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Introduction

Mathematical optimization is a powerful tool that has 

been used to solve a wide variety of problems in many 

different  fields,  including  production  and 

manufacturing,  finance  and  economics,  healthcare, 

transportation  and  logistics,  energy  and  utilities, 

telecommunications  and  networks,  public  policy  and 

urban planning, and many other emerging areas.

In this book, we will explore the fundamental concepts 

and applications of mathematical optimization, with a 

focus  on  practical  problem-solving.  We  will  cover  a 

variety  of  optimization  techniques,  including  linear 

programming,  integer  programming,  nonlinear 
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programming, and network optimization. We will also 

discuss the use of  optimization software and tools to 

solve real-world problems.

This book is intended for a broad audience, including 

students, researchers, and practitioners in a variety of 

fields. No prior knowledge of optimization is required, 

although some familiarity with basic mathematics and 

computer programming will be helpful.

By  the  end  of  this  book,  you  will  have  a  solid 

understanding  of  the  principles  of  mathematical 

optimization and how to apply them to solve real-world 

problems.  You  will  also  be  familiar  with  the  latest 

optimization software and tools, and you will be able to 

use them to solve your own optimization problems.

We  hope  that  this  book  will  inspire  you  to  use 

mathematical optimization to solve problems in your 

own field of study or work. Optimization is a powerful 

tool  that  can  be  used  to  improve  efficiency, 
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productivity, and decision-making in a wide variety of 

applications.

We  are  confident  that  this  book  will  be  a  valuable 

resource  for  anyone  who  is  interested  in  using 

mathematical  optimization  to  solve  real-world 

problems.
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Book Description

Mathematical optimization is a powerful tool that can 

be used to solve a wide variety of problems in many 

different  fields,  including  production  and 

manufacturing,  finance  and  economics,  healthcare, 

transportation  and  logistics,  energy  and  utilities, 

telecommunications  and  networks,  public  policy  and 

urban planning, and many other emerging areas.

This  book  provides  a  comprehensive  introduction  to 

the  fundamental  concepts  and  applications  of 

mathematical  optimization.  It  covers  a  variety  of 

optimization  techniques,  including  linear 

programming,  integer  programming,  nonlinear 

programming,  and  network  optimization.  The  book 

also  discusses  the  use  of  optimization  software  and 

tools to solve real-world problems.

This book is intended for a broad audience, including 

students, researchers, and practitioners in a variety of 
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fields. No prior knowledge of optimization is required, 

although some familiarity with basic mathematics and 

computer programming will be helpful.

By  the  end  of  this  book,  you  will  have  a  solid 

understanding  of  the  principles  of  mathematical 

optimization and how to apply them to solve real-world 

problems.  You  will  also  be  familiar  with  the  latest 

optimization software and tools, and you will be able to 

use them to solve your own optimization problems.

This  book  is  a  valuable  resource  for  anyone  who  is 

interested in using mathematical optimization to solve 

problems  in  their  own  field  of  study  or  work. 

Optimization  is  a  powerful  tool  that  can  be  used  to 

improve efficiency,  productivity,  and decision-making 

in a wide variety of applications.

Key Features:
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 Comprehensive  coverage  of  the  fundamental 

concepts  and  applications  of  mathematical 

optimization

 Detailed  explanations  of  a  variety  of 

optimization techniques

 Discussion  of  the  use  of  optimization  software 

and tools

 Real-world case studies and examples

 Suitable  for  a  broad  audience,  including 

students, researchers, and practitioners

This book is the perfect introduction to mathematical 

optimization for anyone who wants to learn how to use 

this powerful tool to solve real-world problems.
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Chapter  1:  Fundamentals  of 

Mathematical Optimization

Introduction to Mathematical Optimization

Mathematical optimization is a powerful tool that has 

been used to solve a wide variety of problems in many 

different  fields,  including  production  and 

manufacturing,  finance  and  economics,  healthcare, 

transportation  and  logistics,  energy  and  utilities, 

telecommunications  and  networks,  public  policy  and 

urban planning, and many other emerging areas.

Optimization  problems  are  typically  formulated  as 

follows:

minimize/maximize f(x)

subject to g(x) <= b

where:

 f(x)  is  the  objective  function,  which  is  the 

function that we want to minimize or maximize
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 x is a vector of decision variables

 g(x) is a vector of constraint functions

 b is a vector of constraint constants

The goal  of  optimization is  to  find the  values  of  the 

decision  variables  x  that  minimize  or  maximize  the 

objective  function  f(x)  while  satisfying  all  of  the 

constraints g(x) <= b.

There  are  many  different  types  of  optimization 

problems,  depending  on  the  specific  form  of  the 

objective function and the constraint functions. Some 

of  the most  common types  of  optimization problems 

include:

 Linear  programming:  In  linear  programming 

problems,  the  objective  function  and  the 

constraint functions are all linear functions.

 Integer  programming:  In  integer  programming 

problems, the decision variables are restricted to 

be integers.
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 Nonlinear  programming:  In  nonlinear 

programming  problems,  the  objective  function 

and/or  the  constraint  functions  are  nonlinear 

functions.

 Network  optimization:  Network  optimization 

problems  involve  finding  the  optimal  flow  of 

goods or resources through a network.

Optimization problems can be solved using a variety of 

different methods, including:

 Analytical  methods:  Analytical  methods  can be 

used  to  solve  some  optimization  problems 

exactly.

 Numerical methods: Numerical methods can be 

used  to  solve  optimization  problems 

approximately.

 Heuristic  methods:  Heuristic  methods  can  be 

used  to  find  good  solutions  to  optimization 
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problems,  but  they  do  not  guarantee  that  the 

solutions are optimal.
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 Chapter  1:  Fundamentals  of 

Mathematical Optimization

 Types of Optimization Problems

Optimization problems are mathematical models that 

are used to find the best possible solution to a given 

problem. The goal of optimization is to find the values 

of  the  decision variables  that  minimize  or  maximize 

the objective function.

There  are  many  different  types  of  optimization 

problems,  each  with  its  own  unique  characteristics. 

Some  of  the  most  common  types  of  optimization 

problems include:

 Linear  programming: Linear  programming 

problems  are  optimization  problems  in  which 

the objective function and all of the constraints 

are  linear  functions.  Linear  programming 

problems  are  often  used  to  solve  problems  in 
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production  planning,  scheduling,  and 

transportation.

 Integer  programming: Integer  programming 

problems  are  optimization  problems  in  which 

some  or  all  of  the  decision  variables  are 

restricted  to  be  integers.  Integer  programming 

problems  are  often  used  to  solve  problems  in 

network  design,  scheduling,  and  combinatorial 

optimization.

 Nonlinear  programming: Nonlinear 

programming  problems  are  optimization 

problems  in  which  the  objective  function  or 

some of the constraints are nonlinear functions. 

Nonlinear  programming  problems  are  often 

used  to  solve  problems  in  engineering, 

economics, and finance.

 Network  optimization: Network  optimization 

problems are optimization problems that involve 

finding the best  possible solution to a problem 

that  is  represented  by  a  network.  Network 
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optimization  problems  are  often  used  to  solve 

problems  in  transportation,  logistics,  and 

telecommunications.

The choice of optimization technique depends on the 

specific  problem  that  is  being  solved.  Some 

optimization  problems  can  be  solved  using  simple 

analytical  methods,  while  others  require  more 

sophisticated numerical methods.

In  this  chapter,  we  will  discuss  the  fundamental 

concepts of mathematical optimization and introduce 

some of the most common optimization techniques. We 

will  also  discuss  the  use  of  optimization  software  to 

solve real-world problems.
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Chapter  1:  Fundamentals  of 

Mathematical Optimization

Linear Programming

Linear programming (LP) is a fundamental technique 

in  mathematical  optimization that  is  used to  solve  a 

wide variety of problems in many different fields. LP is 

a  type  of  linear  optimization  problem,  which  means 

that the objective function and all of the constraints are 

linear functions.

LP  problems  are  typically  solved  using  the  simplex 

method,  which is  a  systematic  procedure  for  finding 

the  optimal  solution  to  an  LP  problem.  The  simplex 

method works by iteratively moving from one feasible 

solution to another,  improving the objective function 

value at each step, until the optimal solution is reached.

LP problems can be used to model a wide variety of 

real-world  problems,  including  production  planning, 

scheduling, transportation, and financial planning. LP 
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problems can also be used to solve problems in other 

areas,  such  as  engineering,  healthcare,  and  public 

policy.

Applications of Linear Programming:

 Production  planning:  LP  can  be  used  to 

determine the optimal production schedule for a 

factory,  taking  into  account  factors  such  as 

demand, production costs, and machine capacity.

 Scheduling:  LP  can  be  used  to  create  optimal 

schedules  for  a  variety  of  tasks,  such  as  job 

scheduling,  transportation  scheduling,  and 

project scheduling.

 Transportation: LP can be used to determine the 

optimal routes for vehicles, taking into account 

factors such as distance, travel time, and traffic 

conditions.

 Financial  planning:  LP  can  be  used  to  create 

optimal  financial  plans,  such  as  investment 
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portfolios, capital budgeting plans, and cash flow 

plans.

Advantages of Linear Programming:

 LP problems are relatively easy to solve, even for 

large problems.

 LP problems can be used to model a wide variety 

of real-world problems.

 LP  problems  can  be  solved  using  a  variety  of 

software packages.

Disadvantages of Linear Programming:

 LP problems can only be used to solve problems 

with linear objective functions and constraints.

 LP  problems  can  be  difficult  to  solve  if  the 

problem  is  large  or  if  the  constraints  are 

complex.

 LP problems can be sensitive to changes in the 

input data.
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Despite these disadvantages, LP is a powerful tool that 

can  be  used  to  solve  a  wide  variety  of  real-world 

problems.

17



This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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