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This book develops a robust optimisation decision-support system and an 
artificial intelligence machine-learning algorithm to determine strategies 
and operations for the corporate governance and supply chain manage-
ment game (a principal–agent game) that can provide optimal outcomes 
for corporations in supply chain management, risk management and firm 
performance. It achieves this through managing agency problems for op-
timal decision-making under uncertainty by adopting corporate gover-
nance principles and mechanisms.

After recent bankruptcies and financial crises arising from failures in 
dealing with problems of agency relationships and other external uncer-
tainty factors, risk management is now a priority not only in good cor-
porate governance practices but also in supply chain management across 
different industries. This raises important questions about how companies 
should take account of such risk management and resolve agency prob-
lems from good corporate governance practices and uncertainties in sup-
ply chain management. In some circumstances, principles and policies are 
difficult to interpret in supply chain operations, are not properly exhibited 
in strategic plans and cannot be broadly applied for the long-term benefit 
of the company. These provide the need for a new effective framework 
and a corresponding model that can address the issues of agency problems, 
risks and uncertainty by considering corporate governance in supply 
chain management. At present, no satisfactory study addresses the above 
issues. The existing discussions on the relationships between corporate 
governance principles and supply chain management are not explicitly 
based on game theory and robust optimisation foundations.

The recent trend in decision-support system modelling is to integrate ana-
lytics (analytical modelling) and intelligent systems to make decision-making 
and analysis more robust and accurate (Sharda, Delen & Turban 2021). Math-
ematical and statistical methods of artificial intelligence (especially that of 
machine learning) have not been adopted to study the issues of the relation-
ships between corporate governance principles and supply chain management 
and for risk management and decision-making in supply chain management.

To overcome these deficiencies in the existing literature, this book de-
velops a new collaborative robust supply chain management and corporate 
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Preface ix

governance (RSCMCG) framework that adopts a  principal–agent game 
theory framework and incorporates good corporate governance practices 
for risk management strategies and decision-making under uncertainty. 
This is implemented by an artificial intelligence RSCMCG model and 
algorithm to support strategic decision-making under uncertainty. It 
shows the superiority of applying the artificial intelligence in robustness 
and optimality for pursuing better supply chain performance by incor-
porating good corporate governance practices. The artificial intelligence 
 RSCMCG model is applied to a hypothetical case study and is compared 
with other methods to present its superior results and application.

Despite the limitations of some results, the RSCMCG model provides 
mechanisms and incentives for minimising agency problems through op-
timal supply chain solutions and risk management strategies that support 
the company to achieve long-term benefits and maximise shareholders’ 
interests while maintaining robustness in an uncertain environment. As 
the model is developed as an artificial intelligence algorithm, it is superior 
and more effective for risk management and decision-making and can be 
integrated with possible automated enterprise resource planning intelli-
gent systems. This book also investigates the impact of good corporate 
governance practices on the company’s financial performance.

This book provides a practical guide and an artificial intelligence al-
gorithm for supply chain managers making decisions under uncertainty 
when managing operations and risks. It provides a machine-learning algo-
rithm framework and methodology for those who wish to further explore 
incorporating supply chain management with corporate governance for 
improved supply chain management and financial performance and inte-
grating this machine-learning algorithm in the possible automated enter-
prise resource planning.

This book makes the following significant contributions, among oth-
ers, to knowledge in the areas of supply chain management and decision- 
making and risk management in supply chain operations:

1  This book provides the first innovative, comprehensive analysis and 
analytical robust optimisation modelling of the relationships between 
corporate governance principles and supply chain management for 
risk management and decision-making under uncertainty in supply 
chain operations.

2  This book provides the first artificial intelligence and machine-learning 
algorithm in risk management for supply chain management in relation 
to decision-making under uncertainty in supply chain operations.

3  This book provides a new comprehensive analysis and analytical 
robust optimisation modelling of, and an artificial intelligence and 
machine-learning algorithm for, the relationships between corporate 
governance principles in supply chain management under uncertainty 
and company’s financial performance.
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Definitions of decision variables and parameters in the 
proposed model

B t safejk( )   safety inventory level for distribution centre j for item k at 
time period t

CAP fack(0)   manufacturing capacity of a factory to produce item k at 
the beginning

CAPINVjk   inventory capacity of the distribution centre j for item k
CAPQTRmn   capacity restriction at shipping line from m to n during 

time period t

Acronyms and abbreviations
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MA and
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D t

Mk
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D t
Mk

i
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Z s
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ries or accounts receivable at time period t
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B t safejk( )   safety inventory level for distribution centre j for item k 
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CAP fack(0)   manufacturing capacity of a factory to produce item k at 
the beginning

CAPINVjk   inventory capacity of the distribution centre j for item k
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CAPQTRkmn
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C tCG
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C t AC( )   agency cost at time period t
C t ALL( )   total cost includes supply chain operational expenses and 

agency cost in this study at time period t
C t Bc( )   bonding cost at time period t
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C t MA( )   manufacturing cost at time period t
C t MAk( )   total manufacturing cost for item k at time period t
C t

MA and( ) exp   expenses on the expansion of the new production line at 
time period t

C t
MA and

k
( ) exp   expenses on new production line expansion for item k at 

time period t
C t Mc( )   monitoring cost at time period t
C t Rc( )   residual cost at time period t
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at the beginning
c MAk(0)   manufacturing cost per unit of item k at the beginning
c soldk(0)   sold price per unit of item k at the beginning
c TRkmn
(0)   shipping cost per unit of item k from place m to n at the 

beginning
c t invjk( )   inventory cost per unit of item k in distribution centre j 

at time period t
c t MAk( )   manufacturing cost per unit of item k at time period t
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MA and
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time period t

c t soldk( )   sold price per unit of item k at time period t
c t TRkmn
( )   shipping cost per unit of item k from place m to n at time 
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D t

Mk
i( )   demand for item k from the market Mi at time period t

D t
Mk

i
s( ) ( )  demand for item k from the market Mi at time period t  for 

scenario s
EBIT t( )  earnings before interest and taxes at time period t
FCnew  investment into fixed assets at time period t
i t IrD( )   interest rate of company’s long-term debt at time period t
IT t year( )   inventory turns at time period t
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K t D E( ) /   maximum allowed debt-to-equity ratio at time period t
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LAqMAk   labour required to finish packaging item k at time period t
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P qMAk(0)   packaging capacity for production k at the beginning
P t qMAk( )   packaging capacity for production k at time period t
Rrmk   the availability limitation on the raw material provided 
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R t DE( )   debt-to-equity ratio at time period t
R t lak( )   labour available for producing item k during time period t
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R t ROA( )   return on asset ratio at time period t
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rinvj   annual increasing rate of inventory cost per unit at the 
distribution centre j

rTRmn   annual increasing rate of transportation cost per unit at 
the shipping line from place m to n

rsoldk   annual increasing rate of sold price
TA t( )  total assets at time period t
TD t( )  total debt at time period t
X t invj

s( ) ( )  ending inventory of the distribution centre j at time pe-
riod t  for scenario s

X t invjk( )   ending inventory for item k of the distribution centre j at 
time period t

X t qMAk( )   production quantity of item k at time period t
X t

qMAk
i( )   quantity of material i for item k at time period t

X t rmk( )   raw material requirements from manufacturing factories 
for each item k at time period t

X t rmki( )   raw material i required for item k at time period t
X t soldk( )   sold quantity of item k at time period t
X t invjk−( 1)   ending inventory of the distribution centre j for item k at 

time period t − 1, equal to starting inventory of the distri-
bution centre j at time period t

X t invj
s−( 1) ( )  ending inventory of the distribution centre j for item k at 

time period t − 1, equal to starting inventory of the distri-
bution centre j at time period t  for scenario s

Y Ex t qMAk−( )   expansion quantity decision for the production line to 
produce item k at time period t

Y t qMAk( )   final manufactured quantity of item k after production 
line expansion at time period t ; it equals to X t qMAk( )  if 
there are no expansions in production line plan

Y t qTRmn
( )   total shipping quantity amount from place m to n at time 

period t
Y t qTRkmn

( )   shipping quantity of item k from place m to n at time pe-
riod t  after extension

Y t qTRkmn
s( ) ( )  shipping quantity of item k from place m to n at time pe-

riod t  after extension for scenario s
Y t qTRi

kmn
( )   shipping quantity of item k from place m to n by shipping 

agent i at time period t
Z1  penalty factor for the over-capacity manufacturing
Z2  penalty factor for the unsatisfied demand
Z s

2
( )  penalty on the scenario s that has unsatisfied demand

Z t CA( )   current assets; refers to liquid assets such as cash, invento-
ries or accounts receivable at time period t

Z t CL( )   current liabilities; refers to short-term liabilities such as 
accounts payable or payroll at time period t
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Z t D( )   dividends paid to shareholders at time period t
Z t E( )   equity refers to the value of shareholders’ interests in the 

firm at time period t
Z t FA( )   fixed assets; refers to illiquid assets such as plants or equip-

ment at time period t ; intangible assets, such as customer 
goodwill or a cadre of superior design engineers, among 
the fixed or current assets are not included here

Z t Inv CA( ) /   investment from current assets at time period t
Z t L( )   long-term debt; refers to long-term bank loans or bonds 

at time period t
Z t PR( )   after-tax profits at time period t
α ik   the coefficient for item k produced by factory i
βik   the coefficient for item k has been shipped through ship-

ping agent i
δ t D E( ) /   the rate of agency cost to total cost from debt-to-equity 

ratio at time period t
δ t ITR( )   the average industry ratio for inventory turnover at time 

period t ; or the targeted inventory turns ratio that the 
company sets for time period t

δ t IRG( )   the average industry revenue growth ratio at time period t
δ t Lev( )   the upper line of leverage from company management 

during time period t
δ t ROA( )   the rate of agency cost to total cost from ROA ratio at 

time period t
γ t( )  reducing rate of agency cost at time period t

t invκ( )   the maximum rate of investment from the current asset at 
time period t

λ t EB L( ) /   the times in which EBIT t( ) is as large as ∗i t Z tIrD L( ) ( )  at 
time period t

λ t WC( )   minimum working capital available to the company as a 
function of current liabilities during time period t

θkmn   the proportion of total shipped amount for each shipping 
line from place m to n of item k

ξ ( )t ISRATIOk
  ISRATIO (operating margin) of the company associated 

with item k
ξ ( )′ t ISRATIO  ISRATIO (operating margin) of the average industry 

level
∆  denotes the change of the variable during the time period t

Z t FA∆ ( )   change amount on the fixed asset at time period t
Z t L∆ ( )   change amount on long-term debt at time period t
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Integrated supply chain management (SCM) entails holistic supply chain 
network decision-making for an integrated scheme with multiple oper-
ational procedures and divisions. In particular, risk management serves 
an indispensable role in the decision-making process—it is connected to 
other critical corporate governance factors, such as financial management, 
through shared risk exposure and interactive relationships within an in-
tricate corporate structure (Ai, Brockett & Wang 2013). As companies 
increase in size, the synergetic complexity of their governance increases 
both internally and externally, with no individual component insulated. 
Such relationships and corporate systems can be conducted with effi-
ciency and optimality; however, they can also be highly vulnerable to 
catastrophic failures such as world financial crises and other agency and 
information asymmetry problems and risks. To avoid corporate failures 
and crises caused by agency problems and other external factors, good 
corporate governance (GCG) mechanisms are essential for efficient SCM. 
One of the ultimate goals of corporate governance is to maximise share-
holders’ interests while maintaining a company’s long-term interests, with 
risk management playing an indispensable role. Motivated by these chal-
lenges, this book integrates SCM, corporate governance and risk manage-
ment strategies for GCG practices by applying an optimisation framework 
to a hypothetical company’s decision-making process for the purpose of 
maximising long-term profit.

Corporate governance practices and risk management strategies need to 
be incorporated into an integrated supply chain model. The model should 
be designed to maximise company profit and manage risk by incorporat-
ing corporate risk management strategies such as reduced agency cost as a 
proxy of GCG practices in supply chain operations. This is followed by the 
application of robust optimisation to accommodate uncertainty.

To improve decision-making under uncertainty in the management of 
a company’s supply chain, this book first presents a systematic SCM and 
corporate governance framework (robust supply chain management and 
corporate governance [RSCMCG] framework) suitable for assisting man-
agers with making strategic decisions about integrating SCM with risk 
management. Second, this book constructs an integrated mathematical 
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optimisation model correlating SCM as one aspect of corporate man-
agement with financial management and risk management. This model 
features many material flows of the supply chain: production, inventory, 
warehousing, distribution and marketing, as well as financial management 
such as balance-sheet analysis. Finally, the model is solved by using a novel 
robust optimisation approach. As an application, this model is to be used 
to assist one hypothetical company with decision-making in an uncertain 
environment and provide a stable, risk-averse solution that minimises risk 
while maximising profit.

Research background

As many companies have developed a global market and collaborative 
supply chain networks, SCM has become an essential part of company 
governance, with optimal supply chain operations significantly improving 
company profit. For example, using an interactive approach for analysing 
an optimisation model, Procter & Gamble was able to save over $200M1 
(Camm et al. 1997). Cerester, Europe’s leading manufacturer of wheat 
and corn-based starch products, implemented an optimisation modelling 
system that increased average daily production by 20%, leading to annual 
benefits in excess of $11M (Rajaram & Jaikumar 1999).

Although well-developed supply chain systems have demonstrated their 
success in resolving a range of business problems, risk and uncertainties in 
the environment may lead to business failure. For example, in March 2000, 
an unexpected strike of lightning hit a semiconductor manufacturing fa-
cility owned by Philips Electronics and made the plant shutdown for sev-
eral weeks. This plant was the sole source of critical semiconductor devices 
used by Ericsson to produce handsets, but there were no contingency plans 
in place to find alternative devices, costing Ericsson $400M in lost revenue 
(Labbi 2004). Further, because of weaknesses in addressing risk, in 2008, 
Lehman Brothers Holdings Inc., the fourth-largest investment bank in the 
United States at that time, declared bankruptcy on 14 September (Mamudi 
2008). This was caused by their failure to find a buyer during the financial 
crisis, which was triggered by a series of bank and insurance company fail-
ures. Subsequently, global credit markets came to a standstill and required 
unprecedented government interventions. Samuelson and Marks (2006) 
warned that because of these unnecessary costs arising from risk, risk man-
agement is becoming a pervasive part of big business. Consequently, the 
need to address risk and uncertainty at the decision- making stage of stra-
tegic planning has become increasingly important given that corporations 
are profit-pursuing enterprises with goals that include growth, efficiency 
and profit maximisation (Merna & Al-Thani 2005).

As a result of frequent bankruptcies and financial crises arising from fail-
ures in dealing with agency conflict problems and other external uncertain-
ties, risk management is now a priority in GCG practices. The Committee 
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on the Financial Aspects of Corporate Governance (1992, p. 11) described 
the role of corporate governance in good firm performance as follows:

The country’s economy depends on the drive and efficiency of its 
companies. Thus the effectiveness with which their boards discharge 
their responsibilities determines Britain’s competitive position. They 
must be free to drive their companies forward but exercise that free-
dom within a framework of effective accountability. This is the es-
sence of any system of GCG.

This range of financial crises and corporate failures across different in-
dustrial companies has raised the need to consider corporate governance 
in SCM, especially for risk management, to manage uncertainties during 
decision-making processes, which is the focus of this book. The strate-
gic planning of the hypothetical company designed by this book will 
also balance the conflict between supply chain managers and company 
 shareholders—conflict caused by their different interests—to achieve long-
term benefits while keeping operations optimal and practical. Specifically, 
it aims to achieve sound decisions by integrating corporate governance and 
SCM for risk management using robust optimisation under uncertainty.

This chapter first provides an overview of the main areas relevant to this 
study (SCM, corporate governance and risk management) together with 
the limitations of the existing research. It then discusses the objectives of 
conducting this research, clarifies the research type and proposes three 
main research questions. Next, it presents the conceptual framework used 
in this book. It explains the robust optimisation methods applied in the 
study and introduces the simulation software implemented to solve the 
problems and the data sources for the hypothetical case study. Finally, it 
states the research contribution and introduces the structure of the book.

Introduction to supply chain management, corporate 
governance and risk management

To discuss the integration of SCM, corporate governance and risk man-
agement in an optimal plan for better supply chain networks, this section 
provides an overview of SCM and relevant corporate governance and risk 
management. Analysing the background and context of these areas es-
tablishes a comprehensive framework for their integration in decision- 
making under uncertainty.

Supply chain management

In the fast-growing global market, good SCM has become essential for 
developing sound corporate strategies. SCM has a scheme of operational 
chains that include flows of materials, information and cash throughout 
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the process, from raw material suppliers to component manufacturers, fi-
nal assemblers, and distribution to warehouses and retailers. In this pro-
cess, multiple inventories are coordinated before they ultimately reach 
customers (Gass & Harris 2001). The effective management of integrated 
supply chains requires conscious and continuous efforts from all partici-
pating companies. These companies also rely on the suppliers and custom-
ers who work together to optimise the creation, distribution and support 
of an end product (National Research Council 2000). As Zaremba et al. 
(2003) explained, the aim of the supply chain is to link different func-
tions and entities within and outside the company, joining together a large 
number of partners and customers—these include manufacturers and parts 
suppliers, logistics suppliers, wholesalers and retailers.

To maximise the holistic value to achieve competitive advantages, the 
supply chain is actively managed by a firm or group of firms to operate in 
the most effective and efficient way (Bozarth & Handfield 2005). For ex-
ample, decisions are required regarding how many manufacturing plants 
are needed, where to increase the number of manufacturers and in what 
area they should be located for maximum convenience and minimum cost.

An integrated SCM configuration includes not only operational man-
agement but also financial management, where the capital value is the most 
direct way to measure performance. By integrating financial management 
in the supply chain, the firm can increase its value and reduce its costs to 
gain competitive strength. Here, cashflow is used as an indicator to assess 
whether the strategic planning of SCM is efficient (Stock & Lambert 2001).

Interaction between corporate governance and supply chain 
management

Supply chain performance refers to a firm’s operational performance, and it 
plays a key role in creating firm value. While GCG practices can improve 
firm performance (Wang & Sami 2011), an investigation into the ways in 
which GCG practices can be integrated into SCM to improve a company’s 
long-term decision-making, even under uncertainty, will be of value.

According to Stone, Hurley and Khemani (1998), corporate governance 
refers to the rules and incentives under the direction and control of com-
pany management to maximise profitability and achieve long-term value 
for the firm and its shareholders. A company’s corporate governance struc-
ture influences several aspects of its business model, including setting com-
pany goals and establishing how to meet them, monitoring and assessing 
risk, and optimising performance (Australian Securities Exchange [ASX] 
Corporate Governance Council 2007). This structure also plays a key role 
in determining the cost of capital in the current global capital market 
(Brown & Gørgens 2009).

There are three mainstream theories for corporate governance: steward-
ship theory, agency theory and market theory (Calder 2008). In relation to 
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the SCM of this study, agency theory is applied to improve supply chain op-
erations management. Agency theory deals with principal–agent problems 
and conflicts of interest between managers (agencies) and shareholders (prin-
cipals) in the company (Calder 2008). Although both supply chain managers 
and the board work for the same company, they have different views on 
company decision-making because of information asymmetry and differ-
ent perspectives. Supply chain managers are responsible for SCM imple-
mentation, reflected as the physical flow and relevant assets of the company 
and their interests based on annual profits, which can lead to short-term 
 decision-making. Conversely, the board is responsible for corporate gover-
nance mechanisms and long-term company benefits. As a result, conflicts of 
interest can arise between managers and the board that may obstruct the de-
velopment of the company. These inconsistent interests between the agency 
and principals can lead to agency cost. In fact, these types of agency cost 
regarding cooperative efforts can arise in any situation (Jensen & Meckling 
1976), particularly in the context of supply chains. This agency cost includes 
monitoring the expenditures of principals, the bonding costs of agents and 
residual loss of the company, all of which arise from the divergences between 
agent and principal. This creates risks in company governance that must be 
managed at the beginning of decision-making (see Figure 1.1).

An important aspect of the agency problem is risk aversion, which leads 
to residual loss. Managers normally have a risk-averse preference that may 
lead to lower profits caused by conservative investment decisions (Drever, 
Stanton & McGowan 2007). For example, in supply chain operations, a 
manager could choose a lower risk production plan for waste expense that 
then creates a shortage in supply. Company projects that bring in higher 

Company Performance

Long-term Strategic
Decision Making

Corporate Governance

The BoardManagers

Supply Chain Management

Business/Company
Daily Operations

Figure 1.1 Company governance with SCM.
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profit normally have higher risk and a probability of failure, leading to 
the concern of how to balance risk and profit to create an acceptable risk 
profile. Here, an effective way to measure and model a risk–profit relation-
ship is through mathematical modelling that technically works out stable, 
optimum solutions. This kind of modelling can address potential problems 
that may occur because of the separation of management and ownership 
in the company and clarify how this agency issue can be incorporated into 
the strategic decision-making process.

Risk management and decision-making under uncertainty

The ASX Corporate Governance Council (2007) states that effective 
corporate governance structures encourage companies to create value 
through entrepreneurialism, innovation, development and exploration 
and to provide accountability and control systems commensurate with 
the risks involved. According to ISO 31000:2009 (International Standards 
Organisation 2009), risk management is a process that includes identify-
ing, assessing and prioritising risks that affect the uncertainty of objec-
tives, which is followed by a coordinated and economical application of 
resources to minimise, monitor and control the probability and/or impact 
of unfortunate events or to maximise the opportunities’ realisation. In 
ideal conditions of risk management, a prioritisation process is followed in 
which risks with the greatest loss and highest probability of occurrence are 
handled prior to those with less loss and lower probability of occurrence. 
However, although such prioritisation can be very difficult and costly, 
risks should be under control regardless, with trade-offs between risk 
management and profit goals considered at the strategic planning stage.

Risk is defined as a chance or possibility of danger, loss, injury or other 
adverse consequences (Moore 2004). In relation to management account-
ing and corporate financial management, which are applied in the Char-
tered Institute of Management Accountants’ official learning system, risk 
is considered a condition in which there exists a quantifiable dispersion in 
the possible outcomes of any activities (Collier & Agyei-Ampomah 2008). 
Risk may come with uncertainties, but although they are related, they 
are not the same (Mun 2010). Uncertainty refers to the variables that are 
unknown and changing, whereas risk is more structural, with the assigned 
probability distribution of performance measures (Aven & Renn 2010). 
That is, risk may be estimated as the possibility of loss in the researched 
objective, and it is seen as the outcome of uncertainty. Conversely, risk can 
become an opportunity if uncertainties are well managed and return with 
good results. However, whether a probability distribution can be applied 
objectively in real life is arguable (Aven & Renn 2010). Even if the simu-
lated distribution function dovetails well into historical data, it is not cer-
tain to follow the same trend in the future. Therefore, as risk should not be 
distinguished as separate from uncertainties, modelling under uncertainty 
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in SCM can capture the changeability and vitality of the real world, thus 
attracting researchers’ interests. Incorporating risk management into com-
pany governance can yield subsequent results in value creation while re-
ducing the costs of financial distress, thus maximising value from volatility 
in the firm’s environment (Léautier 2007).

Limitations of existing studies in supply chain management, 
corporate governance and risk management

A diverse range of studies have developed models for SCM practice, mainly 
focusing on the areas of operational management and networking perfor-
mance while paying more attention to instant achievement and short-term 
benefits. As a result, most optimal supply chain models have developed 
features aiming at solving and handling short-term operational planning 
that are seldom useful for long-term strategic planning. These studies are 
examined in detail in Chapter 2. However, currently, no satisfactory study 
has addressed the issues discussed in the above sections. The existing dis-
cussions of the relationships between corporate governance principles and 
SCM are not explicitly based on the game theory foundation.

The recent trend in decision-support system modelling is to inte-
grate analytics (analytical modelling) and intelligent systems to render 
 decision-making and analysis more robust and accurate (Sharda, Delen & 
 Turban 2021). Mathematical and statistical methods of artificial intelli-
gence (especially that of machine learning) have not been adopted to study 
the issues of the relationships between corporate governance principles 
and SCM and for risk management and decision-making in SCM.

As corporate governance is concerned with a company’s long-term ben-
efits, the impact of its factors on company performance has been well 
investigated using regression models in a range of studies. Similar studies 
have investigated the significant role that risk management can play in 
the decision-making of a company’s supply chain process. However, these 
studies have not paid much attention to the integration of SCM and cor-
porate governance, nor to the interactive impact of SCM and corporate 
governance on a company’s long-term profit. Reviewing the literature 
reveals an apparent deficit in theories and methodologies that connect 
corporate governance principles with SCM models in decision-making, 
especially in relation to the area of risk in a global and integrated fashion. 
Company practice has tended to isolate decision-making processes by as-
signing corporate governance tasks to people sitting on the board while 
leaving SCM decisions to technicians, resulting in significant lags in com-
munications and inefficiency in business decisions.

As the main purpose of corporations is to accumulate capital to enable 
high-cost business ventures to be undertaken, risk management becomes 
a significant issue (Gaffikin 2008). However, previous studies have seldom 
considered the uncertainties present at the strategic decision-making stage 
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in a company’s SCM. As most companies use inadequate cost- minimisation 
methodologies, they tend to have inaccurate information when identify-
ing their profit-maximising global production and distribution plans.

Applying robust optimisation from the Mulvey mean-variance and 
penalty function in the objective function is limited in its computational 
burden and is consequently prevented from having a wider application. 
Instead, this study considers a profit and equity maximisation model to 
evaluate decisions explicitly. In particular, this book investigates issues 
governing the hypothetical company and focuses on modelling supply 
chains with GCG practices concerning risk management to maximise 
profits and minimise risks, aiming to achieve optimal strategies satisfying 
stability and efficiency in management. Consequently, though quite chal-
lenging, it is worthwhile at the margin to integrate SCM with corporate 
governance for risk management.

Research objectives

The objectives of this book are to develop decision-support systems and 
artificial intelligence to formulate the strategies and operations of the cor-
porate governance and SCM game that can provide optimal outcomes for 
corporations in SCM and firm performance through managing agency 
risks and other forms of risks for optimal decision-making under uncer-
tainty by adopting corporate governance principles and mechanisms.

Risk management has always been a key governance issue (Calder 
2008), and although an optimal supply chain system can help firms save 
costs, the failure to manage risk effectively can easily defeat this objec-
tive. Previously, researchers have identified corporate governance factors 
such as financial data and agency cost, relevant data for both influences 
on company performance and interaction relationships. These have been 
separately discussed using numeric models or investigated through econo-
metrics methods. However, these factors have not yet been quantified in 
strategic planning for the standardisation and optimisation of risk manage-
ment, particularly in SCM. In this context, incorporating GCG practices 
for risk management strategies into the supply chain model can develop a 
better supply chain network for the company and improve the company’s 
performance.

This research focuses on risk management strategies for stable inter-
nal development of the company and external network collaborations 
among supply chain partnerships for long-term benefit while considering 
decision-makers’ risk appetite and tolerance factors through optimisation 
modelling. The risk-based analysis framework of a supply chain is pro-
posed later in this chapter (see ‘Conceptual framework’) and discussed 
in detail in Chapter 3. Through risk management, managers can make 
strategic decisions with risk aversion for the company to prevent financial 
loss in uncertain environments. Therefore, this book aims to develop a 
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comprehensive framework for using risk management in the integration 
of SCM and corporate governance. The primary research objective is to 
build an integrated optimal SCM model that incorporates GCG practices 
for risk management strategies into formulations for dealing with uncer-
tainties through a robust optimisation approach. The book’s other objec-
tives are as follows:

1  Establish a novel systematic and sustainable framework that integrates 
corporate governance and SCM for risk management. In particular, 
GCG practices and principles are considered in this framework.

2  Develop the proposed framework into an integrated model, includ-
ing operational factors and cashflow in an uncertain supply chain en-
vironment. The supply chain risk management strategies have been 
combined in the model to manage the fluctuating environment in the 
supply chain.

3  Examine and analyse parameters and uncertainties that affect  decision- 
making to achieve GCG and stable supply chain performance. Specifi-
cally, factors such as agency cost and risk aversion are incorporated into 
the objective function of balancing the cost and profit while bringing 
in decision-makers’ risk preferences and constraints that reflect optimal 
risk management strategies.

4  Solve the problems using a robust optimisation approach conducted 
through the simulation developed in the Risk Solver Platform

5  Apply the proposed model to solving decision-making problems in 
a hypothetical case study to provide a robust optimal solution for 
company decision-making and corporate strategy recommendations. 
Comparisons in output results and solutions between the proposed 
model with deterministic optimisation and simulation optimisation 
approaches are also examined.

6  Provide a robust model framework for decision-making and present 
the way in which the model framework can improve the company’s 
supply chain performance and corporate governance and enhance 
broader industry performance.

In a compressed form, we can state that this book aims to achieve the 
following:

1  Develop novel conceptual, theoretical and numerical frameworks 
and models based on game theory to analyse issues of corporate 
governance and supply chain relationships for risk management and 
 decision-making under uncertainty in supply chain operations

2  Develop machine-learning models to design GCG in SCM and cor-
porate performance relationships

3  Design more effective corporate governance principles and mecha-
nisms that use game theory foundations and artificial intelligence and 



10 Introduction

machine-learning methods to enhance SCM, leading to the improved 
financial performance of corporations

4  Develop possible future artificial intelligence and machine-learning 
algorithms and models for emerging automated corporate governance 
and supply chain systems.

Research type and research questions

To achieve the above objectives, this study employs a combination of qual-
itative and quantitative methods in a predictive and exploratory manner. 
First, the interrelationships among SCM, corporate governance and risk 
management are explored to develop a new collaborative framework. Fol-
lowing the integration of these three areas, an optimal robust supply chain 
model incorporating GCG practices (RSCMCG model) is proposed to 
make better decisions and improve company supply chain performance. 
A hypothetical case study using both qualitative and quantitative math-
ematical methods is then employed to present the solutions and outputs 
achieved by the proposed model.

Based on the theories and previous research found in the literature, 
this research develops a new framework and quantitative model for 
 decision-making under uncertainty in the supply chain industry. The use 
of a predictive approach through an optimisation model deduced from the 
proposed RSCMCG framework is shown to improve supply chain perfor-
mance. In using an exploratory research approach based on a hypothetical 
case study to explore and examine this new framework for future appli-
cations in SCM, existing theories and concepts are used as the basis for a 
combination of quantitative modelling methods and qualitative analysis to 
improve SCM decision-making for corporations.

This study is designed to answer the following research questions:

1  How can SCM be integrated into GCG practices for risk management 
in a systematic framework to achieve an improved supply chain system 
for a company?

2  How do the risk management strategies and robust optimisation 
method help the company reach its sustainable long-term profit target?

3  How can decisions be made under uncertainty using the proposed 
RSCMCG model framework for the company?

Conceptual framework

The study combines the framework of SCM and corporate governance 
theories to answer the research questions. The study objective is to inte-
grate supply chain issues with GCG practices based on agency theory and 
game theory, therefore achieving the robustness of effective supply chain 
performance and long-term benefit to the company. The main goal is to 
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maximise equity and shareholders’ interests under the guidelines of SCM 
and corporate governance theories.

This research aims to build a supply chain framework from the  resource- 
based view, agency theory, game theory and network perspective. In the 
context of the supply chain networks, the study follows the framework of 
the resource-based view and network perspective to optimise the struc-
ture of the supply chain network and operations. It works on the best value 
for the entities in the chain network by considering the optimal resources 
arrangement and participant capabilities. Agency theory helps identify re-
ward structure and cultural competitiveness to ensure alignment among 
participants’ interests in the whole supply chain instead of participants 
acting only according to their own benefit.

The new proposed framework in this study is derived from supply chain 
operational networking management, relevant corporate governance, fi-
nancial and accounting practices from risk management strategies, and 
corporate financial management perspectives. Specifically, from the SCM 
perspective, corporate risk management strategies from agency theory, 
game theory and managerial practices (e.g., diverse suppliers, alternative 
shipping lines and safety inventory) are applied. From a corporate finance 
and accounting practices perspective, equations and constraints are in-
cluded to manage the relationships between corporate financial man-
agement and supply chain operations and work interactively to improve 
firms’ strategic planning. In particular, regarding this interrelationship, 
the financial planning decisions relevant to supply chain operations are 
incorporated with risk management in accounting practices. Financial 
policies are also included in the discussion of the principal–agent prob-
lem. The principles and practice used to reduce agency cost and protect 
the company from financial crises are investigated and quantified into the 
proposed optimal planning model. By incorporating risk management 
strategies and corporate financial management into the basic SCM model 
through robust optimisation, this study has developed an integrated robust 
SCM and corporate governance model: the integrated RSCMCG model.

The proposed RSCMCG model framework (see a basic framework in 
Figure 1.2) aims to combine the physical flow with the financial flow and to 
integrate manufacturing, distribution, inventory and marketing processes 
to achieve a comprehensive SCM framework. At the same time, GCG is 
incorporated into the model framework under the guidance of agency the-
ory. GCG practices support the firm in reducing risk and increasing firm 
value, and these elements are quantified into the proposed model through 
risk management and corporate financial management strategies. The sup-
ply chain risk management and corporate governance risk management 
strategies are incorporated into the supply chain model constraints to deal 
with the uncertainties in the supply chain environment and achieve bet-
ter supply chain performance. Meanwhile, the corporate financial man-
agement constraints in the model framework will help incorporate the 



12 Introduction

good corporate financial management policies and thereby improve supply 
chain performance. The robust optimisation method is applied to solve 
the uncertainties in the problem to maintain stability and optimality and 
to obtain a competitive optimal solution. Applying the RSCMCG model 
with the above considerations achieves the solutions and risk management 
strategies for the company’s strategic supply chain planning.

More details on methods and model simulations are given in Chapters 
3 and 4. Further presentations of the model framework’s application are 
illustrated in Chapter 5 through a hypothetical case study. The output 
from this modelling framework can be used for optimal decision-making 
under uncertainty and to provide risk management strategies for improv-
ing SCM performance.

A robust optimisation model that incorporates 
corporate governance for risk management in an 
integrated supply chain

Optimisation modelling and robust optimisation

This study uses an optimisation model to solve the problems of supply 
chain planning under uncertainty. Optimisation modelling applications 

Optimal Supply Chain Planning for 
Decision-Making under Uncertainty

Risk Management Strategies for Good 
Corporate Governance Practices 

Supply Chain Management and Corporate Governance Model

Risk Management Strategies Corporate Financial Management

Robust optimisation approach Uncertainties in environment

Supply Chain Management Good Corporate Governance

RSCMCG Artificial Intelligence Model for 
Decision-Making under Uncertainty

Figure 1.2  RSCMCG framework for making optimal decisions under uncer-
tainty and risk management strategies.
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are normally known as operations research—models are designed for in-
dustrial application purposes, focusing on production schedules, inventory 
planning or transportation arrangements. Specifically, in terms of uncer-
tain environments and managing risk in optimal circumstances, robust 
optimisation is regarded as the method that generates the most stable solu-
tions for dealing with uncertainty.

Robust optimisation is an optimisation modelling approach that is used 
to deal with uncertainties in risk management and decision-making. As 
discussed by Kouvelis and Yu (2010), there are five reasons for using ro-
bust optimisation. First, it considers the uncertainties and responds posi-
tively. Second, it forecasts the values of uncertain parameters that do not 
occur in most environments. Third, it can generate decisions in unique, 
non- repetitive situations, which are common in fast and dynamic en-
vironments. Fourth, risk management is averse in nature. Lastly, it rec-
ognises that even though decision environments are fraught with data 
uncertainties, decisions can be evaluated prior to the data being confirmed 
 (Kouvelis & Yu 2010). Drawing on Kouvelis and Yu’s discussion to address 
the concerns of this study, the reasons for selecting robust optimisation as 
a methodology are as follows:

1  In the general context of SCM, the robust optimisation method 
can deliver robust results that are not sensitive to changes in the 
environment.

2  Robust optimisation can be used in specific supply chain areas, such as 
transportation and logistics, where a stable system is required.

3  Solutions provided by robust optimisation are suitable for use in al-
most all scenarios that may occur in the same case. By contrast, a 
general optimisation model may be suitable for finding an optimal 
solution in a case with a certain scenario but may not be feasible for a 
case in which circumstances have changed.

More discussions on the superiority of robust optimisation are given in 
Chapter 2, and the methodology is justified further in Chapter 3.

An integrated supply chain management model with artificial 
intelligence robust optimisation

Based on the proposed integrated supply chain operational and financial 
planning framework combined with corporate governance factors for 
risk management purposes, this study presents an RSCMCG model. This 
model is designed to support company decisions in relation to complex 
supply chains, risk management and financial planning in uncertain en-
vironments, taking decision-makers’ risk preferences into consideration.

The fundamental SCM structure of the proposed RSCMCG model is 
based on the classical supply chain models and decision-making techniques 
of Shapiro (2007) and Ragsdale (2012). It also considers the financial 
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situations and management presented in the models of Carleton, Dick 
and Downes (1973) and Kirca and Koksalan (1996). Subsequently, the 
study investigates the specific advanced quantitative methodologies used 
for dealing with uncertain environments and their applications in supply 
chain networks such as stochastic programming and robust optimisation 
 (Bertsimas & Sim 2003; Bertsimas & Thiele 2004; Tang 1990). The pro-
posed model further incorporates corporate governance risk  management 
aspects from the corporate risk management framework of Léautier (2007).

The modelling exercise has also developed this model (RSCMCG 
model) as a machine-learning model to study corporate governance 
in SCM and corporate performance relationships. This has been un-
dertaken to design more effective corporate governance principles and 
mechanisms that use game theory foundations and artificial intelligence 
and machine-learning methods to enhance SCM, thus leading to the 
improved financial performance of corporations. This will help develop 
possible future artificial intelligence and machine-learning algorithms 
and models for the emerging automated corporate governance and SCM 
systems.

This study extends previous research and models by integrating GCG 
practices for risk management strategies into the objective function and 
constraints of a supply chain network model. The specific target and con-
straints consider shareholders’ interests and sustainable company profit 
while maintaining operational management. Equity, earnings before in-
terest and taxes (EBIT), fixed assets and long-term investment are chosen 
as proxies to represent firm value, shareholders’ value and company bene-
fit. The GCG practices incorporated into the RSCMCG model constraints 
can be divided into supply chain operational networking risk management 
practices and relevant corporate financial and accounting practices for 
corporate governance performance. Consequently, it will improve supply 
chain performance and enhance its sustainable benefits and long-term op-
erations. The model is designed to manage risks that may cause the future 
failure of firms by assisting the company’s decision-makers with planning 
their long-term strategies.

The RSCMCG model constraints are briefly listed below:

1  Definitional supply chain operation and financial constraints
2  Supply chain operational constraints of manufacturing functions, 

shipping balance, mass balance, inventory expense and marketing
3  Financial planning constraints include financial balance, funds flow, 

investment balance and expansion expense
4  GCG practices constraints for optimal supply chain operational man-

agement from the risk management strategies perspective, including 
supply chain specialised agent governance, risk management strategies 
for supply chain operational system and SCM performance measures 
policy
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5  Corporate finance and accounting practices for corporate governance 
performance constraints, consisting of internal control policy (debt-
to-equity constraint, investment policy, debt service management, 
working capital policy and leverage constraint), principal–agent prob-
lem and GCG performance measures policy.

The proposed model framework for integrated supply chain and cor-
porate governance for risk management is finally realised using robust 
optimisation. A hypothetical case study conducted under the ‘D Norm’ 
uncertainty set in robust optimisation constraints is used to examine the 
influence of uncertainties on the model’s implementation. A risk-aversion 
perspective of the decision-makers’ preference is thereby incorporated into 
the model through uncertainty set constraints. Risk preference can also 
be achieved through the utility objective function using a risk coefficient 
presented in Chapter 4. By changing the value of the risk coefficient, the 
decision resulting from different risk preferences can then be presented. 
Finally, the solution from balancing the minimum risk and maximum 
equity can be achieved.

Simulation and data collection

Simulation software

Operational supply chain optimisation modelling is often conducted 
using enterprise management software such as the IBM ILOG CPLEX 
Optimizer, which requires separate platforms for implementation. Con-
versely, for accounting practices and capital budgeting, Excel Solver is 
applied in most industrial companies and solves simple linear deterministic 
optimisation models. The separation between supply chain optimisation 
and accounting optimisation can result in difficulties when undertaking a 
comprehensive interpretation of results. This study applies the Risk Solver 
Platform to solve this problem.

The Risk Solver Platform is add-in software in Excel that is designed 
for solving a range of problems (including those with uncertainties) by ap-
plying methods such as optimisation modelling, simulation modelling or 
the decision tree method. For dealing with problems with uncertainties, 
the Risk Solver Platform 11.5 version has been upgraded to combine a 
robust optimisation approach from its previous version, which can be used 
in practice. To conduct the proposed RSCMCG model and to seamlessly 
connect supply chain physical flows with cashflows for a hypothetical case 
study, this study implements the experiments under the Risk Solver Plat-
form in an Excel spreadsheet using a suitable algorithm, thereby generat-
ing the corresponding solutions.

The numerical implementation of the applied principal–agent game 
theory model for corporate governance and SCM is done as a robust 
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optimisation artificial intelligence/machine-learning model for corpora-
tions using some hypothetical data. A search artificial intelligence algo-
rithm is used to implement this principal–agent game model by Excel.

Data collection

The proposed conceptual framework and model in this study are explained 
and analysed through a hypothetical case study, with the data obtained 
from two resources, including secondary data and experimental data. The 
secondary data are collected from business cases for assisting the produc-
tion of different scenarios under randomly assumed uncertainties. The 
experimental data are simulated through the random generator method in 
the Risk Solver Platform.

As holistic supply chain networks and financial planning are highly 
complex, public financial reports only contain the financial aspects of 
the company, not the details of its operations. As previous studies have 
mainly focused on the optimisation of supply chain processes separately, 
they have used individual models or combined certain procedures that 
have not included all the supply chain networking in one holistic model. 
In this context, this study combines secondary data and simulation data 
with different scenarios based on empirical cases from previous research to 
achieve a reasonable stream of data.

Contributions and implications of this study

Contributions of the new theoretical framework and model

Competitive global economics has called for sound strategies in collabo-
rative supply chain networks, while frequent bankruptcies and financial 
crises call for GCG practices and risk management. However, before this 
study, the integration of the interrelationships among SCM, corporate 
governance and risk management, especially through a robust optimi-
sation model framework, had not been addressed in the literature. The 
current study fills this gap by developing an optimal supply chain frame-
work integrated with corporate governance in relation to risk manage-
ment through the robust optimisation approach (RSCMCG model) based 
on managerial and financial perspectives.

This comprehensive framework has integrated the physical and finan-
cial flows of supply chain networks that are formatted as constraints and 
variables in the model. Corporate governance factors and GCG prac-
tices for risk management have been quantified and incorporated into 
the model to support strategic decision-making under uncertainties. For 
example, the agency cost, which plays an important role in measuring 
corporate governance performance, is modelled into the constraint of the 
proposed supply chain optimisation model. In this study, reducing the 
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agency cost of agency problems through the model could help reduce the 
total cost of supply chain operations, combined with the satisfaction of 
demand based on risk management strategies provided by the RSCMCG 
model, eventually enhancing the company’s long-term reputation. More-
over, the decision-makers’ risk-aversion factor can also be incorporated 
into the proposed model through robust optimisation to achieve a stable, 
optimal solution.

The sustainable optimal solutions and risk management strategies pro-
vided by the proposed RSCMCG model framework have been further 
proven to improve SCM performance and can be applied to specific cases 
in the future. In particular, incorporating optimal supply chain strategies 
and GCG practices can reduce supply chain operational expenses and 
agency cost while providing risk management strategies through the ro-
bust optimisation approach, mitigating possible risks in the uncertain en-
vironment. It can eventually increase long-term profit for the organisation 
and long-term benefit for the shareholders. Applying the proposed model 
can achieve a robust optimal solution while generating a rational and com-
prehensive analysis based on the holistic range of constraints and rules to 
support managers making strategic planning decisions for their companies.

Contribution to the knowledge

This book contributes to the knowledge in the areas of SCM and GCG in 
the following ways:

• By integrating risk management and financial management into sup-
ply chain processes and incorporating corporate governance practices 
(including internal policies in enterprise and external regulatory sur-
roundings) through robust optimisation, this study brings a novel the-
oretical systematic framework to SCM and global decision-making 
research.

• The study offers an extended understanding of corporate governance, 
corporate finance, and accounting practices and risk management in 
supply chain networks. By incorporating quantified normative GCG 
principles into the supply chain model, the effectiveness of GCG prac-
tices is addressed in the SCM to achieve long-term benefit for the 
company and shareholders’ interests.

• In answer to the main research questions, this study proposes an inte-
grated robust model for optimal SCM, including material and cash-
flow processing, while considering the effect of corporate governance 
related to risk management (RSCMCG model). This fills a gap in 
the SCM modelling literature to help enterprises achieve GCG in 
strategic planning for SCM. Exploring a suitable approach to solve the 
robust optimisation model provides a new vision to achieve robustness 
in similar problems.
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This study proposes a new model framework for SCM that incorporates 
corporate governance strategies into an integrated supply chain opera-
tional model with financial management. The study formulates the deci-
sion variables and constraints for constructing a company’s supply chain 
operation system. The specific target and constraints consider sharehold-
ers’ interests and sustainable company profit while maintaining robust 
operational management. Expenses in the main supply chain operational 
procedures and risks controls are taken into account, and a robustness 
objective is developed for the strategic planning decision-making of the 
company’s SCM.

This study also makes the following significant contributions, among 
others, to the knowledge of SCM and decision-making and risk manage-
ment in supply chain operations:

1  This is the first innovative, comprehensive analysis and analytical ro-
bust optimisation modelling of the relationships between corporate 
governance principles and SCM for risk management and  decision- 
making under uncertainty in supply chain operations.

2  This is the first artificial intelligence and machine-learning algorithm 
in risk management for SCM in relation to decision-making under 
uncertainty in supply chain operations.

3  This is a new, comprehensive analysis and analytical robust opti-
misation modelling of, and an artificial intelligence and machine- 
learning algorithm for, the relationships between corporate 
governance principles in SCM under uncertainty and company’s fi-
nancial performance.

Contributions to the practice

Optimal SCM strategies for firm managers are proposed through the 
RSCMCG model and comprise production decision-making (how to ar-
range manufacturing), distribution (delivery scheme, distribution meth-
ods and transportation control), optimal placement of inventory (safety 
stock levels, the capacity of inventory) and marketing strategy (demand 
satisfaction). The model works on minimising the operating costs of man-
ufacturing, transportation and distribution. One of the important bridges 
between SCM and corporate governance is risk management. The model 
helps reduce and hedge the uncertainties that may come from financial 
markets, project failures, legal liabilities, credit risk and accidents. In this 
way, the optimal output strategy will become an effective tool for provid-
ing performance measurements for a company.

By improving decision-making in production, distribution and optimal 
placement of inventory strategies, efficient corporate governance strategies 
are proposed to manage risk in SCM and maintain long-term benefits 
for an organisation. This study contributes to the long-term profit of a 
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company and enhances shareholders’ interests while dealing with corpo-
rate risk and optimising present operational supply chain systems to sup-
port managerial decisions.

Summary and structure of the book

This research shows that by incorporating GCG practices for risk manage-
ment strategies that have been formulated using an integrated robust op-
timisation model approach, the company can achieve stable supply chain 
performance and manage risks for long-term benefits. This section details 
the structure of this book.

Chapter 2 investigates the development of areas relevant to this re-
search, including SCM, corporate governance, risk management, optimi-
sation modelling and decision-making under uncertainty. It also discusses 
the limitations of the existing literature in terms of developing a suitable 
framework for this study.

Chapter 3 presents the conceptual framework of this book and pro-
poses a new integrated SCM framework that incorporates corporate gov-
ernance for risk management (RSCMCG framework) based on agency 
theory and game theory. It then explains the integration and interaction of 
SCM and corporate governance for risk management. The chapter pres-
ents and briefly discusses the research problems and questions from a theo-
retical viewpoint. Next, it introduces and justifies the robust optimisation 
methodology applied in this research. It explains the specification of the 
RSCMCG model framework and justifies the choice of software and data 
collection method. This chapter also presents the validation and superior-
ity of the framework.

Chapter 4 introduces the development of a new artificial intelligence 
robust optimisation model under the integrated SCM framework that in-
corporates corporate governance for risk management (RSCMCG). This 
chapter specifies the mathematical models and interprets corporate gov-
ernance policies and risk management strategies using constraints and the 
robust optimisation modelling approach, including presentations of set-
tings for the robust optimisation approach in the Risk Solver Platform.

Chapter 5 presents the application of the proposed model in a hypothet-
ical case study with a specified mathematical model, which simulates by 
the Risk Solver Platform to present and explain the results. More analyses 
and outputs are further addressed by comparing the proposed RSCMCG 
model with the other two approaches: deterministic optimisation and sim-
ulation optimisation.

Lastly, Chapter 6 discusses the implications of the study and presents 
the contributions it makes in the areas of SCM, corporate governance, 
decision-making under uncertainty and risk management. It also discusses 
the theoretical and methodological implications of this study. This book 
concludes by proposing directions for future research.
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Note

 1 $200M stands for $200 million; the same symbol notation applies for the en-
tire study.
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Introduction

Since the 1900s, well-developed supply chain systems have successfully 
solved a range of business problems. In the fiercely competitive world of 
global trading, supply chain systems can help in making decisions that may 
lead to the success of a business. Supply chain systems refer not only to a 
chain of one-to-one partnerships, or business-to-business relationships, 
but also to a network of multiple businesses and relationships (Lambert & 
Cooper 2000). An integrated supply chain network is an essential element 
of a company in terms of managing external governance. A company can 
save significant costs by using an interactive approach to analysing an op-
timisation model that considers corporate governance.

With the growth in both the width and depth of the supply chain in-
dustry, there is a demand to integrate good corporate governance (GCG) 
practices not only in company governance structures but also in supply 
chain networks to improve supply chain performance. Recent studies 
show that adopting GCG practices has a significant positive impact on a 
firm’s performance. This is evidenced in both developed countries with 
long histories of promoting corporate governance principles (McKnight & 
Weir 2009) and developing countries such as China (Fu 2010; Wang & 
Sami 2011). This study considers the metrics measuring GCG and their 
associated relationships with firm performance indicators. GCG has been 
proven to have a positive impact on firm performance and valuation. Con-
versely, failures in risk management and corporate governance can easily 
lead to ruin. This study presents research on incorporating GCG practices 
into supply chain management (SCM) and examines their impacts on sup-
ply chain networks and performance.

This chapter investigates the contemporary development of SCM, cor-
porate governance, and risk management and their interrelationships. It 
first reviews SCM, including research and development of theories and 
models. It then presents the development of corporate governance and 
critical issues relevant to this study. Next, the chapter addresses the area 
of risk management in SCM and corporate governance together with risk 
management modelling and measures. It investigates optimisation models 

2 Supply chain management, 
corporate governance, risk 
management and optimisation 
modelling
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developed for uncertain environments. Very importantly, the robust op-
timisation approach and its superiority is compared with other methods. 
Finally, it states the limitations in the existing literature and the contribu-
tion made by this research.

Supply chain management and models

The competition of the world markets is growing into an era of supply 
chain versus supply chain instead of firm versus firm (Ketchen & Hult 
2007). The significance of SCM in a company’s governance strategies 
is emphasised and reflected in well-known multinational firms such as 
Walmart, Dell and Apple. SCM aims to achieve long-term benefits while 
managing risks to achieve the best performance and, therefore, the best 
value for the company.

The concept of SCM was brought into the public domain in 1982 by 
Keith Oliver, who was a consultant at Booz Allen Hamilton. The fol-
lowing points, which are well established in academia, can help define 
SCM: it is the process involving raw material procurement, production 
planning, material sourcing, manufacturing, transportation management, 
warehouse management, production–distribution and demand manage-
ment; a good supply chain network would be ‘right time, right place, and 
right production’; broad SCM contains physical flow, information flow 
and financial flow; the concept of SCM refers more to the management 
of the network, which needs cooperation and collaboration between the 
engaged participants. Consequently, trust and agency cost become more 
important; vertical supply chain decision-making for a company is di-
vided into strategic, tactical and operational planning; important con-
cerns in SCM include lead time, real-time, just-in-time, cost and quality 
(Bozarth & Handfield 2005; Handfield & Nichols 1999; Jacobs & Chase 
2011; Neef 2004).

Supply chain management theories development and research 
streams for forming a supply chain framework

SCM theories have grown rapidly since the 1990s and have been broadly 
investigated (Halldorsson et al. 2007; Ketchen & Hult 2007; Lamming 
1996). The main streams of SCM theories include the resource-based 
view, transaction cost analysis, the knowledge-based view, strategic choice 
theory, agency theory, institutional theory, systems theory, network per-
spective, performance information risk management system, materials 
logistics management, just-in-time and material requirements planning. 
Others areas include theory of constraints, total quality management, agile 
manufacturing, time-based competition, quick-response manufacturing, 
customer relationship management, requirements chain management and 
available-to-promise. Multiple theories have been identified and integrated 
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for effective application to the supply chain industry (Bidar & Islam 2019; 
Grover & Malhotra 2003; Halldorsson et al. 2007; Ketchen & Hult 2007).

Transaction cost analysis concentrates on the ‘make or buy’ decision, 
and its main goal is to maximise performance by minimising the trans-
action costs within and between organisations. Agency theory focuses on 
the principal–agent problem and aims for an efficient structure that en-
sures the best value for the supply chain participants’ interests. Networking 
perspective theory addresses the relationship among the participants and 
determines whether it should be a strong tie for the reliability or a weak 
tie for flexibility, depending on what brings the best value to the network. 
The resource-based view considers the role of assets and capabilities and 
their contribution to the firm’s competitive advantages and performance 
(Ketchen & Hult 2007). For modelling at the strategic and tactical lev-
els, the importance of resources is emphasised (Shapiro, JF 2007). The 
 resource-based view provides important insights into a firm’s resources 
and implicitly into the construction and use of optimisation models for 
SCM. Resources in the context of SCM refer to physical resources, human 
resources, financial resources, information technology resources, market-
ing resources, organisational resources and legal resources (Shapiro, JF 
2007, p. 309). Considering the above theories, the major problems of SCM 
are resources planning and expenses balancing.

The core performance dimensions for operations and supply chain ac-
tivities are quality, time, flexibility and cost (Bozarth & Handfield 2005). 
HL Lee (2004) from Stanford University also proposed ‘3A’ (Agility, 
Alignment, Adaptability) strategies for modern SCM. Meanwhile, to en-
hance companies’ supply chain performance, modern techniques such as 
just-in-time, automation, lean production and risk control have also been 
brought into SCM (Neef 2004).

Based on an online survey of 177 professionals working in the area of 
SCM in China, the Global Supply Chain Council (merged with the As-
sociation for Supply Chain Management [APICS] as APICS Supply Chain 
Council in April 2014) reported that the major problems with supply chain 
and logistics in China are high costs and low reliability (Wu 2012). It is 
essential for logistics providers to avoid waste by improving supply chain 
plans, information technology systems and warehouse management, ac-
cording to Thomas Pan, managing director of Menlo Worldwide Logis-
tics, based in North Asia (Wu 2012).

Gartner Inc., founded in 1979, is the world’s leading information 
technology research and advisory company, headquartered in Stamford, 
United States, and it has built a program that annually identifies global 
supply chain leaders. It has revealed the top 25 supply chains performance 
companies over the past eight years (Hofman & Aronow 2012). In 2012, 
the top five companies out of 298 included Apple, Amazon, McDonald’s, 
Dell and Procter & Gamble. The report featured the following recom-
mendations: continue to build resiliency into supply chain network design 



Supply chain management 25

and implement a robust risk management strategy, including a ‘sense and 
respond’ capability to recover quickly and profitably from disruptions; 
adopt complexity optimisation strategies to eliminate features, services 
and network capacity that do not add sufficient value to the customer; and 
improve responsiveness to customer requirements using a globally archi-
tected, regionalised approach to supply chain network design (Hofman & 
Aronow 2012). The report also mentioned that many of the top 25 compa-
nies were affected by natural disasters, such as the Japanese earthquake and 
tsunami and the massive flooding in Thailand. The capacity to deal with 
an uncertain environment and risk management is emerging as a crucial 
factor in the decision-making process.

Despite increasing awareness among industries, the concepts of supply 
chain networking and management, supply chain risk management and 
corporate governance are still in their infancy.

Supply chain management procedures

There are different levels for planning and scheduling SCM procedures, 
including strategic planning, tactical planning and operational planning. 
Companies have strategic planning for the long term (normally one to 
three years), tactical planning for the short term (less than one year) and 
operational planning for daily or weekly periods. Additionally, these dif-
ferent planning levels involve different aspects of a company’s operation. 
For example, with regard to the manufacturing and distribution plans, 
strategic planning concerns a company’s situation with capacities, facili-
ties, locations and resources while tactical planning refers to the aggregate 
planning, including allocating capacity and resources to product lines, as-
signing sales regions to distribution centres, developing warehouse work-
force requirements and conducting carrier selection processes (Miller & 
Matta 2008). Operational planning differs from strategic and tactical plan-
ning as it is more detailed regarding daily activities. This study focuses on 
a hypothetical company’s strategic planning for its long period (including 
short- and long-term benefits). Tactical planning and operational planning 
are considered to a certain extent but are not fully discussed in this book.

The specialised horizontal procedures across a comprehensive supply 
chain process are divided into several main parts: raw material procure-
ment, manufacturing, inventory, logistics and transportation, marketing 
and customer services. For raw material purchasing, researchers and or-
ganisations have developed different approaches to promote the prog-
ress of procurement such as materials requirements planning systems, 
supplier selection, bill-of-materials, lean production and agile manufac-
turing. Inventory issues are concerned with holding general costs, short-
age costs and demand distributions for products specified at a detailed 
stock-keeping unit level (Beamon 1998). To improve the inventory status 
of merchandise, strategies are designed to reduce the cost while satisfying 
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customers’ requirements. A typical example is the economic order quan-
tity, which determines the optimum order size for individual inventory 
items. An optimum order size is one that minimises the total ordering 
costs and carrying costs (Simchi-Levi, Thorne & Hilton 2009). Logis-
tics and transportation refer to the activities of shipping the production 
from manufacturing factories to the warehouses, the retailers and, even-
tually, to the final customer. Specific logistics and transportation activities 
comprise transportation, warehousing and storage, industrial packaging, 
material handling, inventory control, order fulfilment, demand forecast-
ing, production planning and scheduling, customer service, facility loca-
tion, return goods handling, parts and service support, salvage and scrap 
disposal (Coyle et al. 2012). The main associated decision-making com-
prises transportation selection and optimising the route and resources, 
such as warehouses, to achieve cost economies and time efficiency. More 
recently, system and software innovation and development have attracted 
SCM industry attention through the application of ERP systems. For 
example, major software vendors include SAP, Oracle, PeopleSoft and 
i2Technologies.

Through a comprehensive discussion and exploration of modelling and 
computing in the supply chain, Voss and Woodruff (2006) determined the 
specific tasks that need to be undertaken in SCM from long-term, mid-
term and short-term views.

Popular SCM issues among industries include distribution network-
ing design, inventory control, purchasing and supply contract manage-
ment, distribution strategies and systems, integration of supply chain and 
strategic alliance partners, outsourcing, new product design, customer 
value, intelligent pricing and double marginalisation (Simchi-Levi, Wu & 
Shen 2004).

Supply chain management models

In the supply chain industry, common features and problems associated 
with planning can be modelled and then specified with minor custom-
ised modifications for individual companies. To achieve the firm value 
maximum or cost minimum target, a company needs to design the supply 
chain system from the very beginning and plan an efficient and effec-
tive framework for its implementation. Various methods for modelling the 
supply chain include conceptual model, graphic model, simulation model, 
grammatical model, intelligent mode, econometric mode and operations 
research (Yan, Li & Shi 2008). Optimisation in SCM has been studied 
for decades using a range of quantitative and qualitative methods such as 
sensitivity analysis, heuristic analysis and mathematical modelling. Nor-
mally, the analysis uses deterministic variables or predicted values for the 
parameters, which estimate efficient and optimal solutions, assuming all 
other factors are constant. Optimisation modelling has been extensively 
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discussed and applied in SCM to maximise profits or minimise costs 
through optimal use of resources.

From the perspective of supply chain decision-making, supply chain 
operational management has developed two types of models: descrip-
tive models and optimisation models (Shapiro 2007). Descriptive mod-
els are designed for a better understanding of functional relationships 
in the company and include forecasting models, cost relationships, re-
source utilisation relationships and simulation models, which rely on 
concepts from a number of disciplines. Optimisation models seek an 
optimal solution based on the manager’s preference by analysing the de-
cision problem through integrating data and data relationships in the 
supply chain decision database using mathematical programming meth-
ods (Shapiro 2007, pp. 10–11). From a purely modelling perspective, the 
above two model types overlap in their applications. However, supply 
chain managers need to realise that the descriptive model is necessary 
but not sufficient if they are seeking effective SCM strategic plans. The 
optimisation models are essential for effective decision-making in SCM 
(Shapiro 2007).

JF Shapiro (2007) proposed that supply chain operations can be managed 
by logistics, production and inventory management from a  bottom-up 
perspective. This is in contrast to other top-down perspectives that refer to 
high-level strategic issues. In practice, the integrated supply chain process 
refers to participants who are decentralised. For example, Graves’ model 
was built to manage inventory for decentralised production networks, 
considering periodic review and base-stock inventory policy, but it had 
the limitation of assuming total flexibility in diverse production rates at 
each site (Graves 1988). A comprehensive framework for linking decision 
and performance in the material–production–distribution supply chain 
through a series of linked approximate sub-models and a heuristic optimi-
sation procedure was developed by Cohen and Lee (1988). They designed 
a general decentralised network but limited it to a single manufacturing 
site. Following this, Garg (1999) extended the idea by developing a more 
general decentralised but less data-intensive model using the Supply Chain 
Modelling and Analysis Tool for designing products and processes at a 
large electronics manufacturer. Garg’s model was based on stationary and 
normally distributed end-product demands, which is also used by other re-
searchers to model decentralised networks (Graves 1988; Lee &  Billington 
1993) and connect nodes with both information and physical flows. All of 
the above decentralised network models require inputs from end- product 
demand and service requirements, bill-of- materials and routing data, 
and site-specific data. Later, Robinson and Satterfield (1998) designed an 
 integrated configuration that considers the interactions among a firm’s 
distribution strategy, market share and distribution costs while building 
up an optimal distribution network. Agrawal, Smith and Tsay (2002) de-
scribed a methodology for managing capacity, inventory and shipments 
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for an assortment of retail products produced by multiple vendors to max-
imise the retailer’s expected gross profit with varied capabilities under 
demand uncertainty. Raghunathan (1999) and Moinzadeh (2002) assessed 
the impact of collaborative forecasting and replenishment in a supply chain 
with random demand. Through a systematic examination of the models 
in SCM research, Narasimhan and Mahapatra (2004) discussed five supply 
chain decision models that demonstrate the importance of integrating the 
decisions across the supply chain with their applications globally.

Financial management is incorporated in the model to integrate physi-
cal and financial flows. The classical method for this incorporation is Car-
leton’s (1969) linear programming (LP) model, which features definitional 
constraints (available for common definition), funds constraints and policy 
constraints.1 Warren and Shelton’s (1971) model considers four distinct 
segments—sales, investment, financing and return on investment—and 20 
equations of a semi-simultaneous nature, and it was further developed by 
AC Lee, Lee and Lee (2009).

Cash availability plays a key role in the feasibility of a production plan. 
A common approach to production planning models is to find a plan that 
minimises the overall cost while satisfying machine, workforce and de-
mand constraints ( Johnson & Montgomery 1974; Nahmias 1993). Kirca 
and Koksalan (1996) demonstrated simple examples of how production de-
cisions may change based on a company’s financial state. Later, they pro-
posed that the production decisions depend on the financial situation and 
that financial decisions are closely related to production decisions. They 
also developed and implemented an LP model under high inflation. The 
model considers every process of material flow with money, including de-
mand, machine capacity, labour, labour expenses, materials, taxes, collec-
tions, credits and cashflow (Kirca & Koksalan 1996). A good example of a 
comprehensive optimisation model for a global supply chain is the Global 
Supply Chain Model, which is a large mixed-integer linear program that 
achieves minimum cost while balancing attributes such as time, cost, ca-
pacity, duty, taxes and international trade (Arntzen et al. 1995). However, 
LP under a minimum cost objective function might not be appropriate 
for supply chain networks. According to JF Shapiro (2007, pp. 7–8), ‘the 
traditional objective of SCM is to minimize total supply chain cost to meet 
fixed and given demand’ and ‘total cost minimisation is an inappropriate 
and timid objective for the firm to pursue when analysing strategic and 
tactical supply chain plans’. Instead, more ambitious models would seek net 
revenues maximisation, which equals the gross revenues minus total cost 
and links to ‘financial performance of the firm and strategic decisions about 
capital investment and divestment of resources’ (Shapiro 2007, p. 352). His 
supply chain model includes corporate financial management. Miller and 
Matta (2008) discussed a global supply chain model with profit maximis-
ation and transfer pricing to undertake planning at both the strategic and 
tactical levels.
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Measures for supply chain performance

Supply chain operations influence the company’s profit and are therefore 
of relevance to shareholders’ interests. At the strategic planning level, sup-
ply chain performance is considered in the context of long-term benefit to 
the company and maximising shareholder returns. While SCM refers to 
networking and integrating a series of business activities, each sector has 
its own indicator to measure its influence on supply chain performance. 
For example, perfect order is applied to measure logistics performance 
(Bozarth & Handfield 2005).

A diverse range of measurements exist in the supply chain industry, and 
their use depends on the context in which they are to be applied. Jie, Par-
ton and Cox (2007) contended that trust and commitment can be used to 
measure the cooperative behaviour in a supply chain. These concepts can 
be measured by variables such as lead time, cost, capacity, quality, delivery 
and flexibility. Customer satisfaction, flexibility, information and material 
flow integration, effective risk management and supplier performance are 
considered in qualitative analysis of non-financial performance measures, 
while financial performance measures are used for quantitative analysis. 
Quantitative measures of supply chain performance have also been sum-
marised in previous studies. For example, measures based on costs include 
cost minimisation, sales maximisation, profit maximisation, inventory 
maximisation, inventory investment minimisation2 and return on invest-
ment maximisation.3 Measures based on customer responsiveness include 
fill rate maximisation,4 product lateness minimisation, customer response 
time minimisation, lead-time minimisation5 and function duplication 
minimisation (Beamon 1998). From the firm value viewpoint, there are 
indicators and critical proxies such as output/input for productivity mea-
sures, income per employee, revenue per employee, receivables turnover, 
inventory turnover and asset turnover as efficiency measures used by Wall 
Street ( Jacobs & Chase 2011).

The 2012 Gartner report discussed earlier in this chapter (see ‘Supply 
chain management theories development and research streams for forming 
a supply chain framework’) used the combination of 50/50 (50% for the 
financial component and 50% for the opinion component) overall weight-
ing methods into the ranking metrics of the supply chain excellence to 
investigate the targeted 298 companies. The three financial metrics ap-
plied in the ranking were return-on-assets (ROA, net income/total as-
sets), inventory turns (cost of goods sold/inventory) and revenue growth 
(change in revenue from prior year). The authors explained that the ROA 
(weighted at 25%) indicated the overall operational efficiency and pro-
ductivity and revenue growth (weighted at 10%) reflected myriad market 
and organisational factors while providing some clues as to the company’s 
innovation capability (Hofman & Aronow 2012). They also regarded the 
inventory turns (weighted at 15%6) as one of the few ‘real’ supply chain 
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proxies shown on a company’s balance sheet. The report highlighted the 
best practices in the leading companies, including the importance of sup-
ply chain risk management.

There are value-based drivers of metrics and indicators for value cre-
ation performance. Hahn and Kuhn (2011) used economic value-added 
techniques to measure and analyse shareholder value creation in the supply 
chain; they further used it at the mid-term level of sales and operations 
planning through robust optimisation as a value-based performance met-
ric. It is calculated as net operating profit after tax minus the capital charge 
for the planning period (Hahn & Kuhn 2012b). This indicator has been 
well developed by combining operation performance and cost measure-
ment. The expected value of perfect information is used to quantify the 
impact of uncertainty and is calculated as the difference between the objec-
tive value of the ‘here-and-now’ and the ‘wait-and-see’ approach (Hahn & 
Kuhn 2012b). To use the expected value of perfect information, the po-
tential states of the outcomes and their corresponding probabilities must be 
known. It is equal to the minimum expected opportunity loss, calculated by 
the expected value obtained with perfect information minus the expected 
value obtained without perfect information, given by maximum expected 
monetary value (Ragsdale 2007). Other examples of measures in supply 
chain research include time indicators such as cycle time, weighted activity 
time, transit time, lead time and manufacturing time (Arntzen et al. 1995).

Findings from a survey of 636 Global 3000 companies reveal the sig-
nificance in the value of an integrated supply chain and indicate the im-
portance of governance in achieving better supply chain performance 
(McWatters, Zimmerman & Morse 2008). Setting broad policies and plans 
for using firm resources is essential and should be integrated into corporate 
strategy ( Jacobs & Chase 2011).

Corporate governance for supply chain management

Corporate governance has brought global attention to the financial sector 
because of the recent global financial crisis in a range of areas. GCG is re-
garded as improving company performance. In the supply chain industry, 
corporate governance has been studied in the context of firm value and 
financial planning. This study considers the factors and measures required 
to achieve the benefit of GCG practices.

The major objective of corporate governance is to resolve agency con-
flicts to design efficient organisations for the principals. Therefore, corpo-
rate governance is essentially a game theory problem—it is a principal–agent 
game. Game theory is the mathematics of strategic interactions among dif-
ferent agents for optimal outcomes in situations when decisions taken by 
one agent affect the outcomes of other agents’ strategies and payoff  (Shoham 
& Leyton-Brown 2009). To resolve agency problems and conflicts of inter-
ests effectively for risk management and efficient decision-making, we need 
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game theory and corporate governance–based SCM strategies. The task 
involves finding mechanisms and strategies to design a game form (S, g) 
where S = S1x, …, Snx, S1 = set of agent i’s strategies, = corporate out-
come/design/corporate governance, g: S is a mapping from S to A where 
A is a set of actions (following Marschak’s [1989] analysis). Game theory 
models can be in cooperative, non-cooperative, normal form, extensive 
form, deterministic, stochastic, evolutionary, differential and other forms. 
This book adopts the game theory model implicit in corporate governance 
and agency theory, which is principal–agent game theory.

Historical development and theories of corporate governance

In recent years, with the speedy growth in corporation sizes and technol-
ogies, companies have developed faults resulting in corporate governance 
failures. This has ultimately resulted in ascending awareness of corporate 
governance. Increasing globalisation and rapid advances in information 
technologies in the market have also prompted global calls for efficient and 
GCG practices in large multinational companies. In response, O’Dono-
van (2003, p. 29) redefined corporate governance as ‘an internal system 
encompassing policies, processes and people, which serves the needs of 
shareholders and other stakeholders, by directing and controlling manage-
ment activities with business savvy practices, objectivity, accountability 
and integrity’. She pointed out that sound corporate governance relies on 
both external marketplace commitment and legislation. A healthy board 
culture that safeguards company policies and processes is also needed. A 
number of researchers have given corporate governance considerable do-
mestic and international attention (O’Donovan 2003). For discussions of 
the crucial issues in corporate governance, see the work by Hassan, Islam 
and Rashid (2018), Hussin and Islam (2017), Kalyebara and Islam (2014) 
and Nuryanah and Islam (2015), among others.

There are three main streams of corporate governance theories: stew-
ardship theory, agency theory (a form of game theory) and market the-
ory (Calder 2008). Stewardship theory postulates that people will behave 
well and in the interests of their shareholders. In particular, it leads to the 
combined roles of chair and CEO and non-existent or lightweight audit 
committees. By contrast, agency theory argues that, as employees, com-
pany directors will act with rational self-interest and tend to maximise 
their compensation as agents, doing no more than what is necessary to 
appease shareholders. That is, they need to be supervised and controlled 
to ensure that shareholders’ best interests are served. Market theory holds 
that it is not important whether managers consider themselves stewards or 
agents since shareholders can simply sell their stocks in the market if they 
do not think they receive sufficient returns for their investment. Market 
theory appears fatally flawed in the circumstances of inadequate corporate 
governance (Calder 2008).
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Key corporate governance issues pertaining to supply chain 
management

This study considers the risk management of internal and external control 
from a corporate governance perspective. Previous studies have consid-
ered supply chain and corporate governance issues as aligned with agency 
cost, trust, contract, transaction cost, compensation for managers, supply 
chain sustainability and governance. This study focuses on the key is-
sues of corporate governance in relation to SCM, including the  principal–
agent problem or the principal–agent game, internal control and trust, 
investigating how they can work for the company to improve supply chain 
performance.

Agency theory argues that a listed company that has separate ownership 
and control has principal–agent issues ( Jensen & Meckling 1976). Accord-
ing to agency theory, the board takes the role of the principal, looking 
after the owners’ interests, while the managers are responsible for con-
trolling the company’s operations. Owners, who are normally sharehold-
ers, seek to maximise stock value and long-term profit. The managers, 
who are implementing the firm’s operational decisions based on their own 
interests, sometimes only try to maximise the company’s short-term profit 
and do not consider the company’s sustainable development. However, in 
practice, because of the separation of ownership and control, the principal 
who owns the company and targets firm value cannot always know about 
the managers’ operations. Consequently, agency cost exists.

Agency cost consists of two main sources: the costs inherently asso-
ciated with using an agent and the costs of techniques used to mitigate 
the problems associated with using an agent or employing mechanisms to 
align the interests of the agent with those of the principal. Although the 
effects of agency cost are present in any agency relationship, the term is 
most often used in business contexts. Agency cost normally contains three 
elements: the monitoring cost caused by the principal, the bonding cost 
from the agent and residual losses ( Jensen & Meckling 1976).

Many studies have explored the relationship between agency cost and 
firm performance (Berger & Di Patti 2006; Cyert, Kang & Kumar 2002; 
Jensen & Meckling 1976; Larcker, Richardson & Tuna 2007; Wang & Sami 
2011). More recently, attention has been given to exploring agency prob-
lem issues within management accounting, such as how to deal with the 
agency cost of equity and debt captured by balance-sheet management. 
The agency cost of equity arises because of the difference in interests be-
tween shareholders and management, including the cost incurred by sub-
optimal decisions and the cost incurred by monitoring management to 
prevent them from making these decisions. The agency cost of debt arises 
because of the different interests of shareholders and debt-holders. Assum-
ing that management is in favour of shareholders’ interests, studies have 
been conducted on cutting down the agency cost of equity by linking the 
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incentive compensation of the executive officers with their performance 
(Cyert, Kang & Kumar 2002). If managers’ compensation has been linked 
to the company’s annual profit, this may lead to managers focusing more on 
the firm’s current performance and urging the company to expand its size 
to increase short-term profit. This risks long-term development because 
of short-sighted decisions. Instead, the managers’ remuneration is linked 
to the firm’s stock price, which could not be realised until a certain period 
had elapsed after the manager’s retirement from their position. Many com-
panies have found this to be an efficient way of balancing the conflict of 
interest between managers and shareholders (Cyert, Kang & Kumar 2002). 
Ciliberti, Pontrandolfo and Scozzi (2007) examined the Code of Corporate 
Social Responsibility SA8000 and addressed the principal–agent problem 
in supply chain relationships. They also investigated from the perspective of 
how corporate social responsibility works in the supply chains of small- and 
medium-sized enterprises (Ciliberti, Pontrandolfo & Scozzi 2008).

One important factor in the modern supply chain managerial conceptual 
framework is how efficient is the performance of the supply chain network 
that connects all the partners or participants, such as manufacturer, suppli-
ers, inventory and transportation from initial resources to the final product 
delivered to the customer. If raw materials are delivered on time, it can en-
sure that there is no delay in the production process. If demand forecasting 
is good, there will be less need for stock in storage and reduced inventory 
costs. To achieve this efficiency, partners need to have a trusted relationship 
network that will stimulate cooperation and efficient collaboration.

Trust is a significant factor in a well-managed supply chain system, 
and researchers have explored the relationship between trust factors and 
SCM performance (Handfield & Bechtel 2002; Ireland & Webb 2007; 
Jie,  Parton & Cox 2007; Kwon & Suh 2004; Welty & Becerra-Fernandez 
2001). Factors such as human-specific asset investments, site-specific as-
set investments, contracts and buyer-dependence play an important role in 
building the relationship (Kwon & Suh 2004). Other trust proxies include 
transaction cost variables such as asset specificity, behavioural uncertainty 
and information sharing, and social exchange variables, including perceived 
satisfaction, partner reputation and perceived conflict (Kwon & Suh 2004). 
To build a relationship based on trust, suppliers must invest in site- specific 
assets and human assets and buyers must judiciously apply contracts to 
control for relative levels of dependence within the relationship. Different 
methods, such as regression and structural equation modelling, are applied 
to explore the influence and extent of trust in the supply chain relationship.

Good corporate governance for better firm performance

Poor corporate governance is regarded as the main reason for the post- 
financial crisis in Asia (Zulkafli & Samad 2007). Following a num-
ber of governance scandals and failures, the incorporation of corporate 
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governance into SCM firms has been brought to managers’ attention. To 
achieve GCG, countries and companies have adopted many strategies. 
For example, ten GCG principles from the ASX Corporate Governance 
Council (2007, pp. 10–12) are as follows:

lay solid foundations for management and oversight; structure the 
board to add value; promote ethical and responsible decision making; 
safeguard integrity in financial reporting; make timely and balanced 
disclosure; respect the rights of shareholders; recognise and manage 
risk; encourage enhanced performance; remunerate fairly and respon-
sibly; and recognise the legitimate interests of stakeholders.

There are diverse debates about the factors that influence corporate gov-
ernance. Some have regarded product competition and capital structures 
as important to corporate governance (Berger & Di Patti 2006; Zulkafli & 
Samad 2007). Others have viewed corporate and director actions, includ-
ing corporate governance structure7 and executive compensation or re-
muneration, as important factors with significant influence on corporate 
governance performance (Cyert, Kang & Kumar 2002; Fried & Bebchuk 
2006; O’Donovan 2003).

To achieve GCG in SCM for a company, a key issue is to balance dif-
ferent stakeholders’ interests and have managers efficiently working for 
them to avoid principal–agent problems. The manager or director carries 
responsibility for corporate governance performance in a firm, especially 
for common-law countries such as the United Kingdom, United States, 
Australia and Hong Kong (China). These have stock markets with thou-
sands of listed companies dominating the economy (Choong 2009). With 
regard to this problem, there are many debates about what corporate gov-
ernance mechanism the company should adopt. Some have argued that 
ownership and management should be separated so that managers can 
act objectively without conflict of interest. Some have argued that if a 
company’s profit and long-term benefit are not directly linked to senior 
managers’ compensation packages, it raises the risk that senior manag-
ers will be well rewarded regardless of company performance (Choong 
2009). The performance of senior managers in terms of executing pol-
icies and strategies is critical to establishing and maintaining good con-
trol structures to ensure effective decision-making and efficient business 
processes (Choong 2009). Moreover, a company’s corporate governance 
structure is considered a critical factor that influences corporate gover-
nance performance.

In integrated supply chain networks, the principal–agent relationship 
can be explored even more broadly—for example, the chain director as 
the principal and other members as agents, the headquarters as the prin-
cipal and the branches as agents, or the board as the principal and the 
managers as agents. However, little in-depth research has been undertaken 
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on principal–agent problems in the supply chain area, especially from the 
perspective of optimisation modelling with GCG practices.

Previously, boards have emphasised the important role of internal con-
trol in achieving good firm performance. Internal control is defined by 
the Committee of Sponsoring Organizations (2013, p. 1) of the Treadway 
Commission as

a process, effected by an entity’s board of directors, management and 
other personnel, designed to provide reasonable assurance regarding 
the achievement of objectives in the following categories: effective-
ness and efficiency of operations; reliability of financial reporting; and 
compliance with applicable laws and regulations.

(cited in Calder 2008, p. 109)

The essential components of internal control systems, according to this 
definition, are to maximise the reliability and timeliness of information 
for decision-making. It also informs the need to comply with regulations 
(Collier & Agyei-Ampomah 2008). To determine internal control poli-
cies, the board needs to consider clarifying the risks the company faces, 
assessing the extent and types of risk the company can bear, quantifying 
the probabilities of the risks actually occurring, determining the solution 
to reduce or manage the risks, and assessing the difference between the 
cost of operating controls and the benefit obtained by managing the risk 
(Collier & Agyei-Ampomah 2008). Inherently, internal control is related 
to corporate governance principles and risk management in supply chain 
operations.

As stipulated by the Committee of Sponsoring Organizations of the 
Treadway Commission, internal control frameworks have five essential 
components: risk assessment, control activities, information, communica-
tion and monitoring (Choong 2009; Collier 2009). These elements of in-
ternal control are globally accepted as guidance for any medium and large 
organisations. Having internal control systems becomes a prerequisite for 
listed companies to pursue GCG. Therefore, implementing GCG requires 
not only financial control but the application of those additional internal 
control mechanisms.

Internal control legislation that brought radical and dramatic changes to 
US federal securities laws is the Sarbanes–Oxley Act. In 2002, the United 
States passed Sarbanes–Oxley, Sarbox or SOX, a federal law, setting new 
or enhanced standards for all US public company boards (Calder 2008). 
They attempted to improve corporate governance by paying attention to 
risk management through internal control mechanisms in corporations.

Previous studies from around the world have attempted to develop cor-
porate governance models, such as the intricate shareholding structures 
of keiretsus in Japan, the heavy presence of banks in the equity of German 
firms and the chaebols in South Korea (Scott 1998). Other countries have 
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also tried to introduce internal control frameworks and systems of risk 
management into corporate governance. Unfortunately, few have success-
fully defined structures for these frameworks and systems in an appropriate 
way (Daelen & Elst 2010).

For strategic decisions, a company board needs to consider the role of 
internal control in risk management to achieve its business goals (Calder 
2008). Management accounting is considered an important factor in rela-
tion to the issues of corporate governance in SCM or operations manage-
ment. Hansen and Mouritsen (2006) examined the challenges of integrated 
manufacturing in automation, total quality management and just-in-time 
inventory control from the perspective of management accounting. They 
also investigated the role of accounting in integrated manufacturing man-
agement and discussed the relationship between management accounting 
and operations management with implications for the future (Hansen & 
Mouritsen 2006).

Considering the objective and critical problems related to this research, 
GCG aims to maximise a company’s value by maintaining its internal 
control and use of sound risk management practices in its SCM policies 
and processes.

Proxies and ratios as corporate governance performance 
measurement for firm value

This study explores different indices that can be used in consideration of 
GCG practices to improve SCM. Ratio measurement for financial man-
agement is popularly applied in corporate governance categories. For ex-
ample, the net debt/equity ratio (various debt structure ratios are used to 
assess the gearing or leverage) and net interest cover (a common measure 
of long-term solvency) are applied as capital structure measures. Inventory 
turnover,8 receivables turnover9 and asset turnover ratios are used as the 
indices for asset management or turnover measures. Price/earning ratio 
and market/book ratio are used for market value measures. The following 
four ratios are the most widely used of all the financial ratios intended to 
measure the efficiency of firms in managing operations: profit margin, 
ROA, return on investment and return on equity (ROE) (Ross 2011). For 
corporate strategies, the financial performance ratios are classified into five 
subcategories: profit ratios,10 liquidity ratios,11 activity ratios,12 leverage 
ratios13 and shareholder-return ratios14 (Hill & Jones 2007).

Incorporating GCG practices reduces agency costs (McKnight & Weir 
2009). Agency cost measures include sales-to-total assets ratio,15 interac-
tion of free cashflows and growth prospects, and the number of acquisi-
tions. Agency cost is high when high free cash combines with poor growth 
opportunities. Growth opportunities are measured by Tobin’s Q,16 which 
is market capitalisation plus total debt divided by total assets (McKnight & 
Weir 2009). Other ratios include the optimal agency effort compensation 
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ratio, the ratio of sales-to-total-assets and research and development. The 
firm’s financial performance is measured as net profit, after-tax profit and 
return on investment.

The proxies used for company governance comprise two streams: cash-
flow rights and control rights (Claessens et al. 2002). The cashflow rights 
represent the ownership and show that the actual ownership in a company 
arises only with investment. Cashflow rights are a proxy for owner invest-
ment in a company. Control right shows the stock share, which represents 
voting rights for the controller. Stock share indicates the return or dividend 
to shareholders. Stock price and market share reflect shareholders’ interests.

Proxies such as capital structure, participation constraints and  incentive- 
compatibility constraints have been constructed as governance variables 
in the model constraints. The methods applied for this purpose include 
fixed-effects, instrumental variables and Tobit regressions. Proxies applied 
for measuring firm value are usually also combined in the model—for ex-
ample, economic value added (Hahn & Kuhn 2011). Other proxies com-
monly applied in the accounting aspect of corporate governance include 
ROA, ROE and EBIT.

The ROA ratio developed by DuPont for its own use is now employed 
by many firms to evaluate how effectively assets are used. It measures the 
combined effects of profit margins and asset turnover. It can be calculated 
as follows:

ROA=
Net Income

Sales
Sales

Total Assets
=

Net Income

Total Assets
.×

The ROE ratio is a measure of the rate of return to stockholders and also 
a measure of firm value. Decomposing the ROE into various factors in-
fluencing company performance is often called the Du Pont system. The 
formulation is as follows:

ROE=
Net Income

Equity
=

Net Income

Pretax Income

Pretax Income

EBIT
EBIT
Sales

Sales
Assets

Assets
Equity

.

×

× × ×

EBIT is the earnings of the firm that are shared between the equity- 
holders, debt-holders and government in the form of taxation. It is the 
return to the firm as a whole. EBIT is an indication of a company’s ability 
to service the debt obligation. Inventories to sales ratio (ISRATIO),17 also 
known as operating margin, is the ratio measurement of the proportion 
of a company’s revenue left over after paying variable costs of produc-
tion, which can indicate a company’s pricing strategy and operating effi-
ciency. The higher the margin ratio, the better the company’s operational 
performance.
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Risk management and models in supply chain 
management and corporate governance

Risk management and best practice business continuity programs are es-
sential to fostering companies’ long-term sustainability. Risk should be 
managed as a critical element in the decision-making process (Mun 2010). 
The subprime crisis and the subsequent financial and economic crises 
intensified the attention on risk management. The collapse of Lehman 
Brothers and the rescue of large financial institutions by governments all 
over the world highlighted the unwarranted trust in financial markets 
and risk management. However, not only did the systems fail to prevent 
the subprime crisis—although it certainly resembled the savings and loan 
 crisis—but many instruments even aggravated the risks incurred. The 
level of systemic risk was also much higher than foreseen and the risk 
appetite of most financial institutions proved insatiable. The problem was 
no longer restricted to the reliability of financial reporting and the quality 
of internal control systems but extended to risk management, including 
the use of risk-mitigating instruments to increase performance instead of 
limiting risks (Daelen & Elst 2010).

Risk management processes include risk assessment, risk reporting and 
risk treatment, and these were developed by the Institute of Risk Man-
agement in 2002 (Collier & Agyei-Ampomah 2008). Risk assessment 
involves identifying risks using methods such as brainstorming, scenario 
analysis, checklists and workshops. Further, it comprises the description 
and estimation processes. The risk reporting process helps the corporation 
monitor the operations of the risk management system and risk treatment 
to understand how to respond to risks, such as with risk control and miti-
gation, risk avoidance and risk transfer (Collier & Agyei-Ampomah 2008). 
The investigation in this section is related to the process of risk assessment; 
risk reporting and risk treatment are discussed in the following chapters.

The remainder of this section discusses risk management in SCM and 
corporate governance from a framework perspective, including regula-
tions and policies, followed by risk management models and risk measures. 
The benefit of risk management is briefly discussed at the end of this 
section.

Risk management in supply chain management and corporate 
governance

Risk is defined as uncertain consequences, where uncertainty is a result of 
imperfect knowledge. Risk is normally associated with the probability or 
possibility of gaining ‘expected good results’, such as appreciable revenue 
for a corporation or successful project outcomes for an individual  (Hardaker 
et al. 2004). Uncertainty affects a wide range of decision-makers, such as 
managers, engineers and others (Kouvelis & Yu 2010). Uncertainty in 
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price, labour and other production costs, as well as in the availability of 
needed raw material suppliers, complicates the task of production. The 
classification of decision-making problems among certainty, risk, uncer-
tainty and unknowingness is determined by the players’ knowledge of 
the possible outcomes (McGuigan, Moyer & Harris 2005). Based on the 
discussion by McGuigan, Moyer and Harris (2005), if each action leads to 
one set of possible specific outcomes, risk refers to each outcome with a 
known probability while uncertainty refers to each outcome with its prob-
ability unknown. Risk in this study refers to the uncertain environment 
surrounding the supply chain and the risks associated with operations. In 
relation to SCM and corporate governance, the main risks include those 
of supply, operations, demand, security, policy and resources18 (Manuj & 
Mentzer 2008a). Businesses can face multiple risks across the supply 
chain—for example, at the level of supplier, regulatory and compliance, 
intellectual property, downstream partner behaviour, political and social 
issues, market demand and economy. Supply chain risk management is 
adopted as good practice for supply chain governance to minimise the 
impact on financial strategy and profitability. According to the Turnbull 
Report, Waters (2011) encapsulated ‘Supply Chain Risk Management’ in 
three core elements: identify risks to the supply chain, analyse the risks 
by prioritising them and their corresponding expected consequences; and 
design appropriate prevention and mitigation response to each of the risks. 
Risk management strategies that result in a reduction of losses and the 
increased probability, speed and frequency of identifying a risk event can 
improve supply chain outcomes for a company and lead to better perfor-
mance (Manuj & Mentzer 2008a, 2008b). After a series of scandals and 
bankruptcies of companies in different parts of the world, concerns with 
risk management and internal control in corporate governance have come 
into the limelight. Risk management has been synchronised with corpo-
rate governance through legislation such as the Sarbanes–Oxley Act in 
the United States, Soft Law in South African King II Report and the UK 
Corporate Governance Code, which operates on a ‘comply or explain’ ba-
sis (Collier 2009). The efficiency of risk management affects shareholders’ 
value in the company. Modigliani and Miller (1958) established the prop-
osition on the basis of the relationship between a firm’s value and its fi-
nancial policies; this was later referred to as the M&M19 proposition. This 
proposition has been further applied in the research assuming that if risk 
management can influence a firm’s value by increasing its real cashflow, it 
could add value by reducing taxes and the cost of financial distress or by 
facilitating optimal investment (Froot, Scharfstein & Stein 1993; Smith & 
Stulz 1985). The techniques used to manage risk can be generally catego-
rised as avoidance, reduction, sharing and retention (Dorfman 2007). Risk 
management has been discussed broadly in previous research, including 
variance, variability index, probabilistic financial risk and downside risk 
(You, Wassick & Grossmann 2009). In this book, risk management is the 
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specific area being investigated and integrated into the SCM models as a 
part of corporate governance.

As addressed in the UK Corporate Governance Code, the main prin-
ciples of corporate governance are related to leadership, effectiveness, 
accountability, remuneration and relations with shareholders (Financial 
Reporting Council 2012). The Code20 also released the underlying prin-
ciples of good governance: accountability, transparency, probity and focus 
on the sustainable success of an entity over the longer term (Financial 
Reporting Council 2012). ‘Recognise and manage risk’ is one of the ten 
essential principles (mentioned earlier in this chapter: ‘Good corporate 
governance for better firm performance’) of the Australian Stock Exchange 
to achieve GCG in corporations (ASX Corporate Governance Council 
2003). Enterprise risk management (ERM) is another such example of an 
integrated framework. According to the Committee of Sponsoring Or-
ganizations (2004, p. 16), ERM ‘is a process, effected by an entity’s board 
of directors, management and other personnel, applied in strategy setting 
and across the enterprise, designed to identify potential events that may 
affect the entity, and manage risk to be within its risk appetite, to provide 
reasonable assurance regarding the achievement of entity objectives’.

Risk management can be achieved through different methods, but in 
terms of SCM and corporate governance, it can be considered through 
frameworks and modelling. From the perspective of a framework, risk 
management can be achieved through policies and regulations that are 
formulated based on historical data, qualitative analysis and managers’ ex-
periences. From a modelling perspective, risks are quantified in the form 
of indicators in models, which are then assessed to reach the acceptable risk 
level of the company. In addition, through modelling, risk control and risk 
management can be introduced as model constraints and can therefore be 
built into a company’s operational system design. The risk factors can be 
presented as objective functions of the model and can thus be incorporated 
into risk policies for managers’ risk preference. More details are presented 
in the following sections.

Risk management models for decision-making

The decision-making exercise is conducted at the start of the year or before 
a project’s implementation. To find a suitable strategic plan and solutions 
for business activities, the company needs to assume certain conditions to 
set up a model and make a forecast. However, there are many uncertainties 
regarding the future. Previously, the uncertainties were formulated using 
probabilities, such as decision tree and stochastic programming.

Several popular mathematical methods incorporate risk management, 
including stochastic programming, robust optimisation, Capital As-
set Pricing Model, ERM modelling, hedging and derivatives, second- 
order cone programming (SOCP) and Barra Risk Models. For example, 
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derivatives are applied as a tool for managing risks in the finance area 
(Chance & Brooks 2010; Panaretou, Shackleton & Taylor 2013).

The first mathematical model for balancing between risk and returning 
under uncertainty for the portfolio selection problem was the mean-risk 
model developed by Markowitz (1952), which is based on the foundation 
of the Capital Asset Pricing Model. It proposed that the key issues to be 
initially dealt with in the stock and portfolio investment are expected 
profit and risk. An important goal of risk management in supply chain 
corporations is to predict and manage future volatility in the value cre-
ation process of companies. Value at risk (VAR21) was used in the past to 
measure volatility (Léautier 2007). According to an intuitive definition 
by Jorion (2001), VAR summarises the worst loss over a target horizon 
with a given level of confidence under normal market conditions. Ac-
cording to Chance and Brooks (2010, p. 531), VAR ‘is a dollar measure 
of the minimum loss that would be expected over a period of time with 
a given probability’ and ‘the basic idea behind VAR is to determine the 
probability distribution of the underlying source of risk and to isolate a 
given percentage of worst outcomes’. There are three methods of estimat-
ing VAR: the analytical method or variance–covariance method, which 
relies on a normal distribution22, the historical method and the Monte 
Carlo simulation method. There are many advantages to using VAR. For 
example, banking regulators can use it to measure the risks to their banks 
and protect their consumers. It is also used to evaluate the performance of 
managers and traders (Chance & Brooks 2010).

In SCM decision-making, there are numerous risk management streams 
of discussion. For example, researchers may manage risk from the supply 
chain procedure controls aspect. This stream explores risk analyses and 
models that are mainly internal to the supply chain, such as inventory con-
trol, transportation and marketing (Aharon, Boaz & Shimrit 2009; Graves, 
Kletter & Hetzel 1998; Johnson & Montgomery 1974; Moinzadeh 2002; 
Nagurney & Matsypura 2005; Tang 1990). Another stream studies the 
methods for managing different supply chain risks such as financial risk, 
operational risk, information risk, accounting audit risk and human error 
risk (Brindley 2004; Cavinato 2004; Liu et al. 2009; Manuj &  Mentzer 
2008a; Ritchie & Brindley 2007; Tang 2006; Tang & Nurmaya Musa 
2011; Waters 2011). Some studies focus on the methodologies used to as-
sess and manage risk in the supply chain area, such as VAR, derivative, real 
options and optimisation programming, depending on their requirements 
(Estampe et al. 2013; Hahn & Kuhn 2012b; Léautier 2007; Swaminathan &  
Tayur 2003; Tayur, Ganeshan & Magazine 1999;  Tummala & Schoenherr 
2011; Wan, Pekny & Reklaitis 2005; Yu & Li 2000). For example, hedg-
ing derivatives are usually used by larger firms or firms receiving higher 
exposures (Léautier 2007).

JF Shapiro (2007) added risk management into data-driven models to 
support supply chain managers with making decisions under uncertainty. 
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He briefly discussed supply chain risk management with a focus on the 
use of real options and reviews the modelling methods from a heuristic 
perspective. With the dramatic development of the business market, it 
is necessary to integrate risk management into supply chain networks, 
not just at a conceptual level but also in mathematical models, to help 
managers making risk management decisions. Some researchers have al-
ready tried integrating risk management into the optimisation models for 
 decision-making. Grossmann worked on risk management in supply chain 
planning for a global chemical company by incorporating risk measures 
into the stochastic programming model, trying to solve the uncertainties 
in demand and freight rate (You, Wassick & Grossmann 2009). This study 
also mentions the robust optimisation method, which minimises the vari-
ance of cost in the objective function. It proposed several ways to address 
risk management in supply chain optimisation modelling.

Risk management can be achieved by incorporating different elements 
into the objective function, variables and constraints of optimisation 
models. Most decision-makers are risk-averse and prefer to incorporate 
their attitude towards risk into the objective of the strategies (Mulvey, 
 Vanderbei & Zenios 1995). For example, two popular methods for incor-
porating risk aversion in the objective functions of decision models are 
mean- variance and related models (Mulvey, Vanderbei & Zenios 1995) 
and Von Neumann-Morganstern expected utility models (Keeney & 
Raiffa 1976). The former includes the objective of minimising variance 
as risk control and combining it with maximising the benefit. The latter 
holds the expected utility model, which can capture asymmetries in the 
distribution of the outcome to incorporate risk aversion into the model 
(Bai, Carpenter  & Mulvey 1997). Others, such as minimising the risk 
probability into the objective function, are also a way to manage the risk 
in decision-making processes. Risk can be presented in the variables for 
the model. For example, ratios measuring the activity performance can be 
selected as variables to show the risk appetite of decision-makers.

There are several popular risk-programming models summarised by 
Hardaker et al. (2004). These include linear risk programming, which 
is for a risk-neutral manager and does not account for any non-neutral 
risk attitude on the part of managers, and quadratic risk programming,23 
which relies on the E, V efficient frontier with E varied over the feasible 
range and achieves a significant reduction in variance for the sacrifice of 
relatively little expected income (although it does not include activities for 
sharing the risk of the firm, such as the purchase of product insurance or 
the use of derivative markets); MOTAD programming,24 which replaces 
the variance constraint of the quadratic risk-programming model with 
mean absolute deviation of net income; target MOTAD programming,25 
which is related to MOTAD in that it entails a constraint on income de-
viations with a target level of income; mean–Gini programming; and sto-
chastic programming with chance-constrained programming (CCP).
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There are also other model frameworks for coping with uncertainty 
problems for risk management in SCM—for example, ERM (Ai et al. 
2009; Ai, Brockett & Wang 2013; Committee of Sponsoring Organi-
zations 2013; Olson & Wu 2008) and supply chain operations reference 
(SCOR) models (Supply Chain Council 2010). The ERM modelling pro-
cess includes identifying major types of risks, choosing appropriate risk 
measures and selecting a valid modelling approach capable of incorpo-
rating key elements. In an example, CCP can be applied as a two-stage 
model to incorporate corporate risk management and firm’s risk appetite 
using different metric formulations and different choices of desirable risk 
levels (Ai et al. 2009). A brief summary of studies on risk modelling in the 
uncertainty of SCM and corporate governance is presented in Appendix 1.

This study considers risk through modelling and uncertainty analysis. 
Uncertainty leads to risk through its impact on decision-making. Thus, 
to combine supply chain with risk management, one needs to identify the 
different types of risks a corporation faces and then categorise them into 
the various generic forms in which they appear in the area of SCM. The 
three core categories of corporation risks are credit risk, market risk and 
operational risk (Chorafas 2008). Considering supply chain procedures 
and corporate governance policies, the risks considered in the proposed 
RSCMCG model include operational risks, market risks, financial risks 
and internal control risks.

Risk measures and indicators for supply chain management

Risk measures can be divided into two categories: dispersion risk and 
downside risk (Pachamanova & Fabozzi 2010). Dispersion risk measures 
the amount of dispersion of the returns around the expected portfolio re-
turn; therefore, it measures uncertainty in the estimation of the expected 
portfolio returns. Dispersion risk measures include methods of variance, 
standard deviation, absolute deviation and absolute moment. Downside 
risk measures outcomes that fall short of expectations rather than out-
comes that exceed expectations (Pachamanova & Fabozzi 2010). However, 
it cannot be accurately measured by portfolio variance and other dispersion 
measures. Markowitz (1959) acknowledged this shortcoming in his model 
and suggested the use of semi-variance to measure downside dispersion 
risk as an alternative to measuring portfolio risk. Methods for downside 
risk measures include lower partial moment,26 semi- variance,27 Roy’s 
safety-first criterion28 and quartile-based risk measures29  (Pachamanova & 
Fabozzi 2010).

Risk indices have been widely applied to identify risk through quanti-
tative models, such as VAR, hedging and mean-variance, and have been 
known as descriptors and fundamental betas. For example, the Barra 
model is a multi-factor regression model where a stock return is mod-
elled using market and industry risk-factor returns and certain underlying 
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factors that are called the Barra risk indices. Using a single VAR number, 
the Barra Risk Factor Analysis model can measure a security’s relative risk 
(Investopedia 2004). The risk index can be given by descriptors.

Risk policies and regulations of corporate governance can also act as 
risk indicators in the model. For example, financial risk factors (normally 
established according to a bank’s risk management policies and expressed 
as ratios or limits) can serve as indicators to indicate what constitutes ac-
ceptable risk (Van Greuning & Bratanovic 2009). The debt-to-equity 
ratio for a bank’s borrowers is another example of a risk indicator that 
expresses level of credit risk. Maximum exposure to a single client is a risk 
parameter that indicates credit risk in a limited form (Van Greuning & 
Bratanovic 2009).

Uncertainty exists everywhere. The weather can change suddenly, and 
equipment can break down for internal or external reasons. Uncertain-
ties in supply chain operations can occur because of unexpected human 
behaviour or expectations and uncertainty in supply chain environ-
ments. For example, in a manufacturing factory, the workers may stop 
working suddenly, which can cause an order to be delayed, or the ware-
house might not have sufficient stock for market contingency demands. 
Decision- making under uncertainty is essential for good SCM. In par-
ticular, the competition of the modern market becomes between supply 
chain networks, which necessitates incorporating risk management into 
resources planning optimisation. Consequently, this leads to the applica-
tion of robust optimisation modelling to supply chain risk management. 
Researchers’ concern for risk management in financial planning has led 
to the generation of tools such as real option. Similarly, the supply chain 
industry has SCOR for risk analysis and control in supply chain planning 
and financial management. Others include economic value added for the 
mid-term level (Hahn & Kuhn 2011, 2012a) and the expected value of 
perfect information for quantifying the impact of uncertainty (Hahn & 
Kuhn 2012a), which are discussed earlier in this chapter (‘Measures for 
supply chain performance’).

Benefit from risk management

Risk management practices in a company can support company operations 
to achieve better performance and value creation. A firm that practises 
effective risk management can lower costs for shareholders (individually 
adjusting their personal portfolios), lower taxes by stabilising sharehold-
ers’ income, reduce the probability of bankruptcy, protect their personal 
wealth, avoid underinvestment, take speculative positions, earn arbitrage 
profits and lower borrowing costs (Léautier 2007).

Risk reports are recognised as an important component and are incorpo-
rated into the annual reports of international firms, such as Adidas- Salomon 
AG, Nestle SA and Sony Corporation (Collier & Agyei-Ampomah 2008). 
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Investigations in theoretical and empirical studies show that risk manage-
ment can create value by providing a progressive tax structure to minimise 
taxes and reduce a company’s tax burden (Chew 2012). It can also increase 
a firm’s expected net cashflows through the use of risk transformation 
products to reduce expected tax liabilities when a firm faces a convex 
corporate tax schedule (Culp 2002). Consequently, risk management can 
increase shareholders’ value in a firm. Further, effective risk manage-
ment can help a company build an excellent brand reputation, achieving a 
well-managed supply chain, approaching a good credit rating and eventu-
ally achieving profitable and successful company performance (Collier & 
Agyei-Ampomah 2008).

Incorporating risk management strategies can create firm value from 
three viewpoints: financial flexibility at minimum cost, enhanced capital 
allocation and performance management, and leveraging operational and 
strategic flexibility (Léautier 2007). For example, financial flexibility can 
be achieved at minimum cost through modelling with three ingredients 
of the risk management model: unknown timing and magnitude of the 
investment opportunities faced by a firm, the U-shaped cost of capital 
with respect to the debt-to-assets ratio and the pecking-order hypothesis.

Methodologies in an uncertain environment

Methods used to manage the uncertain environments of supply chains 
include game theory, quantitative analysis, LP, computer simulation and 
intelligence algorithms. As discussed earlier in this chapter (‘Supply chain 
management models’), optimisation modelling is essential for effective 
supply chain decision-making and, moreover, it can perform policy anal-
ysis pragmatically and expeditiously by adding policy constraints, labelled 
as externalities in economics (Shapiro 2007). This study focuses on the 
discussion of optimisation modelling. Diverse optimisation programming 
methodologies have been applied to the supply chain in an uncertain envi-
ronment, including stochastic dynamic programming, stochastic program-
ming, simulation optimisation and robust optimisation. Optimisation and 
game theory models are viewed as artificial intelligence/machine-learning 
models (Russel & Norvig 2013; Wilmot 2019). For artificial intelligence 
models and algorithms, see Sharda, Delen and Turban (2021) and Russel 
and Norvig (2016). This section compares these methodologies and justi-
fies the choice of robust optimisation.

Approaches for supply chain management in an uncertain 
environment

In decision-making problems, there are several classifications based on 
the conditions of uncertainty, including objective risk, subjective risk and 
uncertainty. The uncertainties under which decision-making is studied 
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in this research can be demonstrated according to Naylor and Vernon 
(1969) as follows: ‘if the decision maker is unable to calculate (either ob-
jectively or subjectively) the probabilities associated with the different 
action- outcome combinations with which he is associated’ and where the 
probability distribution of action–outcome is unknown.

Business goals are usually set to enhance economic value (Zenios 2007). 
With respect to SCM, uncertainties exist in procedures or in imperfect in-
formation provided by participants. Specifically, a manufacturer may pro-
duce items for storage but have no certain demand data from customers for 
each type of item. Similarly, shareholders do not know whether the stock 
price of the company will rise or fall in the future. While participants and 
stakeholders wish to maximise their profit, the asymmetry of information 
and implementation may consequently lead to a reduction in supply chain 
value. This can lead to the failure of the business and even to its bank-
ruptcy. How to maximise the value of the entire supply chain while satis-
fying each participant’s expectations, or at least not reducing their profit, is 
the objective that modern supply chain networks seek to achieve.

Modelling under uncertainty is attracting researchers’ interest. Math-
ematical programming, such as optimisation modelling and simulation 
modelling, can be used to predict and manage uncertainty. CS Tang 
(1990) analysed the impacts of different uncertainties in production and 
demand for the finished product on production planning, inventory con-
trol, quality improvement and capacity planning. Requirements planning 
in multistage production-inventory systems were studied and investigated 
by considering the stability of production and trade-off between capac-
ity and inventory (Graves, Kletter & Hetzel 1998). Krajewski and Wei 
(2001) explored the merit of integrated production schedules for reducing 
the negative effects of schedule revision, and a stochastic cost model was 
developed to evaluate the total supply chain cost. By using a simulation 
approach based on optimisation, Jung et al. (2004) studied the safety stock 
level required for customer satisfaction and proposed the use of deter-
ministic planning and scheduling models. The overlapping approaches to 
supply chain decision-making under uncertainty include scenario plan-
ning, contingency planning, hedging and risk management. Stochastic 
programming offers a methodology for rigorously implementing and in-
tegrating these approaches (Shapiro 2007). Dunbar (1999) discussed the 
increased focus on the corporate risk manager after the turbulence in 
the fall of 1998. Christoffersen (2003) explored option pricing and hedg-
ing and presented a thorough treatment of risk model evaluation and 
comparison.

McGuigan, Moyer and Harris (2005) have reviewed the various ap-
proaches to decision-making under uncertainty, including expected 
marginal utility, which is applied to situations where the possible uncer-
tain outcomes related to monetary payoffs have known probabilities of 
occurrence and the criterion for expected monetary values is given by 
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the decision-maker; prospect theory,30 which hypothesises that decision- 
makers prefer risk at wealth levels that are below their current position and 
become risk-averse above those levels; risk-adjusted discount rate approach, 
which is usually used in long-term capital budgeting decision-making to 
deal with the risk associated with future cashflow estimates; decision trees, 
which are applied when the decision problems involving a sequence of 
alternative actions and random events need to be analysed; scenario plan-
ning; and simulation models for economic decisions.

Sensitivity analysis, which is significantly different from robust optimi-
sation, is typically applied as a post-optimisation tool for measuring the 
change in the cost of the related optimal solution with a small perturbation 
in the underlying problem data (Bertsimas & Brown 2009). According to 
Bai, Carpenter and Mulvey (1997, p. 898), sensitivity analysis is ‘the sim-
plest and most well-known alternative. It is a reactive approach for lim-
iting risk and simply measures the sensitivity of a solution to the changes 
in the input data’. Sensitivity analysis differs from optimisation modelling 
and simulation modelling through its measurement of a solution’s sensi-
tivity when input data changes. However, it does not offer a solution for 
controlling sensitivity. For this reason, sensitivity analysis may be an inad-
equate method for dealing with risk in complex decisions. Stochastic LP 
and robust optimisation are more constructive. They are both superior to 
sensitivity analysis (Bai, Carpenter & Mulvey 1997). Therefore, sensitivity 
analysis is not considered in this book.

In 2010, Kouvelis and Yu (2010) proposed the robustness framework, 
which investigates the critical elements in the robustness approach and 
input data uncertainty in SCM. The main types of methodologies used 
for optimisation under uncertainty include dynamic programming, sto-
chastic programming and robust optimisation (Pachamanova & Fabozzi 
2010). Simulation modelling is also proposed to deal with uncertain 
 decision-making in SCM.

Optimisation modelling methods for handling problems with 
uncertainty

This section discusses the four most widely used optimisation modelling 
programs that deal with uncertain parameters: stochastic dynamic pro-
gramming, stochastic programming, simulation programming and robust 
optimisation.

Stochastic dynamic programming

Stochastic dynamic programming is extended to dynamic programming 
by allowing multiple transition states for a given state and decision. For 
optimal strategies, managers must consider current and future decisions 
simultaneously and make decisions in a sequential manner over time 
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(Cornuejols & Tutuncu 2007). The main idea for this method is to decom-
pose the large, multistage problem into a sequence of smaller optimisation 
problems, starting from the last stage and proceeding backwards, thereby 
keeping track of the optimal paths only from any given time period on-
wards (Pachamanova & Fabozzi 2010).

Whereas deterministic optimisation problems deal with known param-
eters, in practice, the company needs to deal with uncertain parameters. 
While some problems can be predicted by taking advantage of the esti-
mated probability distributions, some parameters are known only within 
certain bounds. These different categories of problems are solved using 
stochastic programming, and robust optimisation is used.

Stochastic programming

Stochastic programming is one branch of mathematical programming that 
studies conditional extremum problems under incomplete information, 
and it was proposed by Dantzig (1955). Practically, stochastic program-
ming is used to solve two types of problems: one is passive stochastic pro-
gramming, where the numerical features of the performance about the set 
of matching extremum systems are predicted; the other is active stochastic 
programming, using methodologies and algorithms for forecasting and 
managing under risk or uncertainty (Kolbin 1977). Stochastic program-
ming models can be divided into three types based on the way they address 
the random data: expected value multistage models, mean-risk stochastic 
models and chance-constrained models (Fabozzi 2007).

The linear stochastic programming model can be obtained by inserting 
stochastic variables into the Standard LP model—for example:
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Note that vector x  represents the first stage of decisions made before 
the random parameter w  is observed. The second stage of decisions is 
made after w  is observed y w( ). A and b are variables in the deterministic 
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constraints of the first stage for decisions x , whereas B w( ), C w( ) and d w( ) 
constitute the stochastic constraints linking the recourse decisions y w( ) to 
the first-stage decisions x .

The algorithms and approaches of stochastic programming models are 
based on different approximations of the problems. Two major approaches 
are generally chosen to create approximation: aggregating data points and 
selecting data points (Gass & Harris 2001). Based on aggregating data, 
Prauendorfer (1994) proposed data-aggregation methods for multistage 
problems with limited computational results. Selecting data approaches 
usually generates approximations through sample-based algorithms 
(Gass & Harris 2001). One method for two-stage problems is the stochas-
tic decomposition algorithm, which updates approximations created in 
earlier iterations (Higle & Sen 1991). Some deterministic algorithms are 
used in combination with approximation approaches, such as the L-shaped 
method, which is suitable in a small number of scenarios (Slyke & Wets 
1969). For two-stage stochastic programming problems, the Monte Carlo 
sampling method is an efficient solution. Multistage stochastic program-
ming problems are solved through nested Benders decomposition and 
sampling algorithm.

Stochastic programming is popularly used to solve problems in which 
some of the data may be subject to uncertainty and is appropriate for 
problems with data progressing over time where decisions need to 
be made before all the data are available (Gass & Harris 2001). This 
methodology has been applied in electric power generation, financial 
planning, telecommunication network planning and SCM. Software 
products are available to solve stochastic problems, both at special- 
purpose and general-purpose levels (Ravindran 2009). Software prod-
ucts such as  Probabilistic Symbolic Model Checker, MC Queue, @Risk 
and Crystal Balls focus on Markov process analysis and are applied in 
the areas of queuing, reliability and telecommunications. For general 
objectives, programming language-based software products are widely 
used to solve these problems, such as MATLAB, Maple and Mathematica 
(Ravindran 2008).

Both multistage stochastic programming and stochastic dynamic pro-
gramming deal with the same style of problems: dynamic and stochastic. 
The main distinction between the two is the solution concept. The main 
emphasis of multistage stochastic programming is on first-stage decisions, 
while in stochastic dynamic programming it is the decision rule that is of 
the primary interest (Dupačová, Hurt & Štěpán 2002).

Simulation modelling under uncertainty

For studying and modelling uncertainties in the supply chain environment, 
simulations are undertaken. Considering this modelling perspective, sim-
ulation can be defined as a tool for obtaining performance measurements 
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about the specific modelled problem by ‘running’ sampling experiments 
based on the corresponding mathematical model of the particular problem 
over a period (Moore, Lee & Taylor 1993). The core components of the 
simulation method include specification of performance criteria, decision 
rules, critical system parameters and identifying the relationship between 
variables (Moore, Lee & Taylor 1993).

After identifying the elements of the model, simulation programming 
requires that the models be developed in a form that can be analysed by 
the computer. The general stochastic simulation process is summarised as 
a workflow framework in Figure 2.1.

There are two critical steps in the simulation operating process: ran-
dom number generation and determining the probability distributions 
that characterise the stochastic variables. To proceed with the simulation 
programming, the first step is to generate random numbers. Here, the 
random numbers are truly pseudorandom numbers, which can be du-
plicated and repeated after certain rounds. The procedure is based on 
arithmetic operations. The examples of older techniques are mid-square 
and mid-product methods (Moore, Lee & Taylor 1993). After producing 
a set of random numbers, the system then uses it to generate those that are 
identified as uncontrolled stochastic variables in objective models. The 
important component is to choose a proper distribution function to finish 
the mapping. This step is usually achieved by analysing empirical data 
through probability distributions, for example, exponential probability 
density function, uniform distribution and normal distribution. Simu-
lation languages have been developed to perform simulation functions, 
such as GPSS, DYNAMO, GASP IV and SIMSCRIPT (Moore, Lee & 
Taylor 1993).

As an extension, simulation programming can be incorporated to 
support other methodologies. Frequently, it is combined with optimi-
sation modelling for simulation optimisation to help improve system 
implementation.

Specify model components: 
performance criteria, decision 

rules and associated 
parameters

Problem 
formulation

Computerised model 
development

Identification of the 
uncontrollable

stochastic variables

Stochastic Simulation with 
Probability distribution 

functions
Simulation Output Simulation 

Complete?
Analysis 

Simulation Results

Generate the 
Random numbers 

by the RNG

Make changes in decision rules, model parameters or associated design

Y
N

Figure 2.1 Stochastic simulation progress.
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Simulation optimisation

Simulation optimisation is the process of finding the best values of some 
decision variables for a system where the performance is evaluated based 
on the output of a simulation model of this system, which may have the 
objective function or constraints in a stochastic way (Ólafsson & Kim 
2002). The result is the best solution from the simulated scenarios. The 
general formulation of the simulation optimisation problem is as follows 
(Azadivar 1999, p. 94):

f X E z X
g X E r X
h X

=
= <

<

Max(Min) ( ) [ ( )]
subject to: ( ) [ ( )] 0
and ( ) 0

z  and r  are random vectors representing several responses of the simu-
lation model for a given X , a p-dimensional vector of decision variables 
of the system; f  and g  are the unknown expected values of these vectors 
(their theoretical regression functions) that can only be estimated by noisy 
observations on z  and r ; h is a vector of deterministic constraints on the 
decision variables.

Simulation optimisation is very widely used to deal with uncertain-
ties. Diverse techniques have been developed based on the essence of the 
feasible region. For continuous decision variables, gradient-based search 
methods have received the most attention, especially stochastic approx-
imation, which is based on the work of Robbins and Monro (1951) and 
Kiefer and Wolfowitz (1952). Other methods include sample-path opti-
misation (Gurkan, Yonca Ozge & Robinson 1994; Shapiro, A 1996) and 
response surface methodology (Biles 1974; Smith 1976). Conversely, when 
the underlying variables are discrete, numerous methods can be used to 
solve the problem. One example is statistical selection, including the ap-
proaches of subset selection, indifference-zone ranking and selection, mul-
tiple comparisons procedures and decision theoretic methods (Ólafsson & 
Kim 2002). In addition, there are random search approaches and meta-
heuristics methods. To be specific, metaheuristics methods include genetic 
algorithms, tabu search, complex search, simulated annealing and neural 
networks  (Azadivar 1999; Ólafsson & Kim 2002).

However, none of the above can resolve problems with uncertain envi-
ronments that cannot be measured with probability distributions for feasi-
ble solutions while incorporating risk consideration. This study thus turns 
to robust optimisation.

Robust optimisation and its application

Robust optimisation, which is an extension of stochastic programming, is 
a more stable and risk-centred optimisation modelling method.
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Robust optimisation

For problems with the fluctuating parameters of a model or uncertainty in 
constraints, robust optimisation has been proposed. Gupta and Rosenhead 
(1968) and Rosenhead, Elton and Gupta (1972) were the pioneers for the 
use of the robustness concept, introducing ‘robustness’ in the mean of 
favour flexibility in which resources are subsequently available. The key 
in the definition of a robust solution is the flexibility it allows after the 
uncertain values become known (Ravindran 2008). The second view of 
robustness is the degree to which a solution is sensitive to the underlying 
assumptions, and this was introduced by Mulvey, Vanderbei and Zenios 
(1995) in the form of a model and solution for robustness using a penalty 
function. Optimality and robustness play important roles as the essential 
elements of management decision-making. Robust optimisation can be 
seen as a complementary alternative to sensitivity analysis and stochastic 
programming (Cornuejols & Tutuncu 2007).

The robust optimisation method was introduced by Soyster (1973) to 
deal with uncertainty in LP. Mulvey, Vanderbei and Zenios (1995) further 
formulated the concept of robust optimisation with a scenario-based ap-
proach that aims to find a solution that is close to optimal and is feasible 
under all the scenario constraints. In their research, solution robustness 
and model robustness were respectively introduced and analysed. They 
applied it to the classical diet problem to show how the robust optimisation 
method performs and produces robust solutions with some costs. In addi-
tion, this research has been applied to power capacity expansion, matrix 
balancing and image reconstruction, air-force airline scheduling, scenario 
immunisation for financial planning and minimum weight structural de-
sign (Mulvey, Vanderbei & Zenios 1995). Later, many researchers applied 
the robust optimisation method to diverse areas to make systems stable 
and optimal, for example, portfolio selection optimisation (Fabozzi 2007).

El Ghaoui and his colleagues (El Ghaoui & Lebret 1997; El Ghaoui, Ous-
try & Lebret 1998) developed robust solutions in problems of least-squares 
and semidefinite programs. Ben-Tal and Nemirovski (1998, 2002) discussed 
robust optimisation applications and described a specific linear problem from 
the NETLIB collection, which was applied in antenna design, truss topol-
ogy design, and stability analysis and synthesis.  Bertsimas and his colleagues 
explored different uncertainty sets and solutions (e.g., the convex robust 
counterpart program) and discussed how to structure the uncertainty set 
to protect the solution for tractable problems  (Bertsimas & Popescu 2002; 
Bertsimas & Sim 2003, 2004).  Robust optimisation is more stable and guar-
antees feasibility for the worst case of the variables. It considers the cost of 
performance and generally keeps solutions over- conservative to achieve fea-
sibility in the worst situation  (Bertsimas & Thiele 2006). Further, researchers 
have considered risk preference in robust optimisation models (Bertsimas & 
Brown 2009;  Natarajan,  Pachamanova & Sim 2009). They have explored 
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the connection between risk measures and uncertainty sets. Bertsimas and 
Brown (2009) proposed a robust optimisation framework that shows the 
risk attitude in the form of coherent risk measures, particular distortion risk 
measures for polyhedral uncertainty sets. A selection of literature in robust 
optimisation development is briefly summarised in Appendix 2.

Applications of robust optimisation

Many cases and studies have applied robust optimisation in practice. As one 
of the very early examples, portfolio selection incorporates robustness into 
its selection solutions and is therefore relatively insensitive to inaccuracies 
in the input data (Cornuejols & Tutuncu 2007). Increasing numbers of 
people in either finance or management are studying both theoretical and 
applicable aspects of this methodology to control or predict uncertainty in 
business (Cornuejols & Tutuncu 2007; Fabozzi 2007; Kachani & Langella 
2005; Lobo 2000). It was proposed for dealing with portfolio selection 
problems and to find an ‘optimal’ solution where variables are uncertain 
with no known probability distributions while considering risk measure-
ment. According to Pachamanova and Fabozzi (2010), robust optimisation 
refers to ‘the incorporation of information about uncertainty sets for the 
parameters in the optimisation model, and not for specific definitions of 
uncertainty sets or the choice of parameters to model as uncertain’.

The robust optimisation approach has also been pervasively applied to a 
range of areas, such as power system capacity planning, chemical industry 
planning, telecommunications network design, financial planning and op-
timal inventory planning (Bertsimas & Thiele 2006; Hahn & Kuhn 2012a; 
Kachani & Langella 2005; Malcolm & Zenios 1994; Mulvey,  Vanderbei & 
Zenios 1995). As a typical example, robust newsvendor problems apply robust 
optimisation to make a one-shot production purchasing decision about how 
much to produce of a particular style good facing uncertain demand during 
its short season. Robust multiperiod production planning problems include 
different demand periods, production cost functions and inventory carrying 
cost functions (Kouvelis & Yu 2010). More applications can be found in 
statistics, learning and estimation. Further examples may be found in engi-
neering, including structural design, circuit design, power control in wireless 
channels, antenna design, control and simulation-based optimisation.

The favourable trading of expected return with loss probability is the 
central theme of robust optimisation. Later, following the research on 
base-stock policies, Bertsimas proposed the robust optimisation approach 
to manage a supply chain under stochastic demand (Bertsimas & Popescu 
2002; Bertsimas & Sim 2003, 2004; Bertsimas & Thiele 2004).

Hahn and Kuhn (2012b) have investigated the robust optimisation appli-
cation in risk management in supply chains. They developed a framework 
for integrated value-based performance and risk optimisation by consid-
ering physical flows as well as financial performance in supply chains on a 
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mid-term level. Their study considered the model and solution robustness 
and incorporated it into the objective function to pursue a decision bal-
ance depending on the risk preference of the decision-maker.

Bertsimas and Thiele (2004, 2006) proposed a robust optimisation ap-
proach to SCM that incorporates a wide variety of phenomena, including 
demands that are not identically distributed over time and capacity on the 
echelons and links, and leading to qualitatively similar optimal policies, as in 
dynamic programming, but outperforming in preliminary computational 
experiments. They also presented the numerical tractability of the model 
in the supply chain network and different scenarios, including capacitated 
and un-capacitated models for the inventory control along with the mathe-
matical formulation, theories and proofs (Bertsimas & Thiele 2004, 2006).

Superiority of robust optimisation

The methods discussed above have their features for solving corresponding 
problems. However, there are certain limitations to dealing with uncer-
tainties for stochastic programming, simulation modelling and simulation 
optimisation when compared with robust optimisation.

There are several tactical problems in simulation modelling. First, with 
respect to the initial conditions, it is for the system to decide whether it 
should be simulated by assuming the initial situation is empty or that a 
trial should be taken to build the simulation so that it can be as similar as 
possible to the practical operating conditions for a start of a run. Second, 
the decision of how many times the system should run to achieve a stable 
state situation if a steady state does exist is hard to make (Moore, Lee & 
Taylor 1993). Moreover, the function of distribution probabilities selected 
by the simulation system is normally based on managers’ experience. For 
long-term modelling, these factors require the insight and experience of 
the simulation users, and it will be an individual judgement.

Simulation optimisation takes advantage of simulation, which is a good 
way of observing a real system, and it has the flexibility to analyse the 
problems (Taha 2007). However, to make efficient and robust decisions 
for companies, it is expensive in terms of time and resources. Even if we 
could simulate every scenario that probably happens, it takes a long time 
to undertake a full analysis of all potential results. Besides, it is impossible 
to work out all the possibilities.

Stochastic programming has been applied pervasively in practice; how-
ever, it has some deficiencies when dealing with uncertainty (Mulvey, 
Vanderbei & Zenios 1995), especially when compared with the robust 
optimisation method. In most cases, stochastic programming needs to ob-
tain the probability distribution of the historical data and may need to 
split the study into multiple stages. It may also require the feasibility of 
the solutions from previous stages when dealing with multistage prob-
lems. Instead, with robust optimisation, the decision-maker may be able 
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to estimate the flexibility of the recourse variables. Stochastic program-
ming only optimises the first moment and ignores the higher moments 
of the distribution of the objective value. Further, it does not take the 
decision-makers’ risk-aversion preferences into account. Conversely, ro-
bust optimisation formulations replace the probabilistic constraint with 
a deterministic constraint, requiring the return to be non-negative for 
any realisation of the returns in a given set known as the uncertainty 
set  (Bertsimas, Brown & Caramanis 2011). Robust optimisation can be 
formulated as either a second-order cone program or linear program, 
while the exact stochastic programming is a nonlinear hard mixed-integer 
program. Robust optimisation formulations can still be solved quickly 
in large-scale problems, but dealing with stochastic programming is dif-
ficult. Stochastic LP optimises only the first moment of the distribution 
of the objective value, while the robust optimisation approach is able to 
minimise the higher moments of the distribution (Mulvey, Vanderbei & 
 Zenios 1995). Robust optimisation integrates the methods of multiobjec-
tive programming with stochastic programming. It also extends stochastic 
LP with the introduction of higher moments of the objective value and 
with the notion of model robustness (Mulvey, Vanderbei & Zenios 1995).

Following the above distinction, robust optimisation also incorporates 
decision-makers’ risk preference into the model. The interaction with 
the variance term, the risk-aversion parameters and the min-max strat-
egy help reduce the variability while optimising the outcome (Mulvey, 
Vanderbei  & Zenios 1995). By incorporating the risk parameters into 
the objective function and constraint in the robust optimisation model, 
decision-makers can incorporate their risk-aversion preferences into the 
 decision-making procedure. Robust optimisation requires the uncertainty 
sets to estimate the constraints and minimises the variability and costs of 
the differences. Robust optimisation can be used to deal with erroneous or 
noise-corrupted data (Bertsimas, Brown & Caramanis 2011). Appendix 3 
presents a brief summary table comparing these three methods.

Limitations in the existing literature and motivation

This section presents the limitations in the existing literature, which can 
be summarised as follows: there has been no previous research exploring 
an integrated systematic framework for SCM and corporate governance in 
relation to risk management; the optimal risk management strategies from 
quantifying corporate governance policies are not effectively built for an 
integrated SCM framework; few studies have been conducted in an inte-
grated supply chain context using robust optimisation methodology for 
making decisions under uncertainty. Moreover, mathematical and statistical 
methods of artificial intelligence (especially that of machine learning) have 
not been adopted to study the relationships between corporate governance 
principles and SCM and for risk management and decision-making in SCM.
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An integrated systematic framework of supply chain management 
and corporate governance for risk management

Though many studies have been undertaken on corporate governance 
factors and their impact on firm performance, there is no systematic 
framework for integrating corporate governance and SCM. Conceptual 
characterisation of the corporate governance policies usually presents the 
regulations or rules for managers to achieve good company performance. 
Other researchers have conducted surveys or interviews to determine 
what factors may influence corporate governance performance. However, 
there is little research on the problem of combining corporate governance 
factors with an optimal supply chain framework.

In addition, there is a lack of awareness of the metrics and performance 
measures used in systematic frameworks. Primarily, the metrics applied in 
supply chain modelling include lead time and inventory turnover, which 
are actually internally focused logistics management indicators  (Lambert & 
Pohlen 2001). However, logistics management is a part of SCM, as re-
flected in its definition by the Council of Supply Chain  Management Pro-
fessionals (2015). In this study, the supply chain metrics across the whole 
operational processes of the corporation are considered and incorporated 
into a framework.

The synergy between corporate governance and SCM has not yet been 
widely explored or fully appreciated by managers and those responsible 
for making major decisions about the company’s operation. Conversely, 
supply chain managers have not effectively articulated the vital role of 
competitive SCM in enhancing financial performance metrics (Shapiro, 
JF 2007) and more in corporate performance. This study has investigated 
this problem and fills the gap by extending the studies of JF Shapiro (2007) 
and Ragsdale (2012) while taking into account the risk management as-
pect of corporate governance and supply chains.

Further, previous studies have not given much attention to uncertainty 
in integrating SCM and corporate governance. They fail to consider un-
certainty aspects in both SCM and corporate governance, thus isolating 
the decision-making process by assigning corporate governance tasks to 
board members and leaving SCM decisions to technicians. Such a discon-
nection increases inefficiency in business decisions and creates significant 
communication lags.

Optimal risk management strategies from quantified corporate 
governance policies in an integrated supply chain management model

There is little research on the quantification of corporate governance pol-
icies and their incorporation into SCM. The scandals about poor corpo-
rate governance leading to firm failure raises the importance of effective 
implementation of corporate governance policies. This study focuses on 
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integrating SCM and corporate governance for risk management by quan-
tifying the key rules and regulations in the optimisation models.

Financial controls used by auditors as key control measures for risk ac-
tually focus on short-term profitability. They cover financial ratios, bud-
gets, budgetary reporting and capital investment appraisal (Collier 2009), 
which looks into income statements and balance sheets from financial re-
ports, therefore forecasting future operations. While the process of financial 
control does consider the company’s future management and application 
of some quantitative techniques, this practice is limited to short-term or 
even point estimates based on the subjective judgement of the managers 
or organisers (Collier 2009; Collier & Berry 2002). By contrast, the non- 
financial control indicators in a supply chain enterprise, such as operational, 
information and other control mechanisms, contribute to the company’s 
performance for long-term sustainable benefit ( Johnson & Kaplan 1991). It 
is important for the board reviewing or reporting internal control to ensure 
that corporate governance is not limited to financial controls  (Collier 2009).

However, as discussed above, there have been only a few investigations 
into the operational aspects of corporate governance in supply chain mod-
elling. Considering all the essential principles of GCG, it is essential to 
understand these strategies, and the board’s statement should disclose how 
they would manage risk and maximise the business profit in the long term.

Literature shows that few theories and methodologies connect corpo-
rate governance principles in SCM models, especially in terms of risk 
management strategies. Enterprises face various risks, including market 
risk, credit risk, operational risk and business risk (Labbi 2004). It is im-
portant to analyse and manage risk in a global and integrated fashion. 
Corporations that have the primary goal of accumulating capital to en-
able high-cost business ventures to be undertaken are becoming more 
significant with growing industrialisation (Gaffikin 2008). Most compa-
nies work based on the findings from cost-minimisation methodologies, 
which may cause, inaccurately, profit-maximising in global production 
and distribution plans. Though the supply chain industry has developed 
risk analysis and models in supply chain planning and financial manage-
ment, such as SCOR, it has seldom considered the agency problem, nor 
decision-makers’ risk preference.

This study aims to achieve optimal strategies that ensure stability and 
efficient management by modelling supply chains related to corporate 
governance to maximise the equity for profit and minimise risk. In this 
research, factors such as agency cost, risk management and other non- 
financial factors are integrated into the model to investigate and optimise 
long-term business profit for the company. Factors such as trust and repu-
tation can be included in the supply chain model as variables or constraints 
and further influence the supply chain performance.

To manage uncertainties in the supply chain, this research incorporates 
risk management and achieves GCG by modelling optimal policies and 
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principles in the supply chain model. It contributes to controlling for un-
certainty through a robust modelling approach across the whole supply 
chain.

Limitations of applications of robust optimisation methods on 
decision-making under uncertainty in integrated supply chain 
networks

The difficulties of dealing with risk and uncertainty in decision-making 
have been demonstrated in the literature since the 1950s (Pfaffenberger & 
Walker 1976). Modelling supply chains in a holistic network context using 
robust optimisation methods has not been extensively developed, and it is 
not fully appreciated by operational managers in the context of corporate 
strategic planning. As discussed earlier in this chapter (‘Superiority of robust 
optimisation’), robust optimisation has distinct advantages over stochastic 
programming and dynamic programming methods, which have been ap-
plied to supply chain cases in the context of capturing the maintenance and 
stability of the solution and incorporating decision-makers’ risk aversion.

Previous studies on the robust optimisation methods applied in SCM 
have placed more emphasis on optimising the subobjectives of the sup-
ply chain procedures, such as logistics planning optimisation. However, 
in reality, a company manager needs to consider the processes of the 
supply chain—purchasing, manufacturing, inventory, distribution and 
 transportation—as a whole network. Therefore, for optimal operations 
decisions, supply chain processes need to be framed in a network man-
ner and constructed into one model. Robust optimisation using mean- 
variance and penalty function in the objective function may have limited 
application because of its complex computations. In a risk-aversion pref-
erence context, this study deals with the uncertain environment through 
the robust optimisation method with uncertainty sets. The Risk Solver 
Platform is used in optimisation mode with Uset, adjustment of the en-
gine and setting up of the cells and optimisation model essentials for faster 
simulation and to achieve the results.

Contribution and conclusion

This chapter demonstrates that a significant quantity of research has been 
undertaken on knowledge development in the area of SCM, corporate 
governance and risk management, respectively. However, there are two 
major issues in the present circumstances. First, the board, which rep-
resents shareholders’ interests and makes strategic planning decisions for 
the company’s long-term profit and sustainability, may also sacrifice some 
short-term gains or increase capital expenditures. Conversely, the com-
pany managers who are responsible for the functioning and application 
of the internal control systems are more willing to plan and implement 
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strategies to achieve sound short-term interests (Fragnière & Sullivan 
2007). This might be achieved by cutting the company’s costs, particularly 
when managers’ incomes are connected with the company’s financial out-
puts. This contradictory behaviour often results in serious risks to gover-
nance that can jeopardise firm development or lead to worse damage. This 
study is dedicated to developing an integrated framework that coordinates 
different major parties in the company supply chain network to optimise 
their interests while maintaining the company’s operations and controls 
in a sustainable manner. This is achieved by managing risk and ensuring 
GCG policies to cooperate with managing the supply chain.

Second, models that integrate SCM with corporate governance have 
not been explored deeply and extensively, especially in relation to risk 
management. To fill this gap, this book focuses on integrating corporate 
governance policies and risk management to improving the optimal supply 
chain modelling effort. It assumes that the goal of corporate governance 
is maximising shareholder profits and maintaining stakeholder interests 
while guiding the corporation through the design of optimal strategies. It 
can solve the challenges arising from inappropriate corporate governance 
that result in weak SCM and poor risk management.

The model includes both material flows that are normally considered 
in traditional production and inventory modelling and also financial flow. 
The discussion and analysis of the literature indicates that firms with sup-
ply chains consider the implementation of corporate governance policies 
related to risk management as essential to sustainable and optimal business 
development.

This research can make several potential contributions. Above all, it has 
conducted a study on the GCG performance and policies related to supply 
chain partners. All of the financial crises and failures of large companies 
point to the necessity of implementing GCG worldwide. It is also included 
in the ten essential principles of the ASX Corporate Governance Council 
(2007). It would be a useful and practical contribution to map and incor-
porate the crucial principles to SCM. Thereby, an essential contribution 
of this research is to quantify the descriptive principles of GCG. Second, 
after connecting GCG principles with SCM, this research builds a model 
that allows for the existence of uncertain elements through robust opti-
misation. In reality, the only deterministic thing is changeable. To some 
extent, the way to achieve GCG is to consider uncertainty and manage 
risk at an early stage of decision-making.

Notes

 1 Interest coverage, maximum leverage, refinancing limitation, minimum div-
idend growth, payout restriction, cumulative payout restriction.

 2 Minimise the amount of inventory cost, including product costs and holding 
costs.
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 3 Maximise the ratio of net profit to capital that was employed to produce that 
profit.

 4 Maximise the fraction of customer orders filled on time.
 5 Minimise the time required to complete the production’s manufacturing and 

fully processed procedure.
 6 Its weight in this 2012 report ranking was reduced from 25% in 2010 because 

of its time-honoured feature.
 7 For example, the percentage of externals on the board.
 8 Inventory turnover: the higher this ratio is, the more efficiently the inven-

tory is managed; this gives some indication of how fast one company can sell 
products.

 9 Receivables turnover: how fast one company can collect on those sales.
 10 Profit ratios: measure the efficiency with which a company uses its resources, 

such as return on invested capitals, ROA, ROE.
 11 Liquidity ratios measure the company’s ability to meet short-term obliga-

tions, such as current ratio, current assets/current liabilities, quick ratio.
 12 Activity ratios indicate a company’s efficiency levels in managing its assets, 

such as inventory turnover, days sales outstanding or average collection.
 13 Leverage ratios show the balance between debt and equity, also known as 

capital structure; the company is termed highly leveraged if it uses more debts 
than equity, e.g., debt-to-assets ratio, debt-to-equity ratio.

 14 Shareholder-return ratios measure the return shareholders earn from the 
stock holding of the company, such as total shareholder returns, price/earn-
ings ratios, market-to-book value.

 15 Sales-to-total assets ratio; higher ratio suggests low agency cost.
 16 The ratio between a physical asset’s market value and its replacement value.

 17 ISRATIO=
Operating Income

Net Sales

 18 More general risk categories include business risk, market risk (e.g., inflation 
risk, interest rate risk), credit risk (e.g., contractual obligation, liquidity risk 
and derivative risk), special risks of global operations, currency risk, govern-
ment policy risk and expropriation. 

 19 Modigliani-Miller Theorem.
 20 ‘The Code’ refers to ‘the UK Corporate Governance Code’.
 21 Sometimes VaR.
 22 The information is available through the Risk Metrics Corporation, http://

www.riskmetrics.com (Wall Street firm JP Morgan).
 23 First proposed by Freund in 1956.
 24 First proposed by Hazell in 1971.
 25 First proposed by Tauer in 1983.
 26 Also called the Fishburn risk measure.
 27 Defined as the average of the squared deviations from the mean of all values 

that are below the mean.
 28 The theory behind this is that rather than thinking in terms of overall port-

folio risk, the investor first makes sure that a certain amount of the invested 
principal is preserved; the investor tries to minimise the probability that the 
return earned is less than or equal to the threshold t . 

 29 These evaluate volatility in terms of the percentiles of a distribution and are 
justified from a theoretical point of view in the sense that they are consistent 
with the preference of risk-averse investors—for example, VAR.

 30 Proposed by Kahneman and Tversky (1979).

http://www.riskmetrics.com
http://www.riskmetrics.com
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Introduction

This chapter introduces the conceptual framework of the study, which 
includes the theoretical structure and procedural flow of supply chain 
management (SCM). The framework is used to answer the main research 
question: How can good corporate governance (GCG) practices and risk 
management be incorporated into the SCM model to improve supply 
chain performance by resolving agency problems?

Practices and research in the supply chain industry have mainly focused 
on minimising cost or maximising a company’s profit on a short-term 
operational basis. However, as the incorporation of corporate governance 
principles for reducing risk and increasing firm value for long-term benefit 
have seldom been considered, quantifying these principles and practices 
for risk management strategies into an effective supply chain operations 
model can be expected to improve supply chain performance.

As addressed in Chapter 1, this study investigates optimal SCM with 
corporate governance practices to manage the flow of materials, cash and 
information in the context of an uncertain environment. Therefore, to 
achieve GCG and profit maximisation for all shareholders, strategic deci-
sions need to be made to manage net value optimally, even under uncer-
tainty. In this situation, a measurement of the effectiveness of corporate 
governance that includes financial management in terms of the balance 
sheet becomes an important aspect of an optimisation model for SCM. 
Further, to enhance the sustainability of corporate governance in an un-
certain environment and to minimise the possibility of losing money, risk 
management in SCM is essential. Operational risk and financial risk are 
discussed and analysed for suitability and inclusion in the model. Follow-
ing this, a robust optimisation methodology is applied to construct an 
integrated model that can be used to determine suitable strategic supply 
chain planning under uncertainty.

This chapter first presents the conceptual framework for this study to-
gether with the research questions and interrelationships between SCM, 
corporate governance and risk management. Next, it explains the theoret-
ical foundation of this research to build up an integrated robust framework 

3 Conceptual framework and 
modelling methodology
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of SCM and corporate governance. It then discusses the robust optimi-
sation method, its approaches and algorithms for model building and as 
artificial intelligence algorithms. This section of the chapter also justifies 
the methodology applied in this study. Next, the chapter addresses the 
proposed integrated RSCMCG for risk management model framework 
and summarises the model specifications. Specifically, it details how the 
 RSCMCG framework is used to quantify GCG practices and risk manage-
ment strategies to optimise SCM, demonstrating the variables, parameters 
and constraints of the models. It presents the existing computer program-
ming used in similar studies and justifies the Risk Solver Platform chosen 
for this study. It then justifies and briefly investigates the data sources used 
and simulated in the hypothetical case study of this research. It presents the 
measurements and demonstrates the validation of the proposed RSCMCG 
framework. The superiority of the framework is also discussed in this sec-
tion. The chapter then concludes.

The conceptual framework of this book

Building on Chapter 2’s review of contemporary developments in SCM, 
corporate governance and risk management, this section presents the con-
ceptual framework used for this research. As SCM has now become a 
global issue for large corporations in uncertain environments, the build-
ing up of an integrated SCM and corporate governance framework for 
optimally modelling the supply chain of a company’s global business is re-
quired. This study designs a new framework for large companies to reach 
their goals in successfully managing their SCM networks.

First, companies need to build up their integrated supply chain models 
for material flows that consider all participants, along with the operational 
chain as a whole, as well as cashflows. Generally, integrated networking 
implementation and collaboration is preferred. For example, manufactur-
ing can be outsourced to partners with low labour costs. This can reduce 
the cost to economically operate the supply chain. In the meantime, it also 
mediates the selection of distribution centre locations, transportation se-
lection and schedule arrangement, and different suppliers or provider tasks 
and chain balancing.

Second, clarification is required for the corporate policies and rules 
constraining the supply chains of large companies to develop strategic 
plans for risk management in uncertain environments. Such clarification 
can provide guidelines for company managers and owners to make deci-
sions for their firms’ executive operations while balancing any conflicting 
interests related to company resources.

Finally, following the proposed framework in this study, companies can 
determine optimal SCM strategies and practices using a robust optimis-
ation methodology. By including the four main operational procedures 
of manufacturing, transportation, inventory and marketing in SCM with 



Modelling methodology 73

financial management, this proposed framework and model can be used to 
successfully analyse resources planning in an optimal and systematic way.

The new framework for integrated supply chain management with 
corporate governance for risk management

In providing a new framework for improving SCM performance, this 
study incorporates GCG practices and risk management strategies into an 
integrated SCM model that can positively influence SCM decisions (see 
Figure 3.1). This framework allows optimal decisions to be made in an in-
tegrated supply chain networking problem, considering operational flow 
and financial management as well as risk management strategies for GCG 
practices within and between each business division to pursue long-term 
benefits for company shareholders. As shown in Figure 3.1, the basic inte-
grated supply chain model comprises manufacturing, distribution, inven-
tory and marketing. GCG practices are incorporated to improve supply 
chain performance while controlling risk. The framework is based on the 
following elements: supply chain operational networking management, 
including manufacturing, distribution, inventory and marketing man-
agement practices; GCG practices and issues, including agency problems, 
game theory and the theory of risk management and corporate finance 
and robust optimisation model practices including the theory of optimis-
ation and decision-making under uncertainty.

To achieve the goal of long-term benefit for the firm, GCG practices for 
risk management strategies and corporate financial management practices 
are formulated into constraints. Risk management strategies comprise the 
following elements: GCG practices for improving the supply chain opera-
tional system, including supply chain specialised agencies and operational 
risk management1; corporate governance performance elements, includ-
ing internal control and the principal–agent problem; financial planning 
elements of financial balance, funds flow equation and expansion expense. 
Financial policies are also included in the discussion of the principal–agent 
game framework. The principles and practices used to reduce agency cost 
and protect the company from financial crises are investigated and quan-
tified into the proposed optimal planning model. By incorporating the 
risk management strategies and corporate financial management into the 
optimal SCM model, this study has developed an integrated SCM and 
corporate governance model. To be specific, equity, fixed assets and long-
term investment are used to represent shareholders’ long-term benefit. 
The variables in the supply chain operational sector include quantities and 
unit costs pertaining to inventory and distribution. Similarly, variables are 
introduced to represent risks in financial areas such as the equity-to-debt 
ratio. The equations and constraints are structured to quantify the inter-
relationships among SCM, corporate governance practices and risk man-
agement strategies.



74 Modelling methodology

Supply Chain Management 
● Manufacturing 
● Distributing 
● Inventory 
● Marketing

Good Corporate Governance
● Principal-agent game
● Maximize company net revenue while 

achieving long term benefit 
● Manage risk preference and control

Risk Management Strategies
● Supply chain operational system

Supply chain specialised agencies
Supply chain operational risks

● Corporate governance performance
Internal control
Principal–agent problem

● Performance measures 

Corporate Financial Management
● Financial policy
● Investment policy
● Expansion 
● Agency cost 

Supply Chain Management and Corporate Governance Model for Risk Management 
● Manufacturing \ Distributing \ Inventory \ Marketing
● Corporate financial management
● Supply chain risk management and corporate risk management
● Incorporate good corporate governance practices

Uncertainties in environmentRobust optimization approach

RSCMCG Model for Decision-Making under Uncertainty
● Integrate supply chain with company corporate goal in the objective function
● Consider supply chain and corporate risk management strategies for risk controls and good 

corporate governance practices in the model constraints 
● Deal with uncertainties in supply-chain environments
● Integrated, optimal and stable

21

Risk Management Strategies for Good 
Corporate Governance Practices

● Corporate strategies for financial planning
● Risk strategies for supply chain and 

corporate governance
● Strategic decision-making suggestion for 

supply chain management in a corporation
● Measurements for enterprise performance

Optimal Supply Chain Planning for Decision- 
Making under Uncertainty 

● Maximum final equity (and profit) 
● Stable and optimal supply chain operational 

strategy: production planning, distribution 
scheduling (delivery scheme and shipping 
methods), optimal placement of inventory

● Prediction of the company supply chain 
management

Figure 3.1  Framework for determining optimal decisions under uncertainty and risk manage-
ment strategies in SCM while considering GCG practices.
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The uncertain environment surrounding the supply chain network is 
considered in the model. The proposed RSCMCG model framework 
quantifies the uncertainties into the constraint and solves the problems of 
uncertainties with robust optimisation. Both supply chain risk manage-
ment and corporate risk management strategies also support dealing with 
problems of uncertainty.

The model output includes optimal solutions and risk management 
strategies. Optimal solutions include the objective value of this model, 
which is the expected final equity at the end of the study period. The 
optimal solution provided by the proposed model will support achieving 
the maximum expected equity. To be specific, it will yield the supply 
chain operations decisions (quantities to produce at each factory, shipping 
amount on each transportation line and inventory quantities) and financial 
decisions (the annual debt amount, expenses of company’s expansion and 
investment of the current assets). The second output is the risk manage-
ment strategies for GCG practices followed by the corresponding solution 
and targeted equity while considering the uncertain environment. The 
risk management strategies provide operational and financial policies for 
better governance and supply chain performance.

Using the robust optimisation model, the optimal decision under un-
certainty is achieved. Further, in the hypothetical case study presented 
in Chapter 5, the impacts of corporate governance and risk management 
strategies on supply chain operations and their performance are pre-
sented and discussed by comparing the solutions and outputs from our 
robust RSCMCG model framework with three other model frameworks: 
(1)  initial deterministic optimisation supply chain model, (2) deterministic 
supply chain management with financial planning model (SCMFP model) 
and (3) SCM with uncertain environment model through the simulation 
optimisation approach.

The proposed framework supports an examination of the following re-
search questions:

1  How can SCM be integrated into corporate governance related to risk 
management in a systematic way to achieve an improved SCM system 
for a company?

2  How can supply chain decisions be made under uncertainty in a com-
pany to achieve long-term benefits using the proposed framework?

a What are the major factors that influence a corporation’s  decision- 
making for SCM under uncertainty, and how can these factors be 
incorporated into an SCM model?

b How can the GCG practices be incorporated into the supply 
chain model to support decision-making under uncertainty?

c How can the solution and the risk management strategies from 
the model support the decision-making process?
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3  How can the robust optimisation method using a corresponding algo-
rithm help the company reach the goal of stable optimal benefit while 
controlling risk?

The stage framework of this book updates the original work of Voss and 
Woodruff (2006) by incorporating corporate governance practices into 
three stages of functional, internal and external integration, respectively 
(see Figure 3.2 with shaded updates). This informs the direction of this 
study, which incorporates GCG practices into the procedures of both the 
internal and external operations of a company to improve SCM perfor-
mance. It is a stage framework for the evolution of logistics and supply 
chain that incorporates corporate governance strategies. 

Interrelationship between supply chain management and corporate 
governance for risk management

To answer the above research questions, the first step is to build a pro-
cedure for incorporating corporate governance factors into supply chain 
processes and models.

Issues in SCM generally concern the operational implementation as 
physical flow, where decisions are made by supply chain managers. Special 
SCM issues are related to asset management—for example, the selection 
of plant to implement the manufacturing task and decisions about produc-
tion quantities, warehouse allocation and safety stock level. Managers in 
SCM are working on daily operations. Conversely, corporate governance 
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Figure 3.2  Stage framework for evolution of logistics and supply chain incorporat-
ing corporate governance strategies.
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mechanisms are discussed and decided by the board. The board determines 
the policies or long-term strategies for company development. Managers 
strongly focus on SCM practical operations and the board receives in-
formation related to long-term strategies. Managers and the board will 
often adopt different opinions on strategic decisions because of different 
responsibilities and asymmetry of information, even though they are both 
working towards the same goal of maximising company profit. Figure 3.3 
shows the structure of the above working system. Nevertheless, all of them 
influence the company’s performance, and the combination of these areas 
influences performance development.

Financial control has been a key solution for company boards and au-
ditors to control risk over the past few decades. However, it tends to fo-
cus on short-term profitability, which considers financial ratios, budgets, 
budgetary reporting and capital investment appraisal (Collier 2009). These 
financial elements can be derived from income statements and balance 
sheets to forecast future operations. While the financial control process 
does consider a company’s future management and the application of some 
quantitative techniques, the practice is limited to short-term or even point 
estimates based on the subjective judgement of the managers or organisers 
(Collier 2009; Collier & Berry 2002).

By contrast, the non-financial control indicators in a supply chain, such 
as operational factors and information control, contribute to a company’s 
performance in terms of long-term sustainable benefits ( Johnson, HT & 
Kaplan 1991). However, as discussed above, supply chain managers take 
responsibilities in operational planning while paying little attention to the 
financial flow and undertaking a relatively little investigation into the op-
erational aspect of corporate governance in supply chain modelling. How 
do corporate governance factors and principles become incorporated into 

Company Performance

Strategic Decision: Long-term

Corporate Governance

The BoardManagers

Supply Chain Management

Business/Company Daily Operations

Figure 3.3 Working flow structure of SCM managers and the board.
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the supply chain model, and what factors or conditions need to be con-
sidered in the modelling procedure? In this research, factors such as key 
operational control, managers’ performance and risk management are in-
tegrated into the model to consider long-term business planning and profit 
maximisation. The framework (see Figure 3.4) shows the relationship be-
tween supply chain flows (which contain physical flows and cashflows) 
and corporate governance policies and principles for the purpose of risk 
management.

To be specific, the relationships among SCM and corporate governance 
elements from a risk management perspective in financial flows and bene-
fits for shareholders and company stakeholders are presented in Figure 3.5. 
The performance of SCM is strongly influenced by the corporate gover-
nance practices within the financial flow.

GCG can improve supply chain performance through value creation 
and cost minimisation. For example, the linkage of a manager’s remu-
neration with a company’s profit is reflected in the influences of corpo-
rate governance on SCM performance (see Appendix 4). The incentive 
compensation model presents the relationship between wages and man-
agers’ unobserved effort. Payments to reward short-term performance 
fail to provide incentives for long-term value maximisation. This study 
focuses on how SCM and corporate governance work together to im-
prove the company’s long-term strategic decision planning under uncer-
tain factors.
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The BoardManagers

Supply Chain Management
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Internal control;
Principal agent 
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Supply Chain 
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Optimal Risk
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Figure 3.4 Structure of SCM and corporate governance for risk management.
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Theoretical foundation: postulates and propositions

To generate an integrated optimal supply chain model, a sound theoretical 
framework is essential. This section presents the theoretical foundation of 
this study.

Supporting theories and integrative theoretical framework

The logistics and SCM of companies have developed highly techni-
cal systems and networks through mathematical modelling, yield-
ing optimal routines for resources planning. The framework of this 
study is developed under a postulate that a variety of factors in both 
the supply chain and corporate governance influence company business 
performance. How supply chain factors influence a company’s decision- 
making is demonstrated by the resource-based view,2 transaction cost 
analysis and agency theory. Agency theory explains how corporate gov-
ernance practices improve supply chain performance. Theories to be 
considered also include decision theory, constraint theory and opera-
tions research.

In SCM, managers decide operational implementations. As addressed 
in the agency theory of corporate governance, a main argument in the 
company is the agency cost issued by the principal–agent problem because 
of the separation of ownership and control ( Jensen & Meckling 1976) 
that exists between the board and the manager in a company. Corporate 
governance policies dictate the regulations or rules for managers that en-
sure good company performance. Previous studies based on surveys and 
interviews were conducted to determine the factors that may influence 
corporate governance performance. However, there is little earlier re-
search that quantifies corporate governance factors into an optimal supply 
chain model. The theoretical framework guiding this study is illustrated 
in  Figure 3.6.

The theories applied to robust supply chain model frameworks in 
this book include the resource-based view, transaction cost analysis and 
agency theory. Supply chain optimisation based on the theory of the 
 resource-based view refers to arranging resources along the supply chain 
in an optimal way, from manufacturing to distribution to retailers to 
customer service. The resource-based view provides important insights 
into a firm’s resources and implicitly into the construction and use of 
optimisation models for SCM. The aim of transaction cost analysis is 
to decrease the cost of transactions in supply chain processes by verti-
cally integrating the organisations. In a robust supply chain network, it 
is important to have integration among diverse partners. Agency theory 
requires applying strong communication and cooperation within and 
outside the supply chain, extending into an external supply chain net-
work relationship.
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Agency theory: the principal–agent game in corporations and 
good corporate governance appraisal through efficiency and risk 
analysis

An agency relationship exists when one or more individuals (called prin-
cipals) hire others (called agents) to delegate responsibilities to them 
 ( Jensen & Meckling 1976). Agency relationships are administrated by im-
plicit or explicit contracts between agents and principals. The assumption 
of agents’ self-interest, which contradicts the principals’ interest, is the 
basis of the agency problem. Companies set targets of minimum agency 
cost and wish to improve principal–agent problems to achieve optimal 
company performance.

This research takes a view of agency theory from the perspective of 
corporate governance to investigate ways to improve management per-
formance. Companies with global supply chain systems have to deal with 
principal–agent problems not only between managers and shareholders 
but also with external partners. In a company, the supply chain manager 
pays more attention to tactical operational planning and practical business 
implementation, while the board emphasises company development strat-
egies for long-term benefits to shareholders and other stakeholders. Each 
group in a supply chain plays a significant role in making decisions and 
influencing company performance. Agency theory plays a significant role 
in corporate governance and demonstrates that management can be better 
controlled while balancing the interests of owners and managers. Further, 

Agency Cost

Agency Theory

Corporate Governance

The Board

Decision Making/ Company Performance

Managers

Supply CHain Management 
Resource-Based View

Agency Theory/ Transaction Cost Theory

Figure 3.6 Theory framework of the study.
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it can be extended to the external relationships in the supply chain net-
work collaborations. The connection and cooperation between partici-
pants in the supply chain is another important principal–agent problem. 
Well-managed specialised external partners will enhance the efficiency of 
supply chain operations. Therefore, it is very important to consider agency 
theory, and especially the principal–agent problem, in this integrative sup-
ply chain and corporate governance model. This study applies agency the-
ory to the broader supply chain network: for example, this study treats the 
main company as the principal while delegating some SCM procedures 
to specialised services/companies as agents. Incorporating this extended 
principal–agent problem into the RSCMCG framework can improve sup-
ply chain performance, which is demonstrated in detail through the spec-
ification of the framework in this study.

GCG practices have a positive influence not only on the individual 
company but also on supply chain networking performance and the 
broader economy. As discussed earlier, GCG leads to reduced agency cost. 
This study explores current corporate governance performance influences 
in the supply chain optimisation process and the risks associated with stra-
tegic development.

Risk-based analysis framework of supply chain management and 
corporate governance

This section discusses the risk management strategies related to GCG 
practices that are incorporated into supply chain operational and financial 
management. The proposed risk-based analysis framework for SCM cov-
ers the whole supply chain network.

Major risks in a supply chain include environmental risk, operational 
risk and financial risk. Subcategories include supply risk, inventory risk, 
transportation risk and marketing risk. The subcategories are taken as an 
example to present the framework for incorporating risk management 
strategies for GCG to improve supply chain performance. Consequently, a 
process to identify prioritised risks is needed for the company. As a result 
of complexities in finance and management, it is impossible to account 
for all potential risks. For supply chain risk management, it is essential 
to define and clarify what risks would be considered and incorporated as 
priorities by the company. In this book, the focus is on integrating risk 
management related to corporate governance in SCM modelling. There-
fore, it is reasonable and effective to choose key risk factors in the supply 
chain that link to corporate governance.

Environmental risk is considered by referring to market risk and cur-
rency risk. Market risk is the uncertainty caused by fluctuations in the mar-
ket prices of financial or non-financial assets or volatility in demand (Labbi 
2004). Price variance is the main uncertainty when corporations are facing 
the market. Good management of this risk can result in income stability. To 
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solve this problem, the proposed model uses a financial model of earnings 
to determine the optimal hedge ratio. It is also a good strategy to diversify 
suppliers or select different line portfolios to improve risk and return trade-
offs. Another vital risk factor of the market is unsatisfied market demand. 
This study considers the demand as increasing or decreasing each year based 
on historical data. The risk management strategies in this study use comple-
mentary product lines and suppliers combined with safety inventory level to 
hedge demand volatility. The other optional method is to apply robust opti-
misation, which can be further considered to include the fluctuating demand 
in an uncertainty set to develop a stable optimal solution for the model. 
Additionally, operational risks in SCM include suppliers’ shortage, inventory 
shortage and shipping failure. This study also considers internal control to 
protect the company from bankruptcy risk, such as the debt-to-equity con-
straint. For international transactions, currency risks can be further consid-
ered. The way to manage this is to purchase or own foreign currency.

The main steps to approach risk management include measurement, 
strategy development, strategy execution and compliance monitoring 
(Léautier 2007). Considering SCM with a focus on corporate governance, 
this study adopts the risk-based analysis framework depicted in Figure 3.7, 
further taking into account supply chain risk management processes, 
phases and categories (Aven & Renn 2010; Tummala & Schoenherr 2011).

•Set up initial models 
separately for each part of the 
supply chain processes

•Choose proper methods to 
manage the risk

•Integrating and analysis

•Predict and optimize
•Risk control
•Decision making

•Identify risks related in the 
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Figure 3.7  Risk management process framework in the context of SCM and cor-
porate governance.



84 Modelling methodology

In the first instance, a company needs to define its goal: whether it 
wants to maximise its profit or minimise its costs. Second, it needs to 
set the bottom line for operational supply chain performance (restrictions 
for the operational channel). This will help determine the supply chain 
performance target and identify risks. Third, it must conduct an in-depth 
analysis of the current risks it faces, such as stock risk and shipping risk. 
Fourth, it should determine what strategies it will apply to deal with the 
risks associated with inventory level, shipping capacity and manufacturing 
level. Finally, all these risk management strategies are quantified as con-
straints of the supply chain optimisation model.

Method and application in this study

Optimisation modelling is one of the most popular tools for calculating and 
analysing key problems to yield superior decision-making results. A num-
ber of heuristic analyses and quantitative techniques covering a range of 
cross-disciplinary topics have been used to achieve optimal SCM (Ben-Tal & 
Nemirovski 2002). Applying optimisation models to the distribution of re-
sources or to workers’ schedules or production plans results in the best designs 
and economic outcomes. However, there are many obstacles to modelling 
industry supply chains. One of the critical issues is modelling in an uncer-
tain environment, such as fluctuating demands. Following the reasons pre-
sented in Chapter 1 and the justification of the method’s superiority offered 
in Chapter 2, this study uses robust optimisation modelling in the context of 
uncertainty and risk management. Risk management is incorporated into the 
model to manage the uncertainties in the planning process. In the context of 
an uncertain environment, where there is no probability distribution or exact 
estimation for the uncertainties, this study presents stable optimal solutions 
for a company dealing with risk management. This section presents the ap-
plications of robust optimisation and justifies the application of this method.

Robust optimisation method

To develop a robust optimisation model, variables, objective functions and 
constraints of the model must be identified following the discussions pre-
sented below.

Definition and general formulation for robust optimisation

The general framework of the robust optimisation model is presented 
below.

Max
subject to , 0,

, 1,...,

0f x
f x u
u U i m

i i

i i

( )
( )

≤
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Here, x k
∈  is a vector of decision variables, f fi

n
 →, :0  are functions 

and the uncertainty parameters uk
k

∈  are assumed to take arbitrary val-
ues in the uncertainty set Ui

k
⊆  (Bertsimas, Brown & Caramanis 2011, 

p. 470), which are assumed to be closed throughout this research.
The robust linear counterpart of a linear optimisation problem could 

be written, without losing generality, as follows (Bertsimas, Brown & 
 Caramanis 2011, p. 471):

µ µ≤ ∀ ∈ ∈
c x

Ax b a a

T

m m

Min
subject to , ,...,1 1

 (3-1)

Where ai represents the ith row of the uncertain matrix A and takes val-
ues in the uncertainty set i

n
µ ⊆ . Then, a x b ai

T
i i iµ≤ ∀ ∈, , if and only if 

a x b iai i i
T

i≤ ∀∈µmax ,{ } .
One criterion for the robust optimisation model is addressed as the op-

timisation models with uncertain data try to reach a good solution for all 
or most possible realisations of the uncertain parameters (Cornuejols & 
Tutuncu 2007).

Uncertainty set and robustness: essential elements and main features of 
robust optimisation

Robust optimisation as the optimisation methodology has two basic el-
ements: objectives and constraints. Compared with other optimisation 
methods, robust optimisation has uncertainty sets that additionally in-
corporate uncertainty parameters or conditions. Uncertainties may differ 
across different cases. Based on the requirements or issues, the model could 
be set up with distinct uncertainty sets for special purposes. In relation to 
diverse cases, the robustness varies. More details are provided below.

As concluded in Chapter 2, the uncertainties in robust optimisation 
models are independent of the decision variables. Different uncertainty 
forms may exist depending on the setting up of the problem, such as net 
profit coefficients, uncertain production technology and raw material 
supply (Kouvelis & Yu 2010). The risk-aversion formulation may appear 
in the objective function as a risk-aversion coefficient (Pachamanova & 
Fabozzi 2010), for example, by way of the penalty function or mean vari-
ance according to the traditional approaches.

1  Uncertainty set
Depending upon the circumstances of individual cases, there are 

diverse ways of setting up the uncertainty set. Determinants of an 
uncertainty set that are appropriate for a particular model as well as 
the type of uncertainty set that lead to tractable problems are import-
ant (Cornuejols & Tutuncu 2007). The sources of uncertainty and 
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the sensitivity of the solution to these uncertainties decide the type 
of uncertainty set. The size of the uncertainty set is determined by 
the desired level of robustness (Cornuejols & Tutuncu 2007). The 
common types of robust optimisation used in the area of finance are 
categorised into several groups: scenarios, polytopic uncertainty set, 
interval description and ellipsoidal (Cornuejols & Tutuncu 2007).

 I Scenarios: Specifying an uncertainty set by collecting the poten-
tial scenarios for the uncertain parameters: U p p pk{ }= , ,...,1 2

Robust formulation of the original problem would then include 
the constraints for each scenario in the uncertainty sets; it finds a 
solution that satisfies the worst-case scenario in the set (Fabozzi 
2007). For this type of robust optimisation group, the key ques-
tion is how many scenarios (n) from the underlying distribution 
for the uncertain parameters should be included in the uncer-
tainty set to guarantee that the probability of the constraint being 

violated in reality will be at most ε? (The answer is n
N
εβ

≥ − 1) 

(Calafiore & Campi 2005).
 II Polytopic uncertainty set: U p p pk( )= conv , ,...,1 2 .

In this case, the uncertainty sets are p, representing the convex 
hull of a finite number of scenarios generated for the possible val-
ues of the parameters.

III  Interval description for each uncertain parameter: U p l p u= ≤ ≤{ : }
Confidence intervals, which are encountered frequently in sta-

tistics, can be a source of this category of uncertainty sets.
IV Ellipsoidal uncertainty set: U p p p Mu u= = + ≤{ : , 1}0

These uncertainty sets arise from statistical estimation in the 
form of confidence regions. In addition to their mathematically 
compact description, ellipsoidal uncertainty sets have the prop-
erty of smoothing the optimal value function (Cornuejols & 
 Tutuncu 2007).

While these are common types, there are also other popular 
methods. Bertsimas, Brown and Caramanis (2011) described the 
uncertainty sets for robust linear optimisation, robust quadratic 
optimisation and robust discrete optimisation. For instance, ro-
bust linear optimisation models have quadratic or ellipsoidal 
uncertainty, polyhedral uncertainty, cardinality constrained un-
certainty and norm uncertainty (Ben-Tal & Nemirovski 1999; 
Bertsimas, Brown & Caramanis 2011; Bertsimas, Pachamanova & 
Sim 2004; Bertsimas & Sim 2004).

The above discussions are about uncertainties in the constraints 
of the model; however, sometimes, uncertainties occur in the 
objective function. If the original objective function is affected 
by uncertain parameters, they can be converted into additional 



Modelling methodology 87

constraints ≤
∈

f x u t
u U
max ( , )
0 0

0 0  by introducing an auxiliary variable 

t  and then minimise t .
2  Robustness

Robustness is an essential and core characteristic of the robust op-
timisation problem. It can vary depending upon the situations of un-
certainty, such as constraints robustness, objective robustness, relative 
robustness and adjustable robustness (Cornuejols & Tutuncu 2007).

Constraints robustness refers to the uncertainties that exist in the 
constraints and looks for solutions that are feasible for all possible val-
ues of uncertain inputs (Cornuejols & Tutuncu 2007). This type of 
solution is frequently used in engineering applications. While the ob-
jective robustness refers to solutions that will remain close to optimal 
for all possible realisations of the uncertainty problem parameters, 
such solutions may be hard to achieve, especially when the uncer-
tainty sets are extremely large. Consequently, an alternative goal for 
this robustness is to seek solutions whose worst-case behaviour is 
optimised.

The above two robustness types focus on the absolute measure of 
worst-case performance and are not consistent with the risk-tolerance 
levels of many decision-makers. Therefore, instead, the worst case is 
measured relative to the best possible solution under each scenario, 
which is known as relative robustness (Cornuejols & Tutuncu 2007).

A solution to the optimisation model may be defined as solution 
robust or model robust according to different situations (Mulvey, 
 Vanderbei & Zenios 1995). It is solution robust if it remains ‘close’ 
to optimal for all scenarios of the input data and model robust if it 
remains ‘almost’ feasible for all data scenarios.

Approach and algorithm of robust optimisation

There are different approaches for methods used depending on different 
study targets. For example, Pachamanova and Fabozzi (2010) summarised 
the optimisation problems into three types where stochastic programming 
could be used to address the presence of uncertain input data: expected 
value objective function, chance-constrained and mean-risk stochastic 
models. This section presents three classical models for stochastic pro-
gramming, followed by robust optimisation models.

Three classical models of stochastic programming for the foundation of 
robust optimisation

There are three classical approaches for stochastic programming that pro-
vide an origin for robust optimisation: the mean-risk model, the recourse 
model and the chance-constrained model (Ravindran 2009).
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1  Mean-risk model
The first mathematical programming model of uncertainty was 

Markowitz’s (1952) mean-risk model for the portfolio selection prob-
lem, which is symbolically presented as follows:

− λ ′
∈

px x Vx
x X
max , where 0 : 1X x xi i{ }= ≥ ∑ =

2  Recourse model

The two-stage recourse model is f x E y x
y Y x

+ Φ











∈

min ( ) min { ( ; )}
( )

 

(Dantzig 1955), where the underlying mathematical program is linear: 

cx E y x y d Dx Ax b+ Φ = −
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min min{ ( ; ) : } :

Φ penalises over-and under-satisfaction of joint constraints Dx +
y d= . Let yk denote the second-stage variable for the scenario k . 
Then, the entire recourse model can be presented as one mathematical  

program: ∑+ ≥ + = =cx s C y Ax b y D x d k Kk
k k

k

k k kmin : , , for 1,..., ,

where sk is the probability that scenario k prevails and K  is the number 
of scenarios. Ck is a linear penalty of the magnitude of yk. Replace the 
absolute value with the difference of the positive and negative part: 
y u vk k k= − . Then, the LP recourse model is given by the equation

∑ ( )
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+ + ≥ +
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3  Chance-constrained model
The chance-constrained model can be formed as Max : ,cx x X∈

P Dx d α> ≥( ) , where α ∈[0,1]. This allows controlling for the con-
straint certainty level (Charnes, Cooper & Symonds 1958).

Main forms of the robust optimisation method

There are three main robust optimisation methods: Soyster’s (1973) robust 
linear optimisation model, Ben-Tal and Nemirovski’s (2002) model, and 
Bertsimas and Sim’s (2004) model.

1  Soyster’s robust linear optimisation model
Soyster (1973) proposed the robust linear solution, which solved 

linear programs by replacing the uncertain parameters with their 
worst scenarios to find the ‘safest’ solution.
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Max c xT
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with uncertainty existing at aij . The robust counterpart of this prob-
lem presents the uncertain parameters with their worst cases and turns 
into a deterministic linear problem:
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This robust optimisation approach solves the uncertainty problem 
while keeping the linearity of the problem. However, it keeps the 
optimality from the solution and turns out to be too conservative.

2  Ben-Tal and Nemirovski’s robust optimisation model
The uncertainty in the problem is noted as a a a a aij ij ij ij ij ∈ − + ˆ , ˆ . aij  

is the nominal value of the uncertainty parameter aij . This group of 
robust optimisation can be formatted as follows:

Max C XT

a x a y a z bij j

j

ij ij

j Ji

i ij ij

j Ji

i∑ ∑ ∑+ + Ω ≤
∈ ∈

subject to ˆ 2 2 ,

, ,y x z y i j Jij j ij ij i− ≤ − ≤ ∀ ∈

0, 0X Y≥ ≥

This method was presented by Ben-Tal and Nemirovski (2002) and 
improves the conservative problem of the Soyster model. However, 
it increases the complexity of the algorithm and cannot control the 
balance of solution robustness and feasibility. Under this form, the 
probability that i constraint is violated is at most Exp( /2)2

i−Ω .
3  Bertsimas and Sim’s robust optimisation model

To improve the problem of balancing the solution for robustness 
and feasibility, Bertsimas and Sim (2004) proposed a new robust opti-
misation approach to deal with the uncertainty problems. Consider a 
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problem with data uncertainty c x Ax b x u′ ≤ ≤ ≤Min : ,1 . Matrix A is 
subject to uncertainty in data:
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The robust problem then formulated as follows:
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Applying this format of robust optimisation balances the robustness 
and linearity and also keeps the probability of breaking the constraints 

optimality in 
n

iΦ Γ −





1
.

The main approaches to robust optimisation

There are a few approaches to robust optimisation problems, such as 
mean-variance methods (Mulvey, Vanderbei & Zenios 1995), mini-
max regret in the form of z c x D x d k K

x X k

k k k− ≥ =
∈

min max{ } : for all 1,...,  

 (Ravindran 2009) and the worst-case method, which can be mathemat-
ically presented as cx Dx d D d

x X c
≥  ∈

min max : for all . Here, the mean- 

variance methods are presented for further application in this study.
Robust optimisation can be considered in the form of model and solu-

tion robustness using a penalty function. Introducing a penalty function 
into the objective function in Mulvey’s robust optimisation model distin-
guishes it from others in dealing with uncertainties (Mulvey, Vanderbei &  
Zenios 1995). This approach is able to incorporate the risk measure and 
decision-makers’ preference into the planning model. Unlike the recourse 
model, the robust model could penalise risk, as in the Markowitz model, 
without requiring scenarios to be defined (Mulvey, Vanderbei & Zenios 
1995, pp. 265, 266).

min ( , ,... ) ( ,... )1 1x y y z zs sσ ωρ+

Ax b=

+ + = ∈ΩB x C y z e ss s s s s , for all

≥ ≥ ∈Ωx y ss0, 0 for all

∈ℜ ∈ℜx yn n,1 2
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ω incorporates the risk preference of decision-makers; z zsρ( ,... )1  is the 

penalty function, while ps s
s∑σ ξ( )⋅ =
∈Ω

. With multiple scenarios, 

the objective function c x d yT Tξ = +  becomes a random variable taking 
the value c x d yS

T
S
T

Sξ = + , with probability pS.
This method comprises two parts: the expectation and measure of risk. 

Risk is presented as variance of the realisation of each scenario to the ex-
pected value and is penalised for the disturbance of the stability of some 
constraints. The first part, including mean and variance, makes sure that 
the solution is located close to the mean/centre of all the scenarios’ solu-
tions; the second part of the penalty function z zsρ( ,... )1  minimises the 
deviation of the optimal solution from the scenario’s solution, which is 
used to penalise violations of the control constraints under some of the 
scenarios. The weight ω  is used to derive a spectrum of trade-off solu-
tions for model robustness. This approach addresses the robustness from 
two aspects: solution robustness, which means the optimal solution re-
mains ‘close’ to optimal for any realisation of the scenario s ∈Ω, presented 
in the first term x y ysσ ( , ,... )1 ; and model robustness, which means the 
solution remains ‘almost’ feasible for any realisation of scenario s (Mul-
vey,  Vanderbei  & Zenios 1995). In the worst-case analysis, the model 
minimises the maximum value and the objective function is defined by 

s sσ ξ( )⋅ = ∈ΩMax .
This book provides a robust optimisation approach with expected utility 

function in Chapter 4. Uncertainty sets and robust counterpart approaches 
are informed by the Bertsimas and Sim (2003, 2004) model framework. 
The model framework is applied to balance the robustness between risk 
and optimality in the objective function. The Mulvey method is used 
to incorporate the risk measures and aversion into the current model 
 (Mulvey, Vanderbei & Zenios 1995).

Solutions and algorithms of robust optimisation

1  The counterpart of robust optimisation
Duality theory states that the optimal objective function value will 

be the same as the value of the primal (maximum) problem (Pacha-
manova & Fabozzi 2010). The robust counterpart optimisation prob-
lems could be projected from different uncertainty sets with diverse 
optimisation problems. To solve optimisation problems, normally it 
is efficient and tractable to deal with their dual problems. The robust 
counterparts of the original robust optimisation problems have no 
uncertainty variables and are solved through a deterministic optimis-
ation method (Pachamanova & Fabozzi 2010).

For normal LP or quadratic programming, if they are convex prob-
lems, they can be classified as SOCP. SOCP is a problem class that 
lies between LP and semidefinite programming. It can be solved very 
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efficiently by primal-dual interior-point methods (Lobo 2000). SOCP 
general form is as follows:

f xTMinimize

A x b c x d i Ni i i
T

i+ ≤ + =subject to , 1,...,

where x n∈ℜ  is the optimisation variable and the problem parameters 
are f A b cn

i
ni n

i
ni

i
n∈ℜ ∈ℜ ∈ℜ ∈ℜ− × −, , ,( 1) 1  and di ∈ℜ (Lobo 2000). 

The norm appearing in the constraints is the standard Euclidean norm. 
According to Bertsimas, Brown and Caramanis (2011), the norm-
based model, including D Norm, yields an equivalent problem with 
corresponding dual norm constraints, which can be formulated as a 
linear problem. To be specific, the l1 and l∞ norms generate linear op-
timisation problems, while the l2 norm results in a second-order cone 
problem. With the uncertainty set U A M A A= − ≤ ∆{ | (vec( ) vec( )) },  
where M  is an invertible matrix, A is any constant matrix and ⋅  is any 
norm; therefore, the previous problem is equivalent to the following 
problem (Bertsimas, Pachamanova & Sim 2004):

c x

A x M x b i m

T

i
T T

i i+ ∆ ≤ =− ∗
Min

subject to ( ) , 1..., ,1

where xi
m n

∈ ⋅ ×( ) 1 is a vector that contains x n
∈  in entries 

i n− ⋅ +( 1) 1 through i n⋅  and 0 everywhere else and ⋅ ∗ is the corre-
sponding dual norm of ⋅ .

The general robust counterpart form for the Bertsimas and Sim 
model noted earlier in this chapter (‘Main forms of the robust optimi-
sation method’) is presented below (Bertsimas & Sim 2004):

c x′Min

s t a x q r b iij j

j

i ij

j i j J

i∑ ∑+ Γ + ≤ ∀
∈

. . ,
:( , )
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x u≤ ≤1

q r y≥ ≥ ≥0, 0, 0
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Applying this format of robust optimisation balances the robustness 
and linearity and keeps the probability of breaking the constraints 

optimality in 
n

iΦ Γ −





1
.

2  Algorithm
Optimisation algorithms differ depending upon the circumstances 

of the original problems. For LP problems, the simplex algorithm 
and interior-point methods are applied to find the solutions. For con-
strained nonlinear optimisation, Karush–Kuhn–Tucker conditions 
and Lagrange multipliers are used for feasible solutions. For inte-
ger programming problems, algorithms include branch-and-bound, 
branch-and-cut routines and heuristics. Randomised search algo-
rithms have simulated annealing, tabu search and genetic algorithms 
(Pachamanova & Fabozzi 2010). A genetic algorithm is a particular 
option in several popular software packages for optimisation, such 
as Premium Solver and Palisade’s Evolver. Conic optimisation tools 
have different types of programming, such as SOCP and semidef-
inite programming, and they apply algorithms including heuristic, 
branch-and-bound, interior-point methods, genetic algorithm and 
decomposition.

The efficiency of an algorithm—for example, the number of steps 
and elementary operations it takes to solve a problem of a given size—
is also one of the criteria used in the decision-making processes. The 
size is determined by the number of operations needed to solve the 
problem, which is related to the number of decision variables and 
the number of constraints.

Justification of the methodology applied in this study

The above models proposed to deal with risk management are fitted in 
their corresponding situations and environment. For example, in the 
ERM modelling framework, CCP is used for risk management in finan-
cial decisions because it captures the critical components of ERM in a 
natural way (Ai et al. 2009).

This study uses a robust optimisation method supported by LP. In re-
ality, situations are sometimes not linear. But nonlinearity in variables or 
constraints can make solutions harder or can complicate problems. Supply 
chain models are an approximation, and they are used to guide the com-
pany in decision-making.

The superiority of robust optimisation and its comparison with differ-
ent methods, including dynamic programming, stochastic programming 
and simulation optimisation, are presented in Chapter 2. In this research, 
robust optimisation is chosen to achieve three modelling benefits. First, 
this research analyses decision-making under uncertainty and aims to 
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maximise long-term business benefits through modelling. Robust opti-
misation can achieve these simultaneously. Second, this model should be 
used at the very beginning of the strategic stage when decisions are made 
for the long-term benefit of the company, and it, therefore, requires the 
methodology to be robust and stable. Third, robust optimisation might 
be exploited in an approach similar to the CCP model (Ai et al. 2009), 
when the firm does not possess good information about some pertinent 
factors. To fit uncertain environments proposed in this study, where the 
firm does not possess good information about some elements and factors in 
the supply chain process or environment, robust optimisation is employed. 
In addition, more risk management strategies with corporate governance 
practices are incorporated into the models.

The bullwhip effect amplifies demand variability between downstream 
and upstream. Reducing this effect has the potential of reducing cost and 
improving company profit. Robust optimisation delivers the optimal solu-
tion where demand is uncertain and, compared with other solutions ap-
plied in an uncertain environment, such as stochastic programming, it 
is computationally manageable (Bertsimas, Brown & Caramanis 2011). 
Moreover, to balance the robustness and optimality, this study applies 
Mulvey’s method and Bertsimas’ model framework to manage the inte-
grated supply chain and financial planning with corporate governance 
considerations to achieve risk management while maintaining optimality 
(Bertsimas & Sim 2004; Mulvey, Vanderbei & Zenios 1995).

The proposed new robust supply chain management 
and corporate governance model framework and 
specifications of model elements

This study formulates a framework for a corporation to maximise its value 
through supply chain operations, financial management and corporate 
risk management within each division and the interdependencies between 
these factors. The optimisation problem is constructed through quantify-
ing GCG practices into the risk management strategies of the supply chain 
optimal model to incorporate the variety of synergetic relationships within 
supply chain procedures and corporate structures. The proposed model is a 
 principal–agent game theory model and incorporates the interests, goals and 
strategies of both the principal and agent into its structure. The model mainly 
answers two questions: how can corporate governance be integrated into the 
supply chain model, and what is the impact of this integration on improving 
the performance of the supply chain? In the proposed model framework, 
SCM consists of raw materials procurement, manufacturing, inventory, 
transportation and marketing. Raw materials procurement considers how to 
reduce cost based on a composite of their capability and transportation cost. 
Manufacturing focuses on producing goods on time while reducing cost. 
Inventory aims to maintaining low stock levels while keeping enough on 
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hand to meet demand. Transportation needs to be well arranged to obtain 
optimal routines. Marketing concentrates on selling and managing demand 
to generate revenues. Based on these considerations, this study presents the 
model framework with its key elements, objective function and constraints.

Key elements of the proposed new model framework

This study’s optimisation framework highlights the incorporation of SCM 
and corporate governance practices across diverse business divisions and 
presents an artificial intelligence and machine-learning algorithm. In this 
situation, there are two sets of decision variables: operational decision vari-
ables such as production quantity, shipping lines division and warehouse 
stock level; and financial decision variables such as reduced cost, objective 
coefficient, allowable increase and decrease amount.

Artificial intelligence and machine learning: Lexico (n.d.) defines 
artificial intelligence as ‘The theory and development of computer sys-
tems able to perform tasks normally requiring human intelligence, such 
as visual perception, speech recognition, decision-making, and translation 
between languages’.

Wikipedia provides the following discussions of machine learning: ma-
chine learning is a subset of artificial intelligence and is a study of computer 
algorithms that seeks to make predictions or decisions. Machine-learning 
algorithms build mathematical models, including optimisation models, 
from data experience. ‘The study of mathematical optimisation delivers 
methods, theory and application domains to the field of machine learning’ 
(Wikipedia 2021).

Following the above tradition, a computational mathematical model (a 
computer system) has been developed and used as artificial intelligence 
and machine-learning algorithms for decision-making and predicting the 
optimal specifications and strategies in the areas of study in this book. 
There are two main streams of constraints for risk management strategies 
in the model: supply chain risk management and corporate risk manage-
ment modelling. Supply chain risk management supports the management 
of risks in supply chain procedures. These strategies maintain company 
stability in a fluctuating environment. Corporate risk management can 
add firm value by optimising capital structure and hedging ratios (Léau-
tier 2007). Consequently, it is applied here by considering elements in the 
financial structure and optimal ratios, such as the ratio of sales-to-total 
assets and inventory turnover.

Principles for GCG addressed by the ASX Corporate Governance 
Council (2007) (discussed in Chapter 2, ‘Good corporate governance for 
better firm performance’) can be incorporated into the model framework. 
For example, the principle of ‘respect the rights of shareholders’ is rec-
ognised through maximising shareholders’ wealth, including EBIT and 
equity as an objective function. The principle of ‘recognise and manage 
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risk’ is achieved through risk indicators. The principle of ‘encourage en-
hanced performance’ is explored through risk management strategies and 
the robust optimisation approach to improve supply chain performance 
by way of robustness and optimality while managing risk. Measures of 
performance are included in the constraints, such as ROA and ISRATIO. 
The following sections present the details of the study in this area.

Objective function for the objective value and connections

This study seeks to improve supply chain performance through GCG 
practices that focus on risk management.

The final goal of the model is to maximise equity value. GCG practices 
set the maximisation of equity as the objective function. Creating sharehold-
ers’ value is commonly considered the paramount business goal (Young & 
O’Byrne 2001). Maximising shareholders’ long-term benefits is considered 
the objective of a strategic planning model. The goal of operational manage-
ment is minimising cost or maximising profit, but it is only for short-term 
operational profit. For long-term benefit, the company must not only take 
care of its operational cost and sales profit but also pay attention to corpo-
rate risk management strategies and the relationship between operations and 
corporate finance. In this study, equity is chosen as a measure for long-term 
benefit. The final equity of the targeted period is taken as the objective value.

Equity also builds up the connection of corporate governance with sup-
ply chain operations through EBIT. EBIT links SCM through revenue 
and cost of operational chains while it connects to corporate governance 
through the balance sheet (financial statement reflecting company gov-
ernance). EBIT is incorporated into the objective function and equity is 
considered through the interrelationship between EBIT and long-term 
debt and dividend to shareholders. The definitional equations for supply 
chain operations and financial management are presented in Chapter 4 
(‘Constraints of the robust supply chain management and corporate gov-
ernance model’, Section A).

Constraints for integrated supply chain with good corporate 
governance practices

Constraints for the proposed model framework are divided into those for 
integrative SCM and financial management and those for GCG practices 
covering management in the supply chain.

Supply chain management and financial management

1  Supply chain operational equation constraints
Supply chain operational constraints are formed from the op-

erational policies for important SCM procedures. All the major 
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processes—manufacturing, shipping, inventory and marketing—are 
considered in the model framework; expenses associated with each 
procedure, different shipping line options and mass balance are con-
sidered across the whole supply chain network participation. The in-
teractions and collaborations among participants are reflected through 
constraints. The main purpose of these constraints is to set up an in-
tegrated supply chain operations management system. Chapter 4 pres-
ents details of the mathematical form (‘Constraints of the robust supply 
chain management and corporate governance model’, Section B.1).

2  Financial planning constraints
This study connects the supply chain operational system with fi-

nancial management by incorporating financial elements into strate-
gic planning, such as current liabilities, long-term debt, current assets, 
fixed assets and equity (Ross 2011; Shapiro 2007). Current liabili-
ties refer to short-term liabilities such as accounts payable or payroll. 
Long-term debt refers to long-term bank loans or bonds. Current 
assets address the liquid assets of the company such as cash and inven-
tories. Fixed assets are non-liquid assets such as plants or equipment. 
Equity refers to the value of shareholders’ interests in the firm. Part of 
the basic financial management structure in SCM is drawn from Sha-
piro’s (2007) model in his Modeling the supply chain. Chapter 4 presents 
details of the mathematical form (‘Constraints of the robust supply 
chain management and corporate governance model’, Section B.2).

The experimental data can be obtained from the balance sheet in the fi-
nancial report. The main financial planning concerns in this book are 
to stabilise financial balance and achieve healthy funds flow and positive 
investment. These financial planning constraints also demonstrate the in-
teractive relationships of financial elements in corporations.

Corporate governance strategies in constraints

A core research question of this study is how GCG practices can be incor-
porated into the SCM model for decision-making to improve supply chain 
performance. This is assessed from the perspective of two main aspects: 
(1) supply chain operational risk management and agency problems and 
(2) financial management and corporate risk management. As a result, 
this study examines and formulates GCG practices and incorporates risk 
management into the supply chain system through model constraints and 
variables, as presented below.

1  Supply chain risk management strategies: GCG practices for supply 
chain operations management

From the perspective of agency theory, this study first addresses the 
principal–agent problem existing in a broader supply chain network 
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and improves it by employing a specialist agency scheme in the gov-
ernance of suppliers. Second, it investigates risks in each supply chain 
operational procedure and manages them by incorporating supply 
chain risk management strategies in the constraints—for example, ca-
pacity restriction in manufacturing and distribution risk strategies. 
The failure of risk management in operations may lead to unsatisfac-
tory demand management, thereby ruining the company reputation. 
To incorporate risk management into the early stage of strategic plan-
ning, the constraints quantifying these risk management strategies in 
the planning model framework are required. Chapter 4 presents these 
constraints (‘Constraints of the robust supply chain management and 
corporate governance model’, Section C.1).

Further, supply chain performance measures, including ROA, rev-
enue growth (change in revenue from a prior year) and inventory 
turnover, are incorporated into the model constraints for perfor-
mance reflection on corporate governance incorporations. According 
to Hofman and Aronow (2012), ROA indicates overall operational 
efficiency and productivity, while revenue growth reflects the myriad 
market and organisational factors providing some clues to innovation. 
Inventory turnover is one of the few ‘real’ supply chain proxies shown 
on a company’s balance sheet.

2  Corporate finance and accounting practices for corporate governance 
performance

A company’s corporate governance performance influences its 
value and long-term profit for shareholders. These influences are 
considered from the perspectives of internal control and external 
control. GCG practice suggests that a company needs to comply with 
the business and regulatory environment (Farrar 2008). International 
control is ‘established in order to provide reasonable assurance of 
effective and efficient operation, international financial control and 
compliance with laws and regulations’ (Collier & Agyei-Ampomah 
2008, p. 143).

Internal control as a constraint in the current study is reflected in 
the capital structure (debt and equity), investment decisions, man-
agement of bankruptcy risk and reputational risk. The policy for the 
capital structure is determined by the risk attitude of the companies’ 
managers. They can have diverse construction of debt and equity. 
The policy incorporating debt holds managers accountable for gen-
erating cash to meet interest and principal obligations. Investment 
in supply chain system development is considered for long-term 
benefit and managed according to the company’s capability. Bank-
ruptcy risk is one of the biggest concerns for company shareholders 
and stakeholders. To protect the company from this risk, this model 
brings in a debt service constraint and a leverage constraint to sup-
port a healthy operational system. Reputational risk as discussed 
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here refers to the protection of supply chain processes and keeping 
the operational chain and the financial chain stable in an uncer-
tain environment. Corresponding constraints are delivered through 
the whole model framework, such as supply chain risk management 
strategies detailed in the previous section. This section presents 
reputational risk as managing working capital such that it meets 
customer requirements. Financial performance ratios discussed in 
Chapter 2, ‘Proxies and ratios as corporate governance performance 
measurement for firm value’, such as debt-to-equity ratio, are also 
transformed into constraints, which can help improve a company’s 
financial performance.

In this study, GCG principles are incorporated through constraints 
that ensure the profitability and sustainability of the company’s op-
erating activities while reducing agency costs such as benefits from 
debt financing. Agency cost is one of the important components for 
measuring corporate governance performance. High agency cost 
leads to more risks, and such cost is considered in the optimal supply 
chain model. The risks may lead to a loss in the trust of the com-
pany in the market. The implementation of GCG practices can reduce 
agency cost. Agency cost is accounted for in the supply chain system. 
Agency problems in the supply chain system are reduced by increasing 
company trust and reputation in the market. For GCG performance, 
measures are incorporated as constraints in the model framework. As 
discussed in Chapter 2 (‘Proxies and ratios as a corporate governance 
performance measurement for firm value’), ISRATIO is a ratio for 
measuring the operating efficiency of the company. A GCG and SCM 
system for a company requires a healthy operating margin that enables 
the company to pay for its fixed costs such as interest on the debt. The 
ratio is incorporated into the model framework to maintain a healthy 
operation and management system for the company.

Simulation and programming

Recent times have seen significant awareness of and progress in computa-
tional optimisation. Optimisation software has been deeply explored and 
widely used for both research and real-world application. Software cate-
gories are divided into optimisation solvers and optimisation modelling 
languages (Fabozzi 2007). According to Fabozzi (2007, p. 334),

An optimization solver is software that implements numerical rou-
tines for finding the optimal solution of an optimization problem. 
Optimization modelling languages have emerged as user-friendly 
platforms that allow the users to specify optimization problems in a 
more intuitive generic fashion, independent of the specific algorith-
mic and input requirements of optimization routines.
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Typically, optimisation languages automate the underlying mathematical 
details of the optimisation model formulation for solving the optimisation 
problem.

Existing tools for modelling uncertainty

For optimisation models, available computer platforms include MATLAB 
and IBM SAP. Popular software modelling languages include AMPL and 
GAMS. Widely used optimisation solvers are spreadsheet programs such as 
Microsoft Excel and Corel Quattro Pro. Other popular software programs 
include GPSS, ROME and AIMMS. Professional optimisation tools have 
been developed for specific purposes. For example, for modelling uncer-
tainty in finance, there is SeDuMi, SDPTS, MOSEK and AXIOMA risk 
models (Cornuejols & Tutuncu 2007). To solve the SOCP problem, Se-
DuMi (computational research at Lehigh) or SDPT3 (MATLAB software 
for semidefinite-quadratic-LP) can be applied efficiently, as they are well 
designed for this type of problem.

Justification of the chosen software

In this research, optimisation solvers are applied to solve the new problem 
and model. The study aims to obtain the optimal and robust result to 
compare the performance of the old model with that of the new model.

For the proposed model, this study uses the Risk Solver Platform, as this 
integrates well with other commonly used business software programs. 
Modelling in the Risk Solver Platform offers a range of functions for a 
variety of model types, including Monte Carlo simulation, decision trees, 
powerful conventional optimisation, simulation optimisation and stochas-
tic optimisation, with capabilities of up to 8,000 decision variables to deal 
with large-scale problems. It is offered by Frontline Systems Inc. and can 
be upgraded for further development. This platform is especially helpful 
for the purpose of risk analysis and optimisation. Moreover, it is visible 
and accessible for management accountants who are working on decision 
planning with spreadsheet modelling in Excel.

Introduction of Risk Solver Platform applied for optimisation 
model with uncertainty

1  Cell formulation and coding
The cell functions are formulated based on the case needed and 

conditioned by the rules and scenarios. The main tool tabs of the 
applied software in this study are listed in the Risk Solver Platform 
function. The Risk Solver Platform can be found in the upper right 
corner of the tab options after installing the program.

2  Modelling: Solver options and model specifications
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Brief instructions are presented below. Further details based on the 
models and cases presented in this study are explained subsequently 
in corresponding chapters. The main components are ‘Model’, ‘Plat-
form’, ‘Engine’ and ‘Output’.

a Model
This component is designed to set up the objective, constraints 

and variables for the model. There are five sections in the main 
frame: ‘sensitivity’, ‘optimisation’, ‘simulation’, ‘decision trees’ 
and ‘input data’. This study uses the ‘optimisation’ section and 
the ‘simulation’ section. In the ‘optimisation’ section, the ob-
jective, variables (normal and recourse), constraints (normal, 
chance, bound, conic and integers) parameters and results are 
presented. The ‘simulation’ section contains uncertain variables, 
uncertain functions for the objective function, statistic function, 
correlation matrices and parameters. In this section, under the 
main frame, there is also the model diagnosis and variables– 
functions–dependencies tables to define more details for the pro-
posed model.

b Platform
In this component, the implementation details are presented. 

There are seven sections that are updated as required: ‘optimi-
sation model’, ‘simulation model’, ‘decision tree’, ‘diagnosis’, 
‘transformation’, ‘default bounds’ and ‘advanced’. In this study, 
the ‘optimisation model’, ‘simulation model’ and ‘transformation’ 
sections are defined based on different case situations. It starts 
with analysis in the ‘optimisation model’ and relates to the ‘trans-
formation’ section.

The ‘Optimisation to Run’ function can support multiple pa-
rameterised optimisations of the problem. If an optimisation pa-
rameter is defined in a cell to be varied from a to b and is selected 
as the right-hand side (RHS) of a ‘return threshold’ constraint 
in the model, and the number set in this item is (say) n, the Risk 
Solver Platform would solve n number of optimisation problems. 
The ‘reports’ and ‘charts’ buttons on the menu are then used to 
examine results across all n optimisation problems.

‘Solve Uncertain Models’ has selections of ‘Simulation Opti-
misation, Stochastic Transformation, Stochastic Decomposition, 
Automatic’ to choose the method applied to deal with the un-
certainty in the problem. For example, ‘Simulation Optimisa-
tion’ can handle nonlinear and non-smooth models but is also 
the slowest and least reliable. ‘Stochastic Transformation’ works 
only with linear models with uncertainty and uses stochastic 
programming or the robust optimisation method to solve the 
problem. ‘Stochastic Decomposition’ can deal with problems of 
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uncertainty and recourse variables but does not support chance 
constraints or objectives depending on uncertain variables. To 
apply this, it must have recourse variables contained in uncertain 
constraints.

In the Risk Solver Platform, ‘Stochastic Transformation’ in the 
‘Transformation’ section is active only if the last step of the prob-
lem sets ‘Stochastic Transformation’ in ‘Solve Uncertain Models’. 
The options include ‘Deterministic Equivalent, Robust Coun-
terpart and Automatic’. Applying this option to determine the 
platform will solve the uncertainty problem by transforming the 
optimisation model with uncertainty into a conventional optimi-
sation model without uncertainty or into the deterministic equiv-
alent model (used in stochastic LP) or a robust counterpart model 
(as used in robust optimisation) (Frontline Solvers 2013a). If set 
into the default choice, ‘Automatic’, it will use the deterministic 
equivalent form if it includes recourse decisions and no chance 
constraint. Otherwise, it will use the robust counterpart form. In 
the same section, select ‘Chance Constraints Use’ to determine 
the norm, which measures distance. It is used to constrain the 
size of the uncertainty set in the robust counterpart model. The 
options include ‘L1 Dorm, L2 Norm, L Inf (infinity) Norm or D 
Norm (the default)’.

In the ‘Simulation Model’ section, ‘Use Interactive Optimisa-
tion’ will ask for the selection from True or False. Set this option 
to ‘True’ to run an optimisation automatically whenever a change 
is made to the spreadsheet. This study sets it as ‘False’ to leave it 
unchanged until the run button is pressed. Then select ‘Number 
of Threads’ from ‘False or True’. This option defines the number 
of threads of execution to be used for optimisation problems. This 
study sets ‘False’ for the hypothetical study later, meaning the num-
ber of threads should be determined automatically. The solver may 
use as many threads as this study has processor cores and allocates 
the threads for different purposes to achieve the fastest solutions.

c Engine
This component is for selecting the program engine to be used 

to solve the model. Engines available are Standard LSGRG Non-
linear Solver Engine, Standard LP/Quadratic Engine, Standard 
Evolutionary Engine, Standard Interval Global Engine, Standard 
SOCP Barrier Engine and Risk Solver Engine.

The Standard LP/Quadratic Engine finds optimal solutions to 
problems of simple linear constraints with linear or quadratic ob-
jective functions.

The SOCP Barrier Solver solves problems where objective and 
constraints are all-linear or convex quadratic functions of the 
variables. It also solves problems with a linear objective, linear 



Modelling methodology 103

constraints and second-order cone constraints. This differs from 
the LP/Quadratic Solver, which only allows the objective func-
tion to be quadratic (Frontline Solvers 2013b).

The Nonlinear GRG and LSGRG solvers find optimal solu-
tions to problems where the objective and constraints are all 
smooth functions of the variables. They can be used on problems 
with all-linear functions, but they are much less effective and ef-
ficient than the LP/Quadratic Solver or the Solver Barrier Solver 
on such problems.

The Evolutionary Solver usually finds good solutions to prob-
lems where the objective and constraints include non-smooth or 
discontinuous functions of the variables—that is, where there are 
no restrictions on the formulae used to compute the objective and 
constraints.

d Output
The ‘Output’ component presents the results of the solving 

process and analysis if the procedure is unsuccessful or the prob-
lem is infeasible or for other problems.

 3 Risk Solver Platform specified options for the cases
Under the ‘Option’ choice, the sections of simulation, optimisation, 

general, tree, bounds, charts, markers and problem are defined.
Under the ‘Simulation’ tab, choose ‘Sampling Method’ from Monte 

Carlo, Latin hypercube and Sobol RQMC. This study selects ‘Latin 
hypercube’, since Latin hypercube sampling is a statistical method for 
generating a sample of plausible collections of parameter values from a 
multidimensional distribution. The sampling method is often used to 
construct computer experiments. Another alternative option can be the 
Monte Carlo method. If this sampling method is applied, it generates 
numbers through the chosen Random Number Generators directly to 
obtain sample values for the uncertain variables (Psi Distribution func-
tions) in the model. Then, choose from the options of Park-Miller, 
Combined Multiple Recursive Generator (CMRG), WELL and 
Mersenne Twister. Though computer-generated numbers are never 
truly ‘random’ (since they always follow an associated algorithm, being 
called pseudorandom numbers), the Random Number Generators can 
quickly generate a sequence of numbers that are close to being statis-
tically independent. This can test the model in a simulated practical 
problem and improve the model if necessary before it can be applied 
to real cases. For choosing a generator, the length of the period and 
the degree of statistical independence achieved within the period will 
be considered and a trade-off will be reached based on the particular 
problem. This study applied CMRG of L’Ecuyer, which has a period of 
2191 and excellent statistical independence of samples within the period. 
For the remaining tab settings, follow the standard steps.
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Justification of data collection

This section discusses the criteria used for data collection. It justifies the 
data collection process applied in this research and presents the details of 
the data collection for the hypothetical case study.

The proposed model framework targets a global company with its own 
settled partners, and its physical chain involves procedures of manufactur-
ing, inventory and transportation. The model framework aims to optimise 
the company’s supply chain system with each stage, assembling plans while 
meeting the requirements of both specific company policies and customer 
demand. Potential outputs of the proposed plan include production quan-
tity from the inventory; production quantity from manufacturing, includ-
ing those satisfying demand (excludes the amount from inventory) and 
others required to meet the safety inventory; selected transportation type 
and routine; and cost for the whole supply chain.

As Calantone and Vickery (2009) stated, many empirical studies in 
SCM are based on the analysis of primary data. Typical methods for col-
lecting primary data include research surveys/questionnaires, direct ob-
servations and case interviews. Another data resource is secondary data, 
which are publicly available. Applying secondary data removes the indi-
vidual intention from the researcher. Moreover, many studies have applied 
machine-generated data, such as random data simulated for stochastic pro-
gramming purposes (Kuchler & Vigerske 2010).

The aim of this study is to build up a new framework of strategic plan-
ning with SCM and corporate governance under uncertainty, and develop 
a corresponding mathematical modelling. The research concentrates on 
how to apply and improve the proposed new framework for the company 
through a robust optimisation approach. The focus is on the theoretical 
contribution of the framework and the corresponding optimal mathemat-
ical model. A hypothetical case study is taken as an example for application 
and an explanation is provided for how the model can work in industrial 
cases. Practical solutions for real companies can be achieved by incorpo-
rating specific company details of operational and financial issues in fu-
ture applications. The current study uses simulated data based on heuristic 
data and historical experience. Operational supply chain data are seldom 
publicly available and are hard to obtain. Meanwhile, the purpose of the 
numerical case in this study is to explain how the model can be applied in 
practice and what results and implications can be achieved by using this 
model to create strategies in a company.

Based on the above discussion, the data for the hypothetical case study 
applied in this study are from two main resources: secondary data (case 
examples from previous studies such as Shapiro [2007] and Ragsdale [2012] 
and from industrial ratios) and simulated data. Data that cannot be ob-
tained from public reports are simulated based on reasonable assumptions 
from previous studies. More details about data collection are presented in 
 Chapter 5, ‘Data collection and specify input data for the hypothetical case’.
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Validation of the framework for generalisation and 
superiority of the model

Measurements

According to a popular management saying, ‘what gets measured gets done’ 
(Morin & Jarrell 2001). Developing a better supply chain network frame-
work that considers GCG practices requires a good measurement and criteria 
system. An important criterion applied in this study is robustness in strategic 
decision-making for shareholders’ long-term wealth creation, which com-
bines strategic decision-making and robustness from various criteria for firm 
performance measures. To choose a suitable measurement, other criteria 
applied in this study are accuracy, which takes account of the amount and 
timing of future cashflows and relevant risks; performance measurement; 
complexity, which checks the measure to calculate and communicate with 
relevant stakeholders; and organisational levels (Morin & Jarrell 2001).

Shareholder value addition, which is defined as a corporate value less 
the value of debt, is recognised as a good metric to measure company 
performance (Morin & Jarrell 2001). The aim of this study is to achieve 
the best value for the long-term benefit of the company and shareholders’ 
interests; therefore, the shareholder value addition is used to measure the 
efficiency of company performance. This study uses equity to represent 
shareholders’ interests and impact on the company’s long-term benefit. 
Using maximisation of equity as the objective function, this study aims 
to achieve maximum shareholders’ value while improving company per-
formance. This study also incorporates agency ratios such as ROA, ROE 
and the company performance measure ISRATIO into the constraints to 
further improve the RSCMCG model framework.

The two aspects of GCG practices—risk management and value 
 creation—are incorporated into the supply chain network model. For a 
supply chain model to manage risk, it is important to set up the appropriate 
proxies or indicators for them. In addition, the decision strategies to manage 
the risks are incorporated as constraints in an optimal supply chain model.

Validation and verification

Verification is the process of examining the model’s internal consistency 
to ensure that it is computationally correct and does not contain errors 
of both omission and commission. Validation is to ensure its external or 
representational correctness. Two validation approaches may be used: val-
idation by construct and validation by results (McCarl & Spreen 1997).

According to McCarl and Spreen (1997, pp. 18–22), validation by con-
struct is justified by one of several assertions about modelling: the right pro-
cedures were used by the model builder; trial results indicate the model is 
behaving satisfactorily; constraints were imposed that restrict the model to 
realistic solutions; the data were set up to replicate the real-world outcome.
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Validation by results involves five steps: first, a set of real-world out-
comes and the data causing that outcome are gathered; second, a valida-
tion experiment is selected; third, the model is set up with the appropriate 
data, the experiment is implemented and a solution is generated; fourth, 
the degree of association between model output and the real-world out-
come is tested; and, finally, a decision is made regarding model validity 
(McCarl & Spreen 1997, pp. 18–23). Parameter outcome sets show that the 
model should contain outcome parameters, which reflect the behaviour 
of the observed objective system or environment. A good model needs 
to have the outcome parameter(s). Five general validation experiments 
are the feasibility experiment, the quantity experiment, the price exper-
iment, the prediction experiment and the change experiment (McCarl & 
Spreen 1997).

A validation test can be descriptive, analytical and experimental. After 
discussing the validation process, McCarl and Spreen (1997) suggest the 
steps for conducting validation tests: first, adjust the model variables, equa-
tions/constraints and data to reflect the validation experiment; second, run 
the model and obtain the solution; finally, evaluate the solution.

Further, validations of the model and result can be undertaken at the 
descriptive and analytical levels. The descriptive level is ‘the attainment of 
the objectiveness of the model, the appropriateness of the model structure 
and the plausibility of the results’; the analytical level is ‘the character-
istics of model solutions and the robustness of the results’ (Islam & Mak 
2006). The details of validation for the model of this study are presented 
in Chapter 5, ‘Plausibility of the robust optimisation approach and results: 
Generalisation’.

Superiority of the proposed framework

This study proposes a new framework for decision-making under uncer-
tainty through robust optimisation by integrating SCM with corporate 
governance (RSCMCG). This new framework, followed by models, ex-
tends the existing literature and methods in the following ways:

1  It proposes an integrated framework for SCM with GCG practices 
for risk management strategies, such as suppliers’ relationship and al-
location, manufacturing package capacity, safety stock and demand 
satisfaction reputation.

2  It brings corporate financial management into supply chain planning 
for improving performance and decision-making considerations—for 
example, debt limitation, equity and debt balancing and long-term 
investment decisions.

3  It develops a robust optimisation approach for the proposed framework, 
improved with risk preference considerations and stable strategies.
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4  It concludes with a robust optimisation supply chain model by in-
tegrating corporate governance and provides strategic solutions for 
operational planning and financial planning from a new view of risk 
management.

Conclusion

This chapter discussed SCM and corporate governance theories and set 
the theoretical framework for this study. It also examined the interaction 
between supply chain and corporate governance from the perspectives of 
risk management and decision-making. An integrative conceptual frame-
work was proposed for combing supply chain operational procedures 
with corporate governance factors to improve firm performance. The 
relationship between risk management and corporate governance with 
respect to SCM was discussed to understand how to combine both factors 
in an integrated model. The proposed RSCMCG framework connecting 
supply chain and corporate governance is shown in Figure 3.1. Chapter 4 
further presents the considered parameters, variables and constraints and 
computations of the model in a mathematical format for the numerical 
implementation of the model and as the computational intelligence used 
in this book.

The following framework discussion is a detailed description of the 
methodology. It investigates the concept of robust optimisation applied 
in this study and the incorporation of risk management into constraints. 
Robust optimisation is a mathematical method applied in this study. Its 
basic foundations, forms, approaches and algorithms are introduced. 
More application examples are provided to show the flexibility and ro-
bustness of the method. The justification for the methodology applied in 
this research is also given. This is followed by the quantification frame-
work and specified details for modelling, which are the foundation for 
modelling supply chain and corporate governance into a mathematical 
form.

The computer programming of the solver platform and data sources 
from different resources are also discussed to briefly introduce the way 
they are implemented. The Risk Solver Platform is used for its practical 
realisation of robust problems. Various parameters, variables and con-
straints are identified, conceptualised and measured. Finally, the valida-
tion process and superiority of the proposed RSCMCG framework are 
presented.

Notes

 1 Including manufacturing, distribution, inventory and marketing.
 2 These theories are discussed in Chapter 2, ‘Supply chain management theo-

ries development and research streams for forming a supply chain framework’.
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Introduction

Following the proposed conceptual framework for integrating supply 
chain management (SCM) and good corporate governance (GCG) prac-
tices for risk management and methods in the previous chapter, this chap-
ter presents a robust optimisation model for supply chain management and 
corporate governance (RSCMCG) and corresponding solutions for supply 
chain decision-making under uncertainty.

The RSCMCG model is a principal–agent game theory model as it rep-
resents the interests, goals and strategies of both the principal and agent by 
the objective function (the objectives of the principal) and constraints (the 
requirements of the principal from the agent, conditions on the behaviour 
of the agent, the mechanisms for resolving the agency conflicts, the agent’s 
own constraints on SCM, etc.) of the model.

Details of the mathematical presentation of the model for the proposed 
integrated supply chain decision-making framework are presented and 
discussed, as are the elements of the RSCMCG model for being an ar-
tificial intelligence algorithm. Here, the policies and rules of relevant fi-
nancial planning and GCG practices are incorporated into a supply chain 
operation system to improve supply chain performance.

Starting with a supply chain deterministic optimisation model, this 
study investigates the requirements for an integrated SCM that provides 
an optimal solution for strategic planning in which GCG policies and 
principles are linked to the operational aspect of the company’s supply 
chain networking. Considerations including supply chain risk manage-
ment strategies, agency problems, sustainable development and long-term 
benefit are quantified and incorporated into the model using variables, 
objective functions and constraints. Following this, a robust optimisation 
model (RSCMCG) is built to solve the supply chain problems under un-
certainty and thus to improve supply chain performance with robustness 
and optimality.

In this study, physical and financial flows of a supply chain network 
are integrated into an optimisation model, taking into account share-
holders’ long-term interests for strategic decision-making in an uncertain 

4 Robust optimisation model 
for supply chain management 
and corporate governance
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environment. Regarding the materials domain, the proposed model draws 
constraints of manufacturing, inventory, transportation and market into 
an integrated network to capture the solution for the operational quan-
tities of production and shipping as well as goods in safety stock. GCG 
practices, including supply chain risk management and corporate financial 
practices such as consideration of the agency problem and internal control, 
are incorporated into the model constraints. Measures on corporate gov-
ernance performance, such as ROA, are incorporated into the constraints 
to improve supply chain performance. This study further develops the 
RSCMCG model by considering the uncertainties in the supply chain 
environment, such as packaging coefficients in manufacturing procedures, 
and by incorporating decision-makers’ risk preference.

This chapter addresses the proposed model framework in mathematical 
format and with a corresponding narrative. It first introduces the back-
ground for the targeted problems. Next, it illustrates the details of the 
proposed RSCMCG model, including the objective function, and the 
constraints for supply chain operations and financial management together 
with GCG practices for risk management strategies. It then updates the 
RSCMCG model with concerns in uncertainties through a robust optimi-
sation approach and presents the corresponding algorithm and simulation. 
The chapter is then summarised.

Problem background and statement of the model

This section introduces the background of the proposed integrated robust 
SCM and corporate governance for risk management (RSCMCG) model 
framework. The proposed RSCMCG model framework is constructed 
by extending the supply chain basic model and framework from Shapiro 
(2007) and Ragsdale (2012). The proposed model is also influenced by 
Williams (2013), who provided guidance regarding the use of constraints 
for productive capacity, raw materials, marketing, material balance and 
quality of the productions.

Overall, this study is dedicated to building a model that integrates all 
the processes of supply chains: procedures of production, inventory, dis-
tribution, transportation and marketing. The purpose of the model is to 
give decision-makers a sound basis for strategic planning in the firm. This 
study concentrates on incorporating corporate governance strategies into 
the supply chain model through a robust optimisation method; it does not 
explore details of each process in depth. For example, in a discussion of 
the manufacturing plan, this study pays more attention to the performance 
by considering the machinery capacity as a whole parameter instead of 
considering every single-node performance for each manufacturing line 
(Lee & Billington 1993). This model focuses on the key issues regarding 
constraints for strategic-level decision-making; the objective is to maxi-
mise the final equity of the company, which is of interest to shareholders.
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Problems that the model investigates include the following: identifying 
production sites, manufacturing quantities and the level of outsourcing, 
if necessary; determining optimal safe inventory level, a function of con-
sidering the demand, its replenishment lead time and the service level; 
making decisions about transportation needs and alternatives from the 
supply chains; handling financial matters regarding investment decisions 
on expansions and debt; determining the strategies for risk management 
as it relates to factory closure, transportation failure and fluctuation of 
packaging coefficients.

The assumptions for the targeted RSCMCG model framework are as fol-
lows: people behave rationally; the model follows the features of a choice-
based system; people have risk partiality. Assuming that  decision-makers 
are risk-averse, then their certainty equivalent for a given risky prospect is 
less than its expected value. It averages the utilities associated with mone-
tary values (Samuelson & Marks 2006).

The targeted supply chain system for a company has the following fea-
tures: different production plants for alternative manufacturing purposes, 
with separate capacity limitations; the supply chain frame has a transpor-
tation system to ensure that shipping volumes do not exceed production; 
it combines make-to-order and make-to-stock systems to complete orders 
immediately; it is assumed that the safety stock is held for the inventory 
of downstream participants, such as distribution warehouses and retailers; 
overtime hours are positive or zero; shipping costs for raw materials are 
allocated to suppliers and not included in this model; duties and tariffs are 
based on general industrial rules; the focus is on uncertainty in the supply 
chain operational system; therefore, not all types of uncertainties are in-
cluded in the model. The purpose of this study is to improve supply chain 
performance supported by GCG practices.

In the proposed RSCMCG model, preconditions are represented by 
choice-based approaches, which are superior to rule-based approaches be-
cause they explore the space of possible decisions to produce better de-
cisions (Shapiro 2007, p. 560). In a choice-based model, sets of feasible 
consequences are described by constraints on elements of the supply chain 
process, such as ordering requirements, goods details, obtainable resources 
and transportation restrictions (Shapiro 2007). Mathematical methods and 
optimisation algorithms are used in this context to find optimal solutions 
for decision-making preferences.

Integrated robust supply chain management and 
corporate governance model for risk management

The research considers corporate planning from strategic and tacti-
cal perspective. At the strategic level, the company in the global supply 
chain industry needs to combine the corporation’s visions and policies, 
such as corporate governance structure and shareholders’ interests, into 
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the development strategy of the next three years or more. Therefore, the 
 decision-maker needs to employ a framework that considers not only the 
supply chain industry environment but also corporate governance factors. 
At the tactical level, with the help of well-developed theories and guide-
lines, this research includes the analysis of a corporation’s corporate gov-
ernance elements, which are then quantified into the supply chain model 
through optimisation modelling.

The objective of this modelling exercise is to maximise company profit. 
For a supply chain operation company, strategic planning decisions include 
production allocation decisions, machine scheduling decisions, transpor-
tation choices and distribution decisions, inventory strategies, marketing 
strategies and financial management. This model is also presented as a 
principal–agent model, which focuses on simple and generalised  principal–
agent problems with agency cost.

The RSCMCG model is developed as an artificial intelligence and 
 machine-learning algorithm following the standard formats and practices 
of the literature in these areas, such as:

1  This model is a new computerised model implemented by a search 
algorithm in Excel for developing an artificial intelligence/ machine-
learning algorithm for applications in SCM, as this type of model has 
not previously existed.

2  The model and algorithm address a set of complex relationships in the 
area of study in this book.

3  The model is being developed and used for decision-making (optimal 
supply chain strategies and corporate governance mechanisms), doing 
a task (risk management) and predicting the performance of the supply 
chain operations and corporate governance relationships.

4  The findings of the RSCMCG model are generated for the general 
implications of the issues discussed in the book.

5  Generalisation, the out-of-sample testing, overfitting and similar types 
of issues have been addressed by formal model validation exercises.

6  General hypothetical data have been used to create the algorithm and 
learning in the model.

This section proposes incorporating GCG practices into an optimal supply 
chain model and demonstrates the detailed specifications. Viewing SCM 
networking as a collaborative relationship, it has a core company taking 
the key coordinating role and cooperating closely with its partnerships 
that involve manufacturing, shipping, inventory and marketing. The effi-
cient interactions with partnerships in this network become an important 
element in achieving better supply chain performance and reducing ineffi-
ciencies (McWatters, Zimmerman & Morse 2008). The idea in this study 
is to apply GCG practices and risk management strategies to SCM via a 
numerical model that has broad application to supply chain networking.
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Objective function of the robust supply chain management and 
corporate governance model

The objective function of this RSCMCG model incorporates GCG prac-
tices and financial planning for the purpose of risk management. Four 
of the essential principles proposed by the ASX Corporate Governance 
Council (2007) are included in the model: respect the rights of sharehold-
ers; recognise and manage risk; encourage enhanced performance; and 
recognise the legitimate interests of stakeholders. Following these prin-
ciples, the supporting theories are agency theory and stakeholder theory. 
GCG principles achieve robust results that are not sensitive to changes, 
especially from the perspective of the supply chain, while bringing in 
decision-makers’ risk preferences together with corporate governance pol-
icies towards risk. Equity as a proxy of shareholders’ interests represents 
long-term benefit for shareholders in the company. The maximum of 
shareholders’ long-term benefit is considered the objective of the strategic 
planning model. Therefore, this study sets equity as the objective, which 
connects with supply chain operations through EBIT in the definitional 
supply chain operational and financial equations. Mathematically, this is 
presented as follows.

Objective function:

f Z t Z Z tE E E

t
∑[ ]= = + ∆( ) ( ) (1) ( )Max equity  (4–1)

where:
f (equity): equity value of the firm
Z t E( ) :  equity; refers to the value of shareholders’ interests in the firm 

at time period t
∆: refers to the change of the variable during the time period

The GCG practices are reflected in this objective function. GCG en-
sures the fulfilment of the return to shareholders, which is reflected as 
the maximisation of equity. GCG ensures the fulfilment of the return to 
debt-holders, which includes minimisation of the financial distress and 
bankruptcy risks and is reflected as long-term debt Z t L( ) , the return for 
debt-holders in the equation for obtaining the equity (see Equation 4–4 
for details).

Constraints of the robust supply chain management and corporate 
governance model

This section presents the constraints included in the proposed model. 
Some are not considered in the hypothetical case study in the next chapter 
(these are the equation numbers with asterisks).
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A. Definitional supply chain operational and financial equations
The objective function is subject to the following constraints:

Z t Z t Z t Z t Z tCA FA CL L E+ − − − =( ) ( ) ( ) ( ) ( ) 0 (4-2)

Z t Z t Z t Z t Z tCA FA CL L E∆ + ∆ − ∆ − ∆ − ∆ =( ) ( ) ( ) ( ) ( ) 0 (4-3)

Z t Z t Z t
r EBIT t i t Z t Z t

E PR D

PR IrD L D

( ) ( ) ( )
(1 )[ ( ) ( ) ( ) ] ( )

∆ = −
= − − ∗ −  (4-4)

Z t r EBIT t i t Z tPR PR IrD L( ) (1 )[ ( ) ( ) ( ) ]= − − ∗  (4-5)

Z t Z t Z t Z t
r EBIT t i t Z t Z t

CA FA CL L

PR IrD L D

( ) ( ) ( ) ( )
1 ( ) ( ) ( ) ( ) 0[ ]( )

∆ + ∆ − ∆ − ∆
− − − ∗ + =  (4-6)

where:
Z t CA( ) :  current assets; refers to liquid assets such as cash, inventories or 

accounts receivable at time period t
Z t FA( ) :  fixed assets; refers to illiquid assets such as plants or equipment 

at time period t . Intangible assets, such as customer goodwill or 
a cadre of superior design engineers, among the fixed or current 
assets are not included here

Z t CL( ) :  current liabilities; refers to short-term liabilities such as accounts 
payable or payroll at time period t

Z t L( ) :  long-term debt; refers to long-term bank loans or bonds at time 
period t

Z t E( ) :  equity; refers to the value of shareholders’ interests in the firm 
at time period t

Z t PR( ) :  after-tax profits at time period t
Z t D( ) :  dividends paid to shareholders at time period t
EBIT t( ):  EBIT at time period t
rPR:  corporate tax rate during time period t
i t IrD( ) :  interest rate of company’s long-term debt at time period t
∆:  denotes the change of the variable during the time period

More explanations for the above financial definition constraints are pre-
sented in Section B.2. From Equation (4-4), the objective function (4-1) 
is updated as follows:

f Z t Z Z tE E E

t
∑[ ]= = + ∆( ) ( ) (1) ( )Max equity

Z r

EBIT t i t Z t Z t

E PR

t

IrD L D

(1) 1

( ) ( ) ( ) ( )

∑
}

{
[ ]

( )= + −

× − ∗ −  (4-1’)
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EBIT  in this function connects supply chain operational procedures 
with financial planning. It is calculated by the difference between reve-
nue on sales and all the supply chain costs, including manufacturing cost, 
inventory cost, transportation cost and agency cost. Agency cost, CAC,  
which affects the principal–agent problem, is taken into account and de-
pends on the company’s policy and strategy. Mathematically, EBIT  is ex-
pressed in the following form:

EBIT t R t C t C t C t C tsale MA Inv TR AC[ ]= − + + −( ) ( ) ( ) ( ) ( ) ( )  (4-7)

where:
EBIT t( ): EBIT at time period t
R t sale( ) : revenue at time period t
C t MA( ) : manufacturing cost at time period t
C t inv( ) : inventory cost at time period t
C t TR( ) : transportation cost at time period t
C t AC( ) : agency cost at time period t

In this equation, Rsale is the revenue on sales calculated from each mar-
ket and depends on the individual sale price. CMA is calculated from the 
multiplication of unit manufacturing cost and corresponding produced 
quantity. Similarly, transportation cost CTR and inventory cost Cinv are 
generated. CAC is considered in the context of agency cost applied un-
der GCG practices. Symbolically, at time period t , it can be presented as 
follows:

R t X t c tsale soldk soldk
k

( ) ( ) ( )∑= ∗  (4-8)

C t C t c t X tMA MAk
k

MAk qMAk
k

( ) ( ) ( ) ( )∑ ∑= = ∗  (4-9)

C t Y t c tTR qTRkmn TRkmn
m n

M N

k

( ) ( ) ( )
,

,

∑∑= ∗



 (4-10)

C t c t X tinv invjk invjk
jk

( ) ( ) ( )∑∑= ∗  (4-11)

where:
R t sale( ) :  revenue at time period t
X t soldk( ) :  sold quantity for item k
c t soldk( ) :  sold price per unit for item k at time period t
C t MA( ) :  manufacturing cost at time period t
C t MAk( ) :  total manufacturing cost for item k at time period t
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c t MAk( ) :  manufacturing cost per unit for item k at time period t
X t qMAk( ) :  production quantity of item k at time period t
C t TR( ) :  transportation cost at time period t
Y t qTRkmn

( ) :  shipping quantity of item k from place m to n at time period 
t  after extension

c t TRkmn
( ) :  shipping cost per unit of item k from place m to n at time 

period t
C t inv( ) :  inventory cost at time period t
c t invjk( ) :  inventory cost per unit of item k in distribution centre j at 

time period t
X t invjk( ) :  ending inventory for item k of the distribution centre j at 

time period t

The extension of the optimal supply chain model using GCG practices is 
reflected in the supply chain component and corporate governance for the 
risk management component. The supply chain component includes the 
supply chain operational system and financial planning, while the corpo-
rate governance for risk management component has GCG practices for 
supply chain operations and corporate governance performance policies 
including internal control and the principal–agent problem.

B. SCM and financial management equations
B.1 Supply chain operational equation constraints
This section discusses constraints on supply chain operations, including 
manufacturing, shipping balance, mass balance, inventory and marketing 
equations.

1   Manufacturing function
The manufacturing balance equation is defined for obtaining the 

manufacturing cost amount, and it equals the unit cost multiplied 
by production quantity, presented in Equation (4-9). The unit cost is 
given by the manufacturing factory while the production quantities 
are decision variables from supply chain planning. To manage the 
marketing risk mentioned in C.1, this study also considers the in-
dexation in manufacturing cost, which is recoded as rMAk to manage 
the marketing risk of raising cost. Therefore, the manufacturing cost 
Equation (4-9) is updated as follows:

C t X t c t

X t c r

MA qMAk MAk
k

qMAk MAk MAk
t

k

( ) ( ) ( )

( ) (0) 1
1

∑

∑ ( )

= ∗ 

= ∗ ∗ +





−
 (4-9.1)
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where:
C t MA( ) : manufacturing cost at time period t
X t qMAk( ) : production quantity of item k at time period t
c t MAk( ) :  manufacturing cost per unit for item k at time period t
c MAk(0) :  manufacturing cost per unit for item k at the beginning
rMAk:  annual increasing rate of manufacturing cost per unit for 

item k

A further investment decision for production line expansion is con-
sidered. A company’s production line expansion decision depends on 
investment availability and the profits earned in the previous year.

Y t X t Y Ex tqMAk qMAk qMAk= + −( ) ( ) ( )  (4-12*)

where:
Y t qMAk( ) :  final manufactured quantity of item k after pro-

duction line expansion at time period t ; it equals 
X t qMAk( )  if there are no expansions in production 
line plan

X t qMAk( ) :  production quantity of item k at time period t
Y Ex t qMAk−( ) :  expansion quantity decision for the production line 

to produce item k at time period t

Considering the increasing rate of unit manufacturing cost in Equa-
tion (4-9.1) and investment extension decision in Equation  (4-12*), 
an updated equation for the manufacturing cost definition constraint 
Equation (4-9) is as follows:

C t C t

c r Y t

MA MAk
k

MAk MAk
t

qMAk
k

( ) ( )

(0) (1 ) ( )1

∑

∑

=

= ∗ + ∗ 
−  (4-9.1’*)

where:
C t MA( ) : manufacturing cost at time period t
C t MAk( ) : total manufacturing cost for item k at time period t
c MAk(0) :  manufacturing cost per unit for item k at the beginning
rMAk:  annual increasing rate of manufacturing cost per unit for 

item k
Y t qMAk( ) :  final manufactured quantity of item k after production 

line expansion at time period t ; it equals X t qMAk( )  if there 
is no expansion in production line plan
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2  Shipping balance
From manufacturing to the market, different shipping lines com-

plete the distribution task.

Y t Y tkmn qTRkmn
m n

M N

k

qTRmn( ) ( )
,

,

∑∑ θ =  (4-13)

where:
kmnθ :  the proportion of total shipped amount for each shipping 

line from place m to n of item k
Y t qTRkmn

( ) :  shipping quantity of item k from place m to n at time 
period t

Y t qTRmn( ) :  total shipping quantity amount from place m to n at time 
period t

Considering the increasing rate of shipping cost per unit in each year, 
Equation (4-10) for the expense on transportation is therefore updated 
as follows:

C t Y t c rTR qTRkmn TRkmn TRmn
t

m n

M N

k

( ) ( ) (0) 1
1

,

,

∑∑ ( )= ∗ ∗ +





−
 (4-10.1)

where:
Y t qTRkmn

( ) :  shipping quantity of item k from place m to n at time 
period t  after extension

c TRkmn
(0) :  shipping cost per unit of item k from place m to n at the 

beginning
rTRmn :  annual increasing rate of transportation cost per unit at 

the shipping line from place m to n

3  Mass balance
The following equations are designed for the mass balance, which 

shows that the demand request is fulfilled by the manufacturing and 
inventory channel. The ending inventory for the present period is 
equal to the storage after fulfilling demand with stock from the pre-
vious period and present period manufacturing. Mathematically, it is 
presented as follows:

X t X t Y t D tinvjk invjk qTRkmn Mk
i= − + −( ) ( 1) ( ) ( )  (4-14)

where:
X t invjk( ) :  ending inventory for item k of the distribution centre j 

at time period t
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X t invjk−( 1) :  ending inventory of the distribution centre j for item k 
at the time period t − 1, equal to starting inventory of 
the distribution centre j at time period t

Y t qTRkmn
( ) :  shipping quantity of item k from place m to n at time 

period t  after extension
D t

Mk
i( ) :  demand for item k from the market Mi at time period t

4  Inventory expense
This calculates the stocking cost of goods and is equal to the unit 

stocking expense multiplied by the quantity to stock. This constraint 
considers the increasing rate in inventory unit cost. The total inven-
tory cost Equation (4-11) is then updated as follows:

C t c r X tinv invjk invj
t

invjk
j

( ) (0) 1 ( )
1∑ ( )= ∗ + ∗





−
 (4-11.1)

where
C t inv( ) :  inventory cost at time period t
c invjk(0) :  inventory cost per unit of item k in distribution centre j at 

the beginning
rinvj :  annual increasing rate of inventory cost on per unit at the 

distribution centre j
X t invjk( ) :  ending inventory for item k of the distribution centre j at 

time period t

5  Marketing equation
Sales revenue is calculated by multiplying quantity sold and unit 

cost. Sales quantities here are based on the demand from marketing, 
with sales prices and operational costs settled by long-term contracts. 
Sold quantity X t soldk( )  equals the demand from markets D t

Mk
i( )  in the 

definition Equation (4-8), and considers the increasing rate on unit 
sold price. The updated marketing equation is as follows:

R t D t c t

D t c r

sale Mk
i soldk

k

Mk
i soldk sold

t

k

( ) ( ) ( )

( ) (0) (1 ) 1

∑

∑

= ∗





= ∗ × +





−  (4-8.1)

where:
R t sale( ) : revenue at time period t
X t soldk( ) : sold quantity of item k at time period t
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D t
Mk

i( ) : demand for item k from the market Mi at time period t

c t soldk( ) : sold price per unit for item k at time period t
c soldk(0) : sold price per unit of item k at the beginning
rsold: annual increasing rate of sold price

B.2 Financial planning constraints
In this study, financial elements from the company’s financial flow are in-
corporated into the proposed supply chain model. This model focuses on 
incorporating GCG practices and investigates their impact on supply chain 
performance. Financial planning is established to support the aim of bring-
ing long-term benefit to the company. This study focuses on the generalised 
model framework for this incorporation and investigation. The financial 
information can be obtained from the balance sheet and can be further 
extended with specifications for subcategories of the financial environment.

1  Financial balance
Financial balance constraint states the cashflow equations, which 

implicitly indicate the equity changes. Equity is defined as the differ-
ence between assets and liabilities (Shapiro 2007). Mathematically, it 
is presented in Equation (4-2) in Section A.

2  Funds flow equation
The funds flow equation shows the accounting relationship used in 

the balance sheet for the targeted years for all the financial data collected 
(Shapiro 2007). This equation also links the financial decision with sup-
ply chain decisions through EBIT t( ) and corporate financial planning 
with Z t FA∆ ( ) , Z t Inv CA( ) / , finally Z t E( ) . Specifically, EBIT t( ) presents 
the net revenue from marketing and supply chain activities with agency 
cost for the time period t . Investment from a current asset Z t Inv CA( ) /  into 
fixed assets aims to enhance the long-term profitability of the firm. For 
example, the investment in factory equipment is to increase the annual 
manufacturing capacity. The increasing stability of final equity refers 
to the long-term profit and value of shareholders’ interests in the firm 
(Shapiro 2007). Managers might impose policy constraints on after- 
tax profits Z t PR( )  and dividend Z t D( )  over several years of a strategic 
planning horizon to reassure stockholders of the company’s market 
value. Mathematically, they appear as equations (4-3–4-6).

Change in equity is given by the difference between after-tax profit 
and dividend paid to shareholders in Equation (4-4). After-tax profit 
Z t PR( )  is calculated from the EBIT and long-term debt.  Equation 
 (4-5) describes the after-tax profits in terms of EBIT t( ). Equation 
 (4-6) is the funds flow for the company.

3  Investment balance
GCG practices ensure that the company has a positive return on 

its investment decisions through the constraint of investment from 



The RSCMCG model 123

current assets. This constraint shows that the allocations of the invest-
ment cashflow into fixed assets are mainly from two sources: current 
assets and long-term debts. It is designed to ensure that the amount of 
current assets is allocated to the investment for fixed assets develop-
ment. Similarly, it restricts the amount from long-term debt. Symbol-
ically, it is represented as follows:

Z t Z t Z tFA L Inv CA∆ = ∆ +( ) ( ) ( ) /  (4-15)

where:
Z t FA∆ ( ) : change in the amount on the fixed asset at time period t
Z t L∆ ( ) : change in the amount on long-term debt at time period t

Z t Inv CA( ) / : investment from current assets at time period t .

4  Expansion expense
In addition to the investment cashflow policy above, the company 

can also put an operational policy in place for allocations arrangement 
of the investment into manufacturing expansion. This incorporation 
of the policy into the model can protect expansion in fixed assets at a 
certain level that avoids the risk from faulty conditions while main-
taining sustainable development. It ensures that the company does not 
over-expand or under-invest. As a point of this case, the expansion 
policy in the production line capacity can be promoted. Mathemati-
cally, it is presented as follows:

C t C t

Y Ex t c t

MA and MA and
k

k

qMAk MA and
k

k

( ) ( )

( ) ( )

exp exp

exp

∑
∑

=

= − ∗



 (4-16)

where:
C t

MA and( ) exp :  expenses on the expansion of the new production 
line at time period t

C t
MA and

k
( ) exp :  expenses on the expansion of the new production 

line for item k at time period t
Y Ex t qMAk( )− :  expansion quantity decision for the production line 

to produce item k at time period t
c t

MA and
k

( ) exp :  unit cost on the new production line expansion for 
item k at time period t

C. Corporate governance policies: Risk management for SCM and 
 accounting policy
As discussed in Chapter 2, ‘Measures for supply chain performance’, sup-
ply chain performance has been measured by revenue growth, flexibility, 
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lead time and cost. These require a company to maximise revenue while 
keeping a stable system for growth, flexibility for unexpected demand 
and capable transportation systems to be competitive and minimise op-
erational cost. GCG practices suggest that risk management needs to be 
incorporated into the system. Specifically, there are two crucial compo-
nents: optimal supply chain risk management strategies and corporate gov-
ernance performance considerations. The details are presented below.

C.1 GCG practices for optimal supply chain operational management 
from a risk management strategies perspective
This study improves supply chain performance by introducing GCG prac-
tices. In the supply chain context, corporate governance has been broad-
ened to be a unified social platform. This study considers the whole supply 
chain network of the company as a systematic frame, with all the partici-
pants involved in the supply chain decision-making model.

1  Supply chain specialised agent governance
A global company with a large supply chain network will face sig-

nificant risk if it keeps its production commitment to one manufac-
turing supplier. If this unique supplier fails to meet orders, it can lead 
to bankruptcy. Wherever manufacturing capacity exceeds demand, it 
also creates the risk of destroying the company’s reputation, as orders 
are not fulfilled.

Specialised agencies are designed to promote efficiencies in the 
supply chain operations of this system, considering multi-partners 
(suppliers) in the conduct of supply chain operational procedures. It 
can improve supply chain flexibility and capability. However, it may 
lead to the principal–agent problem, which has the following features: 
have one core supplier’s agent, and have a professional company that 
works as an agent and helps different production factories or shipping 
agents manage logistics expenses economically. In this study, to main-
tain stable production progress, multiple manufacturer networks are 
brought into this model planning. Splitting the production task across 
different manufacturing factories can protect the company from un-
expected rises in market demand and reduce the likelihood of incom-
plete manufacturing orders. Consequently, the manufacturing task is 
divided into multiple lines to split the risk of failure. Decision variable 
X t qMAk( )  in Equation (4-9) is for calculating CMA. In updating the 
consideration of diverse options for manufacturing factories, which 
individually is represented as i, Equation (4-17) has been developed to 
express this multiple-partner selection:

X t X tqMAk ik qMAk
i

ki

( ) ( )∑∑ α=  (4-17)
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Similarly, the multiple-partner selections equation constraint is devel-
oped for distribution:

Y t Y tqTRmn ik qTRi
kmn

ki

( ) ( )∑∑ β=  (4-18)

where:
X t qMAk( ) :  production quantity of item k at time period t

ikα :  the coefficient for item k produced by factory i
X t

qMAk
i( ) :  quantity of item k produced in factory i at time period t

Y t qTRmn
( ) :  total shipping quantity amount from place m to n at 

time period t
ikβ :  the coefficient for item k shipped through shipping 

agent i
Y t qTRi

kmn
( ) :  shipping quantity of item k from place m to n by ship-

ping agent i at time period t

In addition, significant risk arises if the company keeps only a single 
raw material supplier. Therefore, multiple supplier networks can be 
also brought into decision-making planning. Consequently, the raw 
materials supply task is divided into several lines to split the risk of 
failure.

X t X tqMAk rmk
k

∑=( ) ( )  (4-17.1*)

where:
X t qMAk( ) : production quantity of item k at time period t

X t rmk( ) :  raw material requirements from manufacturing factories 
for each item k at time period t .

2  Risk management strategies for supply chain operational system
The supply chain optimisation model framework is extended for 

company strategic decision-making by combining corporate gover-
nance principles or policies and risk management strategies. Accord-
ingly, the proposed model is further investigated under uncertainty 
and still generates optimality in a fluctuating environment. To achieve 
this purpose, risk and corporate governance factors need to be con-
sidered and clarified.

a Manufacturing risk management strategies
For risk management, two key issues in the governance of man-

ufacturing are considered in this model: capability of manufac-
turing factories and assembly labour capacity. GCG practices lead 
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to the policy of stable manufacturing under capacity restriction. 
This study considers dividing the manufacturing task into several 
factories (or production lines, in other cases), thus mitigating the 
risk of total production failure. In addition, no single factory or 
production line is permitted to exceed its manufacturing capacity. 
Depending on the investment amount from current assets into 
improving or expanding fixed assets, the manufacturing capacity 
of each factory increases every year under the corresponding rate 
rcapfack. Mathematically, the constraint is formulated as follows:

X t CAP t CAP rqMAk fack fack capfack
t( ) ( ) (0) (1 ) 1≤ = ∗ + −  (4-19)

where:
X t qMAk( ) : production quantity of item k at time period t
CAP t fack( ) :  manufacturing capacity of a factory to produce 

item k at time period t
CAP fack(0) :  manufacturing capacity of a factory to produce 

item k at the beginning
rcapfack:  annual increasing rate of manufacturing capacity 

for item k

The factory’s manufacturing capacity is assumed to be fixed in 
the absence of further investment. In addition, with the limited 
available raw material resources for manufacturing at a certain 
time period, it may also have restrictions:

X t X t RqMAk rmki
i

rmk∑= ≤( ) ( )  (4-19.1*)

where:
X t qMAk( ) :  production quantity of item k at time period t
X t rmki( ) :  raw material i required for item k at time period t
Rrmk :  the availability limitation on the raw material pro-

vided for item k

The situation of manufacturing over-capacity can result in unmet 
request and break the contract, thereby bringing the risk of bank-
ruptcy. This study accommodates the penalty factor in this situation:

X t Z CAP tqMAk fack+ =( ) ( )1  (4-19.2*)

X t qMAk( ) : production quantity of item k at time period t
Z1: penalty factor for the over-capacity manufacturing
CAP t fack( ) :  manufacturing capacity of a factory to produce item 

k at time period t
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Here, Z1 indicates that the situation of exceeding manufacturing 
capacity will be penalised (see ‘The proposed robust optimisation 
model for supply chain management and corporate governance’ 
later in this chapter for more discussion), whereas minimising this 
factor can help prevent this over-capacity risk.

b Packaging equations
For the shipping process, semi-finished products need to be 

assembled and then distributed to different markets. The assembly 
labour requests for final products are set in Equation (4-20) below. 
The assembly labour is restricted because of the available labour 
force constraints in the factory. Investment may be directed into 
expanding the factories’ assembly capacity to match any increase 
in the manufacturing capacity rate r rpack capfack≥ . Constraint (4-
20.1) below gives information on the labour required to complete 
the work while meeting the maximum capability in the factory 
for assembling work:

LA t X tqMAk ik qMAk
i

ki

( ) ( )∑∑ α=  (4-20)

LA t P tqMAk qMAk≤( ) ( )  (4-20.1)

P t P rqMAk qMAk pack
t( ) (0) (1 ) 1= ∗ + −  (4-20.2*)

where:
LA t qMAk

( ) :  labour required to finish packaging item k at time 
period t

ikα :  the assembly coefficient of material i for item k
X t

qMAk
i( ) :  quantity of material i for item k at time period t

P t qMAk( ) :  packaging capacity for production k at time period t
P qMAk(0) :  packaging capacity for production k at the beginning
rpack : the annual increasing rate of packaging capacity

Constraint (4-20) indicates the packaging assembly constraints 
where production packaging has different suppliers’ allocations. 
Equation (4-20.1) shows different packaging capability limits for 
product k , which may increase with a certain rate at every time 
period, as presented in Equation (4-20.2*).

c Distribution risk management strategies
The distribution policy is designed to fulfil the shipping mission 

on time and safely. Shipping capacities are considered in the dis-
tribution process with individual shipping line limitations while 
meeting market demands and stock requirements. As shipping 
over-capacity results in wastage, this risk management strategy is 
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incorporated into the constraint. The distribution risk manage-
ment strategies constraint in this model is for maintaining healthy 
shipping within a company’s capability and optimal expenses, 
even under the circumstance of increasing rate in unit shipping 
cost, as stated in the earlier section of shipping balance. Each ship-
ping line has set the limitation up to its capacity CAPQTRkmn

 to 
avoid overloading. In addition, the total shipping amount of all 
lines (if more than one) cannot exceed that of the production 
amount.

Y t CAP tqTRkmn QTRkmn
≤( ) ( )  (4-21)

Y t Y tqTRkmn qMAk≤( ) ( )  (4-21.1)

where:
Y t qTRkmn

( ) :  shipping quantity amount of item k from place m to 
n at time period t

CAPQTRkmn
:  capacity restriction for item k at shipping line from 

m to n at time period t
Y t qMAk( ) :  final manufactured quantity of item k after pro-

duction line expansion at time period t ; it equals 
X t qMAk( )  if there is no expansion of production 
line plan

This constraint provides for the shipping arrangement. Each ship-
ping line’s options from m to n that planned for different products 
are based on the optimal balance of expenses and optimal routine.

d Inventory risk management strategies
A well-performing supply chain network requires less lead 

time and is more able to satisfy increasing market demand ( Jie, 
 Parton & Cox 2007). If increasing market demand is met with 
limited production capacity, it may lead to unmet orders and 
stock-outs. Stock-outs put reputation at risk and lead to higher 
agency costs. The company can be equipped with safety inven-
tory for its long-term benefit. Funds are allocated to maintaining 
inventory up to its capacity CAPINVjk . The ending volume of in-
ventory is maintained by the safety level ratio, as follows:

X t B tinvjk safejk≥( ) ( )  (4-22)

B t k t D tsafejk safe Mk
i( ) ( ) ( )= ∗  (4-23)

where:

X t invjk( ) :  ending inventory for item k of the distribution centre 
j at time period t
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B t safejk( ) :  safety inventory level for distribution centre j for item 
k at time period t

k t safe( ) :  safety inventory level ratio at time period t

D t
Mk

i( ) :  demand for item k from the market Mi at time period t

Further, this study has a capacity restriction on the inventory:

X t CAPinvjk INVjk≤( )  (4-24*)

where:

X t invjk( ) :  ending inventory for item k of the distribution centre 
j at time period t

CAPINVjk :  inventory capacity of the distribution centre j for 
item k

Inventory turnover is an indicator that was investigated as one of 
the three key supply chain performance indicators in the Gartner 
report (Hofman & Aronow 2012) (see Chapter 2, ‘Supply chain 
management and models’). According to Hofman and Aronow 
(2012, p. 18), ‘The balance sheet treatment of inventory as a valu-
able asset rings false for many of the short-cycle businesses today 
that see inventory as more of a liability’. This ratio gives an im-
pression regarding the extent of efficiency performance in com-
pany inventory management. The higher the inventory turnover, 
the more efficiently the inventory system works. It also indicates 
how fast company products can be sold. This inventory policy 
constraint of this study constrains the inventory turnover greater 
than the industry average range to achieve better inventory man-
agement in the company. Alternatively, the target can be set at a 
certain level that the company aims to achieve. In mathematical 
terms, it is presented as Equation (4-25*):

IT t CoS t Inv t t ITR( ) ( ) / ( ) ( )δ= ≥  (4-25*)

where:
IT t( ):  inventory turns at time period t
CoS t( ):  cost of sales at time period t
Inv t( ): quarterly average inventory at time period t

t ITR( )δ :  average industry ratio for inventory turnover at time 
period t , or the targeted inventory turns ratio that the 
company sets for time period t

e Unsatisfied demand risk
Satisfying customer demand builds a good reputation among 

company customers and stakeholders/shareholders. For this reason, 
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this study has designed a protection scheme and penalty policy to 
mitigate the chances of an unsatisfied demand situation. That is, 
the shortage of demand situation is punished with a penalty factor 
Z2. Therefore, this risk is managed under the penalty constraint 
below:

X t Z X t Y t D tinvjk invjk qTRkmn Mk
i+ = − + −( ) ( 1) ( ) ( )2  (4-26*)

where:
X t invjk( ) :  ending inventory for item k of the distribution cen-

tre j at time period t
Z2: penalty factor on the unsatisfied demand
X t invjk−( 1) :  ending inventory of the distribution centre j for 

item k at the time period t − 1, equal to starting in-
ventory of the distribution centre j at time period t

Y t qTRkmn
( ) :  shipping quantity of item k from place m to n at 

time period t  after extension
D t

Mk
i( ) :  demand for item k from the market Mi at time pe-

riod t

Z2 indicates that penalty (see ‘The proposed robust optimisation 
model for supply chain management and corporate governance’ 
later in this chapter for more discussion) will be posted if the un-
satisfied demand situation occurs, whereas minimising this factor 
can help prevent unfilled demand.

f Marketing risk
Considering the inflation rate, the model incorporates an in-

creasing rate of supply chain operational cost and consequently 
results in increased prices on final sales. This brings finan-
cial risk into account. The detailed constraints have already 
been considered in each of the previous procedures—for ex-
ample, manufacturing increasing rate rMAk in Equation (4-9.1), 
c t c rMAk MAk MAk

t( ) (0) (1 ) 1= ∗ + − ; shipping unit cost increasing rate 
r TRmn in Equation (4-10.1), c t c rTRkmn TRkmn TRmn

t( ) (0) (1 ) 1= ∗ + − ;  
inventory unit cost increasing rate rinvj  in Equation (4-11.1), 
c t c rinvjk invjk invj

t( ) (0) (1 ) 1= ∗ + − ; and sold prices increasing rate rsold 
in Equation (4-8.1), c t c rsoldk soldk sold

t( ) (0) (1 ) 1= ∗ + − .

3   Other SCM performance measures
Taking the key proxies for supply chain performance from indus-

try as models, revenue growth as a measure can be incorporated into 
company policies for supply chain operations to improve the develop-
ment environment:
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R t
R t R t

R t
tRG

sale sale

sale
IRG( )

( ) ( 1)

( 1)
( )δ[ ]=

− −
−

≥  (4-27*)

R t RG( ) : revenue growth rate at time period t
R t sale−( 1) : revenue at time period t − 1
R t sale( ) : revenue at time period t

t IRG( )δ : the average industry revenue growth ratio at time period t

C.2 Corporate financial and accounting practices for corporate gover-
nance performance

1  Internal control
Section B.2 presents the details of financial planning constraints. 

This section provides constraints that are designed to achieve a healthy 
financial environment for the company using GCG practices and ac-
counting policies in the decision-making process, drawing on ideas of 
financial management in SCM. The constraints applied comprise five 
factors: debt-to-equity constraint, investment restriction constraint, 
debt service constraint, minimum working capital constraint and 
leverage constraint.

a Debt-to-equity constraint
An optimal capital structure that presents the balance between 

debt and equity is structured, which can lead to healthier com-
pany performance. One of the most widely used metrics in lever-
age measurement is the debt-to-equity ratio (Hill & Jones 2007). 
The constraint below shows the company’s GCG policy for this 
ratio. The company and the banks from which it raises debt may 
impose a constraint of the form below to protect the company 
from bankruptcy or insolvency:

Z t K t Z tL D E E( ) ( ) ( )/≤ ∗  (4-28)

where:
Z t L( ) :  long-term debt; refers to long-term bank loans or 

bonds at time period t
Z t E( ) :  equity refers to the value of shareholders’ interests in 

the firm at time period t
K t D E( ) / :  maximum allowed debt-to-equity ratio at time period t

That is, at the end of each year, the company may incur long-term 
debt up to K t D E( ) /  times the equity at that point in time. Here, 
only the long-term debt is considered for a long-term strategic 
plan. Short-term debt can be added in the future.
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b Investment restriction constraint
Investment restriction constraint reflects the company’s pol-

icy and preference for investing, long-term debt and fixed assets. 
This study considers the investments in production expansion and 
fixed assets from two sources: current assets and long-term debt. 
Mathematically:

C t FC t Z t Z t
MA and new Inv CA L[ ]+ − + ∆ ≤( ) ( ) ( ) ( ) 0exp /  (4-29)

where:
C t

MA and( ) exp :  expenses on the expansion of the new production 
line at time period t

FC t new( ) :  investment into fixed assets at time period t
Z t Inv CA( ) / :  investment from current assets at time period t

Z t L∆ ( ) :  change in the amount of long-term debt at time 
period t

For future investment, company policy regarding the use of cur-
rent assets considers the control in rate invκ  to protect the com-
pany from developing too fast. Investment in new fixed assets 
should be no more than a certain proportion—for example, ( )t invκ  
out of the current assets during that accounting time period t . 
Mathematically, it is presented as follows:

( ) ( ) ( )/Z t t Z tInv CA inv CAκ≤ ∗  (4-30)

where:
Z t Inv CA( ) / : investment from current assets at time period t

( )t invκ :  the maximum rate of investment from the current 
asset at time period t

Z t CA( ) :  current assets refer to liquid assets such as cash, in-
ventories or accounts receivable at time period t

The total investment is achieved through the use of current as-
sets and debt. The total investment amount is generally more than 
the current asset. Considering the diversity of investment areas, 
the company will not retain much in current assets because of the 
agency problem, resulting in Z t Inv CA( ) /  exceeding Z t CA( ) . This 
study focuses on supply chain networks and relevant investments, 
so the constraint on investment here only refers to the contribution 
to supply chain expansion. The other investments are not included 
in this study.

The above two investment constraints discipline managers 
by requiring them to follow certain investment policies in two 
ways. Constraint (4-29) provides a guide for maintaining healthy 
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financial relationships. Constraint (4-30) ensures that the invest-
ment amount from the current assets constraint matches with 
GCG practices suggesting that a company should plan for sus-
tainability and future value creation using good investments. The 
investment in this study is put into company facilities expansion 
for enhancing the operational capabilities, thereby increasing the 
company’s long-term profit and competitiveness.

c Debt service constraint
Managers need to make decisions about the size of long-term 

debt. Excessive borrowing may lead to bankruptcy and insol-
vency. EBIT  clearly shows the capability to repay the debt. The 
debt service constraint set in this study is to ensure EBIT  is at least 

t EB L( ) /λ  times as large as the interest payments on long-term debt 
at the time period t . This constraint maintains, to an extent, the 
company’s long-term profit capability:

EBIT t t i t Z tEB L IrD L( ) ( ) ( ) ( )/λ≥ ∗ ∗  (4-31)

where:
EBIT t( ): EBIT at time period t

t EB L( ) /λ :  the times in which EBIT t( ) is as large as i t Z tIrD L( ) ( )∗  
at the time period t

i t IrD( ) :  the interest rate that the corporation must pay on 
long-term debt at the time period t

Z t L( ) :  long-term debt; refers to long-term bank loans or 
bonds at time period t

d Minimum working capital constraint
Working capacity may have a limitation in availability. Con-

straint (4-32) presents this restriction on labour capacity:

Z t t Z tCA WC CL( ) ( ) ( )λ≥ ∗  (4-32)

where:
Z t CA( ) :  current assets; refers to liquid assets such as cash, inven-

tories or accounts receivable at time period t
t WC( )λ :  minimum working capital available to the company as 

a function of current liabilities during time period t
Z t CL( ) :  current liabilities; refers to short-term liabilities such as 

accounts payable or payroll at time period t

e Leverage constraint
Another leverage ratio, the debt-to-assets ratio,1 can be added 

into the model framework. This is regarded as the most direct 
measure of the extent to which the company has borrowed funds 
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to finance the investment (Hill & Jones 2007). Similar to other 
leverage ratios, which depend on the debt-to-equity ratio, the 
company can prevent distress and minimise the risk of bank-
ruptcy. This study considers long-term debt instead of total debt 
under a safety level. Therefore:

Lev t
Z t
TA t

tL
Lev( )

( )
( )

( )δ= ≤  (4-33)

where:
Lev t( ): leverage at time period t
Z t L( ) :  long-term debt refers to long-term bank loans or bonds 

at time period t
TA t( ): total assets at time period t

t Lev( )δ :  the upper line of leverage from company management 
during time period t

2  Principal–agent problem
Agency cost is reduced because of the incorporation of GCG prac-

tices. This study considers agency cost in the model constraints.

a Agency cost constraint
The agent is a special company hired to achieve a certain target. 

In the internal structure of a company, the board or the share-
holders are the principal and the managers are the agents. As 
discussed in Chapter 2 (‘Corporate governance for supply chain 
management’), agency cost contains monitoring cost, bonding 
cost and residual cost ( Jensen & Meckling 1976), represented in 
an equation as follows:

C t C t C t C tAC Mc Bc Rc= + +( ) ( ) ( ) ( )  (4-34*)

where:
C t AC( ) : agency cost at time period t
C t Mc( ) : monitoring cost at time period t
C t Bc( ) : bonding cost at time period t
C t Rc( ) : residual cost at time period t

Agency cost is reduced by conducting GCG practices  (McKnight & 
Weir 2009) (see Chapter 2, ‘Corporate governance for supply 
chain management’). This study incorporates GCG practices into 
the agency cost calculation. Symbolically:

C t C t tCG
AC AC( ) ( ) 1 ( )γ[ ]= ∗ −  (4-35)
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where:

C tCG
AC( ) :  reduced agency cost because of GCG at time period t

C t AC( ) : agency cost at time period t
t( )γ : reducing rate of agency cost at time period t

b Agency cost measures constraint
This study also contains another agency problem management 

policy: that the rate of agency cost to total cost should be con-
trolled within a certain rate of debt-to-equity ratio while the rate 
is determined based on the firm’s capital structure strategy. Total 
cost here refers to the sum of supply chain operational cost and 
agency cost: C t MA( ) , C t inv( ) , C t TR( )  and C t AC( ) . Mathematically, it 
is presented as follows:

C t
C t

t R tAC

ALL
D E DE

( )
( )

( ) ( )/δ≤ ∗  (4-36*)

where:
C t AC( ) : agency cost at time period t
C t ALL( ) :  total cost includes supply chain operational expenses 

and agency cost in this study at time period t
R t DE( ) : debt-to-equity ratio at time period t

t D E( ) /δ :  the rate of agency cost to total cost from debt-to-equity 
ratio at time period t

Moreover, as discussed in Chapter 2, the ROA ratio shows the re-
lationship between ROA and firm performance and is the proxy 
for the overall efficiency and productivity of supply chain oper-
ations. This study incorporates a policy of agency cost to total 
cost that is less than a certain rate of ROA ratio for achieving the 
efficiency of supply chain operations. The rate value depends on 
the company’s individual strategy.

C t
C t

t R tAC

ALL
ROA ROA

( )
( )

( ) ( )δ≤ ∗  (4-37*)

where:
C t AC( ) : agency cost at time period t
C t ALL( ) : total cost at time period t

t ROA( )δ :  the rate of agency cost to total cost from ROA ratio at 
time period t

R t ROA( ) : return on asset ratio at time period t
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3  Other GCG performance measures (accounting measures)

a Operating margin constraint
As explained in Chapters 2 (‘Proxies and ratios as a corporate 

governance performance measurement for firm value’) and 3 
(‘Corporate governance strategies in constraints’), ISRATIO indi-
cates the company’s operating efficiency. This study applies this ra-
tio theory and updates with EBIT instead of operating income and 
revenue instead of net sales to measure the operating efficiency of 
the supply chain system for the company. Keeping ISRATIO at a 
stable and healthy rate can help the company maintain an efficient 
operation and management system. This study accommodates a 
policy that the company ISRATIO rate should be over the average 
industry rate. In addition, under this study’s circumstance, EBIT t( ) 
replaces the operating income and the net sales value is represented 
by R t sale( ) . Therefore, mathematically, it is presented as follows:

t
EBIT t
R t

tISRATIOk
sale

ISRATIOξ ξ( ) ( )
( )

( )= ≥ ′  (4-38)

where:
t ISRATIOk

ξ ( ) :  ISRATIO (operating margin) of the company as-
sociated with item k

EBIT t( ): EBIT at time period t
R t sale( ) : revenue at time period t

t ISRATIOξ ( )′ :  ISRATIO (operating margin) of the average in-
dustry level

D. Non-negativity constraints
All variables are non-negative. Applying the RSCMCG model into a stra-
tegic supply chain plan for a company, the outputs are expected as follows: 
the SCM plan (amount of production necessary from each appointed factory 
when they have several options, shipping schedule and arrangement, the op-
timal safety level for stock, stock arrangement, sales depending on demand, 
cost of individual supply chain procedure), financial planning (such as invest-
ment from current asset and long-term debt) and risk management strategies.

Summarised mathematical model

Objective equation:

f Z t Z Z tE E E

t
∑[ ]= = + ∆( ) ( ) (1) ( )Max equity  (4-1)

Z r

EBIT t i t Z t Z t

E PR

t

IrD L D

(1) (1 )

[ ( ) ( ) ( ) ] ( )

∑
}

{= + −

× − ∗ −
 (4-1’)
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A  Definitional supply chain operational and financial equations

Z t Z t Z t Z t Z tCA FA CL L E+ − − − =( ) ( ) ( ) ( ) ( ) 0 (4-2)

Z t Z t Z t Z t Z tCA FA CL L E∆ + ∆ − ∆ − ∆ − ∆ =( ) ( ) ( ) ( ) ( ) 0 (4-3)

Z t Z t Z t
r EBIT t i t Z t Z t

E PR D

PR IrD L D

( ) ( ) ( )
(1 )[ ( ) ( ) ( ) ] ( )

∆ = −
= − − ∗ −  (4-4)

Z t r EBIT t i t Z tPR PR IrD L( ) (1 )[ ( ) ( ) ( ) ]= − − ∗  (4-5)

Z t Z t Z t Z t
r EBIT t i t Z t Z t

CA FA CL L

PR IrD L D

( ) ( ) ( ) ( )
(1 )[ ( ) ( ) ( ) ] ( ) 0

∆ + ∆ − ∆ − ∆
− − − ∗ + =  (4-6)

EBIT t R t C t C t C t C tsale MA Inv TR AC[ ]= − + + −( ) ( ) ( ) ( ) ( ) ( )  (4-7)

R t X t c tsale soldk soldk
k

( ) ( ) ( )∑= ∗  (4-8)

C t C t c t X tMA MAk
k

MAk qMAk
k

( ) ( ) ( ) ( )∑ ∑= = ∗  (4-9)

C t Y t c tTR qTRkmn TRkmn
m n

M N

k

( ) ( ) ( )
,

,

∑∑= ∗



 (4-10)

C t c t X tinv invjk invjk
jk

( ) ( ) ( )∑∑= ∗  (4-11)

B. SCM and financial management equations
B.1 Supply chain operational equation constraints

1  Manufacturing functions

C t X t c t

X t c r

MA qMAk MAk
k

qMAk MAk MAk
t

k

( ) ( ) ( )

( ) (0) (1 ) 1

∑

∑

= ∗ 

= ∗ ∗ + 
−  (4-9.1)

Y t X t Y Ex tqMAk qMAk qMAk= + −( ) ( ) ( )  (4-12*)
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C t C t c r Y tMA MAk
k

MAk MAk
t

qMAk
k

( ) ( ) (0) (1 ) ( )1∑ ∑= = ∗ + ∗ 
−

 (4-9.1’*)

2  Shipping balance

Y t Y tkmn qTRkmn
m n

M N

k

qTRmn( ) ( )
,

,

∑∑ θ =  (4-13)

C t Y t c rTR qTRkmn TRkmn TRmn
t

m n

M N

k

( ) ( ) (0) (1 ) 1

,

,

∑∑= ∗ ∗ +





−  (4-10.1)

3  Mass balance

X t X t Y t D tinvjk invjk qTRkmn Mk
i= − + −( ) ( 1) ( ) ( )  (4-14)

4  Inventory expense

C t c r X tinv invjk invj
t

invjk
j

( ) (0) (1 ) ( )1∑= ∗ + ∗ 
−  (4-11.1)

5  Marketing equation

R t D t c t

D t c r

sale Mk
i soldk

k

Mk
i soldk sold

t

k

( ) ( ) ( )

( ) (0) (1 ) 1

∑

∑

= ∗





= ∗ ∗ +





−  (4-8.1)

B.2 Financial planning constraints

1  Financial balance

Z t Z t Z t Z t Z tCA FA CL L E+ − − − =( ) ( ) ( ) ( ) ( ) 0 (4-2)

2  Funds flow equations

Z t Z t Z t Z t Z tCA FA CL L E∆ + ∆ − ∆ − ∆ − ∆ =( ) ( ) ( ) ( ) ( ) 0 (4-3)

Z t Z t Z t
r EBIT t i t Z t Z t

E PR D

PR IrD L D

( ) ( ) ( )
(1 )[ ( ) ( ) ( ) ] ( )

∆ = −
= − − ∗ −  (4-4)
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Z t r EBIT t i t Z tPR PR IrD L( ) (1 )[ ( ) ( ) ( ) ]= − − ∗  (4-5)

Z t Z t Z t Z t
r EBIT t i t Z t Z t

CA FA CL L

PR IrD L D

( ) ( ) ( ) ( )
(1 )[ ( ) ( ) ( ) ] ( ) 0

∆ + ∆ − ∆ − ∆
− − − ∗ + =  (4-6)

3  Investment balance

Z t Z t Z tFA L Inv CA∆ = ∆ +( ) ( ) ( ) /  (4-15)

4  Expansion expense

C t C t

Y Ex t c t

MA and MA and
k

k

qMAk MA and
k

k

( ) ( )

( ) ( )

exp exp

exp

∑

∑

=

= − ∗




 (4-16)

C. Corporate governance policies: Risk management for SCM and ac-
counting policy
C.1 GCG practices for optimal supply chain operational management 
from a risk management strategies perspective

1  Supply chain specialised agent governance

X t X tqMAk ik qMAk
i

ki

( ) ( )∑∑ α=  (4-17)

Y t Y tqTRmn ik qTRi
kmn

ki

( ) ( )∑∑ β=  (4-18)

X t X tqMAk rmk
k

∑=( ) ( )  (4-17.1*)

2   Risk management strategies for supply chain operational system

a Manufacturing risk management strategies

X t CAP t CAP rqMAk fack fack capfack
t( ) ( ) (0) (1 ) 1≤ = ∗ + −  (4-19)

X t X t RqMAk rmki
i

rmk∑= ≤( ) ( )  (4-19.1*)

X t Z CAP tqMAk fack( ) ( )+ =  (4-19.2*)
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b Packaging equations

LA t X tqMAk ik qMAk
i

ki

( ) ( )∑∑ α=  (4-20)

LA t P tqMAk qMAk≤( ) ( )  (4-20.1)

P t P rqMAk qMAk pack
t( ) (0) (1 ) 1= ∗ + −  (4-20.2*)

c Distribution risk management strategies

Y t CAP tqTRkmn QTRkmn
≤( ) ( )  (4-21)

Y t Y tqTRkmn qMAk≤( ) ( )  (4-21.1)

d Inventory risk management strategies

X t B tinvjk safejk≥( ) ( )  (4-22)

B t k t D tsafejk safe Mk
i( ) ( ) ( )= ∗  (4-23)

X t CAPinvjk INVjk≤( )  (4-24*)

IT t CoS t Inv t t ITR( ) ( ) / ( ) ( )δ= ≥  (4-25*)

e Unsatisfied demand risk

X t Z X t Y t D tinvjk invjk qTRkmn Mk
i+ = − + −( ) ( 1) ( ) ( )2  (4-26*)

f Marketing risk

c t c rsold soldk sold
t( ) (0) (1 ) 1= ∗ + −  (4-8.1)

c t c rMAk MAk MAk
t( ) (0) (1 ) 1= ∗ + −  (4-9.1)

c t c rTRmn TRmn TRmn
t( ) (0) (1 ) 1= ∗ + −  (4-10.1)

c t c rinvj invj invj
t( ) (0) (1 ) 1= ∗ + −  (4-11.1)

3  Other SCM performance measures

R t
R t R t

R tRG
sale sale

sale
IRG( )

( ) ( 1)

( 1)
δ[ ]=

− −
−

≥  (4-27*)
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C.2 Corporate financial and accounting practices for corporate gover-
nance performance

1   Internal control

a Debt-to-equity constraint

Z t K Z tL D E E( ) ( )/≤ ∗  (4-28)

b Investment restriction constraint

C t FC t Z t Z t
MA and new Inv CA L[ ]+ − + ∆ ≤( ) ( ) ( ) ( ) 0exp /  (4-29)

( ) ( )/Z t Z tInv CA inv CAκ≤ ∗  (4-30)

c Debt service constraint

EBIT t t i t Z tEB L IrD L( ) ( ) ( ) ( )/λ≥ ∗ ∗  (4-31)

d Minimum working capital constraint

Z t t Z tCA WC CL( ) ( ) ( )λ≥ ∗  (4-32)

e Leverage constraint

Lev t
Z t
TA t

tL
Lev( )

( )
( )

( )δ= ≤  (4-33)

2  Principal–agent problem

a Agency cost constraint

C t C t C t C tAC Mc Bc Rc= + +( ) ( ) ( ) ( )  (4-34*)

C t C t tCG
AC AC( ) ( ) 1 ( )γ[ ]= ∗ −  (4-35)

b Agency cost measures constraint

C t
C t

t R tAC

ALL
D E DE

( )
( )

( ) ( )/δ≤ ∗  (4-36*)

C t
C t

t R tAC

ALL
ROA ROA

( )
( )

( ) ( )δ≤ ∗  (4-37*)

3  GCG performance measures (accounting measures)

a Operating margin constraint

t
EBIT t
R t

tISRATIOk
sale

ISRATIOξ ξ( ) ( )
( )

( )= ≥ ′  (4-38)
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D. Non-negativity constraints
All variables are non-negative.

F. Definitions of the variables and parameters

Z t CA( ) :  current assets; refers to liquid assets such as cash, invento-
ries or accounts receivable at time period t

Z t FA( ) :  fixed assets; refers to illiquid assets such as plants or equip-
ment at time period t . Intangible assets, such as customer 
goodwill or a cadre of superior design engineers among 
the fixed or current assets, are not included here

Z t CL( ) :  current liabilities; refer to short-term liabilities such as ac-
counts payable or payroll at time period t

Z t L( ) :  long-term debt; refers to long-term bank loans or bonds at 
time period t

Z t E( ) :  equity refers to the value of shareholders’ interests in the 
firm at time period t

Z t PR( ) :  after-tax profits at time period t
Z t D( ) :  dividends paid to shareholders at time period t
EBIT t( ):  EBIT at time period t
rPR:  corporate tax rate during time period t
i t IrD( ) :  interest rate of company’s long-term debt at time period t
∆:  denotes the change of the variable during the time period
R t sale( ) :  revenue at time period t
C t MA( ) :  manufacturing cost at time period t
C t inv( ) :  inventory cost at time period t
C t TR( ) :  transportation cost at time period t
C t AC( ) :  agency cost at time period t
c t soldk( ) :  sold price per unit for the item k at time period t
C t MAk( ) :  total manufacturing cost for item k at time period t
c t MAk( ) :  manufacturing cost per unit for item k at time period t
c t TRkmn
( ) :  shipping cost per unit of item k from place m to n at time 

period t
c t invjk( ) :  inventory cost per unit of item k in distribution centre j at 

time period t
c MAk(0) :  manufacturing cost per unit for item k at the beginning
rMAk:  annual increasing rate of manufacturing cost per unit for 

item k
kmnθ :  the proportion of total shipped amount for each shipping 

line from place m to n of item k
c TRkmn
(0) :  shipping cost per unit of item k from place m to n at the 

beginning
rTRmn :  annual increasing rate of transportation cost per unit at the 

shipping line from place m to n
D t

Mk
i( ) :  demand of item k from the market Mi at time period t
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c invjk(0) :  inventory cost per unit of item k in distribution centre j at 
the beginning

rinvj :  annual increasing rate of inventory cost per unit at the 
distribution centre j

R t sale( ) :  revenue at time period t
c soldk(0) :  sold price per unit of item k at the beginning
rsold:  annual increasing rate of sold price

Z t FA∆ ( ) :  change amount on the fixed asset at time period t
Z t L∆ ( ) :  change amount on long-term debt at time period t

Z t Inv CA( ) / :  investment from current assets at time period t
C t

MA and( ) exp :  expenses on the expansion of the new production line at 
time period t

C t
MA and

k
( ) exp :  expenses on the new production line expansion for item k 

at time period t
c t

MA and
k

( ) exp :  unit cost on the new production line expansion for item k 
at time period t

ikα :  the coefficient for item k produced by factory i
ikβ :  the coefficient for item k has been shipped through ship-

ping agent i
CAP t fack( ) :  manufacturing capacity of factory to produce item k at 

time period t
CAP fack(0) :  manufacturing capacity of factory to produce item k at the 

beginning
rcapfack:  annual increasing rate of manufacturing capacity for item k
Z1:  penalty factor on the over-capacity manufacturing
CAP t fack( ) :  manufacturing capacity of factory to produce item k at 

time period t
LA t qMAk

( ) :  labour required to finish packaging item k at time period t
P t qMAk( ) :  packaging capacity for production k at time period t
P qMAk(0) :  packaging capacity for production k at the beginning
rpack :  the annual increasing rate of packaging capacity
CAPQTRkmn

:  capacity restriction for item k at shipping line from m to n 
at time period t

B t safejk( ) :  safety inventory level for distribution centre j for item k at 
time period t

k t safe( ) :  safety inventory level ratio at time period t
CAPINVjk :  inventory capacity of the distribution centre j for item k
IT t( ):  inventory turns at time period t
CoS t( ):  cost of sales at time period t
Inv t( ):  quarterly average inventory at time period t

t ITR( )δ :  average industry ratio for inventory turnover at time pe-
riod t  or the targeted inventory turns ratio that the com-
pany sets for time period t

Z2:  penalty factor on unsatisfied demand
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R t RG( ) :  revenue growth rate at time period t
R t sale−( 1) :  revenue at time period t − 1
R t sale( ) :  revenue at time period t

t IRG( )δ :  the average industry revenue growth ratio at time period t
K t D E( ) / :  maximum allowed debt-to-equity ratio at time period t
FC t new( ) :  investment into fixed assets at time period t

( )t invκ :  the maximum rate of investment from the current asset at 
time period t

t EB L( ) /λ :  the times which EBIT t( ) is as large as i t Z tIrD L( ) ( )∗  at the 
time period t

t WC( )λ :  minimum working capital available to the company as a 
function of current liabilities during time period t

Lev t( ):  leverage at time period t
TA t( ):  total assets at time period t

t Lev( )δ :  the upper line of leverage from company management 
during time period t

C t Mc( ) :  monitoring cost at time period t
C t Bc( ) :  bonding cost at time period t
C t Rc( ) :  residual cost at time period t
C tCG

AC( ) :  reduced agency cost because of GCG at time period t
t( )γ :  reducing rate of agency cost at time period t

R t DE( ) :  debt-to-equity ratio at time period t
t D E( ) /δ :  the rate of agency cost to total cost from debt-to-equity 

ratio at time period t
t ROA( )δ :  the rate of agency cost to total cost from ROA ratio at time 

period t
R t ROA( ) :  ROA ratio at time period t

t ISRATIOk
ξ ( ) :  ISRATIO (operating margin) of the company associated 

with item k
t ISRATIOξ ( )′ :  ISRATIO (operating margin) of the average industry level

Decision variables include the following:

X t soldk( ) :  sold quantity for item k
X t qMAk( ) :  production quantity of item k at time period t
Y t qTRkmn

( ) :  shipping quantity of item k from place m to n at time pe-
riod t  after extension

X t invjk( ) :  ending inventory for item k of the distribution centre j at 
time period t

Y t qMAk( ) :  final manufactured quantity of item k after production 
line expansion at time period t ; it equals X t qMAk( )  if there 
are no expansions in production line plan

Y Ex t qMAk−( ) :  expansion quantity decision for the production line to 
produce item k at time period t
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Y t qTRmn( ) :  total shipping quantity amount from place m to n at time 
period t

X t invjk−( 1) :  ending inventory of the distribution centre j for item k at 
time period t − 1, equal to starting inventory of the distri-
bution centre j at time period t

X t
qMAk

i( ) :  quantity of item k produced in factory i at time period t

Y t
qTRi

kmn
( ) :  shipping quantity of item k from place m to n by shipping 

agent i at time period t
X t rmk( ) :  raw material requirements from manufacturing factories 

for each item k at time period t
X t rmki( ) :  raw material i required for item k at time period t

Constructed robust optimisation model framework for 
integrated supply chain management and corporate 
governance under uncertainty

Nowadays, there are many uncertainties in supply chain implementa-
tion because of complex supply chain network requirements and the sur-
rounding environment. By taking risk management and GCG practices 
into account during the strategic planning stage of a supply chain, this 
research develops a novel framework, RSCMCG, for using GCG policies 
to promote greater effectiveness and efficiency in SCM for optimal risk 
management. This section discusses the approaches and solutions for the 
proposed integrated SCM and corporate governance model framework 
through robust optimisation and presents them in mathematical form fol-
lowed by the simulation settings. In practice, the model framework can 
be further developed into a quantitative model for implementation and 
analysis.

The proposed robust optimisation model for supply chain 
management and corporate governance

Uncertainties exist anywhere at any time and should be considered in 
planning to achieve stable solutions. To incorporate uncertainties into the 
combined supply chain and corporate governance model, the robust op-
timisation method is applied. As discussed in Chapter 3 (‘The main ap-
proaches to robust optimisation’), Mulvey’s (Mulvey, Vanderbei & Zenios 
1995) and Bertsimas’ (Bertsimas & Sim 2003, 2004) robust optimisation 
methods are applied and adjusted in this study.

A. Robustness of the model: mean-variance method with penalty 
function and Uset
The mean-variance method (Mulvey, Vanderbei & Zenios 1995) discussed 
in Chapter 3 (‘The main approaches to robust optimisation’) is applied to 
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this model and the corresponding updates in the objective function of the 
proposed model framework are presented as follows:

f= −( )Max Equity Min equity

with ( ) (1) ( )Z t Z Z ts E E E

t
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. λ, ω  are risk indicators. λ 

denotes the weighting scale to measure the trade-off between feasibility 
and cost and ω  represents the weighting penalty for the stock over or be-

low the safety level (Yu & Li 2000). z zs

I

s
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( ) 2
2
( ) 2

 is a feasibility 

penalty function, which is used to penalise the violations of the control 
constraints.

This adjustment in the RSCMCG model adds decision-maker risk pref-
erence into the planning procedure by incorporating risk indicators and 
risk penalty functions into the model. The penalty factors Z1 and Z2 are 
incorporated into constraints (4-19.2*) and (4-26*) see ‘Constraints of the 
robust supply chain management and corporate governance model’) to 
control the risks in supply chain processes.

The penalty factor Z1 measures the difference between actual manufac-
turing quantity and the factory’s maximum capacity. For each scenario s :

X t Z CAP tqMAk
s s

fack
s+ =( ) ( )( )

1
( ) ( )

where:

X t qMAk
s( )( ) :  production quantity of item k at time period t  for scenario s

Z s
1
( ):  penalty factor on the over-capacity manufacturing for sce-

nario s
CAP t fack

s( )( ) :  manufacturing capacity of factory to produce item k at time 
period t  for scenario s .
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The second penalty factor, Z2, measures the gap between actual invento-
ries and the remains after filling demand to ensure warehouse safety lev-
els. This constraint in the RSCMCG framework can improve inventory 
management by ensuring that final stock quantity is closer to the safety 
inventory while keeping stock expenses low. Constraint (4-26*) demon-
strates this situation. For each scenario s :

X t Z X t Y t D tinvj
s s

invj
s

qTRkmn
s

Mk
i

s+ = − + −( ) ( 1) ( ) ( )( )
2
( ) ( ) ( ) ( )

where:

X t invj
s( )( ) :  ending inventory of the distribution centre j at time period 

t  for scenario s
Z s

2
( ):  penalty on the scenario, s which has unsatisfied demand

X t invj
s−( 1)( ) :  starting inventory of the distribution centre j at time period t  

equals the ending inventory at time period t − 1 for scenario s
Y t qTRkmn

s( )( ) :  shipping quantity of item k from place m to n at time period 
t  after extension for scenario s

D t
Mk

i
s( )( ) :  demand of item k from the market Mi at time period t  for 

scenario s
s :  indicates scenario s .

Here, this study considers the uncertainty existing in the assembly/pack-
aging process of manufacturing as an example for incorporating an un-
certain environment—represented by the uncertainty coefficients ikα  
for the labour hours required for each product to complete the assembly 
 process—through the ellipsoid uncertainty set. Constraint (4-17) can be 
updated as below if there are three factories,

X t X t x t x tqMAk ik qMAk
i

ki
k qMA k k qMA k

( ) ( ) ( ) ( )
1,2,3

1 1 2 2∑∑ α α α= = ∗ + ∗ +
=

x tk qMA k
( )3 3α ∗ , and coefficients ikα  are formulated in the set ik ik

 α α{Α =

i k Hik ik ik
ˆ , , ,α α µ µ }∈ + ∀ ∈ , where: H i kik ik

k

i1, , , ∑µ µ µ= ≤ ∀ ≤ Γ












The rest of this section discusses the corresponding adjustments in the 
model.

For an integrative robust SCM model, GCG practices for uncertainties 
in constraints and considerations are included in the model constraints 
and mean variance and penalty functions in the robustness objective 
function. The theoretical frame of the robust optimisation model for 
this study is presented as the above concept, and the corresponding ad-
justment in the RSCMCG model can be achieved in the Risk Solver 
Platform through the Uset (uncertainty set) setting in the ‘Chance Con-
straint’ section.
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B. Uset with robust counterpart form in the Risk Solver Platform
The robust optimisation approach can be simulated through Uset in the 
Risk Solver Platform. By applying the Uset and robust counterpart to-
gether with the Psi function, the RSCMCG model of this study can be 
applied in practice to solve problems with uncertainties. This application 
is discussed and explained through a hypothetical case study in Chapter 5. 
In the Risk Solver Platform, ΩUset , in which Ω is the bound of the un-
certainties in the formulation, is measured by a norm. The general robust 
counterpart form is formed with a norm (Bertsimas & Thiele 2004). Here, 
the uncertain sets are performed in D Norm and L2 Norm. For example, 
solving problems with D Norm, the robust counterpart is a linear prob-
lem, while the robust counterpart of problems with L2 Norm will be a 
SOCP problem.

Settings in the Risk Solver Platform

The setting configurations are presented in Chapter 3 (‘Introduction of 
Risk Solver Platform applied for optimisation model with uncertainty’). 
This section specifies the updates for the proposed RSCMCG model 
framework in the Risk Solver Platform.

A. Robust optimisation method in the Risk Solver Platform
According to the Frontline Solvers (2013, p. 248):

The idea behind robust optimisation in the Risk Solver Platform is to 
transform an optimisation problem with known structure such as a sto-
chastic linear programming problem into a larger, conventional robust 
counterpart problem that accounts for the impact of bounded uncertainty 
on the constraints and objective. Solving the robust counterpart—a single 
linear programming or SOCP problem—gives us an approximate solution 
to the original stochastic problem. The robust counterpart is a LP problem 
because the platform tab chance constraints use option is set to D Norm. 
If it had been set to L2 Norm, the robust counterpart model would have 
been a SOCP. When D Norm is used, the robust counterpart of a stochas-
tic linear programming problem is a LP problem. When L2 Norm is used, 
the robust counterpart is a SOCP problem.

In the Risk Solver Platform, there are differences between the original 
model and the robust optimisation model. For the original model, for 
example, a stochastic LP model, set the ‘Solve Uncertain Models’ option 
to ‘Simulation Optimisation’ and then click the analyse button to anal-
yse the structure of the model. The model diagnosis section of the task 
pane model tab ‘pops up’ to show the results, which display the uncertain 
‘variables, functions and dependencies’. When transforming into the ro-
bust optimisation model, the ‘Solve Uncertain Models’ option needs to 
be changed to ‘Automatic’ and then the ‘analyse’ button clicked. This 
analyses the transformed structure of the robust counterpart model for the 
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original robust optimisation, which becomes a linear deterministic prob-
lem with possible scenarios.

The constraints criterion applied in Uset, which is located under the 
‘Chance Constraint’ in the Risk Solver Platform, has its advantage. The 
 robust counterpart model more accurately reflects the degree to which 
the chance constraint is satisfied, which can lead to less conservative solu-
tions with better objective values (Chen, Sim & Sun 2007). The ‘Ω ’ under 
uncertainty set is set as the budget for uncertainty.

The Risk Solver Platform performs one simulation at the outset to as-
sess the impact of uncertainty and construct the robust counterpart prob-
lem.  The strength of robust optimisation is its scalability to very large 
problems, since only one simulation and one optimisation of a linear prob-
lem or SOCP problem is required. However, robust optimisation cannot 
solve more general nonlinear, non-convex problems.

As discussed above, the uncertainties assumed in the proposed  RSCMCG 
model framework are the manufacturing assembly coefficients, which can 
be the quantity of each material or amount of labour engaged. This can dif-
fer on a case-by-case basis. In addition, this study applies Psi Uniform (min 
or max) to simulate values for uncertain parameters.

B. Settings in the Risk Solver Platform for the proposed  RSCMCG 
model framework
In the ‘Optimisation Model’ section in the ‘Platform’ component, choose 
‘Psi Interpreter’ from the ‘Interpreter’ tab and ‘Solve Complete Problem’ 
(or analysis without solving first to examine the feasibility of the proposed 
model) from ‘Solve Mode’. Then select ‘Stochastic Transformation’ from 
‘Solve Uncertain Models’ for the reason that problems with uncertainty 
are assumed in linear mode and are without recourse in this study. This 
study applies the robust optimisation method; therefore, after this setting, 
move to the ‘Transformation’ section and select ‘Robust Counterpart’ in 
the ‘Stochastic Transformation’ option to conduct the robust optimisation 
method with ‘Chance Constrains Use’ choosing ‘D Norm’.

Using the ‘Robust Optimisation’ approach, the Risk Solver Platform 
will attempt to transform the original robust optimisation problem with 
uncertainties into a conventional optimisation ‘Robust Counterpart’ 
model without uncertainty. For the specific ‘Chance Constraints’ setting, 
while the Psi Percentile and Psi statistics function are accepted for simula-
tion optimisation, the transformation for robust optimisation requires that 
it is directly expressed as chance property in the constraint itself and not 
in the formula.

As discussed in Chapter 3 (‘Introduction of Risk Solver Platform ap-
plied for optimisation model with uncertainty’), different solver engines 
can be chosen. For the proposed RSCMCG model framework, the Stan-
dard LP/Quadratic Engine, Standard LSGRG Nonlinear Solver Engine 
or Standard SOCP Barrier Engine can be chosen based on the specific 
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problem. The LP/Quadratic Solver can solve problems with quadratic 
objective functions. The Standard SOCP barrier engine can help find 
an optimal solution with a linear objective function and second-order 
cone constraints as SOCP problems. One has to be careful of any convex 
quadratic constraints that can also be converted into second-order cone 
constraints with several steps of linear algebra. The SOCP Barrier Solver 
or the MOSEK Solver Engine can both make these transformations au-
tomatically, and SOCP problems can be solved using the GRG Non-
linear Solver or the Large-Scale GRG, Large-Scale SQP or KNITRO 
Solver engines. While the Risk Solver Platform includes the enhanced 
LSGRG Solver, it uses the Generalised Reduced Gradient method, as 
implemented in Lasdon and Waren’s GRG2 code (Frontline Solvers 
2013). The GRG method can be viewed as a nonlinear extension of 
the Simplex method, which selects a basis, determines a search direction 
and performs a line search on each major iteration while solving systems 
of nonlinear equations at each step to maintain feasibility. The above 
engines all can be applied to solve the RSCMCG model framework. 
The results returned from these different engine options may differ. 
Reports for the solutions and analyses of the problem are also available 
in the Risk Solver Platform. The Linearity Report and Structure Re-
port can help when  encountering the message ‘the linearity conditions 
required by this Solver engine are not satisfied’. The feasibility report 
and  feasibility-bound  report can help when one encounters the message 
‘solver could not find a feasibility  solution’. The scaling report can help 
when one encounters either of these messages or other unexpected mes-
sages or solution values.

Summary

By using the basic rules of supply chain modelling systems from previ-
ous work, such as Shapiro’s (2007) model, Ragsdale (2012) and Williams 
(2013), together with the corporate risk management frameworks from 
Léautier (2007), this study has extended optimal supply chain models and 
developed a robust integrated supply chain and corporate governance 
model (RSCMCG).

This study sets the objective of maximising company equity to achieve 
long-term profit and shareholders’ interests. The supply chain operational 
decisions and costs are the main variables. The integrated supply chain 
network, including manufacturing, distribution, inventory and market-
ing procedures, are considered in this RSCMCG model. Each part yields 
equations and constraints in the proposed model. Through the model, 
the different operations of comprehensive supply chain networking and 
financial management have been connected to achieve optimal resources 
planning, and GCG practices are investigated and quantified into the con-
straints for risk management.
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Unlike the previous deterministic optimisation models, which have not 
considered uncertainty when generating their optimal solutions, this ro-
bust optimisation method applied in the RSCMCG model framework can 
find robust and optimal solutions to a series of problems in uncertain en-
vironments. The preference for risk aversion is presented in the objective 
function by introducing risk coefficients or a transformed Uset structure 
in constraints of the Risk Solver Platform. These balance the interplay 
between profit and risk. This also assists in dealing with risks and thus 
supports long-term benefits for the company.

The decisions and risk management strategies for each stage made from 
running the RSCMCG model can support the company in achieving ro-
bustness and optimality in the entire supply chain network.

Note

 1 Lev t
TD t
TA t

( )
( )
( )

=  (Hill & Jones 2007), with TD t( ) for total debt at time period t, 

which includes long-term debt and short-term debt.
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Introduction

This chapter illustrates the implementation of the proposed framework 
and mathematical model using a hypothetical case study. It first describes 
the background of the hypothetical case study, input data and data col-
lection process. Next, it presents the numerical implementation of the 
case study based on the RSCMCG model proposed in Chapter 4. It then 
demonstrates the corresponding spreadsheet modelling and Risk Solver 
Platform settings. It ensures the plausibility of the model by following 
the validation with construct, model structure and results. Following this, 
it presents the validated model output and analysis through four models 
of the RSCMCG framework. It states the simulations conducted for the 
hypothetical case through two other approaches: the deterministic opti-
misation supply chain model and simulation optimisation supply chain 
model. It further explores the findings for the proposed RSCMCG model 
by comparing the results with models using the other two methods. The 
chapter concludes by discussing the results and achievements of the pro-
posed models.

Background of the hypothetical case study

Scenario description

A hypothetical case is used to present and explain the application of the 
RSCMCG model proposed in the previous chapter.

The purpose of applying the model to a case study in this research is to 
present the framework and model results in a practical way that illustrates 
the influence and impact of good corporate governance (GCG) practices 
on the design of supply chain networks and strategic decision-making. 
The scenario contains one core company that targets to establish its stra-
tegic planning for supply chain operations over the next three years to 
achieve maximum shareholder interests while maintaining sustainable 
supply chain operations in an uncertain environment. To achieve this 

5 Analysis and discussion
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goal, the scenario designed must meet three criteria: with respect to sup-
ply chain management (SCM), the company in the scenario has a complete 
supply chain operations system, comprising production, transportation, 
inventory and market sales; with respect to financial planning and man-
agement, the company includes a financial sector featuring the main ele-
ments of the company balance sheet; to check the impact of the corporate 
governance practices and risk management strategies on the model, this 
study designs different combinations of multiple partnerships in each di-
vision, including suppliers, distributions, warehouse and markets. In the 
production division, it has different manufacturing suppliers with their 
manufacturing capacities. Assembling the packaging needs enough labour 
to produce different articles, with availability limitations at certain peri-
ods. The transportation division may have alternative shipping options for 
articles going to different markets. Different shipping lines work under 
different prices based on time, distance and tolls. Each line also has set load 
limitations. In the inventory division, there are warehouses for each arti-
cle to choose depending on market and storage costs. In the market sales 
division, demands come from different markets, and the core company is 
responsible for capital budgeting.

In the hypothetical case study, the system is undertaken within a supply 
chain network that has a core company and related upstream and down-
stream supply chain partners comprising production, transportation, in-
ventory and market sales (see the company’s supply chain networking in 
Figure 5.1). This core company has two main products: A and B . It has 

Figure 5.1 Supply chain networking of the company.
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two manufacturing suppliers (MA1, MA2), two logistics groups for trans-
portation demands (TR1, TR2), two distribution centres for inventory (Inv1,  
Inv2) and two markets with different demands for marketing and sales  
(M1, M 2).

Unit costs of manufacturing, shipping and inventories increase annu-
ally according to the current economic environment. Corresponding unit 
prices on sales also increase annually. Further, the product demand in-
creases annually as the market is assumed to expand.

Data collection and specification of input data for the 
hypothetical case

The model proposed in this book requires the details of supply chain sys-
tems and financial planning in accordance with the company’s  corporate 
governance practices. The data used in this hypothetical case study are 
drawn from two sources: secondary data and simulated data.

Secondary data for the supply chain operational system are adapted 
from Shapiro’s (2007) cases, including the case example of an integrated 
supply chain and marketing model for ‘Gold Beer with Five ad cam-
paigns’. Data for financial planning are adapted from the case discussion 
of an integrated financial planning and supply chain production model 
for ‘Ajax Computer Company’. Data from this resource include the first 
year’s unit costs of manufacturing, transportation and inventory and three 
years’ demand from separate markets. These data form the basis for data-
sets developed later in this chapter. In the context of expansion and in-
flation, this hypothetical case study applies the annual percentage rate of 
the increasing unit costs of operational chains over two years based on 
the industry ratios. For example, an annual increase of 5% for unit man-
ufacturing costs over two years is applied. Here, the average rate of 5% 
is obtained from the manufacturing industry ratios website,1 and it fits 
comfortably between the increasing rate of manufacturing cost of 2.5% in 
Australia and 13.6% in China (Ai et al. 2009; Mojonnier 2012). The same 
method is applied to other data using an indexation of 0.07 for transport 
and 0.03 for inventory.

The experimental data for the above cases have been simulated for the 
next two years based on practical experience. For example, the original 
fixed construction of the manufacturing division from Shapiro (2007) 
has been adjusted for the fluctuating coefficients on assembly elements for 
practical uncertain environmental considerations.

Data below are presented briefly from three areas: supply chain oper-
ations, financial management and corporate governance practices. More 
details are presented with the numerical model later in this chapter (see 
‘Numerical implementation of the hypothetical case study with the pro-
posed robust supply chain management and corporate governance mode 
framework’).
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1   Supply chain operations division
This area has four operational procedures: manufacturing, trans-

portation, inventory and market sales. The manufacturing division 
contains the unit manufacturing cost and the product capacity of each 
factory in a calculated time period (e.g. yearly in this study) for two 
different products. The transportation division contains the unit ship-
ping cost and shipping limits. The inventory division contains the 
starting inventory of the first year, unit stock cost and the safety in-
ventory for each production at each distribution centre. The market 
sales contain the revenue on sales in each market. All the expenses and 
prices are expressed in thousands of dollars ($’000).

a Manufacturing division
Year 1

Production Production capacity at 
factory (Units)

Unit cost on 
manufacturing ($’000)

A 4,000 2.75

B 4,800 2.28

The total packaging labour available is limited to 70,000 time 
units. In a supply chain assembly process, certain hours are re-
quired for Product A and Product B as the packaging coefficients 
to complete production—for example, six hours for A and 13 
hours for B. These packaging coefficients for the assembly pro-
cess are uncertainty elements in the robust optimisation model 
framework, which is explained in detail later in this chapter (see 
‘Constraints’). If overtime work is required, the cost will be 0.12 
(in $’000) extra per unit.

b Transportation and inventory division
Year 1

Items Unit cost on shipping 
lines ($’000)

Unit cost on 
inventory (units)

Starting 
inventory (units)

A1 0.15 0.64 1,200

A2 0.62 0.64 800

B1 0.15 0.57 1,100

B2 0.62 0.57 600

In years 2 and 3, the study assumes indexation of 0.07 for trans-
port and 0.03 for inventory.

c. Market sales division
The demands from markets and associated sale prices for the 

next three years are listed below. 
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Items Year 1 (units) Year 2 (units) Year 3 (units) Sale prices ($’000)

A1 1,458 1,612 1,751 7

A2 2,475 2,728 2,955 7

B1 1,188 1,293 1,390 6.25

B2 1,944 2,108 2,260 6.25

2  Financial division
The financial division contains the variables of current assets, fixed 

assets, current liabilities, long-term debt, equity, EBIT, after-tax prof-
its, dividends and investment from current assets. All are measured in 
thousands of dollars ($’000). 

Year Current 
assets 
($’000)

Fixed 
assets 
($’000)

Current 
liabilities 
($’000)

Long-
term debt 
($’000)

Dividends 
($’000)

Agency 
cost 
($’000)

1 3,000 13,000 2,000 6,000 2,500 3,000

2 4,000

3 4,000

3  Corporate governance division
The corporate governance division contains corporate governance 

principles and relevant policies for the purposes of improving com-
pany performance. Incorporating GCG practices leads to reduced 
agency costs. Details are listed in the next section.

Numerical implementation of the hypothetical case study 
with the proposed robust supply chain management and 
corporate governance model framework

This section presents the numerical details of dealing with this hypothetical 
problem using the proposed RSCMCG model framework in Chapter 4. 
These include objective function and constraints (in definitional supply 
chain and financial equations, SCM and financial management equations 
and corporate governance policies that risk management for SCM and 
accounting). The numerical model with explanations is presented below.

Objective function

Following the proposed RSCMCG framework in Chapter 3 and the 
model discussion in Chapter 4, maximising equity as a final target value 
is recognised as an efficient measure of firm value. This value links opera-
tional flow with the financial flow in the SCM framework through EBIT 
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for maximum firm value. With the data obtained, the numerical objective 
function for this case based on Equation (4-1’) is as follows:

f Z t Z Z t

Z Z t Z t

E E E

t

E E

t

E

t

∑
∑ ∑

[ ]

[ ]

= = + ∆

= + ∆ = + ∆
= =

Max equity( ) ( ) (1) ( )

(0) ( ) 8000 ( )
1,2,3 1..,3

 

Z t Z t Z t r EBIT t i Z t Z tE PR D PR IrD L D∆ = − = − − ∗ −( ) ( ) ( ) (1 )[ ( ) ( ) ] ( )  

EBIT t Z t L= − ∗ − ∗ +(1 0.65) [ ( ) 0.1 (6000 ( ) )]

Constraints

Numerical representations of constraints having elements associated with 
the supply chain, corporate governance and risk management strategies 
are presented below.

A Definitional supply chain operational and financial equations
Following the definitional equations, (4-2–4-11), in Chapter 4 

(‘Constraints of the robust supply chain management and corporate 
governance model’), the supply chain operations and financial ele-
ments of this hypothetical case are built up for three years respectively, 
and the details are depicted here in Sections B.1 and B.2: supply chain 
operational equation constraints and financial planning constraints.

B SCM and financial management equations

B.1 Supply chain operational equation constraints
The operational chain under consideration comprises manufacturing, 
transportation, inventory and marketing.

1 Manufacturing function
Based on the data presented in ‘Data collection and specify in-

put data for the hypothetical case’, the manufacturing constraint 
is provided, with unit cost 2.752 and 2.28 (in $’000) for products 
A and B, respectively, and overtime 0.12 (in $’000) if it is appli-
cable. Further, the indexation for this category is 0.05. Therefore, 
the manufacturing function for this case adopted from Equation 
(4-9.1) with three periods is as follows:

C C x cMA MAk
k

K

qMAk MAk
k

A B O

∑ ∑ { }= = ∗
=

(1) (1) (1) (1)
1

, ,

x x x tqMAA qMAB qMAO= ∗ + ∗ + ∗(1) 2.75 (1) 2.28 ( ) 0.12
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C x cMA qMAk MAk
k

A B O

∑ { }= ∗(2) (2) (2)
, ,

 

x x

x
qMAA qMAB

qMAO

= ∗ ∗ + + ∗ ∗ +
+ ∗ ∗ +
(2) 2.75 (1 0.05) (2) 2.28 (1 0.05)

(2) 0.12 (1 0.05)

1 1

1

C x cMA qMAk MAk
k

A B O

∑ { }= ∗(3) (3) (3)
, ,

x x

x
qMAA qMAB

qMAO

= ∗ ∗ + + ∗ ∗ +
+ ∗ ∗ +
(3) 2.75 (1 0.05) (3) 2.28 (1 0.05)

(3) 0.12 (1 0.05)

2 2

2

2 Shipping balance
Shipping balance Constraint (4-13) is formulating the distribu-

tion process. As mentioned previously, two products (A and B) are 
being shipped to two different markets (M1, M 2) through two dis-
tribution centres (Inv1, Inv2) that are designed to be in close prox-
imity in this hypothetical case. Therefore, each product has two 
shipping line options from their manufacturer (MA1, MA2) to two 
distribution centres (Inv1, Inv2). This study assumes that the unit cost 
differs according to the end point of the shipping lines—for ex-
ample, from either manufacturer MAi to Inv1, they cost the same. 
Therefore, there are four shipping scenarios: Y t qTRAMAi Inv−

( )
1
, 

Y t qTRAMAi Inv−
( )

2
, Y t qTRBMAi Inv−

( )
1
 and Y t qTRBMAi Inv−

( )
2
.  Equation 

(4-13) becomes Y t Y tkmn qTRkmn
m n

M N

qTRkMAi Invi∑ θ =
−

( ) ( )
,

,

.

For simplicity and clarity, this study uses the follow-
ing notation: Y t qTRA( )

1
 (for Y t qTRAMAi Inv−

( )
1
), Y t qTRA( )

2
 (for 

Y t qTRAMAi Inv−
( )

2
), Y t qTRB( )

1
 (for Y t qTRBMAi Inv−

( )
1
) and Y t qTRB( )

2
 

(for Y t qTRBMAi Inv−
( )

2
). Y t qTRA( )  stands for total shipping quantity 

of Product A while Y t qTRB( )  stands for total shipping quantity of 
Product B. Therefore, the formulae of shipping balance for three 
years in this case are as follows:

Y Y Y Y Y
Y

qTRA qTRA qTRA qTRB qTRB

qTRB

+ = +
=

(1) (1) (1) , (1) (1)
(1)

1 2 1 2

(2) (2) (2) , (2) (2)
(2)

1 2 1 2
Y Y Y Y Y

Y
qTRA qTRA qTRA qTRB qTRB

qTRB

+ = +
=
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(3) (3) (3) , (3) (3)
(3)

1 2 1 2
Y Y Y Y Y

Y
qTRA qTRA qTRA qTRB qTRB

qTRB

+ = +
=

According to the transportation expenses Equation (4-10), the 

shipping cost is calculated as C Y YTR qTRA qTRB= +



 ∗(1) (1) (1)

1 1

Y YqTRA qTRB+ +



 ∗0.15 (1) (1) 0.62

2 2
. Transportation costs for 

the following two years are indicated in ‘Data collection and 
specify input data for the hypothetical case’. Unit cost on shipping 
is increasing at an annual rate of 7%; therefore, applying Equation 
(4-10.1), the formulae for the next two years are as follows:

C Y Y

Y Y

TR qTRA qTRB

qTRA qTRB

= +



 ∗ ∗ +

+ +



 ∗ ∗ +

(2) (2) (2) 0.15 (1 0.07)

(2) (2) 0.62 (1 0.07)
1 1

2 2

C Y Y

Y Y

TR qTRA qTRB

qTRA qTRB

= +



 ∗ ∗ +

+ +



 ∗ ∗ +

(3) (3) (3) 0.15 (1 0.07)

(3) (3) 0.62 (1 0.07)
1 1

2

2 2
2

3 Mass balance
Mass balance is the equation constraint presenting the relation-

ship among inventory, transportation and market demand. The 
ending inventory of the previous time period becomes the be-
ginning inventory for the current period, to which is added the 
shipping amount from the manufacturer less the demand from the 
market Mi in Equation (4-14).

Therefore, for Year 1:

X X Y D

Y

inv A inv A qTRA MA

qTRA

= + −

= + −

(1) (0) (1) (1)

1200 (1) 1458

1 1 1 1 1 1
1

1

X X Y D

Y

inv A inv A qTR A MA

qTR A

= + −

= + −

(1) (0) (1) (1)

800 (1) 2475

1 2 1 2 2 2
2

2

X X Y D

Y

inv B inv B qTRB MB

qTRB

= + −

= + −

(1) (0) (1) (1)

1100 (1) 1188

2 1 2 1 1 1
1

1

X X Y D

Y

inv B inv B qTRB MB

qTRB

= + −

= + −

(1) (0) (1) (1)

600 (1) 1944

2 2 2 2 2 2
2

2
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For Year 2:

X X Y D

X Y

inv A inv A qTRA MA

inv A qTRA

= + −

= + −

(2) (1) (2) (2)

(1) (2) 1612

1 1 1 1 1 1
1

1 1 1

X X Y D

X Y

inv A inv A qTR A MA

inv A qTR A

= + −

= + −

(2) (1) (2) (2)

(1) (2) 2728

1 2 1 2 2 2
2

1 2 2

X X Y D

X Y

inv B inv B qTRB MB

inv B qTRB

= + −

= + −

(2) (1) (2) (2)

(1) (2) 1293

2 1 2 1 1 1
1

2 1 1

X X Y D

X Y

inv B inv B qTRB MB

inv B qTRB

= + −

= + −

(2) (1) (2) (2)

(1) (2) 2108

2 2 2 2 2 2
2

2 2 2

For Year 3:

X X Y D

X Y

inv A inv A qTRA MA

inv A qTRA

= + −

= + −

(3) (2) (3) (3)

(2) (3) 1751

1 1 1 1 1 1
1

1 1 1

X X Y D

X Y

inv A inv A qTR A MA

inv A qTR A

= + −

= + −

(3) (2) (3) (3)

(2) (3) 2955

1 2 1 2 2 2
2

1 2 2

X X Y D

X Y

inv B inv B qTRB MB

inv B qTRB

= + −

= + −

(3) (2) (3) (3)

(2) (3) 1390

2 1 2 1 1 1
1

2 1 1

X X Y D

X Y

inv B inv B qTRB MB

inv B qTRB

= + −

= + −

(3) (2) (3) (3)

(2) (3) 2260

2 2 2 2 2 2
2

2 2 2

4 Inventory expense
Basic inventory expense is calculated using Equation (4-11). 

Therefore, for the first year in this case, C Xinv invA= +
(1) (1)

1
 

X X XinvA invB invB

 ∗ + +



 ∗(1) 0.64 (1) (1) 0.57

2 1 2
 with unit ship-

ping cost 0.64 and 0.57 (in $’000) for products A and B, respectively.
For the next two years, this study considers indexation of 3% 

in the hypothetical case study. Therefore, the equation constraints 
for years 2 and 3 are updated in the original equation by Equation 
(4-11.1):
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C X X

X X

inv invA invA

invB invB

= +



 ∗ ∗ +

+ +



 ∗ ∗ +

(2) (2) (2) 0.64 (1 0.03)

(2) (2) 0.57 (1 0.03)
1 2

1 2

C X X

X X

inv invA invA

invB invB

= +



 ∗ ∗ +

+ +



 ∗ ∗ +

(3) (3) (3) 0.64 (1 0.03)

(3) (3) 0.57 (1 0.03)
1 2

2

1 2
2

5 Marketing equation
For sales revenue Equation (4-8), with sold quantity for item 

k equal to demand D t
Mk

i( )  from markets in this study, and with 

unit cost of 7 and 6.25 (in $’000) for final products A and B, 
respectively, in M1, M 2, the numerical equation for Year 1 is as 
follows:

R D D D

D

sale MA MA MB

MB

= ∗ + ∗ + ∗

+ ∗

(1) (1) 7 (1) 7 (1) 6.25

(1) 6.25
1
1

2
2

1
1

2
2

For the following two years, this study considers the marketing 
risk with increasing selling price. For years 2 and 3, the index-
ation for the sold price of 10% annually is applied in this case. 
Therefore, for each time period of Equation (4-8.1):

R D D

D D

sale MA MA

MB MB

= ∗ ∗ + + ∗ ∗ +

+ ∗ ∗ + + ∗ ∗ +

(2) (2) 7 (1 0.1) (2) 7 (1 0.1)

(2) 6.25 (1 0.1) (2) 6.25 (1 0.1)
1
1

2
2

1
1

2
2

R D D

D D

sale MA MA

MB MB

= ∗ ∗ + + ∗ ∗ +

+ ∗ ∗ + + ∗ ∗ +

(3) (3) 7 (1 0.1) (3) 7 (1 0.1)

(3) 6.25 (1 0.1) (3) 6.25 (1 0.1)
1
1

2

2
2

2

1
1

2

2
2

2

B.2 Financial planning constraints
Under the guidelines presented in Chapter 4, the financial planning con-
straints are incorporated as follows:

1  Financial balance
The start of Year 1’s financial status is given. The values of finan-

cial elements indicate the starting amount for the years. For example, 
Z E(1)  presents the equity amount at the beginning of Year 1. As stated 
earlier in this chapter, the data for the financial division in Year 1 
comprises current assets 3,000, fixed assets 13,000, current liabilities 
2,000, long-term debt 6,000 and equity 8,000 (in $’000) (Shapiro 
2007).
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Based on the financial balance Constraint (4-2), the initial equity 
is as follows:

(0) (0) (0) (0) (0)
3000 13000 2000 6000 8000

Z Z Z Z ZE CA FA CL L= + − −
= + − − =

Then, for the following years, equity amounts are calculated as follows:

Z Z ZE E E= + ∆(1) (0) (1)

Z Z Z Z ZE CA FA CL L= + − −(1) (1) (1) (1) (1)

Z Z Z Z ZE CA FA CL L= + − −(2) (2) (2) (2) (2)

Z Z Z Z ZE CA FA CL L= + − −(3) (3) (3) (3) (3)

2  Fundsbflow equations
The fundsbflow equations of (4-3–4-6) reflect the  relationship be-

tween SCM and financial planning in company policies, with rPR = 0.65,  
iIrD = 0.1 applied in the case. Therefore, (1) (1)Z ZCA FA∆ + ∆ −

(1) (1) (1 0.65)[ (1) 0.1 (1) ] (1) 0Z Z EBIT Z ZCL L L D∆ − ∆ − − − ∗ + =

For each year:

3000 (1) (1) (1) (0.35)[ (1)
0.1 2000] 2500 0

Z Z Z EBITFA CL L+ ∆ − ∆ − ∆ −
− ∗ + =

(2) (2) (2) (2) (1 0.65)[ (2)
0.1 (2) ] (2) 0

Z Z Z Z EBIT
Z Z

CA FA CL L

L D

∆ + ∆ − ∆ − ∆ − −
− ∗ + =

(3) (3) (3) (3) (1 0.65)[ (3)
0.1 (3) ] (3) 0

Z Z Z Z EBIT
Z Z

CA FA CL L

L D

∆ + ∆ − ∆ − ∆ − −
− ∗ + =

3  Investment balance
The investment balance constraint allows the company to have a 

safe and heathy development mode considering the structure of debt 
and current assets. The change in fixed assets is determined by the 
change in long-term debt and investment from current assets. In 
Equation (4-15), Z t L∆ ( )  depends on the company’s debt situation. The 
fixed assets result for the three years is as follows:

Z ZFA Inv CA∆ = +(1) 1131 (1) /

Z ZFA Inv CA∆ = +(2) 0 (2) /

Z ZFA Inv CA∆ = +(3) 0 (3) /
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4  Expansion expense
In this study, the investment on expansion decisions appears as the 

expansion rates of manufacturing capacity and shipping lines (see Sec-
tion C of this section). Further investment decisions that can be made 
in the expansion of the company are considered future areas for this 
research (see Chapter 6).

C. Corporate governance policies: Risk management for SCM and ac-
counting policy
C.1 GCG practices for optimal supply chain operational management 
from a risk management strategies perspective

1  Supply chain specialised agent governance
For specialised agent governance, Equations (4-17) and (4-18) for 

this case are presented as below:

( ) ( ) ( ) ( )

( ) ( )

1 1 2 2

1 1 2 2

X t X t X t X t

X t X t

qMAk ik qMAk
i

ki
A qMAA A qMAA

B qMAB B qMAB

∑∑ α α α

α α

= = +

+ +

( ) ( ) ( ) ( )

( ) ( )

1 1 2 2

1 1 2 2

Y t Y t Y t Y t

Y t Y t

qTRmn ik qTRi
kmn

ki
A qTR Amn A qTR Amn

B qTR Bmn B qTR Bmn

∑∑ β β β

β β

= = +

+ +

2  Risk management strategies for supply chain operational system

a Manufacturing risk management strategies
Based on Equation (4-19), each factory has a manufacturing 

capacity restriction. The increasing manufacturing capacity rcapfack 
here is 20%, therefore:

X CAP CAP rqMAA facA facA capfacA≤ = ∗ + =(1) (1) (0) (1 ) 40000

X CAP CAP rqMAB facB facB capfacB≤ = ∗ + =(1) (1) (0) (1 ) 48000

X CAP CAP rqMAA facA facA capfacA≤ = ∗ + = ∗ +(2) (2) (0) (1 ) 4000 (1 0.2)1

X CAP CAP rqMAB facB facB capfacB≤ = ∗ + = ∗ +(2) (2) (0) (1 ) 4800 (1 0.2)1

X CAP CAP rqMAA facA facA capfacA≤ = ∗ + = ∗ +(3) (3) (0) (1 ) 4000 (1 0.2)2 2

X CAP CAP rqMAB facB facB capfacB≤ = ∗ + = ∗ +(3) (3) (0) (1 ) 4800 (1 0.2)2 2

b Packaging equations
In this hypothetical case, the uncertain parameters are  considered 

to exist in the packaging assembly process in Equation (4-20). They 
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appear as uncertain parameters α1, α2 for assembly coefficients of 
completing the packaging for products A and B, respectively.

( ) ( )

( ) ( ) ( 1) ( )1 1 2 2 3

LA t X t

x t x t x t

qMAk ik qMAk
i

ki

qMA A qMA B qMA O

∑∑ α

α α

=

= ∗ + ∗ + − ∗

For three years:

(1) (1)

(1) (1) ( 1) (1)1 1 2 2 3

LA X

x x x

qMAk ik qMAk
i

ki

qMA A qMA B qMA O

∑∑ α

α α

=

= ∗ + ∗ + − ∗

(2) (2)

(2) (2) ( 1) (2)1 1 2 2 3

LA X

x x x

qMAk ik qMAk
i

ki

qMA A qMA B qMA O

∑∑ α

α α

=

= ∗ + ∗ + − ∗

(3) (3)

(3) (3) ( 1) (3)1 1 2 2 3

LA X

x x x

qMAk ik qMAk
i

ki

qMA A qMA B qMA O

∑∑ α

α α

=

= ∗ + ∗ + − ∗

where iα  is the uncertainty coefficient, as presented in  Chapter 4 
(‘The proposed robust optimisation model for supply chain man-
agement and corporate governance’). α1 is randomly generated 
between value 5 and 7, while α2 is randomly generated between 
value 12 and 14 with the ‘PsiUniform’ function in D Norm in the 
Risk Solver Platform. The details of generating process and set-
tings are presented in ‘Specify the Risk Solver Platform settings 
for solution: Task pane tool icons setting for the characteristics of 
the simulation software’.

Based on Equations (4-20) to (4-20.1) and r rpack capfack=  in this 
case, the formulae for the three years are as follows:

LA X PqMAk ik qMAk
i

ki

qMAk∑∑ α= ≤ =(1) (1) (1) 70,000

LA X PqMAk ik qMAk
i

ki

qMAk∑∑ α= ≤ =(2) (2) (2) 70,000

LA X PqMAk ik qMAk
i

ki

qMAk∑∑ α= ≤ =(3) (3) (3) 70,000
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c Distribution risk management strategies
Based on the distribution policy, a capacity limitation on the 

shipping line that equals the manufacturing quantity is set in this 
particular case—from Constraints (4-21) and (4-21.1), this hypo-
thetical case assumes, CAP Y tQTRkmn qMAk= ( ) , and therefore:

Y t CAP Y tqTRkmn QTRkmn qMAk≤ =( ) ( )

For each time period:

(1) (1) , (1) (1)Y Y Y YqTRA qMAA qTRB qMAB≤ ≤

(2) (2) , (2) (2)Y Y Y YqTRA qMAA qTRB qMAB≤ ≤

(3) (3) , (3) (3)Y Y Y YqTRA qMAA qTRB qMAB≤ ≤

d Inventory risk management strategies
The inventory risk management strategy applied in this study 

is ‘safety level’, as presented in constraints (4-22) and (4-23). In 
the hypothetical case, k t safe( )  is equal to 0.1, which caters to un-
expected or sudden expansion in the market demand. D t

MA
( )

1
1 

indicates the demand of Product A from market Mk  at the time 
period t . In addition, there are two warehouses here, Inv1, Inv2 
for stocking two products, A and B, and inventory quantities for 
each are noted as X t inv A( ) 1 1

, X t inv A( ) 1 2
, X t inv B( ) 2 1

 and X t inv B( ) 2 2
. 

Therefore, the safety level inventory is calculated for three years 
using the following equations:

X B k Dinv A safe A safe MA
≥ = ∗ = ∗(1) (1) (1) 0.1 14581 1 1 1 1

1

X B k Dinv A safe A safe MA
≥ = ∗ = ∗(1) (1) (1) 0.1 24751 2 1 2 2

2

X B k Dinv B safe B safe MB
≥ = ∗ = ∗(1) (1) (1) 0.1 11882 1 2 1 1

1

X B k Dinv B safe B safe MB
≥ = ∗ = ∗(1) (1) (1) 0.1 19442 2 2 2 2

2

X B k Dinv A safe A safe MA
≥ = ∗ = ∗(2) (2) (2) 0.1 16121 1 1 1 1

1

X B k Dinv A safe A safe MA
≥ = ∗ = ∗(2) (2) (2) 0.1 27281 2 1 2 2

2

X B k Dinv B safe B safe MB
≥ = ∗ = ∗(2) (2) (2) 0.1 12932 1 2 1 1

1
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X B k Dinv B safe B safe MB
≥ = ∗ = ∗(2) (2) (2) 0.1 21082 2 2 2 2

2

X B k Dinv A safe A safe MA
≥ = ∗ = ∗(3) (3) (3) 0.1 17511 1 1 1 1

1

X B k Dinv A safe A safe MA
≥ = ∗ = ∗(3) (3) (3) 0.1 29551 2 1 2 2

2

X B k Dinv B safe B safe MB
≥ = ∗ = ∗(3) (3) (3) 0.1 13902 1 2 1 1

1

X B k Dinv B safe B safe MB
≥ = ∗ = ∗(3) (3) (3) 0.1 22602 2 2 2 2

2

e Unsatisfied demand risk
Equation (4-26*) addresses the risk of unfilled demand with 

penalty factor for a mean-variance robust approach (as discussed 
in Chapter 4, ‘Constructed robust optimisation model framework 
for integrated supply chain management and corporate gover-
nance under uncertainty’), and the formulae are as follows:

X Z X Y Dinvjk invjk qTRkmn Mk
i+ = + −(1) (0) (1) (1)2

X Z X Y Dinvjk invjk qTRkmn Mk
i+ = + −(2) (1) (2) (2)2

X Z X Y Dinvjk invjk qTRkmn Mk
i+ = + −(3) (2) (3) (3)2

It is not applied in the simulation process in this case. Instead, this 
hypothetical case applies Uset, as discussed in Chapter 4 (‘Con-
structed robust optimisation model framework for integrated supply 
chain management and corporate governance under uncertainty’).

f Marketing risk
Marketing risks are represented by indexation in unit costs of 

supply chain operations, including manufacturing cost, shipping 
cost, inventory cost and the increasing market price for the goods. 
They are sequentially calculated for years 2 and 3 using Equa-
tions (4-9.1), (4-10.1), (4-11.1) and (4-8.1) for this hypothetical 
case study (see Section B.1).

C.2 Corporate governance performance

1  Internal control
Internal control protects a company through a corporation’s inter-

nal governance. The company in this hypothetical case aims for steady 
growth and maximising shareholders’ long-term interests. Therefore, 
this study applies superior safety corporate policies in corporate fi-
nance management through equations (4-28) to (4-33).
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a Debt-to-equity constraint
Debt-to-equity constraint shows the capital structure of the 

company. To achieve a stable performance with balanced debt 
and equity, the ratio KD E/  is equal to 0.5 in Constraint (4-28) to 
keep long-term debt in control—that is, 50% of equity. Mathe-
matically, it is presented as follows:

Z ZL E≤ ∗(1) 0.5 (1)

Z ZL E≤ ∗(2) 0.5 (2)

Z ZL E≤ ∗(3) 0.5 (3)

b Investment restriction constraint
For applying Equation (4-29), which reflects the company’s in-

vestment policy and preference in this case, the formulae are as 
follows:

C FC Z Z
MA and

k new Inv CA L[ ]+ − + ∆ ≤(1) (1) (1) (1) 0exp /

C FC Z Z
MA and

k new Inv CA L[ ]+ − + ∆ ≤(2) (2) (2) (2) 0exp /

C FC Z Z
MA and

k new Inv CA L[ ]+ − + ∆ ≤(3) (3) (3) (3) 0exp /

This strategic plan is designed for long-term benefits target and 
steadily development, and in this case, κ = 50% is applied in this 
investment policy Constraint (4-30). Therefore, for each of the 
three periods, the formulae are as follows:

Z ZInv CA CA= ∗ = ∗(1) 50% (1) 50% 3000/

Z ZInv CA CA= ∗(2) 50% (2)/

Z ZInv CA CA= ∗(3) 50% (3)/

c Debt service constraint
For satisfactory debt servicing from EBIT, this case applies 

Constraint (4-31) and set EB Lλ /  with a typical value of 5 (Shapiro 
2007). The interest rate the corporation pays on long-term debt 
is represented by iIrD with 0.1. Therefore, debt service constraints 
for each of the three periods, in this case, are as follows:

EBIT Z L≥ ∗ ∗(1) 5 0.1 (1)

EBIT Z L≥ × ∗(2) 5 0.1 (2)

EBIT Z L≥ ∗ ∗(3) 5 0.1 (3)
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d Minimum working capital constraint
Equation (4-32) is applied in this study for imposing a mini-

mum working capital constraint from management. The WCλ  is 
applied with a typical value of 2 (Shapiro 2007). For each of the 
three periods, the formulae are as follows:

Z ZCA CL≥ ∗(1) 2 (1)

Z ZCA CL≥ ∗(2) 2 (2)

Z ZCA CL≥ ∗(3) 2 (3)

e Leverage constraint
In this case, applying leverage Constraint (4-33) with Levδ  equal 

to 0.375, it is set for boosting the company’s profit while enhanc-
ing the safety of the company’s financial flexibility. The equations 
for each of the three periods are as follows:

Lev
TD
TA

Z
TA

L
Levδ= = ≤ =(1)

(1)
(1)

(1)
(1)

(1) 0.375

Lev
TD
TA

Z
TA

L
Levδ= = ≤ =(2)

(2)
(2)

(2)
(2)

(2) 0.375

Lev
TD
TA

Z
TA

L
Levδ= = ≤ =(3)

(3)
(3)

(3)
(3)

(3) 0.375

2  Principal–agent problem
Agency cost increases over time because of demands from market-

ing and advertising, while it decreases with the implementation of 
GCG practices. It is accommodated through Equation (4-35) in this 
case study. With the data obtained, the formulae are as follows:

C CCG
AC AC γ[ ]= ∗ − = ∗ − =(1) (0) 1 (1) 3000 (1 66.7%) 1000

C CCG
AC AC γ[ ]= ∗ − = ∗ − =(2) (1) 1 (2) 4000 (1 50%) 2000

C CCG
AC AC γ[ ]= ∗ − = ∗ − =(3) (2) 1 (3) 4000 (1 50%) 2000

3  Other GCG performance measures (accounting measures)

a Operation margin constraint
Incorporating Constraint (4-38) maintains the company’s op-

erations efficiency, and this case study uses average industry IS-
RATIO ISRATIOξ′  with 0.3. Therefore, the formulae for each of 
the three periods are as follows:
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EBIT
RISRATIOk

sale
ISRATIOξ ξ( ) ( )

( )
( )= ≥ ′ =1

1
1

1 0.3

EBIT
RISRATIOk

sale
ISRATIOξ ξ( ) ( )

( )
( )= ≥ ′ =2

2
2

2 0.3

EBIT
RISRATIOk

sale
ISRATIOξ ξ( ) ( )

( )
( )= ≥ ′ =3

3
3

3 0.3

The ratio measures do not reflect real-world cases when simulating the hy-
pothetical case. However, it can be achieved in a real case study in the future.

Characteristics of the simulation software

Spreadsheet modelling

Some key formulations applied in the simulation of this case study are pre-
sented here. For example, ‘PsiMean’ and ‘PsiOutput’ are used to simulate 
uncertainty parameters and the output figures separately. Year 1 details of 
the case study are presented in table format.

The general process of robust optimisation together with corresponding 
system settings in detail are presented in Chapters 3 and 4, respectively; 
the important aspects referring to detailed steps in this particular hypo-
thetical case study are presented in Appendix 5. Please note that the signs 
‘<=, >=’ in the spreadsheet are only a memory aid and do not serve as 
computational functions in this simulation. Instead, the actual calculation 
and constraints are added in the Risk Solver Platform model tool.

The definition of the objective function, variables and all the constraints 
are presented in the task pane tool. This can only be achieved in the Risk 
Solver Platform.

Specify the risk solver platform settings for solution: task pane 
tool icons setting for the characteristics of the simulation software

All simulations are implemented in the Risk Solver Platform  (Version  11.5). 
General settings for the robust optimisation model are presented in  Chapter  4. 
After adjustments have been made specifically to this particular case, the 
RSCMCG model for this hypothetical case study is formulated in Excel for-
mat, as presented below.

‘Model’ component under the task pane

Following the setting in the modelling of the spreadsheet, some settings 
need to be updated in the ‘Model’ component. The ‘Model’ component 
setting can be found under the task pane tool.
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After adding the new constraints and making some changes to variables 
and parameters, the corresponding changes in the Task Pane Model Tap 
setting need to be made. The specifications in the ‘Model’ component 
need to match the spreadsheet modelling in the previous section and the 
numerical model in the ‘Objective function’ and ‘Constraints’ sections.

1  Objective function
The objective function is formulated in the spreadsheet and after-

wards set as maximum in the platform ‘Optimisation’ section in the 
‘Model’ component.

2  Variables
The variables are identified in the Risk Solver Platform to find an 

optimal solution by running the model.
3  Constraints

Constraints sets are divided into several groups, one of which is 
normal constraints. Normal constraints demonstrate the simple un-
equal or equal relationship between the two objectives.

4  Bound
Bound constraints put the statements of zero comparison relation-

ships on the cells.
5  Settings for ‘Optimisation’ section

Cells for objective, variables and constraints need to be identified 
and modelled. They may be part of a formula, such as Cell $F$5, to 
transform the mathematical framework into a simulation system.

To specify the uncertainties in the supply chain case, the uncertainty 
parameters need to be identified and constrained. In this particular hy-
pothetical case, ‘PsiUniform’ is applied in the Risk Solver Platform to 
formulate the random values that uncertainties may occur in the assembly 
process of two packaging coefficients for products A and B. To be specific, 
PsiUniform (5, 7) represents a randomly generated number from a value of 
5 to 7 and is formulated on cells $B$5, $B$30 and $B$52, while PsiUni-
form (12, 14) is for cells $C$5, $C$30 and $C$52. Following this, in the 
Risk Solver Platform, the constraints for the robust optimisation approach 
are presented as ‘Uset’ under the ‘Chance’ option. There are three sets of 
constraints for the uncertain parameters. For example, Cell $F$5 is the 
constraint cell for the uncertain coefficient of $B$5 and $C$5 in Year 1, 
representing the assembly packaging process. The platform formula for 
this constraint is USet α β≤Ω( )  under ‘Chance Constraints’ in the ‘Model’ 
Tab. The α  is the cell with uncertainty, while β  shows the uncertainty 
upper limit. Ω is the conventional size applied to control for robustness. 
After choosing the option ‘add constraint’ in the ‘Model’ component, 
choose ‘Uset’. Then select Cell $F$5 in the RHS column and choose ‘<=’ 
in the inequities option, followed by filling the left-hand side (LHS) with 
Cell $J$5. The next step is setting ‘size Ω’. ‘Size’ set is controlling the 
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robustness level of the constraint. The larger this number, the more con-
ventional the solution for the decision provided through the simulation. 
In this hypothetical case study, uncertainty size is set as 2. Similarly, apply 
the above procedures to the cells $F$30 and $F$52.

Setting for ‘Platform’ component

In the ‘Platform’ component, ‘Psi Interpreter’ is selected under ‘Interpreter’ 
to use the Platform’s ‘Polymorphic Spreadsheet Interpreter’. Under ‘Solve 
Uncertain Models’, choose ‘Stochastic Transformation’; then ‘Transforma-
tion’ can be effected to choose ‘Robust Counterpart’ for robust optimisation. 
This will result in solving the model in its conventional LP model, but with 
considerably more decision variables and constraints than the original model 
(Frontline Solvers 2013a). The use of ‘Chance Constraints’ is therefore effec-
tive only when the above two options are chosen. It is designed to determine 
the norm (distance measure) used to constrain the size of uncertain sets in the 
robust counterpart model. The alternatives for this option are L1 Norm, L2 
Norm, L-Inf Norm or D Norm (default). It depends on the individual case. 
D Norm is equivalent to the intersection of the L1 Norm and L-Inf Norm. 
In our hypothetical case study, uncertain environments are expressed in the 
form of D Norm in the Risk Solver Platform. If L2 Norm is chosen, the 
robust counterpart model will be a SOCP model, which requires a SOCP 
or smooth nonlinear solver such as SOCP Barrier Solver or GRG Nonlin-
ear Solver. When L1, L-Inf or D Norm are chosen, the robust counterpart 
model will be an LP model that can be solved by LP, QP or SOCP solvers. 
Regarding the ‘Chance Constraints’ setting, as mentioned in Chapter 4, the 
transformation for robust optimisation requires expressing the chance prop-
erty directly in the constraint itself, not in the formula, and this study uses 
the Uset under the ‘Chance Constraints’ option in the ‘Model’ tab.

Selections for ‘Engine’ component

In this case study simulation, the engine is chosen automatically by the 
platform, which is the Standard LP/Quadratic Engine. There are no non-
linear constraints in the case study model.

As mentioned previously, this study applies version 11.5 of the Risk 
Solver Platform, which does not include the ‘stochastic decomposition 
method’ option. Further, since 2014, this engine has been upgraded, with 
options for ‘stochastic decomposition method’ bundled within the ‘Ana-
lytic Solver Platform’. This can be used to solve linear models with recourse 
variables and uncertainty in the constraints only. The Risk Solver Platform 
has a new version 12.0, which has updated Excel 2013 support with new 
Evolutionary Solver power, Stochastic Decomposition, Visualisation and a 
client for Solver Web Service. Additionally, the LSGRG Nonlinear Engine 
can be chosen to solve the problem (see Appendix 6 for more details).
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Plausibility of the robust optimisation approach and 
results: generalisation

The validation process follows the steps discussed in Chapter 3 (‘Vali-
dation of the framework and superiority of the model’). The parameter 
outcome sets and validation experiments are conducted using the steps of 
McCarl and Spreen (1997). The details are discussed in this section.

Validation by construct

Following the procedures of McCarl and Spreen (1997), as discussed in 
Chapter 3 (‘Validation and verification’), the validation by construct for 
the proposed RSCMCG model in this study is checked as follows.

a The models are built using the correct procedures. This is consistent 
with the previous studies and theories. The RSCMCG model extends 
the previous supply chain models discussed in Shapiro’s (2007) Mod-
eling the supply chain, Ragsdale’s (2012) Spreadsheet modeling and decision 
analysis and Taha’s Operations research (2007). Based on the methods 
proposed in previous studies (Bertsimas & Sim 2003, 2004; Bertsimas 
& Thiele 2004), this study has constructed the cases and experiments 
from practical considerations such as spreadsheet modelling cases in 
previous studies (Balakrishnan, Render & Stair 2007; Monahan 2000; 
Powell & Baker 2007; Ragsdale 2012).

b Ensuring the trial results indicate that the models are working. Many 
experiments have been conducted in this study under different scenar-
ios, taking into consideration concerns expressed in previous studies. 
Adjustments have been made and tested repeatedly until satisfactory 
results have been achieved.

In the hypothetical case of previous sections, the model had been 
tested for different conditions and adjusted for a solvable version. For 
example, in terms of inventory, there is one inventory balance equa-
tion that is modelled as X t X t Y t D tinvjk invjk qTRkmn Mk

i= − + −( ) ( 1) ( ) ( ) .  

The corresponding spreadsheet is (Cell I 22 = S18 + E14-M22; and 
then copy to J22:L22) and set the binary on I22:L22. However, if one 
runs the model under this formulation, the results turn out to be an 
Error. Cell I22 is not a variable but is marked as integer or binary. It 
needs to be modified as follows:

Q18 = −E14 + I22 + M22 copy to Q19:21

Add one more constraint: $Q18:$Q21=$S18:$S21. Then put the con-
straints on Q18. Similar processes have been applied for the whole model.

c Ensure that the constraints imposed restrict the model to realistic 
solutions. The models proposed in this study have been developed 
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from a supply chain operational perspective and combined with risk 
concerns in financial management. Further, concerns have been in-
corporated into the objective and constraints to integrate corporate 
governance and risk management strategies to improve supply chain 
performance. The procedures and financial elements have been taken 
from the balance sheets of company’s financial reports.

d Ensure that the data are set up in a manner that can be replicated for 
practical outcomes. The data generated in this study are informed by 
the practical instructions from Shapiro (2007) and companies’ financial 
reports. Moreover, the models have been tested and analysed under a 
range of scenarios and repeated many times (more than 100). Therefore, 
it is expected that the results from the model support decision-makers.

Following the above steps, this study has been conducted under proper 
guidance, since the early stages of model construction and internal consis-
tency have been ensured.

Model structure

The initial supply chain model framework consists of the essential sup-
ply chain procedures, including manufacturing, shipping and inventory, 
while considering the participants in each division. The initial model has 
been developed by incorporating financial planning elements in Modeling 
the supply chain (Shapiro 2007) and extended for risk management strate-
gies and corporate governance concerns (discussed in Chapter 4).

This model has implemented the proposed novel framework of inte-
grated robust SCM with corporate governance (RSCMCG model) for risk 
management. It then presents the influence of its outputs on the improved 
performance of the company’s supply chain and associated financial areas. 
The focus of the model in this study is to incorporate GCG practices for 
risk management strategies into the constraints or objectives of a supply 
chain model to achieve sustainable long-term profit for the company.

Validation by results

After the internal consistency is ensured in the above two sections, the 
external or representational correctness of the results is investigated.

The models have been designed from output parameters and reflect the 
behaviour of the company’s objective. The measurement of outcomes such 
as ISRATIO reflecting supply chain performance and firm value have 
been discussed with the practical cases. The final equity of the firm reflects 
shareholders’ interests and long-term firm valuation. Further on, this study 
completes the process of ‘Validation of Model and Result’ at two levels: 
descriptive and analytical (Islam & Mak 2006) (as presented in Chapter 3, 
‘Validation and verification’). The objective of the RSCMCG model is to 
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incorporate corporate governance practices and risk management into a 
supply chain model to maximise long-term benefit for the company and 
shareholders, subject to the supply chain operations and financial manage-
ment constraints of that time period. Therefore, the model is validated at 
a descriptive level. The results of the RSCMCG model support the deci-
sions using parameters such as debt-to-equity ratio, safety stock level and 
risk control. Revenue growth for the supply chain performance measure 
also shows the steady increase in the output of the proposed RSCMCG 
model, which is volatile in the models based on other approaches, such 
as deterministic optimisation tests (see the results in ‘Supply chain model 
through deterministic optimisation method’). Therefore, at the analytical 
level, this RSCMCG model is also validated.

The RSCMCG model is a robust optimisation model, and the Risk 
Solver Platform is used for simulation. The objective of the proposed 
model is to support strategic decision-making under uncertainty for SCM 
by addressing the risk management concerns of corporate governance and 
financial management. The plausibility of the results and the validity of 
the model criteria for application to SCM are also ensured in the next 
section using sensitivity and flexibility analysis.

Model results and analysis: robust optimal supply chain 
management solution under the proposed robust supply 
chain management and corporate governance model

This section presents the results for the hypothetical case study that are 
derived from the initial RSCMCG model. After completing the spread-
sheet modelling and task pane settings, the model is ready to run for the 
solution and final result by clicking the green button on the right side of 
the column task pane list. The RSCMCG model framework has been run 
in four different models (RSCMCG-1 to 4) that differ in their constraints 
for certain GCG practices (safety inventory policy, indexation, agency 
cost problem and manufacturing expansion) for a deep investigation, 
comparing the outputs and examining the impact of the different strate-
gies. The  RSCMCG-1 model considers the safety inventory policy. The 
RSCMCG-2 model considers the indexation of costs and the agency cost. 
These first two models are also simulated to compare their results with 
the initial deterministic optimisation supply chain model and the SCMFP 
model (see ‘Solve the hypothetical case study with other supply chain 
models through two methods: Deterministic optimisation and simulation 
optimisation’ and ‘Findings and decision analysis from the robust supply 
chain management and corporate governance model’). The RSCMCG-3 
model applies the strategies of safety inventory, indexation and the agency 
cost problem, while the RSCMCG-4 model includes all the above four 
strategies (and has the same condition presented in ‘Numerical implemen-
tation of the hypothetical case study with the proposed robust supply chain 
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management and corporate governance model framework’). A summary 
table for the four RSCMCG models with different sets of strategies is 
presented in Appendix 5 (Part 2). The details of the first two models are 
explained in the following three sections. More results and findings from 
the updated RSCMCG model framework (e.g., RSCMCG-4 model) are 
illustrated in ‘Findings and decision analysis from the robust supply chain 
management and corporate governance model’.

Results of the validated robust supply chain management and 
corporate governance model

The first two scenarios of the RSCMCG model framework have been 
simulated under the following conditions. The first model (RSCMCG-1) 
is simulated under the scenario of limited risk management strategies, as 
explained earlier. The output of the RSCMCG-1 model in the spreadsheet 
format is presented in Appendix 7. Results show an equity of $29.9M3 in 
the final year with a profit of $33.0M. This model scenario is used for 
comparison, with results obtained from applying two other methods: de-
terministic optimisation and simulation optimisation in ‘Solve the hypo-
thetical case study with other supply chain management models through 
two methods: Deterministic optimisation and simulation optimisation’, 
under the same circumstances. To some extent, the results show that the 
RSCMCG model is more robust and steady than the other two methods 
(see the findings discussed in ‘Findings and decision analysis from the ro-
bust supply chain management and corporate governance model’).

As mentioned at the beginning of this section, in addition to the 
 RSCMCG-1 model, this study runs a second model RSCMCG-2 for the 
problem, with consideration of the following: indexation in expenses, 
comprising manufacturing cost, shipping cost, inventory cost and sales 
prices; agency cost reduction, from an initial $3M, $4M and $4M to 
$1M, $2M and $2M during years 1, 2 and 3, respectively. It removes the 
safety inventory level to investigate the influences of the indexation and 
agency cost. The results in the spreadsheet format are presented in detail 
in  Figure 5.2a–c. The final validated RSCMCG-2 module for the hypo-
thetical case includes 75 variables, 73 functions and 306 dependants, and it 
has 58 bounds and 26 integers in the problem. Relevant reports consist of 
a Structure Report and Answer Report. The ‘Output’ component of the 
task tool generates the model analysis and the results in the framework.

The screen message reads as follows: ‘Solver found a conservative solution 
to the robust chance-constrained problem. All constraints are satisfied.’ This 
message appears when solving a model with uncertainty and chance con-
straints using robust optimisation. The system has transformed the original 
model with uncertainty into a robust counterpart model that is a conven-
tional optimisation model without uncertainty (Frontline Solvers 2013b).
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Figure 5.2a Simulation results for the RSCMCG-2 model (Part A).

Figure 5.2b Simulation results for the RSCMCG-2 model (Part B).
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From the screenshot of the simulation results of the RSCMCG-2 model 
shown in the Excel sheet (Figure 5.2a–c), the optimal solution for supply 
chain operations (in yellow) and financial plan (in green) and the objective 
of maximum final equity (highlighted in red) with risk management strat-
egies (in orange and purple) for supporting the company to make supply 
chain decisions are presented under the hypothetical case study scenario.

The outcome comprises four elements, as listed below:

1  the final equity and associated profit expected through this plan
2  a detailed three-year supply chain operational plan for the company, 

including quantities to be produced at each factory, shipping amount 
on each transportation line and inventory quantities of each product

3  a corresponding three-year financial plan to the above SCM physical 
chain plan, including debt amount, expenses for company expansion 
and investment from current assets

4  strategically, this simulation output also presents recommendations 
for the company about corporate governance practices and risk man-
agement strategies, which can bring a sustainable and optimal SCM 
system.

Making decisions through analyses of the reports and results

Taking the RSCMCG-2 model’s results as an example, this section shows 
its Structure Report and Answer Report to explain the decision-making 
through the RSCMCG framework.

The Structure Report, as presented in Appendix 8 (Part 1), shows the 
variables and functions for the problem that has been studied. In this case, 

Figure 5.2c Simulation results for the RSCMCG-2 model (Part C).
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the results of the RSCMCG-2 model framework show 75 variables and 73 
functions, with 306 dependents.

To achieve the optimum expected objective value at the final eq-
uity of $35.5M, the Answer Report in Appendix 8 (Part 2) presents 
the allocations of resources and operation solutions for the SCM of 
the hypothetical case. Decisions for Year 1 supply chain operations in-
clude manufacturing 2979 units of Product A ($B$8) and 2648 units of 
Product B ($C$8), without overtime production ($D$8); shipping de-
cisions include transporting 258 units through A1 ($E$14) and 2,721 
units through A2 ($F$14), 88 units through B1 ($G$14) and 2,560 units 
through B2 ($H$14); after satisfying market demands, Year 1 has ending 
inventory including zero units of A1 ($I$22), 1,046 units of A2 ($J$22), 
zero units of B1 ($K$22) and 1,216 units of B2 ($L$22). Similarly, the 
optimal solutions for supply chain operational decisions for years 2 and 
3 are presented.

The solutions and strategies under the constraints are also presented in 
the Answer Report. The constraints section contains formulae for con-
straint cells, the status of the results for the formulae cells (constraints) 
and corresponding slack. The majority of the results show two statuses 
for the constraints: binding and non-binding. The binding status of the 
constraints illustrates that the associated supply chain resources are all used 
up based on available amounts without any slack if SCM managers follow 
the supply chain operational planning and strategies proposed through the 
 RSCMCG-2 model. Accordingly, the same report also has the output for 
‘slack’, showing information about the surplus. Clearly, for binding con-
straints, the slack value is zero. Binding constraints in this hypothetical 
case study include sets of manufacturing capacity constraints for Product 
A, shipping capacity constraints for products A and B, mass balance con-
straints, financial balance constraints, financial flow equations and invest-
ment balance.

The rest of the 33 constraints out of 73 are non-binding constraints, 
which in this hypothetical study include manufacturing capacity con-
straints for Product B, inventory safety level constraints, debt and equity 
constraints and non-negative constraints for decision variables (except 
overtime working). Associated positive slack value reflects the information 
of the amount of the residual resource.

There is a special third group in this study in particular that presents the 
results for USetΩ. Differing from binding and non-binding, the solution 
for USetΩ shows ‘100% satisfied’. The three USetΩ constraints in this hy-
pothetical case study are set for the packaging hours for assembly process 
coefficients. The Answer Report in Appendix 8 shows the solution for the 
100% satisfied USetΩ constraint and have 13,233, 12,707 and 7,601 slack 
units sequentially for years 1, 2 and 3, respectively, in the RSCMCG-2 
model. This gives the optimal solution for the assembly packaging quan-
tity and leaves space for risk management in unstable situations.
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Sensitivity and feasibility analysis

Shadow costs indicate how far each variable (activity) is from its optimal 
solution (Pannell 1996). The shadow price of a constraint indicates the 
amount by which the objective function value changes given a unit in-
crease in the RHS value of the constraint, assuming all other coefficients 
remain constant.

Risk control is the parameter designed for balancing the risk attitude and 
profit earning. The range for this factor depends on the decision- maker’s 
preference. Risk-averse investors prefer to put money into safe investments 
with guaranteed profit and are reluctant to take risk. Risk-averse managers 
would be likely to set the value for this element higher, while risk seekers 
would do the opposite. In the Risk Solver Platform, risk preference is in-
corporated through Usets. The size of Usets represents managers’ preferred 
risk level. The larger the size, more conservative the decision.

The opportunity cost of the activity is the returns from other potential 
activities that must be taken up in advance to undertaking this activity. 
The robust optimisation method aims to keep the solution close to op-
timal while it is still feasible for all the scenarios. To achieve this main 
target, it forgoes the opportunity of better profits, which is regarded as an 
opportunity cost.

Solve the hypothetical case study with other supply 
chain management models through two methods: 
deterministic optimisation and simulation optimisation

The study further conducts simulations for the hypothetical case with two 
other approaches (deterministic optimisation method and simulation op-
timisation method) to present the superiority of the results from the pro-
posed RSCMCG model. The comparisons are made by adjusting a single 
factor (or a few constraint policies, such as safety inventory policy, index-
ation, agency cost problem and manufacturing expansion) to examine the 
impact of GCG practices on SCM performance.

Supply chain model through deterministic optimisation method

The linear deterministic optimisation model for an integrated sup-
ply chain network initially investigated the SCM structure from Sha-
piro’s (2007) integrated supply chain model combined with financial 
planning. A deterministic optimisation model for the integrated supply 
chain is designed to maximise profit by covering the main processes of 
supply chain physical flow—manufacturing, inventory, transportation 
and  marketing—while keeping the main financial planning constraints 
constant (see the mathematical deterministic optimisation supply chain 
model in Appendix 10).
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This section tests the initial SCM model under the deterministic op-
timisation scheme. All the factors are assumed to be certain and without 
risks, and the supply chain results are conducted in a certain mode. The 
results are presented from deterministic optimisation with two versions: 
the initial deterministic optimisation supply chain model and the deter-
ministic optimisation SCMFP model.

The initial deterministic optimisation supply chain model

The initial deterministic optimisation supply chain model is designed to 
incorporate physical flow and financial flow, without considering the risk 
management strategies proposed in the RSCMCG model framework, 
such as safety inventory level, indexation, agency problem and manu-
facturing expansion issues. In this section, deterministic LP is used to 
construct the integrated supply chain and financial management model. 
The goal of this model is to maximise the value of a firm (indicated by 
its profitability) and is represented as final equity. The detailed mathe-
matical model of this approach for this hypothetical case is elaborated in 
Appendix 10.

The decision variables in this model are long-term debt, product quan-
tity, shipping quantity and inventory quantity. This initial deterministic 
optimisation supply chain model differs from the proposed RSCMCG 
model in that it does not include uncertainty environment variables, safety 
inventory level and risk management strategies. The notations are applied 
as presented in Chapter 4; a full list can be found in the ‘List of Abbrevi-
ations and Definitions’.

The background of the scenario and the company stays the same as 
described in ‘Background of the hypothetical case study’ except for the 
uncertainties in the packaging process. In this deterministic optimisation, 
the case applies with certain values 6 and 13 for the assembly coefficients 
of A and B, respectively. Under these conditions, the results in the spread-
sheet are presented as Section 2 of Appendix 10, and this initial supply 
chain model, in fact, could not find a feasible solution. A further in-depth 
examination of the infeasibility of the initial deterministic optimisation 
supply chain model shows that the unexpected increasing demand has 
exceeded the limited manufacturing capacity of the factory, with a zero 
inventory policy and absence of other risk management strategies for 
emergency supply.

The extended deterministic supply chain management with a financial 
planning model

To find a feasible solution, the initial deterministic optimisation supply chain 
model is updated here by incorporating the risk management strategy of 
safety inventory level to be an extended deterministic SCMFP model. The 
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results are investigated using two scenarios—one valued as 6 and 13 and the 
other valued as 7 and 14 for packaging assembly coefficients4 of A and B, 
respectively, to examine the different results due to the changes in circum-
stances. The relevant peripheral details of the spreadsheet modelling, settings 
and simulation results for this hypothetical case study can be found in Section 
2–4 of Appendix 10. The settings for the ‘Platform’ and ‘Engine’ components 
in the Risk Solver Platform for this SCMFP model are presented in Section 
3 of Appendix 10. The spreadsheet modelling results for two scenarios of 
this SCMFP model in the Risk Solver Platform are presented in Section 4 of 
Appendix 10 with the following packaging assembly coefficients: (1) 6 and 13 
for A and B, respectively, at Scenario 1; (2) 7 and 14 for A and B, respectively, 
at Scenario 2. The simulation report on running the SCMFP model with 
coefficient values (7, 14) can be found in Section 5 of Appendix 10.

However, this SCMFP model still does not consider the uncertain 
 environment—instead, it assumes that all the factors are confirmed and 
then works out the best optimal solution in this context. The solution 
derived from this model is optimal, which maximises the profit but is 
not stable. A minor change in the environment or conditions will lead to 
different results for the problem. This costs more money compared with 
the case solution under robust optimisation in an uncertain environment.

Supply chain model under uncertainty through simulation 
optimisation method

Simulation optimisation is applied to uncertainty problems to find an 
optimal solution based on a series of simulations of the situation (more 
discussions are presented in Chapter 2, ‘Simulation optimisation’). The 
uncertainty parameter values are generated based on random generators.

To solve the problem under a simulation optimisation approach, cor-
responding changes should be made in the Risk Solver Platform settings. 
In the ‘Optimisation Model’ group, choose ‘Automatic’ for ‘Interpreter’; 
‘Solve Complete Problem’ (or analysis without solve first to examine the 
feasibility of the proposed model) for ‘Solve Mode’; ‘Simulation Optimi-
sation’ for ‘Solve Uncertain Model’. Then move to ‘Transformation’, se-
lecting ‘Automatic’ (from the ‘Automatic’, ‘Deterministic Equivalent’ and 
‘Robust Counterpart’) for ‘Stochastic Transformation’. Select the ‘Stan-
dard Evolutionary Engine’ solver from the dropdown list. The diagrams 
of the screen for the platform settings are attached in Appendix 11, with 
separate task pane settings for the ‘Platform’ and ‘Engine’ components.

In the above hypothetical case with uncertain packaging assembly coef-
ficients, the uncertainty parameter for the assembly function is assumed to 
be normally distributed in a simulation optimisation context with corre-
sponding settings in the ‘Model’ component in the Risk Solver Platform. 
The objective function is set as maximised expected value of equity from 
a series of simulations.
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After application of this model, the output is presented in Section 3 and 
the Answer Report in Section 4 of Appendix 11. A diagram of the proba-
bility distribution for the expected objective value from this solution with 
this approach is presented in Figure 5.3.

The simulation optimisation method has strength in its generality for 
generating all the possible simulations randomly. However, it also has 
weaknesses because it requires a new simulation at each step of the opti-
misation, and since it assumes no pre-structure in the model, the number 
of steps can grow exponentially with the number of variables and con-
straints (Frontline Solvers 2013b). Moreover, it has no concept of recourse 
decisions. The robust optimisation is capable of solving larger problems 
faster than the simulation optimisation method (Frontline Solvers 2013b). 
The RSCMCG models are superior to this model in terms of stability, 
optimality and feasibility.

Findings and decision analysis from the robust supply 
chain management and corporate governance model

The previous section conducted simulations with another two methods 
for solving the hypothetical case: (1) deterministic optimisation: the ini-
tial deterministic optimisation supply chain model (referred to as the ‘DP 

Figure 5.3 Results shown for the SCM model through simulation optimisation.
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[deterministic programming] model’ in this section during comparisons) 
and the SCMFP model; and (2) supply chain model under uncertainty 
through the simulation optimisation method. This section compares the 
proposed RSCMCG model’s results with those of the above models, fo-
cusing on the comparisons between the RSCMCG models and supply 
chain deterministic optimisation models.

Compare the supply chain management with the financial 
planning model and the robust supply chain management and 
corporate governance model

Comparing the results from the SCMFP model framework with packag-
ing coefficient values (7, 14) and the RSCMCG model (in ‘Model results 
and analysis: Robust optimal supply chain management solution under 
the proposed robust supply chain management and corporate governance 
model’), the following conclusions can be drawn.

First, the SCMFP model framework is still under a deterministic op-
timisation scheme that does not consider the uncertainties occurring in 
the packaging process. In contrast to the initial DP SCM model, which 
cannot find a feasible solution (see the discussion in ‘The initial deter-
ministic optimisation supply chain model’), the SCMFP model frame-
work found the optimal solution for the problem with the addition of a 
safety inventory strategy. In the (7, 14) scenario, if the company follows 
the solution from the SCMFP model, it is expected to achieve $33.5M 
final equity and $93.1M profit (see Appendix 10). With similar conditions 
in the RSCMCG-1 model of safety inventory strategies only, the problem 
is considered with uncertainty in the packaging process with values for the 
two assembly coefficients generated randomly in the ranges of [5, 7] and 
[12, 14] through the Psi function in D Norm in the Risk Solver Platform, 
respectively. Through the solutions provided by this RSCMCG-1 model, 
equity of $29.7M and profit of $93.0M are expected, with a detailed oper-
ations plan and strategies working for all the possibilities. However, if solv-
ing this hypothetical case with uncertainties through the SCMFP model 
framework, it cannot achieve a solution that works for all the possible 
scenarios occurring in the uncertain environment. It is found that the pro-
posed RSCMCG-1 model is more stable if there are uncertainties and that 
it can provide a solution that works optimally for the company compared 
with the SCMFP scheme. The final profit achieved by the  RSCMCG-1 
model framework has not improved yet, with an 11% decrease in equity 
and a 0.18% decrease in profit because of its conservative robustness to 
solve the uncertainty problem.

Second, the RSCMCG-2 model has further improved the framework 
for better SCM performance with more GCG practices, such as risk man-
agement strategies for the indexation of prices and agency problems with-
out the safety inventory policies (which is the same condition with the DP 
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model). From the results shown in Figure 5.14 and Appendix 9, unlike the 
unfeasibility from the initial DP supply chain model, this RSCMCG-2 
model is able to provide a robust optimal solution for the company in the 
uncertain environment. The results of the RSCMCG-2 model show that 
the company can finally expect $35.6M of equity and $107.2M of profit 
by the end of Year 3, which is an improvement of 6.1% and 15.1%, respec-
tively, compared with the deterministic SCMFP model.

It is concluded that the RSCMCG model framework, including models 
1 and 2, is superior to the initial DP supply chain model and the SCMFP 
model in robustness and profitability. More discussion on RSCMCG 
models 3 and 4 can be found in the following two sections.

Findings for achieving objectives through the corporate governance 
mechanisms in the robust supply chain management and corporate 
governance model

Comparing these models, this study finds that if the company follows the 
corporate governance mechanisms provided by the solutions of the RSC-
MCG model, it is expected to achieve robust optimal equity and profits for 
a three-year term. In the example case study, the final equity is $35.53M 
each year, even in an uncertain environment when the proposed RSC-
MCG model (RSCMCG-2) is used. This value is higher than the final eq-
uity of $34.05M derived from the initial DP supply chain model. The total 
profit is $94.72M from the DP model compared with $107.21M from the 
RSCMCG model (RSCMCG-2). Though a profit of $28.20M for Year 
1 from the RSCMCG model (RSCMCG-2) is less than $32.90M from 
the DP model, the profits in the next two years are increasingly stable and 
yield $34.22M and $44.79M from the RSCMCG model (RSCMCG-2); 
$28.71M and $33.11M are achieved in the DP model for years 2 and 3, 
respectively.

In addition, the results from the RSCMCG model framework show 
a steady increase in EBIT, which indicates a strong ability to service the 
company’s debt obligation, leading to better performance. For exam-
ple, by running RSCMCG-4, the expected EBIT values for three years 
are $26.73M, $31.22M and $40.67M. By contrast, the initial DP supply 
chain model, as discussed in ‘Supply chain model through determinis-
tic optimisation method’, shows its instability with potential weakness in 
this capability, with $29.90M, $24.71M and $29.11M of EBIT for three 
years, respectively. A similar situation occurs in the SCMFP model, with 
$26.20M, $25.62M and $30.32M of EBIT for three years, respectively.

In the tested hypothetical case study, the actual output from the pro-
posed model turns out to be less than the normal model initially. This is 
in fact expected as it is based on the robust optimisation theory. Robust 
optimisation does not aim to obtain the ‘best’ solution for the present, but 
it aims for stable and robust results in a volatile environment in the long 
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run. This differentiation identifies the proposed robust model framework 
for competitive strategy-making. The different experiments using uncer-
tain parameters in the models and the reports of the proposed model show 
the robustness of the solution and its closeness to the optimal value.

Findings for making decisions through the robust supply chain 
management and corporate governance model: robustness and 
optimality

Decisions regarding supply chain operations and financial arrangements 
for optimal robust equity purposes are made through the RSCMCG 
model framework in ‘Making decisions through analysis of the reports and 
results’. Risk management strategies are proposed considering the con-
straints in the RSCMCG model framework.

There are better supply chain operational performances through strate-
gies from the RSCMCG model compared with other methods. Although 
Year 1’s transportation expense is more in RSCMCG-2 at $3.32M com-
pared with $2.33M in the SCMFP model, costs are saved in the next two 
years even with increased unit costs in RSCMCG-2, with $3.13M and 
$3.22M from RSCMCG-2 compared with $3.27M and $3.43M from the 
SCMFP model ($2.08M, $3.40M and $3.58M from the initial DP sup-
ply chain model). The results also show expense on operating transporta-
tion lines of $2.35M, $3.25M and $3.48M from RSCMCG-1 (see details 
in Appendix 7), while these figures are $3.37M, $3.24M, $3.47M from 
 RSCMCG-4, considering all the indexation in expenses (see details in 
Appendix 9). The RSCMCG model has reached the optimality of shipping 
processes for the company’s objective of optimal performance. Similarly, 
the company keeps its robustness and optimality in inventory perfor-
mance, spending $1.47M, $1.15M and $0.54M on stock for the three years 
by following RSCMCG-4 (see Appendix 9). In addition, in  RSCMCG-4, 
the indexation is included, which accounts for market risk. Incorporat-
ing indexation in market prices of the RSCMCG-4 model5 leads to an 
adjustment in expenses of $19.19M, $3.24M and $1.15M for manufactur-
ing, transportation and inventory, respectively, in Year 2, while increasing 
8%, −0.07%6 and 267.9% compared with the SCMFP model.

Following the corporate risk management strategies made through 
the RSCMCG model, the company achieves a healthy and optimal cap-
ital structure with continuously increasing profit and stable relationships 
among different elements for adding firm value. For example, the debt-
to-equity ratios as the capital structure measure (discussed in Chapters 2 
[‘Proxies and ratios as corporate governance performance measurement 
for firm value’] and 4 [‘Integrated robust supply chain management and 
corporate governance model for risk management’]) are shown as 2, 0.83, 
0.49 and 0.31 for the beginning of the year to the end of the third year 
(which is the start of the fourth year), respectively, in the RSCMCG-4. 
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While a high debt-to-equity ratio generally means a company has ag-
gressive financial growth, with debt leading to volatile earning and high 
bankruptcy risk, the results of the proposed model suggest that financial 
policies lead to smooth, stable financial growth in capital structure. The 
ISRATIO shows 0.57, 0.55 and 0.60 in the RSCMCG-4, which indicates 
good profitability of the company under the strategies provided by the 
RSCMCG model framework.

Compared with the other three models, the solution from the 
 RSCMCG-4 model provides superior cashflow for the company: $7.47M, 
$15.65M and $27.13M for the remaining cashflow of equity to pay off debt 
for three years compared with $7.29M, $16.00M and $26.37M from the 
SCMFP model. The reason for this is that the RSCMCG model yields a 
greater reduction in agency cost and better performance in EBIT, which 
comes from a better SCM performance.

Moreover, the RSCMCG model framework proposed in this study 
considers uncertainties in the supply chain environment to achieve a 
robust and optimal objective. For example, this study considers uncer-
tainty in the assembly process in the hypothetical case study, with as-
sembly coefficients ranging between [5, 7] and [12, 14] for products A 
and B, respectively. This scenario causes the collapse of the initial DP 
model, and no feasible solution can be found. Conversely, the RSCMCG 
model maintains feasibility, providing an optimal solution for the unsta-
ble case. The SCM performance is further improved by developing the 
 RSCMCG-3 and RSCMCG-4 models from the RSCMCG-1 and 2 
models. The  RSCMCG-3 model incorporates safety inventory policies 
based on the RSCMCG-2 model framework, while the RSCMCG-4 fur-
ther incorporates the expansion policy in manufacturing. The results are 
presented in Appendix 9. Following the policies and strategies provided by 
the  RSCMCG-4, one can expect the company to achieve $34.23M and 
$103.61M, respectively, in equity and profit, an increase of 2.3% and 11.3% 
compared with the results from the SCMFP model.

In addition, incorporating GCG practices in marketing and capacity 
expansion of the RSCMCG-4 model framework supports the company 
in achieving a more robust objective under uncertainties and improving 
SCM performance. The 20% expansion policy in manufacturing provides 
greater capability in company manufacturing to satisfy the speedy increase 
in market demand.

Conclusions

Using a hypothetical case study, this study explores how GCG practices 
interact with SCM to improve the company’s operational planning and 
economic performance. The results from running the model frameworks 
for the case study explain the elements of corporate governance in an in-
tegrated supply chain optimisation model.



188 Analysis and discussion

First, the risk management strategies as the key elements for GCG prac-
tices are addressed through the model framework and case study. The 
impacts on supply chain performance from these risk management strat-
egies are presented through the results. Risk aversion as an indicator of 
shareholders risk preference is another GCG practice incorporated into 
the constraints (or objective function). Constraints on corporate finan-
cial management are also shown through their influences on supply chain 
performance, resulting in better long-term benefits. To deal with the un-
certainties existing in the hypothetical case study, the RSCMCG model 
helps find a stable optimal solution for the company to follow to achieve 
optimal equity and profit. This is also reflected in the reliability aspect of 
the proposed model from the GCG practices.

Further, comparing the proposed RSCMCG model framework with 
other model frameworks that do not have GCG practices incorporated in 
SCM establishes its superiority. The RSCMCG model framework is more 
robust while keeping optimality in an uncertain environment and achieving 
better supply chain performance. Moreover, through the robust optimisation 
approach, the results and analysis show that the solutions derived from the 
proposed model are more robust and feasible compared with the solutions 
from the initial deterministic optimal programming for the SCM model.

To summarise, incorporating corporate governance mechanisms and 
risk management strategies improves supply chain performance, yielding 
a more reliable operational chain and enhanced reputation from better 
demand satisfaction.

Notes

 1 http://www.inc.com/quarterly-financial-report/manufacturing.html
 2 As explained earlier in this chapter, the units for all the expenses and prices 

are thousands of dollars ($’000). This is simplified in the numerical model for 
presentation. For example, 2.75 represents $2,750.

 3 $29.9M stands for $29.9 million; the same notation applies throughout this 
study. In the appendix of the results presentation, for example, the spreadsheet 
may show the answer with 29,877 for this value, with $’000 as unit measure, 
and finally rounds to one decimals for presentation (therefore $29.9M). 

 4 Packaging assembly coefficients: the uncertain parameters in the RSCMCG 
model, with randomly generated in (5, 7) and (12, 14) for products A and B, 
respectively 

 5 Indexation for RSCMCG-4 model: 0.05 in manufacturing cost, 0.07 in 
transportation cost and 0.03 in inventory cost.

 6 −07%: negative sign represents the reduction in this case.
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Introduction

To avoid corporate failures and crises caused by agency problems and other 
external factors, good corporate governance (GCG) mechanisms and effi-
cient supply chain management (SCM) strategies are essential for risk man-
agement and decision-making under uncertainty. The literature review 
in Chapter 2 investigates the interrelationships and interactions among 
SCM, corporate governance and risk management, especially in the con-
text of a robust optimisation model framework, which has previously not 
been studied. Chapter 3 discovers the interrelationships and builds an in-
tegrated model framework for robust SCM with corporate governance for 
risk management (RSCMCG) as a principal–agent game theory model. 
Chapter 4 uses the integrated model framework to develop a computa-
tional optimal RSCMCG model for SCM in the context of GCG practices 
under uncertainty. The RSCMCG model is viewed as a principal–agent 
game theory model and as an artificial intelligence/machine-learning al-
gorithm. The model is applied to a hypothetical case study, and the results 
and analysis are presented in Chapter 5. The discussion in Chapter 5 elab-
orates on the study’s contribution to existing theoretical and experimental 
knowledge and its implications for future work. This chapter presents fur-
ther conclusions regarding the RSCMCG model framework’s findings for 
corporate governance mechanisms and SCM strategies and illustrates the 
implications of this study for risk management and decision-making under 
uncertainty; it also recommends directions for future work.

The chapter first demonstrates further conclusions for making decisions 
based on the findings from the modelling results in Chapter 5 and for 
producing sound SCM strategies and achievements by applying the robust 
optimisation model to supply chain networking. Next, it discusses the 
propositions of the RSCMCG framework and further illustrates the study 
implications from a broader viewpoint of SCM, corporate governance and 
company performance through risk management and decision-making 
under uncertainty. It then explains the contributions from the theoreti-
cal and methodological aspects of the study and delineates how the pro-
posed model framework can contribute to practices, including the areas of 

6 Discussion, implications 
and future directions
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automation. It also presents the study limitations and directions for future 
research are presented. Finally, the chapter concludes with the key find-
ings of this study.

Decision-making through the robust supply chain 
management and corporate governance model

The RSCMCG model proposed by this study has been justified and found 
to be valid in that it adopts an integrated and comprehensive framework 
and modelling approach to formulate GCG practices for risk manage-
ment strategies into supply chain decision-making under uncertainties. 
The integrated RSCMCG model framework is applied with adjustments 
of the model specifics for different circumstances. This study has simulated 
four models in the RSCMCG model framework, which are presented in 
Chapter 5. Findings have been drawn in ‘Findings and decision analy-
sis from the robust supply chain management and corporate governance 
model’ by comparing the different models under the RSCMCG frame-
work with three other models—(1) the initial DP supply chain model, 
(2) the deterministic SCMFP model and (3) the SCM model—in an un-
certain environment through the simulation optimisation approach. The 
study has investigated how the model framework works by incorporating 
GCG practices to improve performance and demonstrates the superiority 
of robust optimisation.

The modelling method used in this study shows that the proposed 
RSCMCG model provides solutions for SCM based on optimal risk man-
agement strategies for achieving better performance while keeping profit 
stable. This study has chosen equity as the objective because it is recognised 
as an efficiency measure of firm value, and maximising the final equity 
aims to achieve long-term benefit for the company (see more discussions 
in Chapters 2 and 3). The goal of business is to enhance economic value 
through growth and consistency of earnings, cashflow stability and re-
duced financial distress costs with minimal risk exposure (Zenios 2007). 
The objective functions frequently applied to previous supply chain mod-
els, such as maximising profit or minimising cost, are for meeting short-
term targets and operational planning. The equity maximisation objective 
in the proposed RSCMCG model combined with definitional supply chain 
operational and financial constraints support the decision-maker pursuing 
long-term benefit for the company and shareholders while bringing SCM 
performance into the company’s financial management. The results of the 
proposed RSCMCG model for the hypothetical case study demonstrate its 
better performance in achieving sustainable benefit for the company. This 
study has shown how to make decisions regarding company operations 
through the RSCMCG model in Chapter 5. The constraints of the model 
impose supply chain operations policies on performance and quantify 
the GCG practices and mechanisms in the SCM. The results for decision 
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variables provide managers with the strategic plan for SCM and corporate 
financial management of the company (‘Model results and analysis:  Robust 
optimal supply chain management solution under the proposed robust sup-
ply chain management and corporate governance model’). The status and 
analysis of the constraints for the GCG practices provide risk management 
strategies for company management and the expected results or perfor-
mance these strategies yield. Moreover, the policy impacts can also be ana-
lysed and presented through the output of the RSCMCG model.

The RSCMCG model thereby contributes to the long-term profit of a 
company and enhances shareholders’ interests while dealing with corpo-
rate risks and optimising supply chain operational systems. The solutions 
are analysed by changing the constraints or variables’ values. The new 
RSCMCG model proposed in this study generates reliable, superior and 
stable solutions.

Implications of the research

The objective of this book has been to formulate the strategies and opera-
tions of the corporate governance and SCM game that can provide optimal 
outcomes for corporations in SCM and firm performance through man-
aging agency risks and other forms of risk for optimal decision- making 
under uncertainty by adopting decision-support systems and artificial in-
telligence. This section discusses the implications of the modelling exer-
cises for formulating a set of above strategies and operations that can be 
followed by the principal and agent to achieve optimal outcomes for the 
company and for optimal decision-making.

The goal of financial management is to maximise the value of a firm, 
which is determined by its profitability and risk level. The aim of this 
study has been to combine corporate governance in the SCM model to 
maximise the benefit for the company while controlling for uncertainties. 
Financial planning policies with risk strategies from GCG practices are 
incorporated into the model.

Implications for optimal supply chain management: a new 
robust supply chain management framework incorporating good 
corporate governance practices for risk management

This study has investigated the interrelationships among SCM, corporate 
governance and risk management and has established a new collaborative 
framework to support strategic decision-making under uncertainty. Com-
pared with the previous supply chain model frameworks introduced in 
Chapter 2, which focus on supply chain operation procedures, this frame-
work has been conceptualised by incorporating GCG practices. The risk 
management strategies from GCG practices are incorporated into the sup-
ply chain framework to improve supply chain performance and help the 
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company gain long-term benefits while controlling risks. It is based on 
the elements of agency theory, principal–agent game theory, supply chain 
operational networking management, GCG practices and robust optimis-
ation practices, as discussed in Chapter 3.

Based on the framework, the RSCMCG model is developed that com-
bines risk management strategies for SCM and GCG practices. The supply 
chain in an uncertain environment is further managed by applying ro-
bust optimisation through the Risk Solver Platform to guide the company 
in making decisions using strategies to achieve superior performance. A 
 hypothetical case study of a company has been employed to illustrate the 
solutions and outputs achieved by applying the RSCMCG model.

The model objectives and constraints are built to consider shareholders’ 
interests and stabilise company profit while maintaining sustainable op-
erational management. The RSCMCG model is a principal–agent game 
theory model, as the interests, goals and strategies of both the principal 
and agent are embedded in the objective function and the constraints of 
the model. The RSCMCG model is also an artificial intelligence algo-
rithm for decision-making and risk management. The final objective of 
the study has been to maximise equity with profit while managing risk. As 
reviewed in Chapter 2, proxies can be used for corporate governance per-
formance measurement. This study has used EBIT as a proxy for measur-
ing firm value and supply chain performance in the model, and it has also 
linked SCM and corporate finance. As discussed in Chapter 5, the study 
results show how it can be used to investigate the company’s corporate 
performance and thereby improve supply chain performance. Further, the 
output of this study also shows that by bringing in GCG practices, revenue 
has increased with EBIT in all RSCMCG models, resulting in increased 
tax. It consequently increases corporate social responsibility in terms of 
supply chain performance.

Risk management strategies are provided by incorporating quantified 
GCG practices into the model constraints. The output of the RSCMCG 
model explores the impact of risk management strategies in SCM perfor-
mance and instructs the framework to conduct them in practical supply 
chain operations management.

Strategies for risk management in supply chain networking based 
on good corporate governance practices

As discussed in Chapter 2, risks that exist in manufacturing, shipping and 
inventory operations can have a negative impact on supply chain perfor-
mance. Most work in psychology represents risk as a situation in which 
probabilities and outcomes are well specified. However, accurate proba-
bility estimates may not always be available; therefore, strategies need to 
be developed in light of flexible probabilities and outcomes. Incorporating 
risk management into the SCM model is essential and urgent.
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By incorporating risk management, this study has built a RSCMCG 
framework and model for supporting decision-makers to improve the 
company’s supply chain performance and long-term benefit. The results 
of running the RSCMCG model in a hypothetical case study have ex-
amined the effectiveness of the proposed framework and its application. 
The following four sections demonstrate the implications of the strategies 
provided by this RSCMCG model for management in the supply chain 
based on corporate governance practices and mechanisms for risk man-
agement. The first part discusses the integrated supply chain and finan-
cial management operations arrangement, and the second part discusses 
the risk management strategies related to the company’s supply chain 
activities (operational policies). The third part covers corporate gover-
nance performance in the supply chain (financial policies). The final sec-
tion discusses strategies for dealing with particular uncertainties in the 
environment.

Integrated supply chain management network with operational 
management and financial management

An integrated supply chain model has been developed in this doctoral 
research following the RSCMCG framework. It includes policies for 
physical flows and financial flows. The operational equation constraints 
represent the fundamental arrangement of supply chain processes while 
the financial planning constraints support maximising shareholders’ value 
and long-term benefits for the company. To be specific, the integrated 
supply chain model scheme contains operational policies in the manufac-
turing function, shipping balance, mass balance, inventory expense and 
marketing equation, and financial planning in financial balance, funds 
flow equation, investment balance and expansion expense.

Each procedure in the supply chain operation systems is discussed 
in Chapter 4 and applied in Chapter 5 for the hypothetical case study 
through the RSCMCG model. The results from running the model show 
the connection among the operational processes, strategic decisions for the 
physical flow with their associated expenses and the financial chain flow. 
The manufacturing function works on the optimal production decision 
by considering the balance between demand request and cost while bring-
ing in indexation in the RSCMCG-4 model. In addition, the expansion 
in manufacturing decisions can be further extended within this frame. 
Shipping balance captures the different distribution options and associ-
ated costs. The decision variables for shipping amounts in each distribu-
tion option are provided through this constraint in the model. The mass 
balance constraint balances distribution, inventory and demand, which 
incorporates the company policy of fulfilling demand from inventory and 
manufacturing. Inventory expense and the marketing equation provide 
the monetary flow in the inventory process and product sales.



Findings and future directions 195

The financial balance equation gives the changes in current assets de-
termined by the differences in sums of current liabilities, long-term debts 
and equity in fixed assets, which, in turn, influences investment decisions 
for expansion (see Chapters 4 and 5 for further discussion). This equa-
tion maintains the balancing, clearly connects the relationships among 
the key financial elements of the company and presents the company’s 
capital structure. The funds flow equations show the interaction among 
accounting elements and are also the key link between financial decisions 
and supply chain decisions through EBIT. These constraints are retained 
while monitoring cashflow health for long-term benefit. In addition, the 
investment and expansion constraints have equipped the company with 
guidance for long-term development.

By applying these above constraints in the case, the basic integrated 
structure of supply chain operational and financial flows for the company 
have been realised and can be applied in practice for similar problems.

Risk management strategies related to company supply chain activities 
(operational policies)

This section discusses the implications for risk management strategies in 
the company’s supply chain operational activities.

1  Strategies related to specialised agent and manufacturing operation 
policy

Production and procurement procedures are crucial for a company’s 
operations. In this study, supply chain risk management strategies repre-
senting supply chains specialised agent governance have been designed 
into the model and use multiple suppliers with controlled individual 
supply amounts. Overlooking these factors may lead to manufacturing 
risk. This constraint spreads the risk of organising all the orders from 
one supplier. The results show that the proper arrangement of suppli-
ers in the RSCMCG model can distribute more production amounts 
without breaking the limitation in shipping. It shows 51,656.67, 2,979 
and 2,644 units from the maximum capacity of 70,000, 4,000 and 
4,800 units in Year 1 RSCMCG-2 model compared with 36,490, 
2,979 and 1,432 units in the initial DP supply chain model. Mean-
while, it may also lead to a rise in costs from $11.46M (DP model) to 
$14.22M (RSCMCG-2 model) and $14.54M (RSCMCG-4 model) by 
considering this agent policy and uncertainties in the environment to 
achieve sustainability in the manufacturing process.

For manufacturing capacity, the results of the RSCMCG-4 model 
framework suggest strategies for investing in production line capac-
ity expansion for each year. This strategy can enhance the compa-
ny’s production capability so that it can deal with increasing demand 
or shortage risk from the uncertain supply chain environment. For 
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example, through the strategies provided by the RSCMCG-4 model, 
the production capacity in Year 2 is planned to expand into 4,800 
units and 5,760 units for products A and B, respectively, from 4,000 
units and 4,800 units in Year 1. This enables the company to pro-
duce 4,380 units of Product A in Year 2 to satisfy demand, which 
exceeds the company’s original manufacturing capacity (4,000 units). 
Consequently, production performance for the company, in this case, 
is improved by minimising manufacturing risks. Moreover, this can 
cover the risk from the shortage of stock, which occurs in the initial 
DP supply chain model.

2  Strategies related to distribution and inventory operations
The distribution strategy is given by the RSCMCG-4 model, 

which suggests dividing the product into two lines for each prod-
uct to smooth the shipping amount of each line meeting the demand 
at the optimal expense. For example, a distribution strategy is given 
by 1,628, 2,754, 1,304 and 1,426 units for A1, A2, B1 and B2 ship-
ping amounts, respectively, in Year 2, and similarly by 1,765, 2,977, 
1,399 and 1,149 units for Year 3. The heavy distribution demand is 
spread through the four shipping lines to ensure satisfaction in timing 
and placement. The distribution risk management strategies extend 
the principal–agent problem with the external supply chain net-
work and provide an understanding of the broad agency problems in 
SCM. The distribution risk management constraint in the RSCMCG 
model maintains healthy shipping status for the company in the case 
by managing the company’s limited capability and optimal routine 
arrangements, even under the circumstance of increasing costs (for 
example, a 7% rise over the previous year in unit shipping cost in the 
 RSCMCG-4 model).

The RSCMCG model also provides strategies for inventory man-
agement applied to the safety inventory level policy. The results from 
the models show the importance of the safety stock policy in satis-
fying increasing market demand. For example, the initial DP supply 
chain model does not apply the safety inventory policy (namely zero 
inventory in the model), resulting in failure to find a feasible solution 
in the hypothetical case study. This is caused by increasing demand 
over production capacity, resulting in unsatisfied order demand (see 
Chapter  5). By contrast, after incorporating this risk management 
strategy, the SCMFP model generates an optimal solution. In the final 
operation strategy, the model requires 1,045, 80, 1,061 and 60 units 
for A1, A2, B1 and B2 warehouses, respectively, as the ending stock 
based on the safety level policy, which can cater to increasing demand 
in Year 2. The safety stock level is set as 10% of the demand from 
markets in the RSCMCG-4 model. For the first year, 145.5, 247.5, 
118.8, 194.4 units are designed as the safety level based on the mar-
kets’ demands in the hypothetical case. Eventually, combined with the 
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three-year operations plan, the RSCMCG-4 model suggests 146, 248, 
119 and 2,019 units to be stored at warehouses A1, A2, B1 and B2, 
respectively at the end of Year 1 for safety stock requirements. Sim-
ilar strategies are made for the following two years. In conclusion, a 
safety inventory level policy combined with associated expenses helps 
the company maintain enough stock to meet fluctuations in market 
demand while minimising inventory costs. Therefore, as discussed in 
Chapters 3 (‘The proposed new robust supply chain management and 
corporate governance model framework and specifications of model 
elements’) and 4 (‘Constraints of the robust supply chain management 
and corporate governance model’), it enhances the company’s reputa-
tion and long-term benefit.

Risk management strategies related to corporate governance in supply 
chain management, financial policy and corporate performance

As discussed in Chapters 2 and 3, implementing GCG practices can im-
prove firm performance. This study identifies the internal control policies 
and derives strategies from corporate governance instruments for provid-
ing an understanding of their incorporation within the SCM system. This 
study combines corporate financial management in the SCM by employ-
ing fundamental financial rules, funds flow policy and investment in ex-
pansion policies. The financial risk considerations, financial policies and 
internal governance instruments incorporated into this study are used to 
explain how the company can balance financial and investment decisions 
while minimising risks and maintaining benefits.

Internal control plays an important role in achieving good firm perfor-
mance, as discussed in Chapter 2. Although long-term debt is usually set 
as zero or no cashflows from debt financing, the output of the proposed 
RSCMCG model suggests a certain safety level of debt. While debt fi-
nancing provides benefits, such as substituting weak internal governance 
and reducing agency cost, it also contains financial risks. Three constraints 
on long-term debt in terms of financial policies are incorporated into the 
model and can protect the company from the risks of bankruptcy and 
insolvency. The first is the debt-to-equity constraint, which disciplines 
managers by limiting their allowable amount of long-term debt in a cer-
tain ratio value of equity,1 minimising financial distress and avoiding the 
risk of bankruptcy. The second is the leverage constraint, which limits 
the amount of long-term debt by restricting it to a certain percentage 
of total assets, therefore avoiding any misconduct on the part of manag-
ers and minimising financial distress and further bankruptcy risks. The 
third is the debt service constraint, which controls the relationship be-
tween EBIT and long-term debt. It serves to protect the company from 
the risk of insolvency and allows the reduction of agency costs through 
debt monitoring. The results of RSCMCG-4 in this study suggest a stable 
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amount of long-term debt in three years, and the RHS of the debt-to-
equity constraint shows the balance amount of equity subtracting debt, 
where a steady increase ensures a safety level of debt. The results also 
show the company’s financial reliability through its payment capability for 
long-term debt. Having incorporated constraints for leverage and bank-
ruptcy risks, this study minimises the company’s bankruptcy risks related 
to debt financing while ensuring an effective internal mechanism in debt 
control to minimise agency cost. In addition, the constraint on minimum 
working capacity ensures sufficient funds for maintaining a steady work-
ing  capability through investment in labour expenses.

The principal–agent problem is another key issue associated with im-
proving firm performance (see Chapter 2, ‘Key corporate governance issues 
pertaining to supply chain management’) by resolving agency problems 
and reducing agency costs. Agency theory in SCM and corporate gover-
nance both address the problem of conflict between principal and agent in 
management. This study provides further understanding of the principal–
agent problem and agency cost management through a  principal–agent 
game theory model. The expanded principal and agent game in the exter-
nal supply chain network is demonstrated through SCM specialised agent 
governance in the RSCMCG-4 model and proves its effective function 
in the previous section. The agency problem is further extended in this 
framework with risk management strategies in agency cost constraints. 
Incorporating GCG practices such as debt monitoring in this model leads 
to the associated reduction of agency costs. In the hypothetical case study, 
taking the RSCMCG-4 model as an example, the agency cost is reduced 
to $1M, $2M and $3M for each of the three years, respectively, from $3M, 
$4M and $4M by incorporating GCG practices.

Finally, the results of running the RSCMCG-4 model show the final 
financial structure outcome expected for the company. For example, cur-
rent assets in the RSCMCG-4 model are $8.61M, $14.53M and $22.64M 
for each of the three years, respectively, compared with $8.42M, $12.92M 
and $16.83M in the SCMFP model. The chain of our RSCMCG-4 model 
shows steady current assets. Through running strategies provided by 
the RSCMCG-4 model, in the final year, $22.64M, $21.26M, $2.50M, 
$7.13M and $34.27M are expected for current assets, fixed assets, cur-
rent liabilities, long-term debts and equity, respectively, compared with 
$16.83M, $26.30M, $2.50M, $7.13M and $33.50M given by the SCMFP 
model’s results. The current assets flow and equity of the company are 
stronger under the RSCMCG-4 model frame, with other financial fac-
tors, such as current liabilities, remaining steady; thereby, it also enhances 
the company’s ability to meet short-term obligations measured by their 
higher liquidity ratio.2 The decision-making on investment amount in the 
expansion is affected by the current assets in this RSCMCG model frame-
work. Following this policy, increasing the RHS of the financial balance 
equation could increase the investment for future development.
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Strategies for making decisions in the supply chain under uncertainty

In this study, risk management strategies and the robust optimisation ap-
proach are incorporated into the RSCMCG model framework to support 
decision-making in an uncertain supply chain environment. For example, 
the coefficients of the packing process are taken as uncertain in the hy-
pothetical case study in Chapter 5. Following the RSCMCG framework, 
the corresponding numerical model has been constructed to support the 
company in the hypothetical case to make decisions for its SCM under 
uncertainty.

By examining risk management strategies and the robust optimisation 
approach related to supply chain networks and internal company gover-
nance in the RSCMCG model framework, this study extends the previous 
work of other researchers in SCM decision-making under uncertainty. 
For example, Shapiro (2007) explored data-driven versions of determin-
istic optimisation and stochastic programming models for supply chain 
decision-making under uncertainty while focusing on short-term strate-
gies hedging against these contingencies. Some other studies have focused 
on the robust optimisation approach (Ben-Tal et al. 2005;  Ben-Tal  & 
Nemirovski 2002; Bertsimas, Brown & Caramanis 2011;  Bertsimas, 
 Pachamanova & Sim 2004; Hahn & Kuhn 2012b). The results of this study 
show that supply chain risk management strategies such as specialised agent 
governance, stable capacity for manufacturing risk management strategies, 
distribution risk management, safety inventory policies and marketing risk 
management, combined with the robust optimisation approach for dealing 
with uncertainties in the packaging procedure, are effective internal and 
external governance instruments for contingency management in supply 
chain networks. It provides a stable optimal operational solution and risk 
management strategies for the company and expects to achieve reliable 
targets in a fluctuating environment such as uncertain coefficients in the 
packaging process.3

Corporate governance in the supply chain: improved supply chain 
performance through incorporating good corporate governance 
practices

Corporate governance is very important for strategic operational planning 
in the supply chain industry. Decision-making under uncertainty needs 
support from corporate risk management to improve performance. Incor-
porating corporate governance and SCM is vital to achieving stable and 
optimal solutions in an uncertain environment.

This study fills the research gap in the literature by connecting corpo-
rate governance principles with SCM, especially from a decision-making 
perspective. A practical and robust supply chain model framework for for-
mulating risk management strategies that can achieve benefits for GCG 
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practices has been built through this study. Further, it contributes to the-
ories and practices by providing in-depth insights into how to link GCG 
practices with SCM. It integrates GCG practices into supply chain system 
strategies. These strategies incorporate the broader concept of GCG prac-
tices and normative corporate governance principles into specific quanti-
tative monetary units; therefore, the effectiveness of GCG practices can 
be assessed. For example, in Chapter 4, the proposed RSCMCG model 
framework defines GCG principles, which respect the rights of share-
holders, and measures the effectiveness through an increased shareholder 
interest. Equity, chosen as a proxy for shareholders’ interests, can also as-
sess the company’s long-term benefit and future sustainability. High eq-
uity demonstrates a company’s sustainable performance, which means the 
company is able to fulfil the GCG principles related to stakeholders’ inter-
ests, and thereby achieve high EBIT, meaning the company can contribute 
more tax to the government that raises its corporate social responsibility 
profile, settle its trade payment to suppliers and pay salaries and employees’ 
benefits to managers and staff. Further on, better performance in corpo-
rate social responsibility can stimulate a better supply chain environment 
for the company (Ciliberti, Pontrandolfo & Scozzi 2008).

This study offers further insight into risk management strategies that 
can improve supply chain performance through GCG practices. An over-
arching objective of incorporating risk management is value creation for 
the company. This study addresses how GCG practices should be incor-
porated into the SCM optimisation model to improve supply chain per-
formance and to create value and long-term benefit. The importance of 
corporate governance factors such as internal control and principal–agent 
problems are identified in this new RSCMCG framework. Internal con-
trol constraints, such as debt-to-equity balance, investment restrictions, 
debt service constraint and safety leverage level control, are incorporated 
and illustrate their functions in the hypothetical case study in Chapter 5 
of steady financial flow in an uncertain environment.4 For example, the 
investment restriction and safety leverage level constraints can reduce the 
waste of monetary flow and reduce the risk of over-expansion or debt and, 
in return, increase trust in organisations.

In particular, this study provides an extended understanding of the con-
cepts of the trust role of corporate governance, as discussed in previous 
studies (Handfield & Bechtel 2002; Ireland & Webb 2007; Jie, Parton & 
Cox 2007; Kwon & Suh 2004; Welty & Becerra-Fernandez 2001). It also 
offers further insight into a reliable system and supply chain framework. 
The RSCMCG model proposed in Chapter 4 is required to support such 
an alliance of trust. Illustrated through the results of the RSCMCG model 
for the hypothetical case study in Chapter 5, the company has a stabilised 
financial structure, showing the well-balanced debt and equity, steadily 
developed investment, satisfied capability in payment of the debt and safe 
leverage ratios; it deals with the contingencies of the environment by 
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following the plan and strategies provided by the RSCMCG model. Con-
sequently, this reliable system can enhance the trust-based relationship 
among manufacturers, suppliers, distribution centres and shipping opera-
tors in the supply chain network that embraces all components, from raw 
materials to the end-customer, resulting in further improvements in sup-
ply chain performance and firm value performance in the future.

The RSCMCG mathematical model in Chapter 4 and the numerical 
model application in Chapter 5 are able to provide the instruments for 
quantifying broad concepts of GCG practices to the optimal management 
of operations, risk policies and internal control, and normative risk man-
agement strategies in the company. In addition, the numerical models in 
Chapter 5 illustrate the risks of internal governance, external regulatory 
surroundings and the supply chain environment. Through integrating 
supply chain operations management and corporate risk management, this 
study also shows how good risk management strategies can help manage-
ment mitigate these risks. By examining risk management policies related 
to inventory safety level, indexation, principal–agent problem and capac-
ity extension through different numerical models of the RSCMCG model 
framework, this study shows that they are effective governance instru-
ments that can improve supply chain performance, extending the previous 
supply chain model studies of Shapiro (2007) and others from the perspec-
tive of integrating GCG practices into SCM optimisation.

Theoretical and methodological implications and 
contributions of the study

Theoretical implications and contributions

The main aim of this study has been to formulate risk management strat-
egies for GCG practices to improve supply chain performance in the 
context of making decisions for SCM in an uncertain environment. To 
achieve this aim, this study has explored theories on SCM, corporate gov-
ernance, risk management and robust optimisation for decision-making 
under uncertainty.

The expected main contributions of the book are discussed in  Chapter 1. 
The experience of the modelling study has confirmed the following con-
tributions, among others.

The book contributes to SCM literature by developing an integrated 
framework based on managerial and financial perspectives for achieving 
the benefit of risk management strategies for GCG practices such as man-
aging risks and improving performance. The framework is depicted in 
Figure 6.1. In line with GCG principles and SCM theories,5 this study asso-
ciates company performance with shareholders’ value, robust supply chain 
operations and resource optimisation. Extending the studies on lean pro-
duction, real-time and just-in-time of SCM (Bozarth & Handfield 2005; 
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Handfield & Nichols 1999; Jacobs & Chase 2011; Neef 2004), which fo-
cus on strategies to achieve short-term profit, this study provides strategic 
planning for shareholders’ value and long-term benefit for the company 
in an uncertain supply chain environment. Developing on the fundamen-
tals of the interrelationships among SCM, corporate governance and risk 
management, the integrated framework provides an understanding of how 
to formulate risk management strategies for integrated operational and 
financial chains from a GCG practices perspective and analyses the influ-
ences of these strategies on supply chain performance. As a consequence, 
this study provides supply chain decision-making strategies for operat-
ing systems to achieve robust supply chain networks and optimisation of 
resources, which extends previous work (Agrawal, Smith & Tsay 2002; 
Graves 1988; Moinzadeh 2002; Shapiro 2007) that focused on integrating 
specific company objectives.

This study provides an extended understanding of corporate gover-
nance in company SCM. It extends the understanding of the gover-
nance role of corporate financial management in supply chain networks, 
as previously discussed by Shapiro (2007), while bringing in ideas of 
corporate risk management frameworks from Léautier (2007). From a 
corporate finance and accounting practices aspect, more equations and 
constraints on managing the relationships between corporate financial 
management and supply chain operations are included and worked in-
teractively to improve the strategic planning of firms. In addition, from 
an SCM perspective, corporate risk management strategies from agency 
theory and managerial practices are incorporated into the RSCMCG 
framework, such as diverse suppliers, alternative shipping lines and safety 
inventory. By employing equity as a proxy for shareholders’ value and 
long-term benefit for the company, this study highlights the importance 
of corporate governance concepts that ultimately maximise equity cal-
culated from financial flow equations with EBIT. Using EBIT as a proxy 
of shareholders’ benefit, one can build the linkage between SCM and 
corporate governance. The results of this study show that equity is opti-
mal; therefore, optimal shareholders’ value and long-term benefit for the 
company have been achieved by employing risk management strategies 
from corporate governance.

This study contributes to corporate governance literature by incorpo-
rating GCG practices into SCM, as discussed in ‘Corporate governance 
in supply chain: Improved supply chain performance through incorporat-
ing good corporate governance practices’, and by providing an extended 
understanding of principal–agent problems in corporate governance and 
how they relate to SCM performance. This study supports the argument 
that agency cost can be reduced by the optimal capital structure on the 
separation of ownership and control with the firm theory of Jensen and 
Meckling (1976) such as the incentive effects associated with debt. This 
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is presented in the corporate finance and accounting practices for corpo-
rate governance performance constraints of the RSCMCG model frame-
work. In addition, the approach in this study to the agency problem is 
extended by applying the external supply chain network of the company 
as principal and the participants in the supply chain as agents—this differs 
fundamentally from most previous literature on corporate governance, 
which has focused on the governance of the company and the relation-
ship between agent (i.e., manager of the firm) and principals (i.e., outside 
equity and debt-holders), agency cost and firm performance (Berger & 
Di Patti 2006; Cyert, Kang & Kumar 2002; Jensen & Meckling 1976; 
Larcker, Richardson & Tuna 2007; Wang & Sami 2011).6 The collabora-
tive RSCMCG system is intelligently connected through the supply chain 
specialist agent–governance constraint. The results from the  RSCMCG 
model in Chapter 5 shows that employing the extended agency problem 
from agency theory in SCM with the external supply chain network ef-
fectively stimulates the supply chain performance in both monetary and 
operations flow.

The study provides a framework for integrating risk management strat-
egies from GCG practices in SCM for decision-making under uncertainty, 
extending the understanding of the risk management framework in pre-
vious studies, such as supply chain risk management (Waters 2011) and 
ERM7 (Committee of Sponsoring Organizations 2013), through robust 
optimisation theory (Bertsimas & Sim 2003; Bertsimas & Thiele 2004; 
Tang 1990). The results of this study show that risk management smooths 
the instabilities of outcomes that may occur in the initial linear determin-
istic supply chain optimisation model, such as the over- expanding man-
ufacturing order, the over-capacity of shipping or shortage in stock. The 
strategies from the RSCMCG model framework provide the approach 
to managing these risks and uncertainties and can be specified with fur-
ther targeted company information. Moreover, risk management strate-
gies balance the supply chain agencies’ conflicts and improve operations 
performance. The RSCMCG model framework in this study achieves 
stable internal development for the company and external network col-
laborations among the supply chain partnerships for long-term benefit 
while considering decision-makers’ risk appetite and tolerance factors 
through optimisation modelling based on robust optimisation and ma-
chine learning.

Methodological implications and contributions

Despite a considerable number of studies on supply chain models, this 
study provides a new insight into applying the robust optimisation ap-
proach. An integrated model for optimal SCM, including material and 
cashflow processing that also considers the effect of corporate governance 
under risk management, is a new idea that has been subject to limited 
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discussion. The RSMCG model is a principal–agent game theory model 
and provides an artificial intelligence algorithm for machine learning for 
decision-making, risk management and strategy formulation for improved 
company performance.

This study further provides an understanding of integrating GCG prac-
tices in the linear optimisation supply chain model, extending the supply 
chain model of Shapiro (2007) and Ragsdale (2007, 2012) with more cor-
porate governance risk management strategies (Léautier 2007). It incor-
porates risk management strategies and GCG concepts into the model 
objective and constraints. The objective function of the model uses equity, 
which is applied as proxy of shareholders’ value and links the operational 
supply chain with corporate governance through the EBIT equation. The 
equations of the model include the balance sheet of the financial divi-
sion and operational conditions of the supply chain division to achieve 
an improved approach to strategic planning, reflecting the relationship 
between SCM and corporate governance. The fundamental supply chain 
operational and financial constraints are extended with risk management 
strategies and GCG practices. Risk management strategies quantify nor-
mative GCG principles into specific quantitative monetary variables and 
supply chain operations in the model so that the effectiveness of GCG 
practices is addressed in the management of the supply chain to achieve 
long-term benefits. As discussed in Chapters 3 and 4, with application in 
Chapter 5, the RSCMCG model proposed in this study also incorporates 
decision-makers’ risk preference when facing uncertainties in the supply 
chain environment, considers the uncertainty factors in the supply chain 
environment and then achieved the stable, optimal risk management strat-
egies of the SCM for the company.

The robust optimisation approach, a suitable mathematical program, is 
explored to implement the framework, providing new insights and a way 
to study corporate governance in combination with SCM. It also provides 
an understanding of integrating corporate governance concepts in the op-
timisation model. The Risk Solver Platform was chosen to simulate and 
present the model in a practical sense and can be applied in many com-
mercial operations.

This book presents an innovative approach to SCM through the de-
velopment of the RSCMCG framework and derivation of the RSCMCG 
model that handles risk management through robust optimisation. It suc-
cessfully incorporates GCG practices into SCM to achieve superior supply 
chain performance.

Practical application of the proposed framework

This study uses a hypothetical case study to illustrate the RSCMCG mod-
el’s improved supply chain performance by incorporating risk manage-
ment strategies from GCG practices. It extends the previous studies (Calder 
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2008; Collier & Agyei-Ampomah 2008; Daelen & Elst 2010; Scott 1998; 
Zulkafli & Samad 2007) that focus on heuristic and qualitative analysis of 
GCG practices to improve firm performance.

This RSMCG model can be incorporated in automated ERP, sup-
ply chain, risk management and corporate governance artificial sys-
tems (Libert, Beck & Bonchek 2017) as an intelligent decision-support 
system.

Various studies have shown that GCG practices can improve firm per-
formance (presented in Chapter 2). This study demonstrates the impact of 
GCG practices on supply chain performance by applying the RSCMCG 
framework to a hypothetical case study. The results show that risk man-
agement strategies are an effective way to include GCG practice in SCM 
and operational performance (discussed in ‘Strategies for risk manage-
ment in supply chain networking based on good corporate governance 
practice’). For example, maintaining supplier diversity and specifying re-
strictions for each supplier is a strategy for avoiding unsatisfactory manu-
facturing capacity. In particular, this will turn out to be very important 
when there is an unexpected demand expansion or when a natural disas-
ter occurs.

This study proposes a robust optimisation modelling framework for in-
tegrating SCM with GCG practices for risk management, in the presen-
tation of the conceptualisation and computationally feasible formulations. 
The proposed approach has flexibility in different model assumptions and 
the extension of supply chain industries’ configurations.

The RSMCG model framework presents instructions for modelling 
the corporate governance principles into the supply chain network gover-
nance and internal company management. Further, it elaborates the risk 
management strategies for running the numerical RSCMCG model with 
specified company data and information for individual cases.

Limitations and recommendations for future research

By developing the RSCMCG model, this study contributes to SCM 
and risk management frameworks and optimisation modelling. Despite 
achieving good SCM performance and proposing effective risk manage-
ment strategies for the company, there are some limitations to the model, 
and it requires further extensions; these are discussed in this section.

Future extension to robust supply chain management and 
corporate governance framework

In future research, the RSMCG model should be integrated into auto-
mated ERP, supply chain, risk management and corporate governance 
artificial decision-support systems (Libert, Beck & Bonchek 2017).
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As stated above, the proposed RSCMCG model framework is an ex-
tension of existing supply chain modelling proposed by Shapiro (2007) 
and Ragsdale (2007, 2012) and of corporate governance risk management 
strategies (Léautier 2007). The RSCMCG model has demonstrated its 
superiority in dealing with decision-making under uncertainty in SCM. 
However, the integrated framework proposed in this study can be more 
useful if future work can extend it in the areas of financial management 
and operational management. This study has considered financial ele-
ments to bridge connections between SCM and corporate  governance—
for example, equity as the objective of shareholders’ interests and EBIT as 
the linkage of financial flow and physical flow in the RSCMCG frame-
work. Further research can apply other financial elements relevant to 
individual cases, such as free cashflow to equity to measure sharehold-
ers’ rights. In future, capital budgeting and income statements, which 
show specific details about a company’s financial and operational perfor-
mance, can be further used to improve decision- making. Other opera-
tional management strategies with financial policies can be applied—for 
example, extending investment in expanding production capacity with 
more details of the supply chain operation system expansion, such as 
facilities or factories replacement. As a result, the model can provide 
specific  operational expansion plans for the company, which can be com-
bined  with other investment decisions for financial projects in future  
research.

The model can be extended with other governance instruments, such 
as managers’ compensation reward systems and alliance strategies. Board 
governance is related to the structure and size of the board, the quality 
of the board of directors and the audit committee. Linking managers’ 
compensation to the company’s supply chain performance and governance 
through the model can enhance the power of the framework.

In addition, the current SCM sector can be extended with more com-
petitive practical supply chain strategies, such as alliances. This may be 
more expensive in terms of direct procurement costs. However, these 
strategies allow the company to significantly reduce overheads for main-
taining a large supplier list and for negotiating and monitoring contracts 
with multiple suppliers of specific items. Such relationships also permit 
the company to focus on product quality and to more easily achieve 
integrated SCM with its suppliers, thereby reducing inventory costs 
 (Shapiro 2007).

Further research can also be extended by studying the company’s corpo-
rate governance principles and policies to improve the model framework 
and its ability to combat the financial crisis and enhance performance. 
The results from this study can act as a pilot for those who want to ex-
plore this area and discover the impact of GCG practices on a company’s 
performance.



208 Findings and future directions

Future extension of the simulation and applications

The RSCMCG framework has been applied to a hypothetical case study 
using simulated data from a random number generator. Bootstrapping 
from historical data can be another optional way to randomly generate 
scenarios for forecasting purposes when the company has a historical da-
tabase (Pachamanova & Fabozzi 2010), while scenario generation meth-
ods can be another option for stochastic programming (Cornuejols & 
 Tutuncu 2007). To develop the model further, the RSCMCG framework 
can be applied to listed companies with supply chain networks involving 
manufacturing, distribution, inventory and marketing procedures such as 
Walmart or Li & Fung Limited.

Finally, using e-commerce technologies such as business-to- business 
can enhance efficiency and competitiveness in SCM (Simchi-Levi, 
Thorne & Hilton 2009). For integrating SCM and corporate gover-
nance, considering the incorporation of hardware and interfaces into the 
system is essential for a systematic framework in the future. This will 
strengthen the coordination among related channel partners in the supply 
chain and enhance company governance in information gathering, trans-
mission and sharing as well as cross-company communication. There-
fore, the proposed RSCMCG model can be extended by incorporating 
the ‘Service System’, which is depicted in Figure 6.2. In this extended 
framework, the new sector ‘Service System’ comprises six service di-
visions: knowledge management, data management, task management, 
communication management, information management and risk man-
agement (Lou & Dai 2015). Knowledge management services include 
directing and coordinating the information flow and task allocation and 
 problem-solving processes. Data management services include coping 
with the framework’s internal and external data retrieval and storage re-
quests. Task management services include describing task profiles and 
requirement details (such as purchase order issued by a retailer). Commu-
nication management services are responsible for all the external com-
munication needs of the framework, such as the facilities for internet 
communications. Information management services maintain a transpar-
ent process during problem-solving and assist users’ engagement with the 
system as well as delivering information in relation to users’ queries. In 
addition, risk management services are designed to deal with unknown 
or uncertain factors to keep the services system in a steady and optimal 
status with the help of the RSCMCG model proposed in Chapter 4. 
However, they are not presented in the book. In future, this integration 
can be further developed. The architecture of the information system 
will support transparency among the members of the supply chain, and 
this can further improve the mutual adoption of GCG policies and prac-
tices in the RSCMCG framework. 
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Summary

Decisions regarding the arrangement of resources to maximise profit 
while accounting for risk have a great impact on the success of the com-
pany. Today’s fiercely competitive business environment calls for good 
management of the supply chain. Essentially, this leads to the integrated 
RSCMCG model framework designed in this study. The normative cor-
porate governance principles and risk management strategies drawn from 
GCG practices are incorporated into the RSCMCG model to manage risk 
and enhance the company’s supply chain performance, thereby enhancing 
the company’s reputation and the trust of its customers.

To summarise, the integrated RSCMCG model framework as presented 
in the hypothetical case study results significantly improves supply chain 
performance in an uncertain market environment. The RSCMCG model 
has been empirically tested to demonstrate improved efficiency in com-
pany performance by incorporating the GCG practices into the model. 
GCG policies and risk management strategies reduce operational and fi-
nancial risks, thus leading to more reliable supply chain performance and 
GCG being applied to global networking operations. The key findings 
from this study are as follows:

• A robust optimisation model framework is more stable and maintains 
optimality in the presence of uncertainty in the environment.

• Risk management strategies can be applied to improve the stability 
of the model framework to find an optimal solution in an uncertain 
environment.

• The objective value of robust optimisation may not be the best value 
one can achieve through the optimisation framework compared with 
traditional deterministic optimisation frameworks or simulation opti-
misation methods. However, it is the best option for decision-makers 
who seek robust operations and long-term benefits for the company.

• GCG practices can be incorporated to improve SCM performance 
in terms of operations, relevant financial management and external 
relationships such as agent specialists.

By applying risk management strategies developed using the proposed inte-
grated RSCMCG model and following the supply chain strategic plan devel-
oped from this reliable approach, a company can achieve long-term benefits 
for its shareholders. The proposed RSCMCG framework and models in this 
study can be further extended to manage specific risks for other companies.

Notes

 1 Set as 1 in the hypothetical case study, which made the policy that long-term 
debt be less than equity in the same period.

 2 Liquid ratio refers to ‘current ratio’ in this case, calculated by (current assets/
current liabilities); see Chapter 2 for more information.
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 3 Packaging assembly coefficients are randomly generated from [5, 7] and [12, 
14] for products A and B, respectively, in the RSCMCG-4 model; more dis-
cussions can be found in ‘Constraints’ for numerical model presentation and 
‘Findings and decision analysis from the robust supply chain management and 
corporate governance model’ for results. 

 4 See RSCMCG-4 model example in ‘Findings and decision analysis from the 
robust supply chain management and corporate governance model’ and Ap-
pendix 9 for further detailed information on performance. 

 5 See Chapter 2, ‘Supply chain management theories developed and research 
streams for forming a supply chain framework’ for more discussion on supply 
chain theories.

 6 See Chapter 2, ‘Key corporate governance issues pertaining to supply chain 
management’ for more discussion.

 7 Enterprise risk management, discussed in Chapter 2, ‘Risk management in 
supply chain management and corporate governance’.
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Appendices

Appendix 1: Summary for risk modelling in uncertainty 
of SCM and corporate governance

No. Area Resources What has been proposed Model/methods

1 Financial 
management

Markowitz 
(1952)

The first model using 
optimisation to balance 
between risk and return 
in portfolio selection 
was developed by Harry 
Markowitz and was based 
on the Capital Asset Pricing 
Model.

Capital Asset 
Pricing Model

2 Corporate 
governance

Modigliani 
& Merton 
(1958)

Efficiency of risk management 
can and does affect 
shareholders’ value in the 
company.

Modigliani 
and Miller 
established the 
proposition 
for the 
relationship 
between 
a firm’s 
value and 
its financial 
policies, called 
the M&M 
proposition

3 Corporate 
governance

Smith (1985); 
Froot 
(1993)

Relating it to risk management, 
this proposition leads to 
a consequence: if risk 
management can influence 
a firm’s value by increasing 
its real cashflow, it could 
add value by reducing taxes, 
reducing the cost of financial 
distress or facilitating optimal 
investment.

(Continued)
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No. Area Resources What has been proposed Model/methods

4 Financial 
management

Jorion (2001) An intuitive definition of Value 
at Risk (VAR): ‘summarizes 
the worst loss over a target 
horizon with a given level 
of confidence’ under normal 
market conditions.

5 Risk 
management

Labbi (2004) Enterprises face various risks, 
including market risk, credit 
risk, operational risk and 
business risk.

6 Corporate 
governance

Dorfman 
(2007)

The techniques used to manage 
the risk can be generally 
placed into the following 
four categories: avoidance, 
reduction, sharing and 
retention.

7 SCM Léautier 
(2007)

How to measure volatility. VAR and 
hedging

8 SCM Shapiro 
(2007)

This book adds risk 
management of supply chains 
at the section of supply 
chain decision-making 
under uncertainty; supports 
managers making decisions 
with the help of data-driven 
models.

Data-driven 
models; real 
options and 
heuristic 
perspective

9 Corporate 
governance

Collier 
(2009)

Risks report has been 
recognised as an important 
component and incorporated 
into annual reports in 
international firms such as 
Adidas-Salomon AG, Nestle 
SA, Sony Corporation.

10 SCM & 
corporate 
governance

Chorafas 
(2008)

The types of corporation risks 
include three core categories: 
credit risk, market risk and 
operational risk.

11 Corporate 
governance 

Gaffikin 
(2008)

Corporation, with holding 
initial purpose of 
accumulating capital to 
enable high-cost business 
ventures to be undertaken, 
became more significant with 
growing industrialisation and 
birth and growth.

12 Corporate 
governance

Collier 
(2009)

Risk management has been 
syncretised into corporate 
governance with legislation.
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No. Area Resources What has been proposed Model/methods

13 SCM You, 
Wassick, & 
Grossmann 
(2009)

They worked out the risk 
management for global 
chemical supply chain 
planning by incorporating 
risk measures into the 
stochastic programming 
model, trying to solve the 
demand and freight.

Applying robust 
optimisation 
method by 
considering 
minimising 
variance of 
cost in the 
objective 
function; 
proposes 
several ways 
to address risk 
management 
in supply chain 
optimisation 
modelling

14 SCM, risk 
management 
& robust 
optimisation

Hahn & 
Kuhn 
(2012b)

Hahn and Kuhn investigated 
robust optimisation 
application for risk 
management in supply 
chains. They developed a 
framework for integrated 
value-based performance and 
risk optimisation, considering 
physical flows as well as 
financial performance in 
supply chains on a mid-term 
level. Their study considered 
the model and solution 
robustness incorporated them 
into the objective function 
to pursue a decision balance 
depending on the decision-
maker’s risk preference.

Robust 
optimisation, 
Economic 
Value Added, 
model 
robustness 
and solution 
robustness
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Appendix 2: Robust optimisation development

Year Authors Topic Problem or issues addressed (innovations)

1973 Soyster Convex 
programming 
with set-
inclusive 
constraints and 
applications to 
inexact LP

Handle column-wise uncertainty in LP 
problems. Every uncertain parameter 
has to be taken equal to its worst-
case value in the set.

1995 Mulvey, 
Vanderbe & 
Zenios 

Robust 
optimisation 
of large-scale 
systems

Robust mathematical programming 
includes penalty functions akin to the 
Markowitz mean-variance model. 
Candidature solution is allowed to 
violate the ‘scenario realisations’ of 
the constraints; the violations are 
included via penalty terms in the 
objective, which takes care of the 
stability of the resulting solution.

1997 El Ghaoui & 
Lebret

Robust solutions 
to least-
squares 
problems with 
uncertain data

This paper developed robust solutions 
by applying it to problems of least 
squares.

1998 El Ghaoui, 
Oustry & 
Lebret

Robust solutions 
to uncertain 
semi-definite 
programs

This paper developed robust solutions 
by applying it to problems of semi-
definite programs.

1998 Ben-Tal & 
Nemirovski

Robust convex 
optimisation

Laid the foundation of robust convex 
optimisation; proposed robust 
counterpart approach.

Applied robust optimisation to LP 
problems with ellipsoidal uncertainty 
sets.

1999 Ben-Tal & 
Nemirovski

Robust solution 
of uncertain 
linear 
programs

Analytical and computational 
optimisation tools; LP with 
ellipsoidal uncertainty set is 
computationally tractable, leading 
to a conic quadratic program. 
Used interior-point methods/
polynomial time. Solved the problem 
via corresponding convex robust 
counterpart program.

2000 Ben-Tal, 
Margalit & 
Nemirovski

Robust 
modelling of 
multistage 
portfolio 
problems

Discussed and illustrated by simulated 
numerical results a new model of 
multistage asset allocation problem. 
The model was given from a new 
methodology for optimisation under 
uncertainty: the Robust Counterpart 
approach.
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Year Authors Topic Problem or issues addressed (innovations)

2000 Ben-Tal & 
Nemirovski

Robust 
solutions of 
LP problems 
contaminated 
with uncertain 
data

Optimal solutions to LP problems 
may become severely infeasible 
if the nominal data are slightly 
perturbed. This paper demonstrated 
this phenomenon by studying 90 
LPs from the well-known NETLIB 
collection and found some robust 
solutions that lost nearly nothing in 
optimality.

2002/ 
2000

Ben-Tal & 
Nemirovsk

Robust 
optimisation 
methodology 
and 
applications

Uncertain LP/quadratic programming/
semi-definite programming; 
discussed the applications and 
described a specific 90LPs from 
NETLIB collection; applied in 
antenna design, truss topology 
design, stability analysis/synthesis.

2003/ Ben-Tal, 
Goryashko, 
Guslitzer & 
Nemirovski

Adjustable robust 
solutions of 
uncertain 
linear 
programs

The first consideration of the robust 
multistage formulation.

2003 El Ghaoui Worst-case VAR 
and robust 
portfolio 
optimisation: 
A conic 
programming 
approach

This paper proposed a way to 
alleviate the problem that 
classical formulations of portfolio 
optimisation problems (such as mean 
variance or VAR approaches) result 
in a portfolio extremely sensitive 
to errors in the data, in a tractable 
manner. It defined the worst-case 
VAR as the largest VAR attainable, 
given the partial information on the 
returns’ distribution.

2004/ 
2001

Bertsimas & 
Sim

The price of 
robustness

LP/mixed-integer programming 
with data uncertainties; ensure the 
solution remains feasible and near 
optimal when the data changes; 
the level of conservatism; applied 
in portfolio optimisation, knapsack 
problem.

2003/ 
2002

Bertsimas & 
Sim

Robust discrete 
optimisation 
and network 
flows

Proposed an approach to address data 
uncertainty for discrete optimisation 
and network flow problems that 
allowed for controlling the degree 
of conservatism of the solution. It 
used robust approximation algorithm 
and can be applied to integer 
programming and network flows.

(Continued)
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Year Authors Topic Problem or issues addressed (innovations)

2005/ 
2004

Chen, Sim & 
Sun

A robust 
optimisation 
perspective 
of stochastic 
programming

This paper introduced an approach 
for constructing uncertainty 
sets for robust optimisation 
using new deviation measures 
for random variables termed the 
forward and backward deviations, 
which can capture distributional 
asymmetry and lead to a better 
approximations. It also proposed a 
tractable approximation approach 
for solving a class of multistage 
chance-constrained stochastic linear 
optimisation problems. In the paper, 
the authors also proposed a new 
framework feature of converting 
original model into an SOCP. 
The framework was demonstrated 
through an application example of a 
project management problem with 
uncertain activity completion time.

2007 Benati & Rizzi A mixed-
integer LP 
formulation 
of the optimal 
mean/VAR 
portfolio 
problem

This paper considered an extension 
of the Markovitz model in which 
the variance has been replaced 
with the VAR, so a new portfolio 
optimisation problem was 
formulated.

2008 Ranvindran Operations 
research and 
management 
science 
handbook

Minimax regret; worst-case hedge; 
simple case of interval uncertainty.

2011/ 
2008 

Bertsimas, 
Brown & 
Caramanis

Theory and 
applications 
of robust 
optimisation

Discussed computational attractiveness 
of robust optimisation approaches, 
as well as the modelling power 
and broad applicability of the 
methodology. Robust optimisation 
can be applied for multistage decision-
making problems. This paper also 
discussed different uncertainty sets, 
including ellipsoidal, polyhedral 
uncertainty, cardinality constrained 
uncertainty and norm. For robust 
quadratic optimisation, uncertainty 
sets have single ellipsoid and 
polyhedral/intersection of ellipsoids. 
For robust semi-definite optimisation, 
they have ellipsoidal/polyhedral 
uncertainty sets, which are NP-hard.

Applied domains: finance, statistics, 
learning and engineering.

Polynomial-time cutting plane 
algorithm.



Appendices 221
A

p
p
en

d
ix

 3
: 
C

o
m

p
ar

is
o
n
 o

f 
m

et
h
o
d
s

M
et

ho
ds

K
ey

 p
ro

ce
ss

D
at

a/
pr

ob
ab

ili
ty

;
un

ce
rt

ai
nt

y 
fe

at
ur

e
O

pt
im

isa
tio

n 
cr

ite
ria

A
lg

or
ith

m
A

pp
ro

ac
he

s
R

es
ul

ts/
ap

pl
ica

tio
ns

So
ftw

ar
e/

to
ol

s

R
ob

us
t 

op
ti

m
is

at
io

n
T

he
 m

ai
n 

id
ea

 
be

hi
nd

 t
he

 
te

ch
ni

qu
e 

is
 t

o 
al

lo
w

 
fo

r 
m

ul
ti

pl
e 

po
ss

ib
le

 
va

lu
es

 o
f t

he
 

un
ce

rt
ai

n 
pa

ra
m

et
er

s 
to

 
be

 t
ak

en
 i

nt
o 

co
ns

id
er

at
io

n 
du

ri
ng

 t
he

 
op

ti
m

is
at

io
n 

pr
oc

ed
ur

e

U
nc

er
ta

in
ty

 i
n 

bo
un

da
ry

 s
et

s;
 

pr
ob

ab
il

is
ti

c;
 

no
n-

pr
ob

ab
il

is
ti

c;
 

un
ce

rt
ai

nt
ie

s 
ar

e 
in

de
pe

nd
en

t 
of

 
th

e 
de

ci
si

on
s

O
pt

im
al

 i
n 

so
m

e 
se

ns
e,

 
un

de
r 

so
m

e 
co

ns
tr

ai
nt

s 
to

 k
ee

p 
ro

bu
st

ne
ss

; 
st

ab
le

 s
ol

ut
io

n

In
te

ri
or

-p
oi

nt
 

m
et

ho
ds

; 
br

an
ch

-a
nd

-
bo

un
d;

 g
en

et
ic

 
al

go
ri

th
m

; 
de

co
m

po
si

ti
on

(B
as

ic
: d

ec
is

io
n 

th
eo

ry
); 

w
or

st
-c

as
e 

an
al

ys
is

 
(W

al
d’

s 
m

ax
-

m
in

 m
od

el
); 

se
m

i-
in

fi
ni

te
ro

bu
st

 
co

un
te

rp
ar

ts
 

th
e 

or
ig

in
al

 
pr

ob
le

m
s

Sc
en

ar
io

s;
 t

he
 

co
ns

er
va

ti
ve

 
re

su
lt 

tr
ad

in
g 

off
 b

et
w

ee
n 

th
e 

co
st

 a
nd

 o
pt

im
al

; 
fi

na
nc

e:
 i

s 
pa

rt
ic

ul
ar

ly
 u

se
fu

l 
fo

r 
po

rt
fo

lio
 

m
an

ag
er

s 
in

te
re

st
ed

 i
n 

co
m

pu
ta

ti
on

al
ly

 
effi

ci
en

t 
w

ay
s 

to
 i

nc
or

po
ra

te
 

un
ce

rt
ai

nt
y 

in
 s

ta
ti

st
ic

al
 

es
ti

m
at

es
 o

f 
pa

ra
m

et
er

s 
in

 t
ra

di
ti

on
al

 
po

rt
fo

lio
 

op
ti

m
is

at
io

n

So
lv

er
/A

IM
M

S/
R

O
M

E
 

(M
A

T
L

A
B

)

Si
m

ul
at

io
n 

op
ti

m
is

at
io

n
R

an
do

m
 n

um
be

r 
ge

ne
ra

ti
on

 a
nd

 
de

te
rm

in
at

io
n 

of
 t

he
 

pr
ob

ab
il

it
y 

di
st

ri
bu

ti
on

s

K
no

w
n 

th
e 

fe
at

ur
e 

of
 h

is
to

ry
 

da
ta

, m
ap

pi
ng

 
th

e 
ra

nd
om

 
nu

m
be

rs
 u

se
d 

by
 t

he
 k

no
w

n/
ex

pe
ri

en
ce

d 
pr

ob
ab

il
it

y 
di

st
ri

bu
ti

on
s;

 
un

ce
rt

ai
nt

ie
s 

m
ay

 d
ep

en
d 

on
 

th
e 

de
ci

si
on

s

O
pt

im
al

 v
al

ue
 

of
 a

ll 
th

e 
si

m
ul

at
ed

 
on

es
; b

es
t 

so
lu

ti
on

R
an

do
m

 
nu

m
be

r 
ge

ne
ra

ti
on

 
ge

ne
ti

c 
an

d 
ev

ol
ut

io
na

ry
 

al
go

ri
th

m
s,

 
an

d 
ta

bu
 a

nd
 

sc
at

te
r 

se
ar

ch

B
es

t 
va

lu
e

G
P

SS
, 

D
Y

N
A

M
O

, 
G

A
SP

 I
V

 a
nd

 
SI

M
SC

R
IP

T

(C
on

tin
ue

d)



222 Appendices

M
et

ho
ds

K
ey

 p
ro

ce
ss

D
at

a/
pr

ob
ab

ili
ty

;
un

ce
rt

ai
nt

y 
fe

at
ur

e
O

pt
im

isa
tio

n 
cr

ite
ria

A
lg

or
ith

m
A

pp
ro

ac
he

s
R

es
ul

ts/
ap

pl
ica

tio
ns

So
ftw

ar
e/

to
ol

s

St
oc

ha
st

ic
 

op
ti

m
is

at
io

n
So

lv
e 

th
e 

se
co

nd
-s

ta
ge

 
op

ti
m

is
at

io
n 

pr
ob

le
m

 
ba

se
d 

on
 t

he
 

de
te

rm
in

is
ti

c 
re

su
lt

s 
of

 t
he

 
fi

rs
t 

st
ag

e

U
nc

er
ta

in
ty

 i
n 

da
ta

 w
it

h 
kn

ow
n 

pr
ob

ab
il

it
y 

di
st

ri
bu

ti
on

—
hi

st
or

y 
da

ta
;

un
ce

rt
ai

nt
ie

s 
ar

e 
in

de
pe

nd
en

t 
of

 
th

e 
de

ci
si

on
s

O
pt

im
al

 r
es

ul
ts

 
ba

se
d 

on
 t

he
 

de
te

rm
in

is
ti

c 
fi

rs
t-

st
ag

e 
re

su
lt

s;
op

ti
m

al
 s

ol
ut

io
n

M
ul

ti
st

ag
e 

st
oc

ha
st

ic
A

ss
et

-l
ia

bi
lit

y 
m

an
ag

em
en

t,
 

bo
nd

 p
or

tf
ol

io
 

m
an

ag
em

en
t 

an
d 

pe
ns

io
n 

fu
nd

 
m

an
ag

em
en

t

A
IM

M
S;

 
Fu

nc
D

es
ig

ne
r;

 
SA

M
P

L

M
ea

n-
ri

sk
B

e 
re

la
te

d 
to

 
di

ffe
re

nt
 r

is
k 

m
ea

su
re

s 
in

 p
or

tf
ol

io
 

op
ti

m
is

at
io

n 
an

d 
pr

ov
id

e 
th

e 
se

tu
p 

fo
r 

so
m

e 
of

 t
he

 
ad

va
nc

ed
 r

ob
us

t 
m

od
el

li
ng

 t
op

ic
s 

in
 C

ha
pt

er
 1

3 
(F

ab
oz

zi
 2

00
7)

; 
es

pe
ci

al
ly

, c
ha

nc
e 

co
ns

tr
ai

ne
d 

w
or

ks
 

qu
it

e 
w

el
l i

n 
ca

se
 

of
 la

rg
e 

po
rt

fo
lio

s 
of

 s
to

ck
s 

w
ho

se
 r

et
ur

n 
di

st
ri

bu
ti

on
s 

ar
e 

fa
ir

ly
 c

lo
se

 t
o 

no
rm

al

C
ha

nc
e 

co
ns

tr
ai

ne
d



Appendices 223

Manager

Shareholders’ 
interest

Company’s profit

Minimise supply
chain cost

Self-interest
Performance influence

Risk 
management

Agency theory
Salary/ 

remuneration

Corporate governance
principles

Figure A4.1  An example of SCM and corporate governance framework through 
managers’ remuneration.

Appendix 4: Example of SCM and corporate governance 
framework through managers’ remuneration
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2  Four RSCMCG models with different conditions and strategies applied

Strategies
Models

Safety 
inventory 
policy

Indexations Agency cost Manufacturing 
expansion

RSCMCG-1 
Model 

Yes No No No

RSCMCG-2 
Model

No Yes Yes No

RSCMCG-3 
Model

Yes Yes Yes No

RSCMCG-4 
Model

Yes Yes Yes Yes
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Appendix 6: Settings in the risk solver platform for 
the RSCMCG model in the Excel

1  Settings for ‘Model’ component

Figure A6.1-1 Settings for ‘Model’ component (part 1).
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Figure A6.1-3 Settings for ‘Model’ component (part 3).

Figure A6.1-2 Settings for ‘Model’ component (part 2).
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2  Settings for ‘Engine’ component

‘Engine’ component in the Risk Solver Platform for the robust op-
timisation model with Standard LSGRG Nonlinear Engine

Figure A6.2 Settings for ‘Engine’ component.
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Appendix 7: The results of the RMSCG-1 model in 
spreadsheet

Figure A7.1-1 The results of the RSCMCG-1 model in spreadsheet (part 1).

Figure A7.1-2 The results of the RSCMCG-1 model in spreadsheet (Part 2).
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Appendix 8: Simulation reports for the RSCMCG-2 
model and results for the RSCMCG-3 model

1  The structure report for the RSCMCG-2 model
Microsoft Excel 12.0 Structure Report
Model Type: LP Convex Assumption: NLP
Statistics 

Variables Functions Dependents

All 75 73 306
Smooth 75 73 306
Linear 75 73 306
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3  The result for the RSCMCG-3 model 

Figure A8.1-1 The results of the RSCMCG-3 model in spreadsheet (Part 1).

Figure A8.1-2 The results of the RSCMCG-3 model in spreadsheet (part 2).
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Appendix 9: Model results for the RSCMCG-4 model

1  Results for the RSCMCG-4 model in spreadsheet 

Figure A9.1-1 The results of the RSCMCG-4 model in spreadsheet (part 1).

Figure A9.1-2 The results of the RSCMCG-4 model in spreadsheet (part 2).
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2  Uncertainty report for the RSCMCG-4 model statistics

Variables Functions Dependents

All 75 71 269
Recourse 0 0 0 
Uncertain 0 0 0 

3  Structure report for the RSCMCG-4 model

Variables Functions Dependents

All 75 71 269
Smooth 75 71 269
Linear 75 71 269
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Appendix 10: Simulation for the SCM model through 
deterministic optimisation

1  Mathematical model of the initial SCM model through deterministic 
optimisation

f Z t Z Z tE E E

t
∑[ ]= = + ∆: ( ) ( ) (1) ( )Objective Max equity  (4-1)

Constraints:

Z t Z t Z t Z t Z tCA FA CL L E+ − − − =( ) ( ) ( ) ( ) ( ) 0 (4-2)

Z t Z t Z t Z t Z tCA FA CL L E∆ + ∆ − ∆ − ∆ − ∆ =( ) ( ) ( ) ( ) ( ) 0 (4-3)

∆ = −
= − − ∗ −

Z t Z t Z t
r EBIT t i t Z t Z t

E PR D

PR IrD L D

( ) ( ) ( )
(1 )[ ( ) ( ) ( ) ] ( )  (4-4)

= − − ∗Z t r EBIT t i t Z tPR PR IrD L( ) (1 )[ ( ) ( ) ( ) ] (4-5)

∆ + ∆ − ∆ − ∆
− − − ∗ + =

Z t Z t Z t Z t
r EBIT t i t Z t Z t

CA FA CL L

PR IrD L D

( ) ( ) ( ) ( )
(1 )[ ( ) ( ) ( ) ] ( ) 0 (4-6)

EBIT t R C C C Csale MA Inv TR AC( )= − + + −( )  (4-7)

∑ ∑= ∗  = ∗





R t X t c t D t c tsale soldk soldk
k

Mk
i soldk

k

( ) ( ) ( ) ( ) ( )  (4-8)

∑ ∑= = ∗ C t C t c t X tMA MAk
k

MAk qMAk
k

( ) ( ) ( ) ( )  (4-9)

∑∑= ∗



C t Y t c tTR qTRkmn TRkmn

m n

M N

k

( ) ( ) ( )
,

,

 (4-10)

∑∑= ∗ C t c t X tinv invjk invjk
jk

( ) ( ) ( )  (4-11)

( ) ( )
,

,

Y t Y tkmn qTRkmn
m n

M N

k

qTRmn∑∑ θ =  (4-12)

= − + −X t X t Y t D tinvjk invjk qTRkmn Mk
i( ) ( 1) ( ) ( )  (4-13)

≤X t CAP tqMAk fack( ) ( )  (4-14)

≤ = =Y t CAP CAP Y tqTRmn QTRmn QTRkmn qMAk( ) ( )  (4-15)

( ) ( )/Z t Z tL D E Eκ≤ ∗  (4-16)

( ) ( )/Z t Z tInv CA inv CAκ≤ ∗  (4-17)
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2  Spreadsheet modelling for the initial deterministic optimisation SCM 
model 

Figure A10.1-1  Spreadsheet modelling for the initial deterministic optimisation 
SCM model (part 1)

Figure A10.1-2  Spreadsheet modelling for the initial deterministic optimisation 
SCM model (part 2).
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3  Settings in the Risk Solver Platform for the extended SCMFP model 
in the Excel 

Figure A10.2-1  Settings in the Risk 
Solver Platform for 
the extended SCMFP 
model in the Excel 
(part 1).

Figure A10.2-2  Settings in the Risk 
Solver Platform for 
the extended SCMFP 
model in the Excel 
(part 2).
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4  Spreadsheet modelling for the SCMFP model

4.1 The results from the integrated SCMFP model with 6 and 13 as 
packaging assembly coefficients for products A and B, respectively 

Figure A10.3-1  The results from the integrated SCMFP model with 6 and 13 
as packaging assembly coefficients for products A and B, respec-
tively (part 1).

Figure A10.3-2  The results from the integrated SCMFP model with 6 and 13 as 
packaging assembly coefficients for products A and B, respec-
tively (part 2).



252 Appendices

Figure A10.4-2  The results from the integrated SCMFP model with 7 and 14 
as packaging assembly coefficients for products A and B, respec-
tively (part 2).

4.2 The results from the integrated SCMFP model with 7 and 14 as 
packaging assembly coefficients for products A and B, respectively

Figure A10.4-1  The results from the integrated SCMFP model with 7 and 14 
as packaging assembly coefficients for products A and B, respec-
tively (part 1).
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Figure A10.4-3  The results from the integrated SCMFP model with 7 and 14 
as packaging assembly coefficients for products A and B, respec-
tively (part 3).
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5  Report on the SCMFP model (with packaging coefficient of 7 and 14 
for products A and B, respectively)

General simulation information

Simulation options Value
Simulations run 1
Trials per simulation 200
Number of error trials 0
Current simulation 1
Random number generator CMRG
Sampling method Latin hypercube
Random number stream Independent stream
Simulation seed 0
Interpreter used Automatic
Correlations used Yes

Model information Quantity
Uncertain variables 5
Uncertain functions 2
Correlated variables 0

Global bounds Measure Value
Lower cutoff None −1E+30
Upper cutoff None 1E+30
Lower censor None −1E+30
Upper censor None 1E+30
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Appendix 11: Simulation of the SCM model through 
simulation optimisation in the Excel

1  Task pane settings in the ‘Platform’ component for the SCM model 
through simulation optimisation

Figure A11.1  Task pane settings in the ‘Platform’ component for the SCM model 
through simulation optimisation.
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2  Task pane settings in the ‘Engine’ component for the SCM model 
through simulation optimisation

Figure A11.2-2  Task pane settings in the ‘Engine’ component for the SCM model 
through simulation optimisation (part 2).

Figure A11.2-1  Task pane settings in the ‘Engine’ component for the SCM model 
through simulation optimisation (part 1). 
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3  Output of the SCM model through simulation optimisation

---- Start Solve ----
No uncertain input cells.
Using: Full Reparse.
Parsing started…
Diagnosis started…
Convexity testing started…
Model diagnosed as “LP Convex”.
Automatic engine selection: Standard LP/Quadratic
Model: [4.2.1.2- SCM-20131218_uncertain parameters-SO.xlsx]
Using: Psi Interpreter
Parse time: 2.86 Seconds.
Engine: Standard LP/Quadratic
Setup time: 0.00 Seconds.
Engine Solve time: 20.75 Seconds.
The maximum number of subproblems was reached.
Solve time: 24.11 Seconds.

---- Start Simulation ----
Model: 4.2.1.2- SCM-20131218_uncertain parameters-SO.xlsx

Simulation finished successfully.
Successful Trials: 1000
  Error Trials: 0
  Total Trials: 1000
Simulation time: 2.42 Seconds.
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4  Answer report for the SCM model through simulation optimisation

Microsoft excel12.0 simulation report
Simulation report [4.2.1.2- SCM-20131218_uncertain parameters-SO.xlsx]
Simulation time: 4.688 seconds.

General Simulation Information

Simulation options Value
Simulations run 1
Trials per simulation 1000
Number of error trials 0
Current simulation 1
Random number generator CMRG
Sampling method Latin hypercube
Random number stream Independent stream
Simulation seed 0
Interpreter used Automatic
Correlations used Yes

Model information Quantity
Uncertain variables 12
Uncertain functions 2
Correlated variables 0

Global bounds Measure Value
Lower cutoff None −1E+30
Upper cutoff None 1E+30
Lower censor None −1E+30
Upper censor None 1E+30
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