Mathematical

Modeling in
Economics

A Practical Guide

T SHARIF SHABIR






Mathematical Modeling
in Economics

“Mathematical models are like maps: they are abstractions,
simplifications of reality, and like maps, they are useful in
navigating the world.”






Mathematical Modeling

in Economics
A Practical Guide

SHARIF SHABIR

16LEAVES



First Edition, 2023
Copyright © Sharif Shabir, 2023

All rights reserved. No part of this publication may be reproduced, distributed, or
transmitted in any form or by any means, including photocopying, recording, or
other electronic or mechanical methods, without the prior written permission of
the author, except in the case of brief quotations embodied in critical reviews and
certain other non-commercial uses permitted by copyright law. For permission
requests, write to the publisher at the address below.

This book can be exported from India only by the publishers or by the
authorized suppliers. Infringement of this condition of sale will lead to
Civil and Criminal prosecution.

Paperback ISBN: 978-81-19221-79-0
eBook ISBN: 978-81-19221-83-7
WebPDF ISBN: 978-81-19221-81-3

Note: Due care and diligence has been taken while editing and printing the book;
neither the author nor the publishers of the book hold any responsibility for any
mistake that may have inadvertently crept in.

The publishers shall not be liable for any direct, consequential, or incidental
damages arising out of the use of the book. In case of binding mistakes,
misprints, missing pages, etc., the publishers’ entire liability, and your exclusive
remedy, is replacement of the book within one month of purchase by similar
edition/reprint of the book.

Printed and bound in India by

16Leaves
2/579, Singaravelan Street
Chinna Neelankarai
Chennai - 600 041
India

info@16leaves.com
www.16Leaves.com
Call: 91-9940638999


http://www.16Leaves.com

N e

Contents

INErOAUCTION oottt es 1
Optimization Techniques .......c..cocreeureeereerencerincerecrriceneaens 14
Game TheOTY ...ttt seaens 39
ECONOMELIICS. c.ecveveiiieiiieiiciriceniceeeeeeee e 67
Mathematical Models in Microeconomics...............e....... 118
Mathematical Models in Macroeconomics............c........ 200






Preface

conomics is a dynamic field that has been

continuously evolving over time. With the

advancement of technology, the need for mathematical
modeling in economics has become more crucial than ever.
Mathematical models are now used extensively to study and
analyze complex economic problems, to make predictions
and to create policy recommendations.This book is
intended to be a practical guide for students, academics
and practitioners who want to gain an understanding of
mathematical modeling in economics. It covers a wide
range of topics, including basic mathematical concepts,
optimization techniques, game theory, and econometrics.
The book also includes several real-world examples and case
studies that demonstrate how mathematical models have
been successfully applied in economics.The aim of thisbook s
not to provide a comprehensive overview of all mathematical
modeling techniques in economics. Instead, the focus is on
developing an understanding of the fundamental concepts
and techniques that underlie mathematical modeling.
The book assumes a basic knowledge of calculus, linear
algebra, and probability theory, but no prior knowledge of
economics is required. Throughout the book, the emphasis
is on practical application. The reader will learn how to
formulate economic problems as mathematical models,
how to solve them, and how to interpret the results. The
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book also includes exercises at the end of each chapter,
which will help the reader to reinforce their understanding
of the concepts presented. This book is not only aimed at
students of economics, but also at practitioners who work in
economic analysis and policy making. It is hoped that this
book will provide a valuable resource for those who wish to
apply mathematical modeling in economics to solve real-
world problems. Finally, I would like to express my sincere
gratitude to all those who have helped in the preparation of
this book. In particular, I would like to thank my colleagues
for their insightful comments and suggestions, and my
family for their unwavering support. I hope that readers will
find this book informative, practical, and enjoyable to read.

Sharif Shabir
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Introduction

he introduction chapter of “Mathematical Modeling

in Economics: A Practical Guide” provides readers

with an overview of the importance of mathematical
modeling in economics and its relevance in solving real-
world economic problems.The chapter explains that
mathematical models are used to represent economic
phenomena and analyze how changes in economic variables
affect outcomes of interest. Economic models are built using
mathematical tools and techniques such as calculus, linear
algebra, and probability theory, and they can take various
forms depending on the specific economic problem being
studied.The chapter also covers the basic concepts and
techniques used in mathematical modeling in economics.
For example, the chapter may discuss how economic models
are used to study consumer behavior, market demand and
supply, and the impact of policies on economic outcomes.
The chapter aims to give readers a broad understanding of
the role of mathematical modeling in economics and the
tools and techniques that will be covered in the book. the
introduction chapter serves as a foundation for the rest of
the book, providing readers with an understanding of the
importance and relevance of mathematical modeling in
economics, and a preview of the topics that will be covered
in the subsequent chapters.

Italso providing an overview of the importance and relevance
of mathematical modeling in economics, the introduction
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also discuss the historical evolution of mathematical
modeling in economics. It highlight key contributions
made by influential economists such as Leon Walras,
Vilfredo Pareto, and John von Neumann, who developed
mathematical models to analyze economic phenomena in
the late 19th and early 20th centuries.

It also discuss the advantages and limitations of using
mathematical models in economics. For example,
mathematical models allow economists to make precise and
quantitative predictions about the behavior of economic
variables under different conditions, which can be very
useful for policy making. However, mathematical models
are simplifications of complex economic systems, and may
not capture all the relevant factors that influence economic
It also discuss the importance of empirical validation of
mathematical models to ensure that they accurately reflect
real-world economic phenomena. the introduction of
“Mathematical Modeling in Economics: A Practical Guide”
serves as an important starting point for readers who are
interested in learning about mathematical modeling in
economics.

Overview of mathematical modeling in economics

Mathematical modeling in economics involves using
mathematical tools and techniques to represent economic
phenomena and to analyze how changes in economic
variables affect outcomes of interest. In economic modeling,
mathematical models are constructed to describe the
relationships between different economic variables
and to analyze the implications of those relationships.
Mathematical modeling is an essential tool for economists
because it allows them to study complex economic systems
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and make predictions about the behavior of economic
variables under different conditions. By using mathematical
models, economists can identify the key factors that drive
economic outcomes, and can evaluate the potential impact
of different policy interventions. Economic models can take
many different forms, depending on the specific economic
problem being studied. For example, macroeconomic models
are used to analyze the behavior of the economy as a whole,
while microeconomic models are used to study the behavior
of individual agents, such as consumers or firms. In addition,
econometric models are used to analyze the relationships
between different economic variables, and to estimate the
parameters of economic models based on empirical data.
Mathematical modeling is particularly useful in economics
because it allows economists to make precise and quantitative
predictions about the behavior of economic variables under
different conditions. For example, economic models can be
used to predict the impact of changes in interest rates or
government spending on economic growth, inflation, and
employment. Mcathematical modeling is an essential tool
for economists, allowing them to study complex economic
systems and to make predictions about the behavior of
economic variables under different conditions. However,
it is important to exercise caution when interpreting the
results of economic models, and to carefully consider the
assumptions and limitations of the models being used.

Mathematical modeling is a key component of economic
analysis because it allows economists to construct models
that can simulate real-world economic situations, predict
outcomes, and evaluate the impact of different policies.
Mathematical models can be used to represent a wide
range of economic phenomena, from individual consumer
behavior to the behavior of entire economies.One of the key
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advantages of using mathematical modeling in economics is
that it allows economists to make precise and quantitative
predictions about the behavior of economic variables. For
example, economists can use mathematical models to
predict the impact of changes in government spending or
taxation on economic growth, inflation, and unemployment.
This can be very useful for policymakers, who can use these
predictions to make informed decisions about economic
policy. Another advantage of using mathematical modeling
in economics is that it allows economists to study complex
economic systems in a structured and systematic way. By
using mathematical models, economists can identify the
key factors that drive economic outcomes and isolate the
effects of different variables. This can help economists to
develop a deeper understanding of the underlying economic
mechanisms that drive economic outcomes. However, there
are also some limitations to using mathematical modeling
in economics. For example, mathematical models are
simplifications of complex economic systems and may not
capture all the relevant factors that influence economic
outcomes. In addition, economic models are often based
on a number of assumptions that may not be fully realistic,
which can affect the accuracy of the predictions generated by
the model. Despite these limitations, mathematical modeling
is a crucial tool for economists, and its importance is likely
to continue to grow in the future. As the world becomes
more interconnected and the global economy becomes
more complex, mathematical modeling will become an
increasingly important tool for understanding economic
phenomena and developing effective economic policies.

Here are a few examples of how mathematical modeling is
used in economics:
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A)

B)

C)

D)

Macroeconomic modeling: Macroeconomic models
are used to study the behavior of the economy as a
whole. One example is the Dynamic Stochastic General
Equilibrium (DSGE) model, which is used to analyze
the impact of different economic policies on economic
growth, inflation, and unemployment

Microeconomic modeling: Microeconomic models are
used to study the behavior of individual agents, such
as consumers or firms. One example is the Consumer
Choice Model, which is used to analyze how consumers
make decisions about what goods and services to buy,
and how their choices are affected by changes in prices
or income.

Game theory modeling: Game theory is a branch of
mathematics that is used to study strategic interactions
between individuals or groups. Game theory models
are used in economics to analyze the behavior of firms
in oligopoly markets, or to analyze the behavior of
countries in international trade negotiations.
Econometric modeling: Econometric models are used
to estimate the parameters of economic models based
on empirical data. For example, econometric models
can be used to estimate the impact of changes in interest
rates or government spending on economic growth or
inflation.

Importance of mathematical modeling in economics

Mathematical modeling is of great importance in economics
for a number of reasons:

A)

Predictive power: Mathematical models allow
economists to make precise and quantitative predictions
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D)

E)
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about the behavior of economic variables under
different conditions. This can be particularly valuable
for policymakers, who can use these predictions to
make informed decisions about economic policy.
Structured analysis: Mathematical models provide
a structured and systematic way to study complex
economic systems. By using mathematical models,
economists can identify the key factors that drive
economic outcomes and isolate the effects of different
variables. This can help economists to develop a
deeper understanding of the underlying economic
mechanisms that drive economic outcomes.
Simulations and experiments: Mathematical models
allow economists to conduct simulations and
experiments that would not be possible in the real
world. This can be particularly useful for testing the
impact of different policies or economic scenarios,
and can help policymakers to make more informed
decisions.

Effective communication: Mathematical models
provide a common language for economists to
communicate their ideas and findings to policymakers
and the public. By using mathematical models,
economists can present their findings in a clear and
concise way, and can facilitate discussions about
economic policy.

Interdisciplinary research: Mathematical modeling
is a key tool in interdisciplinary research, allowing
economists to collaborate with experts in other fields,
such as computer science, physics, and engineering.
This can lead to new insights and discoveries that
would not be possible using traditional economic
methods alone.
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F)

G)

H)

I)

)

Policy analysis: Mathematical models are widely used
in economic policy analysis to forecast the impact of
different policy options on key economic indicators.
For example, economists might use a macroeconomic
model to predict how a change in interest rates or tax
policy would affect inflation, GDP, and employment.
Market analysis: Mathematical models are also
important in market analysis, allowing economists
to study the behavior of individual agents, such as
consumers or firms, in specific markets. For example,
a microeconomic model might be used to analyze how
changes in supply and demand affect prices and output
in a specific industry.

Risk assessment: Mathematical models are used to
assess risk in financial markets, helping investors
and policymakers to make informed decisions about
investments and financial regulation. For example,
an econometric model might be used to predict the
likelihood of a financial crisis based on past economic
and financial data.

Environmental economics: Mathematical models are
increasingly being used in environmental economics to
study the impact of human activities on the environment,
and to develop strategies for sustainable economic
development. For example, an environmental economics
model might be used to estimate the impact of a carbon
tax on greenhouse gas emissions and economic growth.
Optimization: Mathematical models can be used
to optimize economic outcomes, finding the best
possible solution to a given economic problem. For
example, a linear programming model might be used
to optimize production and distribution decisions in a
manufacturing company.
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Mathematical modeling plays a crucial role in economics,
enabling economists to make predictions about economic
outcomes, study complex economic systems, develop
economic policy, assess risk, and optimize economic
outcomes. The importance of mathematical modeling in
economics is likely to continue to grow as the global economy
becomes more complex and interconnected.

Basic concepts and techniques of mathematical
modeling in economics

Mathematical modeling in economics is a complex and
multifaceted field that relies on a range of basic concepts and
techniques. These concepts and techniques are used to build
models that capture the behavior of economic variables
and enable economists to make predictions about future
economic outcomes.The following are some of the basic
concepts and techniques used in mathematical modeling in
€conomics:

A) Functions: Functions are a key concept in mathematical
modeling. In economics, functions are used to describe
the relationship between different economic variables,
such as supply and demand, or investment and interest
rates. Functions can be linear, quadratic, exponential,
or any other mathematical form. (Functions are a
key concept in mathematical modeling in economics.
Functions are mathematical expressions that describe
the relationship between two or more economic
variables. For example, a supply function might
describe how the quantity of a good supplied by
producers changes in response to changes in price.
A demand function might describe how the quantity of
a good demanded by consumers changes in response to
changes in income or price.)



Introduction 9

B)

C)

D)

Optimization: Optimization techniques are used to
find the best possible solution to a given economic
problem. In economics, optimization is often used to
find the combination of inputs (such as labor, capital,
and raw materials) that will maximize output or profit.
Optimization techniques can involve linear or nonlinear
programming, and can be used to solve a wide range of
economic problems. (Optimization techniques are used
to find the best possible solution to a given economic
problem. Optimization techniques involve finding the
combination of inputs (such as labor, capital, and raw
materials) that will maximize output or profit. Linear
or nonlinear programming techniques can be used to
solve optimization problems.)

Differential equations: Differential equations are used
to model dynamic economic systems, where economic
variables change over time. Differential equations
can be used to study economic growth, inflation,
interest rates, and many other economic phenomena.
Solving differential equations often requires advanced
mathematical techniques, such as calculus.(Differential
equations are used to model dynamic economic
systems, where economic variables change over time.
Differential equations are used to study economic
growth, inflation, interest rates, and other economic
phenomena that change over time. Solving differential
equations requires advanced mathematical techniques
such as calculus.)

Probability and statistics: Probability and statistics are
used to model uncertainty and variability in economic
systems. In economics, probability and statistics are
used to study risk and uncertainty, estimate parameters
in economic models, and test hypotheses about
economic phenomena. (Probability and statistics are
used to model uncertainty and variability in economic
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systems. In economics, probability and statistics are
used to study risk and uncertainty, estimate parameters
in economic models, and test hypotheses about
economic phenomena.)

Game theory: Game theory is a mathematical
framework for analyzing strategic interactions between
economic agents, such as consumers, firms, and
governments. Game theory is used to study topics such
as market competition, bargaining, and cooperation.
(Game theory is a mathematical framework for
analyzing strategic interactions between economic
agents, such as consumers, firms, and governments.
Game theory is used to study topics such as market
competition, bargaining, and cooperation.)
Simulation: Simulation techniques are wused to
study complex economic systems that are difficult
or impossible to model analytically. In economics,
simulation techniques can be used to study the
behavior of financial markets, forecast economic
growth, and analyze the impact of economic policies.
(Simulation techniques are used to study complex
economic systems that are difficult or impossible to
model analytically. Simulation techniques can be used
to study the behavior of financial markets, forecast
economic growth, and analyze the impact of economic
policies.)

The basic concepts and techniques used in mathematical
modeling in economics are diverse and complex. These
techniques enable economists to build models that capture
the behavior of economic variables, make predictions about
future economic outcomes, and develop effective economic
policies. The application of mathematical modeling in
economics has led to significant advances in economic
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theory and has contributed to the development of more
sophisticated economic models.

I will explain below some real life examples of Mathematical
Modeling in Economics that will help student to
understand better

Here are some real-world examples of mathematical
modeling in economics:

Supply and demand modeling: One of the most basic
concepts in economics is the law of supply and demand,
which describes the relationship between the price of
a good or service and the quantity that producers are
willing to supply and consumers are willing to demand.
This relationship can be modeled using a supply curve
and a demand curve, which intersect at the equilibrium
price and quantity.

Cost-benefit analysis: Cost-benefit analysis is a technique
used to evaluate the potential costs and benefits of a
proposed project or policy. This technique involves
modeling the costs and benefits of the project over a
specified period, and calculating the net present value
of these costs and benefits. Cost-benefit analysis is
commonly used in environmental and public policy
decision-making.

Game theory in market competition: Game theory is used
to study strategic interactions between economic agents,
such as firms competing in a market. One example is
the Bertrand model, which models price competition
between firms that sell identical products. The model
predicts that in a competitive market, firms will set prices
equal to their marginal costs, resulting in zero economic
profits.
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o Macroeconomic modeling: Macroeconomic models are
used to study the behavior of the economy as a whole, and
are typically based on systems of differential equations.
These models are used to study phenomena such as
economic growth, inflation, and unemployment. For
example, the Solow model is a classic macroeconomic
model that describes the long-term growth of an
economy as a function of its capital stock, labor force,
and productivity.

o Monte Carlo simulation in finance: Monte Carlo
simulation is a technique used to model uncertainty in
financial markets. This technique involves generating
random simulations of future market outcomes, and
using these simulations to estimate the probability of
different economic outcomes. Monte Carlo simulation
is commonly used in portfolio optimization and risk
management.

At the end of this chapter I will discuss some
limitations of Mathematical Modeling in Economics

While mathematical modeling is a powerful tool for
understanding and predicting economic phenomena, there
are several limitations to its application in economics:

Oversimplification: Economic models are built on
assumptions that are often simplified versions of real-
world conditions. This means that models may not
fully capture the complexity and nuances of real-world
economic phenomena.

Data availability: The accuracy and reliability of economic
models depend heavily on the quality and availability of
data. In some cases, data may be incomplete or unavailable,
making it difficult to build accurate models.
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Human behavior: Economic models often assume
that economic agents (such as consumers, firms, and
governments) behave rationally and consistently. In reality,
human behavior is often more complex and unpredictable,
making it difficult to model.

Changing conditions: Economic conditions are constantly
changing, and economic models may become outdated or
inaccurate as a result. Models may need to be updated or
recalibrated to account for changing economic conditions.

Model selection: There are many different types of economic
models, and choosing the right model for a particular
problem can be challenging. Different models may make
different assumptions and predictions, and it may be
difficult to determine which model is the most appropriate
for a given situation.

Limitations of mathematics: While mathematics is a
powerful tool for modeling economic phenomena, it has
its limitations. For example, some economic phenomena
may be difficult to model mathematically, or may require
sophisticated mathematical techniques that are beyond
the abilities of many economists.
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Optimization Techniques

ptimization techniques are a powerful set of

tools used in many fields, including economics,

engineering, and computer science. These
techniques are designed to help find the best solution to a
problem that meets a set of constraints, such as maximizing
profits or minimizing costs. There are many different
optimization techniques available, each with its own
strengths and weaknesses. In this article, we will explore
some of the most commonly used optimization techniques
in economics and their applications.

o Linear Programming: Linear programming is a technique
used to find the optimal solution to a problem that can be
represented by linear equations. It is commonly used in
economics to maximize profits or minimize costs subject
to a set of constraints. For example, a company may use
linear programming to determine the optimal mix of
products to produce in order to maximize profits.[Linear
Programming: Linear programming is a mathematical
technique used to find the best solution to a problem
that can be represented by linear equations. The goal is to
maximize or minimize a linear objective function subject
to a set of linear constraints. Linear programming is
commonly used in economics to determine the optimal
allocation of resources, production planning, or portfolio
optimization.]

« Nonlinear Programming: Nonlinear programming is a
technique used to find the optimal solution to a problem
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that involves nonlinear relationships between variables.
It is commonly used in economics to model complex
relationships between variables, such as those found in
demand functions or production functions. [Nonlinear

o programming is a mathematical technique used to
solve optimization problems that involve nonlinear
relationships between variables. The objective function
and constraints are nonlinear functions of the decision
variables. Nonlinear programming is used to model
complex relationships between variables, such as those
found in demand functions or production functions.]

o Integer Programming: Integer programming is a
technique used to find the optimal solution to a problem
that involves integer or binary variables. It is commonly
used in economics to model problems such as production
scheduling or resource allocation.[Integer programming
is a mathematical technique used to solve optimization
problems that involve integer or binary variables. The
decision variables are restricted to integer values, which
makes the problem more challenging to solve. Integer
programming is used in economics to model problems
such as production scheduling, resource allocation, or
facility location.]

» Stochastic Programming: Stochastic programming is a
technique used to solve problems that involve uncertainty
or randomness. It is commonly used in economics
to model problems such as portfolio optimization
or production planning under uncertain demand.
[Stochastic programming is a mathematical technique
used to solve optimization problems that involve
uncertainty or randomness. The objective function and
constraints depend on probability distributions, and
the goal is to find the best decision under uncertainty.
Stochastic programming is used in economics to model
problems such as portfolio optimization, production
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planning under uncertain demand, or resource allocation
under uncertain supply.]

Network Optimization: Network optimization is a
technique used to find the optimal solution to a problem
that involves a network of interconnected nodes. It is
commonly used in economics to model problems such
as transportation networks or supply chains.[Network
optimization is a mathematical technique used to
solve optimization problems that involve a network
of interconnected nodes. The objective function and
constraints depend on the topology of the network
and the flow of resources between nodes. Network
optimization is used in economics to model problems
such as transportation networks, supply chains, or
communication networks. ]

Heuristics: Heuristics are problem-solving techniques
that use rules of thumb or intuition to find approximate
solutions to complex problems. They are commonly used
in economics when exact solutions are not feasible or
when the problem is too complex to be solved by other
optimization techniques.[Heuristics are problem-solving
techniques that use rules of thumb or intuition to find
approximate solutions to complex problems. They are
commonly used in economics when exact solutions are
not feasible or when the problem is too complex to be
solved by other optimization techniques. Heuristics can
provide fast and effective solutions, but their accuracy is
not guaranteed.]

Metaheuristics: ~ Metaheuristics are  optimization
techniques that are designed to find good solutions to
complex problems by exploring a large search space.
They are based on iterative algorithms that gradually
improve the quality of the solution. Metaheuristics are
used in economics to solve problems such as production
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planning, portfolio optimization, or resource allocation.
Some examples of metaheuristics include genetic
algorithms, simulated annealing, tabu search, and ant
colony optimization.

Uses optimization techniques in Economics

Optimization techniques are widely used in mathematical
modeling in economics to solve various types of problems.
Here are some examples of how optimization techniques can
be used in different economic applications

Production Planning: Optimization techniques can be
used to determine the optimal production plan that
maximizes profit while satisfying production constraints
such as capacity and resource availability. Linear
programming can be used to optimize the production
plan for a single product, while nonlinear programming
can be used to optimize the production plan for multiple
products with nonlinear production functions, Portfolio
Optimization: Optimization techniques can be used to
determine the optimal portfolio that maximizes expected
return while minimizing risk. Stochastic programming can
be used to model uncertainty in asset returns, while integer
programming can be used to model the discrete nature of
asset holdings. Heuristic and metaheuristic techniques can
be used to solve large-scale portfolio optimization problems,
Supply Chain Management: Optimization techniques
can be used to determine the optimal supply chain design
that minimizes total cost while satisfying demand and
inventory constraints. Network optimization can be used to
model the transportation and distribution network, while
stochastic programming can be used to model uncertain
demand and supply. Dynamic programming can be used
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to optimize the inventory replenishment policy over time,
Pricing Strategies: Optimization techniques can be used to
determine the optimal pricing strategy that maximizes profit
while satisfying demand and cost constraints. Nonlinear
programming can be used to model the demand function
and optimize the price levels, while dynamic programming
can be used to determine the optimal pricing policy over
time, Resource Allocation: Optimization techniques can
be used to determine the optimal allocation of resources
such as labor, capital, and land to maximize profit while
satisfying constraints such as availability and productivity.
Linear programming can be used to optimize the allocation
of resources to different products or projects, while integer
programming can be used to model discrete allocation
decisions.

The specific technique used will depend on the nature of the
problem and the available data. Optimization techniques
provide powerful tools for solving complex economic
problems and can help businesses and policymakers make
informed decisions.

Now I will discuss below one by one method
elaborately

Linear programming: Linear programming is a powerful
optimization technique that is widely used in mathematical

modeling in economics. It involves optimizing a linear
objective function subject to a set of linear constraints.

In mathematical terms, linear programming can be
formulated as follows:

Maximize (or minimize) Z =clxl + c2x2 + ... + cnxn
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Subject to:

allxl +al2x2 + ... +alnxn < bl
a2lx1 +a22x2 + ... + a2nxn < b2

amlxl + am2x2 + ... + amnxn < bm

x1,x2, ...,xn = 0

Where: Z = the objective function to be maximized or
minimized

cl, c2, ..., cn = coefficients of the objective function
x1, x2, ..., xn = decision variables
all,al2, ...,aln, bl,a2l,a22, ...,a2n, b2, ..., aml,

am?2, ..., amn, bm = coefficients of the linear constraints

The goal of linear programming is to find the values of the
decision variables that optimize the objective function while
satisfying the constraints. The decision variables represent
the quantities that need to be determined in order to
optimize the objective function.

Linear programming can be used to solve a wide variety of
optimization problems in economics, such as production
planning, transportation and distribution, resource
allocation, and portfolio optimization. One of the main
advantages of linear programming is that it provides a simple
and efficient method for solving large-scale optimization

1) Formulate the problem: Define the objective function
and the constraints of the problem in terms of decision
variables.
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2) Convert to standard form: Convert the problem into
standard form by introducing slack variables for any
inequality constraints.

3) Construct the initial tableau: Construct the initial
tableau by setting up the coefficients of the decision
variables, slack variables, and the right-hand side of the
constraints.

4) Solve the tableau: Solve the tableau using simplex
method or other linear programming algorithms to
obtain the optimal solution.

5) Interpret the results: Interpret the results to determine
the values of the decision variables that optimize the
objective function.

Linear programming is a powerful tool for solving
optimization problems in economics. Its flexibility and
simplicity make it a popular choice for solving complex
problems in real-world situations. However, it is important
to note that linear programming has its limitations and may
not be suitable for all types of optimization problems.

o Uses of linear programming in Economics

Linear programming is a commonly used optimization
technique in economics because it provides a method for
optimizing a linear objective function subject to linear
constraints. This makes it particularly useful for solving
problems that involve the allocation of resources or the
optimization of production processes. In economics,
linear programming can be used to solve a wide variety of
optimization problems, such as Production planning: Linear
programming can be used to optimize the production
process by determining the optimal levels of production for
each product given constraints such as labor, materials, and



Optimization Techniques 21

equipment, Resource allocation: Linear programming can be
used to allocate resources such as capital, labor, and materials
in the most efficient manner possible, Transportation and
distribution: Linear programming can be used to optimize
transportation and distribution networks by determining
the most efficient routes and quantities to transport given
a set of constraints such as capacity and cost, Portfolio
optimization: Linear programming can be used to optimize
investment portfolios by determining the optimal allocation
of funds across different assets given constraints such as risk
and return.

Non linear programming

Nonlinear programming is an optimization technique that
is used to solve problems where the objective function or
constraints are nonlinear. Nonlinear programming is often
used in economics to solve problems that cannot be solved
using linear programming, such as problems that involve
nonlinear utility functions or nonlinear constraints.

Nonlinear programming techniques are used to optimize
functions that do not have a linear relationship between
the input variables and the output variable. The objective
function and constraints in a nonlinear optimization
problem can take on many different forms, including
quadratic, exponential, logarithmic, and trigonometric
functions. There are several techniques used in nonlinear
programming, such as gradient-based methods, Newton’s
method, and quasi-Newton methods. Gradient-based
methods involve iteratively updating the solution by
moving in the direction of the steepest descent of the
objective function. Newton’s method involves using
the second derivative of the objective function to improve
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the accuracy of the solution. Quasi-Newton methods
combine the advantages of gradient-based and Newton’s
methods to provide an efficient way to solve nonlinear
optimization problems.

Nonlinear programming is particularly wuseful in
economics for solving problems that involve complex
relationships between variables. For example, it can be used
to optimize production processes that involve complex
interdependencies between different inputs and outputs.
It can also be used to optimize investment portfolios that
involve complex nonlinear relationships between asset
returns and risk.

Nonlinear programming is a powerful tool that enables
economists to solve complex optimization problems that
cannot be solved using linear programming. By using these
techniques, economists can more accurately model real-
world problems and provide better solutions to complex
economic challenges.

Uses Of Nonlinear programming In Economics

Nonlinear programming has a wide range of uses in
economics, including:

Optimization of production processes: Nonlinear
programming can be used to optimize complex
production processes that involve multiple inputs and
outputs. This can include optimizing the use of resources
such as labor, capital, and materials to maximize profits or
minimize costs.

Portfolio optimization: Nonlinear programming can
be used to optimize investment portfolios that involve
complex nonlinear relationships between asset returns
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and risk. This can include optimizing the allocation of
funds across different asset classes to maximize returns
while minimizing risk.

Estimation of demand functions: Nonlinear programming
can be used to estimate demand functions in economics.
This can involve modeling the relationship between prices
and quantities demanded for different goods or services,
taking into account factors such as income, demographics,
and consumer preferences.

Optimal tax design: Nonlinear programming can be used
to design optimal tax policies that maximize government
revenue while minimizing the negative effects on economic
growth and consumer welfare.

Optimal resource allocation: Nonlinear programming can
be used to allocate resources such as capital, labor, and
materials in the most efficient manner possible, taking into
account constraints such as capacity and cost.

Nonlinear programming is a powerful tool for solving
complex optimization problems in economics. Its ability to
handle nonlinear relationships between variables makes it
a popular choice for economists and analysts working in a
variety of industries. By using these techniques, economists
can more accurately model real-world problems and provide
better solutions to complex economic challenges.

Difference between linear and Nonlinear
programming

Linear programming and nonlinear programming are two
different optimization techniques used to solve optimization
problems in economics and other fields. The main difference
between linear programming and nonlinear programming
is in the type of functions used to represent the objective
function and constraints.
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Linear programming is used to optimize linear functions
subject to linear constraints. Linear functions are functions
that have a constant slope, while linear constraints are
constraints that can be represented by linear equations or
inequalities. Linear programming is often used in economics
to solve problems such as maximizing profit or minimizing
costs subject to constraints on resources such as labor,
capital, and materials.

Nonlinear programming, on the other hand, is used
to optimize nonlinear functions subject to nonlinear
constraints. Nonlinear functions are functions that do
not have a constant slope, while nonlinear constraints are
constraints that cannot be represented by linear equations
or inequalities. Nonlinear programming is often used in
economics to solve problems that cannot be solved using
linear programming, such as problems that involve nonlinear
utility functions or nonlinear constraints. Another important
difference between linear programming and nonlinear
programming is the complexity of the optimization
problem. Linear programming problems are generally easier
to solve than nonlinear programming problems, and there
are many efficient algorithms available for solving linear
programming problems. Nonlinear programming problems,
on the other hand, are generally more complex and require
more sophisticated algorithms to solve.

The main differences between linear programming and
nonlinear programming are the type of functions used
to represent the objective function and constraints, and
the complexity of the optimization problem. Linear
programming is used to optimize linear functions subject
to linear constraints, while nonlinear programming is
used to optimize nonlinear functions subject to nonlinear
constraints.
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In Mathematically

Here’s an example of a linear programming problem and a
nonlinear programming problem to illustrate the difference
mathematically

Linear Programming Problem:

Maximize: 5x + 3y

Subject to:
2x+y<=10
X+3y<=12
Xy>=0

In this problem, the objective function is linear (5x +
3y), and the constraints are also linear (2x + y <= 10 and
x + 3y <= 12). The solution to this problem can be found
using a linear programming algorithm such as the simplex
method.

Nonlinear Programming Problem:

Minimize: (x*+ y*)"”

Subject to:
xX+y’>=1
X+y>=1
Xy>=0

In this problem, the objective function is nonlinear
(x*+y*)"), and the constraints are also nonlinear
x* +y*>=landx +y>=1) The solution to this problem
requires a nonlinear programming algorithm such as the
Newton-Raphson method or the conjugate gradient method.
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Numerical examples of linear and Nonlinear
programming

Here are examples of a linear programming problem and a
nonlinear programming problem with numerical values:

Linear Programming Problem:

Maximize: 3x + 5y

Subject to:
2x+y<=10
X+3y<=12
Xy>=0

In this problem, the objective function is linear (3x + 5y),
and the constraints are also linear (2x + y <= 10 and
X + 3y <= 12). The solution to this problem can be found
using a linear programming algorithm such as the simplex
method.

To solve this problem using the simplex method, we can
write it in standard form:

Maximize: 3x + 5y

Subject to:

2x+y+s1=10
X+3y+s2=12
X, ¥ 81,82>=0
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Then, we can set up the simplex table:

Basic Variables X y sl s2 RHS
sl 2 1 1 0 10
s2 1 3 0 1 12
Z (Objective) 3 5 0 0 0

The initial feasible solution is x = 0, y = 0, s1 = 10, s2 = 12,
and the objective function value is 0. We can use the simplex
method to find the optimal solution, which is x = 3,y = 2,
s1 =0, s2 = 0, with an objective function value of 19.

Nonlinear Programming Problem:
Minimize: x*+ y*
Subject to:

X+ty>=2
Xy>=0

In this problem, the objective function is nonlinear (x*+ y*),
and the constraint is also nonlinear (x+y>=2). The
solution to this problem requires a nonlinear programming
algorithm such as the Newton-Raphson method or the
conjugate gradient method.

To solve this problem using the Newton-Raphson method,
we can start with an initial guess of x = 1, y = 1. Then, we
can use the following iteration formula to find the optimal
solution:

— (1) %
x,+1=x —H"*g
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where H is the Hessian matrix of the objective function, and
g is the gradient of the objective function.

At each iteration, we need to evaluate the Hessian matrix and
the gradient of the objective function, which are given by:

H=[20;02]
g=[2x:2y,]

Using these formulas, we can find the optimal solution to be
x = 1,y = 1, with an objective function value of 2.

Limitations of linear and Nonlinear programming
when applying them to real world problems

Linear and nonlinear programming techniques have
some limitations that must be taken into account when
applying them to real-world problems. Here are some of the
limitations:

Local Optima: Both linear and nonlinear programming
techniques can produce local optima, which means that the
solution obtained is only the best solution in the immediate
vicinity of the starting point. This is a limitation because it
may not be the globally optimal solution.

Computational Complexity: The computational complexity
of solving nonlinear programming problems can be much
higher than that of linear programming problems. This can
be a significant limitation when working with large-scale
problems.

Linearity Assumption: Linear programming techniques
assume that the relationships between the variables are
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linear. This assumption may not always hold in real-world
situations, which can lead to inaccuracies in the solutions
obtained

DataRequirements: Bothlinearand nonlinear programming
techniques require accurate and complete data to be effective.
In practice, it can be challenging to obtain such data, which
can limit the usefulness of these techniques.

Sensitivity Analysis: Linear programming techniques
can be sensitive to small changes in the input data. This
sensitivity can make it difficult to determine the robustness
of the solution obtained.

How the limitations of linear and nonlinear
programming can occur in practice

here are some examples of how the limitations of linear and
nonlinear programming can occur in practice:

Local Optima: In a transportation optimization problem,
a linear programming model might be used to minimize
transportation costs. However, the model may produce
a solution that is only locally optimal. For example, the
solution may be the lowest cost for a specific route, but it
may not be the lowest cost for the entire network. This can
lead to inefficiencies in the transportation system.

Computational Complexity: Nonlinear programming
techniques are often used in finance to optimize investment
portfolios. However, as the number of assets in the portfolio
increases, the computational complexity of the problem
can become prohibitive. This can limit the usefulness
of nonlinear programming for large-scale portfolio
optimization problems.



30 Mathematical Modeling in Economics

Linearity Assumption: In a marketing optimization
problem, a linear programming model might be used to
maximize profits by determining the optimal pricing strategy
for a product. However, if the demand for the product is not
linear, the model may not accurately reflect the true demand.
This can lead to pricing strategies that are not optimal and
may result in lower profits.

Data Requirements: In a production scheduling problem,
a linear programming model might be used to determine
the optimal production schedule for a manufacturing plant.
However, if the data used to build the model is inaccurate or
incomplete, the solution obtained may not be optimal. For
example, if the model assumes that a machine can produce a
certain amount of output per hour, but the actual production
rate is lower, the schedule produced by the model may be
unrealistic.

Sensitivity Analysis: In a supply chain optimization
problem, a linear programming model might be used to
determine the optimal inventory levels for each product in
the supply chain. However, if the model is sensitive to small
changes in the input data, it can be difficult to determine the
robustness of the solution. For example, if the demand for a
product increases or decreases slightly, the optimal inventory
levels may change significantly, which can make it difficult to
implement the solution in practice.

Numerical examples of the limitations of linear and
nonlinear programming

Local Optima: Consider a transportation problem where we
have to minimize the cost of shipping goods from factories
to warehouses. Let’s assume we have three factories and three
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warehouses. Using linear programming, we can find the
optimal shipping routes that minimize the cost. However,
if the model is too simple and only considers one factory
to one warehouse routes, it may miss the overall lowest
cost shipping route. For example, let's assume the linear
programming model suggests that the optimal shipping
routes are F1-W1, F2-W2, and F3-W3. But, there could be
a better solution like F1-W2, F2-W1, and F3-W3 that the
model may not consider.

Computational Complexity: Consider a portfolio
optimization problem where we have to maximize the
return on an investment portfolio by selecting the optimal
mix of assets. As the number of assets in the portfolio
increases, the nonlinear programming problem can become
computationally expensive. For example, a portfolio with
50 assets can have over 1,200,000 possible combinations of
asset allocations. If we try to optimize the portfolio using
nonlinear programming, it can take a significant amount of
time to find the optimal solution.

Linearity Assumption: Consider a marketing optimization
problem where we have to maximize the profit of a product
by setting the optimal price. If we use a linear programming
model, we assume that the relationship between the price
and demand for the product is linear. However, this may not
be the case in practice. For example, if we assume that a $1
increase in price will decrease the demand by 5 units, but the
actual decrease in demand is more significant, we may set a
suboptimal price.

Data Requirements: Consider a production scheduling
problem where we have to determine the optimal production
schedule for a manufacturing plant. If the data used to build
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the model is inaccurate or incomplete, the solution obtained
may not be optimal. For example, if the model assumes that
a machine can produce 100 units per hour, but the actual
production rate is only 80 units per hour, the production
schedule produced by the model may be unrealistic and
inefficient.

Sensitivity Analysis: Consider a supply chain optimization
problem where we have to determine the optimal inventory
levels for each product in the supply chain. If the model is
sensitive to small changes in the input data, it can be difficult
to determine the robustness of the solution. For example, if
the model assumes a constant demand for a product, but the
actual demand fluctuates significantly, the optimal inventory
levels may change significantly as well. This can make it
difficult to implement the solution in practice

Applications of optimization techniques in
economics

Optimization techniques have a wide range of applications
in economics. Here are some examples:

Production Planning: Optimization techniques can be used
to determine the optimal level of production for a firm. The
objective is to maximize profits while minimizing costs. The
model takes into account the production costs, demand, and
production capacity constraints.

Portfolio Optimization: Optimization techniques can
be used to determine the optimal mix of assets for an
investment portfolio. The objective is to maximize the
expected return while minimizing the risk. The model
takes into account the expected return, risk, and correlation
between the assets.
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Resource Allocation: Optimization techniques can be
used to determine the optimal allocation of resources in
an economy. The objective is to maximize social welfare
while satisfying constraints such as resource availability,
technology, and environmental constraints.

Supply Chain Management: Optimization techniques
can be used to optimize the supply chain by determining
the optimal inventory levels, transportation routes, and
production schedules. The objective is to minimize costs
while maximizing customer satisfaction.

Pricing Strategy: Optimization techniques can be used to
determine the optimal price for a product. The objective
is to maximize profits while considering factors such as
production costs, demand, and competition.

Labor Economics: Optimization techniques can be used to
analyze labor markets by determining the optimal wage rate
that maximizes profits for the employer while satisfying the
labor demand and supply constraints.

Environmental Economics: Optimization techniques can
be used to analyze environmental problems by determining
the optimal level of pollution control that maximizes social
welfare while minimizing the costs to the polluters.

Marketing Strategy: Optimization techniques can be used
to determine the optimal marketing strategy for a firm.
The objective is to maximize sales while minimizing costs.
The model takes into account the advertising budget, target
audience, and competition.

Public Policy: Optimization techniques can be used to
evaluate public policies such as taxation, regulation, and



