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Series 1: Foundations of Business Decision Analysis 

Series outline 

1.1 Elements of Decision Analysis 

• 1.1.1 Basic concepts of decision analysis 

• 1.1.2 Types of decision situations 

• 1.1.3 Decision trees as analytical tools 

1.2 Operational Research Approach to Decision Analysis 

• 1.2.1 Definition and scope of operational research 

• 1.2.2 Systems and system analysis in decision-making 

• 1.2.3 Modelling in operational research 

1.3 Mathematical Foundations of Decision Analysis 

• 1.3.1 Role of mathematical programming in decision-making 

• 1.3.2 Transportation and assignment models 

• 1.3.3 Conflict analysis and introduction to game theory 

1.4 Managerial Applications of Decision Analysis 

• 1.4.1 Inventory control and replacement decisions 

• 1.4.2 Line balancing, routing, and sequencing problems 

• 1.4.3 Project management as a decision tool 

1.5 Risk and Simulation in Decision Analysis 

• 1.5.1 Probability judgments in managerial decisions 

• 1.5.2 Risk profiling of decisions 

• 1.5.3 Simulation techniques in business decision situations 

 

Introduction 
Decision-making is at the heart of every business activity. Managers are constantly faced with 

choices that can determine the success or failure of their organisations. Whether it is allocating 

resources, planning projects, or managing risks, the ability to analyse decisions systematically is 

essential. This Series provides the foundation for understanding how structured approaches can 

transform complex business challenges into manageable solutions, preparing you to engage 

confidently with the analytical tools that will be explored throughout the course. 
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The aim of this Series is to equip you with the fundamental principles and techniques of business 

decision analysis, enabling you to define, explain, and apply these concepts in practical 

situations. By the end of the Series, you will be able to recognise the elements of decision 

analysis, interpret operational research approaches, and appreciate the role of mathematical and 

simulation models in guiding managerial choices. 

We shall commence this Series by examining the basic elements of decision analysis, including 

types of decision situations and the use of decision trees. Next, we will explore the operational 

research approach, focusing on systems, system analysis, and modelling. Following that, we will 

move into the mathematical foundations of decision analysis, where transportation, assignment, 

and game theory models will be introduced. Afterwards, we will consider managerial 

applications such as inventory control, line balancing, routing, sequencing, and project 

management. Finally, we will wrap up by studying risk and simulation, highlighting how 

probability judgments and simulation techniques can be applied to business decision situations. 

 

Series Learning Outcomes 
Upon completing this Series, you should be able to: 

• 2.1 define the basic elements of decision analysis, 

• 2.2 explain different types of decision situations and illustrate them using decision trees, 

• 2.3 describe the scope of operational research and analyse the role of systems and system 

analysis in decision-making, 

• 2.4 demonstrate how to construct and interpret models within operational research, 

• 2.5 apply mathematical programming techniques such as transportation and assignment 

models to business decisions, 

• 2.6 analyse conflict situations using the principles of game theory, 

• 2.7 evaluate managerial applications of decision analysis including inventory control, line 

balancing, routing, sequencing, and project management, 

• 2.8 apply probability judgments to managerial decisions and design risk profiles for 

business scenarios, and 

• 2.9 demonstrate the use of simulation techniques to model and solve business decision 

problems. 

 

 

1.1 Elements of Decision Analysis 

1.1.1 Basic concepts of decision analysis 
Decision-making in business involves choosing among alternatives to achieve organisational 

goals. Decision analysis is a structured approach that applies logical, mathematical, and 
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statistical techniques to evaluate options and select the most appropriate course of action. It helps 

managers reduce uncertainty and make choices that are consistent with organisational objectives. 

A key feature of decision analysis is its reliance on criteria (standards used to judge alternatives) 

and alternatives (possible courses of action). By systematically comparing these, decision 

analysis provides clarity and confidence in managerial choices. 

Fill in the blank: Decision analysis provides managers with a structured way to reduce ______ 

when making choices. 

 
 

1.1.2 Types of decision situations 
Business decisions can be classified into different situations depending on the level of certainty 

involved. These include: 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

• Decision under certainty: All outcomes are known and predictable. 

• Decision under risk: Probabilities of outcomes are known, but the exact result is 

uncertain. 

• Decision under uncertainty: Neither outcomes nor probabilities are known, making 

choices more complex. 

Managers must recognise which situation they are facing, as this determines the tools and 

techniques to be applied. 

Fill in the blank: When probabilities of outcomes are known but results remain uncertain, the 

situation is described as decision under ______. 
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1.1.3 Decision trees as analytical tools 
A decision tree is a graphical representation of possible choices and their outcomes. It uses 

branches to depict decisions and consequences, allowing managers to visualise complex 

scenarios. Decision trees are particularly useful in situations involving risk, as they can 

incorporate probabilities and expected values. 

For example, a company deciding whether to launch a new product can use a decision tree to 

map out possible market responses, associated costs, and expected revenues. This helps in 

identifying the most profitable option. 

Fill in the blank: A decision tree represents choices and outcomes using ______ that branch out 

from a starting point. 

 

Pilot questions 1.1 
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1. Which term refers to a structured approach that applies logical and mathematical 

techniques to evaluate options? 

2. What type of decision situation occurs when all outcomes are known and predictable? 

3. Which tool uses branches to represent choices and outcomes in decision analysis? 

4. In which type of decision situation are probabilities known but exact outcomes uncertain? 

5. What are the two key features of decision analysis that guide managers in making 

choices? 

 

1.2 Operational Research Approach to Decision Analysis 

1.2.1 Definition and scope of operational research 
Operational research (OR) is the application of scientific methods, mathematical models, and 

analytical reasoning to support decision-making in complex organisational situations. It seeks to 

provide optimal or near-optimal solutions to problems involving limited resources, competing 

objectives, and uncertainty. 

The scope of OR extends across industries such as manufacturing, logistics, healthcare, and 

finance. It helps managers design efficient systems, allocate resources effectively, and evaluate 

alternative strategies. 

Fill in the blank: Operational research applies ______ methods and analytical reasoning to 

support decision-making in organisations. 
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1.2.2 Systems and system analysis in decision-making 
A system is a set of interrelated components working together to achieve a common goal. In 

business, systems may include production processes, supply chains, or information networks. 

System analysis involves studying these components, their interactions, and their impact on 

overall performance. 

System analysis helps managers identify bottlenecks, inefficiencies, and opportunities for 

improvement. By viewing the organisation holistically, decisions can be made that enhance 

overall effectiveness rather than optimising isolated parts. 

Fill in the blank: A system is defined as a set of ______ components working together to achieve 

a goal. 
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1.2.3 Modelling in operational research 
Modelling in OR refers to the creation of simplified representations of real-world problems. 

These models capture essential features of a situation, allowing managers to test scenarios, 

predict outcomes, and evaluate alternatives without disrupting actual operations. 

Models can be mathematical, graphical, or simulation-based. For example, a transportation 

model may represent routes and costs, while a simulation model may replicate customer 

behaviour in a service system. The accuracy of a model depends on how well it reflects reality, 

yet its usefulness lies in enabling experimentation and analysis. 

Fill in the blank: In operational research, modelling involves creating simplified ______ of real-

world problems to aid decision-making. 
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Pilot questions 1.2 

1. What term describes the application of scientific methods and analytical reasoning to 

organisational decision-making? 

2. Which concept refers to a set of interrelated components working together to achieve a 

goal? 

3. What is the purpose of system analysis in decision-making? 

4. What do models in operational research represent? 

5. Give one example of a type of model used in operational research. 
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1.3 Mathematical Foundations of Decision Analysis 

1.3.1 Role of mathematical programming in decision-making 
Mathematical programming refers to the use of mathematical models to represent decision 

problems where resources must be allocated optimally. It provides a systematic way of 

identifying the best solution among many feasible alternatives, subject to constraints such as 

cost, time, or capacity. 

For example, linear programming can be used to maximise profit or minimise cost in production 

planning. The strength of mathematical programming lies in its ability to handle complex 

problems with multiple variables and constraints. 

Fill in the blank: Mathematical programming provides a systematic way of identifying the 

______ solution among feasible alternatives. 
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1.3.2 Transportation and assignment models 
The transportation model is a type of mathematical programming used to determine the most 

cost-effective way of distributing goods from several sources to several destinations. It ensures 

that supply and demand requirements are met while minimising transportation costs. 

The assignment model is used to allocate tasks or resources to agents in a way that minimises 

cost or maximises efficiency. For instance, assigning workers to jobs or machines to tasks can be 

optimised using this model. 

Fill in the blank: The transportation model seeks to minimise ______ costs while meeting supply 

and demand requirements. 
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1.3.3 Conflict analysis and introduction to game theory 
Game theory is the study of strategic interactions where the outcome for each participant 

depends on the actions of others. It is used in conflict analysis to evaluate competitive situations 

such as pricing strategies, negotiations, or market competition. 

A basic concept in game theory is the payoff matrix, which shows the outcomes for different 

strategies chosen by competing players. Managers can use game theory to anticipate competitor 

behaviour and design strategies that maximise their advantage. 

Fill in the blank: A payoff matrix in game theory shows the outcomes for different ______ 

chosen by competing players. 
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Pilot questions 1.3 

1. What term describes the use of mathematical models to allocate resources optimally? 

2. Which model is used to minimise transportation costs while meeting supply and demand 

requirements? 

3. What is the purpose of the assignment model in decision-making? 

4. What does a payoff matrix represent in game theory? 

5. Give one example of a business situation where game theory can be applied. 

 

1.4 Managerial Applications of Decision Analysis 
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1.4.1 Inventory control and replacement decisions 
Inventory control refers to the management of stock levels to ensure that materials are available 

when needed, while avoiding excessive holding costs. Effective inventory control balances 

demand, supply, and cost considerations. 

A related concept is inventory replacement, which involves deciding when and how much 

stock should be replenished. Managers use models such as the Economic Order Quantity (EOQ) 

to determine the most cost-effective order size. 

Fill in the blank: Inventory control seeks to balance demand, supply, and ______ considerations. 

1.4.2 Line balancing, routing, and sequencing problems 
Line balancing is the process of arranging tasks along a production line so that each workstation 

has a balanced workload. This reduces idle time and increases efficiency. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Routing refers to determining the path or sequence of operations that a product or service must 

follow. It ensures that resources are used effectively and that processes flow smoothly. 

Sequencing involves deciding the order in which jobs or tasks should be performed. Proper 

sequencing minimises delays and optimises resource utilisation. 

Fill in the blank: Line balancing aims to reduce idle time and increase ______ in production 

processes. 

1.4.3 Project management as a decision tool 
Project management is the application of knowledge, skills, and techniques to plan, execute, 

and control projects effectively. It involves defining objectives, scheduling tasks, allocating 

resources, and monitoring progress. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Decision analysis plays a vital role in project management by helping managers evaluate risks, 

prioritise tasks, and allocate resources efficiently. Tools such as Gantt charts and Critical Path 

Method (CPM) are commonly used to visualise project schedules and identify critical activities. 

Fill in the blank: Project management applies knowledge, skills, and techniques to plan, execute, 

and ______ projects effectively. 

Pilot questions 1.4 

1. What is the main objective of inventory control in business operations? 

2. Which model is commonly used to determine the most cost-effective order size? 

3. What does line balancing aim to achieve in production processes? 

4. What is the difference between routing and sequencing in operations management? 
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5. Name one tool used in project management to visualise tasks and timelines. 

 

1.5 Risk and Simulation in Decision Analysis 

1.5.1 Probability judgments in managerial decisions 
Probability judgments are estimates of the likelihood that certain events will occur. In business 

decision-making, managers often rely on probability to assess risks and predict outcomes. These 

judgments may be based on historical data, expert opinion, or statistical models. 

For example, a manager deciding whether to invest in a new product line may estimate the 

probability of market success versus failure. Such judgments help in weighing expected benefits 

against potential losses. 

Fill in the blank: Probability judgments are estimates of the ______ that certain events will 

occur. 
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1.5.2 Risk profiling of decisions 
A risk profile is a representation of the potential risks associated with a decision. It shows the 

range of possible outcomes and their likelihood, helping managers to visualise uncertainty. 

Risk profiling enables managers to compare alternatives not only on expected returns but also on 

the level of risk involved. This is particularly important in investment, project planning, and 

strategic decision-making. 

Fill in the blank: A risk profile shows the range of possible ______ and their likelihood in a 

decision. 
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1.5.3 Simulation techniques in business decision situations 
Simulation is the process of creating a model that imitates the behaviour of a real-world system. 

It allows managers to experiment with different scenarios and observe potential outcomes 

without disrupting actual operations. 

Simulation techniques are widely used in areas such as inventory management, queuing systems, 

and project scheduling. For instance, a simulation can predict customer waiting times in a service 

centre or evaluate the impact of different inventory policies. 

Fill in the blank: Simulation involves creating a model that ______ the behaviour of a real-world 

system. 
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Pilot questions 1.5 

1. What term refers to estimates of the likelihood that certain events will occur? 

2. What does a risk profile represent in decision analysis? 

3. Why is risk profiling important in managerial decision-making? 

4. What is the purpose of simulation in business decision situations? 

5. Give one example of a business area where simulation techniques are applied. 

 

Series summary 
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This Series has introduced you to the foundations of business decision analysis, highlighting its 

importance in guiding managers to make structured and effective choices. We began with the 

basic elements of decision analysis, including types of decision situations and the use of decision 

trees. Then we examined the operational research approach, focusing on systems, system 

analysis, and modelling. Following that, we explored mathematical foundations such as 

programming techniques, transportation and assignment models, and the principles of game 

theory. We continued with managerial applications, covering inventory control, line balancing, 

routing, sequencing, and project management. Finally, we concluded with risk and simulation, 

emphasising probability judgments, risk profiling, and simulation techniques. 

By completing this Series, you should now be able to define and explain the elements of decision 

analysis, apply operational research approaches, demonstrate mathematical programming 

techniques, evaluate managerial applications, and design risk profiles using probability and 

simulation. These abilities directly align with the Series Learning Outcomes (SLOs), ensuring 

that you are equipped with the analytical skills needed to approach business decisions with 

confidence and clarity. 

Glossary of terms 

• Assignment model: A mathematical model used to allocate tasks or resources to agents 

in a way that minimises cost or maximises efficiency. 

• Decision analysis: A structured approach that applies logical, mathematical, and 

statistical techniques to evaluate options and select the most appropriate course of action. 

• Decision tree: A graphical tool that represents choices and outcomes using branches, 

often incorporating probabilities and expected values. 

• Economic Order Quantity (EOQ): A model used to determine the most cost-effective 

order size that balances ordering and holding costs. 

• Game theory: The study of strategic interactions where the outcome for each participant 

depends on the actions of others. 

• Inventory control: The management of stock levels to ensure materials are available 

when needed while avoiding excessive holding costs. 

• Inventory replacement: The process of deciding when and how much stock should be 

replenished to maintain efficiency. 

• Line balancing: The process of arranging tasks along a production line so that each 

workstation has a balanced workload. 

• Mathematical programming: The use of mathematical models to represent decision 

problems where resources must be allocated optimally. 

• Modelling: The creation of simplified representations of real-world problems to test 

scenarios and evaluate alternatives. 

• Operational research (OR): The application of scientific methods, mathematical 

models, and analytical reasoning to support decision-making in complex organisational 

situations. 
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• Payoff matrix: A table used in game theory to show the outcomes for different strategies 

chosen by competing players. 

• Probability judgments: Estimates of the likelihood that certain events will occur, often 

used to assess risks in decision-making. 

• Project management: The application of knowledge, skills, and techniques to plan, 

execute, and control projects effectively. 

• Risk profile: A representation of the potential risks associated with a decision, showing 

possible outcomes and their likelihood. 

• Routing: Determining the path or sequence of operations that a product or service must 

follow. 

• Sequencing: Deciding the order in which jobs or tasks should be performed to optimise 

efficiency. 

• Simulation: The process of creating a model that imitates the behaviour of a real-world 

system to experiment with scenarios and outcomes. 

• System: A set of interrelated components working together to achieve a common goal. 

• System analysis: The study of system components, their interactions, and their impact on 

overall performance. 

• Transportation model: A mathematical programming model used to determine the most 

cost-effective way of distributing goods from sources to destinations. 

 

Concept Check Questions [Series 1] 

Objective questions 

1. Which tool represents choices and outcomes using branches? (Linked to SLO 2.2) 

2. Operational research applies which type of methods to organisational decision-making? 

(Linked to SLO 2.3) 

3. Which model is used to minimise transportation costs while meeting supply and demand 

requirements? (Linked to SLO 2.5) 

4. What does a payoff matrix in game theory display? (Linked to SLO 2.6) 

5. Which project management tool is commonly used to visualise tasks and timelines? 

(Linked to SLO 2.7) 

Short-answer questions 

6. Define inventory control and explain its purpose in business operations. (Linked to SLO 

2.7) 

7. Describe the difference between routing and sequencing in operations management. 

(Linked to SLO 2.7) 
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8. Explain what probability judgments are and how they support managerial decision-

making. (Linked to SLO 2.8) 

9. What is simulation, and why is it important in business decision situations? (Linked to 

SLO 2.9) 

10. State one advantage of using decision trees in decision analysis. (Linked to SLO 2.2) 

Long-answer questions 

11. Analyse the role of mathematical programming in resource allocation, giving examples of 

its application in business. (Linked to SLO 2.5) 

12. Evaluate the importance of system analysis in operational research, and discuss how it 

contributes to effective decision-making. (Linked to SLO 2.3) 

13. Design a simple risk profile for a business decision, explaining the elements that should 

be included. (Linked to SLO 2.8) 

Answers to Concept Check Questions [Series 1] 

Objective questions 

1. Decision tree 

2. Scientific methods 

3. Transportation model 

4. Outcomes for different strategies chosen by competing players 

5. Gantt chart 

Short-answer questions 

6. Inventory control is the management of stock levels to ensure materials are available 

when needed while avoiding excessive holding costs. Its purpose is to balance demand, supply, 

and cost considerations. 

7. Routing determines the path or sequence of operations a product or service must follow, 

while sequencing decides the order in which jobs or tasks should be performed. 

8. Probability judgments are estimates of the likelihood that certain events will occur. They 

support managerial decision-making by helping managers assess risks and predict outcomes. 

9. Simulation is the process of creating a model that imitates the behaviour of a real-world 

system. It is important because it allows managers to experiment with scenarios and outcomes 

without disrupting actual operations. 

10. Decision trees provide a clear visual representation of choices and outcomes, making 

complex decisions easier to analyse. 

Long-answer questions 
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11. Basic response: Mathematical programming provides a systematic way of allocating 

resources optimally, subject to constraints. For example, linear programming can be used to 

maximise profit in production planning. Value-added response: Beyond the basics, mathematical 

programming can be applied in logistics to optimise delivery routes, in finance to balance 

investment portfolios, and in workforce planning to allocate staff efficiently. 

12. Basic response: System analysis studies the components of a system and their 

interactions, helping managers identify inefficiencies and improve overall performance. Value-

added response: In addition, system analysis supports strategic planning by ensuring that 

decisions consider the organisation holistically. It can also be applied in supply chain 

management to reduce bottlenecks and improve coordination across departments. 

13. Basic response: A risk profile should include possible outcomes, their probabilities, and 

potential impacts. For example, a decision to launch a new product may include outcomes such 

as high sales, moderate sales, or failure. Value-added response: Outstanding learners may add 

sensitivity analysis, scenario planning, and graphical representations such as risk curves. They 

may also discuss how risk profiles can be integrated into simulation models to provide deeper 

insights. 

 

Answers to Pilot Questions [Series 1] 

Part 1 (Elements of Decision Analysis) 

1. Decision analysis 

2. Decision under certainty 

3. Decision tree 

4. Decision under risk 

5. Criteria and alternatives 

Part 2 (Operational Research Approach to Decision Analysis) 

1. Operational research 

2. System 

3. To identify bottlenecks, inefficiencies, and opportunities for improvement 

4. Simplified representations of real-world problems 

5. Mathematical, graphical, and simulation models 

Part 3 (Mathematical Foundations of Decision Analysis) 

1. Mathematical programming 

2. Transportation model 

3. To allocate tasks or resources efficiently 
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4. Outcomes for different strategies chosen by competing players 

5. Pricing strategies, negotiations, or market competition 

Part 4 (Managerial Applications of Decision Analysis) 

1. To ensure materials are available when needed while avoiding excessive holding costs 

2. Economic Order Quantity (EOQ) model 

3. Efficiency 

4. Routing determines the path of operations, sequencing decides the order of tasks 

5. Gantt chart 

Part 5 (Risk and Simulation in Decision Analysis) 

1. Probability judgments 

2. Possible outcomes and their likelihood 

3. To compare alternatives based on expected returns and risk levels 

4. To experiment with scenarios and outcomes without disrupting actual operations 

5. Inventory management, queuing systems, or project scheduling 

 

References and Attributions [Series 1] 

This section provides references and attributions for the instructional content, illustrations, and 

open educational resources (OERs) suggested in Series 1: Foundations of Business Decision 

Analysis. The referencing style applied here follows APA guidelines for clarity and consistency. 

General references (conceptual content) 

• Hillier, F. S., & Lieberman, G. J. (2021). Introduction to Operations Research (11th ed.). 

McGraw-Hill Education. 

• Render, B., Stair, R. M., Hanna, M. E., & Hale, T. S. (2018). Quantitative Analysis for 

Management (13th ed.). Pearson. 

• Taha, H. A. (2017). Operations Research: An Introduction (10th ed.). Pearson. 
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Series 2: Operational Research and Systems Modelling 

2.1 Fundamentals of Operational Research 

• 2.1.1 Definition and Scope of Operational Research 

• 2.1.2 Historical Development and Applications in Business 

• 2.1.3 Characteristics and Phases of Operational Research Studies 

2.2 Systems Thinking and Modelling Concepts 

• 2.2.1 Definition of Systems and System Boundaries 

• 2.2.2 Types of Models: Physical, Mathematical, and Simulation Models 

• 2.2.3 Role of Modelling in Business Decision-Making 

2.3 Linear Programming and Decision Models 

• 2.3.1 Structure of Linear Programming Problems 

• 2.3.2 Graphical Solution Method 

• 2.3.3 Simplex Method and Applications 

• 2.3.4 Sensitivity Analysis in Linear Programming 

2.4 Transportation and Assignment Models 

• 2.4.1 Formulation of Transportation Problems 

• 2.4.2 Methods of Solution: North-West Corner, Least Cost, Vogel’s Approximation 

• 2.4.3 Assignment Problems and Hungarian Method 

• 2.4.4 Applications in Logistics and Resource Allocation 

2.5 Network Analysis and Systems Modelling Tools 

• 2.5.1 Graph Theory and Network Representation 

• 2.5.2 Shortest Path and Minimum Spanning Tree Problems 

• 2.5.3 Maximum Flow Problems 

• 2.5.4 Applications in Project Scheduling and Supply Chains 

 

Introduction 
In the last Series, we explored the foundations of business decision analysis, focusing on how 

managers can structure problems and apply logical reasoning to arrive at sound conclusions. 

Building on that foundation, this Series introduces you to Operational Research (OR) and 

Systems Modelling, which provide powerful tools for tackling complex business challenges. 
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These methods are widely used in industries such as logistics, finance, manufacturing, and 

project management, where decisions must balance efficiency, cost, and resource constraints. 

The aim of this Series is to equip you with the knowledge and skills to apply operational research 

techniques and systems modelling approaches in solving business problems. By the end of the 

Series, you will be able to formulate, analyse, and interpret models that support effective 

decision-making in diverse organisational contexts. 

We shall commence this Series by examining the fundamentals of operational research, 

including its scope, history, and phases. Next, we will move on to systems thinking and 

modelling concepts, where you will learn how different types of models are constructed and 

applied in business. Following that, we will study linear programming and decision models, 

focusing on graphical and simplex methods as well as sensitivity analysis. Afterwards, we will 

continue with transportation and assignment models, exploring their applications in logistics and 

resource allocation. Finally, we will wrap up by considering network analysis and systems 

modelling tools, such as shortest path problems and maximum flow models, which are essential 

for project scheduling and supply chain optimisation. 

 

Series Learning Outcomes 
Upon completing this Series, you should be able to: 

• 2.1 define the scope, characteristics, and phases of operational research studies, 

• 2.2 explain the concept of systems and modelling, including different types of models 

used in business decision-making, 

• 2.3 formulate linear programming problems and demonstrate their solution using 

graphical and simplex methods, 

• 2.4 apply sensitivity analysis to evaluate the impact of changes in linear programming 

models, 

• 2.5 construct and solve transportation problems using methods such as North-West 

Corner, Least Cost, and Vogel’s Approximation, 

• 2.6 solve assignment problems using the Hungarian method and analyse their 

applications in resource allocation, 

• 2.7 represent business problems using network models and apply techniques such as 

shortest path, minimum spanning tree, and maximum flow, and 

• 2.8 evaluate the role of operational research and systems modelling tools in improving 

project scheduling and supply chain decisions. 

 

2.1 Fundamentals of Operational Research 

2.1.1 Definition and scope of operational research 
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Operational research (OR) is the scientific approach to decision-making that applies 

mathematical, statistical, and analytical methods to solve complex organisational problems. It 

seeks to provide a rational basis for decision-making by modelling real-world systems and 

evaluating alternative courses of action. The scope of OR extends across industries such as 

manufacturing, logistics, healthcare, and finance, where efficiency and resource optimisation are 

critical. 

Fill in the blank: Operational research is a __________ approach to decision-making that uses 

mathematical and analytical methods. 

 

2.1.2 Historical development and applications in business 

The origins of operational research can be traced to the Second World War, when scientists and 

military strategists collaborated to optimise the use of radar, aircraft, and other resources. After 

the war, these techniques were adapted for civilian use, particularly in industries requiring 

complex planning and resource allocation. Today, OR is applied in areas such as supply chain 

management, scheduling, financial planning, and service delivery. 

Fill in the blank: The origins of operational research can be traced to __________, when 

scientists worked on resource optimisation. 

2.1.3 Characteristics and phases of operational research studies 

Operational research studies typically exhibit certain characteristics. They are problem-oriented, 

interdisciplinary, and rely on quantitative methods. A key feature is the use of models, which are 

simplified representations of real-world systems designed to capture essential elements for 

analysis. 

The phases of an OR study usually include: 

• Problem definition and data collection 

• Model construction 

• Solution and validation 

• Implementation and monitoring 

Fill in the blank: A key feature of operational research studies is the use of __________, which 

are simplified representations of real-world systems. 

Pilot questions 2.1 

1. Which term describes the scientific approach to decision-making using mathematical and 

analytical methods? 

2. During which historical period did operational research first emerge? 

3. What is the main purpose of constructing models in operational research? 

4. List two industries where operational research is commonly applied. 

5. Identify one key phase in an operational research study. 
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2.2 Systems Thinking and Modelling Concepts 

2.2.1 Definition of systems and system boundaries 

A system is a set of interrelated components working together towards a common objective. In 

business, systems may include production processes, supply chains, or customer service 

networks. A crucial aspect of systems analysis is identifying the system boundary, which 

defines what is included within the system and what lies outside it. Clear boundaries help 

decision-makers focus on relevant variables and avoid unnecessary complexity. 

Fill in the blank: A system is a set of __________ components working together towards a 

common objective. 

 

2.2.2 Types of models: physical, mathematical, and simulation models 

A model is a simplified representation of reality designed to capture essential features for 

analysis. Models can be classified into three main types: 

• Physical models, which are tangible representations such as prototypes or scale models. 

• Mathematical models, which use equations and symbols to describe relationships 

between variables. 

• Simulation models, which imitate the behaviour of systems over time, often using 

computer software. 

Fill in the blank: A __________ model uses equations and symbols to describe relationships 

between variables. 

2.2.3 Role of modelling in business decision-making 

Modelling plays a vital role in business decision-making because it allows managers to test 

different scenarios without disrupting actual operations. By experimenting with models, 

organisations can evaluate the impact of changes in resources, policies, or strategies before 

implementation. This reduces risk and improves confidence in decisions. 

Fill in the blank: Modelling allows managers to test different __________ without disrupting 

actual operations. 

Pilot questions 2.2 

1. What term describes the set of interrelated components working together towards a 

common objective? 
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2. What is the purpose of defining system boundaries? 

3. Which type of model uses tangible representations such as prototypes? 

4. Which type of model imitates the behaviour of systems over time? 

5. Why is modelling important in business decision-making? 

 

2.3 Linear Programming and Decision Models 

2.3.1 Structure of linear programming problems 

Linear programming (LP) is a mathematical technique used to optimise an objective function, 

subject to a set of linear constraints. The objective function may involve maximising profit or 

minimising cost, while the constraints represent limitations such as resources, time, or capacity. 

An LP problem typically consists of decision variables, an objective function, and constraints 

expressed as linear equations or inequalities. 

Fill in the blank: Linear programming is a __________ technique used to optimise an objective 

function subject to constraints. 

2.3.2 Graphical solution method 

The graphical method is a technique for solving LP problems with two decision variables. 

Constraints are plotted as straight lines on a graph, and the feasible region is identified as the 

area satisfying all constraints. The optimal solution lies at one of the corner points of this feasible 

region. This method is useful for visualising how constraints interact, though it is limited to 

problems with two variables. 

Fill in the blank: The optimal solution in the graphical method lies at one of the __________ 

points of the feasible region. 

 

2.3.3 Simplex method and applications 

The simplex method is an algorithmic approach for solving LP problems with more than two 

variables. It systematically moves from one feasible solution to another, improving the objective 

function at each step, until the optimal solution is reached. The simplex method is widely applied 

in industries such as transportation, production planning, and financial optimisation. 

Fill in the blank: The simplex method systematically moves from one feasible solution to 

another, improving the __________ function at each step. 

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

2.3.4 Sensitivity analysis in linear programming 

Sensitivity analysis examines how changes in parameters, such as resource availability or cost 

coefficients, affect the optimal solution of an LP problem. It helps managers understand the 

robustness of their decisions and prepare for uncertainty. For example, if the availability of a 

resource changes, sensitivity analysis can show whether the current solution remains optimal or 

requires adjustment. 

Fill in the blank: Sensitivity analysis examines how changes in __________ affect the optimal 

solution of a linear programming problem. 

Pilot questions 2.3 

1. What are the three main components of a linear programming problem? 

2. In the graphical method, where does the optimal solution lie? 

3. Which method is used to solve LP problems with more than two variables? 

4. List two applications of the simplex method in business. 

5. What is the purpose of sensitivity analysis in linear programming? 

 

2.4 Transportation and Assignment Models 

2.4.1 Formulation of transportation problems 

A transportation problem is a type of linear programming model concerned with distributing 

goods from several sources to several destinations at minimum cost. The objective is to 

determine the most cost-effective allocation of resources while satisfying supply and demand 

constraints. Each source has a fixed supply, and each destination has a fixed demand, which must 

be met without exceeding available resources. 

Fill in the blank: A transportation problem seeks to distribute goods from several sources to 

several __________ at minimum cost. 

2.4.2 Methods of solution: North-West Corner, Least Cost, Vogel’s 

Approximation 

Several methods are used to obtain an initial feasible solution to transportation problems: 

• North-West Corner method: Allocates supply to demand starting from the top-left cell 

of the cost matrix. 

• Least Cost method: Allocates supply to demand beginning with the lowest cost cell. 

• Vogel’s Approximation method (VAM): Uses penalty costs to guide allocations, often 

producing better initial solutions. 
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Fill in the blank: The Vogel’s Approximation method uses __________ costs to guide 

allocations in transportation problems. 

2.4.3 Assignment problems and Hungarian method 

An assignment problem is a special case of the transportation problem where the objective is to 

assign tasks to agents (such as jobs to workers or machines) in a way that minimises cost or 

maximises efficiency. Each agent is assigned exactly one task, and each task is assigned to 

exactly one agent. The Hungarian method is a systematic algorithm used to solve assignment 

problems efficiently by reducing the cost matrix and identifying optimal assignments. 

Fill in the blank: The Hungarian method is used to solve __________ problems efficiently by 

reducing the cost matrix. 

2.4.4 Applications in logistics and resource allocation 

Transportation and assignment models are widely applied in logistics and resource allocation. 

For example, companies use transportation models to minimise distribution costs across 

warehouses and retail outlets. Assignment models are applied in workforce scheduling, machine-

task allocation, and project resource distribution. These applications help organisations achieve 

efficiency and cost savings while meeting operational requirements. 

Fill in the blank: Assignment models are applied in workforce __________, machine-task 

allocation, and project resource distribution. 

Pilot questions 2.4 

1. What is the main objective of a transportation problem? 

2. Which method begins allocation from the top-left cell of the cost matrix? 

3. What does the Vogel’s Approximation method use to guide allocations? 

4. What is the Hungarian method designed to solve? 

5. List two applications of transportation and assignment models in business. 

 

2.5 Network Analysis and Systems Modelling Tools 

2.5.1 Graph theory and network representation 

Graph theory is a branch of mathematics concerned with the study of networks composed of 

nodes (or vertices) and links (or edges). In business, networks can represent supply chains, 

project activities, or communication systems. Network representation allows complex 

relationships to be visualised and analysed systematically, making it easier to identify paths, 

flows, and connections. 

Fill in the blank: Graph theory studies networks composed of __________ and links. 

2.5.2 Shortest path and minimum spanning tree problems 
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The shortest path problem involves finding the path between two nodes in a network that 

minimises distance or cost. This is widely applied in transportation, logistics, and routing 

systems. The minimum spanning tree problem seeks to connect all nodes in a network with the 

least total cost, without forming cycles. This is useful in designing communication networks and 

utility systems. 

Fill in the blank: The shortest path problem seeks to minimise __________ or cost between two 

nodes in a network. 

2.5.3 Maximum flow problems 

A maximum flow problem involves determining the greatest possible flow of resources through 

a network from a source to a sink, subject to capacity constraints on the edges. This is 

particularly relevant in supply chain management, transportation systems, and communication 

networks, where bottlenecks must be identified and resolved. 

Fill in the blank: A maximum flow problem determines the greatest possible flow of resources 

through a __________. 

2.5.4 Applications in project scheduling and supply chains 

Network analysis is widely applied in project scheduling through techniques such as Critical 

Path Method (CPM) and Programme Evaluation and Review Technique (PERT). These 

methods help managers identify the sequence of tasks that determine project duration and 

highlight activities that require close monitoring. In supply chains, network models are used to 

optimise distribution routes, minimise costs, and improve efficiency. 

Fill in the blank: The Critical Path Method helps managers identify the sequence of tasks that 

determine __________ duration. 

 

Pilot questions 2.5 

1. What does graph theory study in relation to networks? 

2. What is the objective of the shortest path problem? 

3. What is the purpose of the minimum spanning tree problem? 

4. What does a maximum flow problem determine in a network? 

5. Name two applications of network analysis in business. 

 

Series Summary 

This Series has introduced you to the principles and applications of operational research and 

systems modelling, highlighting their importance in supporting effective business decision-

making. We began by examining the fundamentals of operational research, including its scope, 

history, and phases. Then we explored systems thinking and modelling concepts, where you 

learned about system boundaries and different types of models. Following that, we studied linear 

programming and decision models, focusing on graphical and simplex methods as well as 
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sensitivity analysis. We continued with transportation and assignment models, considering 

methods such as Vogel’s Approximation and the Hungarian method. Finally, we concluded with 

network analysis and systems modelling tools, including shortest path, maximum flow, and 

project scheduling applications. 

By completing this Series, you should now be able to define the scope and phases of operational 

research, explain systems and modelling concepts, formulate and solve linear programming 

problems, apply transportation and assignment models, and evaluate network analysis tools in 

project scheduling and supply chains. These abilities directly align with the Series Learning 

Outcomes (SLOs), ensuring that you can confidently apply operational research and systems 

modelling techniques to real-world business challenges. 

Glossary of Terms 

• Assignment problem: A special type of transportation problem where tasks are assigned 

to agents in a way that minimises cost or maximises efficiency. 

• Feasible region: The area on a graph that represents all possible solutions satisfying the 

constraints of a linear programming problem. 

• Graph theory: A branch of mathematics that studies networks made up of nodes and 

edges. 

• Hungarian method: An algorithm used to solve assignment problems by reducing the 

cost matrix and identifying optimal assignments. 

• Linear programming (LP): A mathematical technique used to optimise an objective 

function subject to linear constraints. 

• Model: A simplified representation of reality designed to capture essential features for 

analysis. 

• Network analysis: A set of techniques used to study and optimise systems represented as 

networks, often applied in project scheduling and supply chains. 

• Objective function: The mathematical expression in a linear programming problem that 

is to be maximised or minimised. 

• Operational research (OR): A scientific approach to decision-making that applies 

mathematical, statistical, and analytical methods to solve complex organisational 

problems. 

• Sensitivity analysis: A technique used to examine how changes in parameters affect the 

optimal solution of a linear programming problem. 

• Simplex method: An algorithmic approach for solving linear programming problems 

with more than two variables. 

• System: A set of interrelated components working together towards a common objective. 

• System boundary: The limits that define what is included within a system and what lies 

outside it. 
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• Transportation problem: A type of linear programming model concerned with 

distributing goods from sources to destinations at minimum cost. 

• Vogel’s Approximation method (VAM): A method for solving transportation problems 

that uses penalty costs to guide allocations and often produces better initial solutions. 

 

Concept Check Questions [Series 2] 

Objective questions 

1. Which term describes the scientific approach to decision-making using mathematical, 

statistical, and analytical methods? (Linked to SLO 2.1) 

2. In the graphical method of linear programming, the optimal solution lies at one of the 

________ points of the feasible region. (Linked to SLO 2.3) 

3. Which method is specifically designed to solve assignment problems efficiently? (Linked 

to SLO 2.6) 

4. The shortest path problem seeks to minimise ________ or cost between two nodes in a 

network. (Linked to SLO 2.7) 

5. Which transportation method uses penalty costs to guide allocations? (Linked to SLO 

2.5) 

Short-answer questions 

6. Define a system boundary and explain its importance in systems modelling. (Linked to 

SLO 2.2) 

7. List two industries where operational research is commonly applied. (Linked to SLO 2.1) 

8. State one application of sensitivity analysis in linear programming. (Linked to SLO 2.4) 

9. Identify two applications of network analysis in project scheduling. (Linked to SLO 2.8) 

10. What is the main objective of a transportation problem? (Linked to SLO 2.5) 

Long-answer questions 

11. Analyse the role of models in business decision-making, highlighting the differences 

between physical, mathematical, and simulation models. (Linked to SLO 2.2) 

12. Evaluate the importance of the simplex method in solving large-scale linear programming 

problems, and discuss its applications in business. (Linked to SLO 2.3) 

13. Design a scenario where assignment models could be applied in workforce scheduling, 

and explain how the Hungarian method would provide an optimal solution. (Linked to SLO 2.6) 

14. Assess the contribution of network analysis tools such as CPM and PERT to effective 

project management. (Linked to SLO 2.8) 

Answers to Concept Check Questions [Series 2] 
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Objective questions 

1. Operational research. 

2. Corner. 

3. Hungarian method. 

4. Distance. 

5. Vogel’s Approximation method. 

Short-answer questions 

6. A system boundary defines the limits of a system, showing what is included and 

excluded. It is important because it helps focus analysis on relevant variables. 

7. Manufacturing and logistics. 

8. Adjusting production levels when demand changes. 

9. Identifying critical tasks and monitoring project duration. 

10. To distribute goods from sources to destinations at minimum cost. 

Long-answer questions 

11. Basic response: Models simplify reality to aid decision-making. Physical models are 

tangible, mathematical models use equations, and simulation models imitate system behaviour 

over time. Value-added response: Beyond these, models allow scenario testing, risk reduction, 

and forecasting. Simulation models, in particular, are valuable for dynamic systems such as 

traffic or supply chains, where behaviour changes over time. 

12. Basic response: The simplex method solves LP problems with more than two variables 

by systematically improving solutions until optimality is reached. Value-added response: It is 

crucial in industries like finance and production planning, where large-scale problems cannot be 

solved graphically. Its efficiency makes it a cornerstone of modern optimisation. 

13. Basic response: Assignment models can be used to allocate workers to tasks, ensuring 

each worker is assigned one task. The Hungarian method reduces the cost matrix to find the 

optimal allocation. Value-added response: In workforce scheduling, this ensures fairness and 

efficiency. For example, in a call centre, workers can be assigned shifts optimally to minimise 

idle time and maximise service quality. 

14. Basic response: CPM and PERT help managers identify critical tasks and project 

duration, improving scheduling. Value-added response: They also allow managers to assess 

risks, allocate resources efficiently, and adapt to uncertainties. In complex projects, these tools 

enhance coordination and reduce delays. 

Answers to Pilot Questions [Series 2] 

Part 2.1 

1. Operational research. 
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2. Second World War. 

3. Models. 

4. Manufacturing and logistics. 

5. Problem definition, model construction, solution and validation, implementation and 

monitoring. 

Part 2.2 

1. System. 

2. To define what is included and excluded in analysis. 

3. Physical model. 

4. Simulation model. 

5. To test scenarios without disrupting operations. 

Part 2.3 

1. Decision variables, objective function, constraints. 

2. Corner points. 

3. Simplex method. 

4. Transportation planning, production scheduling. 

5. To examine how changes in parameters affect optimal solutions. 

Part 2.4 

1. To distribute goods from sources to destinations at minimum cost. 

2. North-West Corner method. 

3. Penalty costs. 

4. Assignment problems. 

5. Distribution of goods, workforce scheduling. 

Part 2.5 

1. Nodes and edges. 

2. To minimise distance or cost. 

3. To connect all nodes with least cost. 

4. Greatest possible flow of resources. 

5. Project scheduling, supply chain optimisation. 
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Series 3: Optimisation Techniques and Mathematical 

Programming 

Series outline 

3.1 Introduction to optimisation in business decisions 

• 3.1.1 Definition and importance of optimisation 

• 3.1.2 Types of optimisation problems 

• 3.1.3 Role of optimisation in resource allocation 

3.2 Linear programming models 

• 3.2.1 Structure of linear programming problems 

• 3.2.2 Graphical solution method 

• 3.2.3 Simplex method overview 

3.3 Special mathematical programming models 

• 3.3.1 Transportation model 

• 3.3.2 Assignment model 

• 3.3.3 Applications in logistics and operations 

3.4 Advanced optimisation techniques 
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• 3.4.1 Integer programming 

• 3.4.2 Dynamic programming 

• 3.4.3 Non-linear programming basics 

3.5 Applications of optimisation in managerial decision-making 

• 3.5.1 Production planning and scheduling 

• 3.5.2 Financial decision-making and portfolio optimisation 

• 3.5.3 Project management and resource allocation 

 

Introduction 
Every organisation faces the challenge of making the best use of limited resources. Whether it is 

allocating budgets, scheduling production, or planning logistics, managers must often decide 

how to achieve maximum efficiency while meeting multiple constraints. This is where 

optimisation techniques and mathematical programming become essential. By applying 

structured models and analytical tools, managers can transform complex problems into solvable 

frameworks, ensuring that decisions are both rational and effective. 

The aim of this Series is to introduce you to the principles and applications of optimisation 

techniques and mathematical programming, equipping you with the skills to model, analyse, and 

solve resource allocation problems in business contexts. 

We shall commence this Series by exploring the concept of optimisation in business decisions, 

defining its importance and identifying different types of optimisation problems. Next, we will 

examine linear programming models, beginning with their structure and moving on to graphical 

and simplex solution methods. Following that, we will study special mathematical programming 

models such as transportation and assignment, with practical applications in logistics and 

operations. Afterwards, we will continue with advanced optimisation techniques including 

integer programming, dynamic programming, and non-linear programming. Finally, we will 

wrap up by considering applications of optimisation in managerial decision-making, focusing on 

production planning, financial portfolio optimisation, and project resource allocation. 

 

Series Learning Outcomes 
Upon completing this Series, you should be able to: 

• 3.1 define optimisation and explain its importance in business decision-making, 

• 3.2 classify different types of optimisation problems and identify their role in resource 

allocation, 

• 3.3 describe the structure of linear programming problems, 

• 3.4 demonstrate how to solve linear programming problems using the graphical method, 
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• 3.5 apply the simplex method to linear programming problems, 

• 3.6 formulate and solve transportation models for cost-effective distribution, 

• 3.7 apply assignment models to allocate tasks or resources efficiently, 

• 3.8 analyse practical applications of transportation and assignment models in logistics 

and operations, 

• 3.9 apply integer programming techniques to discrete decision problems, 

• 3.10 demonstrate the use of dynamic programming in sequential decision-making, 

• 3.11 explain the basic principles of non-linear programming, 

• 3.12 evaluate optimisation techniques in production planning and scheduling, 

• 3.13 design portfolio optimisation models for financial decision-making, and 

• 3.14 apply optimisation methods to project management and resource allocation. 

 

3.1 Introduction to Optimisation in Business Decisions 

3.1.1 Definition and importance of optimisation 
Optimisation refers to the process of finding the best possible solution to a problem within 

given constraints. In business, this means achieving maximum efficiency, profit, or effectiveness 

while minimising costs, risks, or resource usage. Optimisation is important because organisations 

often face limited resources and competing objectives, and managers must make choices that 

deliver the greatest value. 

For example, a company may need to decide how to allocate its budget across different projects. 

Optimisation techniques help identify the allocation that maximises returns while staying within 

financial limits. 

Fill in the blank: Optimisation in business refers to finding the ______ possible solution within 

given constraints. 
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3.1.2 Types of optimisation problems 
Optimisation problems can be classified into several types depending on their structure and 

requirements: 

• Linear optimisation problems: Problems where relationships between variables are 

linear, such as maximising profit subject to resource constraints. 

• Integer optimisation problems: Problems where decision variables must take whole 

number values, such as assigning workers to tasks. 

• Dynamic optimisation problems: Problems that involve decisions made in stages over 

time, such as investment planning. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

• Non-linear optimisation problems: Problems where relationships between variables are 

non-linear, such as cost functions with economies of scale. 

Each type requires different solution techniques, and recognising the problem type is the first 

step in applying the right method. 

Fill in the blank: When decision variables must take whole number values, the problem is 

classified as ______ optimisation. 

3.1.3 Role of optimisation in resource allocation 
Resource allocation is one of the most common applications of optimisation in business. 

Resource allocation refers to the process of distributing limited resources such as money, time, 

or manpower among competing activities to achieve organisational goals. 
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Optimisation techniques ensure that resources are used efficiently and that trade-offs are 

carefully evaluated. For instance, in production planning, optimisation can determine the mix of 

products that maximises profit given constraints on labour and raw materials. 

Fill in the blank: Resource allocation involves distributing limited ______ among competing 

activities to achieve organisational goals. 

 

 

Pilot questions 3.1 

1. What term refers to finding the best possible solution to a problem within given 

constraints? 

2. Which type of optimisation problem requires decision variables to take whole number 

values? 
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3. What is the role of optimisation in resource allocation? 

4. Give one example of a dynamic optimisation problem. 

5. Why is optimisation important in business decision-making? 

 

3.2 Linear Programming Models 

3.2.1 Structure of linear programming problems 
Linear programming (LP) is a mathematical technique used to optimise an objective function, 

subject to a set of linear constraints. The objective function represents what needs to be 

maximised or minimised, such as profit or cost. Constraints are the limitations on resources, 

expressed as linear equations or inequalities. 

An LP problem typically involves decision variables, an objective function, and constraints. For 

example, a company may want to maximise profit by producing two products, subject to labour 

and material limitations. 

Fill in the blank: In linear programming, the objective function is subject to a set of linear 

______. 
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3.2.2 Graphical solution method 
The graphical method is used to solve LP problems with two decision variables. It involves 

plotting the constraints on a graph, identifying the feasible region, and then finding the point 

within this region that optimises the objective function. 

The feasible region is the area that satisfies all constraints simultaneously. The optimal solution 

is usually found at one of the corner points of this region. 

Fill in the blank: In the graphical method, the optimal solution is usually found at one of the 

______ points of the feasible region. 
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3.2.3 Simplex method overview 
The simplex method is an algorithm used to solve LP problems with more than two variables. It 

systematically moves from one feasible solution to another, improving the objective function at 

each step, until the optimal solution is reached. 

The simplex method is widely used in practice because it can handle large-scale problems 

efficiently. Although the calculations can be complex, software tools such as Excel Solver or 

specialised optimisation packages make it accessible to managers. 

Fill in the blank: The simplex method systematically moves from one feasible solution to 

another, improving the ______ function at each step. 
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Pilot questions 3.2 

1. What are the three main components of a linear programming problem? 

2. In the graphical method, what region represents all solutions that satisfy the constraints? 

3. Where is the optimal solution usually found in the graphical method? 

4. What is the purpose of the simplex method in linear programming? 

5. Name one advantage of using the simplex method. 

 

3.3 Special Mathematical Programming Models 
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3.3.1 Transportation model 
The transportation model is a type of linear programming used to determine the most cost-

effective way of distributing goods from multiple sources to multiple destinations. It ensures that 

supply and demand requirements are satisfied while minimising transportation costs. 

For example, a company with several factories and warehouses can use the transportation model 

to decide how much each factory should ship to each warehouse to reduce overall costs. 

Fill in the blank: The transportation model seeks to minimise ______ costs while meeting supply 

and demand requirements. 

 
 

3.3.2 Assignment model 
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The assignment model is designed to allocate tasks or resources to agents in a way that 

minimises cost or maximises efficiency. Unlike the transportation model, it deals with one-to-

one assignments, such as assigning workers to jobs or machines to tasks. 

For instance, a manager may use the assignment model to allocate employees to projects based 

on skill sets and costs, ensuring the most efficient use of resources. 

Fill in the blank: The assignment model is used to allocate tasks or resources to agents in a 

______ manner. 

3.3.3 Applications in logistics and operations 
Both transportation and assignment models have wide applications in logistics and operations 

management. Logistics involves the movement of goods, while operations management focuses 

on the efficient use of resources. 
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Transportation models are applied in supply chain management to minimise distribution costs, 

while assignment models are used in scheduling, workforce allocation, and equipment utilisation. 

Together, they help organisations achieve efficiency and cost-effectiveness in their operations. 

Fill in the blank: Transportation models are commonly applied in ______ chain management to 

minimise distribution costs. 

 

 

Pilot questions 3.3 

1. What is the main objective of the transportation model? 

2. How does the assignment model differ from the transportation model? 

3. Give one example of how the assignment model can be applied in business. 
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4. In which area of management are transportation models commonly applied? 

5. Name one application of assignment models in operations management. 

 

3.4 Advanced Optimisation Techniques 

3.4.1 Integer programming 
Integer programming is a type of mathematical programming where decision variables must 

take whole number values. This is particularly useful in situations where fractional solutions are 

not practical, such as assigning workers to shifts or machines to tasks. 

Integer programming ensures that solutions are realistic and implementable in real-world 

contexts. However, it is more complex to solve than linear programming because the feasible 

region is restricted to discrete points. 

Fill in the blank: Integer programming requires decision variables to take ______ number values. 
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3.4.2 Dynamic programming 
Dynamic programming is a method used to solve problems that can be broken down into 

smaller, interrelated stages. It involves solving each stage optimally and using those solutions to 

build the overall optimal solution. 

This technique is particularly useful in sequential decision-making problems, such as investment 

planning, equipment replacement, or scheduling. Dynamic programming reduces complexity by 

focusing on sub-problems rather than tackling the entire problem at once. 

Fill in the blank: Dynamic programming solves problems by breaking them down into smaller, 

______ stages. 
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3.4.3 Non-linear programming basics 
Non-linear programming (NLP) deals with optimisation problems where the objective function 

or constraints are non-linear. These problems arise in situations such as cost functions with 

economies of scale, production processes with diminishing returns, or engineering design 

problems. 

Unlike linear programming, NLP problems may have multiple local optima, making them more 

challenging to solve. Specialised algorithms and software are often required to find the global 

optimum. 

Fill in the blank: Non-linear programming problems may have multiple local ______, making 

them more challenging to solve. 
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Pilot questions 3.4 

1. What type of programming requires decision variables to take whole number values? 

2. How does dynamic programming approach problem-solving? 

3. Give one example of a business situation where dynamic programming can be applied. 

4. What distinguishes non-linear programming from linear programming? 

5. Why are non-linear programming problems more challenging to solve? 

 

3.5 Applications of Optimisation in Managerial Decision-

Making 
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3.5.1 Production planning and scheduling 
Production planning involves determining what products to manufacture, in what quantities, 

and when, given resource constraints. Optimisation techniques help managers design production 

schedules that maximise efficiency and minimise costs. 

For example, linear programming can be used to decide the optimal mix of products that should 

be produced to maximise profit, while ensuring that labour and raw materials are not exceeded. 

Fill in the blank: Production planning uses optimisation to determine the optimal ______ of 

products to manufacture. 

 
 

3.5.2 Financial decision-making and portfolio optimisation 
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Portfolio optimisation is the process of selecting the best combination of investments to 

maximise returns while minimising risk. Optimisation techniques such as quadratic 

programming are often used to balance risk and return. 

Managers and investors use portfolio optimisation to allocate funds across assets such as stocks, 

bonds, and projects, ensuring that financial goals are achieved within acceptable risk levels. 

Fill in the blank: Portfolio optimisation seeks to maximise returns while minimising ______ in 

investment decisions. 

3.5.3 Project management and resource allocation 
Project management requires careful allocation of resources such as time, money, and 

manpower to achieve project goals. Optimisation techniques are used to schedule tasks, allocate 

resources, and minimise project duration or cost. 
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Tools such as Critical Path Method (CPM) and Programme Evaluation and Review Technique 

(PERT) incorporate optimisation principles to identify critical tasks and allocate resources 

effectively. 

Fill in the blank: In project management, optimisation techniques help minimise project ______ 

or cost while achieving goals. 

 

 

Pilot questions 3.5 

1. What is the role of optimisation in production planning? 

2. Which optimisation technique is commonly used in portfolio optimisation? 
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3. What does portfolio optimisation aim to balance? 

4. Name one optimisation tool used in project management. 

5. How do optimisation techniques support resource allocation in projects? 

 

Series summary 

This Series has guided you through the principles and applications of optimisation techniques 

and mathematical programming, showing how they support effective business decision-making. 

We began by introducing the concept of optimisation, its importance, and the different types of 

optimisation problems. We then examined linear programming models, focusing on their 

structure, graphical solutions, and the simplex method. Following that, we explored special 

mathematical programming models such as transportation and assignment, highlighting their role 

in logistics and operations. We continued with advanced optimisation techniques including 

integer programming, dynamic programming, and non-linear programming. Finally, we 

concluded with practical applications of optimisation in managerial contexts such as production 

planning, portfolio optimisation, and project resource allocation. 

By completing this Series, you should now be able to define and classify optimisation problems, 

apply linear programming methods, formulate and solve transportation and assignment models, 

demonstrate advanced optimisation techniques, and evaluate their applications in managerial 

decision-making. These abilities directly align with the Series Learning Outcomes (SLOs), 

ensuring you are equipped to apply optimisation tools confidently in real-world business 

scenarios. 

 

Glossary of terms 

• Assignment model: A mathematical model used to allocate tasks or resources to agents 

in a one-to-one manner. 

• Dynamic programming: A method of solving problems by breaking them into smaller, 

interrelated stages. 

• Integer programming: A type of optimisation where decision variables must take whole 

number values. 

• Linear programming (LP): A mathematical technique used to optimise an objective 

function subject to linear constraints. 

• Non-linear programming (NLP): Optimisation problems where the objective function 

or constraints are non-linear. 

• Objective function: The mathematical expression representing what needs to be 

maximised or minimised in an optimisation problem. 

• Optimisation: The process of finding the best possible solution to a problem within 

given constraints. 
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• Portfolio optimisation: The process of selecting the best combination of investments to 

maximise returns while minimising risk. 

• Resource allocation: The distribution of limited resources among competing activities to 

achieve organisational goals. 

• Simplex method: An algorithm used to solve linear programming problems with more 

than two variables. 

• Transportation model: A mathematical programming model used to minimise 

distribution costs while meeting supply and demand requirements. 

 

Concept Check Questions [Series 3] 

Objective questions 

1. Which mathematical technique is used to optimise an objective function subject to linear 

constraints? (Linked to SLO 3.3) 

2. In the graphical method, where is the optimal solution usually found? (Linked to SLO 

3.4) 

3. Which model is used to minimise distribution costs while meeting supply and demand 

requirements? (Linked to SLO 3.6) 

4. What type of programming requires decision variables to take whole number values? 

(Linked to SLO 3.9) 

5. Portfolio optimisation aims to maximise returns while minimising what? (Linked to SLO 

3.13) 

Short-answer questions 

6. Define optimisation in the context of business decision-making. (Linked to SLO 3.1) 

7. Describe the difference between transportation and assignment models. (Linked to SLO 

3.7) 

8. Explain how dynamic programming approaches problem-solving. (Linked to SLO 3.10) 

9. What distinguishes non-linear programming from linear programming? (Linked to SLO 

3.11) 

10. State one advantage of using the simplex method in linear programming. (Linked to SLO 

3.5) 

Long-answer questions 

11. Analyse the role of linear programming in production planning, giving examples of its 

application. (Linked to SLO 3.12) 

12. Evaluate the importance of transportation and assignment models in logistics and 

operations management. (Linked to SLO 3.8) 
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13. Design a simple portfolio optimisation model, explaining the elements that should be 

included. (Linked to SLO 3.13) 

Answers to Concept Check Questions [Series 3] 

Objective questions 

1. Linear programming 

2. At one of the corner points of the feasible region 

3. Transportation model 

4. Integer programming 

5. Risk 

Short-answer questions 

6. Optimisation is the process of finding the best possible solution to a problem within given 

constraints. 

7. The transportation model minimises distribution costs across multiple sources and 

destinations, while the assignment model allocates tasks or resources in a one-to-one manner. 

8. Dynamic programming solves problems by breaking them into smaller, interrelated 

stages and building the overall solution step by step. 

9. Non-linear programming involves non-linear objective functions or constraints, unlike 

linear programming which uses linear relationships. 

10. The simplex method is efficient and can handle large-scale problems with more than two 

variables. 

Long-answer questions 

11. Basic response: Linear programming helps managers determine the optimal mix of 

products to maximise profit while respecting resource constraints. Value-added response: 

Beyond production planning, LP can be applied in workforce scheduling, supply chain 

optimisation, and service operations to balance efficiency and cost. 

12. Basic response: Transportation and assignment models improve efficiency by minimising 

costs and ensuring effective resource allocation. Value-added response: In logistics, 

transportation models optimise supply chain distribution, while assignment models enhance 

workforce scheduling and equipment utilisation, leading to significant operational savings. 

13. Basic response: A portfolio optimisation model should include investment options, 

expected returns, risk levels, and constraints. Value-added response: Outstanding learners may 

incorporate diversification strategies, risk-return trade-offs, and use quadratic programming to 

balance multiple objectives. 

 

Answers to Pilot Questions [Series 3] 
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Part 3.1 (Introduction to Optimisation in Business Decisions) 

1. Optimisation 

2. Integer optimisation 

3. To distribute limited resources among competing activities to achieve organisational 

goals 

4. Investment planning 

5. Because it helps managers achieve maximum efficiency and effectiveness within 

constraints 

Part 3.2 (Linear Programming Models) 

1. Decision variables, objective function, and constraints 

2. The feasible region 

3. At one of the corner points of the feasible region 

4. To solve linear programming problems with more than two variables 

5. Efficiency and ability to handle large-scale problems 

Part 3.3 (Special Mathematical Programming Models) 

1. To minimise transportation costs while meeting supply and demand requirements 

2. The assignment model deals with one-to-one allocations, while the transportation model 

distributes goods across multiple sources and destinations 

3. Allocating employees to projects based on skill sets and costs 

4. Supply chain management 

5. Workforce scheduling or equipment allocation 

Part 3.4 (Advanced Optimisation Techniques) 

1. Integer programming 

2. By breaking problems into smaller, interrelated stages and solving each optimally 

3. Equipment replacement planning 

4. Non-linear programming involves non-linear objective functions or constraints, unlike 

linear programming which uses linear relationships 

5. Because they may have multiple local optima, requiring specialised algorithms to find the 

global optimum 

Part 3.5 (Applications of Optimisation in Managerial Decision-Making) 

1. To determine the optimal mix of products to maximise efficiency and minimise costs 
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2. Quadratic programming 

3. Risk and return 

4. Critical Path Method (CPM) or Programme Evaluation and Review Technique (PERT) 

5. By scheduling tasks, allocating resources, and minimising project duration or cost 

 

References and Attributions [Series 3] 

This section provides references and attributions for the instructional content, illustrations, and 

open educational resources (OERs) suggested in Series 3: Optimisation Techniques and 

Mathematical Programming. The referencing style applied here follows APA guidelines for 

clarity and consistency. 

General references (conceptual content) 

• Hillier, F. S., & Lieberman, G. J. (2021). Introduction to Operations Research (11th ed.). 

McGraw-Hill Education. 

• Render, B., Stair, R. M., Hanna, M. E., & Hale, T. S. (2018). Quantitative Analysis for 

Management (13th ed.). Pearson. 

• Taha, H. A. (2017). Operations Research: An Introduction (10th ed.). Pearson. 

• Winston, W. L. (2004). Operations Research: Applications and Algorithms (4th ed.). 

Duxbury Press. 

 

Series 4: Project Management, Inventory, and 

Resource Control 

4.1 Fundamentals of Project Management 

• 4.1.1 Definition and scope of project management 

• 4.1.2 Project life cycle and phases 

• 4.1.3 Roles and responsibilities in project management 

4.2 Project Planning and Scheduling Techniques 

• 4.2.1 Work breakdown structure (WBS) 

• 4.2.2 Gantt charts and project timelines 

• 4.2.3 Critical Path Method (CPM) and Programme Evaluation and Review Technique 

(PERT) 

4.3 Inventory Management Concepts and Models 
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• 4.3.1 Definition and importance of inventory management 

• 4.3.2 Types of inventory and classification systems 

• 4.3.3 Economic Order Quantity (EOQ) model 

• 4.3.4 Reorder point and safety stock 

4.4 Resource Allocation and Control 

• 4.4.1 Resource planning and capacity management 

• 4.4.2 Techniques for resource levelling and smoothing 

• 4.4.3 Cost control and budgeting in projects 

4.5 Modern Approaches and Applications 

• 4.5.1 Just-in-Time (JIT) and lean inventory systems 

• 4.5.2 Enterprise Resource Planning (ERP) systems 

• 4.5.3 Case applications in project and inventory control 

 

Introduction 
In today’s competitive business environment, organisations must manage projects, control 

inventory, and allocate resources effectively in order to remain efficient and profitable. Poor 

project planning can lead to delays, cost overruns, and wasted resources, while inadequate 

inventory control may result in shortages or excess stock. Similarly, ineffective resource 

management can hinder productivity and weaken strategic outcomes. This Series therefore 

focuses on equipping you with the tools and techniques needed to manage these critical aspects 

of business operations. 

The aim of this Series is to introduce you to the principles and practices of project management, 

inventory control, and resource allocation, and to enable you to apply these methods in solving 

real business challenges. 

We shall commence this Series by examining the fundamentals of project management, 

including its scope, life cycle, and responsibilities. Next, we will move on to project planning 

and scheduling techniques, where you will learn about work breakdown structures, Gantt charts, 

and methods such as CPM and PERT. Following that, we will explore inventory management 

concepts and models, including types of inventory, the EOQ model, and safety stock. 

Afterwards, we will continue with resource allocation and control, focusing on capacity 

planning, resource levelling, and cost control. Finally, we will wrap up by considering modern 

approaches and applications such as Just-in-Time systems, ERP solutions, and case studies that 

demonstrate practical applications in project and inventory control. 

 

Upon completing this Series, you should be able to: 

• 4.1 define the scope, phases, and responsibilities involved in project management, 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

• 4.2 explain project planning and scheduling techniques such as work breakdown 

structures, Gantt charts, CPM, and PERT, 

• 4.3 apply inventory management concepts by identifying types of inventory and using 

models such as EOQ, reorder point, and safety stock, 

• 4.4 analyse resource allocation methods, including capacity planning, resource levelling, 

and cost control techniques, 

• 4.5 evaluate modern approaches to inventory and resource control, including Just-in-

Time systems and ERP applications, and 

• 4.6 demonstrate the ability to connect project management, inventory control, and 

resource allocation practices to real-world business scenarios. 

 

4.1 Fundamentals of Project Management 

4.1.1 Definition and scope of project management 
Project management is the application of knowledge, skills, tools, and techniques to project 

activities in order to meet specific objectives within defined constraints such as time, cost, and 

quality. It provides a structured approach to planning, executing, and controlling projects, 

ensuring that resources are used efficiently and goals are achieved. The scope of project 

management extends across industries, from construction and engineering to information 

technology and healthcare. 

Fill in the blank: Project management applies knowledge, skills, tools, and techniques to 

__________ activities to meet objectives. 
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4.1.2 Project life cycle and phases 
The project life cycle refers to the sequence of phases that a project passes through from 

initiation to closure. Common phases include: 

• Initiation, where the project is defined and authorised. 

• Planning, where objectives are refined and strategies for achieving them are developed. 

• Execution, where resources are mobilised and tasks are carried out. 

• Monitoring and controlling, where progress is tracked and adjustments are made. 

• Closure, where deliverables are finalised and the project is formally completed. 

Fill in the blank: The project life cycle begins with __________ and ends with closure. 
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4.1.3 Roles and responsibilities in project management 
Successful project management requires clear definition of roles and responsibilities. The 

project manager is responsible for overall coordination, ensuring that objectives are met within 

constraints. Team members carry out assigned tasks and contribute to project deliverables. 

Stakeholders include individuals or groups affected by the project, such as clients, sponsors, or 

end-users. Effective communication and collaboration among these roles are essential for project 

success. 

Fill in the blank: The __________ is responsible for overall coordination and ensuring objectives 

are met within constraints. 
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Pilot questions 4.1 
1. What is project management and what does it apply to project activities? 

2. List the five phases of the project life cycle. 

3. Who is responsible for overall coordination in project management? 

4. Name two industries where project management is widely applied. 

5. What is the purpose of the monitoring and controlling phase? 

 

4.2 Project Planning and Scheduling Techniques 
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4.2.1 Work breakdown structure (WBS) 
A work breakdown structure (WBS) is a hierarchical decomposition of a project into smaller, 

more manageable components. It helps project managers organise tasks, assign responsibilities, 

and estimate resources. Each level of the WBS provides increasing detail, ensuring that no 

important activity is overlooked. 

Fill in the blank: A work breakdown structure is a __________ decomposition of a project into 

smaller components. 

 
 

4.2.2 Gantt charts and project timelines 
A Gantt chart is a visual tool used to represent project schedules. It displays tasks along a 

timeline, showing their start and finish dates, duration, and dependencies. Gantt charts help 
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managers monitor progress, identify overlaps, and ensure deadlines are met. They are widely 

used because they provide a clear and accessible view of project timelines. 

Fill in the blank: A Gantt chart displays tasks along a __________, showing start and finish 

dates. 

4.2.3 Critical Path Method (CPM) and Programme Evaluation and Review Technique (PERT) 
The Critical Path Method (CPM) is a scheduling technique that identifies the longest sequence 

of dependent tasks in a project, known as the critical path. This path determines the minimum 

project duration, and any delay in these tasks will delay the entire project. 

The Programme Evaluation and Review Technique (PERT) is a probabilistic scheduling 

method that uses three time estimates (optimistic, most likely, and pessimistic) to calculate 
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expected project duration. PERT is particularly useful for projects with uncertainty in task 

completion times. 

Fill in the blank: The critical path represents the __________ sequence of dependent tasks that 

determines project duration. 

 
 

Pilot questions 4.2 
1. What is the purpose of a work breakdown structure in project planning? 

2. What does a Gantt chart display in relation to project tasks? 

3. What does the critical path represent in CPM? 
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4. Which scheduling technique uses three time estimates to calculate expected project 

duration? 

5. List one strength and one limitation of PERT. 

 

4.3 Inventory Management Concepts and Models 

4.3.1 Definition and importance of inventory management 
Inventory management refers to the process of overseeing and controlling the ordering, storage, 

and use of materials and products within an organisation. It ensures that the right quantity of 

items is available at the right time, avoiding both shortages and excess stock. Effective inventory 

management reduces costs, improves customer satisfaction, and supports smooth operations. 

Fill in the blank: Inventory management ensures that the right __________ of items is available 

at the right time. 
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4.3.2 Types of inventory and classification systems 
Organisations typically manage different types of inventory, including raw materials, work-in-

progress, finished goods, and maintenance supplies. To manage these effectively, classification 

systems such as ABC analysis are used. ABC analysis categorises inventory into three groups: 

• A items: High-value, low-quantity items requiring strict control. 

• B items: Moderate-value items with medium control. 

• C items: Low-value, high-quantity items requiring simple controls. 

Fill in the blank: In ABC analysis, __________ items are high-value and require strict control. 
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4.3.3 Economic Order Quantity (EOQ) model 
The Economic Order Quantity (EOQ) model is a formula used to determine the optimal order 

size that minimises total inventory costs, including ordering and holding costs. EOQ balances the 

trade-off between ordering too frequently and holding too much stock. 

Fill in the blank: The EOQ model determines the __________ order size that minimises total 

inventory costs. 
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4.3.4 Reorder point and safety stock 
The reorder point is the inventory level at which a new order should be placed to avoid 

stockouts. It is calculated based on lead time and average demand. Safety stock is the extra 

inventory kept as a buffer against uncertainties in demand or supply. Together, these concepts 

ensure that organisations maintain service levels and avoid disruptions. 

Fill in the blank: Safety stock is extra inventory kept as a __________ against uncertainties in 

demand or supply. 
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Pilot questions 4.3 
1. What is the main purpose of inventory management? 

2. In ABC analysis, which items require strict control? 

3. What does the EOQ model determine? 

4. How is the reorder point calculated? 

5. What is the role of safety stock in inventory management? 

 

4.4 Resource Allocation and Control 
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4.4.1 Resource planning and capacity management 
Resource planning involves identifying and allocating the necessary resources—such as people, 

equipment, and materials—to complete project tasks effectively. It ensures that resources are 

available when needed and used efficiently. Capacity management refers to the process of 

balancing resource availability with project demands, preventing overuse or underutilisation. 

Together, these practices help organisations achieve project objectives without waste. 

Fill in the blank: Resource planning ensures that __________ are available when needed and 

used efficiently. 

 
 

4.4.2 Techniques for resource levelling and smoothing 
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Resource levelling is a technique used to resolve resource conflicts by adjusting project 

schedules. It ensures that resources are not over-allocated, even if this extends project duration. 

Resource smoothing, on the other hand, adjusts tasks within their float (slack time) to optimise 

resource usage without changing the overall project duration. Both techniques are essential for 

maintaining balance and efficiency in project execution. 

Fill in the blank: Resource smoothing adjusts tasks within their __________ to optimise resource 

usage without changing project duration. 

 
 

4.4.3 Cost control and budgeting in projects 
Cost control refers to monitoring and managing project expenses to ensure they remain within 

the approved budget. It involves tracking costs, comparing them with planned budgets, and 
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taking corrective action when deviations occur. Budgeting is the process of estimating the 

financial resources required for project activities. Together, cost control and budgeting provide 

financial discipline, helping managers deliver projects within constraints. 

Fill in the blank: Cost control involves monitoring and managing project __________ to ensure 

they remain within the approved budget. 

 
 

Pilot questions 4.4 
1. What is the purpose of resource planning in project management? 

2. Define capacity management in the context of projects. 

3. Which technique may extend project duration to prevent over-allocation of resources? 
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4. What does resource smoothing adjust to optimise usage? 

5. What are two key elements of cost control in projects? 

 

4.5 Modern Approaches and Applications 

4.5.1 Just-in-Time (JIT) and lean inventory systems 
Just-in-Time (JIT) is an inventory strategy where materials and products are delivered exactly 

when needed, reducing storage costs and waste. It relies on accurate demand forecasting and 

strong supplier relationships. Lean inventory systems extend this principle by eliminating non-

value-adding activities and focusing on efficiency throughout the supply chain. 

Fill in the blank: Just-in-Time inventory relies on accurate __________ forecasting and strong 

supplier relationships. 
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4.5.2 Enterprise Resource Planning (ERP) systems 
Enterprise Resource Planning (ERP) systems are integrated software platforms that manage 

and automate core business processes such as finance, human resources, supply chain, and 

production. ERP provides a centralised database, enabling real-time information sharing across 

departments. This improves coordination, reduces duplication, and enhances decision-making. 

Fill in the blank: ERP systems provide a __________ database that enables real-time information 

sharing across departments. 
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4.5.3 Case applications in project and inventory control 
Modern approaches such as JIT and ERP are widely applied in industries to improve efficiency 

and competitiveness. For example, automobile manufacturers use JIT to reduce inventory costs, 

while retail companies employ ERP systems to integrate sales, inventory, and finance. These 

case applications demonstrate how theory translates into practice, highlighting the importance of 

adopting modern tools in business operations. 

Fill in the blank: Automobile manufacturers use __________ to reduce inventory costs and 

improve efficiency. 
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Pilot questions 4.5 
1. What is the main principle of Just-in-Time inventory systems? 

2. What do lean inventory systems aim to eliminate? 

3. What is the key feature of ERP systems? 

4. Give one example of how JIT is applied in industry. 

5. How do ERP systems improve coordination across departments? 

 

Series Summary 
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This Series has guided you through the essential principles of project management, inventory 

control, and resource allocation, all of which are critical for efficient business operations. We 

began with the fundamentals of project management, examining its scope, life cycle, and roles. 

Then we explored project planning and scheduling techniques, including WBS, Gantt charts, 

CPM, and PERT. Following that, we studied inventory management concepts and models such 

as EOQ, reorder points, and safety stock. We continued with resource allocation and control, 

focusing on planning, levelling, smoothing, and cost control. Finally, we examined modern 

approaches and applications, including Just-in-Time systems, ERP platforms, and case studies. 

By completing this Series, you should now be able to define project management principles, 

explain planning and scheduling techniques, apply inventory models, analyse resource allocation 

methods, evaluate modern approaches, and demonstrate how these practices connect to real 

business scenarios. These abilities directly align with the Series Learning Outcomes, ensuring 

you are well prepared to apply project management and resource control techniques in practice. 

Glossary of Terms 

• ABC analysis: A classification system that divides inventory into three categories (A, B, 

C) based on value and control needs. 

• Capacity management: The process of balancing resource availability with project 

demands. 

• Critical Path Method (CPM): A scheduling technique that identifies the longest 

sequence of dependent tasks determining project duration. 

• Economic Order Quantity (EOQ): A formula used to determine the optimal order size 

that minimises total inventory costs. 

• Enterprise Resource Planning (ERP): An integrated software system that manages and 

automates core business processes using a centralised database. 

• Gantt chart: A visual tool that displays project tasks along a timeline, showing start and 

finish dates. 

• Inventory management: The process of overseeing and controlling the ordering, 

storage, and use of materials and products. 

• Just-in-Time (JIT): An inventory strategy where materials and products are delivered 

exactly when needed, reducing storage costs. 

• Project life cycle: The sequence of phases a project passes through, from initiation to 

closure. 

• Project manager: The individual responsible for overall coordination and ensuring 

project objectives are met. 

• Resource levelling: A technique that resolves resource conflicts by adjusting schedules, 

potentially extending project duration. 

• Resource smoothing: A technique that adjusts tasks within float to optimise resource 

usage without changing project duration. 
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• Safety stock: Extra inventory kept as a buffer against uncertainties in demand or supply. 

• Stakeholders: Individuals or groups affected by a project, such as clients, sponsors, or 

end-users. 

• Work breakdown structure (WBS): A hierarchical decomposition of a project into 

smaller, manageable components. 

Concept Check Questions [Series 4] 
Objective questions 

1. Project management applies knowledge, skills, tools, and techniques to __________ 

activities. (Linked to SLO 4.1) 

2. A Gantt chart displays tasks along a __________. (Linked to SLO 4.2) 

3. In ABC analysis, __________ items are high-value and require strict control. (Linked to 

SLO 4.3) 

4. Resource smoothing adjusts tasks within their __________. (Linked to SLO 4.4) 

5. ERP systems provide a __________ database for real-time information sharing. (Linked 

to SLO 4.5) 

Short-answer questions 

6. Define the project life cycle and list its phases. (Linked to SLO 4.1) 

7. What is the purpose of a work breakdown structure? (Linked to SLO 4.2) 

8. State one application of the EOQ model. (Linked to SLO 4.3) 

9. What is the difference between resource levelling and resource smoothing? (Linked to 

SLO 4.4) 

10. Give one example of how JIT is applied in industry. (Linked to SLO 4.5) 

Long-answer questions 

11. Analyse the importance of project planning tools such as WBS and Gantt charts in 

managing complex projects. (Linked to SLO 4.2) 

12. Evaluate the role of EOQ, reorder points, and safety stock in maintaining efficient 

inventory systems. (Linked to SLO 4.3) 

13. Design a scenario where resource levelling would be necessary, and explain how it would 

affect project duration. (Linked to SLO 4.4) 

14. Assess the contribution of ERP systems to modern business operations, using examples 

from different industries. (Linked to SLO 4.5) 

Answers to Concept Check Questions [Series 4] 
Objective questions 

1. Project activities. 
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2. Timeline. 

3. A items. 

4. Float. 

5. Centralised. 

Short-answer questions 

6. The project life cycle is the sequence of phases from initiation to closure. Phases: 

initiation, planning, execution, monitoring and controlling, closure. 

7. A WBS breaks down a project into smaller components, ensuring tasks are organised and 

manageable. 

8. EOQ is applied to determine the optimal order size that minimises inventory costs. 

9. Resource levelling adjusts schedules to resolve conflicts, possibly extending duration; 

resource smoothing adjusts tasks within float without changing duration. 

10. Automobile manufacturers use JIT to reduce inventory costs and improve efficiency. 

Long-answer questions 

11. Basic response: WBS and Gantt charts help organise tasks and visualise timelines. Value-

added response: They also improve communication, identify dependencies, and support 

monitoring in complex projects. 

12. Basic response: EOQ, reorder points, and safety stock ensure inventory is available 

without excess cost. Value-added response: Together, they balance demand and supply, reduce 

risk of stockouts, and optimise financial performance. 

13. Basic response: Resource levelling is necessary when resources are over-allocated, 

requiring schedule adjustments. Value-added response: For example, in construction, levelling 

prevents overuse of labour but may extend project duration. 

14. Basic response: ERP systems integrate processes and provide real-time data. Value-

added response: In retail, ERP links sales and inventory; in healthcare, it supports patient records 

and resource planning. 

Answers to Pilot Questions [Series 4] 
Part 4.1 

1. Project management applies knowledge, skills, tools, and techniques. 

2. Initiation, planning, execution, monitoring and controlling, closure. 

3. Project manager. 

4. Construction and IT. 

5. To track progress and make adjustments. 

Part 4.2 
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1. To organise tasks and responsibilities. 

2. Timeline of tasks. 

3. Longest sequence of dependent tasks. 

4. PERT. 

5. Strength: accounts for uncertainty; Limitation: requires multiple time estimates. 

Part 4.3 

1. To ensure the right quantity of items is available at the right time. 

2. A items. 

3. Optimal order size. 

4. Lead time × average demand. 

5. Acts as a buffer against uncertainty. 

Part 4.4 

1. To ensure resources are available and used efficiently. 

2. Balancing resource availability with project demands. 

3. Resource levelling. 

4. Float. 

5. Estimating resources and tracking costs. 

Part 4.5 

1. Delivering materials exactly when needed. 

2. Non-value-adding activities. 

3. Centralised database. 

4. Automobile industry. 

5. By reducing duplication and improving real-time coordination. 
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Series 5: Risk, Simulation, and Game Theory in 

Business Decisions 

5.1 Fundamentals of Risk in Business Decisions 

• 5.1.1 Definition and types of risk 

• 5.1.2 Risk assessment and measurement techniques 

• 5.1.3 Role of risk in decision-making 

5.2 Simulation Techniques in Business Analysis 

• 5.2.1 Concept and purpose of simulation 

• 5.2.2 Types of simulation models (deterministic, stochastic, Monte Carlo) 

• 5.2.3 Applications of simulation in business decisions 

5.3 Decision-Making Under Uncertainty 

• 5.3.1 Decision trees and payoff tables 

• 5.3.2 Expected value and utility concepts 

• 5.3.3 Strategies for managing uncertainty 

5.4 Fundamentals of Game Theory 

• 5.4.1 Definition and scope of game theory 

• 5.4.2 Types of games (cooperative, non-cooperative, zero-sum) 

• 5.4.3 Nash equilibrium and strategic behaviour 

5.5 Applications of Risk, Simulation, and Game Theory in Business 

• 5.5.1 Risk management in finance and operations 

• 5.5.2 Simulation in supply chain and project management 

• 5.5.3 Game theory in competitive strategy and negotiation 

 

Introduction 
In business, decision-making often takes place under conditions of uncertainty, where managers 

must weigh risks, anticipate competitor behaviour, and evaluate possible outcomes. Whether it is 

choosing an investment strategy, planning production, or negotiating in a competitive market, the 
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ability to analyse risk, simulate scenarios, and apply game theory principles is vital. This Series 

therefore focuses on equipping you with the analytical tools needed to make sound business 

decisions in complex and uncertain environments. 

The aim of this Series is to introduce you to the concepts of risk, simulation, and game theory, 

and to enable you to apply these methods in evaluating alternatives, managing uncertainty, and 

designing strategies for competitive advantage. 

We shall commence this Series by examining the fundamentals of risk in business decisions, 

including definitions, types, and assessment techniques. Next, we will explore simulation 

techniques, looking at deterministic, stochastic, and Monte Carlo models and their applications. 

Following that, we will study decision-making under uncertainty, using tools such as decision 

trees, payoff tables, and expected value analysis. Moving on, we will consider the fundamentals 

of game theory, including types of games, Nash equilibrium, and strategic behaviour. Finally, we 

will wrap up by discussing practical applications of risk, simulation, and game theory in areas 

such as finance, supply chain management, and competitive strategy. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• 5.1 define the concept of risk in business decisions and identify different types of risk, 

• 5.2 explain techniques for assessing and measuring risk in organisational contexts, 

• 5.3 demonstrate how simulation models are used to analyse business scenarios, 

• 5.4 apply deterministic, stochastic, and Monte Carlo simulation methods to decision 

problems, 

• 5.5 construct decision trees and payoff tables to support decision-making under 

uncertainty, 

• 5.6 calculate expected values and interpret utility concepts in evaluating alternatives, 

• 5.7 define the scope of game theory and distinguish between cooperative, non-

cooperative, and zero-sum games, 

• 5.8 analyse strategic behaviour using the concept of Nash equilibrium, 

• 5.9 evaluate practical applications of risk management, simulation, and game theory in 

finance, supply chains, and competitive strategy. 

 

5.1 Fundamentals of Risk in Business Decisions 

5.1.1 Definition and types of risk 
Risk refers to the possibility of an unfavourable outcome occurring when making a decision. In 

business, risk arises because future events are uncertain and outcomes cannot be predicted with 

complete accuracy. Risks may be financial, operational, strategic, or environmental, depending 

on the context. 
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Types of risk commonly encountered in business include: 

• Financial risk, which relates to losses from investments, credit, or market fluctuations. 

• Operational risk, which arises from failures in processes, systems, or human error. 

• Strategic risk, which occurs when long-term decisions fail to achieve desired objectives. 

• Environmental risk, which stems from external factors such as regulations, natural 

disasters, or social changes. 

Fill in the blank: __________ risk arises from failures in processes, systems, or human error. 

 
 

5.1.2 Risk assessment and measurement techniques 
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Risk assessment is the process of identifying, analysing, and evaluating risks to determine their 

potential impact on business objectives. Risk measurement involves quantifying the likelihood 

and severity of risks using tools such as probability analysis, expected value, and risk matrices. 

For example, a risk matrix categorises risks based on their probability of occurrence and 

potential impact, helping managers prioritise which risks require immediate attention. 

Fill in the blank: A risk matrix categorises risks based on their probability of occurrence and 

__________ impact. 

5.1.3 Role of risk in decision-making 
Risk plays a central role in business decision-making because managers must balance potential 

rewards against possible losses. Decisions made without considering risk may lead to costly 

mistakes, while effective risk management helps organisations remain resilient and competitive. 
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Managers often use tools such as expected value analysis, which calculates the weighted 

average of possible outcomes, and scenario planning, which explores different future 

possibilities. These approaches allow businesses to make informed choices even when 

uncertainty is high. 

Fill in the blank: Expected value analysis calculates the __________ average of possible 

outcomes in a decision. 

 
 

Pilot questions 5.1 
1. Define risk in the context of business decisions. 

2. List four types of risk commonly encountered in business. 
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3. What is the purpose of a risk matrix? 

4. Which tool calculates the weighted average of possible outcomes? 

5. Why is risk management important in decision-making? 

 

5.2 Simulation Techniques in Business Analysis 

5.2.1 Concept and purpose of simulation 
Simulation is the process of creating a simplified model of a real-world system to study its 

behaviour under different conditions. In business, simulation allows managers to test strategies, 

forecast outcomes, and evaluate risks without disrupting actual operations. It is particularly 

useful when dealing with complex systems where analytical solutions are difficult or impossible. 

Fill in the blank: Simulation creates a simplified __________ of a real-world system to study its 

behaviour. 
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5.2.2 Types of simulation models (deterministic, stochastic, Monte Carlo) 
There are several types of simulation models used in business analysis: 

• Deterministic simulation: Assumes fixed inputs and produces predictable outputs. It is 

useful when uncertainty is minimal. 

• Stochastic simulation: Incorporates randomness and probability distributions, making it 

suitable for uncertain environments. 

• Monte Carlo simulation: A specialised stochastic method that uses repeated random 

sampling to estimate outcomes, often applied in finance and risk analysis. 

Fill in the blank: __________ simulation uses repeated random sampling to estimate outcomes in 

uncertain environments. 
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5.2.3 Applications of simulation in business decisions 
Simulation is widely applied in business to support decision-making. Examples include: 

• Supply chain management, where simulation helps optimise inventory levels and 

logistics. 

• Project management, where it is used to estimate completion times and resource needs. 

• Financial planning, where Monte Carlo simulations assess investment risks and 

portfolio performance. 

By experimenting with different scenarios, managers can identify potential problems and 

evaluate alternative strategies before committing resources. 
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Fill in the blank: In financial planning, __________ simulations are used to assess investment 

risks and portfolio performance. 

 
 

Pilot questions 5.2 
1. What is simulation and why is it useful in business analysis? 

2. Which type of simulation assumes fixed inputs and predictable outputs? 

3. What does stochastic simulation incorporate into its models? 

4. Which simulation method uses repeated random sampling? 

5. Give one example of how simulation is applied in financial planning. 
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5.3 Decision-Making Under Uncertainty 

5.3.1 Decision trees and payoff tables 
Decision trees are graphical tools that map out possible choices and their associated outcomes. 

They help managers visualise complex decisions by showing branches for alternatives, 

probabilities, and payoffs. Payoff tables present the same information in tabular form, listing 

possible decisions against states of nature and their outcomes. Both tools are useful for 

structuring decisions when future events are uncertain. 

Fill in the blank: A decision tree maps out possible choices and their associated __________. 
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5.3.2 Expected value and utility concepts 
Expected value (EV) is a statistical measure that calculates the weighted average of possible 

outcomes, using probabilities as weights. It helps managers choose the option with the highest 

long-term payoff. Utility refers to the satisfaction or value a decision-maker derives from an 

outcome. Utility concepts recognise that individuals may prefer less risky options even if the 

expected value is lower, reflecting risk attitudes. 

Fill in the blank: Expected value calculates the __________ average of possible outcomes using 

probabilities as weights. 

 
5.3.3 Strategies for managing uncertainty 
When facing uncertainty, managers can adopt several strategies: 

• Maximin strategy: Choose the option with the best worst-case outcome. 
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• Maximax strategy: Choose the option with the best possible outcome. 

• Minimax regret strategy: Minimise the maximum regret from not choosing the best 

option. 

These strategies provide different perspectives depending on whether the decision-maker is risk-

averse, risk-seeking, or focused on minimising regret. 

Fill in the blank: The __________ strategy chooses the option with the best worst-case outcome. 

Pilot questions 5.3 
1. What is the purpose of a decision tree in decision-making? 

2. What does a payoff table present? 
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3. How is expected value calculated? 

4. What does utility reflect in decision-making? 

5. Which strategy is most suitable for risk-averse managers? 

 

5.4 Fundamentals of Game Theory 

5.4.1 Definition and scope of game theory 
Game theory is the study of strategic interactions where the outcome for each participant 

depends not only on their own decisions but also on the decisions of others. In business, game 

theory provides a framework for analysing competition, negotiation, and cooperation. Its scope 

extends across economics, politics, and management, helping decision-makers anticipate rival 

strategies and design effective responses. 

Fill in the blank: Game theory studies strategic interactions where outcomes depend on the 

decisions of __________. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

5.4.2 Types of games (cooperative, non-cooperative, zero-sum) 
Game theory distinguishes between different types of games: 

• Cooperative games: Players form alliances or coalitions to achieve mutual benefits. 

• Non-cooperative games: Each player acts independently, seeking to maximise their own 

payoff. 

• Zero-sum games: One player’s gain is exactly equal to another player’s loss, common in 

competitive markets. 

Fill in the blank: In __________ games, one player’s gain is exactly equal to another player’s 

loss. 
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5.4.3 Nash equilibrium and strategic behaviour 
Nash equilibrium occurs when players in a game choose strategies such that no one can 

improve their outcome by changing strategy alone. It represents a stable state where each 

player’s decision is optimal given the decisions of others. In business, Nash equilibrium helps 

explain pricing strategies, market competition, and negotiation outcomes. 

Strategic behaviour refers to the deliberate actions players take to influence outcomes, such as 

signalling, commitment, or bluffing. These behaviours are often analysed using game theory to 

predict likely results. 

Fill in the blank: A Nash equilibrium occurs when no player can improve their outcome by 

__________ strategy alone. 
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Pilot questions 5.4 

1. What does game theory study in relation to decision-making? 

2. Name the three types of games in game theory. 

3. In which type of game is one player’s gain equal to another’s loss? 

4. What is a Nash equilibrium? 

5. Give one example of strategic behaviour in business. 
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5.5 Applications of Risk, Simulation, and Game Theory in 

Business 

5.5.1 Risk management in finance and operations 
Risk management in business involves identifying, assessing, and mitigating risks that could 

affect financial performance or operational efficiency. In finance, this includes managing credit 

risk, market risk, and liquidity risk. In operations, it covers supply chain disruptions, equipment 

failures, and compliance issues. Effective risk management ensures stability and resilience, 

enabling organisations to withstand uncertainties. 

Fill in the blank: In finance, risk management includes managing credit risk, market risk, and 

__________ risk. 
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5.5.2 Simulation in supply chain and project management 
Simulation is widely applied in supply chain management to optimise inventory levels, forecast 

demand, and improve logistics. In project management, simulation helps estimate completion 

times, allocate resources, and assess risks. By experimenting with different scenarios, managers 

can identify bottlenecks and evaluate strategies before implementation, reducing uncertainty and 

improving efficiency. 

Fill in the blank: In project management, simulation helps estimate __________ times and 

allocate resources effectively. 
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5.5.3 Game theory in competitive strategy and negotiation 
Game theory provides valuable insights into competitive strategy and negotiation. In 

competitive markets, firms use game theory to anticipate rivals’ pricing, product launches, or 

marketing campaigns. In negotiation, it helps parties identify optimal strategies, predict 

responses, and reach agreements that balance interests. Concepts such as Nash equilibrium and 

zero-sum games are particularly relevant in these contexts. 

Fill in the blank: In negotiation, game theory helps parties identify optimal __________ and 

predict responses. 

 
 

Pilot questions 5.5 
1. What is the purpose of risk management in finance and operations? 
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2. Name three types of financial risk. 

3. How is simulation applied in supply chain management? 

4. What does simulation help estimate in project management? 

5. How does game theory support negotiation in business? 

 

Series Summary 

This Series has introduced you to the analytical tools and frameworks used to make business 

decisions under uncertainty. We began with the fundamentals of risk, exploring its types, 

assessment methods, and role in decision-making. We then examined simulation techniques, 

including deterministic, stochastic, and Monte Carlo models, and their applications in supply 

chains, projects, and finance. Following that, we studied decision-making under uncertainty, 

using decision trees, payoff tables, expected value, and strategies such as maximin and minimax 

regret. We continued with the fundamentals of game theory, covering its scope, types of games, 

Nash equilibrium, and strategic behaviour. Finally, we applied these concepts to real-world 

contexts, including risk management in finance and operations, simulation in supply chains and 

projects, and game theory in competitive strategy and negotiation. 

By completing this Series, you should now be able to define risk, explain simulation models, 

apply decision-making tools under uncertainty, analyse strategic behaviour using game theory, 

and evaluate practical applications of these methods in business. 

Glossary of Terms 

• Risk: The possibility of an unfavourable outcome occurring when making a decision. 

• Risk assessment: The process of identifying, analysing, and evaluating risks. 

• Risk matrix: A tool that categorises risks based on probability and impact. 

• Simulation: A simplified model of a real-world system used to study behaviour under 

different conditions. 

• Deterministic simulation: A model with fixed inputs and predictable outputs. 

• Stochastic simulation: A model incorporating randomness and probability distributions. 

• Monte Carlo simulation: A stochastic method using repeated random sampling to 

estimate outcomes. 

• Decision tree: A graphical tool mapping choices, probabilities, and payoffs. 

• Payoff table: A tabular representation of decisions and outcomes under different states of 

nature. 

• Expected value (EV): The weighted average of possible outcomes using probabilities as 

weights. 

• Utility: The satisfaction or value derived from an outcome, reflecting risk attitudes. 
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• Maximin strategy: Choosing the option with the best worst-case outcome. 

• Maximax strategy: Choosing the option with the best possible outcome. 

• Minimax regret strategy: Minimising the maximum regret from not choosing the best 

option. 

• Game theory: The study of strategic interactions where outcomes depend on multiple 

decision-makers. 

• Cooperative game: A game where players form alliances for mutual benefit. 

• Non-cooperative game: A game where players act independently to maximise their own 

payoff. 

• Zero-sum game: A game where one player’s gain equals another’s loss. 

• Nash equilibrium: A stable state where no player can improve their outcome by 

changing strategy alone. 

• Strategic behaviour: Deliberate actions taken to influence outcomes, such as signalling 

or bluffing. 

Concept Check Questions [Series 5] 

Objective questions 

1. Risk refers to the possibility of an __________ outcome occurring when making a 

decision. 

2. A risk matrix categorises risks based on probability and __________. 

3. __________ simulation uses repeated random sampling to estimate outcomes. 

4. A decision tree maps out possible choices and their associated __________. 

5. A Nash equilibrium occurs when no player can improve their outcome by changing 

__________ alone. 

Short-answer questions 

6. Define risk assessment and explain its purpose. 

7. What is the difference between deterministic and stochastic simulation? 

8. State the formula for expected value. 

9. Name the three strategies for managing uncertainty. 

10. Give one example of how game theory is applied in negotiation. 

Long-answer questions 

11. Analyse the importance of simulation in supply chain and project management. 

12. Evaluate the role of expected value and utility in decision-making under uncertainty. 
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13. Design a scenario where the maximin strategy would be appropriate, and explain why. 

14. Assess the contribution of game theory to competitive strategy, using examples from 

business. 

Answers to Concept Check Questions [Series 5] 

Objective questions 

1. Unfavourable. 

2. Impact. 

3. Monte Carlo. 

4. Outcomes. 

5. Strategy. 

Short-answer questions 

6. Risk assessment is the process of identifying, analysing, and evaluating risks to determine 

their impact. 

7. Deterministic simulation uses fixed inputs with predictable outputs, while stochastic 

simulation incorporates randomness. 

8. EV = Σ (probability × payoff). 

9. Maximin, maximax, minimax regret. 

10. In negotiation, game theory helps predict responses and identify optimal strategies. 

Long-answer questions 

11. Basic response: Simulation helps optimise inventory and forecast demand in supply 

chains, and estimate completion times in projects. Value-added response: It also identifies 

bottlenecks, improves resource allocation, and reduces uncertainty before implementation. 

12. Basic response: Expected value provides a statistical measure of outcomes, while utility 

reflects preferences. Value-added response: Together, they balance rational calculation with 

human attitudes towards risk, guiding realistic decisions. 

13. Basic response: Maximin is appropriate when managers are risk-averse and want the best 

worst-case outcome. Value-added response: For example, in investment, choosing a 

conservative option ensures stability even if markets decline. 

14. Basic response: Game theory explains competitive behaviour such as pricing strategies. 

Value-added response: It also supports negotiation, coalition formation, and predicting rival 

actions, strengthening competitive advantage. 

Answers to Pilot Questions [Series 5] 

Part 5.1 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

1. Risk is the possibility of an unfavourable outcome. 

2. Financial, operational, strategic, environmental. 

3. To categorise risks by probability and impact. 

4. Expected value analysis. 

5. It ensures resilience and competitiveness. 

Part 5.2 

1. Simulation creates a simplified model to test strategies. 

2. Deterministic simulation. 

3. Randomness and probability distributions. 

4. Monte Carlo simulation. 

5. Assessing investment risks and portfolio performance. 

Part 5.3 

1. To map choices and outcomes. 

2. Decisions against states of nature. 

3. Weighted average of outcomes. 

4. Satisfaction or preferences. 

5. Maximin strategy. 

Part 5.4 

1. Strategic interactions among decision-makers. 

2. Cooperative, non-cooperative, zero-sum. 

3. Zero-sum games. 

4. A stable state of mutual best responses. 

5. Signalling or bluffing. 

Part 5.5 

1. To ensure stability and resilience. 

2. Credit, market, liquidity. 

3. Optimising inventory and forecasting demand. 

4. Completion times. 

5. By predicting responses and balancing interests. 
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