposed into the model.
Also, if there any significant changes
happened during the considered per
of Model horizon that should be
prorated and injected into the model
This is a scenario comparison which
reflects the delta of that adjustments
against the initial current baseline.
(i.e., Emergency plant opening/
closing or any unexpected fuel price
increases, due to any product failure
region of demand / nodes of custom

can be withdrawn)

Adjusted

baseline

model

Run network

optimisation

Remove existingefficiencies in
constraints based on assumptions o
historical data input by user and forc
the solver to decide the optimal

network structure.

Provide better insights and any
inefficiencies removed by the solver
during the transformation of the currg

baseline to optimised one.

Optimized

baseline
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6 Final validation | Optimised baseline should be validated | A robust
against validation sources (Assumptiong baseline

recent financial and operational reports)

X To make sure, the baseline what we
going use as thieenchmark to further
enhance, optimise, simulate in futurg
accurate to the data what has assun

actually occurred (historical data).

For an instance reason behind validatior

X There may be incorrect data inputs,

X Unrealistic assumptions,

x Aggregation nay be too high

X Incorrectly imposed constraints
(facility wise inbound & outbound,
cost/ capacities, etc.)

X Incorrect flows lead some incorrect
results,

X validation sources mismatch

X Any mistake in the model structure b
OST user /[ muddler.

Table 5.10: Description- Model a robust baseline

Thisisoneothe YHU\ VLIQLILFDQW REMHFWLY HVOSIiaauyyg JDW|
to fasttrack the time spdrby the current OST users in producing a robust baseline for
their SCND objectives. With the traditional approg®B®T users spend enormous time

to accomplish this status due to lots of drawbacks and inefficiencies they associate during
the deployment. Buwith the structured stepy-step approach proposed herevides

the necessary guidance from scratch to come across all such haspersially with a

strong structured enriching database with which they will get more benefit over time as

capture more ata when business starts operations.
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5.3.60ptimisation: Network, Inventory & Transportation

Whentheabove processis completed the @8Er is fully geared with a robust baseline
which replicates the current state of the supply chain in a digital empetal platform.
Accomplishngthis stage marks a significant milestone in any SCND project. Then the
nextprocests populatingmore granular level data and perfoghetwork Optimisation
(NO), InventoryOptimisation(IO), Transport Optimisatio(TO) (see Figure 531) and

Simulation.

In each applicatioowhether it isNO/ IO / TO / SIM the requirement of data to be
populated into OST varies. The more complexity bringstimonodel based on thezale

of the problem to be solved the granularity of the data requirement increases. Based on
the current state of the businessria may be not much granular data in hand dmil
business starts operating. Buts highly recommended that OST users can perform a
sound assumption over thesech datas this framework guides throufgee Table 5.11)

a few hypothetical data tableend fieldsin each applicationUnder this processhe

suggested data can be illustratethiefollowing figures (see Figusb.24 to 5.30)

Note:By followingtheframeworka 9% D V H O L Q HowWd&r&aHyinftfie OBT with

the required data. Therefok TURP WKLY SRLQW RQZDUB&NwWeWKH p
populateon top of that will be considered\s in what data can be useful in NO, IO, TO

and SIM. Once you populatenore granulaleveldataas much as you can. Butplease

note that shoulttedone only as per the level of reflection in the models and the results
outputs required for decision making, else do not populate unnecessary data which bring

in unnecessary complexity to the model and it takes time during séiwimgng your

models. The following set offigures illustrats the data which can populatdenthe
application ofNO Toolas petthefirst instance thewith therestof the Tools (10, TO

and SIM) respectively. Thet canberecognised that most of the data required for these

three tools are already can be covesdule application of th&lO Tool.
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5.3.6.1 The data (NO)

Figure 5.24: The datasuggetion for (NO) - |
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Figure 5.25: The datasuggestior{NO) - I
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Figure 5.26: The datasuggestior{NO) - 1l|

187



Figure 5.27: The datasuggestior{NO) - IV
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5.3.62The data (10)

Figure 5.28: The dataequirementlO)
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5.3.63The data (TO)

Figure 5.29: The dataequiremen{TO)- |
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Figure 5.30: The dataequiremen{TO)- Il
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5.3.64The process

Figure 5.31: ProcesstOptimisation Network, Inventory & Transportation
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5.3.65Thedescription

S.N.

Task

Description & criteria to determine

Deliverable

Decide theTool
(scope

x

What problems going to be solved?
Using theTools NO, 10, TO and their

scope.

N/A

Populate
additional data

into the Baseline

Based on the problem scope that
determine the data requirement (this
determines by in which data
fields/variables you need the results
output and how granular you need it
Please bringin the required necessg
level of complexity (right data
granularity / characteristics into the
model) otherwise do not populate th:
data and do not build those

characteristics.

N/A

Validate the
populated tables

This is an additional check perform 4
the OST application itsetb ensure thg
relational integrity among unigue dat
fields (Primary & foreign key
mapping) to ensure the consistency
integrity of data populated among
Tables.

This is the reason, and that assuran
reinforced by the framework: Proces
3: Task 3Export empty data tables
from OST application. Task-Befine
WKH GDWD WDEOHTV V
relationship.

N/A
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Define the scope

of scenario(s)

Be price when naming the Scenario
(Which will help later to identify and
pick quickly, i.e., use prefix, suffix, of
coding. i.e., Consolidate DC
SHF_MAN to DC BIR

N/A

Set the required
level of
granularity in

results

GroupsWhen create groups its static
with the elements grouped for.itS
groups, Transport asset group, etc.)
Filters (Not static sets or groups):
dynamic i.e., as change anythingin t
primary table or source that will be
picked up automatically by the filters
i.e., no requirement to change anyth
in scenario items iany

Any specific individual elements for
comparison?Thisstrongly connect
with results visualisation)

i.e., if group formed, results granular
less but models run quicker (Product

group, site group, etc.)

N/A

Define the
connections of
additional data

sources

i.e., Any transportation rates files
connection which will be subjectto
change.

Then easy to change the values in th
specific source rather do any changg
in the model every times as the sour

value subject to change.

N/A

Create the
scenario (As mix
& match

multiple scenarig

items)

Scenario feature / tool allows you to
identify the tradeoffs among alternatg

scenarios for a network design

N/A

194



X Set scenario items in multiple purpog
usingin other scenarios (Save time &
easy tamix and match the scenarios)

X Please provide a sensible / easy to
identifiable name. which tells precise
what type of change that scenario it
does.

X 2QFH VFHQDULR LWHP
easy apply any change among
scenarios by mix and match the
specifc scenario items to make one

single scenario (Easy and quick).
i.e., Scenario Item (SI)

Sl 1: EXCLUDE DC_1
S| 2: EXCLUDE DC_4
S| 3: INCLUDE DC_6

Scenario1 =Sl 1+ S| 3

Scenario6=SI2+Sl1

Set the objective| x This the objective othe optimisation | N/A
which is used to compare the

alternatives. (i.e., profit, cost)

Set the X The limitations want to add into the | N/A
constraints existing configuration /model (as per
WKLV IUDPHZRUNYV M

baseline model exists now in the QS

Set the decision| x This where to impose the variables | N/A
variables which explains options / combination
to test and on which you can take thq

decisions by changing that certain
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variable. (Different factory, Transpor
mode, etc.)
11 | Run Run NO and select the scenario to | N/A
Optimisation solve
_ At least 2 scenarios should be runfo
(Solving) L .
better sensitivity analysis
12 | Performa Review the output results and set the
sensitivity comparison strategies
analysis This shows the change in the target
variables (objective) based on the
change in other input variables
(objective, constraints, and decision
variables)
13 | Generate Fulfilling the visualisation requireme| N/A
as per the dedsn makers choice.
the dashboard _ _
_ o Scenario Comparison can be strongl
visualisations . . )
visualised as in maps, grapes,
schematic, etc.
As a collection on dashboard.
14 | Demonstration tc Provide a snapshot on how their Optimisation
decision makers financial objectives are changing ove
_ _ output
different alternatives.
If they need to see more alternatives
and results comparison, then must
generate more scenarios to fulfil suc

Table 5.11: Description £tOptimisation Network, Inventory & Transpdation
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5.3.7 Simulation (SIM)

Throughthe cycle of OptimisatiorSimulation (OPTSIM) when it comés SIM, there

are few more granular level dgtee Figure 5.32) altionalto whatis alreadypopulated
through NO, 10 and TOThen the data undéresuggested data fieldsn be populated

and run the SIMsee Figure 5.33yhich will provideanenormous number of detailed
outputs(transactional, time series &gque statistics). In that case byigation of SIM
theuser will be capable to see how the current defined SCN configuration behaves over
real business dynamics sintbeuser can bring the variability into the models by defining
concerned parametdrsetwork, inventory, transport, etag per the concerned scqpee

Table 5.12)Ydemand, safety stock estimation, stock replenishment, lead time, pickers

order picking movement, forklift operating movement, unloading cargo, etc.)

Userscan change these concieigpparameters in the currentpR F HOGi¥ ndsimulate
with multiple replications to seleow performance fluctuas.If any risklinefficiencies
areidentifiedfrom the statistics given by simulation restltentheuser can go back to
the Optimisation model and firene theconcerned parameters (Objective, Constraints

as per the decision variables)d run Optimisation (Solving)

Therefore, this optimisation and simulation cycle can continue until the business decision
makersaresatisfiedwith the final SCND output which pwidesfull confidence towards

a final decision execution.
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5.3.7.1 The data

Figure 5.32: The dataequiremen{SIM)
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5.3.72The process

Figure 5.33: ProcesstSimulation
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5.3.73The description

S.N.

Task

Description & criteria to determine

Deliverable

Decide the
Simulation

Scope

X

X

Problem scope determines this.

The data you need as results output
how granular /detailed you need it
This brings in the necessary level of
complexity into the model (data
granularity / the level of the output

statistics).

N/A

Prick predefined
scenario as per

scope

Scenarios must be picked as per the
scope of the simulation.

Pick the right scenario to run from th
set of predefined scenasio

N/A

Set the stat start
time (warmup

period)

For an instance if the model horizon
setas 01/01/2021 to 31/12/2021. Yo
can set the stat start time on a later
date. Its matter from which date you
need stats of simulation run (this
provides avarmup period for

simulation)

N/A

Set the number

of replications

Please stick to what only you want
otherwise simulation runs over time
unnecessarily.

This must be determined over the
precision required in the output.

If the concern is only for eough

estimate a smaller number of

replications can suggest (i.e:5b3

N/A
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Otherwise for greater precision morg

replications.

Set the level of
detail required in
Transactional

data

Transactional Data
(i.e., demand, production, mileage,

shipment, production process, etc.)

N/A

Set the level of
detail required in
Time series &

Que statistics

Time series related statistics
(i.e., inventory, inventory volume,
backorder units, rerder point,
transportations asset, odder cycle, w
centres etc.

Que related statistics

(i.e., site orders, site back orders, sit

outbound shipments, etc.)

N/A

Run Simulation

Suggestion: remove the animations f
a quick Ftinstance simulation runto
get an idea about the time it takes.
Then take itas a bench march andy,
can judge even for more replications
later or try with animation if required
(if feature is activated or / enable wh
you decide the stack of the tools:

Process Zl'echnology).

N/A

Perform a
sensitivity

analysis

Review the output results and set thg
comparison strategies.

This shows the change in the target
variable / objective based on the
change in other input variables.
(Objective constraints, and decision

variables)

N/A
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9 Generate x Fulfilling the visualisation requiremel N/A

as per the decision makers choice:

the dashboard _ _
Scenario Comparison can be strongl

visualisations _ _ .
visualised as in maps, grapes,
Schematic, etc.

X As acollection on dashboard.

10 | Demonstrationtd x Provide a snapshoton how their SCND /
decision makers financial objective are changing overpf SCNRD

different alternatives. Strategy

Table 5.12: Description- Simulation

NB:

In a conclusion over applying these Tools: NO, 10, TO, SIM and looking at the data, if
the user can embeideNO Tool at the very firstinstance in a robustapproach with a solid
amount of datauggested (Not all the suggested data required based on your scope,
specific data fieldsparameters link to the problem trying to solyihen the rest of Tools

will be automatically embedded withihe journey ofOST deployment with enormous

capabilitesin theconcerned area of Optimisation or Simulation.
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5.3.8 Enterprisewide awareness & decision executiofEWA)

Once the SCND or SCNRD model is created that should be converted into a detailed
specification which will be the blueprint for the decisiexecution. In that natyre
collaboration and supportover crofignctional processes and individual performance are
very vital. Therefore, a sound enterprisele awarenedseforeexecutionsee Figure

5.34) of any decisioms mandatoryAlso,theassurance of a necessary platform to capture
the feedback forectifyinganyconflicts, andinefficiencies themewardingagainst any
recognizedperformancesvill shift the businesssto the nextlevel of operational
excellenceThe criteria concerned hecan be briefly described as folloysee Table

5.13).

5.3.8.1The process

Figure 5.34: Process Enterprisewide awareness & decision execution
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5.3.8.2The description

S.N.| Task Description & criteria to determine Deliverable
1 Convertthe SCN ¥ Provide avareness on how supply | Supply chain
/ SCNRD model chain structure workin terms of structure
into a detailed geography, the entities, assets, o
specification processes, and their relationships specification
2 Define & Provide avareness on how Organisational
demonstrate how organizational structure has been | structure
SCN works and formed LOQGLY LG TV
HYHU\RQHY} contribution tavards the business specification
contribution operation & objectives
TheimportanceofHYHU\RQH
supporiandperformance for better
crossfunctional integration
3 Awareness of risk The significance of the returns to tf Risk &
& rewards over business over the investment of ti Rewards
theSCN strategy effort, andcostis associatd with the| scheme
new strategy.
Awareness ofecognitionin
performance ancewards they can
getin return
Awarenes®f the risk associate
with any resistanct® changing or
supporting the new strategy
execution
4 Implement a This helps the business to find hoy Feedback
platform to the SCN strategy works practically| Interface

capture the
feedback

and get the full awareness of the

feedback from all levels of staff.
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¥ Awareness bhow importantitis to
stay ahead always with an innovat
mindset for continueisnprovements

¥ Awareness on how important
HYHU\RQHYV FRQWLQ(
the new strategy execution or any
conflicts and the top managements
support over that.

¥ Awareness on how important and
helpful the way can bring in their
new ideas in to businesse@tions
which can be tested over these ne

OSTand implementor enhanced

performance
5 Decision T Finally, thisis where all the effort | N/A
execution taken so far come into action.

i.e., hisis the dateeclatedo OST
H[SHULPHQ Wdfizdn Rt&stH

date Simulation stats start date

& Startbusiness

operation

Table 5.13: Description- Enterprisewide awareness & decision execution

5.3.9 Capture transactional &real-time data

Oncethe business starts operatiolnWa{l \About monitoring, controlling and further
finetuningthe SCN configuration and performance. So, capturing necessary transactional
and realtime datasee Figure 5.3%hrough whatever systems or de\@eeein place and

well connected to the OSlleam is very important. How robust capturing and storing the
data and uagthem for further experiments over O&Ee Table 5.143always a crucial
concern whichin returrtiengthesthe capabilitie®y enriching the amount of necessary
data available in thklodellingDatabase (MDB).
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5.3.9.1 Theprocess

Figure 5.35: Process Capture transactional & Retine data

5.3.9.2The description

S.N.| Task Description & criteria to determine Deliverable
1 Connect& pull| ¥ The requiremerdnd concerned criterig Data
the data from here(systems, devices, file types, (Transactional

identified

sources

connections, etc.) have been defined

andintegrated irtheProcess 2

& Reattime)
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(Systems &
Devices)

Leverage CSFs: Technology, Proces
People (TPR)

¥ There are mainly two types of data
based on the status (1) Transactional

and (2) Reatime.

Transactional Data

i.e., for an instance through an ERP syst
or any otheplanning systems, etc.

¥ Customer Order Management Syster|
(demandvariability, forecastingetc)

T WMS (safetystocklevelfluctuations&
inventorysnapshots, prebuild stock, ir
transit stock, etg.

¥ TMS (transportostvariancesasset
utilization, speed dataetc. CO2
emission levels, ety.

¥ Shipment Management Systéta

customer andnhtersite flows

T RealTime Data

i.e., for an instance through IOT devices

any remote sensors, RFID tags, etc.

T Salesrepresentatives Entries future
sales good indication to set the
capacitiessupply & demandoalancing)

1 Weather data

¥ Roadtraffic data(i.e., for transport re
routing)

T Disruptiondata (.e., portcongestions)

1 Rateqi.e.,in case oforemierfreights)
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There might ainterface inthe business
such as an Application Programming
Interface (API) to synchronise and conne
all this data capture from multiple source
and Business Intelligence (BI) tools as w
to do the data analytics and powerful

visualizations.

2 Update MDB | Route to: Process-3Sub Process: N/A
Construct and enrich the modelling
database (MDB)

3 Alert OST team| Route to: Process }*®Bub Process: N/A
Construct and enrich the modelling
database (MDB)

Table 5.14: Description- Capture transactional & Retine data

5.3.10Monitor SC health & proactive experiments

To reap the full potential out theseOSTs, keepmonitoringthe SC health alerenalyze

the captured datand proactively react with the necessary precautionary experiments is
very crucial.This way it provide®roader visibilityabout the curremisk exposuref the
supply chain network. Based on the jolefined risk exposure tefanceevel in the
busines# will routetoeither SCNRD (Ralesign)over BFAor generaéxperiments over

IO, TO and SIM. This is how it starts tiagptimisationand Simulation cycle again and
again for a continous experiments culture in O$IEploymento achieve SC resilience
Thefigure belowexplainstheprocess (see Figured®) followed by the description table

of the samésee Table 4.5).
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5.3.10.1 Theprocess

Figure 5.36: Process Monitor SC healtt& proactiveexperiments

5.3.10.2 Thalescription

S.N.| Task Description & criteria to determine Deliverable

1 Screenthe SQ ¥ Accordingto the process based on thel The

health alert tolerance level of risk exposure that wi| significance
route to either Process 4: BFA or Procq level of the

6: NO: 10, TO and SIM. risk exposure

Defining the risk exposure tolerance level
and decithgthe bast criteria is dependent

on the business antioperational nature.

T Business strategic level decision makg

must predefine on which basevel of
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significance of the SC health alert mus
have to route for SCNRD (réesign)

T Since this may be very costly and time
consuming, demardagwhat are the
major-mediumminor causes and which
decisions to be executadevery
important.

T Ingenerala highlevel SCNRD will be
performed due to any significant strate|
to upper tactical network leveauses.
This is where BFA perform (already

explained in the ®cess 4.

Table 5.15: Description- Monitor SC health for practice

54 Conclusions

The timisation is ideal when you consider the experiments at network level
configuration and flows. But for the operational lewdlrationality, variability, and
randomness; simulation provides numerous capabilities during the experiments in a very
transparat environment to see how the operational dynamics inthacupply chain

over time and achieve operational excellence. Therefore, a hybrid application is the best
approach which complemesgach otheandshould be applied aan optimisation and
simulaton cycle which is the primary objective of the proposed. To enable @uch
approach (1) the stack of technology & features, (2) process andfanmisnal support,

(3) theright amount of skillset anespecially (4xheright amount of data must be fully
JHDUHG ZLWK WKH GHILQHG EXVLQHVVIV VWUDWHJ\ Z]
for OST application and decision making. Since this frameworkis a complete guide in
such and raises the awarenesshaffull potertial of OST that will stimulate domain
interested community to apply these more frequently which will enhance and shift their

knowledge to the next level.
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Chapter 6

Validation and refinements

6.1 Need for validation

Once the framework is fully designeadich developed to checits robustnessthe
validation proceswasvital. Especially due to the limitations and difficulty of findiag
real business or entrepreneur who is willing to apply this in their business decision

making process.

The main objectivef this externalvalidationprocessvasto obtainthe subject and
industry expertpinionsin terms of the overall clarity and the way Framework previde
clearinstructiongo theOST users as proposethen this was a conceand advised by
the examineduring one of the internal viva examinatiohbe concerngererecognized

overresponses; necessagfinements have been carried out successfully

That was very helpfuln finding a few areas whereome gaps were identifiethen
performinghe necessary modifications and prapgsheframeworkmuch stronger over

the submission. Then definitely this will be very helpful over the viva examination too.

6.2 Validation strategy

6.2.1 Survey questionnaire (Psychometric scale)

The survey constructed was pested with the supervisor to estim#ite timeroughly
how longit will take duringthevalidation. Then based on the recognized crifesoeme
modifications to the survewerecarried outThe surveyconsiss mainly of two sections

as follows.

1. Validation of overall clarity of the framework

2. The precision of instructions provides by the framework

The validation process has been carriedmtwo ways as follows
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x 1stinternally:Conducted a demonstration of the entire framework to the supervisor
and modifications hae been carried out ovéhefeedback. This filtered and rectified

the inefficiencies whickxistedbeforesendngit to the external validation.

x 2nd Externally:Conducted a Psychometric Scale survey questiono&iee 5 subject

and industry expertg.ollowings weresentalong with the survey to provide a quick
and easy referender their validation and obtain better output.
(1) A brief explanation of the Frameworkvhichcontains below
a. Exiting key barriers inthe application of OST in SCM and how the
Framework haaddressed those and embedded the capability to overcome
such(see Figure 4).
b. How frameworkprocesssguide through step by stap reachthe key
milestonesn OST applicatiorandobtain the specifideliverablest the
end ofeachprocesgsee Figure 6.2).
(2) The full-scale framework

(3) 10 keyProcesss andheirdescriptions

o ) Technology

People

mindset

xxxxxxxxxxxxxxxxxx

Process

‘‘‘‘‘‘‘‘‘

Figure 6.1: Validation StrategyxCoded CED to show the relationship to OSTiISCM
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Barriersin OST: Solutior
— OSTiSCM — — OST/ QUTPUT
captured by CED Contribution to Knowledge /
T1,T4,PR1,PR4,PRS, | P1-Define SCND scope & objectives | Integrate business strategy and model into OST
D7,D8 (SCNDSO) scope & objectives.
7 i Lay a solid collaborative technology-process- TPP
PZ-P3-P4-P7-T1«T%B«T‘1' ..... PZ—Leverage&CSFs. Tlechnology, ----- people platform to fuel the experimentsfor a
PR1,PR2,PR3,PR4,PR6,D3,D07,D8 Process & People (TPP) better ROl of OST
— l r w———/,
PLTLT4PRL, | | P3-Construct & enrich the modelling Fuffilling _thE.nECEESSW data re?u"ement into m
pDLD2.0aDs 060708 | 1 g e | OST application over constructing a well-

database (MDB)

: I i

T1,T2,PRLPR4,PRS, | ... | Pa-Perform Greenfield or Brownfield | .. Find the optimal locations to cater better service GFA & BFA

structured enriching database.

D5-D87 analysis (GFA or BFA) levels in concerned operating geography.
LEGEND: ¢ B
TLT2,PR1, Construct a Robust baseline against which all k

P —People psos | P5-Model a Robust Baseline (RBL) |- .- optimisation and simulation experiments can be REL
T- Technology B carried out with confidence.

PR -Process L

D - Data l —

7 P6-Optimisation: Testing the alternative choices for the optimal
T1,T2,PR1,PR4, Network (NO), Inventory (I0) & @~ parameter configuration over the targeting OPT: (NO), .

D5,D8

Supply Chain Network Design (SCND). (10) & (TO)

T [

Transport (TO)

P

T1,T2,PR1,PR4, Enabling a sound supply chain digital twin

P7-Simulation (SIM o — -
D5.D8 rrtkem () I« capabilities to test Realtime business dynamics SIM &
P3,P4,P5,P6,P7,T4, Assurance of collaborative and results driven
PR1,PR3,
PR6,D3
Jf decision execution (EWADE) L
] P9-Capture transactional & real-time Stay a step ahead over future uncertainty and
PR1,D4,05,D6 b

inject innovation into business to stay
completive.

|
|
|
|
|
|
|
|
|
i . |
P8-Ent: d
LTSRS ..--+| platform for a successful SCND implementation | EWADE
awareness & iy ) N
through a solid enterprise-wide awareness. |
|
|
|
|
data (CTRD) |
L |
1 _ .
Monitor SC health, perform proactive scenario |
P1,

N P10-Monitor SC health & proactive | experiments and sensitivity analysis for a broader = 'W
PR1 experiments (MSCHPE) visibility of risk exposures to achieve SC

- resilience.

P S S

L

Figure 6.2: Validation Strategy+Particular Process in OSTISCM addsesthe coded
barriers in CED

213



6.3 Validation outcomes

6.3.1 Responses

The captured responses warelyzedand result visualizatiowasperformed by using
MS Excel® (see Figuss6.3 to 6.8).

Analysis method

Figure 6.3: Capturing the validation responses

Figure 6.4: Analysing the validation responses
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6.3.2 Results visualizatiomnd discussion

Overall Clarity

Figure 6.5: Validation resultstOverallclarity of the FrameworkStatementvise

Figure 6.6: Validation results Overall clarity of the Framework

,WITV D JRRG LQGLFDWLRQ WKDW switiRheDv&dll BISitg & L WL R (
the framework. There is another almost closd/®propositiorthatconfirmed that they

FDQ VWDQG DV pY$IJUHHYTY ZKLFK LV DOVR Dodwees VLJIQ
to consider for the refinements. Then theraugsry minor proposition which ihat3%

IDOOV XQGHU pY1H X ¥iibDs@riidicdnXideraiioD th thb@o Mektdfinements

in terms of the presentation of the framewddo. one VWRRG E\ pY'LVDJUHH

indicated a very good sign in terms of the overall clarity.
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Figure 6. 7: Validation results = Clear instructions provide by the framework
Instructionwise

Figure 6.8: Validation results OverallClear instructions providkby the Framework

WITV LQBREDWLRQ WKDW D ELJJHU SURSRVLWLRQ ZKLI
in terms of clear instructions providby the Framework. There is another 1/3 proposition
FRQILUPHG WKDW WKH\ FDQ VWDQG DV uf1$JUHHYYT ZKL
suggestionon where to consider for the refinements. In which area of instructions
especially the tasks of the processes and their descriptions in the framework could have
been done much better. Then ther@very minor proposition which is 4% fallxder
HT1HXWUD G1fis EexddsiyNrdoNcdnsideration to do some refinemanthe
framework NooneVWRRG E\ pT'LVDIJUHHYY ZKLFK LQGLFDWHG
the overalinstruction providd by the framework.
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6.4 Refinements

Based ontie above resulthe refinements/hichhave been carriesutcan be described
briefly in two ways.Beforetaking any modifications against the Baseline Framework
(Pre-Validation) all poinswere discussed in detaill WKH VXSHUYLVRUYfV SUH?

6.4.10verall clarity:

1. Presentation in a concise mannarprovementsveredone byfurthersquishing
WKH S U Rasks "¥ndibsfraatg the length of their labels to brirgmore
concise manner into the framework (higher priority was given to this one since
therewasa UHV SR QNeéttraDN\ p v

2. Further screening of all the processes which contairpsotess habeen carried
out some suprocesses were renamed to provide collective / aggregatesdydea
the main Process.

3. Some tasks in the process were amendgaovide clear instructions

6.4.2Instructions provided by Framework:

These three Processes were highly concemitbaefinements since responsesébeen
provided DV pf1HXWUDOTTY LQ SURYLGLQJ LQVWUXFWLRQV

X P2-Leverage CSFs: Technology, ProcesB&ople (TPP)

o Few tasks were amended and able to provide much moreedetail

instructions and highlight the significance of this process.
x P6-Optimisation: Network (NO), Inventory (I0) & Transport (TO)

0 Suggestedome extra data fieldsin data tables undeb#it@a requirement
subheadingto provide a clear idea about how OST users can bring in a
decentcomplexityo their modelbygearingX S ZLWK PRUH JUDQ X
JLHOGV (T MQwWirg Datalbhkd¥DB). This is the reason more
data fields were suggest over the NO before moving into very
specifically like inventory transport and iheimulation. In this survey
responses provided a big contribution

x P9-Capture transactional & retime data (CTRD)
o0 There were some minarodifications done in this procgeas wellin terms

of data sourcétypes and how these can be connected through an API
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(Application Programming Interface) and then pakslert tothe OST

team.

6.5 Conclusions

The validation process and results provided broader intuitions in how theerark

could have been finetuned further in terms of the overall clarity and the precision of the
instructions providd. Allthe possible refinements were executed successfully unless any
limitations associated with such have been described in chapteler imitations and
recommendations fahefuture.Since it was nothatdifficult to embedhe recognised
modifications to théBaselineFramework (Prévalidation Frameworkdhat justified the
framework has been constructed with a solid found&mproab. Therefore, it reflects
thatthe proposed framework iilly capable and supportivé any future developments
which takeOSTiISCM to the next leveln such asanimprovementof theusefulnessand

simplificationbring in someutomatiorinto it is desirable.
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Chapter 7

Conclusions

The first section of this chapter illustrates the summary of the research findings and how
that contributes to the existing domain knowledge as novel value addtlitittre second

part howthedepthof the research wentin, the personal experience gained by using OST
and yet the limitatiothatexists within the research study is explained. Then finally, the
recommendations on how future work can be derived by bripgmhancements to this
novel frameworlaredescribed.

7.1 Summary of findings and contribution to knowledge

Application of OST ad hoc basis just in specific problems in isolation is not the right path
to reapthe full potential returmut theinvestmenbdf time and cost over these todlss
well-recognised that previous research works in OSiefiacused orthedevelopment

of frameworks which aim to improve some areas rather than taking the whole process of
thedeployment cycle into account whithctually helps to embed these tools iray
business andecisionmaking procesdf businesses can embed these taokhe cycle

which is wellintegratedrom thebusiness strategy point of viawmtil a solidenterprise

wide awareness to executeatwell-experimented SCND or SCNRD stratemyer OST
WKDWTV W i reaehtheWe @3dymMént maturity.

The business strategy should be well reflected within the OST scope and objectives. Then
in return it will provide a clear requirement specification oéthight stack of OS Tools,
features and support which is mandatory, #rebusiness must gear up throughout the

OST experiments.

Oncethe EXVLQHVV LV ZHOO JHDUHG ZLWK WKH ULJKW 267
integrated process to follow, the skill set of the user and assurance of the mandatory data

in handbeforeexecution of the project.

Then the wellscoped experiments deover asuch platform provide a robust SCND
strategy which will produce the best network configuration and parameters for the

concerned business operating geography.
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As such since this framewo®STiSCM is moulded with that robustness which pravide

a solid knavledge contribution to the OST community (either industry or academia) who
can use this as a guide to achmga stateof-the-art SCND to nourish a sound operational
excellence irtheapplication of OSTThereforethe new knowledge distribution can be
grasped through this framework by stiig businessegntrepreneursesearchers or
even student® a very multifaceted nature which can be illustrated in bullet points as
follows. The research was very succesgigan the point of contributioto knowledg
since all listedareashave been fully captured over 10 Processes withinptiogosed
OSTISCM.

Processn
. Area of knowledge
OSTISCM
1 Integratebusiness strategy and model into OST scope & objectives.
5 Lay a solid cdabormative technologyprocesspeople platformto fuel the
experiments for a better ROl of OST.
3 Fulfilling the necessary dataquiremeninto OST application over
constructing avell-structuredenrichingdatabase.
4 Find the optimal locations to catierbetter service levels ithe
concerned operating geography.
. Construct &Robust baselinagainsivhich alloptimisation and
simulationexperiments can be carried auth confidence
5 Testing the choices for the optimal parameter configuration over th¢
targetingSupply ChainNetwork Design(SCND).
. Enablingasound supply chain digital twin capabilitiestestreattime
businesslynamics
g Assurance of ctdborative and resultslriven platformfor a successful
SCND implementatiothroughasolid enterprisewide awareness

220



Stay a step ahead over future erainty and inject innovation into

9
business to stay completive.
Monitor SChealth angerformproactivescenariexperimentand
10 sensitivity analysi$or broader visibility of risk exposures to achieve §

resilience.

7.2 Limitations

At the veryinitial stage of the researctine scope to design and develop this framework

is purely triggered by the identified gap in the existing research context. Then ak move
on, the local and international conferences, symposiandseminars attended through

the university, helped to pave a superb platform to build some interesting connections

amongndustrial and other acadecpersomel

In return these connections helped by contributimiipe survey questionnaire, interviews

and then even with the finahlidation process of the framework. On top of thhaé

handson experience obtained by working on hypothetical model building provided very
SUDJPDWLF LQVLIJKWY ZKHUH WKLV IUDPHZRUN FDQ K

future research context.

Butit is very limited and not straight forwards to convince a business or entrepreneur to
apply this proposed in their business deciswaking process.

Thus, it can be recognized that the primary achievement of this research is provisioning
the novel idea bthe structured approach for the future enhancewfeantade mic space.
Also, forthe community of entrepreneurs who are willing to execute their novel bysiness
ideas into reality but need a solid framework to test and quantify their supply chain

strategybeforeany investment.
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7.3 Recommendations for future work

Process & content refinement:

During the validation process, the outcomes of the results provided some good intuition
regardingheamount of process and contématexists in the proposed framework. The
suggestions were about ch&ukthe possibility of reducing the amount of thepstése
process and squistgthe content into it. Suggestions were taken into consideration up to

some extent and able to meagew processes and content.

But injecting a highetevel of rationalization into some areas during that stage was
limited. So, LWV KLJKO\ UHFRPPHQGHG WsRltddlidnQ idtoh& RV H |
framework in future developmentBut significantly, any modifications take into
consideration do not eliminate any vital steps and content within the current framework

which may affect the robustness negatively.

Development of an automated guide

This framework act as a complete stepstep guide with instructi®yet inagraphical
format(paperbased) whiclihe usemust followmanually. So,businessesr users may

be fascinatethy automated instructiorratherthanmanuabnes In sucha caseif the
proposed framework can be transformed intoaaitomatedsraphical User Iterface
(GUI) as anapplication that will be very attractive and can embed more automated

features in it with which usercan fast track the process.

ForinstanceL| LWV D PRELO Hdarss8mply EdleuVth&cdrreXt\étateof the
business and scope of OST over their decisiaking requirement from just a simple
dropdown which will routeghemto the next step. The user can simply tdéd¢ine the
current strength within the business inntarof Technology, Process and People (skill
level) andtheapplication will provide a weltustomized stack of OS Toofsaturesand

support with the required skakt.

Then the same can be applied in tewfiglata requiremestand so on. So, its highl
recommended a transformation of this manual framework into a novel autoomated

which will provide further enhancements in fastcking the usés process in decision
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making and preventing any errors which can cause following manually (i.e., misging a
VWHSYV VLIQLILFDQW FRQVLGHUDWDRQ VXJIJHVWLRQV

Business operatiorcentric customization over data granularity

This propoalis not specifically targetedt any precise goods or service provisioning
industry. But the robustness eedled in it providsthe capability and adaptability in
application in any operational environmeriulfilling the data requirement into OST
business operations and their characteristics wise always variesvamg challenging.

This was another concern acknowledged over the validation outcomes.

7TKHUHIRUH LWV KLJKO\ UHFRPPHQGHG diratedwolgdd 267
more granular operational finetuning in any precise product or service to reackodstate
the-art SCND, this can be adapted as per such scope. For an instaycéuture
developments targeting 3PL service providers &hento business iprovisioning just

space (distribution cergor warehousing facilities) their scope of the business s limited

to inside 4 walls operation. So, the data requirementis bounded to those operational assets

and logicthatinteractwith each other.

Thereforeany future development can bring into the pragdby remaulding the way
busineseV FDQ HMTFRQVWUXFW DQG HQULFK WKH PRGHOOL
FKDUDFWHULVWLFVY GDWD JUDQXODULW\ DQG EXVLQH

Any further development over a new easch outcome raises a sound awareness in both
academia and industry. Also, that stimusatiee targeting community ithe frequent
application of the same in either industry or academic space. As the authosejtnes
more success stories and enhancemwhish can be built upon this novel robust

framework willbe very inspiring and motivational to take the OSTISCM to the nextlevel.
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