Sheffield
Hallam
University

Framework for Embedding Optimisation and Simulation Tools in Supply Chain
Management

MESTIYAGE DON, Ranjika

Available from the Sheffield Hallam University Research Archive (SHURA) at:

http://shura.shu.ac.uk/30713/

A Sheffield Hallam University thesis

This thesis is protected by copyright which belongs to the author.

The content must not be changed in any way or sold commercially in any format or medium
without the formal permission of the author.

When referring to this work, full bibliographic details including the author, title, awarding
institution and date of the thesis must be given.

Please visit http://shura.shu.ac.uk/30713/ and http://shura.shu.ac.uk/information.html for
further details about copyright and re-use permissions.



http://shura.shu.ac.uk/information.html

Framework for Embedding Optimisation and Simulation Tools

in Supply Chain Management

Ranjika Gunathilaka Mestiyage Don

A thesis submitted in partial fulfilment of the requirements of
Sheffield Hallam University

for the degree of Doctor of Philosophy.

September 2021



Declaration

I hereby declare that:

1. 1 have notbeen enrolled for another award of the University, or other academic
or professional organization, whilst undertaking my research degree.

2. None of the material contained in the thesis has been used in any other
submission for an academic award.

3. lamaware of and understand the University's policy on plagiarism and certify
that this thesis is my work. The use of all published or other sources of material
consulted has been properly and fully acknowledged.

4. The work undertaken towards the thesis has been conducted following the SHU
Principles of Integrity in Research and the SHU Research Ethics Policy.

5. The word count of the thesis is 44,600.

Name Ranjika Gunathilaka Mestiyage Don
Date September 2021

Award Ph.D.

Faculty MERI

Director(s) of Studies Dr Hongwei Zhang




Acknowledgement

First, | would like to convey my sincere gratitude and heartful love towards my supervisor
Prof. Terrence Perera who was the key strength and partner during this journey from
beginningto end whenever | needed supportand guidance Also, the way he supported
me by allowing attending international and local conferences paved a solid foundation to
make a good network of industrial and subject experts who contributed immensely to my

survey questionnairesand interviews until the validation of my work.

Then | would like to thank Sheffield Hallam University, my DOS Dr Hongwei Zhang,
staff of MERI, Postgraduate Research Tutors, and my loving staff members, who still
provides super cooperation to keep a sound study-work balance as a specialist visiting
lecturer during this research which gave me a solid experience in post-graduate level

teaching in supply chain management.

Thenall my friends and family members, includingmy uncle, Shamindrawho continually

supported me in many ways when | needed.

Finally, my loving mother Catherine and my father Sujith gave me the chance to see this
world and then to date all means of unconditional love, support, and strength they tender

to me, I can’t express in words.



Abstract

Supply chain management (SCM) is a pivotal area for academic research due to its
influence on businesses competing in today's complex global economy. To support the
managers, the concept of SCM has been imperatively adopted by many business leaders
to assist in designing, planning, controlling, and enhancing the network of facilities and

tasks that comprise many stages of the supply chain.

In turn, Optimisation and Simulation Tools (OST) provide virtual environments to fine-
tune this supply chain operational logic and processes to develop the best operational
configurations and strategies before the execution of any real business planning or

investment decisions.

However, the review of existing literature, survey, and interviews conducted using
industry professionals and subject experts revealed that in most instances, these tools are
typically deployed to address specific problems in isolation. Therefore, users are failing

to reap their full potential.

Thus, the main aim of this research is to design and develop a novel framework that
should enable businesses to embed these tools in their decision-making processes. Both
quantitative and qualitative approaches are exploited in the research design and
methodology to provide sound visibility and a clear path to achieve this research aim and
objectives. Therefore, the proposed framework serves as a complete guide in Supply
Chain Network Design (SCND) and Management, which helps the businesses,
entrepreneurs, or any in the OST community to start their journey from scratch or over a
re-design of any existing network. Such a proposal will stimulate and build the full
confidence in the OST community to reap the maximum benefits in returns out of their

investments over these tools.

The proposed Framework is validated by a set of subject and industry professionals
through a survey questionnaire, and necessary refinements recognised are executed. Then
at the end, the novel contribution to the knowledge, limitations that exist and direction

for future research are also well presented.
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Chapter 1

Introduction

If the future is certain, it would be quite straightforward to design, operate and succeed
from a supply chain that was fully optimised for that certain future. In real life, however,
the future is volatile, and a well-designed supply chain must be accommodating and fully
competent in adjusting to a wide range of prospective dynamics, operational challenges,
and issues and identifying what limits them from achieving further improvements
onboard.

Numerous advanced software and hardware technologies have emerged today to analyze
these dynamics, uncertainty, disruptions, and finetuning the performance with the
increased competition in today’s global economy. However, it has been recognised that
the use of Optimisation and Simulation is the most promising and highly effective

technologies to overcome most of these challenges in supply chain management.

Therefore, any optimisationor simulation application mustbe competentand provisioning
measures featuring uncertainty in the supply chain analysis in the phases of design,
operation, and redesign (enhancement). In this introductory chapter, the role of the supply
chain and its complexities involved, how supply chain management evolved through the
recent decades, and the emergence of optimisation and simulation tools are described.

Then the aim and objectives 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 organization is
like the Nervous System (NS) in the human body. The way NS coordinates its actions
and sensual information by communicating the signals back and forth to different parts
of the body is, the same way SC controls its set of entities and processes connected
throughout the network. Likewise, an inappropriate NS causes unusual behaviours in the
humanbody,an inappropriate SC causes variousproblemsto its organization’s operations
and performance. The supply chain is a network combined with several different entities
such as suppliers, plants, distributors, retailers, customers, and many more different

stakeholders.

The supply chain 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 what La Londe & Masters have
proposed; that a supply chain is a set of firms that pass materials forward, and normally
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 merchants, and transportation companies are all
members of a supply chain. The supply chain is a network of organisations and processes
(see Figure 1.1) wherein several various enterprises (suppliers, manufacturers,
distributors, and retailers) collaborate (cooperate and coordinate) along the entire value
chain to acquire raw materials, to convert these raw materials into specified final products,

and to deliver these final products to customers (Ivanov et al., 2017).
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Figure 1. 1: Supply chain network of organizations and processes

Source: (Ivanov etal., 2017)



1.2 Supply Chain Design, Operations, and 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 through. The following
conceptual SCM framework (see Figure 1.2) 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). Managingan SC
is a complicated task and even managing logistics in SC, products/service flows, and
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 management 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 hasbeen increasing attention placed
on the performance, design, and analysis of the supply chain as a whole (Beamon, 1998).
Much of the research into supply chain design has focused on developingsolutions where
the implied objective function is to reduce cost and/or lead times. Yet, these are not the
only outcomes driving supply chain design. Supply chains can be designed to achieve

alternative outcomes such as increasingresponsiveness, driving innovation, orimproving



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

chain design features and approaches to change (Melnyketal., 2014).

Supply Chain Operations (SCO):

In Supply Chain Operation, the main task is making decisions. Primarily matching
demand and supply by building a bridge between the customers and suppliers. The
responsibilities of SCO managers are multi-faceted. The decision-making areas in SCO
range from strategic to tactical and operative levels (see Figure 1.3). Strategic issues
include, for example, determination of the size and location of manufacturing plants or
distribution centres, decisions on the structure of service networks, factory planning, and
design of the SC. Tactical issues include such decisions about production, transportation,
and inventory planning. Operative issues involve production scheduling and control,
inventory control, quality control, and inspection, vehicle routing, traffic and materials

handling, and equipment maintenance policies (Ivanovetal., 2017).

> Sourcing > > Production > > Distribution > > After Sales >
STRATEGIC COLLABORATION
> Collaboration Strategy / Risk Pooling; Supply Chain Organization / Contracting
<))
£ |- Supplier Management | | — Production Strategy | | — Distribution Strategy | | — Closed-loop Supply
» | - Sourcing Strategy — Facility Location — Transportation Chain Design
~ Process Design ~ Network Design
PROCESS INTEGRATION

g_’ Demand Forecasting / Inventory Management / APS / JIT-JIS
=4
C‘L—° - MRP/EOQ — Aggregate Planning | | — Distribution planning | | — Reverse flow

—- ABC analysis ~ MPS / Lot-Sizing - Transport. planning planning
c EXECUTION COORDINATION
2 Vendor-Managed Inventory / Supply Chain Event Management
3
(]
£ |- Ordering ~ Scheduling - Vehicle routing — Reverse flow
o] 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 chainsbecomes a major condition
for giving a positive impact on a company’s financial performance. The importance of
SCM for the SC network involves coordinating and integrating the constant flows both
within and between all stages. There are three main flows related to SCM (see Figure 1.4)
1. Product flow: inventory, 2. Information flow: transmitting orders, update status
delivery, etc. 3. Fund/finance flow: payment schedules, cost, and profitability (Othman
& 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 (Kransdorff, 1982), when Keith Oliver, a
consultantatBooz Allen Hamilton, used it in an interview with the Financial Times Since
then, its development and growth as a discipline have occurred primarily in the industrial
sector. Supply chain management is a concept that has been born of practice, 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 chain management is, how it is
related to similar approaches such as logistics, operations management, and

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



In the late 1980s, Hewlett-Packard (HP) was alarmed by huge customer dissatisfaction
with their order fulfilment process. To analyze and overcome this issue, HP formed an
in-house team called Strategic Planning and Modelling (SPaM) and a model called
Bubble Model (Lee & Billington, 1995).

“Bubble Model. Quantitative-based Methodology / Effectivein 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

in management science and industrial engineering’’.

HP was able to reap the benefits of Modelling their SC entities, process, timing, and
costings, and ultimately that led them to strengthen the capabilities of their top
management decision-making process to finetune their business process and sustain the
market (Lee & Billington, 1995).

1.3 Supply Chain Modelling

Modelling is an essential process in understanding systems of all kinds. That model
should describe the behaviour of some aspects of the system in a precise way (Tarokh &
Golkar, June 2006). Making decisions in such a complex network of entities can be very
challenging 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 real-world dimensions, yet not too complicated to solve. Also,
a model builder needs to profile the potential risks involved in supply chain activities.
Figure 1.5 Shows the taxonomies of supply chain Modelling (Min & Zhou, 2002).
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Figure 1. 5: Taxonomies of supply chain Modelling

Source: (Min & Zhou, 2002)

1.4 Need for this research

How SCM has 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 efficient, and achieve further enhancements (Redesign) are very demanding

in this globally competitive economy.

Accordingto (Le etal., 2020) the SCM software applications are still focusingon material
and resources management with the internal SC integration. Due to the lack of
collaboration among the SC participants, strategic decisions related to building a
partnership, IT-based planning, and logistics-based 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 uncertainties 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
degree of maturity of a company’s digitization is of particular relevance to check the
company’s status. Consequently, further characteristics must be developed in this respect

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

Fu & Henderson (2017) made a strong statement saying that academics should make
additional efforts to reach outto commercial simulationsoftware developers to learn what

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



When the preliminary research was carried outduringthe stage of research problem/topic
formalization, evidently it reflected a gap in research work that exists particularly in the
proposed area of research, and in such that arouses and paved the solid grounds to carry
out this research without any reluctance. ’Optimisation and Simulation Tools’’ is nota
new-found topic in the field of SCM but it’s reflected that the depth and the amount of
research work conducted so far, specifically to analy ze the current usage, barriers which
prevent SCM professionals from using and reaping the full potential of out of these tools
is very limited. In addition to that, despite the existence of a range of frameworks in the
literature in terms of the application of OST in various domains in SCM, there is a lack
of a robust framework that ties all the aspects mentioned above together as a complete
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 proposing framework are identified clearly in terms of what
are the potential application domains of OST in SCM, exiting barriers that prevent using
and reaping the full potential out of these tools, and how to embed these OST in business
and decision-making process successfully. Consequently, this proposing novel
framework can be used as a complete reference for a smooth process of steps to embed
the full potential use of these tools either SC Design from the scratch or Re-Design

activities whilst gaining a better ROI for the investments in such.

1.5 Research aims and objectives
Aim:

Design and develop aframeworkto embed optimisationand simulationtools in the supply
chain management context, which help the concerned community reap the full potential
by using these in their business decision-making 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 survey questionnaire and interviews to investigate the current behaviour

and limitations over the application of optimisation and simulation tools.

3. ldentify potential barriers. construct a structured approach to address them and fulfil
critical success factors over OST deployment.

4. Design and develop the preliminary framework.
5. Validate and refine the proposed framework with the subject and industry experts.

6. Write up the thesis and defend it successfully.

1.6 Research questions

The key research questions which have been addressed in this study can be aggregated

into two, which laid the foundation for this research.

1) What are the key barriers which prevent using and reaping the full potential of
Optimisation and Simulation Tools in Supply Chain management?

2) Whatwould be the best approach to overcome these barriers by embedding these
tools in the business decision-making process which will lead to achieving

operational excellence and supply chain resilience?
1.7 Research methodology

Whilst chapter 3 presentthe researchmethodology in detail, this paragraphaims to outline

three major stages of the research program.

Stage 1: Identifying the preliminary gap, significance of the research, and setting the

building blocks for the proposing framework

During the submission of an initial research proposal, the significance of the
research, preliminary research gap and research aim, and objectives were
presented strongly. Then Research startedwith astrongliterature review followed

by a survey questionnaire and a few interviews. That paved a solid foundation for



identifying the research gap in a very broader aspect and setting the building

blocks for the proposing framework.

Stage 2: Importance of deploying multiple tools, methods, and approaches in terms of

data collection, analysis, and visualization

Followed the mixing method for robust data collection & analysis in both
quantitative and qualitative manner. A deductive approach is used to make a clear
path from extracting the essence from the necessary theory to proposing a well-
structured framework. Multiple tools and methods have been used in both
collection and analysis of data. Why specific methods, tools, and approaches have
been deployed based on the category of participants have been well explained in

chapter 3.

Stage 3: Design and develop the framework followed by a verification and validation

phase with input from industry and subject experts

To experience the pragmatic barrier over using optimisation and simulation,
personally carried out hypothetical model building using the software Supply
Chain Guru® and attended international simulation and Modelling conferences.
Oncethe preliminary framework isdesigned, validation and necessary refinement

have been executed accordingly.

1.8 Thesis structure

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

SC design, operations, 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 of Modelling, decision making, and problem-solving in
logistics and SCM. How OST has been successfully implemented yet the barriers to
implementation and challenges existingin today’s SCM are well described by using some
real case studies which highlight the gap and need for this research. [Research Question

1 is partially covered].
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Ch. 3: Research Methodology: Provide how robust the way research method and
approach have been utilized to conduct this research followed by a detailed illustration of
how and why these specific data collection tools, methods, andtechniqueshave been used
in different stages of the research with multidisciplinary data sources, respondents, and

participants.

Ch. 4: Survey Questionnaire and interview analysis: With a sound literature review
that shows the gap existing in current research; to strengthen that evidence further by
collecting more data, a survey questionnaire and a few semi-structured interviews have
been conducted. Then, as a result, a full-scale Cause-Effect-Diagram (EFD) has been
constructed which acted as the blueprint for designing and developing the framework.

[Research Question 1 fully is covered].

Ch. 5: Design and development of the Framework: Addressed all the categories of
primary and secondary causes of EFD constructed in Ch. 4 and developed a well-
structured approach as a framework name ““OSTiSCM’” which provides step-by-step
guidance in embedding these OST in SCM for a maximum ROI over the investment

decision an achieve SC resilience. [Research Question 2 is 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 done before final submission. Recognized some valid concerns and

necessary refinements have been executed over the proposed.

Ch. 7: Conclusions: As everythingin a nutshell the summary of research findings, how
the proposed adds novel contribution to knowledge, limitations exits, and
recommendations for the future, and how the proposed ‘‘OSTiSCM’’ can be enhanced to

shift to the next level has been explained.
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Chapter 2

Literature Review

2.1 Introduction

There is an immense growth in recent years in the applied research that examine OST in
SCM due to its influence on today’s competitive global economy. The main objective of
this chapter is to showcase how the focussed research of OST emerged, yet the gap which
was the motivation and led to pursue this research to “’Design and develop a novel
framework for embedding OST in SCM™’.

Accordingto Dossou (2018), Hallikas et al.(2019) and Shao et al.(2021), a substantial
number of publications and reviews present digital supply chains and the advantages that

digitalisation carries (Barykin etal., 2021).

As observed by Hussein et al. (2021) their systematic analysis shows that OSC-SC
problems have been solved frequently by a variety of solution methods such as
optimisation (25%), simulation (13%), and building information Modelling (BIM)
(9.5%). However, researchers tend more to integrate multiple solution methods (35%) to

address the complexities of OSC-SC problems.

Nguyen et al. (2021) emphasised that because data availability is a key prerequisite for
Data Analytics for Supply Chain Management (DA-SCM), Viet et al. (2018) focused on
data and information sources existing in supply chainsto highlight data assets as well as
technical challenges at stake. In terms of techniques, most have focused on statistical
analysis, simulation, and optimisation but little attention has been 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, operation, and redesign, the significance of decision-making in such activities
will be highlighted. In turn to help this decision-making process the use of SC Modelling
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 these OST, successful applications & approaches, and a few
frameworks which have been developed so far have been highlighted. In the latter, with

the identification of the full potential of these OSTs and the existing barriers which
12
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prevent organizations use such, the research gap is presented with the concluding

remarks.

2.2. Supply Chain Design and Management: Challenges

With the inception of the Supply Chain Operation Reference (SCOR) Model in 1996 by
the Supply Chain Council (SCC), it allows firms to perform very thorough fact-based
analyses of all aspects of their current supply chain by providing a complete set of supply

chain performance metrics, industry best practices, and enabling systems’ functionality

(Huan etal., 2004).

Supply Chain Management, which is today has never been more complicated, dynamic,
and unpredictable. Achieving a well-planned and purpose-driven supply chain
management is what every organization in today’s competitive market is keen in get
onboard. Therefore, a value-driven supply chain that is coupled to the strategic priorities
of the firm is the result of considerate management action and strategic corporate
investments aimed to procure, develop and configure the appropriate resources,
processes, and metrics that define that firm's supply chain as briefly explained with their
findings in (Melnyk etal.,2014).

As explained by Garcia & You (2015) achieve truly sustainable solutions, a supply chain
should be designed and operated such as to maximize economic potential, minimize

environmental impact, and maximize social benefit (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 in 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 success (see Figure 2.2). Thus, future
supply chain design must consider integrated optimisation across multiple temporal

scales.
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Figure 2. 2 A supply chain design and operations problem span many levels and
temporal scales

Source: (Garcia & You, 2015)

Since SCM is a very broader topic when it comes to reviewing and analyzing the
challenges which have been described in recent research studies, the best way to do that
is to split the scope into parts. The main objective of the subsections (2.2.1to 3) is to
pinpoint in each phase what are the specific challenges organizations and their decision

makers facing, the significance, and the integration which should exist (see Figure 2.3).

Supply Chian
Re-Design

Supply Chain
Design

Supply Chain
Operations

Figure 2.3: Journey of supply chain design to supply chain re-design
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2.2.1 Supply Chain Design Challenges

Supply chain design is the process of determining the supply chain infrastructure—the
plants, distribution centres, transportation modes and lanes, production processes, etc.
that will be used 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 multibillion-dollar automobile assembly plant cannot be changed
because of changes in customer demands, transportation costs, or component prices.
Modern distribution centres with millions of dollars of material handling equipment are
also difficult, if notimpossible, to relocate except in the long term. Inefficient locations
for production and assembly plants as well as distribution centres will result in excess
costs being incurred throughout the lifetime of the facilities, no matter how well the
production plans, transportation options, inventory management, and informationsharing
decisions are optimized in response to changing conditions (Daskin, Snyder, & Berger,
2005).

The two main constituting elements of the supply chains are “product” and “supply chain
operations”, which are highly interrelated across more than one dimension. Many of the
drawbacks in the success andsustainability of supply chains often relate to the segregation
of these dimensions (Sharifi, Ismail, & Reid, 2006).

Supply chain network design decisions are usually strategic and once implemented they
are difficult to reverse. When 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 and extra costs 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 long-lasting impact on the firm. Furthermore, the fact that
the SC configuration involves the commitment of substantial capital resourcesover long
periods makes the SC design problem an extremely important one (Azaron, Brown,
Tarim, & Modarres, 2008).

Supply chain design has a higher influence on the 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 suitably arranged for meeting the current and potential needs
of the customers, and the costs along the supply chain (inventory holding, transporting,
operating, etc.) should be minimized. A well-designed supply chain in terms of locations,
distances, capacities, and planning can provide a competitive advantage for the firms in
that specific chain (Sezen, 2008).

A key decision in logistics management is the selection of the transportation mode and
carrier to move the firm’s inbound and outbound freight. Within manufacturing firms,
transportation costsaverage 20 per centof total production costs. Mode choice and carrier
selection are part of the decision-making process in transportation that includes
identifying relevant transportation performance variables, selecting the mode of transport
and carrier, negotiating rates and service levels, and evaluating carrier performance
(Waller etal., 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 robust concerning the uncertain environment, the impact of
performance inefficiency (i.e., delay) could be devastating for the organization (Pan &
Nagi, 2010).

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

most expensive alternatives (Olivares-Benitez et al.,2012).

The strategic decisions focus on the design of an efficient supply chain intending to
achieve the organization's overall objectives and increase its competitive advantage such
as supply chain configuration, resource allocation, production technology selection,
supply and demand contracts, number of, location, and capacity of sites, sustainability
issues (Sharma etal., 2013).

As emphasized by Melnyk etal., (2014) supply chain design needs to comprehend three
levels of analysis (see Figure 2.4). (1) Influencers: higher-level considerations such as the

business and political environment, the business model employed, the firm’s desired
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outcomes, and the supply chain life cycle. (2) Design decisions: Social, behavioural, and
physical/structural design elements that define a supply chain. (3) Building
blocks: Inventory, transportation, capacity, and technology decisions that are used to
implement the supply chain. Supply chain design needs to comprehend these three levels

of analysis.

Influencers

T —.

Design Decisions

Building Blocks

Figure 2. 4: Three levels of factors influencing supply chain design

Source: (Melnyk etal., 2014)

A supply chain’s true potential is set by its design, not by its planning applications. There
are numerous supply chain cost-saving opportunities that are hidden just below the
surface at most companies and today’s savvy executives are using supply chain design

software to 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 follows (see Table 2.1)
Sustainability assessment that aims to quantitatively compile the material and emissions
flows that occur throughout the lifetime of a product and analyze the environmental
impacts of those flows (Garcia & You, 2015).
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SC Design Challenges

Multi-Scale Multi-objective and Multi-player
sustainability
* Modelling » Supply chain design » Extra Modelling and

« Optimisation
« Uncertainty

« Computational

tools

criteria

LCA (Life Cycle
Assessment) &

optimisation approach

computational
challenges

» Different players with

their objectives

Table 2. 1: Supply chain design challenges — Multi-scale, objective & player

Source: (Garcia & You, 2015)

(Kreegpath et al.,2017) they have done a research study with the participation of 39

experts (30 industrial enterprises, 4 senior supply chain consultants, and 5 supply chain

management professors) and have identified the key drivers and barriers of SC Design

(see Figure 2.5).

Cost Reduction

Drivers

Growth

Forecasting is too weak

Supply chain complexity

Barriers

Product portfolio complexity

Lack of time

Lack of competetnce

Delivery Reliability
Change in demand for agility
Choosing the right SC (Competitive)

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

Figure 2. 5: Key drivers and barriers of SC Design

Source: (Kreegpgth etal.,2017)
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Recent studies in the field of big data analytics have come up with tools and techniques
to make data-driven supply chain decisions. Analyzing and interpreting results in real
time can assist enterprises in making better and faster decisions to satisfy customer
requirements. It will also help organizations to improve their supply chain design and
management by reducing costs and 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 facilities and where to place the safety stocks in these facilities are
interdependentby 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 policies must be developed for the transition from the recovery
to the disruption-free operations mode. A revival policy is meant to mitigate the negative
impact of disruption tails and stabilize the ordering control policies and performance in
the SC. Thus, recovery policies should not be limited to the disruption period only. They
should also consider the post-disruption period and be included in SC design decisions
(lvanov, 2019).

The design of a supply chain is an integral part of any organization's competitive
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 events that occurred recently will immensely change the way
designing future global supply chains. This is a good eye-opening for the future state of
global sourcing, the unique nature and a combined “demand and supply shortage”
bullwhip effect, the resurrection of lean and local production systems, and the
development of risk-recovery contingency strategies to deal with pandemics (Handfield,
Graham, & Burns, 2020).

In today’s uncertain markets, supply, manufacturing, and distribution need to be properly
coordinated to reduce disruption risks and increase the SCN 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 their impact on the SCN, and the flexibility to rapidly adapt to changes in

the market and demands (Cavone etal., 2020).

19



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

atable like below (see Table 2.2).

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 planning, Modelling, designing,
and processing

Design Complexity

Multi-scale and complex Modelling, optimisation

& simulation
Disruptions Supply Chain Pre, During, and Post disruption
(identifications, controlling, and recovery)
Objective’s complexity Multi Objectives

Stakeholders & Decision making

Multiple players and objectives cause multi-

dimensions decision making

CSR

CSR globally, sustainability, Future concerns,

Emissions

User’s Competency

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 Operations Challenges

Managing supply-chain operations is critical to any company’s ability to compete
effectively in the global marketplace. SCOR Model becomes very attention-grabbing and
starting point for improved supply-chain management to achieve operational
improvements (Stewart, 1997). 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 under consideration such that customer

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

Since the integration of actors and transaction efficiency are fundamental for developing
and maintaining a competitive supply chain, we are concerned that SMEs will face
substantial challenges without the adoption of technology-based planning and control
methods. The question that arises is how SMEs can proceed to implement such methods
when they often lack the necessary organizational, financial, and human resources
(Vaaland & Heide, 2007).

Consider supplier-related 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 production of goods, whereas a transportation
disruption stops only the flow of goods and, in that sense, is probably less severe. In case
of any transportation disruption, efforts should be made to identify alternative routes,
alternative modes of transportation, alternative supplierswho do notshare the same route,
or transhipment strategies between warehouses. Also build up a buffer of inventory if a

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

Operations of different entities in 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 on-time delivery, quality assurance, and cost

minimization are highly interdependent (Jain, Benyoucef, & Bennett, 2008).

The strategic decisionsthatdirectly concernoperations canbe grouped into decision 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, production control, and

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

The primary routes are the most efficient routes based on the transportation costs, mode-
transfer costs, and 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 in consumer buying preferences, the retail
supermarket is growing very fast. The sustainability of this industry depends 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, (v) Packaging, (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. Itisessential then to implementoptimal distribution policies to 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 effects on the
environment among supply chain operations, and certain distribution conditions may
have related social impacts (see Figure 2.6), such is the case of delivery time windows
which could reflect longer delivery routes and may require that drivers work overtime.
Seeing that transport management must deal with the mode of transport selection,
infrastructure, load planning, routing, and scheduling operations, substantial efforts
would be required to improve economic, environmental, and social performance (Vega-
Mejia etal.,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 of optimisation criteria

Source: (Vega-Mejia et al.,2016)
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On the enterprise operation side, carbon emissions are mainly caused by production and
transportation activities. Many countries and regions have enacted various policies to
reduce carbon emissions. During the production process, it is a general way for an
enterprise to raise the production rate by remanufacturing and investing in green
technology equipment under strict emissions constraints. During the transportation
process, the enterprise usually implements measures such as vehicle route optimisation,
improving the utilization rate of vehicles, and cooperating distribution with Third -party

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 predetermined production
rate in a supply chain model with economic production lot size is quite inappropriate for
this type of situation as the production rate can be changed in some cases to fulfil the
demand of customers. The rate of production has an impact on maintaining process
quality. Manufacturing quality deteriorates with an increasing rate of production (Sarkar
etal.,2018).

The data quality problemis a common issue, and it affects demand forecasting in fashion
supply chain operations significantly. Without the availability of high-quality 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 lead-time is one of the systematic characteristics inany firm that needs to pay attention
to when determining resilience performance since the negative effects of lead -time cause
following such as (1) Propagation of the severity of supply disruption and resume of the
pre-disruption state (2) 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 length/speed of recovery performance post disruption (5) The

effectiveness and the condition of the backup supply In (Chang & Lin, 2019).

Many drug manufacturingplantsare situated in tropical zones of Asia, where sea, air, and
rail connectivity infrastructures are intricate, thus posing enormous challenges for
transportation. Based on the Global Cold Chain Report published by IQPC/Cold Chain
1Q, dramatic growth has been anticipated for the cold-chain logistics market in 2017 with

increases of 57 per cent in emerging markets, 46 per cent in Asia, 21 per cent in Europe,
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and 18 per cent in North America. Therefore, given product mobility during sales, the

transportation business shall be on the rise in the coming years (Kumar & Jha, 2019).

The current global interest in improving the use of ever-scarcer natural resources calls for
the re-alignment 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 managers must deal with are the planning and improvement of the
packing and distribution of products. Although the optimisation of these two activities
has been thoroughly studied utilizing Vehicle Routing Problems and Packing Problems,
their analysisis often done separately and, in most cases, they consider only the economic

decisions (Vega-Mejiaetal.,2019).

Transportation has irreparable effects on the environment; Consumption of resources,
toxic effectson ecosystemsandhumans, noise, andemissionsof greenhouse gases (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 set of specified customers,

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

Disruption-driven changes in SC behaviour may result in a backlog and delayed orders,
the accumulation of which in the post-disruption period we call “disruption tails”. The
transition of these residues into the post-disruption period causes post-disruption SC
instability, resulting in further delivery delays and non-recovery of SC performance. A
smooth transition from the contingency policy through a special “revival policy” to
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 performance when
elaborating the tactical plan. Therefore, the supply chain needs to be flexible and
responsive to be able to face unforeseen events and act promptly on the operational level
(Németh & Gobbo, 2020).

Although generous return policies have been shown to have 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 original equipment manufacturers (OEM).
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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 practice (Shangetal.,2020).

The all above reviewed challenges can be summarised as per their domain and nature in
atable like below (see Table 2.3).

Supply Chain Operation Challenges

Domain (Area)

Description (Challenge)

Sourcing

Sourcing dependency (Myopic Decisions & Dependency)

Production

Production process failures

Transportation

Transportation (Re-routing, alternate routes. Alternate modes)

Distribution

Distribution channel

Leadtime

Leadtime / Oder fulfilment

Warehousing

Warehousing/ Inventory

Demand Demand variation

Periods Multi-period (Seasonal / multiple states of operations: normal,
busy, idle)

Resilience Disruptions / Breakdowns / Risk management/ Post disruption
recovery

Returns Return processes management and obtaining accurate retum

forecast

Recycling /disposal
process & Re-

manufacturing

Providing accurate information for OEM — remanufacturing
using the usable components of returns which leads a huge
time and cost savings and a faster disposal process of unusable

components.

Table 2. 3: Supply chain operation challenges
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2.2.3 Supply Chain Redesign Challenges

As emphasized by Van Der Vorstetal., (2002) supply chain re-design challenges can be
categorized in for dimensions (see Figure 2.7). The presence of uncertainty stimulates the
decision maker to create safety buffersin time, capacity, or inventory to preventa bad
chain performance. These buffers will restrict operational performances and suspend
competitive advantage. The use of one or several of these redesign strategies will alter
the logistical chain scenario, i.e., the design of and logistical way of workingin the supply

chain.

*Redesign the roles and processes

*Reduce the customer order leadtime
*Synchronise 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 re-design challenges
Source: (Van Der Vorstetal., 2002)

Supply chain redesign involves complex competencies such as integration with suppliers
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 service-focused firms, customers co-create
value in an integrative environmentwith the firm and its suppliers. Product-focused firms
create value in the product before its delivery, requiring the firm to acquire and transform

customer information into value offerings (Dobrzykowski et al.,2011).

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 redesign, and waste

minimization, and the unavailability of knowledge capital. The emergence of novel
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business paradigms — non-applicability of the traditional laws of supply and demand, the
dominance of negative externality effects, and anomalies of high growth rate coexisting
with high supply side uncertainty — must be recognized in transforming supply chains
(Chakravarty, 2014).

According to Sharfuddin & Sawicka, (2016) response to current customers’ needs are not
only the key to a successful business but predicting future needs and developing new
ideas, and incorporating innovative ways of operations allow organizations to meet future
challenges effectively and efficiently. Therefore, organizations need to monitor their
logistics activities, reduce disadvantages and introduce innovative solutions to maintain
a competitive edge and fulfil customer needs. This approach to redesigning the supply
chain network can be presented as a procedure, composed of the following 3 phases (see
Figure 2.8).

Figure 2. 8: Approach to re-designing a supply chain network
Source: (Sharfuddin & Sawicka, 2016)

The dynamic business environment forces companies to secure a competitive (Re)-
Design of their supply chains. During the last two decades, companies have faced
complexity in their supply chains currently with increased global operations.
Organizations and companies operating in a fast-clock speed business environment need
to design and redesign their supply chain often and fast to achieve temporarily
competitive advantages (Kraegpgth etal.,2017).

The SC structure is often changed according to a strategic business growth plan.
Managers may have to shut down some facilities, open some new ones, or change their
applications. These demands that the firm either design a new supply chain from scratch
or redesign the 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. Redesigningan SCN is a long-
term strategic decision thatconsidersthe inherentlevel of marketrisk, costof capital, and
price and demand uncertainty. Although managersare conscious of coveringdemand and
price uncertainty in the market, the selection of an appropriate method in an SCN with

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

Accordingto ElI 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 network specifically includes several
components that need efficient integration. Decision makers are usually faced with the
problem of selecting the most appropriate distribution network amongst alternative
ones. In their study, it’s well described what are the possible evaluation criteria (weight

and rate) when it comes to selecting the best out of all alternatives (see Figure 2.9).

[ Selection of the most appropriate '
distribution network

Evaluation Criteria g \‘T\ '\*'\—\\‘
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Inventory Transportation Facilities and Information Response Product Customer
Cost cost handling Cost System Cost time availability experience

Figure 2. 9: Evaluation criteria in selecting the most appropriate distribution network

Source: (EI Mokrinietal.,2018)

The new structure of the SCN will impose 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'savailable cash. From
the stockholders' or creditors’ viewpoint, financial 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 maximizing the total equity (Jahani etal.,2019).

In (Bianchinietal.,2019), with the model they have developed, itwas well described how
necessary it is a redesign the supply chain for companies who aim to develop new
business opportunities in the market. Focusingon purchasingand procurement processes,
the model application aims at the individuation of suppliers involved in the critical paths,
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then at the development of a hypothesis of possible alternative strategies, and, finally, at
a lead-time reduction. Therefore, the outcome isan optimized purchasingsystem, aligned
with company strategies, which guarantees benefits in terms of costs and lead-time
reduction, and the elimination of non-added 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 rising labour costs 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
firmshadto relocate their production bases. Thus, reshoring, by which the manufacturing
industry returns to the domestic market, and nearshoring, by which the production base
shiftsto neighbouringcountries, are regarded as extremely important strategies (Kainuma
etal.,2019).

The lack of collaboration and visibility between inbound and outbound transportation
leadsto lostopportunities in takingadvantage of empty vehicles. Empty vehiclesare non-
value-addingsources of Green House Gas (GHG) Customers are increasingly demanding
supply chains that consider environmental issues as well as economic. According to the
European Commission (2016), in 2014, the transportation sector was responsible for
almost 25% of all GHG emissionsin Europe, and road transport contributed over 70% of
this. Their goal is to reduce road transport by 60% from 1990-2030 (Andreassen et
al.,2019).

The changes in the political environment, new technologies, and consumer behaviour
oftenrequire thatfirmsrespond by redesigningtheir supply chains to adapt. Isthe existing
network design still optimal? Should the use of third-party warehousing be increased? Is
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 uncertainty, it is important to change promptly to
stay ahead. What matters to firms in such changing environments is their capacity to
closely monitor and predict change and to redesign supply chains accordingly (Zinn &
Goldshy, 2019).

Today, firmsare facingenormous pressure to restructure, redesign, and rethinkwhere and

how products are produced, inputs are sourced, and customer demand is fulfiled. The
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drivers for this change include all the usual factors, such as market volatility, cost
differentials, and technology disruption. Additionally, there are unknowns conceming
government policies that affect both cross-border 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 chainsthat operate in their jurisdiction. At
the same time, companies are striving to optimize their specific global supply chains,
which operate in multiple jurisdictions and generate extensive cross-border flows of

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

Regarding reverse logistics supply chain network redesign, sustainable goals including
economic, environmental, and social dimensionsare usually considered. However, many
enterprises face a problem that 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 reconstructingthe existing facilities

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

2.3 Model-based problem solving and decision making

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

Hamta et al., (2015) have re-emphasized the importance of decision-making levels and
their impact over different planning horizons which had been already explained by Vidal
and Goetschalckx (1997) as in SCM multi-levels of decisions are to be made on the time
horizon with multiple objective functions. The decision levels can be categorized aslong-
term decisions (strategic level), mid-term decisions (tactical level), and short-term

decisions (operational level).

A realmanagementproblem isthe initial pointof the decision-making process (see Figure
2.10). The model can be solved 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 software calculates the solution which should be analyzed by

decision-supporting quantitative methods (lvanov etal.,2017).

Management ) Mathematical
problem midel
[ 1

—= Algorithm | Software

Simplification of reality
Y
Managenal '

decision

Solution

Figure 2. 10: Model-based decision-making process

Source: (Ivanov etal.,2017)

Ivanov et al., (2017) emphasized this by giving an example like; the 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 location to each market. We must decide where to locate the facilities and which

quantities should be shipped fromthe facilities to the markets.

Current trends like e-business, e-commerce, e-logistics, and outsourcing activities are
increasingboth: the competitive pressure and the complexity of the behaviour of involved
systems and their processes. Its inherent complexity creates the need for a Modelling and
analysis framework. Modelling real-world problems can yield large and complex models
and the way models are structured should accommodate the way SCs are structured, in
reality (Arns etal.,2002). Supply chain Modelling approaches can be classified into two
main typessuch asanalytical (Optimisation) and simulation models (Othman & Mustaffa,
2012).

Ivanov & Dolgui (2021) emphasized the trend of acombination of model-based and data-
drivenapproachesallows uncoveringthe interrelations of risk data, disruption modelling,
and performance assessment and then the SC shocks and adaptations amid the COVID-
19 pandemic along with post-pandemic 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 shown from a theoretical
perspective with limited practical implementation; thus, there is still a lack of empirical

studies in this field. Also, he explains how Mishra et al. (2018) highlighted the limitation
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of the mathematical and simulation models used for modelling and analysing an SC. The

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. (2021) categorised the existing knowledge based on decision-making

problems, which can be instructive for a convenient association of a particular SCND

problem to a modelling domain according to network-wise, supply-side and demand-side

perspectives. Then how their analysis focuses on the costs specifically induced by

disruption risks, resilience investments, different SCM dimensions (i.e., social impact,

environmental impact, responsiveness, and risk-aversion) and the associated multi-

objective modelling settings along with disruption risks in SCND models.

2.3.1 Optimisation Models

Mathematical programming techniques, maximize certain benefits by optimising the
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 chains (Tarokh & 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 models. (Persson & Araldi, 2009).

The optimisation is an analysis method that determines the best possible option for
solving particular operations or SC problems. The optimisation has been a very
visible and influential topic in the field of SCOM. The drawback of using optimisation
is the difficulty in developing a model that is sufficiently detailed and accurate in
representing the complexity and uncertainty of SCM while keeping the model simple

enough to be solved (Ivanov etal.,2017).

In the world of optimisation, the factors (i.e., input parameters and/or structural
assumptions) become decision variables and the responses are used to model an
objective function and constraints. Whereas the goal of experimental design is to find
out which factors have the greatest effect on a response, optimisation seeks the
combination of factor levels that minimizes or maximizes a response (subject to

constraints imposed on factors and/or responses) (April etal.,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 output performance
measures are called responses. For instance, a simulation model of a manufacturing
facility may include factors such as the number of machines of each type, machine
settings, layout, and the number of workers for each skill level. The responses may
be cycle time, work-in-progress, and resource utilization (April etal.,2003). Capture
realistic supply chain characteristics and allow the evaluation of the impact of policy
changes carried outby one or more supply chain members. Hence, simulationmodels
can be used as an important first step toward realistic optimisation (Tarokh & Golkar,
June 2006).

Simulation is more suited for representing random effects used for simulation-based
optimisation and predicting the dynamic behaviour of supply chains (Persson &
Araldi, 2009). Simulation imitates the behaviour of one system with another. By
making changes to the simulated SC, one can gain an understanding of the dynamics
of the physical SC. A simulationisanideal tool for furtheranalysingthe performance

of a proposed design derived froman optimisation model (Ivanov et al.,2017).

Itis well explained by Othman & Mustaffa (2012) that Simulation models usually are
either static or dynamic. Then these can be further divided into two types:

Deterministic model: No randomness and uncertainty are considered if using of so

that the problem is relatively simple to solve. Stochastic model: Define as having a

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

simulation to estimate the performance of the system. The static model is a time-

independent view of the system, while the dynamic model is a time-dependent view

of the system (see Figure 2.11).
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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 simulations (usually discrete-event simulations
or Monte-Carlo simulations) are frequently used as a methodology instead of continuous
simulation since the SC system is usually faced with discrete variables and stochastic
behaviour (Othman & Mustaffa, 2012).

The optimisation of 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).

2.3.3 Role of Optimisation-Simulationfor better decision making

In terms of decision making which spreads across from Strategic to Tactical to Operation
level planning horizons why it is appropriate to apply Analytical Methods firstand then

Simulation Methods in decision-making is a very significant question.

As pera very clearexplanation by Ivanov etal., (2017) both analytical and simulation
methods have certain application areas, advantages, and disadvantages, addressing
diverse problems. When addressing the specific areas of problems, the level of detalil
involved in strategic, tactical, and operational level decision making and the static

and dynamic behaviour varies (see Figure 2.12).
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Figure 2. 12: A pyramid of supply chain design and analysis problems

Source: (Ivanov etal.,2017)

You can optimize the supply chain’s facility locations and then simulate their inventory
control policies, transportation, and sourcing rules. You will start at the strategic level by
using a green field analysis (GFA), sometimes called a centre-of-gravity analysis, to
define your supply chain design. During the second stage, you will use other parameters:
such as transportation costs, real routes, and feasible facility locations and perform
network optimisations. As your problem statements become more detailed, your
simulations can include combinations of inventory control, sourcing, transportation, and

production policies’’ (Ivanov et al.,2017).

According to Jahangirian, Taylor, & Young (2010) in the modelling and simulation
(M&S) community it is widely known that M&S can assist in identifying cost savings.
When modellersand decisionmakersneedavery quick, yetdecisiveanswer to their needs
at the time of an investment, it is interesting to know how various M&S techniques work
in terms of cost-effectiveness (see Figure 2.13). Simulation techniques demand more man
hours and hardware requirements while producing reliably high profits (if successful)
while Mathematical modelling techniques, on the other hand, impose some assumptions
that would normally simplify the solution. Therefore, 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: Cost-effectiveness of two groups of mathematical modelling &

simulations

Source: (Jahangirian, Taylor, & Young, 2010)

The dimensions of the grounds behind this can be illustrated as per the research outcomes
of (lvanovetal.,2017) who explain onedimension as the level of problems addressed and
the details reflect decision making. Then as per (Jahangirian, Taylor, & Young, 2010) the

other dimension is the consideration of trade-offs between the time, and resources must

invest and the cost and benefits in return (see Figure 2.14).

Dimension 1:

The Level of Problems
address and details must
reflect for decision
making. (Ivanov et
af.lﬂl T

Apply Optimisation
first and then

Simulation in
Decision making

Dimension 2:
Trade-offs between the
Time & Resources must

invest and the Cost &
Benefits in returm.
(Jahangirian, Taylor, &
Young, 2010)

Figure 2. 14: The grounds for applying optimisation firstand then simulation in

decision making
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The comprehensive study conducted by Llaguno et al. (2022) emphasised that supply
chains are becoming increasingly sophisticated and vital for many firms’
competitiveness. Nevertheless, their interrelated, complex, and global nature also makes
them more vulnerable to the risk of their operations being interrupted. Their proposed
conceptual framework is analysed and validated over a simulation analysis model. This
ultimately helps analyse the ripple effect on supply chains, which occurs when disruption
in one node spreads throughout the supply chain and impacts its performance, design, and
planning parameters. Then a conceptual framework (see Figure 2.15) is proposed which
includes the main 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.
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Figure 2.15: Conceptual framework for the resilient supply chain — A simulation
analysis model

Source: (Llaguno etal.,2022)

Mogale et al. (2022) emphasisedthat closed-loopsupply chains (CLSCs) are essential for
maximising the value creation over the entire life cycle of a product. That seeks to
optimise total cost and carbon emissions generated by production, distribution,
transportation, and disposal activities over the end-to-end nodes of a CLSC by deploying
their model (see Figure 2.16).

37



Disposal Centre Customer

Collection and
Remanufacturing centre | BRI

Retailer

c

o b
(Rt

2 ) '

Supplier

Manufacturer Distributor

Figure 2. 16: Application of Optimisation in a closed-loop supply chain network
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Source: (Mogale et al., 2022)

Biswas & Narahari (2004) developed a Model called DESSCOM (decision support for
supply chains through object modelling). By deploying this, the constructs can be
modelled atthe required granularity to aid in strategic, tactical, and operational decisions.
The modelling process starts with the identification of structural objects and policy
objects in the network. The network configuration can be updated at any point in time 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 used in the analysis
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 used to provide inputs

for various tools of the decision workbench (see Figure 2.17).
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Figure 2. 17: The architecture of the DESSCOM-Model

Source: (Biswas & Narahari, 2004)

The proposed model by Amin-Tahmasbi et al. (2022) is motivated by a factory-less
conceptand by providing a dynamic decision-making solution under a multi-period time
horizon. Within their model, it’s determined the optimal replenishment number of
production facilities using multi-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 management of companies’ supply chain networks.
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2.4 Emergence of Optimisation & Simulation Tools (OST)

Supply chain managementincorporatesthe use of analysis tools suchas system dynamics,
optimisation, and simulation. software ARENA is a commercial simulation tool 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, 2009). Optimisation continues to be one of the most exciting areas
within simulation because it greatly enhances the utility of simulation modelling by
helping users make complex decisions amid uncertainty (Boesel etel., 2001). The history
of optimisation and simulation goes far older than 60 years. Even though the term has not
been incommon usage atthe beginning; progressively seeking better solutions isarguably
the whole purpose of the users and has experimented with input parameters throughout
its history (Fu & Henderson, 2017).

The following case is a high-dimensional problem which is well described by the elegant
use of OST

“The Kroger Co. is the largest grocery retailer in the United States. It operates
2,422 supermarkets and 1,950 in-store pharmacies. The simulation-
optimisation system was implemented in October 2011 in all Kroger
pharmacies in the United States and has reduced out-of-stocks 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 inventory of more
than $120 million, and a reduction in labour cost equivalent to $10 million per
year” (Zhangetal. 2014).

2.4.1 Use of Optimisationin SCM

Geunes & Pardalos (2003) emphasised that during the past decade, two relatively new
application areas have attracted the attention of a growing number of researchers who
specialize in applying optimisation techniques to large-scale real-world problems. The
now well-known areas of supply chain management and financial engineering have
provided extremely rich contexts for the definition of new large-scale optimisation

problems, the solutions of which can provide substantial value to organizations.
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Aslam & Amos (2010) explained that supply chains are in general complex networks

composed of autonomous entities whereby multiple performance measures at different

levels, which in most cases conflict with each other, have to be taken into account. Then

their research led themto review and identify the need for multi-objective and multi-level

optimisation (MLO) framework for SCM, which considers not only optimisation of the

overall supply chain, but also for each entity within the supply chain. According to their

framework shown in

Figure 2.18, only feasible solutions from the process level

optimisation will be considered and sent to the operation level optimisation. 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 operation level optimisation.
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Figure 2.18: Multi-Level Optimisation

Source: (Aslam & Amos, 2010)

As per research work conducted by Torkornoo &Hou (2013), SC optimisation is the

process of finding “what’s best” out of a feasible set of solutions while meeting the
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business constraints of a supply chain. For example, “There are many ways to transport
products from Chicago to LA, but not all of them are created equal. If your objective is
to minimise transportation costs, then “what’s best” may be to use commercial trucks or
trains. If your objective is to minimize transportation time, then air freight may be your
best bet. The optimisation is also a way to reach the efficient frontier’’ Also, they have

emphasised belowthe application domains of optimisation in business:

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

e Inventory positioning: identify the best inventory position

e Sourcingdecisions: minimize the total costs of making products at manufacturing
plants and shipping to end customers to meet all demand

¢ Risk management: identify the best strategy to minimise potential disruption

Gulley (2016) hasexplained thatsupply chain optimisation is 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,
minimizingoperatingcosts. Supply chain optimisationaddresses the general supply chain

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

Accordingto Lacomme etal. (2018), production planning and routing is the key feature
in a supply chain since the coordination of these two functions significantly impacts the
customer service level. In return, the framework they have developed deals with an
extension of the integrated production and transportation scheduling problem (PTSP) by
considering the production and transportation scheduling problem with multiple vehicles
(PTSPm) to optimise supply chains. This approach provesitis possible to solve the two
problems in a coordinated way and permits obtaining a better solution than the classical
approach, where the two problems are solved sequentially. Also, this is an advantage of
an indirect representation of the solutions using a split-based approach with search space
alternation between Transportation Scheduling Problem (TSP) solutions, Vehicle

Routing Problem (VRP) solutions and PTSPm solutions.

The quantitative planning tool developed by Yahyaet al. (2021) was used to plan and
optimise biomass supply chains based on carbon reduction targets. This works in three
stages: Carbon Emission Pinch Analysis (CEPA), mathematical optimisation, and multi-

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 carbon reduction target. The optimisation step

considers the use of newbiomass power plants and co-firing existing power plants.

Ozcelik et al. (2021) examined the ripple effect on the system performance of the reverse
supply chain (RSC) network and introduced a robust optimisation model for designing
strongRSC networks to cope with the uncertainties caused by the ripple effect. The design
decisions, including worker and vehicle assignments, facility opening, and recovered
products, attempt 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 Turkey, which is
a potential landslide site due to the heavy rainfall. The proposed robust model (see figure
2.19) isrun 112 times with different weight uncertainty values. According to the results,
the robust solutions are computationally tractable; however, the price of robustness is
higher than expected to protect the constraints against violation when the Probability of

Constraints Violation (PoV) is set to 1%. ss

Primary Collection Centres Secondary Collection Centres

Customers

Reeyeling Centres

Figure 2.19: The schematic representation of Robust optimisation for the ripple effect on

reverse supply chain

Source: (Ozcelik etal., 2021)

2.4.2 Use of Simulationin SCM

Although optimisation has 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

simulation will 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 commonfor any

business that serves a dynamic market (Ingallis, 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 variables 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 action of walking/stepping through the details of a process in a
controlled, often virtual, environment based on specific rules (What-if) to replicate the
way a system works, usually to gain a better understanding of the system. Thus, the true
value of a simulation model is in providing a virtual sandbox for doing what-if analyses,
which help decision makers identify the impactof different variableson an organization’s

supply chain (Torkornoo, Hou, 2013).

By using simulation, managers can create a model of their supply chain systemsand test
various levels of input that can emulate real-life inconsistencies. The simulation models
can become 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
can eliminate unrealistic solutions and pinpoint a defined set of preferred solutions well
explained (Tarokh & Golkar, June 2006).

Accordingto (Othman & Mustaffa, 2012) continuing developments of technology day
after day increase the development of decision-making tools for simulating processes and

that can be performed in three different ways as follows,

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

e Simulation programming language.

Simulation is the best practice to evaluate the system performance closeto areal situation.

However, simulation solely is not enough to achieve an optimal result and needs to
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corporate-with optimisation tools and techniques. It further emphasizes that a method of
‘simulation” and ‘optimisation’ has been used by researchers nowadays related to finding

the best solution for the decision-making process in the SCM field.

With the use of simulation technology, it is possible to reproduce and test different
decision-making alternatives upon more possible foreseeable scenarios, to determine in
advance, the level of optimality and robustness of a given strategy. Realizingthe potential
of supply chain simulation, academics and practitioners alike have developed many
supply chain simulation tools to assist modellers, explained by (Tarokh & Golkar, June

2006) and concluded their findings with the use of Simulation Tools as follows.

e Testing Hypotheses about howthe real System works

e Better understand supply chain dynamics

e Diagnose problems and evaluate possible solutions

¢ |dentify the best Management Policies

e Optimize operations

e Mitigate risk factors

e explain the bullwhip effect

¢ Improve performances of forecasting techniques

e Predictthe effect of changes and supply chain performance

e Experiment with the new designs or policies before implementation.

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

“Simulation itself is not an optimizer”. A simulation process needs to communicate with
some optimisation module (or decision optimizer) to provide feedback on the progress of

the search for the optimal solution’’.

“’The integration between both optimisation and simulation hasbeen created for solving
many real complex problems (uncertainty). The optimisation of 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 parametersand/ or structural assumptions) lead to optimal
performance. The integration between simulation model and optimizer allowed us to

effectively analyse and easily solve the problem.”” The black-box approach of simulation
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optimisation based on metaheuristic methodology can be shown as follows (see Figure
2.20).

Responses (Output Performances)

Search Engine/ Simulation Model/
Optimizer Simulator
{Metaheuristic)

N

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 problem-specific methods (created to solve a
particular problem and probably nothing else) while meta-heuristics are problem-
independent methods that can be applied to a wide range of problems. Accordingto (Suh
& Park, 2017) “’The heuristic approach that finds the optimal alternative based on the
expertise, experience, and intuition of the decision-maker is the most common method in
feedback-based decision-making. The meta-heuristics designate a computational method
that optimizes a problem by iteratively trying to improve a candidate solution about a

given measure of quality.

In the past decades, simulation and optimisation have played significant roles in solving
complex problems in Supply Chain Operation Management (SCOM). Successful
examples include production planning and scheduling, supply chain design, 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 (Ivanov et
al.,2017).

Supply Chain Management is a complex process as it involves a lot of activities like
purchasing, production, inventory management, logistics and transportation. To manage
this complexity, simulation software can be used as they mimic real-life situations, and

they will help managers in making superior decisions 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 activities. Simulation models however fail to provide
optimum solutions for decision variables inherent in predefined objectives. Therefore,
integrating optimisation models would offer the best likely alternatives for decision-
makers (Maina & Mwangangi, 2020).

2.5 OST Application Domains in SCM

Before jumping straight to review the potential application domains of Optimisation and
Simulation Tools (OST) it’s always worth it to review how these tools were developed,
what are the key pillars (Success factors and methods) considered by the developers,
development, and the growth of integration of Optimisation and Simulation which are

commercially available today for our use.

Simulation can be used to determine the state of certain controllable inputs to a system
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 user-supplied information to
determine an optimal solution. The optimizer would possess the requisite intelligence to
determine an appropriate optimisation method for a given problem. Dennis Pegden and
Michael Gately were among the first to report the linking of an optimisation algorithm

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

Bowden and Hall 1998 extended the work of Dennis E. Smith (1973) by proposing six
distinct domains (see Figure 2.21) to address when developing future simulation

optimisation tools (Boesel et al.,2001).

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

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

e The Methods Domain: addresses those optimisation methods used to optimize
simulated systems.

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

optimisation problem to select the appropriate optimisation method(s).
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e The Strategy and Tactics Domain: addresses the employment of simulation
optimisation to make the most efficient use of computing resources.

e The Intelligence Domain: considers the intelligence embedded in the solver to
select the strategic approach and tactical employment of various techniques based

on the problem classification.

Methods

Interfaces Intelligence

Simulation
Dptimization

Problem
Formulation

Strategy
& Tactics

Classification

Figure 2. 21: The Domains of Simulation Optimisation

Source: (Boesel etal.,2001)

Several simulation software vendors have introduced optimizers that are fully integrated
into their simulation packages. Simulation practitioners now have access to robust
optimisation algorithms, and they are using them to solve a variety of “real world”
simulation optimisation problems as explained by Akbay (1996). Although these
simulation optimisation packages are based on better optimisation algorithms 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 improvements to optimisation algorithms that will
improve the method’s performance for a specific situation. See Carson and Maria (1997)
for a review of methods. Although this work is useful, a framework is needed that unifies
research and development across all relevant domains — the search methods, statistical
methods, user interfaces, and strategies associated with simulation optimisation. The
synergy created by these systems' view of simulation optimisation can lead to better

optimisation tools for practitioners (Boesel etal.,2001).
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The combination of simulation and optimisation, essentially unheard of in practice a
decade ago, is much more accessible today, thanks in large part to the development of
commercial optimisation software designed for use with existing simulation packages.
Despite this growth, untapped applications abound (Boesel et al.,2001).

Businesses today are very tempted by the latest Optimisation and Simulation Tools,
Methods and potential application domains which made a huge impact on the way today
the Supply Chain (SC) gets designed and how to utilize and integrate these successfully
to get the products to their customers faster and at a lower cost. Predominantly the
application of these OSTs in SCM can be identified in the following domains (see Figure
2.22).
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Figure 2. 22: Application domains of OST in SCM

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

In the early days of supply chain planning, this is known as the centre of gravity method
which enormously help to solve the Facility Locating Problem (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 the Brownfield analysis for the network which
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already exists and has a location in hand while trying to solve an FLP. Thus, BFA is more
attached to Supply Chain Network Re-Design (SCNRD). It’s recognised that the literature

that exists regarding these two Optimisation Tools is 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).

Green” supply chain network design problem where an initial investment in
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 aconcern, the decisionson facility locationand capacity 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 optimizing the network configurations in a
close-loop 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 well under complex and uncertain business environments for many years or
decades. Therefore, it is essential to make these decisions in the presence of uncertainty,
as over the last two decades, many relevant publications have emphasized its importance
(Govindan etal.,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 types of facilities. 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 real-life SCND problem (Eskandarpour et
al.,2015).

50



The supply chain network under investigation entails suppliers, mobile and fixed
warehouses, distribution centres, and customers from a supply chain network design
perspective. Arealistic problemis considered in which facilities and routes between them
are subjectto disruptionsand mightbecome inaccessible in the aftermath of disasters. We
presentabi-objective robustoptimisation model thatis resilientto disaster scenarios. The
proposed model integrates strategic and tactical decisions and 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 disruptions in facilities and routes among them
(Diabatetal.,2019).

2.5.3 SC Network Re-Design (SCNRD)

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

rather than two). So that s a connection and compliment 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 DCs is required.
The SCN redesign model enables us to quantify and use the risk of uncertain demand and
price in the 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 Network Optimisation (NO)

Accordingto (Shapiro, 2004, p. 4) Supply chain network optimisation refers to models
supporting strategic and tactical planning across the geographically dispersed network of
facilities operated by the company and those facilities operated by the company’s vendors

and customers (Tognetti etal.,2015).

For most node enterprises of the container 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 customer-acceptable cost. The second issue is sharing effective, high-quality,
and timely information. The most pursued objective in the container supply chainnetwork
optimisation model 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 (He, Huang, & Chang, 2015).

The scientific and technical objectives of ONE (Optimisation methodology for
Networked Enterprises) requestthe developmentofafully validated decisionsupport tool
forthe assessment, design, and optimisation of enterprise networks concerning economic,
social, and environmental criteria. The tool focuses on decision-making at the
strategic/tactical level. It allows a holistic approach with a continuous view of the whole
network, realizes the coupling of simulation and optimisation 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 is a multi-objective optimisation
process under the constraints of internal and external factors. These objectives include
speed, flexibility, quality, cost, service, and other indicators according to the actual
situation. Because of the different natures of supply chain networks, the target selection
and the weight setting will be very different, which is closely related to the organisational
ways, decision structure, and decision-making model of supply chain networks (Fu &
Chen, 2017).

An optimisation model is developed for a supply chain network with the main objective
to minimize the total cost of the network and pollutants emissions to the 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. It is
always preferred to select a route with no such hurdles i.e., maximum traffic factor 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 etal.,2017).
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Closed-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 resources and minimize the generation of waste. In this paper, a stochastic
CLSC network optimisation problem with capacity flexibility is investigated. The
proposed optimisation model can appropriately handle the uncertainties from different
sources, and the network configuration and decisions are adjusted by the capacity
flexibility under different scenarios (Yu, Solvang, & Sun, 2019).

2.5.5 SC Inventory Optimisation (10)

Inventory management is known to be an important aspect of supply chain models. The
methodologiesused in inventory optimisationintend to reduce the costof the supply chain
by controllingthe inventory in the desired manner so thatthe membersof the supply chain
will not be affected by abundance or shortage of stock (Mittal etal., 2018).

According to Daniel & Rajendran, (2005) the way optimisation and simulation
complement each other in base stock optimisation provides good insights into the
application of 10. One of the important aspects of supply chain management is 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 the base -stock
levels to minimize the sum of holding and shortage costs in the entire supply chain.

Simulation is used to evaluate the base-stock levels generated by the GA.

As explained by Farasyn et al., (2011) over the past 10 years, Procter & Gamble has
leveraged its cross-functional organizational structure with operations research to reduce
its inventory investment. Savings were achievedin atwo-step process. First, spreadsheet-
based inventory models locally optimized each stage in the supply chain. Because these
were the first inventory tools installed, they achieved significant savings and e stablished
P&G’s scientific inventory practices. Second, P&G’s more complex supply chains
implemented multi-echelon inventory optimisation software to minimize inventory costs

across the end-to-end supply chain.

Accordingto Saad & Bahadori, (2016), the use of concept fractal over these OSTs and
how that helps in determining the optimum cycle stock for each level fractal is well

explained. The proposed framework consists of two levels: top and bottom-level fractals.
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Fractals in the bottom level analyse demand, optimise safety stock, and recommend an
inventory policy. Then transmit output to the top-level fractal to investigate the effect of
differentreplenishmentfrequenciesto determine the optimum cycle stock foreach fractal
at the bottom level by integrating the inventory holding costs and transportation costs to

minimise the logistics cost.

As Jeavons et al., (2017) due to the huge amount of working capital held by stock in
“’Shell”” an interdisciplinary project team 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 on-time execution of maintenance schedulesand so helps

to maximise asset uptime.

Again, anotherexample has been given by Xueetal., (2019) of howOST has been applied
to inventory optimisation of perishable goods which is a very crucial product category
with time due to its nature of deterioration. The taste and freshness of perishable foods
decrease dramatically with time. Effective inventory management requires an
understanding of market demand as well as balancing customers’ needs and preferences
with products’ shelf life. Experimental results show that the proposed methodology
combining discrete event simulation and particle swarm optimisation is effective for

inventory management of highly perishable foods with variable customer demand.

Brunaud etal., (2019) have explained how simulation complements the given results by
optimisation by providinggood intuitions to selectthe bestinventory policy. To minimize
cost, optimisation models are used to prescribe optimal stock plans. The computational
efficiency of models including the (s,S) or the (r,Q) policy is similar. As expected, the
simulation results favour the (r,Q) policy because continuously reviewing the inventory

allows reacting faster against demand increases.

2.5.6 SC Transport Optimisation (TO)

Generally, optimisation methods are more andmore 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. Besides the economic merit of the optimisation process, there also
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increases the efficiency of time needed for logistic operations execution. The aim of the
optimisation is focused on moreeffective utilisation of transport means, technologies, and

human resources (Peceny et al.,2020).

It’s well emphasized by Yan & Zhang, (2015) why its significant is to study how
transportation costs can be optimized in 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, which are governed by customers’ arrival times. Logistics
enterprises mustpay penalties whentime-window constraints are violated,and this causes

increases in transportation costs (see Figure 2.23).

{Minimize the transportation cost

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

IMaximum travel time constraint

\Define the time windows

Figure 2. 23: Transport Optimisation Cost Model: Objectivesand Constraints
Source: (Yan & Zhang, (2015)

ICT changes, leading to more effective collaborative capabilities are providing increased
possibilities for companies to work more closely together to reduce logistics costs,
eliminate inefficiencies and deliver service excellence, within a more robust business
model framework. Reducing miles where vehicles are lightly loaded or empty, slicker
turn-around times, and optimising the planning 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, & Tavasszy, (2015) presented a freight transport optimisation model that
simultaneously incorporates multimodal infrastructure, hub-based service network
structures, and the various design objectives of multiple actors. Consequently, multiple
transport modes are available, thus requiring that the choice of mode and terminal 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. Policy packages
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 overall cargo transport. The optimal organization of various transport modes
in a container multimodal transport system directly concern the time, cost, and quality of
the cargo transport. To describe the optimal organisation problem, an optimisation model
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 any optimisation models, the input variables are important: the
means of transport available (their capacity, performance, fuel consumption) and the
transport options realizable. For transport optimisation, the following criteria have been
selected: time consumption per 1 m3, costper 1 m3 and fuel consumptionper 1 m3. When
choosing the optimal alternative, other optimisation factors can play a part, such as the
quality of the work carried out and the damage caused concerning the service parameter
(Gejdos etal.,2018).

2.5.7 SC Simulation & What-If-Analysis

Among the techniques supporting a multi-decisional context, as a supply chain (SC) is,
simulation can undoubtedly play an important role, above all for its main property to
provide what-if analysis and to evaluate quantitatively benefits and issues deriving from
operating in a co-operative environment rather than playing a pure transaction role with

the upstream/downstream tiers (Terzi & Cavalieri, 2004).
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According to the explanation given by Persson & Olhager, (2002) over evaluating
alternative supply chain designs concerning quality, lead times, and costs; simulation
provides much better insights due to the relationship between these two parameters
difficult to solve by analytical methods. Their second objective, increase the
understanding of the interrelationships among these and other parameters, relevant to the
design and operations of a supply chain. To capture these relationships, we use a
simulation model, since the interrelationships among parameters are difficultto model

analytically in a mathematical model.

Accordingto Petrovic, (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 sources of 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 analysis is required to bring variability, randomness, and dynamic interactions

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

For instance, if the analyst needs to see any specific time series stats over the business
process logic simulation 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 fine-tune the network level policies as in
manufacturing, sourcing, transportation, inventory, transportation and capacities in the
fleet, assets, etc. Then constructing a set of scenarios with different parameters that
provide a better platform for a what-if analysis ultimately which helps to conclude the

decisions with a robust sensitivity analysis over alternatives.

There are lots of drawbacks experienced by the supply chain planners in the real business
context. The real challenge they face may be the tools that they are geared with do not
support analysis up to their expectations, for instance, the systems they use may not
support the multiple simulation scenarios testing and it's heavy and time-consuming.
Therefore, the simulationtools provide the ability to construct multiple scenarios instantly
and perform the analysis of any changes (see Figure 2.24) in demand/supply, sourcing,
production throughput, product/mix, distribution, transport mode asset/mix, disruptions,
risks etc. associated to you supply chain are very attractive and substantial to be resilient

for the future uncertainty.
57



* 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 what-if analyses challenges in SCM

2.6 Successful applicationof OST

The first subsection is placed to present a selection of real case studies covering diverse
supply chain sectors, which showcase how optimisation andsimulation have beenapplied
successfully in specific problem-solving in business processes. The second subsection
presents a few reviews of research which showcase the trend of businesses 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 structure (see Figure 2.25) provides a breakdown of

application OST in terms of specific problems.
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Simulation-Optimisation approach
Inventory fEd“”da”W a".'d —| for Cold supply chain design and
transportation restructuring reduce carbon footprint
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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 SCM as in specific
problems



2.6.1 Real case studies

2.6.2.1 Supplier Selection

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. Suppliers are located in the Far East, Asia, and Europe.

Manufacturing is outsourced hence there is no plant.

Problem and motivation of application OST: Supplier portfolio optimisation due to
first, the currentorder-to-delivery lead-time isrelatively longbecause of the long distance
between the Far East and Europe, using sea transport as the principal carrier. Second,

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

Case objectives: Redesign the supply chain by selecting the appropriate supplier(s) and
transportation modes (While considering the cost of purchasing, Transportation,
inventory, and penalties for missed orders)

Tools/methods used: Genetic Algorithm (GA) optimizer for supplier selection decisions,
a discrete-event simulator (DES) for operational performance evaluationand a supply-

chain modelling framework.

Results obtained: From a set of potential suppliers and combinations of transportation
modes one supplier is selected with two transportation mode combinations. Concerning
the order assignment ratio, around 73.7% f order quantity (the bigger 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 etal.,2012)
Industry: Automotive

Case study description: The Automaker plantis in Portugal and is responsible for the
production of four different models of vehicles, with an installed capacity for over
180,000 vehicles per year. All vehicles produced are customized according to the end
customer’s requirements, namely body colour, interior trim, instrument panel, and engine
characteristics. The automaker manages its operations in a virtual zero stocks
environment, and with a highly customized, demanding production environment. To
obtain high-quality components and materials, with low cost and high reliability in

deliveries, the automaker developed long-term relationships with about 670 suppliers.

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

disturbance.

Case objectives: Decision-making on keeping redundancy in stock (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 effects of the
disturbance on SC performance. The transportation flexibility strategy makes the supply

chain more resilient to disturbance compared to the inventory 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 originates from the province of Ontario’s
20 largest cities. Two plants produce 4 product varieties. Products ship from plants to

DCs to retailers in 40°/20° reefer containers and smaller trucks (conventional or electric).

Problem and motivation of application OST: Strong commitment towards

sustainability as demonstrated by its environmental sustainability program that has GHG

emissions reduction as one of its pillars

Case objectives: Restructure its supply chain that involves the consolidation of plants
and distribution centres (DCs), aiming to achieve significant savings by minimizing the
total cost - including capacity, transportation, and inventory costs - and the global
warming impact.

Tools/methods used: Simulation-optimisation algorithm and simulation (Cplex and
Matlab)

Results obtained: Fewer DCS kept open and assign close-by retailers to open DCs to
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 use of the less 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 trade-off, in this case, is between capacity
and transportation cost, whereas the inventory costis comparatively insignificant because

of the low-cost nature of the products.
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2.6.2.4 Facility optimal location and distribution network

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

Case study description: 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 support the expected growth in the company's business.

Case objectives: Optimising the logistics network (one out of three objectives from the
entire case study is considered) The key indicators are: costs (costs of production,
logistics costs quality costs), network indicators (lead-time, delivery service level),
production site indicators (site performance, infrastructure) and sustainability indicators
(CO2 Emissions, usage of renewable energy). These indicators were built into the

simulation model to provide decision support.

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

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

Results obtained: Scenario A two specialized production sites, and scenario B with a
single, larger production site. In both scenarios the supplier- and customer network is
identical. Within these basic scenarios, different locations for the production site(s) were
also evaluated. The results indicate that scenario B with centralized production achieves
higher overall performance, according to the key indicators. The most important
difference isthe 1 million kilometres shorter (20% reduced) annual accumulated transport
distance, with an associated reduction of CO2 emissions by 13%, all within a simulated
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 changes in transport lengths between the production plant, its suppliers, and

customers.
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2.6.2.5 Transportation and VVehicle Routing

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

Case study description: A firm buys fresh produce strawberries from several “Shipping
Points” in California and ships the produce to Dallas, TX and Atlanta, GA to be sold in
“Terminal Markets.” The firm makes three full truckload shipments (38,000 Ibs.) to
Dallas and one shipment to Atlanta every week. Technologies such as Radio Frequency
Identification (RFID) and Wireless Sensor Networks (WSN) are positioned to have a
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 conditions, location of shipped products
against requirements, initial route, and terminal market geographical location.

Case objectives: To optimize the overall cost by investigating the impact of stopping the
transportation of presumed spoiled produce and of rerouting produce shipments at

simulated checkpoints.

Tools/methods used: IBM CPLEX optimisation for testing the optimisation models
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 ranging from 1% to 10%, the corresponding savings opportunity
ranges from $30,850 to $296,035. Anamountof $151,699 could be saved whena spoilage

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

Article /source: (Gonzalez-Reséndiz etal.,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 Mexico itself. The company’s
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 located in the 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 shipped 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 used: Arena simulation and optimisation

Results obtained: Resultsdescribe thatas much asthe productallocation isincreased for
the DC located in Tijuana, the logistic cost is improved proportionally and can achieve a
total logistics costimprovement 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 them to obtain
a semi-finished product demanded by automobile manufacturers. The manufacturer has a safety
stock level of 3.5 days for each material. Currently, the quantity flexibility limit of the suppliers
for each material is 50%. Supplier delivery loss and delay risks are modelled by using past order
data. This study aims to solve the 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 stock-out or delay risk, last-
minute emergency shipments called premium freight (PF) are requested. PF is a fast
transportation service alternative offered by logistic service providersin case of an urgent
delivery requirement. As PFs are generally transferred by airlines, they incur very high
costsin a shorttime frame. Additionally, they cause bullwhip effects thatadversely affect
supply chainstability. To avoid from PFsis to hold extra safety stocks incur high material

holding cost and keeping flexible suppliers are expensive.

Case objectives: Determine Demand 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 simulation-based optimisation approach

convergent

Results obtained: Total holding cost and inbound PF ratio of the supply chain can be
reduced to €124,389 and 0.0002, respectively. However, if the outbound PF ratio is

reduced to zero, the total holding cost surges.
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2.6.2.8 Disruption impact and recovery policies

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

Case study description: SC considered comprises four production plants and four
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 a decrease in
demand in this region and high fixed costs. A couple of months after the plant closure,
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 disruptive event.

Problem and motivation of application OST: The Impact of time-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 objectives: Execution of short-term and mid-term recovery policy to overcome the
negative effects of disruption and ripple effect on the SC.

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

level.

Results obtained: Compared SC performance in the disruption-free 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 contingent recovery policy in place and
when there is such a policy in place, but disruption tails still appear in the post-disruption
period. The revival policy helps to improve service levels and reduce the impacts of the

disruption tail in terms of delayed and backlogged ordersin the post-recovery period.
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2.6.2.9 Design a Reverse Supply Chain and minimize the disruption ripple effect

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

Case study description: A company disassembling household appliances and recycling
activitiesthe 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, it is
observed that collection /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 companies must design their network
across the country. 1st stage: Products are collected in 18 possible primary collection
centres, then 2nd Stage: transported to four different secondary collection centres and
finally products are recovered in two different recycling centres. There are 200 available

workers in the pool to be assigned to the operations.

Problem and motivation of application OST: Investigate the changes in the price of
robustness (PR) concerning uncertainty parameters, while minimising the impact of the
ripple effect of due to long-term disruption, and heavy rainfall in the potential landslide

site.
Case objectives: Design the Reverse Supply Chain (RSC)
Tools/ methods used: GAMS®/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 the 2nd stage (Transport from 18 primary collection
locations to 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.
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2.6.2.10 Transport fleet mix, cost, and emission optimisation

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

Case study description: The supply chain of the company can be explained as; the milk
is collected from various farmers of several 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 various distributors (D) associated with the supply chain and
then traded with several retailers (R) to reach the customers (C) for sale. The
transportation cost of light-duty vehicles is low, their minimal capacity will lead to more
round trips, which will result in more CO2 emissions and fuel costs. On the contrary, for
medium and large vehicles, the unloaded mass and fixed transportation costs are much
higher, butthere will be a significantreduction in the travel route which mainly influences

the overall costand CO2 emissions

Problem and motivation of application OST: Demonstrate the optimality of the type
of truck thatneeds to be utilized while transportingthe milk keeping into mind sustainable

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

Results obtained: Optimized heterogeneous fleet supply chain model is more suitable,
as it is more economically viable and environmentally friendly. The proposed simulation
model can aid in the process of decision-making on problems related to logistics and
supply chainsinsimilar dairy units. Multiple scenarios with varying percentages 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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recovery products the negative effects of disruption
policies production and ripple effect on the SC
Designthe Reverse Supply Chain
Design .(RSC) by.Investlgatmg the changes
in the price of robustness (PR)
.. Reverse Recycling concerning uncertainty
9 (Ozgelik et Supply' C.ha'm household parameters, while minimising the
al.,2020) and minimize . . .
. . appliances impact of the ripple effect due to
the disruption . .
ripple effect long-term disruption, and heavy
rainfall in the potential landslide
site.
. Tra nsp(.)rt Minimize the number of vehicles
10 (Ravichandran | fleet mix, cost, Diar from th lier to the end
et al.,2020) and emission ary ° €suppliertothe e
o customer
optimisation

Table 2. 4: A summary of real cases: successful application of OST

2.6.2 Review of 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 Embedding (see Figure 2.26) Each stage of the proposed
framework hasits inputand outputelements. Inputelements represent best practices; each
stage is divided into three different dimensions namely, ‘people’, ‘technological’ and
‘organisational’. Under each dimension, there are guidelines to enable each company to
achieve each best practice. 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 People selected
Organisational [imension Stage 1: Foundation Suppor
Technological Dimension Software selected

v

. . Expectations
People Dimension Stage 2: Introduction o Awareness

Organisational Dimension Connistnient

Pilot project
]

Software implemented
Simulation budget

Organisational Dimension
Technological Dimension

¥
:
:
%

- - People trained
People Dimension :I Stage 4: Deployment Model delivered on time
Organisational Dimension Integrating with business
strategy

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 Simulation-Optimisation approach for Cold supply chain design and reducing the

carbon footprint

The solution approach combinesthe efficiency of optimisation methodswith the accuracy
of simulation methods. The model was developed for designing cold supply chains with
environmental considerations and proposed a novel approach to solve it efficiently. The
managerial insights drawn from these results enable the decision-makers 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 real-life situations including different demand patterns, inventory policies,
transportation modes, and operational constraints (Saif & 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 organisations (see Figure 2.27). The author’s approach to developing

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 (Hughes, 2010).

PLANNING STGAE

ACTION STAGE

ST Components

Infrastruciure
- Identify simudation leader

| - Develop leamwark
| = Understand knowledge capability

-

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

-

HMethodology
- ldentify simulation methodology
- Idenlity managemenl objectives
- \Wisualise target problem
= Identity simuation modelling cycle
e “Wodeling
- Define patien] pathway
- Define model companents
- Define modsl data
- Infroduce best practices

Tocal management level

Flanning stage for
Local management level

Aclion sfage far
Operational level

Operationallevel

Hational management Tevel

Planring slage for
National management level

Action stage for
Strategic level

Figure 2. 27 SIMT frameworks to embed simulation and modelling in healthcare

Source: (Hughes, 2010)

2.6.3.4 Optimisation Framework for Improving Supply Chain Performance

Accordingto Farsi etal., (2020) despite the existence of arange of frameworks for supply

chain management in 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 framework forimprovingsupply chainperformance using the DMAIC cycle

(i.e., Define, Measure, Analyse, Improve, and Control) is developed in this paper. This

framework is a step-by-step procedure to define areas of possible improvement, aligned

with a set of tools and methods to act. Moreover, as part of the framework, an in-depth

list of KPIs to evaluate the supply chain performance is identified (see Figure 2.28).
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Figure 2. 28: Optimisation framework for supply chain performance improvement

Source: (Farsi et al., 2020)

2.6.3.5 SC Real-Time-Data combined with Simulation and Optimisation

The term Supply Chain Digital Twin (SCDT) is explained by Ivanov et al., (2019) a
digital SC twin can supportdecision-makingaboutthe physical SC based on data. Ateach
pointintime, the digital twin mirrorsthe physical SC: the actual transportation, inventory,
demand, and capacity data and can be used for planning and real-time control decisions.
The combination of simulation, optimisation, and data analytics constitutesa full stack of
technologies which can be used to create the SC digital twin — a model that always
represents the state of the network in real-time (see Figure 2.29) For example, if there is
a strike at 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
quantify its impact. In addition, simulation enables efficient testing of recovery policies
and the adaptation of contingency plans — for example, alternative network topologies

and backup routes can be reconsidered on-the-fly.
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Figure 2. 29: SC Digital Twin & Simulation-Optimisation

Source: (Ivanov etal.,2019)

2.6.3.6 Application of Simulation-Optimisation in last-mile delivery of courier service

According to a detailed explanation given by Perboli et al., (2018) considering the
revenues based on the number of deliveries and the penalties in case of not fulfilment,
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 carrier must deliver,
combined with the optimisation of the routes and the reduction of vehicleson road, leads
to a less and more balanced workload and the improvement of the working conditions. A
new simulation—optimisation framework is proposed for building instances and assessing
operational settings(see Figure 2.30) (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 types of data sources (city network
graph, vehicles and travel times, behavioural data, socio-demographical data and city
constraints (e.g. limited traffic zones, specific restrictions for certain vehicles etc.) and
problem objectives and constraints. (2) Scenario generation and simulation: Once both
the problem and the operational context are well defined, a broad set of scenarios is
generated by using a high-level scenario generator. (3) Optimisation: During this phase,
each scenario is solved using a dedicated optimisation algorithm that we consider here as
a black box. Provided that the solver outputs the KPIs required into consideration, the

post-optimisation analysis is conducted. (4) Context modification: During this phase,
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some properties of the description are modified, leading to a new operational context to

be analysed by reiterating through phases 2—4.

Data fusion and Operational context description

|
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Figure 2. 30: Simulation-Optimisation Framework

Source: (Perboli etal.,2018)

2.6.3.7 A decision-support system that combines a simulation, optimisation, and data

analytics for SC Risk Analytics

Thereis a good explanation which has given by Ivanov, Dolgui, & Sokolov, (2019) about
the significance of having a sound Supply Chain Decision Support System (SCDSS) in
business which can be enabled over optimisation and simulation. The decision-support
system for SC risk analytics aims at proactive, resilient SC design in anticipation of
disruptions and structural-parametrical adaptation in the case of disruptions. The
decision-support system is based on a concept that combines simulation, optimisation,
and data analytics. The Simulation-Optimisation part of the system is intended to provide
proactive, resilient SC optimisation and simulation 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 optimized in a prescriptive manner using an analytical model.
The data analytics part of the system is applied to disruption identification in real-time
using process feedback data, e.g., from sensors and RFID. In addition, this aims at the
automated data input of disruption data into the reactive simulation model for recovery

policy simulation and optimisation. Finally, data analytics is used as a data-driven
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learning system at the proactive stage, helping to generate adequate disruption scenarios

for resilient SC design and planning (see Figure 2.31).

Data-driven disruption scenario generation and learning
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Figure 2. 31: A decision-support system that combines a simulation, optimisation, and
data analytics for SC Risk Analytics

Source: (Ivanov, Dolgui, & Sokolov, 2019)

However, before analysing the benefits of the enabling technologies, we believe that a
brief discussion about possible barriers to their adoption by companiesis needed (Giusti
etal.,2019).

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

The combination of simulation and optimisation, essentially unheard of in practice a
decade ago, is much more accessible today, thanks in large part to the development of
commercial optimisation software designed for use with existing simulation packages.

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

Although the potential is significant, the joint research in applying simulation-
optimisation in SC applications is small. We highlighted this gap by a quick search of
journal articlesin the last decade hasthe phrase 'simulation optimisationfor supply chain'
either in their title, abstracts, or keywords by a selection of the main active publishers in
the business, management, decision sciences, computer science, engineering, and

mathematics. The number of papers published in applying simulation-optimisation for
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supply chain problems, from 2000 to 2009, is significantly less than those published in
simulation-optimisation in general or supply chain management in general (Abo-Hamad
& Arisha,2011).

The barriers which prevent using and reaping the full potential of (OST) in SCM have
been captured under four main categories as Technology, Process, People, and Data (see
Figure 2.32).

Figure 2. 32: Barriers to embedding OST 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 of the predefined objective function(s). This is the purpose of
optimisation models, which allow decision makers to find the best possible alternatives
while their impact on the system performance is evaluated using simulation models.
Therefore, integrating simulation and optimisation, known as ‘simulation—optimisation’,
into an SC framework provides decision makers with a comprehensive solution toolbox
(Abo-Hamad & Arisha,2011).

A lack of asingle methodology in developingsimulationoptimisationmodels has resulted
in several optimisation methods, which are restricted 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
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complex processes by using simulation models and applies to 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
saving extra model building efforts; exchanging information between SC members; and
reducing overall execution time (2) Model’s legacy system integration: most developed

simulation models are independent and standalone tools (AbuKhousaetal.,2014).

Discrete optimisation via simulation techniques has recently been developed to
solve stochastic optimisation problems with discrete decision variables. 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 and Simulation models share similarities as well as some 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 actual transports were determined by the simulation model, it allows
for the tracking of time-dependent parameters. In optimisation modelling, it is difficult to
include the time-dependent effects because they are based on the annual flows (Zhang et
al., 2016).

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-cost option for planning and prediction compared to physical experimentation, there
were several assumptions 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 chain network 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 efficientand effective solution methods should also be developed
accordingly (Yu, Solvang, & Li, 2014).

Undoubtedly, one ofthe major challengesto be overcome by practitionersandresearchers
in the SCS field is the lack of research and methodologies that can facilitate and

streamline the process of performance of Supply Chain Simulation (Oliveira et al., 2016)

From the sample of papers selected from the literature on modelling techniques, we
observed that simulation is used by 14% of the papers, and the simulation-optimisation
approach is relatively scarcely used for solving Supply Chain 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 Industry 4.0 concepts bring technologies, which enable real-time data, decision
support tools must be designed to incorporate dynamic and realistic behaviour (Pires et
al.,2018).

The results showed a rising interest in scholars 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&O) perspective and better represent the diversity, dynamic, and
complexity of SCsunder risk effects. The SCND and portfolio optimisationapproach was
the risk mitigation strategy most applied by the authors. The integration and
synchronization between simulation-Optimisation (S—O) and Optimisation-Simulation
(O—Y) are interesting approaches to managing SCR since this relationship maximizes
the benefits of these methods (Oliveira etal.,2019).

2.7.1.1Barrier: People

A lack of knowledge, skills, and time for the development of simulationmodels —decision
makers involved in the upstream decision-making hierarchy seldom possess the time or
required skills to build models and must, 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 softwareand statistics
knowledge. However, most SC managers and analysts are nonexpert S&M users. Thus,
SM software should be easy to learn with an easy-to-use graphical user interface that
helps users in problem definition, design of computer experiments, simulation runs,
access ready information, and results from the analysis. Results should be presented in an
understandable andinterpretable format with the ability to transfer these results to be used

in different reporting tools (AbuKhousa et al.,2014).

Risks, uncertainties, disruptions, and the stochastic nature of SC elements make
Modelling & Simulation more challenging since SC has a dynamic and complex
behaviour. Therefore, some challenges were identified such as, 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, etc. (Oliveiraetal., 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 of
how and where modelling tools can support decision-making if policymakers are to
become ‘intelligent clients” and more aware of the benefits of adopting these techniques

(Pitt etal.,2016).

Dueto practical challenges (i.e., the inclusion of environmental and social aspects), many
of the SC decisions can only be addressed using robust mathematical approaches. A good
example of the above situation can be seen when supply chain planners (i.e., public
plannersand industrial practitioners) deal with facility location problems, one of the most
difficult decisions of the SCND (Costa, Duarte, & Sarache, 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 in the future. The 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 simulation projects. Therefore, in most cases, it can be assumed that

the projects are undertaken mainly by simulation experts. The lack of inclusion of
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companies’ collective knowledge in simulation projects is one of the key issues in

continuous improvement projects (Uriarte et al.,2020).

2.7.1.4Barrier: Data

As highlighted by Perera & Liyanage, (2000) the rapid development and deployment of
simulation models, however, are inhibited by factors such as inefficient data collection,
lengthy model documentation, and poorly planned experimentation. A serious limitation
amongthe above factorsisinefficientdata collection. Poor data availability was the major

cause of the long data collection time (see Figure 2.33).

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 acceptable timescalesis a key
challenge. However, itappears that companies are failing to reap the full benefits of this
powerful technology as the maintenance of simulation models has become very time-
consuming, particularly due to the vast amounts of data to be handled (Skoogh, Perera,
& Johansson, 2012). We want to emphasise the importance of collecting accurate 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 further extensions such as
multiperiod supply chain optimisation considering time-dependentdemandand inventory
constraints (Zhangetal., 2014).
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Data collection is one of the most important issues related to improving the efficacy of a
simulation model. A simulation 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.,2016). The differentapproachesand the lack of transparency
on the data structure 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 users (De Meyer et al.,2016).

In most current simulation optimisation applications, by contrast, data sets are collected
over a long 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 computational efficiency and data requirements are the two fundamental limitations
that prevent simulation optimisation from being used in the control of complex stochastic
systems (Xu etal., 2016). Since simulation model performance is based on the data used
in the model, it is importantto gather reliable and valid data before using the proposed
approach. The most important limitation of the presented approach is collecting reliable

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

The validation 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, generate new instances for urban applications (Perboli et al.,2018). On uncertainty,
its treatmentis vital as several parameters characterizing Sustainable Supply Chain (SSC)
are often subject to uncertainty and need to be modelled, ranging from product demand
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 (Barbosa-Pdvoaetal.,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 of how to effectively utilize this massive amount of data to improve port
efficiency, capacity, safety, and profitability is an interesting one which can be explored
(Zhou etal., 2018). Simulation models are very time-demanding in their building phase,
especially for the data collection activity. The high cost 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).
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Another limitation concerns data collection. In this study, two months were spent on data
collection without considering the increasing demand before or after holidays. To
improve the situation, data regarding specificperiodsshouldbe collected and investigated
(Lee, Zhang, & Ng, 2019). The quality of model-based decision-making support strongly
depends on the data, its completeness, fullness, validity, consistency, and timely
availability. These requirements on data are of special importance in the supply chain
(SC) risk management for predicting 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 effort to collect data, analyse, and update the
information on supply chain risk (Oliveira et al.,2019). Deciding 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 Cause-and-effect Diagram (CED) in Chapter 4 which reflects all the barriers

captured here through reviewing this literature.

2.8 Research Gap

As for the future of simulation optimisation, there is certainly room for improvement.
Currently, most of the published research on simulation optimisation focuseson a single
aspect of simulation optimisation without considering the subject as a whole. For
example, a great deal of research addresses the development and application of specific
methods to optimize simulated systems (Boesel et el., 2001). However, a review of the
literature indicated that there was little evidence to demonstrate simulation is being used
extensively. Simulationisstillused on aone-shotbasis orasastand-alone tool. Typically,
it is used to address very specific problems in isolation (Hughes & Perera, 2009). New
research efforts should be directed toward the creation of efficient methods that can
improve the implementation of Modellingand Simulation (M&S) in real-world Supply
Chains (SCs). This is the greatest challenge faced by companies in practice concerning
M&S in SCs (Oliveiraetal., 2016).
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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 Simulation-Optimisation (S-O) frameworks has been a
response to this trend. According to the frequency analysis, S-O frameworks are
transitioning from an emerging topic to a growing research area, while the integrated
problemsare likely to be saturated duringthe nextfew years (Pourhejazy & Kwon, 2016).
Despite the availability and acknowledged potential, the practical application is still
scarce, asboth aliterature review and practical experience in the field of planning projects
in the manufacturing industry show. A major hurdle is a perceived difficulty of designing
models and acquiring proper data as well as the scarcity of reference applications with
significant shown benefits. (Sobottkaetal.,2017).

To overcome the inconveniences and limitations of the analytic methods, simulation has
been broadly used in modelling and evaluating a wide range of different strategies in
SCM, as well as being a decision-making tool to improve supply chain performance.
However, there is still room for gaining further insights into a wide variety of topics
concerning operations and SCM analysis via what-if analysis (Cannella etal.,2017). Itis
necessary to strengthen the planning with the integration of models addressing the
decisions on a strategic, operational, and tactical level as well as to provide easy-to-use
optimisation tools for professionals (Scholz et al., 2018). A more interesting direction for
future research would be to try to assess the impact of supply chain design decisions on
the ongoing operational costs of the supply chain, based on the constraints these impose
on the Master Planning and Production Planning decisions (Mdnch, Uzsoy, & Fowler,
2018).

The model allows users to check the estimated input factors and their effect on output,
showing how productivity and profitability can be improved and helping decision makers
in production planning. The act of measuring performance provides information that aids
intelligent decision-making and proper management, so the identification of other key
performance indicators (i.e., profitability, revenue, on-time deliveries, customer response
time and manufacturing lead time) should be considered in future research (Saad,
Elsaghier, & Ezaga, 2018).

Many elements, such as market and weather conditions, competitor’s plans, last-minute
changes on the retail or supply side, promotions, or festivities, as well as intermittent

demand behaviour, may have animpact on salesand considering their contribution to the
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forecasting process may represent promising future research directions (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 usedby Alalgorithmsin the cyber-SC and managers in the physical
SC. As such, a new generation of simulation and optimisation models is arising. The
pervasive adoption of analytics and its integration with Operations Research shows that
simulation and optimisation are key, not only in the modelling of physical SC systems
but also in the modelling of cyber-SC systems and learning from them (lvanov et
al.,2019). Complexity in the supply chain can only help to smooth out the rippling effects
of a disruption, which go largely beyond supply-demand 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 increased and the role of SC becomes an importantelement in business
to consider. Therefore, only a proactive business that is capable in design, operating and
enhancing its SC can bring resilience on board with clear visibility of its entire network

which operates either on single or multiple shores.

Due to the uncertainty and the disruptions that occur while managing an SC, its
propagation can bring a negative impact on the entire supply chain performance. As such
it's proven that the tools like optimisation and simulation do a great job in planning,

controlling, and preventing or mitigating these situations.

Optimisation and simulation are not a new topic and lots of work has been done by
previous researchers. Thus, yet it’s reflected in most instances these OSTs are deployed
for specific problems in isolation, have not been used widely and haven’t reaped the full
benefits. Especially due to the barriers to application; (1) data limitations, (2) skills and
knowledge, (3) resistance and inefficiencies in technology & infrastructure, and (5)
inappropriate process flow of an application. Especially due to the scarcity of a robust
process flow framework which can aid in embedding these OSTs in their business
decision-making process. The research gap identified by reviewing the literature so far

can be illustrated as follows (see Figure 2.34).
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Figure 2. 34: Research gap

e To strengthen the evidence and highlight this gap much stronger a Survey
Questionnaire and a few semi-structured Interviews with subject & industry
experts were conducted. Data collection and final analysis are well presented in
Chapter 4.

o All the barriers in OST identified here and the areas identified here are fully

captured in a Cause-and-Effect diagram in chapter 4.

2.9 Conclusions

In the recent research space, there are simulation-optimisation frameworks which have
been introduced but it seems there is no robust framework which provides a very
structured approachasinwhole. Thus, to provide asound literature review at the very top
of this chapter at currently what are the challenges faced by the users in terms of SC

design, operations and re-design have beenreviewed as an entry.
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Then how significantitis the mechanism of model-based problemsolving, the emergence
of optimisation and simulation in SCM, application domains of optimisation and
simulation models and how such complement each other for better decision making in
enhancing overall supply chain performance was critically discussed while providing
exiting frameworks and models which reflect a higher research impact to encourage the

future academic research.

In the very latter part of this chapter, it’s acknowledged that even though there is a good
amount of research has been carried out, frameworks and models have been developed,
there is a gap which significantly showcases how to tackle the existing barriers of
application which prevents most users reaping the full potential out of this OST in SCM.
So, in return, the full scope of barriers was briefly described in terms of how the different
industries and their multifaceted level of decision-making are affected.

Then how significant it is to rectify such barriers before any investment of OST in any
organization and how the novel framework can be deployed in such phase by either SCM
professionals or researchers to achieve the highest performances have been discussed and

can be provided in bullets forms as follows.

e The mechanism overcoming the existing barriers (challenges of application)

e Drives a smooth application process to embed these OSTs in their business
decision-making process.

e 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

The purpose of this chapter is to illustrate the researcher’s strategy in terms of how this
research had been planned and conducted to achieve the final aim and objectives as pre-
defined (see Figure 3.1). Atthe very beginningas an entry point under the research design
and methodology, itbriefly described the research problemformulation, university ethical
consideration, pre-approval, and work plan as prerequisites which paved a solid

foundation for this research to kickoff.

Then howthe deductive approachand mixed methods have been deployed, multiple tools
have been pre-tested and used in terms of data collection, analysis, and visualization have
been described followed by a detailed justification of why those specific approaches,
methods, tools, and participants have been selected to obtain the data during the study
and present the results. During this explanation data sources, research population and

sample consideration also have been described in detail.

Then as the most significant part, how the analyzed data which shed light on the existing
research gap and act as the blueprint for the design and development of the Novel

Framework proposed have been described.

Finally at the very latter part how strongthe verification and validation of this research
conducted internally and externally with Industry and Subject Matter Experts (SMES) to
bring in enhancements to the final framework has been illustrated before the final thesis

submission, improvements, and publication have been described.

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

Figure 3. 1: Schematic representation of research methodology & process
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3.2 Research Methodology and Design

According to Kothari (2004), research methodology is a way to systematically solve the
research problem. In it, we 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 researcher during studying his research

problem are termed research methods.
3.2.1 Research Method and Approaches

Mixed Method:

Supply chain management phenomenaare complex and dynamic. Thus, the application
of mixed methods research would serve the advancement of the discipline as these
approaches provide a richer understanding and more robust explanations of such
phenomena (Flintetal.,2012).

To address the key objectives, due to the study area, nature of the data sources and data
obtained, this research used both quantitative and qualitative approaches, methods, and

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

Creswell and Plano Clark (2007) say that the deductive researcher “works from the ‘top
down, from a theory to hypotheses to data to add to or contradict the theory” (Soiferman,
2010). This research is based on well-known, and generally defined theories and the
objective is trying to apply and resolve a specific phenomenon by collecting historical
and empirical data (see Figure 3.2) 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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Figure 3. 2: Deductive approach of the research

Source: (Soiferman, 2010)- Only 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 in the research design process is the choice to be made regarding the
research approach since it determines how relevant information for a study will be
obtained; however, the research design process involves many interrelated decisions
(Aaker etal.,2008). The strategy and processes executed by the researcher to achieve the

objectives of this research are explained in this section (see Figure 3.3).
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3.3 Research Problem formulation, Plan and Approvals

The researcher’s previous nature of work experience gained, throughout 5 years in the
field of logistics and supply chain management in Contract Logistics and Consultancy
(CLC) paved a solid foundation for this research. To formulate the research problem,
preliminary research had 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 & objectives, and the novel knowledge of contribution has been well

explained in 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 allocation, and future work plan
for the period of study were discussed 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 the Optimisation and 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 are 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
professionals), the researcher was able to capture the responses covering all three user
categories as follows which provides a broader picture of the usage and the barriers that

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 providers and consultants were also
very helpful to identify the actual barriers the professionals in SCM face and what

prevents them from using these tools up to the full potential and drawbacks of such.
3.4.2 Search strategy design and select the data sources

A well-designed search strategy is essential to the success of a sound literature review.
As such, the strategy should be specific, unbiased, reproducible, and typically
include subject headings along with a range of keywords or phrases which covers the
scope of the research focus. During the research, the searches should be designed to
capture as many studies as possible that meet the focussed criteria ultimately answering

the defined research questions.

As such, assuring the quality and integrity of the research by locating previous/ relevant
searches, ldentifying the relevant databases, developing the search terms, and evaluating
and modifying the searches are very important areas which should be taken into
consideration. Conduct 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 very important which leads to high-quality research ultimately. Such below

listed were highly considered.

e Recommended key papers

e Papers by known authors in the field

e Results of preliminary searches from key databases

o Reviewingreferencesand "cited by" articles lists for key papers

o Articles that have been published in reputed journals

Also, the key search terms which have been used with Boolean Logic and Truncation can
be listed as follows to ensure capturing everything as much as possible without losing

anything valuable.

Boolean Logic Strategy (BLS) deployed and its effect:

o AND: Narrows searches and used to join dissimilar terms
e OR —Broadens searches, used to join similar terms

e NOT- removes results containing specified keywords
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How Search Terms have been deployed along with the BLS:

e Supply chain management

e “Supply chain design” OR “Redesign”

e Supply chain “optimisation” OR “optimisation”
e Supply chain “optimisation” AND “simulation”
e Supply chain “optimisation” OR “simulation”

e “Optimisation” OR “Simulation” NOT Information Technology

The peer-reviewed articles referred by the researcher were published in reputed joumals

(see Table 3.1) 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 management optimisation

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 through literature, the researcher had to deploy multiple
methods to obtain the data. For an instance, the literature related to the barriers that
prevent using Optimisation and Simulation Tools in SCM is a bit limited. Therefore, in
addition to the literature review, a Survey Questionnaire and a few Semi-Structured

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 research study progressed, 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 terms of their business 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 services, Supply Chain Consultants, Manager
of supply chain solutions and Manager of warehousing & distribution. Most of the
participants had senior-level managerial experience with other firms (and industries)
before taking on their current jobs. Some are long-time employees of their current
companies and were able to provide a historical perspective of their firm and their
decision-making responsibilities. Also, the researcher was able to cover diverse verticals
of logistics and supply chain sectors like automotive, 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 design consists of 4 distinctsections butis interconnected to each. The
main purpose of the data collected from sections 1-3 is to quantify the existing usage of
OST in SCM. Therefore, out of the population, >’SCM subjects and industry experts”
obtaining a sample of 50 completed responses was the target of the researcher (see

Appendix)
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Survey Questionnaire Techniques:

Before distributing the survey, a few trials were conducted to determine the average time
to complete the full survey. A very compressed introduction and the purpose of the
survey have been given while creating trust in participants by guaranteeing the
confidentiality of the personal details they intend to provide. The ‘’Respondent’s
Information’’ was designed to determine the weight of the response participants provided
and obtain broader insights into the data capture even though this field was kept
“’optional’’ to keep the participants stress-free and move on with the questionnaire if they

do notwant to provide such.

This survey questionnaire was conducted both in person and online. The engagement of
the participants towards the questionnaire is increased by letting them provide their
answers simply by a ‘v ’. The survey Questionnaire (Sections 1-3) covered the existing

usage (Quantitative) in the main application domains of OST in SCM (see Appendix 1).

3.4.5 Qualitative Tools and Methods

The literature review including a few real case studies, Survey Questionnaire, and a few
Semi-Structured Interviews (see Appendix 2) were carried out to obtain subject &

industry experts’ opinions Which provided further qualitative aspect data wanted.
Literature Review:

By reviewing the recent literature, the researcher was able to find the existing challenges
in SCM, the emergence of OST in SCM, real business cases which has successfully
implemented OST in SCM and yet the existing research gap. Due to the nature of the
research problem, (Identify the current barriers which prevent using and reaping the full
potential of OST in SCM) researcher tried to stick to most of the literature reviewed which
falls under recent 5 years (2016-2021) but due to the limited content found, the period of
the study had to extend (2010-2021).

Survey Questionnaire:

As stated above, by distributing the Survey Questionnaire, qualitative data was also

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 literature was a bit limited. Section

4 of the Survey Questionnaire is designed to capture the qualitative data.

Semi-Structured Interviews:

Accordingto Leicesterand Lovell (1997), the aim of the interview, as with any qualitative
research data collection tool, is to explore the ‘insider perspective’. To capture, in the
participants, own words, their thoughts, perceptions, feelings and experiences. Howevetr,
the structured interviews, while possibly asking open questions and generating some
qualitative data (words), tend to rely on a rigid, unchanging format and are most
commonly a tool for surveys and thus should be viewed as a quantitative data collection
tool. The term ‘unstructured’ can also provoke debate. Mason (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 discussion. Taylor, (2005) highlights that
most qualitative research interviews will, and therefore, be semi/lightly structured,

loosely structured, or in-depth in formatandaim.
Interview Techniques:

To carry out this type of interview without any complications, good confidence is a must
between the researcher (Interviewer) and the participants (Interviewees). Thus, a certain
level of knowledge in the research topic area is mandatory, before constructing the
Interview Template. In turn, this was strengthened by reviewing the extant literature, the

conferences attended, and the supervisor’s constant advice.

During the interviews’ the researcher started asking the question as structured in the
interview template. Asthe interviews progressed, broad questions were followed by more
focused and direct questions. This type of interview enabled the researcher to improvise
follow-up questions based on the participant’s responses and go in-depth in the area of

focus as the interview flows.

To ensure 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

missed during the interviews. This provided the interviewee time for reflection after the

interviews and an opportunity to express additional insights about the subject matter.
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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: (1) intro ductory

questions, (2) transition questions, (3) key questions, and (4) closing questions (Castillo-
Montoya, 2016).

The Semi-Structured Interview Protocol shown below (see Table 3.2) was constructed

with the aid of the above-stated guidelines (type of the Question & Explanation of Type of

Question) proposed by (Castillo-Montoya, 2016).

Type of the | Explanation of Purpose Interview Question
Question type of the
Question
Introductory | Questionsthat | To initiate the Q1: As of the present, what do
Questions | are relatively interview by you think about the Optimisation
neutral eliciting | creatinga and Simulation Tools (OST) in
general and conversational | the context of Supply Chain
nonintrusive platform. Management (SCM)?
information and
that are not
threatening.
Transition | Questionsthat | Pushingthe Q2: What do you think about the
Questions | link the conversation awareness, skills and knowledge,
introductory from generalto | process of deployment and the
questions to the | more specific as | usage of OST among the SCM
key questionsto | perthe research | professionals at present?
be asked. focus.
Key Questions that | To capture the Q3: What are the potential
Questions | are mostrelated | areas: application domains of OST in
to the research | Application SCM? (i.e., Supply Chain
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questions and
purpose of the

study.

domains of OST
in SCM, barriers
of application
and their

magnitude.

Design, Operation, Re-

Design/Enhancement)

Q4: What are the barriers which
prevent using or reaping the full
potential out of these OSTs in
SCM? (i.e.,
Technology, Data)

People, Process,

Q5: Among what you mentioned
previously, may | please ask you
to rank the barriers according to
their significance and reasoning
why? This can be most to least or

vice-versa.

Closing

Questions

Questions that
are easy to
answer and
provide an
opportunity for

closure.

To capture the
overall
recommendation
for the
development of

the framework

Q6: What do you think about at
present the requirement or
significance for a Robust
Framework that the OST users
can use as a reference in terms of
SC Design, Operation & Re-

Design?

Q7: Do you have any other
concerns, recommendations, or
anything to be added on top of

what we have discussed?

Table 3. 2: Semi-Structured Interview Protocol

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

original protocol.
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3.4.6 Tools Pre-Test

Pre-test the questionnaire and revise, if necessary, the final stage, is the use of a
questionnaire 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

designed to communicate with ordinary people’’ (Hunt, Sparkman Jr, & Wilcox, 1982).

Once the Survey Questionnaire and the Sem-Structured Interview Protocol were
designed, the reliability and validity of the content were checked internally by the
research supervisor and externally by a few 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 content. To
assume the average time of completion few 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 Spreadsheetaccordingto their usage
of OST in application domains. For an instance, a partial snapshot of the spreadsheet (see
Figure 3.4) is presented below, and it reflects that the 50t Respondent use OST in all
application areas in both Network Design and Inventory Design. Then the 31 Respondent
use OST in 2 out of 3 application areas in Network Design butin all application areas in
Inventory Design. So, whatever the observations marked as “x” count towards the use of

OST and else count as Not-In-Use.

Therefore, when it comes to analysis, vertically it provides the respondent-wise usage in
individualapplication areas then in the specific sub-domains, key domains and finally the
overall usage of OST of that specific respondent. Correspondingly horizontally it
provides the cumulative usage of all 50 respondents in every individual application area,
sub-domains, and key 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 technique (partial snapshot)

3.5.2 Qualitative Data

This was one of the concerns suggested internal examiner over the viva examination
conducted in mid of the research. Necessary software requirement NVivo 12® and
support provided by the university to carry out a solid qualitative data analysis and

visualization over 50 participants and 5 respondents (Interview questionnaire)

Data collection methods and techniques:

Literature review, Real case studies in existing literature, Survey questionnaires, Semi-
Structured interviews, Symposiums, and conferences (helped immensely to make a good
network of industry and subject experts who contributed to these throughout the

research).

Data Analysis tool:

NVivo 12.6® isa qualitative data analysis which has been used to collect, organise,
analyse, and visualise unstructured or semi-structured data during this research. With
NVivo, it was quite easy to upload a range of file formats, organize demographic data,

code sources, capture ideas, run queries and visualize project items.
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Results visualisation:

(1) File-Case- Classification Project Map

(2) Survey Questionnaire Project map

(3) Interview Project map

(4) Survey Questionnaire Matrix Coding Query

(5) Interview Matrix Coding Query

3.6 Process of identifying the Research Gap

This is a most important piece of an outcome derived from the combination of both the
literature gap identified in Chapter 2 and both survey questionnaire and Interview results
analyzed in Chapter 4. The results and conclusion of Chapter 4 strengthen the literature
gap identified in Chapter 2 (see Figure 3.5). This is the blueprint for the success of the

main objective of this research ’Design and Development of the Framework’’.

[ )

o °

P ‘ Chapter4 :
Chapter 2 * Survey Blu:lzcenlt i
Literature Ga i i
) p Questl.onnalre aqd B —
Interview analysis

o
o0

Figure 3. 5: The blueprintderived by literature gap, survey, and interview result

3.7 Design and development of the framework

The proposed framework and its process illustration have been presented in detail in

Chapter 5 by using a few software and tools.

Design the Framework

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

Crow’s Foot Database Notation in MS Visio® v2016.16 software.

To illustrate how significant, itis to be geared with asolid knowledge of these terms when
constructingyour relational database and modellingwith sensible logic. Also, this is very
useful when there is not much data in hand and starting from scratch by performing data
assumptions and fulfilling the data requirement in modelling. When using any OST and
populating the data there will be multifaceted dimensional data categories, tables, and
fields so assurance of relational integrity among them by knowing how these data
logically mapped over Primary and Foreign Key assignment is another area to be
concerned. (Detailed explanation has been given in Chapter 5-Process 3: constructing &

enriching the modelling database-MDB).

3.8 Validation and refinement

3.8.1 Verification and Validation of the Framework

This is where to showcase how robust the solution proposed before any submission. The
validation process was carried out and necessary refinements have been executed as
recognized over the validation output results. The validation strategy contains two

techniques as follows.

1stInternally: Conducted a demonstration of the entire framework to the supervisor and
modifications have been carried out over feedback. This filtered and rectified the

inefficiencies which existed before sending it to the external validation.

2nd Externally: Conducted a Psychometric Scale survey questionnaire which is enclosed
with the design of the framework and process explanation. Validation output is taken

into consideration as further refinement to enhance the robustness of the framework.
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3.8.2 Final submission and improvements

Final submission of the Thesis will be submitted to the University Research Degree
Committee followed by a defence of the These through which further improvements can

be imposed to the Proposed ‘‘OSTiSCM”’ before publication.

3.9 Conclusion

Before conducting any form of 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 to the research questions formed.
Since this research has been followed, adhered to the methodology and the process

defined firmly, itwas very easy to achieve the researchobjectives withoutany hesitations.

From the step of preliminary research gap identification, research problem formulation,
university ethical consideration and obtaining necessary pre-approvals have fulfilled all
the prerequisites as required. Then how the justification of deploying a deductive
approach and mixed methods, selecting the study area, population and sample have been

discussed.

The significance and justification of why particular tools are used in terms of data
collection, analysis and visualization and pre-testing of such tools have been described in
detail. Then how the search strategy development took place in terms of referring to the
databases, deploying the Boolean Logic and Search Terms and data sources, articles, and

journals referred to have been described.

Once the search strategy is in place, what data will be collected, the research gap will be
identified and blueprint for the novel framework will be derived, and the way the

framework is getting designed and developed have been discussed.

In the latter part of this chapter, it is well described howsignificant it is to deploy a strong
verification and validation process which will leverage to achieve the research’s
outcomes immensely through necessary enhancements, and modifications which can be
brought in by a targeted set of industry and academic experts have been explained
followed by the process of how final thesis and modification submission will be done

before publication.
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Chapter 4

Survey Questionnaire & Interviews Analysis

4.1 Introduction

This chapter is fully dedicated to illustrating how data capturing and analysis are
performed throughout both survey questionnairesand interviews. Then on which basis
conclude to demarcate the scope of design and development of the framework. Then the
research outcome captured in the literature review in terms of exiting barriers has been
merged with the qualitative results analyzed here and produceda strong Cause-and-Effect
Diagram which is the primary objective. The same will be used as the ‘Blueprint’ in the

designing and development of the framework.

4.2 Survey Questionnaire

4.2.1 Quantitative Data

In any survey, it's very normal that we cannot obtain completed responses from all the
copies of the Survey Questionnaire that we distribute among the participants. In this case

researcher’s targeted sample size for the analysis is 50 completed responses.

The Survey Questionnaires were distributed in person at International Supply chain
conferences, symposiums, and software providers' training forums where the researcher
was able to make a strong network of subjectand industry experts. These events were
explicitly designed for SCM professionals who currently use and intend to use OST and
| had to obtain prior approval from the officials/organisers of the events by sending my
survey and questionnaire. Then they revealed their current and pipeline clientele who |

should be targeted during the vent in distributing my materials for a better output.

The detail of the events | have attended, the online survey conducted, and the responses
collected via email which led to obtaining the complete set of responses can be given in

asummary table below (see Table 4.1).
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e Llamcon EMEA Annual Supply Chain Conference — Amsterdam and United
Kingdom (2017-2019)

e AnyLogistics Simulation conference — United Kingdom (2019)

e Llamsoft Training Centre Conference for SCM Professionals (2019)

e Llamasoft International Simulation Virtual conference (2021)

e Coupa Software EMEA virtual conference (2021)

e Survey Questionnaire — Online Survey Monkey platform (2017-2019)

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

Table 4. 1: Survey questionnaire sample size and methods in responses capturing

4.2.2 Observations Structures

The structure of the observations captured in terms of the main three application domains
of OST (Tier 1) and under them the secondary and tertiary application domains/areas
(Tier 2 & 3) can be illustrated as follows (see Figure 4.1). These are the application areas
captured through the survey questionnaire (see Figure 4.2). The total number of

observations against the sample of 50 respondents is 1000.

Tier 1: (see Figure 4.1) below shows there are 3 Domains, and these are very high-level
application domains SC Design, operation, and Enhancement / Redesign.

Then when you refer to both figures respectively (see Figure 4.1 & 2) how the Tier 1
Main domains have been divided into sub-domains when you move along vertically in

Figure 4.2. likewise in Tier 3 as well.
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There is a total of 20 application domains (9+5+6) and a total of 50 complete responses
which provided a total of 1,000 Observations (20 Domains in each response * 50

Completed Responses) once all the responses were populated into a spreadsheet.

Survey Questionnaire
Observations Structure
Application Domains & of
osT
Tier 1: . .
q b— —{ S5C Design 5C Operation SC Enhancement
3 Domains
Tier 2: . q q
) p— —{= 3 Domains 3 Domains 3 Domains
9 Domains
L7 &F 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 4. 1: Survey Questionnaire Respondent’s Observations Structure
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 | tory level
Supply Chain . !g nventory eve_s :
Desien Inventory Design Right Inventory at different locations 9
E 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
Deli Order fulfil t
Performance beyond KPI's _e bzst i 2l5E (i e
Sites / DC/ Warehouse performance
Sit lidation feasibili
Mergers and acquisitions feslconso |o_n e_ESI ||ty_ — 6
Transport consolidation feasibility
Innovation & CSR Increa-sing the- level of Automat-ion
Reducing the impact to the Environment

Figure 4. 2 OST Application areas captured through the survey questionnaire

4.2.3 Results discussion:

As per the observation, and structure explained earlier, below three figures showcase the
usage of 50 respondents over the corresponding application domains and each

respondent-wise OST usage. The very first figure (see Figure 4.3) is an illustration of the
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usage over 9 sub-application domains under the 3 main application domains in Supply

Chain Management (1) Design, (2) Operation and (3) Enhancement.

i.e., Network, inventory, andtransportdesign are the three sub-applicationdomains 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 in the usage of OST over 9 Application domains in SCM

Note: During this analysis, it was well identified that a respondent can be a non-user in

one application domainbuta high or mediumuser in the other one or two domain(s).
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The below figure (see Figure 4.4) is a summary obtained by scrutinizing the above which
helped to derive the overall result of this analysis and shed light that yet there is only

around 40% of users reap the maximum range of benefits out of these OSTs in their SCM

pursuits.

% Respondents out of 50

High
X axis Medium |The usagein application domains

Low

Overall Result - Usage of OST

| Y axis % Respondents out of 50
High
Medium [The usagein application domains

Low

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

Figure 4. 4: SQ Results in the usage of OST over 3 Application domains and overall, in
SCM
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Thebelowfigure (see Figure 4.5) reflects the individual usage of OSTs of 50 respondents.
Also, it’s verified and validated that every user at least uses these OSTs up to some extent

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

OST usage comparison Respondent -wise

.
b
.
-

Figure 4. 5: Respondent-wise OST usage in SCM
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4.2.4 Qualitative Data

Survey Questionnaire -Project map

All data were captured and reflected in the cause-and-effect diagram coded in NVivo as

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

Question:

1. OST Usage and application domains (3 categories then 12 child nodes)
2. Barriers which prevent usingor reaping the full potential (4 child nodes)

3. User flexibility of existing OST (3 child nodes)

prevent using or
reaping the ful
potential
f
|
Innovation and [
impl nting |
k
Child
| |
| [
Child |

Growth and

suslainahilily\ : '\ |
|
d I

Chid—p,
e Performance

Omni-Channel
Fulfillment

t
) |
Chil ohid
\ \‘
|

e

-~
T ~—~—Child
Risk analysis Child____ Q O
Supply Chain Supply Cham——_
Operations Design C
\ :
\
\ \
25 \ \
child \ Child
Child
\ Child
\ \
\ \
\
¥
Workforce analysis Transportation and
route
Operation analysis

Product Flow-Path

\O X .
J Improvement ey
Supply Chain uestionnaire
" Enhancemen s
Child \
: child
hil

Eoae W ~——— gy

Technology

High-Uptoa
satisfac

Inventory

hild__
- O
Network

Medium and room
for improvement

Low and room for
improvement

Figure 4. 6: Survey Questionnaire Project Map
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4.2.5 Results Summary

Application of OST in SCND, Operation and Re-Design provides broader capabilities in
getting the right supply chain design at first instance then finetuning the operational
performance to bringing further enhancements while continuously seeking for the
opportunities exist to shift the operational excellence to the next level even by a re-design
if the experiments via OST provide better institutions. This type of OST maturity enables

multifaceted savings for your business over time.

4.3 Interviews

4.3.1 Qualitative Data

5 semi-structured interviews were conducted with the subject and industry experts who
were very supportive even during the peak COVID-19 pandemic situation. Then all the
responses were uploaded into NVivo as explained earlier and the following outputs were

obtained.

4.3.2 Results & Discussion

File-Case- Classification - Project Map

This project map (see Figure 4.7) shows the responses captured under the classification
of 50 survey Respondents (50xSR) & 5 Interview Respondents (5xIR). All 55

respondent’s data were captured in attributes of User category, Industry & Job Role under
Case-Person.

113



m
s s m m
\ / 1. g
Code i <4
X if At —
. | -
| =3 — Sz
o Respondiets 6 ——maP— — e
-\ Person
=Y
n ﬁ?j —
[ D v =N "m
R | 1 & ;ﬂ m e Ly
e Job Roke g2
=h
[PDF]

RO

Figure 4. 7: File-Case-Classification Project Map

Interviews — Main Project Map

The way interviews have been carried out and the area covered through the questions

have been codedin NVivo underthree child nodes then whichhavebeenexpanded further

for 10 child nodes (see Figure 4.8).

Questions:

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

(2) Current Usage and Awareness
(3) The Importance & requirement for a robust Framework to aid in the application

of OST
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Medium
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Child
Child
\
Medium and room
for improvement
Low and room for
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Figure 4. 8: Interviews-Main Project Map

Question Node: Barriers which prevent using or reaping the full potential

This project map (see Figure 4.9) shows 24 barriers (Codes) under 4 Child-Nodes
(Technology, Process, People & Data) which is under the 1 Parent-Node (which prevents
using or reapingthe full potential of OST).

The references captured under these 24 barriers nodes as per the Primary and Secondary
of the Cause-and-Effect Diagram (CED) under above mentioned 4 categories

(Technology, Process, People and Data)

So that the connection between the analysis done through NVivo and CED.
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Figure 4. 9: Barriers which prevent using or reaping the full potential Project Map

4.3.3 Results Summary

To visualize the results over the coded references in NVivo one of the best ways is to run
a Matrix Coding Query (MCQ) firstand then generate the matrix table as per the criteria

visualization (see Figure 4.11).

required (see Figure 4.10) then which can be converted as a chart for much better
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Matrix Coding Query -Table (Barriers which prevent using or reaping the full potential)

Barrier in appllication & reaping full Potential of OST

A : Data

B : People

C : Process

D : Technology

A : Data

: Data Sources

5.71%

: Lack of data

49.52%

: Optimization& Simulation Scope

6.67%

: Reluctant to Share

571%

: Solution for wrong problem

4.76%

: Unrealistic data assumptions

14.29%

: Validity & Accuracy

13.33%

B : People

: Intension of one-off use

2.86%

W00 |~ (U | |W|R =

: Lack of competancy of OST users

59.18%

=
o

: Lack of cross functional support

7.76%

=
=

: Lack of top management support

22.45%

=
=)

: Organisation structure & culture

2.04%

=y
w

: Resistance to change

327%

=
=

: Unwillingness to share risk and rewards

2.45%

C : Process

=
w

: Cross functional conflicts

1.43%

=
[=)]

: Lack of defined process framework

76.43%

=
~

: Lack of defining the SC performance messures

2.14%

[y
2]

: Lack of focuss in process improvements

8.57%

=
w

: Lack of integration

2.86%

o)
o

: Non-aligned SC planning levels and Decisions

8.57%

D : Technoloq

[
=

: Complexity

27.83%

[
=]

: Cost of Implementation

44 35%

[oe)
w

: Expansion & Integration constraints

2261%

]
£~

: Time for implementation

5.22%

Figure 4. 10: Matrix Coding Query -Table (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.

Process 2: Leverage CSF: Technology, Process. People (TPP)

Process 3: Construct & enrich the modelling database (MDB)
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Matrix Coding Query — Bar Chart (Barriers which prevent using or reaping the full

potential)

Files coded count

w
o
N
~
N
S
- N
[ -
S L o®
g2 L@
% g ol )
€88
=3
Data Sources . o
Lack of data | =
Optimization& Simulation Scope ‘_”-;
Reluctant to Share L — x
Solution for wrong problem = g
Unrealistic data assumptions 5
Validity & Accuracy | %
Intension of one-off use | 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 S
Unwillingness to share risk and rewards = - Q
Cross functional conflicts ] Q
Lack of defined process framework 8
Lack of defining the SC performance messures == g-
Lack of focuss in process improvements s 3
Lack of integration — %-
Non-aligned SC planning levels and Decisions o
Complexity I 1)
Cost of Implementation e | 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 obtained; the
potential application domains of OST in SCM and barriers which prevent using OST in
SCM were identified. There were four distinct, but well-integrated barriers identified
namely Technology, Process, People and Data. But out of all, it was well reflected that
the Data Management in SC projects holds a substantial weight amongthe rest. So, the
below-constructed CED (see Figure 4.12) will be the “’Blue-Print’” for Chapter 5 which

is the core element of this entire research “’Design & Development of the Framework’’.
4.4.1 Cause-and-Effect Diagram (CED)

As explained earlier in Chapter 2, this is the point of merging both (1) the initial research
gap identified in Chapter 2 by Literature Review and (2) the overall results of the Survey
and Interview Questionnaire. The research gap identified in Chapter 2 has been expanded
with these results and can be well presented overa CED under 4 main categories (see
Figure 4.12).

The major ground for identifying the 4 Primary (People, Process, Technology and Data),
then Secondary and Tertiary causes is the data collected through survey questionnaires
and interviews. A result of the way semi-structured interviews and the open-ended
questionnaire were conducted helped immensely to go the extra mile and capture the
expertise’s views and suggestions to produce a strong CED which reflects a better
coverage of all possible causeswhich affectusingand reapingthe maximum potential out
of the OSTs.

To get analysed and visualised the captured data systematically; NVivo® software had
been deployed. All the possible causes were fed into NVivo as a structured Coding
hierarchy (Primary and Secondary Causes as in 24 Codes) same as how CED reflects.
The frequency in terms of how many times the same cause has been highlighted and
discussed by the respondents/participants was captured as the number of references under

each coding which was well explained at the beginning of the chapter.

119



LEGENI
P —People

T - Technology
PR - Process
D -Data

People
Lack of skills and -
knowledge
P2- Lack of Competency Py
¥ tadof
trainings

Pé-Lack of Top
Management support

_—

Lack of awa
PE-Unwillingness to
share risk and rewards

and decisions

Short-sighted ROI

PRA-Non-aligned SC planning levels

PR2-Lack of focus in process

improvements

Technology
Integration
Delays
P1- Intention of Need to us 4
eedtouse ¢ -

one-off use
Lack of trust

various tools

Lack in a Framework of
implementation
Existing / Legacy

i 4 PHackofcross  T2.Complexity —y &
functional support
—— Userfreindiiness -
>
- e Tools cost
reness
. Nolmioveion Tacostof g
mindset implementation
Internal = structure and culture
Processes ¥
PRE-Lack of Integration ——g—&
Service Level

Tools

Decisions not
integrated

s

Not focus on
all three levels

« >
Costnot 4K
affordable

Sequence
Process

Lack of know-how

Agreements (SLAs)
PRS-Lack of defining

£ the sCPerformance

=
messures
Key Performance
Indicators (KPis)

PR3-Cross functional conflicts

PR1-Lack of defined
Process framework

D2-Validity and accuracy -

Not reliable Long term

1 Periodic

Data

Project initiation
without sufficient resources

Third party
subscriptions / Cost

oavatasources —&
i Organisation

Lack of awareness &
Unable to locate

T1-Time for
implementation

4

systems
4 ___ T3-Expansion
ks ¥ constraints
Infrastructure Transition
Old-To-New
> =
b Prevent using and
ROl expectations reaping
A < ! the full potential of
Problem definition osT
DB8-Solution f .
ey Y N
Lo b Inappropriate
Poorundarstanding » D7-Optimization and
x simulation Scope
Insufficient Simulation Seop:
D6-Lack of data v § Complexity
Not compatible
Unavailability with the scope

D5-Unrealistic data
“«
assumptions
Noinhouse skills and
knowledge
Constraints

“ L D3-Reluctant to share
» Dl-Lack of knowledge of
PA <+ sienificance of Data
Availability Vs Performance.
Mandatory &
Optional Data

Figure 4. 12: Blueprint of OSTiSCM — Barriers in OST application captured as primary
secondary and tertiary causes by a CED
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Chapter 5

Design and Development of the Framework

5.1 Introduction

The barriers which prevent using and reaping the full potential of OST in SCM are well
illustrated by a Causes & Effect Diagram in chapter 4. In that, it is well reflected that the
community concerned in OST is required awell-structured approach to come across those
barriers. Thisis the blueprintfordesigningand developingthis Framework. All ©’Primary
and Secondary Causes’” (colour coded in CED) which ’Effect’” prevent using and
reaping the full potential were successfully addressed by OSTiSCM (see Figures 5.1 &
5.2).

Therefore, the main objective/scope of this framework named ‘‘OSTiSCM”’ which is
derived from ‘‘Optimisation Simulation Tools in Supply Chain Management’’ is to
address those identified drawbacks, and inefficiencies and provide step-by-step guidance
to transform the “’Business Strategy’’ into a well-tested ’SCND Strategy’’. In retum,
decision-makers can execute their decisions enterprise-wide successfully with full
confidence over continuous experiments by using these tools to achieve operational

excellence.
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LEGEND

Technology

Figure 5. 1: Cause-and-Effect Diagram’s relationship to Processes in OSTiSCM

There are four key columns below (See Figure 5.2) which explain the connection between
the codes (4 colour coding) given in CED (see Figure 5.1) and how that paved a solid
foundation to derive the key ten processes in the proposing Framework. Then how does
that bring the novel contribution of knowledge to existing space in academia and
application in industry and ultimately, what are the key milestones and outputs existing

and intended users of OST can get achieved by deploying this Framework?

1. Barriers n OST: Captured by CED: -This column explains how the captured all
causes have been filtered and selected based on what led to the form of that
specific process.

2. OSTISCM: - These are the ten Key distinct processes derived as a Framework
which should be followed by the users to prevent the causes of that drawback
using and reaping the full potential of OSTSs.

3. Solution: Contribution to knowledge: - This is how this novel framework brings
the novel contribution of knowledge to the existing space in both academia and
industry.

4. OST/Output: - This explains what are the distinguish milestones and significant
outputs users can be achieved during any deployment of OST by using this Novel

Framework.
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Figure 5. 2: Process in the Framework’s relationship to the CED

123



5.2 Building blocks

Since the requirement for a structured approach in the application of OST in SCM is well
recognized, it’s important to know the grounds which urged to design and development
of Framework OSTiSCM. At the very aggregate level that can be illustrated as 4 key
blocks on which the rest of the parts and criteria are taken into consideration over this
OSTIiSCM (see Figure 5.3).

OSTISCM

Lay a solid Empower the Continues

Lf_"!.rerage 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 to a lack of integration and cross-functional support among (1)
Technology, (2) Process and (3) People’’. Especially when a business seeks support
duringa very strategic level decision like SCND, which associates with a huge investment
in terms of configuring the long-term business operating network that decision should be
courteously supported. To provide suchbusiness intuitionsto the decision makers through
tools & technology that they use such as OST; should be well integrated with well-
structured processes and skilled organisational resources. Then only the most important
element “’Data’’ can be input into OSTs and processed by skilled people for better
outcomes. Therefore, its highly recognised that, these three CSFs should be well
integrated and validated before any execution of the OST project which pave a smooth
ready-to-operate platform with the data which will come on board at any time. By giving
that priority this is the 2" 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 enriching database

The research (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 Figure 5.4). Assuch if businesses have the capability
of capturing that specific data into a well-structured database that will empower the
amount of data that they have in hand at any point in time. When descriptive analytics
reflects what has happened and predictive analyticsis 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 Predictive

2. Diagnostic: Why is it happening?
* Finding the causes
* Separoting 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 5. 4: Type of data and business decisions derived from 4 types of analytics

(Source: AnalyticsLearn,2021)

Consequently, before capturing any data the scope of data which is required to start and
operate the business which leads to achieving operational excellence should be well
determined. Then the relationshipamongthe differentdata categories, accessible sources,
and acquisition from origin into a discrete workspace where data can be stored and

manipulated should be well mapped and geared.

Justimagine if it’s a new business which is planning to operate in future but fully geared
up with this type of platform, where they can start from scratch 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 which will help the businesses as in

following.
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e Gain the data management maturity through sound business intuitions fuelled by
a structured DATA driven approach.

e Continuously enriching the database by capturing the data through the connected
systems or devices (i.e., ERP, TMS, WMS, 10T) to strengthen the data analytics
capabilities.

e The ability to inject strategic innovation into business proactively to stay

competitive.

5 2.3 Empower the stake of decision making

Sometimes the decision makers in businesses gamble on their decisions due to the level
of uncertainty and urgency they associate with the type of problem. So, the ones who
stake the right choice are rewarded while the others will lead the business to an utter mess
at some point. As such the consideration in SCND decision-making and the impact
associated with 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

decision-making can be listed as follows.

e When the problem is very complex, keep exploring for the best option
unrealistically rather than simplifying it into smaller pieces.
i.e., Solution: Embed the full problem scope into OST aa Project which
contains multiple Models as sub-objectives.
e No proper grounds are set to compare the alternative approaches precisely
o l.e., Solution: Run multiple scenarios and perform comparisons through
OST
e Failure to determine the appropriate calibre and the number of people must
involve in decision-making.
o i.e., Solution: Leverage the CSF- People before OST by defining the OST
core and support staff structure
e Lack of enterprise-wide awareness and challenges involved in the execution of
the decision
o i.e., Solution: Leverage the CSF- People before OST project and strategy

execution in a very democratised way, make everyone aware, get the full
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cross-functional supportand then whichwill help to perform an enterprise-

wide awareness just before decision execution.

5.2.4 Continues enhancements to the OST community

Due to some negative impressions in the aspects of Time-Cost-Quality (TCQ) in most
instances, businesses or individual users are still reluctantto apply these OSTs in their
business decision-making process. This general idea is already well demonstrated and
justified through a sound literature review and the results derived from survey
questionnaires and interviews. For instance, the following situation can be described.

Data management is one of the very time-intensive processes in any OST deployment if
the project is not geared with the appropriate prerequisites (Structure & Data). In any
project, there will be time constraints imposed by the business leaders or stakeholders
over any process. During the data acquisition, if the right data cannot be sourced or
assumed thatcausesahuge drawback and allocated time limits will be crossed. Since that
delay then propagates forth and the TIME allocated for actual experiments will be
decreased or tightened up which will then restrict unlocking the true value potentials.
Ultimately OST deployment may end up with unsatisfied decision makers due to the
QUALITY of theresultsand that will generate anegative impression of their investments
/ COST on the OST. Butthe actual root cause of this negative impression is the lack of a
structured approach to data management not any other problems with the tools / their

investment.

Therefore, one of the main objectives of this framework (see Figure 5.5) is to transform
that negativity, scariness, or lack of interest into a state of “’Confidence’” which will
stimulate them to use this as a guide to learn and unlock the true potential by continuous
deployment. Likewise, this framework will help to spread the awareness of the benefits
of these tools across the OST interested community (either business or academic) and

enhance their domain knowledge continuously.

5.2.5 The Framework — OSTiISCM

Figure 5.5 presents the final version of the framework which now embodies 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 improved readability and (c) clear and

concise instructions for the process.

.—» 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
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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
) Alert OST criteria for
Construct and enrich — — — —bUpdate MDB optimisation
the database team
Finalising
criteria met?
al
Application Programming Real-time e
Interface (API) Data
L
] Robust SCND
—@—Update - % P9-Capture transactional & real- ooy /
25 |4~ — -Pull— — - SCNRD Strategy

P8-Enterprise-wide
awareness &

Q decision execution

Transactional data

Real time data pa I

Figure 5. 5: Framework - OSTiSCM
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5.3 Description

5.3.1 Define SCND scope & objectives

It’s a kind of black swan if there is a simple solution straight away for any complex
problem. Therefore, it’s always better to disaggregate the complex problem into easy-to-
understand, simple-to-solve smaller chunks. In an OST application project, it will be
either fora SCND for a new business or SCN Re-Design for an existing business. The

benefits of clear SCND scope and objectives are two folded (see Figure 5.6).

OST User Clearunderst_andmg nfwhy the
B . models will be designed
SCND scope & Clear Insights
objectives To:
‘. 4 '
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 users mustmove forth with a clear understanding of why the models will be designed
and it’s a mandatory check since the results of the models/experiments provide good
business intuition in all three levels of planning and decision making (Strategic, Tactical
and Operational). Also, thatprovidesa clear requirementspecificationto the OST Vendor
(Software Provider) to bundle the right stack of tools, features and support that suites the
business’s short-mid-long term application scope. Based on the SCND scope it can be
either a new design for a new business or a Re-design for an existing business (see Figure
5.7). Then the two tables are listed (see Table 5.1 & 5.2) to describe the process
respectively either in New SCND or SCN Re-design.
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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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5.3.1.2 The description (SCND)

business's core
values and

objectives

the way business is geared with
the supply chain strategy
always matters.

e Clear Projections/plans about
the business’s
Financial Goals (Bottom line)
and how Supply Chain strategy
can help to achieve that must be
defined clearly.

o Most of the “’line
items’’ in “’financial
documents’’ can be
impacted by Supply
Chain Network Design
(SCND) Decisions.

i.e., Cost of distribution
as a % of the total cost
of goods sold.

o Therefore, aclearidea
about revenue and
expense transactions
(Projections/historical)
is a must before any
SCND strategy creation.

Task Description & criteria to determine | Deliverable
S.N.
1 Sub Process: All 3 key deliverables (1) Business | N/A
strategy (2) Business model and (3)
Embed business
OST scope should be clearly
strategy & model
4 defined and well-integrated.
into OST scope
2 Define the e Todrive any business strategy, | Business strategy
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Financial documents & line items:

Profit & Loss Statement: Total
Revenue, Cost of Goods Sold, Cost

of distribution, Profit, etc.

Balance sheet: Assets as in
Inventory, Facilities,

Transportation, etc.

e Organisation future state
alignment (Short-Mid-Long-
Term planning)

e What Organisations do well
(Competitive advantage:
Strength, Opportunities)

e What Competitors do well
(Barriers to Entry: Weaknesses,
Threats)

e Business’s Unique Selling
Proposition (USP): Specific
geographical footprint, Single
Product or mix, seasonality or

throughout the year

Define the
business model

& parameters

e Business operating Geography
(Market Segment)

e Supply Chain Network Nodes
& Relationship (Including
Reverse if Circular)

e Customer Nodes/ Footprint

e Demand Node / Footprint

Product: RM / FG flow through the
network

Business model
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Unit of flow Mix (FTL, LTL,
Pallet, Carton, package, assortment,

unit)

e Transportation Mode Mix

Define the
business
problems &
decision-making

parameters

e 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 multiple
models.

e Decision-making scope which
spread across in Long-Med-
Short Term time spans-

Strategic, tactical & operational

This provides good insights for the
assessment (to both OST Users and
Providers) when it comes to
deciding the specification of the
right stack of OST & features.

Aggregation strategy:

This is a very significant concern
which should be defined and agreed
upon among the stakeholders/
decision makers in the following

aspects.

(1) Model reflection granularity:
e These can be Product(s),
Geography, Facilities,

Customers, Transportation,

OST scope
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Policies, Constraints, and
Fleet. i.e.

Customer: Can be a
Country, Port, City, Post-
Code, 3PL WHS, etc.

Based on the demand % out
of the total larger proportion
of the demand nodes can be
reflected as individual
customers who hold a minor
proposition that will be
aggregated.

Product: As in individual or
group as in weight-wise,
pricewise, technology-wise,

type-wise.

(2) Model results granularity:

Always check the
requirements from decision
makers (i.e., CEO, CFO,
CPO) in terms of
visualisation of modelling
outputs for their decision-
making.

Aggregation strategies for
entities enhance your ability
to analyse trade-offsamong
decisions.

(3) Model Run-Time:

Models aggregated to a
higher level minimize the

Run-Time and error fixing
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time and in turn that
timesaving can be used as
an extra cushion for more
scenario
experiments/comparisons.
(i.e., run at the very first
instance)

Then review the
aggregation later again after
the first instance of running.
If the model runs faster
execute de-aggregation on
required parameters based
on which more granularity
in results is required.
Decision maker's evaluation
criteria & data format
requirement (Conformity of
model culture to satisfy the
decision makers)

Define any periodic /
seasonality nature
associated with the business
Determine parameters such
as Circuity factor for road
transportation, road traffic
concerns and transport asset
speed according to the

business operating

geography.

i.e., Simulation results over
different geographical
terrains: road speeds,

circuity factor. This enables
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us to get a deeper
understanding of reality
with supply chain dynamics

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 - Define SCND Scope & objectives

5.3.1.3 SCN Re-design for an existing business

If the business operates at present and required a re-design in terms of finetuning the
existing supply chain based on the desired state’s scope this is the route for that. This step
strongly connects with Brownfield Analysis (BFA) one of the Optimisation Tools used
to see the potential facility locations during a re-structuring or expansion of an existing
network configuration. BFA will be discussed in detail in Process-4. Before moving into
very high-level causes for a Re-Design, getting a broader picture of multifaceted
dimensions is worth it. For instance, if a business conducts a PESTLE analysis that may
provide valuable business insights in those six dimensions how does any change in the
concerned business operating geography affect relatively to the current business settings
and in return what are the best causes of action business can take in short-mid-long-term
periods. According to research by Business Documents UK Ltd. (2021) that multifaceted

causes can be shown below (see Figure 5.8).
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. ewarmmmmy . Wmm Pandemic lifestyle mmmpm Lagtsummrus . ndmmbmmunw
* Financial stimulus « Recovery struggle for trends pandemic such as employment,
commitment impacted industry . « Sector and health & + Relationship with
+ Pandemic plan « Strength of consumer + consumer attitudes and demand safety recycling and global
» 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 + Curment and futurelevel  + brand, company, funding + Changes in European The level of pollution
political support of interest rates, inflation technology image * The ways in which law created by the product
Grants, funding and and . buying consumers make + Trading policies or
initiatives + Specific taxation policies pattemns 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  + Overall economic influence infringements « Pandemic legal consumers
countries situation Inner city pandemic Global + Relationship with
[Election campaigns * Real estate exodus renewable energy
Issues featuring in Inner city factors Internet connectivity + Relationship with
poliical agendas decline » ethical issues utility deforestation
Supply volatility - Digital relationships
Figure 5. 8: SCN Re-design and connection with PESTLE 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 . i ) L SCN Re-
Adding/ Removing, Merging & Acquisition _
OST scope for | . , , , Design OST
_ will change the SC’s node’s footprint
a Re-Design . . scope &
(Sourcing, Production, Cross Dock, VAS, o
objectives

DC, WHS) or may be due to the following

concerns.

e Political or Legal (Boarder control. i.e.,
Brexit)

e Economical (Country’sdebt level)

e Environmental (CO2 Emission by
facilities / Production / Transportation
fleet. i.e., ULEZ zones in London)

e Changes to sourcing strategies (On-
shore, offshore, far-shore. i.e., moving
into low labour, production cost
countries), closure or opening of new
facilities

e Demand Footprint
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o

o

o

Adding/ removing/ merging new markets /

business / facilities.

Identifying new markets or
dropping non-profit markets —
Changes of the Nodes of
Demand Footprint

Some geographies you were not
serving before but planning to
serve in future will change the
Distribution Footprint

Mergers and acquisitions are
known as M&As to obtain a
competitive advantage in the
market by sharing resources and
cost reduction for better service

level improvements.

e Distribution Footprint:

Mode of Transportation -
Changing from fuel-powered to
batter powered (electric) due to
Environmental concerns and
taxes or new rules imposed by

the government.

e Other Experiments (Policies, Logic,

Period, Costing, Processes, Assets)

Seasonality, Product mix, Asset
mix /MHEs inside 4 walls,
operating hours, Capacity

planning, etc.

Table 5. 2: Description - SCN Re-design for an existing business
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A hypothetical business case for starting a new business:

Before movinginto the rest of the processes, let’s go through a hypothetical business case
which illustrates how strong the connection between steps, and deliverables of Phase-1 is
and then the same as inputs into Phase-3: Construct the modelling database.

A company called RG Global established in the UK, came up with a new business Idea

and their very high-level business model can be described as follows.

e Import Fans from Netherland to England and Distribution over an island-wide
Retailer’s network to cater for the seasonal demand during the British Summer which
is forecasted for 2022.

e Importshipments will be 40” Full Truck Load (FTL /FCL), 400 units per container
for £15 /Unit.

e Port of Origin will be Rotterdam seaport, Netherlands (NLRTM) where the
Manufacturing Plant can be located in proximity and Port of Destination is Felixtowe
seaport, England (GBFXT) where the Main Distribution Centre can be located in
proximity.

e 2sailingservicesare callingweekly basisNLRTM to GBFXT with an average Transit
Time of 7 days

e Distribution will be done by Delivery Vans to the Island-wide Retailers located in
Main Cities for £ 30/unit.

Following is a sample output which can be derived after following the Process-1. Let’s
imagine the Optimisation and Simulation Project Team of RG Global has thoroughly

followed Process 1 and resulted in something like the following (see Figure 5.9).
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P1: Define SCND
scope & objectives [

Business Strategy: Take the advantage EOS by obtaining the discounts/ minimize the

Geographical Footprint of Nodes & Relationships , Mode of

Business Model: Clearly determined from Upstream to Downstream
Transportation, Flow of Units, Period)

per unit cost by import shipments as FTL to cater the forecasted demand spikes Nodes Abbreviation:
-| of RTLs by achieving the Lowest possible Cost-To-Serve during the Summer season EOS: Economy Of
without any stock outs which impact service levels negatively. 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 5. 9: Business model statement into SC’s nodes & relationships

Oncethe (1) Businessstrategy, (2) Business modeland (3) OST Scope are fully integrated
and the OST user is crystal clear with why models will be designed (Aggregation
strategies and Scale of Reflection in models are considered) and which business decisions
must take (Note: For this example, only Strategic Level period is considered). The output
will be a string of entries which reflects the SC network configuration which must
consider during the OST application (set boundaries of OST application) and then in

return provides a clear scope in the data required for future experiments.

5.3.2 Leverage CSFs: Technology, Process & People (TPP)

Once the Business Strategy is fully integrated with the ’New Business Model (Fora New
SC Design)’” OR “’Existing Business Model (For a SC Re-Design) 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 application-related
Processes and the People who do all the experiments at the 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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right People’s skillset and cross-functional support are mandatory. The detailed process

can be shown as follows (see Figure 5.10).

5.3.2.1 The process (TPP)

¢

Leverage CSFs: Technology, Process &
People (TPP)

Check the defined OST
scope & objectives

SCN
New Design ?

Check any refinement
No— required in the current
Integration of TPP

Yes

Leverage the CSF: Technology

- Assessment,
SE::::;::EOOS; negotiation & consent
(OST User & OST Task: Define
— | vendor Vendor) the business
problems &
decision
making
parameters

Yes
Budget & Funding

?
Approved? Refine the OST
No
Scope
Right stack
Ye of the OST
Leverage the CSF: Process
—” Defineth Current state & Assess project’s
efine the requirement stakeholders

process flow & ireme

! N specification feedback and

integration consent

Agree
57 No Fully
: integrated
s process
specification
Leverage the CSF: People
Current
Define the current state Assessment

; ¥ between the OST

ckill-set & skill set
N user and the
expertise specification id
] provider

[Training) ( Hire ] (Outsnurcs)

Fuffilled ? Skill set
requirement

specification

Budget & funding

Right skill set

Refinement
required ?

Final Integration,
validation &

j\)o/‘ - reroute if anything
g to refine
It can be one CSF or multiple out uf} No

Technology, Process, People

Validated

spedification
e (")

integration

Figure 5. 10: Process - Leverage CSFs: Technology, Process & People
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5.3.2.2 Leveragethe 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 remove the majority of the drawbacks

associated with the time for implementation, unwanted technology complexity bring-in,

unnecessary investment & cost implications and unnecessary additional features which

just stay in isolation with no value addition but may be affecting the model’s runtime and

space/storage constraints. Therefore, it’s always better to inject the advice of OST

vendors in bundling the right stack of tools since they are the best-in-class knowing what

they offer. The table listed below (see Table 5.3) showcases the tasks, criteria to determine

and deliverables that must obtain through this process.

5.3.2.3 The description (Technology)

scope to the
OST Vendor

Modelling limitations, Licencing

duration,

S.N. | Task Description & criteria to determine Deliverable

1 Check the If the scope is for new design all 3 N/A
defined OST Technology, Process and People (TPP)
scope & should be clearly define step by step
objectives and then integrated.

2 Check any e If the scope is for a Re-design TPP | IF validated:
refinement already in place butit’s important | Validated
required in the to check and validate if there any | specification
current refinement requirement required.

i : of TPP
Integration of e Because redesign happensafter a )
] ) ) Integration
TPP certain period when there might be
some developed inefficiencies ELSE reroute.
among TPP
3 Define the OST | With the OST Vendor: Requirement

Specification
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e Model Running Platforms (Local
or Cloud),

e Inclusive & Additional Cost for
Subscriptions

e Supporting Platforms i.e. Geo
References/Location & Map
Data, Distance/ Route
Calculations, operating in cloud
platform by multiple global users
work on the same projects /
models.

e Supporting Data: Shipping, Parcel
Delivery, Traffic, Weather,
Terrain, Currency Exchange Rates,
etc.

e Connectivity capabilities /
Limitations (Import & Export
Data: From/ To & Format i.e.,
ERP, Data Analytics, Bl Tools)

e Avoid the barriers prevent Systems
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.

e Any advanced capabilities
required: (Connect with existing
databases, systems, devices file or
data formats, maximum number
data rows in excel tec.)

e This criterion is strongly

connecting with once business

Tools, features &

support
specification
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starts operations and the way
connect to the planned/ existing
data sources (any ERP system,
remote devices, transport tracking
systems, etc.)
Any additional features required:
(maps, traffic data, shipment rates
as supportive database connections
to the more granular experiments)
Product support: The limitations /
flexibility over any bugs fixing or
any technology related assistance
during the project., free product

trainings, etc.

5 Budget &
funding

From the finance end it can be
approved or not approved

There may be no approval by
finance department: constraints /
exceeding the budget amount
against OST.

IF approved:

Right stack of the
OST

6 Refine the OST

Scope

In such case refinement can be
done in terms of reducing the
scope of the OST considering the
short-mid-long-term requirements.
(Which will match the finance
approved amount)

Then later additional features or
support can be upgraded at an

extra cost later.

Reroute to:

Process 1-Define
the Business
Problems &
decision-making

parameters

Table 5. 3: Description - Leverage the CSF: Technology
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5.3.2.4 Leveragethe CSF: Process

Lack of process definition, awarenessamong stakeholders, resistance in the flow, cross-
functional support and integration are the most highlighted drawbacks during the
application of OST (As per the evidence provided in Chap.2-LR & Chap.4-Survey
Questionnaire and Interviews results). Therefore, these should be well defined, integrated,
followed, monitored, and rectified if any issues fromthe first instance of an application,
and thereafter any experiment/business case consider. This provides a fully integrated,
transparent, traceable, process-driven project management culture into OST application
for a sustainable journey with a sound ROl in long run. The table listed below (see Table
5.4) showcases the tasks, criteria to determine and deliverables that must obtain through
this process.

5.3.2.5 Thedescription (Process)

S.N. | Task Description & criteria to determine Deliverable

1 Define the e Bringin a clear scope, path, andcross | Current State &
Process Flow functional support culture in project Requirement
& integration management perspectives: Define, Specification

Follow, Monitor, Finetune, Rectify,
Terminate.

e Tools/mechanism recommend: Work
Breakdown Structure (WBS), Critical
Path Analysis (CPA).

o Project Documentation

o Project Resources (Roles &
Responsibilities)

o Milestones

o Project Schedule & Monitoring
(i.e., Duration for Process: Data

Acquisition & Manipulation,
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o

Model Building & Results
Visualisation, etc.)
Deliverables

Process flow (i.e., Determine
the Data Management: Scoping,
acquisition /sharing and
Validation then Model
Building, Results Visualization,
decision making, etc.)

Access to Systems

Cross functional Support &
Integration

Reporting /approval structure

o Validation & refinement;

o

NOTE: Validation Sources and
process must be clearly defined
to prevent unnecessary delays
in future phases. This is also
very significant as well as the
data requirement scope to build
the models.

Sources / Systems / Reports
must be identified and gathered
in advance.

Validation must be done against
the Current Business Model
behaviour & Validation
Sources

I.e., Validation Sources:
Business Model & Processes
Specification, Financial reports
made based on Historical

metrics / assumptions, etc.
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e Decision executionand Enterprise-

wide awareness.

2 Assess e Remove the consequences cause by IF agreed:
Project’s back & forth negotiation and obtain
_ Fully Integrated
Stakeholders final consent.
Feedbackand | e Democratise the ideas and feedback of | Process
Consent all the stakeholders
e Embed a sustainable cross functional Specification

integration and support culture in long | g1 SE reroute.

run

Table 5. 4: Description - Leverage the CSF: Process

5.3.2.6 Leveragethe CSF: People

Once the right stack of OST and properly integrated application process flow is in place
the right skill set is the driver to take the next step forward by executing the defined OST
scope successfully. Skillsetin a broader picture definesthe appropriate competency level
required to performa 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 project/team as a member is a burning
point. OST provider is the best source of advice when it comes to defining the right skill
set as they know the in & out of the tools. Therefore, identifying the current state of the
skill set within your business setting, obtaining the necessary advice from the OST
provider, filling the gap, and getting geared are very significant milestones. Then it’s
guaranteed that will leverage in unlocking a massive potion of true potential of these
OSTs which are hidden due to these unnecessary barriers. The table listed below (see
Table 5.5) showcases the tasks, criteria to determine and deliverables that must 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 Current
Skillset and

expertise

Competency level of the user:

e Muddler must be a logical thinker

who inject physical reality into the

digital models. Also, must think

out of the box and add some extra

cushion in reflecting the business

insights through decent model out

puts to the decision makers.

e Subject Matter Expertise (i.e.,
Data acquisition, cleansing,
validation)

e Previous Project Experience (i.e.,
the experience of similar business
sector / vertical provides
capabilities in rapid business case
scenarios experiments and

comparisons)

Current State
Skill set

Specification

Assessment
between the OST
User and the

Provider

Any gaps of existing resources must

be identified, and valuable suggestions

can be obtained from OST provider

(They are the best who knows the

specific skillset required to operate the

pre-configured/ tailored tools &

features)

e Required level of Expertise:
Benchmarking and trade-off

analysis (Time, Cost, Quality)

Skill set
Requirement

specification
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Based the on individual business
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 Consultancy / Subject

Matter Experts)

Budget & funding:

Its matter of expertise / skilled
level and the budgetary constraints
with finance department in terms
of salaries.

The matter of skill level in terms
of quick experiments and results
for decision making.

By considering the Short-Mid-
Long-term Cost-Benefit/ Trade-
off analysis at some point hire the
hiring the best /skilled even at
higher salaries enable the entire
team of OST very efficient and
effective. Also enabling domain
knowledge transferring into the

business in the longer run.

Right skill set

Final Integration,
Validation &
Reroute if

anything to refine

If identified any gaps in
integration of all three CSFs TPP,
reroute to the particular or multiple

CSF leverage step(s)

Validated

specification

of TPP

Integration
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e Refinementif any gaps in
Integration

e It canbe one CSFor multiple out
of Technology, Process and

People.

Table 5. 5: Description - Leverage the CSF: People

5.3.3 Construct the modelling database (MDB)

Once the Technology, Process and People are well integrated, then *’Data Management”
is the most significant Process in any SC Design /Re-Design Project. Since the traditional
approach, is very time and cost-intensive, the proposed Framework guide you through a
well-structured approach to construct your database even the current business state and
data availability is ‘’start from the scratch’’. Accordingto Murphy & Perera (2001), data
management is a requirement for the successful integration of all designing, planning,
and decision-making issues. For continuous development towards the optimal solution in
product and process refinement, all functions need to be able to respond directly to any

changes necessary, leading to higher quality and productivity.

Concerning the constructed Cause-and-Effect Diagram in chapter 4 (see Figure 4.12) due
to the unavailability or lack of data, not geared with a comprehensive self -constructed
database, failing to identify the appropriate data sources or access is restricted; most of
the projects are failing to succeed to the defined Optimisation & Simulations objectives.
Thus, as the very firstinstance; paving a solid foundation to construct your Database is a

key step which removes the majority of consequences encountered by OST users.

Before moving to the detailed steps as shown below (see Figure 5.11) followings are a
few high-level burning points which triggered the author to determine the area to

accomplish this process.

e Determine the Data Requirement scope according to the well-defined OST

Scope & Objectives
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Lay a solid foundation for your Modelling Database (Database as a strategic
assetwith a strong long-term vision and notasaresource for specific problems
in isolation as you move on)

Identify and demarcate the Mandatory and Optional Data sets in Particular
application domains and familiar with the trend/frequency of usage.

Data blending (source, analyze, verify, cleanse, and validate) and making
upload-ready data

Enrich the Database over time with real-time data capturingand business case-

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)
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 tional ot .
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
| ! F-———=
1
| Updlate Validate by project’s L
| | data expert(s) Verify the data
| |
| |
| [
! + d 3
| === Cleansed o Cleanse the data (4 Verified
data data
A vy

Figure 5. 11: Process — Construct the modelling database
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5.3.3.2 Create a discrete workspace for data blending (DWDB)

Either way, whether it’s a fresh start in the application of OST with no historical 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 formats, ownership, and the involvement of OST users with
the sources the action must be taken against data may vary from business case to case. As
such any actions must take against data during the steps; source, analysis, manipulation,
validate must be underpinned with an assurance of no harm to the originality of the data.
Therefore, keeping a separate workspace (see Figure 5.12) for Data Blending is a very
significant precautionary method and all actions taken against data should be properly
documented in detail, in case of tracing back to the original status of the data for any

clarification in future such as following.
i.e.

e Due to any gaps/errors that come up during the final validation step of data before
populating into OST

e Maybeafterone yeartime dueto aredesign process, duringthe validation/consent
by stakeholders may need clarification on which base/grounds that specific data

were assumed one year ago.

Discrete workspace — Data blending

.. . Manipulated, .
.. Original data . Documentati . Populate in
Original data . All actions validated
»{ (Stored as it . » on » » 0sT
sources against data and upload S
applications

is ready data

;Step 1j

In any case of tracing back to original state of data—5Step 2

| 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 workspace in data blending activities

After this step, there is a check gate to see any existence of a relational database with the
project. For instance, if it's a re-design project OS team might have done the groundwork
at theinitial stagesand is now fully geared with a solid foundation ofa relational database.
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In that case, after validation of relational integrity, it will route to the subprocess

“’Construct and enrich the database’’

Before moving into detailed steps having a high-level picture about what are the possible
data required to visualize any supply chain and do the experiments in an OST application
is very important. As per the research outcomes, it’s identified that most data will fall
under the following 8-key ’Categories’” with corresponding ‘’Data Tables’’ (see Figure
5.13) which can be used to visualize any SC’s structure (physical elements) and their
logical behaviour (relationships). Therefore, this can be proposed as a ‘’Base Template
to construct the Modelling Database (MDB) for OST’’ and perform the relational
integrity check which will be discussed next in detail. Then more granular you can
capture the data in terms of “’Fields’’ under those “’Tables’’ (see Figure 5.14) that will
fuel the OST user’s ability to bring more complexity into the experiments to fine-tune the
SCN parameters to achieve operational excellence. Then the next figure after that (see
Figure 5.15) shows how to disaggregate a business model to identify the entities in the
network which will act like data tables when it comes to populating data. After that, the
relational integrity between these data tables is a must to ensure the relationship and the
uniqueness of any data field (no duplicates i.e., shipment ID) which 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 of constructing MDB for OST in SCND & Experiments
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Structure (Physical Elements)

Product

Site_Facility

Site_Customer

Transport_Asset

Work Resource

Work_Center

Organization

Transport Mode

(Data Category)

(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 fields

complexity

increases over the experiments’

[MFG_}—#

DC

‘ Supplier }—|

Business operating Customer/
Product .
eography {Locations, Demand

.

Period

‘ Source H Product H Customer H Location H Transport }—

Seaso

period/

(Multi

—{Cur’rency}—{ Uuom

nality)

Demand
Forecast

Figure 5. 15: Business model disaggregation into data tables in OST
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$¢ shipmentiD

4FK ShipinglinelD

FK sitelD

Fact Table | 9 'FK CustomeriD

p4 §FK ProductiD

Date
Quantity

Amount

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) assure their relational
integrity among corresponding data tables (Dimension table) including any referential
data (Referencetables). This is generally validated by the OST Data based on the Data

Fields populate into the model as a collection of Entities and logical relationships.
5.3.3.3 Lay the foundation for a relational database (FRDB)

This sub-process contains a series of tasks (see Table 5.6) which guide you to lay a solid
foundation to construct your relational database. Once the foundation is laid and
validated; all future data management activities can be performed on it with full
confidence. Inturn, this will enable to construction of a sound database and enrich it over
time with all transactional and live data captured from the systemsand devices (i.e., ERP,
IOT) which led to successful experiments in future.

“You can 't build a great building on a weak foundation — Quote by Gordon B.
Hinckley””

156



5.3.3.4 The description (FRDB)

S.N. | Task Description / criteria to determine Deliverable

1 Disaggregate | e Disaggregate the business model’s | N/A
the business structure (physical elements) and
model their logical behavior

(relationship) into data categories
(see Table 5.15).

2 Representthe | e Then under those categories Core data tables
nodes & identify the corresponding data o
relationship as tables (see Figure 5.13) and their specification
in separate relationship according to your
entities business model.

3 Exportempty | e The objective here is reasonably Data tables &
data tables map the potential data tables & fields Pulled
from OST fields according to the OST from OST (i.e.,
application e Fastestand Easiest way to MS Excel file)

populate the data in a Single
Workbook as in multiple work
sheets (MS Excel: majority of
OSTs enabled with this MS Excel
file import & export capability).

4 Define the This step ensures the relational Relational
data table’s integrity between Data Tables. Integrity among
terminology Primary key to Foreign Key data Tables
and assignment ensures there is no data
relationship violating the structure of the Database

and this will be done between Fact &
Dimension Tables (see Figure 5.16).
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Fact Tables: Main Transaction
Table corresponding to specific
business Process (i.e., Shipments,
Orders, Sales, Productions,
Returns)

Dimension Tables: Primary/

Master Tables and describes

people or object integrated with

the Fact Tables (i.e., Customer,

Site, Product, Transport Asset,

etc.)

e Site Master, Customer Master,
Product Master, Transport
Asset Master, etc.

e Reference Tables: Static
Tables (i.e., Currency, UOM,
Country /Ports / Postal Codes,
etc.)

e Referto the (see Figure 5.16)
Identify Data Tables
Terminology and Relationship

¢ Any Relational Database
Notation can be used (i.e.,
Crow’s Foot DB Notation —
MS Visio, Entity Relationship
Diagram (ERD),

Validate the
Structure &

Relationships

Very significant Check Gate since this
will be the foundation for all data
management activities take place in

future.

e DataPopulated Tables should

be validated against the

Validated

Relational
Database

Structure:

Modelling
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Business operation behaviour

& Validation Sources. Database (MDB).

e i.e., Business Model &
Processes Specification,
Financial & operational reports
made based on historical
metrics / assumptions, etc.)

e Financial measures: Profit &
Lost Statement, Balance Sheet,
(i.e., Revenue, Cost of Goods
Sold, Cost of Warehousing &
Distribution, etc.

e Operational measures: Inbound
shipments, Outbound
Shipments, Inventory

snapshots., etc.

Table 5. 6: Description - Lay the foundation for a relational database

5.3.3.5 Constructand enrich the modelling database (MDB)

This is a very repetitive sub-process that contains a series of tasks (see Table 5.7) which
strengthen the Modelling capabilities by enriching the amount of data available in hand
over time. Once the business starts operating transactional & real-time data can be
captured over time that will enrich this structured database progressively. As the business
moves on and is well geared with new systems and technology (i.e., IOT) that will enable
the business proactively to monitor the supply chain health alerts. Then in return, this
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 lead to making all stakeholders feel successful about the investment decisions

that they have taken against these OSTSs.
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5.3.3.6 The description (MDB)

S.N.

Task

Description / criteria to determine

Deliverable

Determine
the

experiment

The business problems need to address,
and the decisions need to take determine
this.

e Spread across in all three Planning
levels
o Strategic- i.e., Greenfield /
Brownfield Analysis
o Tactical-i.e., Transport fleet
Planning
o Operational-i.e., Warehouse
order picking process
simulation
e Asthe Problem move from static to
dynamic (very aggregated to detailed
level) the application of OST
transform from optimisation to
simulation.
I.e., The discrete events in the supply
chain and their logical association
with the time, variability, and

randomness.

N/A

Determine
the data

scope

e It’s matter of trade-offs between

“’Aggregation Strategy’’ and “’Level
of granularity reflects in the model
results for depth analysis and decision
making’’. In Such that spread across
in following multifaceted dimensions
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 Transformation in
consideration (Raw material to Bill of
Material to Finished Goods)

Customer:

o Inwhich levelasin Country /Port
[City /exact post-Code, etc.?

o Higher proportions of demand
(Customer nodes) can be reflected as
individual and customers who hold

minor proposition will be aggregated.

Geography:

o How many suppliers / manufacturers
/Dc¢’s in scope?
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 be
considered in the models?
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e Model Reflection / Results
Granularity required:
o Asperthe requirement of
decision makers (i.e., CEO,
CFO, CPO) the visualisation
of modelling outputs for
decision making. Aggregation
strategies enhance the ability
to analyse trade-offsamong

decisions.

Prioritise the
data:
mandatory &

optional

Based on how granular you needthe

reflection in the models and results.

When demarcate the mandatory and
optional data requirement its very
significant to consider what’s the scope
of the problem, the tool use, and the
ability within that specific tool in terms
of results generation. (i.e., howyou set
requirements of detailed output table
results in which parameters prior to run

any experiment.

e i.e., Scenario wise detailed site to
customer demand transactions as
output table after running the
experiment with Simulation tool, 5
repetitions / iterations under different
frequencies imposed with probability
distribution (to see how variability in
demand impact over safety stock
levels).

N/A
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e i.e., Run scenarios with different
inventory policies in multi period
(due to seasonality of demand) to
analyse the sensitivity in terms which
policy is the ideal in which period.

e If the models built with mandatory
data that is just fulfilling the
minimum requirement of relational
integrity among data in OST
applications which is mandatory and
checked by the applicationto solve /
run the experiment without any error.

e With more granular/ optional data in
hand you have the power to impose
more logical constraints, randomness,
and variability in to experiments for
depth operational results and

comparisons.
Note:

Under the data requirement of upcoming
main process, below Tools and data
required to run a decent experiment by

them are provided.

o Greenfield Analysis (GFA) or
Brownfield Analysis (BFA)

¢ Robust Baseline Modelling (RBM)

¢ Network Optimisation (NO)

¢ Inventory Optimisation (10)

e Transport Optimisation (TO) and

e Simulation (SIM)

(RBM is nota Tool it’s a key

milestone/stage gate in SCND process)
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NB: This is to provide an idea how the
data getting more granular and different
in terms of specific ‘’Data Fields’’ under
that specific ‘’Data Table’’. Then that can
be used as a base to shape your own data
into OST. Some of Data field names may

vary as per the business nature

Retrieve the

data from the

e Understand and identify the best

sources / systems for acquisition of

Data sourced

from multiple

multiple required data (see Figure 5.17) sources
sources/ e Retrieve and centralize the sourced
systems data into the discrete workspace

created.
Analyse the | Data may retrieve from multiple sources/ | Analysed Data
data systems and may be with inconsistencies

among this master data.

Appropriate analyzing approach will fuel
removing such inconsistencies
(Removing the Noise of Data)

e Completeness within the sources
(Vertical Check)
o Negative values, Duplicate

Data, missing data, mismatch
in data, Missing values,
Misspellings, (i.e., One line
item in Product Table field
“value’’ is blank)

e Referential integrity among the

sources (Horizontal Check):
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o 1.e., Are the “’Site names’’
same across all the data? for
an instance Sites Master data
must match among the
sources ‘’Shipments’’ and
“’Sales”’

e Identify patterns and causes of

incomplete or inconsistent data

Verify the
data

Find the reason for the issues identified in

the Analyse step.

e May be due to the data scoping issues
that specific data / field not retrieved
and its missing.

e Inconsistency among sources. (i.e.in
one source, Product name suffix are
there and in other sources suffix are
missing.)

e The quarry logic issues: Shipments
reflect the interfacility shipments as
outbound shipments but not the actual
outbound - Site to Customer.

e The magnitude of the impact of the
issue to the overall model scope
should be considered:

o Isitworth ittaking the effort
oris it possible to leave it by

taking no further action?

Verified Data

Cleanse the

data

Address data issues through remove,
refill, and replace of Data. Then
Formulate assumptions where data gaps

cannot be easily resolved.

Cleansed Data
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Remove:

e Very easy step but must ensure no
vital data is removed

e Understand why remove

e Confirm that data out of the scope
and does not add any value to solve
the problem

e Make a duplicate of this data justin

case it becomes useful in later

Refill:

e When the current state of the date
sourced is incomplete while sourcing

again to fill the gaps

Replace:

e Fill the certain fields of the table
accordance with the field in another
rows

e Correctthe misspellings. i.e., prefix
& suffix of datafields

e Fil the blank fields of the data tables

e Butbe careful notto duplicate

anything in the same table.

Assumptions:

This is the general solution to rectify the
issues relating to the missing data which
may sometime be mandatory to full fill

the scope. This must be executed due to

following reasons

e Data notexisting
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e Sourcing data may cost or time
intensive

e Data sources are restricted or
reluctant to share by the parties

involved
ie.,

o May be its easy to assume (Product
data of similar product in a market)
and not required the exact data.

o Assume Demand data of a same
product/geography / seasonality
(Period)

o Assume transport speed based on a

survey

Validate by
Project’s

Data Expert

Once cleansing is done with the data
should be validated with project’s experts
in Data (Who’s skillset concerned in the
Process 2: under CSF: People). very
important stage gate before movingin to
populate data into the any experiment.
Optimisation (GFA/BFA/ Baseline) or

e Summarize data sources for project
stakeholder

e Visualise data to stakeholders

e Gain stakeholder viewpoints /
feedback on accuracy of sources data
/ assumptions in terms of following,
e Scope — Is the data within the

Scope?

e Values/Sums, correct?

Upload ready

Data
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(i.e., Flow quantity,
Transportation cost, Production
quantity, inventory value)

e  Assumption have been made

correctly.

9 Documentati
on of actions

against Data

All actions taken against data in S.N. 4 —

8 Tasks should be well documented.

e Data Requirements — What data
Mandatory / Optional under which
Data Category, Table and Fields.

e Track and Trace: the source, status,
and traceability of all data collect.

e Assumption made: Record of
Assumptions carried out with base,
dates, user, etc.

o Data Relationships: visualise the
relationship among Data categories,
tables, fields. i.e., Entity Relationship
Diagram (ERD)

e 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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Site Demand
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Customer Sourcing Policics
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Model Horizon

Period
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|Step Cost
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Flow Constraints
Production Constraints
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Bills Of Material
Soureing Process
Production Process
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Transport_Asset Demand v Policies [Production Policies Multi-Pe/Human Resource Rate Work Center Constramts | Inventory Processes
Work Resource [Shipments [Return Policies [Customer Sourcing Policies NParcel Rate Production Proeess C Processes
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Organization
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Customer Forecasts
Site Forecasts
Retruns 1

h

Inventory Policies Multi-Peri{I. TT. Rate
[ Transportation Policies Multi{Taxes And Duties
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[Work Centers Multi-Period

eriod

Tnvntory Process Constraints
Sourcing Process Constraints |

Transportation Process Constraints

~
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¥

]
¥
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Product
Product Name
Product Type
Product Value
Produc Weight

Customer_Demand

Production_Policies

Customer

Product

Quamtity

Dewmand DateTime

Production Policy Name

Site Name
Product Name
Production Unit Cost

mventoryPolicy Nue
Iventry Policy
site

Produc Volume

Product Category

Facility Name
Lacility Location

Facility Stans

Site_Customer
Customer Name
Customer Location
Customer Category

Transport_Mode

Name

Mode Fixed Cost
Minimum Shipment Charge
Average Shipment Size
Transport Assets Assigned.
Fucl Surcharge

el Surcharze Basis
Variable Transportation Cost
Variable Cost Basis

CO2 And Basis

Product

Site Sourcing Policies

[Stocking Or Intransit Site

Site Sourcing Policy Name

Site Name
Product Name
Source Name

Imitial Inventory
Unit Inbound Cost
Unit Outbound Cost

Tbound Capaciry

Customer Sourcing Policies

[ Outbound Capacity

Inventory Policies

Toventory Carrying Cost%

Customer Sourcing Policy Namue

Site Name
Product Name
Source Name

[Transportation Policies

[Source Site

Destination Site
[Transport Mode

Transportation Policy Name

Average Unit Transpartation Cost

Transportation Cost Basis

Figure 5. 17: Retrieve the data from the multiple sources/systems

5.3.4 Perform Greenfield/ 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

business’s current state of decision making as in Greenfield Analysis (GFA) or

Brownfield Analysis (BFA). GFA is for the experiment from scratch when there are no

candidate locations known and BFA is when any candidate locations exist. The two key

factors taken into consideration while selecting these candidates are Cost and Service

Levels. In return, this provides the optimal count and locations of facilities for the

concerned business operating geography.

Before moving into detailed steps, it’s worth it to come up with a broader picture of how

these two tools (analysis) create a strong foundation for the rest of the OSTs which will
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be discussed through the rest of the processes of this framework. As shown below (see
Figure 5.18) top to bottom propagation of each area represents the magnitude of the forces
that can impose on the OST application’s solver/engine by the user during each
experiment. Also, the figure illustrates (1) the flow and the connection of eachexperiment
(2) how the data requirementincreases (3) the time OST users must spend and (4) the
way it increases the operational granularity reflection in the models and the results can

obtain.

N e Greenfield Analysis: Start completely
e Flow and the connection )
: from the scratch to structure the network in
e Data requirement o ) )
the considering geographical region where no

Time spends :
r e prior work has been imposed.
e Brownfield Analysis: Start with an

existence to structure the network in the

e  Granularity reflects

considering geographical region where some

prior work has been imposed.

e Network Optimisation: Choose the best

design for the network structure by imposing

further constraints.

o Simulation: Fine tune the operational logic
. \ in the chosen design for operational

excellence.

Figure 5. 18: Pyramid of experiments and its granularity using OST in SCM

Thedatarequirement (see Figure 5.19), process (see Figure 5.20) and detailed description
(see Table 5.8 & 5.9) can be illustrated as follows.
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5.3.4.1 The data (GFA)

Structure
(Physical
elements)

Product

Product Name

Site_ Customer

Customer Name

Customer Location

Customer Status

Transactions

Customer Demand

Customer Name

Product Name

Quantity

Policies

General

measures

Periods

Additional
Costings

Constraints
Processes

Figure 5. 19: The data requirement - GFA
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5.3.4.2 The process (GFA & BFA)

Perform Greenfield OR Brownfield
analysis (GFA or BFA)

l

Determine the FLP type &
choose the Analysis

{

Any existing
candidate
locations?
ocations v

!

Perform Greenfield Analysis (GFA)

No——
Ye: Finalising
criteria met?

Visualise the results

for stakeholders

consent

i

Perform a sensitivity

analysis (scenario

comparison)

Populate the data |
-

Perform Brownfield Analysis (BFA)

A J

Define the scope of
the scenario(s)

h

!

Create the scenario

items

Determine the
reason for the
experiment

Decide which nodes
of facility then add
or deduct

Decide which nodes
of customers then
add or deduct

l

Set the objectives

¥

Set the constraints

'

~Ye

I

Set the STATUS of Nodes
during solving (INCLUDE,
EXCLUDE, CONSIDER)

Identify the
additional data
requirement IF any

Yes
Set the decision
No variables
finalising
criteria met ?
(At least 2 Set the required
scenarios) Run the scenario [#— level of granularity
in results

s

Optimal
location(s)

T

©

S—
“ Update — £ MDB

Figure 5. 20: Process — Perform Greenfield or Brownfield Analysis

5.3.4.3 The description (GFA)

S.N.

Task

Description & criteria to determine

Deliverable

Populate the
data

The data taken into consideration hereis

very minimal such as:

e Customer locations (Geocoded with

latitude and longitude)

N/A
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Products

Aggregated demand

Define the Determine how many scenarios are N/A
scope of the planned to run (at least should be two
scenario and more the better for sound sensitivity
analysis)
Since GFA calculate only the direct
distance from Sites (locations looking
for) to customers (demand nodes) take
into consideration the results of
locations can be in a sea or on top of a
mountain for an instance)
Therefore, please consider the
experiment with roads
Set the Maximise profit/ minimize cost N/A
objective
Set the Number locations looking for N/A
constraints
Any specific radius covers each location
Minimum number of
customers/percentages should cover
from targeting locations, or % of
demand should cover
Any last mile service constraints
Set the It’s always a trade-off analysis between | N/A
decision Cost and service levels. (More DCs
variables increase the service levels / quick

deliveries but increase the transportation
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cost from the Manufacturing plant to

multiple DCs

Cost (consider the transportation rates

and minimise the total distance to travel)

Service levels (stay closer to the bigger

proposition of the customer base /

demand)
Set the This is based on the aggregation strategy | N/A
required applied (i.e., How granular do you need
level of to analyse the customer-wise flows from
granularity suggesting sites?)
in results

Based on the detailed output level

Model run time varies.

Recommended running with minimal

detail at the first instance to avoid any

infeasibility in results output.

Or based on the OST application’s

solver there may be inbuilt settings to

opt-in to ignore any infeasible

constraints imposed by the user) then the

same can be viewed once the optimising

run is completed, by viewing the

infeasible / diagnose results.
Run the At least two scenarios N/A
scenario
Perform a Change the parameters which providea | N/A
sensitivity sound sensitivity analysis to pick the
analysis right alternative/ combinations of an

optimal number of sites and locations
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(scenario

comparison)

9 Visualise the It’s always a matter of how powerful / Optimal
results for depth analysis can be reflected in location(s)
stakeholders’ visualisations in a way of easy seeing
consent the trade-offs between alternatives

i.e., Interms of cost and service levels
by using maps, charts, graphs, etc. to the
decision-makers

Table 5. 8: Description — Greenfield Analysis

5.3.4.4 The description (BFA)

S.N. | Task Description & criteria to determine Deliverable

1 Determine The main difference between this | N/A
the reason analysis and GFA there is the existence
for the of constraints imposed in the network as
experiment in locations, customersand the flows and

capacity between them.

Since it will be a change in the existing
structure and flows that are false under
the redesign scope.

This may be due to a (1) change in
facilities (Closing, opening new, mergers
and acquisitions, etc.)

(2) change in the nodes of the customers
(i.e., leave any existing markets due to

thin margins of profit, securingor placing
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a new product to a new market /
geography, etc.)
e Orboth (1) & (2) together

Decide e Based on the reason (What’s likely to | N/A
which Nodes happen or planning to execute) decide

of the what to add or remove.

Facility then

Add or

Deduct

Decide e Based on the reason (What’s likely to | N/A
which Nodes happen or planning to execute) decide

of what to add or remove.

Customers

then Add or

Deduct

Set the e It’s about taking benefits of functionality | N/A
STATUS of available in the OST to keep the existing
Nodes nodes (Facility or customers) as existing,
during but which should consider by the solver
solving during solving.

(INCLUDE,

EXCLUDE, |* Enabling to test multiple scenarios
CONSIDER) | Auickly

Identify the | Note: Either YES or NO, from this task | N/A
additional onwards same setof tasks described beforein

data GFA (Table 5.8) must be followed. The

requirement

IF any

reason behind this anyway the output will be
optimal locations to serve the concerned set

of customers.
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6 Sub Process: | If NO, Define the scope of the scenario(s) | Optimal

with existing data. Location(s)
IF YES, populate the new data

e Only if any concern about adding any
new nodes (facility or customers) or any
significant changes in the existing value
corresponding to your concerning reason

for the change.

Assuch there may be additional data required
(New locations cost, new target customer
nodes’ historical demand / any increases in
the forecast, any constraints to impose as in

particular site should serve any specific

customer in future, etc.)

Table 5. 9: Description — Brownfield Analysis

5.3.5 Model a robust baseline (RBL)

After application of optimisation at the very 1stinstance through GFA or BFA the next
2d instance is once the current state of the baseline is constructed; ‘Run Optimisation’
over it (see Figure 5.23). The baseline model replicates the current state of the supply
chain (i.e., in this case, the network configuration parameters provided by GFA or BFA

will be the base input to this process).

Once the baseline is modelled, it’s very significant the validation of that against the
validation sources such as financial statements (i.e., maybe a projected one for a new
business) which describes the current 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. Otherwise, all 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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“Computers aren’t smart, just fast. Garbage in garbage out- Quote by Peter F.

’

Hamilton’

5.3.5.1 Physical elements and behavioural relationships of a baseline

As the starting point, it’s very important to know what mandatory data is required in OST

to replicate the physical elements and the behavioural relationships of any supply chain.

The following figure (see Figure 5.21) illustrates such which must be transformed as key

datatables (see Figure 5.22) and then which mustbe populated into OST with the required

mandatory data fields when modelling a robust baseline (see Table 5.10).

Note:

In the followingtwo figures, a Multi-Echelon Supply Chain Network (MESCN) is
considered otherwise no requirement in site sourcing policies. If it’s a Single Echelon
Supply Chain Network (SESCN) only customer-facing sites are considered (if no
inter sites relationships). The data category mentioned under ‘‘General measures” IS
related to model settings which are populated by OSTs. But here it is shown to show
the mandatory requirement of the same to fulfil the relational integrity of data. (To
ensure any multiple currencies then ratios basis, product flows in the network can be

in different types of units, the specifically concerned time-period / no multi-period is

concerned)
Transport Mode Product
] ]
Prod k..ICItIOI‘I Site Sourcing Policies Site Sourcing Policies Customer Sourcing Policies Customer
Policies vr 7 ( I Demand
] ]
MF DC WHS Ccus
i i o
LTransporl:ation Policiesj LTranspcn'tation F’oli.:iesj :Transportation Polit:iesJ
V—.| 1 1
Inventory Inventory Inventory
Policies Policies Policies

Figure 5. 21: Baseline modelling elements and logical behaviour in OST
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5.3.5.2 The data

Product Site Facility Site Customer
Product Name Facility Name Customer Name
Structure Product ValFle Fac%l%ty Location Customer Location
(Physical Product We1ght Faql@f Status Customer Status
Product Volume Facility Type
elements) -
Product Price Transport Mode
Product Status Name
Allowable Products
Customer Demand
Customer Name
Transactions | |Product Name
Quantity
Demand DateTime
Production Policies Site Sourcing Policies | Customer Sourcing Policies
Production Policy Name Site Sourcing Policy Name |Customer Sourcing Policy Nam)
Site Name Site Name Site Name
Product Name Product Name Product Name
Production Unit Cost Source Name Source Name
Transportation Policies Inventory Policies
Transportation Policy Name InventoryPolicy Name
Policies Sourf:e Site . Site
Destmation Site Product
Transport Mode Name Stocking Or Intransit Site
Average Unit Transportation Cost |Inventory Carrying Cost%
Transportation Cost Basis | InventoryPolicy
Imtial Inventory
Unit Inbound Cost
Unit Outbound Cost
Inbound Capacity
Outbound Capacity
UOM Currencies Model Horizon
Type Name Model Start Date
General —
measures Symbol Code Model Finish Date
Name Symbol
Ratio Basis Ratio Basis
Periods
Additional
Costings
Constraints
Processes

Figure 5. 22: Data requirement to model a robust baseline
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5.3.5.3 The process

Model a robust baseline (RBL)

v

Populate the data

v

Validate the populated tables

Mo
Validated by
OST application?

Yes

v

Optimise & validate the current baseline

v

Model the current state
state " | baseline
model

Validate

"

Adjustments to
current state
baseline

Adjuste
baseline
model

A A

Validated
Ye

—

Run network
optimisation

No—/

Optimize
baseline

A 4

Validated ?
Ye

h 4

A robust
baseline

¢ ——

Figure 5. 23: Process — Model a robust baseline
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5.3.5.4 The description

S.N.

Task

Description & criteria to determine

Deliverable

Populate the data
into OST

e Reflets current state constraints and the
behaviour of the Network as per the
inputs by user based on assumptions or
historical data.

e Only consider populate the mandatory
data requirement. Then over time or
with any optional data in hand which
falls under those data categoriesand
tables can be populated.

e Population of more granular data
(Optional) will enhance the
transparency to the user in terms of
logical behaviour in the network

towards more operational level.

N/A

Validate the
populated tables

e Thisis an additional check perform by
the OST application itself to ensure the
relational integrity among unique data
fields (Primary & foreign key
mapping) to ensure the consistency and
integrity of data populated among
Tables.

e Thisis the reason, and that assurance is
reinforced by the framework: Process
3: Task 3-Export empty data tables
from OST application. Task 4-Define
the data table’s terminology and

relationship.

N/A
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Model the

current state

Outputshould be validated against
validation sources (Assumptions or
recent financial and operational
reports)

A simple representation of a map will
clarify a high-level digital

representation of the physical network.

Current state

baseline

Adjustments to
Current State

Baseline

Note: This is an optional task.

Based on the feedback of stakeholders
during the validation some adjustments
can be imposed into the model.

Also, if there any significant changes
happened during the considered period
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 failurea
region of demand / nodes of customers

can be withdrawn)

Adjusted

baseline

model

Run network

optimisation

Remove existing inefficiencies in
constraints based on assumptions or
historical data input by user and force
the solver to decide the optimal

network structure.

Provide better insights and any
inefficiencies removed by the solver
during the transformation of the current

baseline to optimised one.

Optimized

baseline
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6 Final validation | Optimised baseline should be validated A robust
against validation sources (Assumptions or | baseline

recent financial and operational reports)

e To make sure, the baseline what we are
going use as the benchmark to further
enhance, optimise, simulate in future is
accurate to the data what has assumed/

actually occurred (historical data).

For an instance reason behind validation:

e There may be incorrect data inputs,

e Unrealistic assumptions,

e Aggregation may be too high

e Incorrectly imposed constraints
(facility wise inbound & outbound,
cost/ capacities, etc.)

e Incorrect flows lead some incorrect
results,

e validation sources mismatch

e Any mistake in the model structure by
OST user // muddler.

Table 5. 10: Description - Model a robust baseline

This is one of the very significant objectives (stage gate) of this “’Framework OSTISCM”
to fast-track the time spent by the current OST users in producinga robust baseline for
their SCND objectives. With the traditional approach, OST users spend enormous time
to accomplish this status due to lots of drawbacks and inefficiencies they associate during
the deployment. But with the structured step-by-step approach proposed here provides
the necessary guidance from scratch to come across all such barriers, especially with a
strong structured enriching database with which they will get more benefit over time as

capture more data when business starts operations.
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5.3.6 Optimisation: Network, Inventory & Transportation

When the above processis completed the OST-user is fully geared with a robust baseline
which replicates the current state of the supply chain in a digital experimental platform.
Accomplishing this stage marks a significant milestone in any SCND project. Then the
nextprocessispopulatingmore granular level data and performing Network Optimisation
(NO), Inventory Optimisation (10), Transport Optimisation (TO) (see Figure 5.31) and

Simulation.

In each application, whether it is NO/ 10 / TO / SIM the requirement of data to be
populated into OST varies. The more complexity brings into the model based on the scale
of the problem to be solved the granularity of the data requirement increases. Based on
the current state of the business there may be not much granular data in hand until the
business starts operating. But it is highly recommended that OST users can perform a
sound assumption over these such data as this framework guides through (see Table 5.11)
a few hypothetical data tables and fields in each application. Under this process, the

suggested data can be illustrated in the following figures (see Figures 5.24 to 5.30).

Note: By following the framework a ’Baseline Model’’ is now already in the OST with
the required data. Therefore, from this point onwards, the “’additional data’’ that we
populate on top of that will be considered. As in what data can be useful in NO, 10, TO
and SIM. Once you populated more granular level data as much as you can. Butplease
note that should be done 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 brings
in unnecessary complexity to the model and it takes time during solving/running your
models. The following set of figures illustrates the data which can populate when the
application of NO Tool as per the first instance then with the rest of the Tools (10, TO
and SIM) respectively. Then it can be recognised that most of the data required for these

three tools are already can be covered while application of the NO Tool.
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5.3.6.1 Thedata (NO)

Product Site_Facility Site_Customer Transport Asset

Lead Time CostDayUnit  |Organization Organization Name

Maximum Lead Time Fixed Operating Cost Transportation Region Fixed Asset Cost

Shelf Life Order Review Frequency  |Sourcing Type Speed
CO2 Fixed Output Tax Region Organization Belong To
Capacity/Fixed Cost Period Transport Mode

Tax Region

Fixed Startup Cost

Capacity (Quantity)

Capacity (Weight)

Shipment Strat Date

Shipment Due Date

Shipment Lead Time

Shipment Frequency

Service Level

Fixed Closing Cost Capacity (Volume)
Throughput expansion No Of Units
Sourcing Type Type
Capital Investment Cost Asset Weight
Book Value Asset Volume
Depreciation Schedule Fill Level (Weight)
Structure Minimum Capacity Fill Level (Quantity)
(Physical Maximum Capacity Fill Level (Volume)
elements) Hourly Cost
Work Resource Work Center Organization Transport Mode
Name Name Name Name
Site Site Address Mode Fixed Cost
Type Fixed Startup Cost Fixed Startup Cost Minimum Shipment Charge
Work Centre Fixed Operating Cost Fixed Operating Cost Average Shipment Size
Units Capacity/Fixed Cost Period Transport Assets Assigned
Fixed Unit Cost Capital Investment Cost Fuel Surcharge
Shift Pattern Fixed Closing Cost Fuel Surcharge Basis
Hourly Cost Minimum Capacity Variable Transportation Cost
Maximum Capacity (Hours|Maximum Capacity Variable Cost Basis
Capacity/Fixed Cost PeriodBook Value CO2 And Basis
Book Value Depreciation Schedule Allowable Products
Depreciation Schedule
Customer Demand Site Demand Customer Orders Site Orders
Due DateTime Site Customer Site
Demand Lead Time Product Product Product
Occurrences Quantity Quantity Quantity
Transport Mode Demand DateTime Order DateTime Demand DateTime
Period Due DateTime Due DateTime Due DateTime
Seasonality Name Demand Lead Time Demand Lead Time Demand Lead Time
Minimum Demand QuantityOccurrences Transport Mode Transport Mode
Demand Penalty Cost Transport Mode Minimum Order Quantity
Period Order Penalty Cost
Seasonality Name
Demand Seasonality Factor{Shipments Production Retruns
Transactions Name Shipment ID Site Customer Name
Period Source Product Destination Site
Seasonality Factor Destination Process Organisation
Product Quantity Period of Departure
Quantity Order DateTime Period of Arrival
Weight Due DateTime Product Name
Volume Production Lead Time Recived Quantity
Direct Shipping Cost Retuned Quantity
Mode
Occurrences

Figure 5. 24: The data suggestion for (NO) - |
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Production Policies

Transportation Policies

Inventory Policies

Fixed Order Time Product Name Unit Storage Cost
cOo2 Specitic Period Minimum Shelf Time
Minimum Order Quantity |Transport Time Maximum Shelf Time
Production Frequency Distance Safety Stock
Production Unit Cost Asset Inventory Turns

Process

Variable Transportation Cos|

Maximum Inventory

Quantity Variable Cost Basis Minimum Inventory
Order Date Fixed Shipment Cost Umit Disposal Cost
Product Class
Policies Site Sourcing Policies Duty Rate Return Policies
Guaranteed Lead Tine Minmnum Charge InventoryPolicy Name
Minmmum Order Quantity |CO2 Period
Sourcing Unit Cost Fixed Load Cost Origin
Maxamum Sourcing DistancFixed Load Time Product
Fixed Unload Cost Destination
Customer Sourcing Policies| Unit Unload Time Return Policy
Guaranteed Lead Time Average Shipment Size Unit Return Cost
Minimum Order Quantity |Fuel Surcharge Retrun Product Ratio
Unit Sourcing Cost Fuel Surcharge Basis Return Minimum Qty
Maximum Sourcing Distanc CO2 Basis Return Max Qty
Applicable Period
Operating Hours
General Facilty Name
measures Opening Time
Closing Time
Products Multi-Period Sites Multi-Period *All policies above also can
Period Name Period Name be imposed in the mmodel
Product Site with these "Data Fields"
Period Name
Periods Policies Multi-Period

Transportation Assets Multi

Work Centers Multi-Period

Work Resources Multi-Periof

Period Name

Period Name

Period Name

Transportation Assets Multi

Work Centers Multi-Period

Work Resources Multi-Periof

Figure 5. 25: The data suggestion (NO) - |1
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Additional
Costings

Step Cost Shipping Rates Transport Asset Rate

Name Name Transport Asset ID

Type Rate Source Asset Type

Minmmum Quantity Freight Class Origin

Cost Source Country Destination

Step Period Source Postal Code Fixed Cost

Step Throughput Basis Destmation Country Reposition Distance Cost
Destination Postal Code Cost for Out of Route
Step Period Per Unit Cost
Minimum Quantity Unit Cost Basis

Step Throughput Basis

In Transit Stop Cost

Cost

Variable Rest Time Cost

Fixed Rest Time Cost

Minimum Cost

Drive Time Cost

Service Time Cost

Wait Time Cost

Break Time Cost

Material Handling Equipme Human Resource Rate Taxes And Duties

MHE ID Human Resource ID Name

Organization Organization Period

Site Site Origin

Work Centre Assigned Work Centre Assigned Destination

Transport Asset assigned |Transport Asset Assigned |Product

Capital Cost MHE Assigned Duty Rate Percentage
Depreciation Basis Fixed Cost Non Refundable Tax Base
Minimum Hours work Day | Varibale Cost Type Non Refundable Tax Rate
Maximum Hours work Day|varibale Cost Basis Refundable Tax Base
Minimum Hours Break DayMinimum Hours work Day |Refundable Tax Rate

Maximum Hours Break Day

Maximum Hours work Day

Minimum Hours Break Day

Maximum Hours Break Day

Figure 5. 26: The data suggestion (NO) - 11
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Constraints

Flow Constraints Production Constraints Inventory Constraints
Period Period Period
Source Site Site
Destination Product Product
Product Constraint Type Pre-Build Stock
Mode Constraint Value Safety Stock
Constraint Type Constraint Period Cyecle Stock
Constraint Value Constraint Type
Constramt Period Constraint Value

Constraint Period

Site Constraints

* All Processes below also

Period can populated as Process
Site Constraints with these
Constraint Type Period
Constraint Value Site/ Customer /Source
Constraint Period Product
Destination

Work Center Constraints |Process
Period Work Center
Work Center Work Resource
Site Constraint Type
Constraint Type Constraint Value
Constraint Value Constraint Period
Constramt Period

*As per the Process

*Source in Return
*Mode also in Trans.
*Process Step in Inven.

Name Name Name

Product Source Site Source Site

Type Product Product

Quantity Destination Site Work Center
Period Work Center Next Step Basis
Site Next Step Basis Fixed Process Cost
Process Assignment Fixed Process Cost Unit Process Cost
Asssignment Rule Unit Process Cost Fixed Process Tune
Unit BOM Cost Fixed Process Time Unit Process Time

Unit Process Time

Variable Cost Basis

Variable Cost Basis

Variable Time Basis

Variable Time Basis

Work Resource

Work Resource

Period

Period

Work Resource Time

Work Resource Tune

Name Name Name

Source Site Source Site Source Site
Product Product Product
Destination Site Work Center Destination Site
Work Center Next Step Basis Work Center
Next Step Basis Fixed Process Cost Next Step Basis

Fixed Process Cost

Unit Process Cost

Fixed Process Cost

Unit Process Cost

Fixed Process Time

Unit Process Cost

Fixed Process Time

Unit Process Time

Fixed Process Time

Unit Process Time

Variable Cost Basis

Unit Process Tiune

Variable Cost Basis

Variable Time Basis

Variable Cost Basis

Variable Time Basis

Work Resource

Variable Time Basis

Work Resource

Period

Work Resource

Period

Work Resource Time

Period

Work Resource Time

Work Resource Time

Figure 5. 27: The data suggestion (NO) - IV
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5.3.6.2 Thedata (10)

Structur Product
cture
. Product Ty
(Physical TOCULT Jype
Start Date
elements)
End Date
Customer Forecasts Site Forecasts
Period Period
Transactions Customer Site
Product Product
Order Date Order Date
Quantity Quantity
Production Policies Transportation Policies Inventory Policies
Fixed Order Cost Unit Load Time Review Period
Fixed Unload Time Minmimum Safety Stock
Site Sourcing Policies Minimum Replenishment Quant Maximum Safety Stock
Policies Fixed Order Cost Minmmum Service Time Minimum Service Time
Source Lead Time Maximum Service Time Maximum Service Time
Customer Sourcing Policies
Fixed Order Cost
Source Lead Time
General
measures
Periods
Additional
Costings
Constramts
Processes

Figure 5. 28: The data requirement (10)

189




5.3.6.3Thedata(TO)

Site_Facility

Transport Asset

Time Zone Applicable Rate Type
Asset Lookup Distance Max Drive Time Before Break
Fixed Service Time Fixed Break Time
Fixed Load Time Max Distance Per Route
Fixed Unload Time Minimum Distance Per Route
Variable Load Time Max Time Per Route
Variable Unload Time Max In-Transit Stops Per Route
Variable Service Basis Max Loading Stops
Number of Dock Doors Max Unloading Stops
Structure Dock Door Reset Time Post Delivery Asset Return Location
(Physical Max Asset Search Distance To Site
elements) Site_Customer Max Waiting Time At Location
Time Zone Fixed Service Time
Asset Lookup Distance Fixed Load Time
Fixed Service Time Fixed Unload Time
Fixed Load Time Variable Load Time
Fixed Unload Time Variable Unload Time
Variable Load Time Variable Service Time Basis
Variable Unload Time Mzx Distance from Last Drop To Hom
Variable Service Basis cOo2
Number of Dock Doors CO2 Basis
Dock Door Reset Time Battery ID Electronic Vehicle
Shipments
Fixed Service Time
Fixed Service Time Load
Transactions | |Fixed Service Time Unload

Variable Service Time Load

Variable Service Time Unload

Variable Service Time Basis

Policies

General
measures

Periods

Figure 5. 29: The data requirement (TO) - |
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Additional
Costings

Parcel Rate LTL Rate
Carrier Name Carrier Name
Origin Origin
Destmation Destination
Product Product
Fixed Cost Fixed Cost

Variable Cost Basis

Variable Cost Basis

Discount Rate

Discount Rate

Minimum Charge

Minimum Charge

Transit Time

Transit Time

Minimum Quantity

Minimum Quantity

Maximum Quantity

Maximum Quantity

Minimum Weight

Minimum Weight

Maximum Weight

Maximum Weight

Constraimts
Processes

Minimum Volume

Maximum Volume

Figure 5. 30: The data requirement (TO) - 11
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5.3.6.4 The process

S

Optimisatio

A

Optimisation (OPT):
Network (NO), Inventory (10),
Transport (TO)

Decide the Tool (Scope)

Populate additional
data into the
Baseline

Validate the
populated tables No

Refinement
criteria

Validated by
OST application?

Ye sw

Define the scope of
scenario(s)

A

Further
No

output

STmuIatTon] - @

Figure 5. 31: Process — Optimisation: Network, Inventory & Transportation

refinement
required
?

Demonstration to

decision makers

A

Generate
the dashboard

visualisations No
F 3

Perform a sensitivity

analysis

I

Yes

finalising
criteria met ?

(At least 2

scenarios)

Scenario creation, run optimisation & sensitivity analysis

'

Set the required
level of granularity

in results

l

Define the
connections of
additional data

sources

;

Create the scenario
(As mix & match
multiple scenario

items)

Set the objective

}

Set the constraints

h 4

Set the decision

variables

Run Optimisation
(Solving)
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5.3.6.5 The description

S.N.

Task

Description & criteria to determine

Deliverable

Decide the Tool

(scope)

What problems going to be solved?
Using the Tools: 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
outputand how granular you need it)
Please bring in the required necessary
level of complexity (right data
granularity / characteristics into the
model) otherwise do not populate that
data and do not build those

characteristics.

N/A

Validate the
populated tables

This is an additional check perform by
the OST application itself to ensure the
relational integrity among unique data
fields (Primary & foreign key
mapping) to ensure the consistency and
integrity of data populated among
Tables.

This is the reason, and that assurance is
reinforced by the framework: Process
3: Task 3-Exportempty data tables
from OST application. Task 4-Define
the data table’s terminology and

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, or
coding. i.e., Consolidate DC
SHF_MAN to DC BIR)

N/A

Set the required Groups-When create groups its static N/A
level of with the elements grouped for. (Site
granularity in groups, Transport asset group, etc.)
results Filters (Not static sets or groups):
dynamic i.e., as change anything in the
primary table or source that will be
picked up automatically by the filters/
i.e., no requirement to change anything
in scenario items if any
Any specific individual elements for
comparison? (This strongly connect
with results visualisation)
i.e., if group formed, results granularity
less but models run quicker (Product
group, site group, etc.)
Define the i.e., Any transportation rates files N/A
connections of connection which will be subject to
additional data change.
sources Then easy to change the values in that
specific source rather do any changes
in the model every times as the source
value subject to change.
Create the Scenario feature / tool allows you to N/A

scenario (As mix
& match
multiple scenario

items)

identify the trade-offs among alternate

scenarios for a network design
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Set scenario items in multiple purpose
using in other scenarios (Save time and
easy to mix and match the scenarios)
Please provide a sensible / easy to
identifiable name. which tells precisely
what type of change that scenario item
does.

Once scenario items created it’s very
easy apply any change among
scenarios by mix and match the
specific scenario items to make one

single scenario (Easy and quick).

i.e., Scenario Item (SI)

SI'1: EXCLUDEDC_1
SI 2: EXCLUDE DC_4
SI 3: INCLUDE DC_6

Scenario1=SI 1+ SI 3

Scenario6=SI2+SI1

8 Set the objective This the objective of the optimisation | N/A
which is used to compare the
alternatives. (i.e., profit, cost)
9 Set the The limitations want to add into the N/A
constraints existing configuration /model (as per
this framework’s journey, the robust
baseline model exists now in the OST)
10 | Set the decision This where to impose the variables N/A

variables

which explains options / combinations
to test and on which you can take the

decisions by changing that certain
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variable. (Different factory, Transport
mode, etc.)
11 [ Run Run NO and select the scenario to N/A
Optimisation solve
_ At least 2 scenarios should be run for a
(Solving) o )
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 requirement | N/A
as per the decision makers choice.
the dashboard _ )
S Scenario Comparison can be strongly
visualisations o _
visualised as in maps, grapes,
schematic, etc.
As a collection on dashboard.
14 | Demonstration to Provide a snapshot on how their Optimisation
decision makers financial objectives are changing over
. _ output
different alternatives.
If they need to see more alternatives
and results comparison, then must
generate more scenarios to fulfil such.

Table 5. 11: Description — Optimisation: Network, Inventory & Transportation
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5.3.7 Simulation (S1M)

Through the cycle of Optimisation-Simulation (OPTSIM) when it comes to SIM, there
are few more granular level data (see Figure 5.32) additional to what is already populated
through NO, 10 and TO. Then the data under the suggested data fields can be populated
and run the SIM (see Figure 5.33) which will provide an enormous number of detailed
outputs (transactional, time series & queue statistics). In that case by application of SIM
the user will be capable to see how the current defined SCN configuration behaves over
real business dynamicssince the user can bringthe variability into the models by defining
concerned parameters (network, inventory, transport, etc.) as per the concernedscope (see
Table 5.12) (demand, safety stock estimation, stock replenishment, lead time, pickers

order picking movement, forklift operating movement, unloading cargo, etc.).

Users can change these concerning parameters in the current process’s logic and simulate
with multiple replications to see how performance fluctuates. If any risk/inefficiencies
are identified from the statistics given by simulation results then the user can go back to
the Optimisation model and fine-tune the concerned parameters (Objective, Constraints

as per the decision variables) and run Optimisation (Solving).

Therefore, thisoptimisationand simulation cyclecan continue until the business decision-
makers are satisfied with the final SCND output which provides full confidence towards

a final decision execution.
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5.3.7.1 Thedata

Changeover Time

Changeover Time

Changeover Time

Minimum Quantity

Minimum Quantity

Minimum Quantity

Maximum Quantity

Maximum Quantity

Maximum Quantity

Changeover Time

Changeover Time

Minimum Quantity

Minimum Quantity

Maximum Quantity

Maximum Quantity

Site Facility Site_Customer Transport Asset
Operating Schedule Operating Schedule Shipping Route
Structure Queue process Basis Unit Selection Rule
(Physical Order Review Policy Work Center Shift Pattern
elements) Max Queue Capacity Asset Base Location
Work Resource Queue Selection Rule Asset While Idle Location
Work Asssign Queue BasijShift Pattern
Customer Demand Site Demand Customer Orders Site_Orders
Demand Frequency Demand Frequency Cancel Basis Cancel Basis
Cancel Basis Cancel Basis Priority Basis Priority Basis
Priority Basis
Transactions
Shipments Production Customer Forecasts Site Forecasts
Tracking ID Occurrences Forecast Name Forecast Name
Priority Basis Production Frequency Type Type
Cancel Basis Priority Basis
Production Policies Customer Sourcing Policig Transportation Policies |Inventory Policies
Unit Production Time Fixed Order Time Load Resource Reorder Point
Due Date Unit Sourcing Time Unload Resource Reorder/Order Up To Qty
Occurrences Back Order Basis Unit Load Cost Fixed Inbound Shipment Cost
Policies Production Frequency Unit Unload Cost Fixed Outbound Shipment Cog
Priority Basis Site Sourcing Policies Shipment Frequency Forecast Name
Tracking ID Fixed Order Time Cancel Basis Order Partial Fullfill eligibility
Unit Sourcing Time Priority Basis
Back Order Basis Tracking ID
General
measures
Periods
Additional
Costings
Constraints

Figure 5. 32: The data requirement (SIM)
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5.3.7.2Thepro

Optimisation] s

Refinement

Cess

criteria

P7-Simulation {SIM}

A

r

Decide the
Simulation Scope

5

D

Set the stat start
time (warmup

period)

!

Set the number of

replications

v

Set the level of
detail required in

Transactional data

h 4

Set the level of
detail required in
Time series & Que
statistics

Run simulation & sensitivity analysis
Prick predefined
scenario as per
scope
A
Yes
Furth
~ — Robust |g No ﬁu er .
| ISCND /SCNRD re netnen
| required
?
Update ?
|
| .
I Demonstration to
i decision makers
F 3
Generate
the dashboard
visualisations
A
Perform a sensitivity
analysis
x
finalising  Yes
criteria met 7
(At least 2 No
scenarios)
Run Simulation

Figure 5. 33: Process — Simulation
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5.3.7.3 The description

S.N. | Task Description & criteria to determine Deliverable
1 Decide the Problem scope determines this. N/A
Simulation The data you need as results output and

Scope 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).
2 Prick predefined Scenarios must be picked as per the N/A
scenario as per scope of the simulation.
scope Pick the right scenario to run from the
set of predefined scenarios.
3 Set the stat start For an instance if the model horizonis | N/A
time (warmup setas 01/01/2021 to 31/12/2021. You
period) can set the stat start time on a later
date. Its matter from which date you
need stats of simulation run (this
provides a warmup period for
simulation)
4 Set the number Please stick to what only you want N/A

of replications

otherwise simulation runs over time
unnecessarily.

This must be determined over the
precision required in the output.

If the concern is only for a rough
estimate a smaller number of

replications can suggest (i.e., 3-5)
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Otherwise for greater precision more

replications.
Set the level of Transactional Data N/A
detail required in (i.e., demand, production, mileage,
Transactional shipment, production process, etc.)
data
Set the level of Time series related statistics N/A
detail required in (i.e., inventory, inventory volume,
Time series & backorder units, re-order point,
Que statistics transportations asset, odder cycle, work
centres etc.
Que related statistics
(i.e., site orders, site back orders, site
outbound shipments, etc.)
Run Simulation Suggestion: remove the animations for | N/A
a quick 1stinstance simulation runto
get an idea about the time it takes.
Then take itas a bench march and you
can judge even for more replications
later or try with animation if required
(if feature is activated or / enable when
you decide the stack of the tools:
Process 2-Technology).
Perform a Review the output results and set the N/A
sensitivity comparison strategies.
analysis This shows the change in the target

variable / objective based on the
change in other input variables.
(Objective, constraints, and decision

variables)
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9 Generate e Fulfilling the visualisation requirement | N/A

as per the decision makers choice:
the dashboard

S Scenario Comparison can be strongly
visualisations

visualised as in maps, grapes,
Schematic, etc.

e Asa collection on dashboard.

10 | Demonstrationto | e Provide a snapshot on how their SCND /
decision makers financial objective are changingover | 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 embed the NO Tool at the very firstinstance in a robustapproach with asolid
amount of data suggested (Not all the suggested data required based on your scope,
specific data fields/ parameters link to the problemtrying to solve ), then the rest of Tools
will be automatically embedded within the journey of OST deployment with enormous

capabilities in the concerned area of Optimisation or Simulation.
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5.3.8 Enterprise-wide awareness & decision execution (EWA)

Once the SCND or SCNRD model is created that should be converted into a detailed
specification which will be the blueprint for the decision execution. In that nature,
collaboration and supportover cross-functional processes and individual performance are
very vital. Therefore, a sound enterprise-wide awareness before execution (see Figure
5.34) of any decision is mandatory. Also, the assurance of a necessary platform to capture
the feedback for rectifying any conflicts, and inefficiencies then rewarding against any
recognized performances will shift the businesses to the next level of operational
excellence. The criteria concerned here can be briefly described as follows (see Table
5.13).

5.3.8.1 The process

P8-Enterprise-wide
awareness &
decision execution (EWADE)

Y

Enterprise-wide awareness

Supply chain
structure
specification

Convert the SCND /
SCNRD model intoa &— — [
detailed specification

v

Define & demonstrate
how SCN works and each ¢— — [
individuals roles

Organisational
structure
specification

Awareness of risk & Risk & Rewards
rewards over the new S5C — — [ scheme
transformation \_/—-\

4

Feedback
p— — [ Interface

N

Implement a platform to
capture the feedback

A

Decision execution
& start business
operation

Figure 5. 34: Process - Enterprise-wide awareness & decision execution
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5.3.8.2 The description

S.N. | Task Description & criteria to determine Deliverable
1 Convertthe SCND Provide awareness on how supply Supply chain
/ SCNRD model chain structure works in terms of structure
into a detailed geography, the entities, assets, o
specification processes, and their relationships. specification
2 Define & Provide awareness on how Organisational
demonstrate how organizational structure has been structure
SCN works and formed, individual’s roles and
everyone’s contribution towards the business specification
contribution operation & objectives.
The importance of everyone’s
support and performance for better
cross-functional integration.
3 Awareness of risk The significance of the returns to the | Risk &
& rewards over business over the investment of time, | Rewards
the SCN strategy effort, and cost is associated with the | scheme
new strategy.
Awareness of recognition in
performance and rewardsthey can
get in return
Awareness of the risk associated
with any resistance to changing or
supporting the new strategy
execution.
4 Implementa This helps the business to find how | 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 of how importantit s to
stay ahead always with an innovation
mindset for continues improvements

« Awareness on how important
everyone’s continues feedback over
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 business operations
which can be tested over these new

OST and implement for enhanced

performance.
5 Decision  Finally, this is where all the effort N/A
execution taken so far come into action.

i.e., thisis the date relates to OST

& Start business ‘ _
experiments: models’ horizon start

operation ) )
date, Simulation stats start date

Table 5. 13: Description - Enterprise-wide awareness & decision execution

5.3.9 Capture transactional & real-time data

Once the business starts operation it’s all about monitoring, controlling and further
finetuningthe SCN configuration and performance. So, capturingnecessary transactional
and real-time data (see Figure 5.35) through whatever systems or devices are in place and
well connected to the OST Team is very important. How robust capturing and storing the
dataand using them for furtherexperiments over OST (see Table 5.14) isalwaysa crucial
concern whichin return strengthens the capabilities by enriching the amount of necessary
data available in the Modelling Database (MDB).
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5.3.9.1 The process

Transactional data

time data (CTRD)

P9-Capture transactional & Real-

Real-time data

Sub Process:
Construct and enrich the
modelling database (MDB)

h 4

Connect & pull the

A data from identified
— - -Pull -
EE sources (Systems &
] Devices)
Application
Programming
Interface A 4
(APT)
Data
Transactiona
& Real-time)
Update MDB Alert OST team

__

Figure 5. 35: Process - Capture transactional & Real-time data

5.3.9.2 The description

S.N. | Task Description & criteria to determine Deliverable
1 Connect& pull |« Therequirementand concerned criteria | Data
the data from here (systems, devices, file types, (Transactional
identified connections, etc.) have been defined
: . & Real-time)
sources and integrated in the Process 2-
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(Systems &
Devices)

Leverage CSFs: Technology, Process &
People (TPP).

There are mainly two types of data
based on the status (1) Transactional
and (2) Real-time.

Transactional Data

i.e., for an instance through an ERP system

or any other planning systems, etc.

Customer Order Management System
(demand variability, forecasting, etc.)
WMS (safety stock level fluctuations &
inventory snapshots, prebuild stock, in
transit stock, etc.)

TMS (transport cost variances, asset
utilization, speed data, etc. CO2
emission levels, etc.)

Shipment Management System (to

customer and inter-site flows

Real-Time Data

i.e., for an instance through IOT devices, or

any remote sensors, RFID tags, etc.

Sales representatives Entries for future
sales (good indication to set the
capacities, supply & demand balancing)
Weather data

Road traffic data (i.e., for transport re-
routing)

Disruption data (i.e., port congestions)

Rates (i.e., in case of premier freights)
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There might an interface in the business
such as an Application Programming
Interface (API) to synchronise and connect
all this data capture from multiple sources
and Business Intelligence (BI) tools as well
to do the data analytics and powerful

visualizations.

2 Update MDB Route to: Process 3 - Sub Process: N/A
Construct and enrich the modelling
database (MDB)

3 Alert OST team | Route to: Process 10 - Sub Process: N/A

Construct and enrich the modelling
database (MDB)

Table 5. 14: Description - Capture transactional & Real-time data

5.3.10 Monitor SC health & proactive experiments

To reap the full potential out of these OSTs, keep monitoringthe SC health alerts, analyze
the captured data, and proactively react with the necessary precautionary experiments is
very crucial. This way it provides broader visibility about the current risk exposure of the
supply chain network. Based on the pre-defined risk exposure tolerance level in the
business itwill route to either SCNRD (Re-design) over BFA or general experiments over
10, TO and SIM. This is how it starts the Optimisation and Simulation cycle again and
again for a continuous experiments culture in OST deployment to achieve SC resilience.
The figure below explains the process (see Figure 5.36) followed by the description table
of the same (see Table 5.15).
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5.3.10.1 The process

P10-Monitor $C health & proactive
experiments (MSCHPE)

h 4

Screen the SC health alert

Significance
level of the risk
exposure

Tollerence level
exceeds ?

Sub process: P6-Optimisation:
BFA (Re-Design Inventory & Transport
Perspective) (10&TO)

Figure 5. 36: Process - Monitor SC health & proactive experiments

5.3.10.2 The description

S.N. | Task Description & criteria to determine Deliverable
1 Screenthe SC |« According to the process based on the The
health alert tolerance level of risk exposure thatwill | significance
route to either Process 4: BFA or Process | level of the

6: NO: 10, TO and SIM.

Defining the risk exposure tolerance level
and deciding the basic criteria is dependent

on the business and its operational nature.

» Business strategic level decision makers
must predefine onwhich basis/level of

risk exposure
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significance of the SC health alert must
have to route for SCNRD (re-design)

+ Since this may be very costly and time-
consuming, demarcating what are the
major-medium-minor causes and which
decisions to be executed are very
important.

« Ingeneral, a high-level SCNRD will be
performed due to any significant strategic
to upper tactical network level causes.
This is where BFA perform (already

explained in the Process 4.

Table 5. 15: Description - Monitor SC health for practice

5.4 Conclusions

The optimisation is ideal when you consider the experiments at network level
configuration and flows. But for the operational level of rationality, variability, and
randomness; simulation provides numerous capabilities during the experiments in a very
transparent environment to see how the operational dynamics impact the supply chain
over time and achieve operational excellence. Therefore, a hybrid application is the best
approach which complements each other and should be applied as an optimisation and
simulation cycle which is the primary objective of the proposed. To enable such an
approach (1) the stack of technology & features, (2) process and cross-functional support,
(3) the right amount of skillset and especially (4) the right amount of data must be fully
geared with the defined business’s strategy which will intuit clear scope and objectives
for OST application and decision making. Since this framework is a complete guide in
such and raises the awareness of the full potential 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 designed and developed to check its robustness, the
validation process was vital. Especially due to the limitations and difficulty of finding a
real business or entrepreneur who is willing to apply this in their business decision-

making process.

The main objective of this external validation process was to obtain the subject and
industry experts' opinionsin terms of the overall clarity and the way Framework provides
clear instructions to the OST users as proposed. Then this was a concern and advised by
the examiner duringone of the internal viva examinations. The concerns were recognized

over responses; necessary refinements have been carried out successfully.

That was very helpful in finding a few areas where some gaps were identified, then
performingthe necessary modificationsand proposingthe framework much stronger over

the submission. Then definitely this will be very helpful over the vivaexamination too.

6.2 Validation strategy

6.2.1 Survey questionnaire (Psychometric scale)

The survey constructed was pre-tested with the supervisor to estimate the time roughly
how long it will take during the validation. Then based on the recognized criteria, some
modificationsto the survey were carried out. The survey consists 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 carried out in two ways as follows.
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e 1st|nternally: Conducted a demonstration of the entire framework to the supervisor
and modifications have been carried out over the feedback. This filtered and rectified

the inefficiencies which existed before sending it to the external validation.

e 2nd Externally: Conducted a Psychometric Scale survey questionnaire over 5 subject

and industry experts. Followings were sent along with the survey to provide a quick
and easy reference for their validation and obtain better output.
(1) A brief explanation of the Framework which contains below
a. Exiting key barriers in the application of OST in SCM and how the
Framework has addressed those and embedded the capability to overcome
such (see Figure 6.1).
b. How framework processes guide through step by step to reach the key
milestones in OST application and obtain the specific deliverables at the
end of each process (see Figure 6.2).
(2) The full-scale framework

(3) 10 key Processes and their descriptions

o ) Technology

People

mindset

xxxxxxxxxxxxxxxxxx

Process

‘‘‘‘‘‘‘‘‘

Figure 6. 1: Validation Strategy — Coded CED to show the relationship to OSTiISCM

212



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 OSTiISCM addresses the coded
barriers in CED
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6.3 Validation outcomes

6.

3.1 Responses

The captured responses were analyzed, and result visualization was performed by using
MS Excel® (see Figures 6.3 t0 6.8).

Analysis method

RESPONSES
OVERALL Ci Validator 1 Validator Validator : Validator 4 [ Validator:
B 3| E Bagg|E By g E B ylE S g|E Bd|E
SN OVERALL CLARITY OF THE FRAMEWORK SEE|z TEElZ 5 FHE = SHElz|2 R HHE
Ea 2|2 =<2 R R Ew<| 2] EERAN AN Eq<| 2| &
1 |The overall structure of the proposed framework is logical and systematic | 3 | 2 [ 0 1 1 1 1 1
2 |The framework has been presented in a concise manner 221 1 1 1 1
3 |Overallp is clear 3210 1 1 1 1 1
4 |Processes have been appropriately labelled 4 1|0 1 1 1 1 1
5 |Connections between sub-processes and main processes are clear 4 1[0 1 1 1 1 1
6 |Tasks provide clear instructions 3 2|0 1 1 1 1
7 |Flow is 4 | 1]0 1 1 1 1
B nfa
OVERALL CLARITY Validator 1 Validator 2 Validator 3 Validator 4 Validator 5
g 2| E|E EBgs|E|E By z E|E Fgaz E|E T EHE T HHE
SN PROVIDE CLEAR INSTRUCTIONS Eﬁ.%i: §§.!.,E= §§¥.3= EEES?-' §§55=’ EéiEf-'
" <|2| & S <|2| & Z1<|2|& ] mA<|Z|& gEi<|Z|&
1 |Integrate business strategy and model inta the OST scope & objectives. 3lz2[o0fa 1 1 1 1 1
3 1av a solid technology-process-people platiorm to stimulate the NN . B . B .
Fulfil the necessary data requirement into OST application over a well- 31200l i B . 1 .
structured database.
4 |Find the optimal locations to produce better service levels 4 1|00 1 1 1 1 1
5 [Construct a Robust baseline against which all optimisation and simulation [ , | | 1 1 1 1 1
can be carried out.
Testing the alternative choices for the optimal parameter configuration over 2 2110 1 a 1 1
the targeting Supply Chain Network Design (SCND).
Enabling a sound supply chain digital twin capabilities to test Realtime 3laola i i . . .
business dynamics
Assurance of collaborative and results driven platform through the solid
. " 4|1]0 |0 1 1 1 1 1
enterprise-wide 55 for a successful SCND 1
Stay a step ahead over future uncertainty and inject innovation into 2210 i ) . 1 .
|~ [business to stay competitive.
10 Meonitor 5C health, perform proactive experiments and sensitivity analysis 7 slolae 1 a i 1 a
to achieve SC resilience.
513400
ANALYSIS
OVERALL CLARITY
@
g
HFIEEH
SN 2|l &5 | ®
HRIEIE
'OVERALL CLARITY OF THE FRAMEWORK g
1 |The overall structure of the proposed framework is logical and 60 | 40 | O 0
2 |The framework has been presented in a concise manner 40 |40 [ 20 | ©
3 |Overall pri is clear 60 |40 | 0 | O
4 |Processes have been appropriately labelled 80| 20| 0|0
5 |Connections between sub-processes and main processes are clear 80 | 20| 0 0
6 |Tasks provide clear instructions 60 |40 | 0 | O
7 |Flow is unambiguous 80 20| 0 0
INSTRUCTION-WISE
%3 g E £
SN PROVIDE CLEAR INSTRUCTIONS E = § E
A% <|=z|8
1 |Integrate b strategy and model into the OST scope & obj 60 | 40 | O 0
2 Laya §O|ld technology-process-people platform to stimulate the |00
experiments
Fulfil the necessary data requirement into OST application over a well-
60 | 40 | O 0
structured database,
4 |Find the optimal locations to preduce better service levels 80 | 20| 0 0
Construct a Robust baseline against which all optimisation and simulation 60 |alolo
experiments can be carried out.
6 Testing the alternative choices for the optimal parameter configuration over 0|40 l20 | o
the targeting Supply Chain Network Design (SCND).
Enabling a sound supply chain digital twin capabilities to test Realtime
7 " 8 pRly B8l P 60|40 00
business dynamics
8 Assurance of collaborative and results driven platform through the sclid 0l2lolo
enterprise-wide awareness for a successful SCND implementation.
Stay a step ahead over future uncertainty and inject innovation into
g [Stavastep ut Y d 40 [40 |20 0
business to stay competitive.
Monitor SC health, perform proactive experiments and sensitivity analysis
10 ‘ b, p g s tvanalvsis a0 eo |0 | o
to achieve SC resilience.

Figure 6. 4: Analysing the validation responses
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6.3.2 Results visualization and discussion

Overall Clarity

OVERALL CLARITY OF THE FRAMEWORK

m Strongly, disagree Disagree w Neutral mAgree  mStrongly agree
FLOW IS UNAMBIGUOUS

80

= TASKS PROVIDE CLEAR INSTRUCTIONS
ENNECTIONS BETWEEN SUB-PROCESSES AND MAIN PROCESSES.. o
PROCESSES HAVE BEEN APPROPRIATELY LABELLED -

s OVERALL PRESENTATION ISCLEAR
v
TH

E FRAMEWORK HAS BEEN PRESENTED IN ACONCISE MANNER o

THE OVERALL STRUCTURE OF THE PROPOSED FRAMEWORK IS..

0,
0 10 20 30 40 A 50 60 70 80 90

Figure 6. 5: Validation results — Overall clarity of the Framework: Statement-wise

OVERALL CLARITY OF THE FRAMEWORK

_Disagree

MNeutral
. 0%

3%

® Strongly agree = Agree = Meutral © Disagree = Strongly disagree

Figure 6. 6: Validation results - Overall clarity of the Framework

It’s a good indication that 2/3 of a proposition strongly agrees with the overall clarity of
the framework. There is another almost closer to 1/3 proposition that confirmed that they
can stand as “’Agree’” which is also a good sign but provided some suggestions on where
to consider for the refinements. Then there is a very minor proposition which is that 3%
falls under “’Neutral’’ but taken this seriously into consideration to do some refinements
in terms of the presentation of the framework. No one stood by ’Disagree’” which

indicated a very good sign in terms of the overall clarity.
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PROVIDE CLEARINSTRUCTIONS BY FRAMEWORK
m Strongly diszgree Disagree wNeutral =Agree = Strongly agree
MONITOR SC HEALTH, PERFORM PROACTIVE EXPERIMENTS AND SENSITIVITY ANALYSISTO
ACHIEVE SC RESILIENCE.

STAY ASTEP AHEAD OVER FUTURE UNCERTAINTY AND INJECT INNOVATION INTO BUSINESSTO |
STAY COMPETITIVE.

ASSURANCE OF COLLABORATIVE AND RESULTS DRIVEN PLATFORM THROUGH THE SOLID
ENTERPRISE-WIDE AWARENESS FOR A SUCCESSFUL SCND IMPLEMENTATION.
ENABLING ASOUND SUPPLY CHAIN DIGITALTWIN CAPABILITIES TO TEST REALTIME BUSINESS
DYNAMICS
TESTING THE ALTERNATIVE CHOICES FOR THE OPTIMAL PARAMETER CONFIGURATION OVERTHE |
TARGETING SUPPLY CHAIN NETWORK DESIGN (SCND).

CONSTRUCT A ROBUST BASELINE AGAINST WHICH ALL OPTIMISATION AND SIMULATION
EXPERIMENTS CAN BE CARRIED OUT.

o FIND THE OPTIMAL LOCATIONS TO PRODUCE BETTER SERVICE LEVELS

FIL THE NECESSARY DATA REQUIREMENT INTO OST APPLICATION OVER A WELL-STRUCTURED
= DATABASE.

LAY A SOLID TECHNOLOGY-PROCESS-PEOPLE PLATFORM TO STIMULATE THE EXPERIMENTS

INTEGRATE BUSINESS STRATEGY AND MODEL INTO THE OST SCOPE & OBJECTIVES.

Figure 6. 7: Validation results — Clear instructions provided by the framework:
Instruction-wise

OVERALL: CLEAR INSTRUCTIONS
PROVIDE BY FRAMEWORK

Neutral ___Disagree
4% = . 0%

mStrongly agree mAgree mMeutral w Disagree W Strongly dissgree

Figure 6. 8: Validation results - Overall Clear instructions provided by the Framework

It’s a good indication thata bigger proposition which is more than 60% *’Strongly Agree”
in terms of clear instructions provided by the Framework. There isanother 1/3 proposition
confirmed that they can stand as “’Agree’’ which is also a good sign but provided some
suggestions on 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 there is a very minor proposition which is 4% falls under
“Neutral”” but takes this seriously into consideration to do some refinements in the
framework. No one stood by “’Disagree’’ which indicated a very good sign in terms of
the overall instruction provided by the framework.
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6.4 Refinements

Based on the above results the refinements which have been carried out can be described
briefly in two ways. Before taking any modifications against the Baseline Framework

(Pre-Validation) all points were discussed in detail in the supervisor’s presence.
6.4.1 Overall clarity:

1. Presentation in a concise manner: Improvements were done by further squishing
the processes’ tasks, and abstracting the length of their labels to bring a more
concise manner into the framework (higher priority was given to this one since
there was a 20% response as ’Neutral”’

2. Further screening of all the processes which contain sub-process has been carried
out some sub-processes were renamed to provide collective / aggregated ideas by
the main Process.

3. Some tasks in the process were amended to provide clear instructions

6.4.2 Instructions provided by Framework:

These three Processes were highly concerned with refinements since responses have been

provided as “’Neutral’’ in providing instructions.

e P2-Leverage CSFs: Technology, Process & People (TPP)

o Few tasks were amended and able to provide much more detailed
instructions and highlight the significance of this process.

e P6-Optimisation: Network (NO), Inventory (10) & Transport (TO)

o Suggested some extra data fields in data tablesunder the Data requirement
subheadingto provide a clear idea abouthow OST users can bring in a
decentcomplexity to theirmodels by gearingup with more granular ‘‘Data
Fields’’ into their Modelling Database (MDB). This is the reason more
data fields were suggested over the NO before moving into very
specifically like inventory transport and their simulation. In this survey
responses provided a big contribution

e P9-Capture transactional & real-time data (CTRD)
o Thereweresome minor modificationsdone in this processaswell in terms

of data sources/types and how these can be connected through an API
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(Application Programming Interface) and then passed alert to the OST

team.

6.5 Conclusions

The validation process and results provided broader intuitions in how the framework
could have been finetuned further in terms of the overall clarity and the precision of the
instructions provided. All the possible refinements were executed successfully unless any
limitations associated with such have been described in chapter 7 under limitations and
recommendations for the future. Since it was not that difficult to embed the recognised
modificationsto the Baseline Framework (Pre-Validation Framework) that justified the
framework has been constructed with a solid foundation/approach. Therefore, it reflects
that the proposed framework is fully capable and supportive of any future developments
which take OSTISCM to the next level. In such as an improvement of the usefulness and

simplification bring in some automation into it is desirable.

218



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 addition. In the second
part how the depth of the research went in, the personal experience gained by using OST
and yet the limitation that exists within the research study is explained. Then finally, the
recommendations on how future work can be derived by bringing enhancements to this

novel framework are described.

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 reap the full potential return out the investment of time and cost over these tools. Itis
well-recognised that previous research works in OST have focused on the development
of frameworks which aim to improve some areas rather than taking the whole process of
the deployment cycle into accountwhich factually helps to embed these tools into any
business and decision-making process. If businesses can embed these tools in the cycle
which is well integrated from the business strategy point of view until a solid enterprise-
wide awareness to execute that well-experimented SCND or SCNRD strategy over OST

that’s the best path to reach the deployment maturity.

The business strategy should be well reflected within the OST scope and objectives. Then
in return, itwill provide a clear requirement specification of the right stack of OS Tools,
features and support which is mandatory, and the business must gear up throughout the

OST experiments.

Once the business is well geared with the right OST package then it’s all abouta well-
integrated process to follow, the skill set of the user and assurance of the mandatory data

in hand before execution of the project.

Then the well-scoped experiments done over a such 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 framework, OSTiISCM is moulded with that robustness which provides
a solid knowledge contribution to the OST community (either industry or academia) who
canusethisas aguide toachievingastate-of-the-art SCND to nourish asound operational
excellence in the application of OST. Therefore, the new knowledge distribution can be
grasped through this framework by existing businesses, entrepreneurs, researchers or
even students in a very multifaceted nature which can be illustrated in bullet points as
follows. The research was very successive from the point of contribution to knowledge
since all listed areas have been fully captured over 10 Processes within the proposed
OSTIiSCM.

Process in
) Area of knowledge
OSTiISCM
1 Integrate business strategy and model into OST scope & objectives.
5 Lay a solid collaborative technology-process-people platformto fuel the
experiments for a better ROI of OST.
3 Fulfilling the necessary data requirement into OST application over
constructing a well-structured enriching database.
A Find the optimal locations to cater to better service levels in the
concerned operating geography.
. Construct a Robust baseline against which all optimisation and
simulation experiments can be carried out with confidence.
6 Testing the choices for the optimal parameter configuration over the
targeting Supply Chain Network Design (SCND).
. Enabling a sound supply chain digital twin capabilities to test real-time
business dynamics
o Assurance of collaborative and results-driven platform for a successful
SCND implementation through a solid enterprise-wide awareness.
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Stay a step ahead over future uncertainty and inject innovation into

9
business to stay completive.
Monitor SC health and perform proactive scenario experiments and
10 sensitivity analysis for broader visibility of risk exposures to achieve SC

resilience.

7.2 Limitations

At the very initial stage of the research, the scope to design and develop this framework
is purely triggered by the identified gap in the existing research context. Then as moved
on, the local and international conferences, symposiums, and seminars attended through
the university, helped to pave a superb platform to build some interesting connections

among industrial and other academic personnel.

Inreturn, these connections helped by contributing to the survey questionnaire, interviews
and then even with the final validation process of the framework. On top of that, the
hands-on experience obtained by working on hypothetical model building provided very
pragmatic insights where this framework can help in both business’s perspective and

future research context.

But it is very limited and not straight forwards to convince a business or entrepreneur to

apply this proposed in their business decision-making process.

Thus, it can be recognized that the primary achievement of this research is provisioning
the novel idea of the structured approach for the future enhancement of academic space.
Also, forthe community of entrepreneurs who are willingto execute their novel business,
ideas into reality but need a solid framework to test and quantify their supply chain

strategy before any 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
regarding the amount of process and content that exists in the proposed framework. The
suggestions were about checking the possibility of reducing the amount of the stepwise
process and squishing the content into it. Suggestions were taken into consideration up to

some extentand able to merge a few processes and content.

But injecting a higher level of rationalization into some areas during that stage was
limited. So, it’s highly recommended to bring those improvements/alterations into the
framework in future developments. But significantly, any modifications taken 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 step-by-step guide with instructions yet in a graphical
format (paper-based) which the user must follow manually. So, businesses or users may
be fascinated by automated instructions rather than manual ones. In such a case, if the
proposed framework can be transformed into an automated Graphical User Interface
(GUI) as an application that will be very attractive and can embed more automated

features in it with which users can fast track the process.

For instance, if it’s a mobile application, users can simply select the current state of the
business and scope of OST over their decision-making requirement from just a simple
dropdown which will route them to the next step. The user can simply rate/define the
current strength within the business in terms of Technology, Process and People (skill
level) and the application will provide a well-customized stack of OS Tools, features, and

support with the required skill set.

Then the same can be applied in terms of data requirements and so on. So, its highly
recommended a transformation of this manual framework into a novel automated one

which will provide further enhancements in fast-tracking the user's process in decision
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making and preventing any errors which can cause following manually (i.e., missing any

step’s significant consideration/ suggestions under any subprocess).

Business operation-centric customization over data granularity

This proposal is not specifically targeted at any precise goods or service provisioning
industry. But the robustness embedded in it provides the capability and adaptability in
application in any operational environment. Fulfilling the data requirement into OST
business operations and their characteristics wise always varies and is very challenging.

This was another concern acknowledged over the validation outcomes.

Therefore, it’s highly recommended for the OST community who are fascinated to go
more granular operational finetuning in any precise product or service to reach a state-of-
the-art SCND, this can be adapted as per such scope. For an instance, any future
developments targeting 3PL service providers who are into business in provisioning just
space (distribution centre or warehousing facilities) their scope of the businessis limited
to inside 4 walls operation. So, the datarequirementis bounded to those operational assets

and logic that interact with each other.

Therefore, any future development can bring into the proposal by remoulding the way
businesses can ‘’construct and enrich the modelling database’’ as per their operational

characteristics’ data granularity and business logic.

Any further development over a new research outcome raises a sound awareness in both
academia and industry. Also, that stimulates the targeting community in the frequent
application of the same in either industry or academic space. As the author witnesses,
more success stories and enhancements which can be built upon this novel robust

framework will be very inspiringand motivational to take the OSTiSCM to the nextlevel.
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Appendix 1: Survey Questionnaire
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Use of Optimization & Simulation Tool: in Supply Chain Management

Introduction

Besearcher: Banjika Gunathilaks | Besearch Supervisor: Prof Terrence Perera

Eesearch Diesres: PhDD Framewoark for embeaddmg Optimisation & Simulation Tools m
Supply Chain Manazement
Porpose of the survey

I arn a PhDY candidate at the Sheffield Hallzm University, United Kingdom. It seems that most companies
use (piimization and Simulstien Teols (O5T) o address specific problems i dselation. These tools are
bardly embedded in design, operations, and enhancement of supply chains. Therefore, the proposed
research aim is to desizn and develop a framework to embed this Tools in Supply Cham Management. This
survey aims to oollect information on whers 5T have been used in supply chain managpement comtext and
what the existing bamiers over the deployment of these Tools.

As the subject / industry experts, [ uphly appreciate yoo taking not more than 10 minutes of your time to
caenglets this sarvey which will be very suppodtive towards my resesrch.

Confidentiality of data eollectsd

Thie persomal wlentifiable mfoemation collects here will be removed and deseribed &3 anonymous when i
cofnes o publeation n sddien to tis, plesse aote that a1l data i3 handled hete 0 accordance anth the
SHUREC {Sheffield Hallam Undversity Research Ethdcs Commitiee) standards and regulations during the
eatire Life oycle of survey.

Company Mame

Type af the Industry

Qualifications / if any

Tab Raole / Dhescrigtion
Length in this role ndostery

Comnfact / Email Address

Page | 1
Sheffield |Materialsand

Hallam Engineering

University | Research Institute
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Have you ever used simulation / optimization toalks or their applications fo delermineg?

Please mark your responaes for all sems iuﬂ:e:ablebalm'b].lpuﬂ:iﬂ.g:'nf'

Metwork

Right "size” of vour supply cham network (Size: No. of facilities)

Right "sites" of vour supply cham netvork (Sites: Locations))

Bight service levels

Imvemtory

Right itrventedy levels

Right inventory placements (i.e, Inventory at different locations)

Appropriate [mrentory policies

Transporiation and rowte

Chpreitnal mode of transportation for the supply cham (Mode)

Ciptimal level of transportation assets (Fleet)

The maost efficient rogtings (Roabe)

Ciperation analysis

D/ g £ wasehouze perfoamance snd masimaze the ubhiziton

Dwedivery perfonmance and customer satisfaction  arder folfilment

Workforce amalysis

Azzet’s uhhizsison / perforoemes

Right zmeuet of wedornce

Risk analysis (Dismptions and Besilience)

The level of sk in supply cham {Cuarrent / Fuhare}

Performance Improvement bevond KPI"s

Diedivery | Order fulfilmens

Sites / [ Warehouse performance

Sdergers and Acquisitions

Feasibility of sttes consolidation (Stnsctore)

Feambility of ranspart consolidation {Distributon)

lanovation and cooperate & Social Responsibility

Reducing the work foree and mamimize the s of aoiemation

Ewrircnmental sustamakbility (Anatyse / optimise the mpact on the environment)

Sheffield |Materials and
Hallam Engineering
University | Research Institute

Fage | 2
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What are the barriers do you see in implementing of simulation | optimizaticn tools in
companies?

D vou find the existing simulation ¢ optimizstion ools are fleable as per the today's besiness
needs?

Thank yvou fid completing this survey and coatribubieg 1o my ressach with your hofest opdnians ad
thoughtfisl sugeestions.

Page | 3
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Appendix 2: Semi-structured Interview

Questionnaire

Interview Questionnaire

Use of Optimization & Simulation Tools in Supplv Chain Management

Intraduction
Researches: Banpka Guaathilaka Reszarch Supenvisor: Prof. Terrence Perera
Research Dogres: PhD Framework for embedding Optimisation znd Simolation

Toals m Supply Chan Management

Purpose of the survev

I am a PhD candidate at the Sheffield Hallam University, Unrted Kingdom. As a part of my research, T
further mvestigate where and how the Optimization and Simulation Tools (O5T) bave been deploved in
Supply Chain Management (SCM) a0 any industry m ferms of (1) Application Domams'Areas (e, Supply
Chain Transport Cptimasation), (2) The Usage of the Tools and (3) The Barmers which prevent using or
reaping the full benefits out of these tools. It seems that most users vse OST m 3CM to address specific
problems m 1solation and these tools are hardly embedded in the Design, Operations and Enhancement of
supply chains life cycle. Therefore, the proposed research’s aim 15 to desien and develop a framework to
embed these 05T 10 SCM and deciston-making processes.

I hughly appreciate if vou could take some of vour valuable time to complete this surcey questionnaire
which will ba very supportive and strengthen the development of my novel framework whach wall be usefiul

as a reference for all tha users of OST in SChi.

Confidentiabity of data collected

The personal identifiable information collects here will be removed and described as anonymous when it
comes to publication. In additon to this, please note that all data 13 handled here 10 accordance with the
SHUREC (Sheffield Hallam University Research Ethucs Commurtes) standards and regulanons dusing the
entire life cyele of survey,

Name [ Company

Tyvpe of the Industry
Job Raole

Contact/ Email Address
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I vour apimions S statemends con be a bif descriptive, that would be very helpful for a depth aralysis

ard comtribure fmmensely for a successiud development af a novel framewark,

Q1 As at present, what do you think about the Optimization and Smmulation Tools (05T in the context of
Supply Chain Management (SCM Y7

Q2: What do you think about the awareness, skills and knowladge, process of deployment and the usage
of 03T among the SCM professionals at present?

Q3: What are the potential application domams of O5T 1 SCM? (Le., Supply Chain Design, Operation,
Be-Design Enhancerment)

Qd: What age the barriers which prevent usmg of reaping the full potential out of thess 05T in SCM? (1.e,
People, Process, Techoology, Data)

Q5 Among what vou listed (In the answers of Q4) may I ask you 1o rank the barriers from most to least
and reasoong why?

Qf: What do you think about the requrement and sipmficance at preseat for 2 Bobust Framewerk which
OST users can use a8 a Reference i terms of SC Design, Operation & Re-Design?

Thank vou for completing this suwrvey and contitbuiing o my research with vowr honest opirnons and

thoughtful suggesions
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Appendix 3: Validation Survey Questionnaire

Survey Questionnaire

Validation of the proposed Framework **QSTiSCM™*

(Optimisation and Simulation Tools in Supply Chain Management)

Introduction
Bessarcher: Ranjika Guaathilaka Besearch Supervisor: Prof. Terrence Perera
Research Degree: PhD) Brsearch Tile: Framework for embedding Optimisation
and Sunulanon Tools in Supply Chan Management
Purpose of the sunvey

I & a PhD candidate at the Sheffield Hallam Unsversity, Umted Eingdom My research was focused on

design and develop a framework to embed Optonesation and Simuolation Tools (05T} i Supply Cham

Management (SCM). It seems most of the businesses vet use these tools for specefic problems in isolation |
rather use them in thear entire cyele of busiess decmsion making process m the context of SCM. Thus, the

proposed framework ORTISCK can be vsed by them as a complete puide to embed these Tools in their

business decision making process to achieve the operational excellence and supply chain resiliznce

As the subject / industry experts if vou could please take some of vour valvable time to validate this
framework by completing the attached psychometric scale survey that will be very supportive and
strengthen the necessary refinements to be done prior to it goss for the final submission.

The appendices anclozed herewith illustrares the full framework can listed as follaws.

1. A bref explanation about the Framework (Existing barmier and how Q3T15CM have addressed
them)
The full-scale Framework

]

3. 10 key Processes and their descriptions

Confidentiality of data collected

The personal sdeanfisble mformation collects here will be removed and described as enoaymous when 1t
comes to publication. In addston to thas, please note that all data s handled here s accordance with the
SHUREC (Sheffizld Hallam Unrversity Ressarch Ethics Committes) standards and regulations during the
entire lif= cvele of survey.
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Bespondent's information

Mame / Company

Industry

Job Role

Please mark rating by putfing a X7

OVERALL CLARITY OF THE Stongly | Agree | Neural | Disagree | Strongly
FEAMEWORK agres dizagres
1 | The overall structure of the proposed
framewrork 15 logical and svstematic
2 | The framework has been presentsd in a
CONCISE MANNET
3 | Dwvesall presentation 15 clear
4 | Processes have been appropriately
labellad
3 | Comnnections between sub-processes amd
Trfin processes are clear
& | Tasks provide clear mstrictions
T | Fleww is unambiguous
Page | 2
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FRAMEWORK PROVIDE CLEAR Strongly | Azres | Weumal | Disagees | Swongly
.
INSTRUCTIONS TO: e i

1 Integrate business strateqy and model o
the O5T scope & objectives.

b

Lay a solid technolopy-process-people

platform to stimulste the experiments

3 Fulfil the necessary data requirement into
05T apphcation over well-structured
database.

4 Find the optimal lecations to produce

better service levels

[¥]

Construct a Eobuost baseline agaunst whech
all optumisation and simulation

experiments can be carmied out.

L] Testing the alternanve chowes for the
optunal parameter configuration over the
targeting Supply Chain Network Design
(SCMD).

-1

Enabling a sound supply chain digital fwin
capabilitizs to test Realtimes business

dynamics

& Assurance of collaborative and results
drven platform throwgh the solid
enterprise-wids swaremess for a succeasfl

SCND amplementation.

g Stay a step ahead over future uncertainty
and inject mnovation mto business to stay

competitive.

10| Monitor SC health, perform proactive
experiments and sensitrvity analvsis to

achieve 5C resilience.

Thank vou for completing this survey and contributing to my research with your honest

opinion.
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