
Queueing Theory: A New Perspective

Introduction

Queueing  theory  is  a  branch  of  mathematics  that 

studies the behavior of waiting lines,  or queues. It  is 

used  to  analyze  and  improve  the  performance  of 

systems  where  customers  or  requests  arrive  at  a 

service  facility  and  must  wait  for  service.  Queueing 

theory  has  applications  in  a  wide  variety  of  fields, 

including computer systems, communication networks, 

manufacturing systems, and service systems.

The basic elements of a queueing system are the arrival 

process, the service process, and the queue discipline. 

The  arrival  process  describes  how  customers  or 

requests  arrive  at  the  service  facility.  The  service 

process  describes  how  customers  or  requests  are 

served. The queue discipline describes how customers 

or requests are ordered in the queue.
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Queueing  theory  can  be  used  to  analyze  the 

performance of a queueing system in terms of several 

metrics,  including  the  average  waiting  time,  the 

average  queue  length,  and  the  probability  of  delay. 

Queueing theory can also be used to design queueing 

systems that meet specific performance requirements.

In  this  book,  we  will  explore  the  fundamentals  of 

queueing theory. We will discuss the different types of 

queueing  systems,  the  arrival  processes,  the  service 

processes,  and  the  queue  disciplines.  We  will  also 

discuss the various performance metrics that are used 

to evaluate queueing systems. Finally, we will present 

some  applications  of  queueing  theory  in  computer 

systems,  communication  networks,  manufacturing 

systems, and service systems.

Queueing theory is a powerful tool that can be used to 

improve the performance of a wide variety of systems. 

By  understanding  the  fundamentals  of  queueing 

theory,  you  can  design  and  implement  queueing 
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systems  that  meet  the  specific  needs  of  your 

application.

This book is intended for readers who are interested in 

learning about queueing theory. The book is written in 

a clear and concise style, and it is suitable for readers 

with a basic understanding of probability and statistics.
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Book Description

Queueing  theory  is  a  branch  of  mathematics  that 

studies the behavior of waiting lines,  or queues. It  is 

used  to  analyze  and  improve  the  performance  of 

systems  where  customers  or  requests  arrive  at  a 

service  facility  and  must  wait  for  service.  Queueing 

theory  has  applications  in  a  wide  variety  of  fields, 

including computer systems, communication networks, 

manufacturing systems, and service systems.

This  book  provides  a  comprehensive  introduction  to 

the  fundamentals  of  queueing  theory.  It  covers  the 

different  types  of  queueing  systems,  the  arrival 

processes,  the  service  processes,  and  the  queue 

disciplines.  It  also discusses the various performance 

metrics that are used to evaluate queueing systems.

The book is written in a clear and concise style, and it is 

suitable  for  readers  with  a  basic  understanding  of 

probability  and  statistics.  It  is  also  suitable  for 
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practitioners  in  operations  research,  computer 

systems,  communication  networks,  production 

planning, and logistics who want to learn more about 

queueing theory.

This book is divided into 10 chapters. The first chapter 

provides  an  introduction  to  queueing  theory  and 

discusses  the  basic  concepts  and  terminology.  The 

second  chapter  discusses  single-server  queues,  while 

the  third  chapter  discusses  multi-server  queues.  The 

fourth chapter discusses queueing networks. The fifth 

chapter  discusses  priority  queues.  The  sixth  chapter 

discusses  the  simulation  of  queueing  systems.  The 

seventh  chapter  discusses  applications  of  queueing 

theory  in  computer  systems.  The  eighth  chapter 

discusses  applications  of  queueing  theory  in 

communication networks. The ninth chapter discusses 

applications  of  queueing  theory  in  manufacturing 

systems.  The  tenth  chapter  discusses  applications  of 

queueing theory in service systems.
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This book is a valuable resource for anyone who wants 

to learn more about queueing theory. It is also a useful 

reference for practitioners who need to apply queueing 

theory to solve real-world problems.
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Chapter  1:  Queueing  Systems 

Fundamentals

Introduction to Queueing Theory

Queueing  theory  is  a  branch  of  mathematics  that 

studies the behavior of waiting lines,  or queues. It  is 

used  to  analyze  and  improve  the  performance  of 

systems  where  customers  or  requests  arrive  at  a 

service  facility  and  must  wait  for  service.  Queueing 

theory  has  applications  in  a  wide  variety  of  fields, 

including computer systems, communication networks, 

manufacturing systems, and service systems.

The basic elements of a queueing system are the arrival 

process, the service process, and the queue discipline. 

The  arrival  process  describes  how  customers  or 

requests  arrive  at  the  service  facility.  The  service 

process  describes  how  customers  or  requests  are 

served. The queue discipline describes how customers 

or requests are ordered in the queue.
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Queueing  theory  can  be  used  to  analyze  the 

performance of a queueing system in terms of several 

metrics,  including  the  average  waiting  time,  the 

average  queue  length,  and  the  probability  of  delay. 

Queueing theory can also be used to design queueing 

systems that meet specific performance requirements.

Queueing theory is a powerful tool that can be used to 

improve the performance of a wide variety of systems. 

By  understanding  the  fundamentals  of  queueing 

theory,  you  can  design  and  implement  queueing 

systems  that  meet  the  specific  needs  of  your 

application.

In this  chapter,  we will  explore the fundamentals  of 

queueing theory. We will discuss the different types of 

queueing  systems,  the  arrival  processes,  the  service 

processes,  and  the  queue  disciplines.  We  will  also 

discuss the various performance metrics that are used 

to evaluate queueing systems. Finally, we will present 

some  applications  of  queueing  theory  in  computer 
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systems,  communication  networks,  manufacturing 

systems, and service systems.

Queueing theory is a relatively new field of study, but it 

has  already  had  a  major  impact  on  the  design  and 

operation of  many different  types of  systems.  As the 

world becomes increasingly complex, queueing theory 

will become even more important in the years to come.

9



Chapter  1:  Queueing  Systems 

Fundamentals

Basic Concepts and Terminology

Queueing  theory  is  a  branch  of  mathematics  that 

studies the behavior of waiting lines,  or queues. It  is 

used  to  analyze  and  improve  the  performance  of 

systems  where  customers  or  requests  arrive  at  a 

service  facility  and  must  wait  for  service.  Queueing 

theory  has  applications  in  a  wide  variety  of  fields, 

including computer systems, communication networks, 

manufacturing systems, and service systems.

The basic elements of a queueing system are the arrival 

process, the service process, and the queue discipline. 

The  arrival  process  describes  how  customers  or 

requests  arrive  at  the  service  facility.  The  service 

process  describes  how  customers  or  requests  are 

served. The queue discipline describes how customers 

or requests are ordered in the queue.
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Arrival Process

The  arrival  process  is  the  stochastic  process  that 

describes  how  customers  or  requests  arrive  at  the 

service  facility.  The  arrival  process  can  be 

characterized by its arrival rate, which is the average 

number of customers or requests that arrive per unit 

time. The arrival process can be either deterministic or 

stochastic.  A  deterministic  arrival  process  is  one  in 

which the arrival rate is constant. A stochastic arrival 

process  is  one  in  which  the  arrival  rate  varies  over 

time.

Service Process

The  service  process  is  the  stochastic  process  that 

describes how customers or requests are served. The 

service process can be characterized by its service rate, 

which is the average amount of time it takes to serve a 

customer or request. The service process can be either 

deterministic  or  stochastic.  A  deterministic  service 

process is one in which the service rate is constant. A 
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stochastic service process is one in which the service 

rate varies over time.

Queue Discipline

The queue discipline is the rule that determines how 

customers or requests are ordered in the queue. There 

are a variety of queue disciplines, including first-come 

first-served  (FCFS),  last-come  first-served  (LCFS),  and 

priority  queuing.  FCFS  is  the  most  common  queue 

discipline. In FCFS, customers or requests are served in 

the  order  in  which  they  arrive.  LCFS  is  a  queue 

discipline in which customers or requests are served in 

the  reverse  order  in  which  they  arrive.  Priority 

queuing  is  a  queue  discipline  in  which  certain 

customers or requests are given priority over others.

Queueing System Performance Metrics

Queueing  theory  can  be  used  to  analyze  the 

performance of a queueing system in terms of several 

metrics,  including  the  average  waiting  time,  the 
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average queue length, and the probability of delay. The 

average  waiting  time is  the  average  amount  of  time 

that a customer or request spends waiting in the queue. 

The  average  queue  length  is  the  average  number  of 

customers or requests that are waiting in the queue. 

The  probability  of  delay  is  the  probability  that  a 

customer or request will have to wait in the queue.

Applications of Queueing Theory

Queueing theory has a wide variety of applications in 

fields  such  as  computer  systems,  communication 

networks, manufacturing systems, and service systems. 

In  computer  systems,  queueing  theory  is  used  to 

analyze  the  performance  of  computer  networks, 

servers,  and  other  computer  systems.  In 

communication networks,  queueing theory is used to 

analyze the performance of packet-switched networks, 

circuit-switched  networks,  and  wireless  networks.  In 

manufacturing  systems,  queueing  theory  is  used  to 

analyze the performance of production lines, assembly 
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lines,  and  other  manufacturing  systems.  In  service 

systems,  queueing  theory  is  used  to  analyze  the 

performance of call centers, hospitals, banks, and other 

service systems.
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Chapter  1:  Queueing  Systems 

Fundamentals

Classification of Queueing Systems

Queueing systems can be classified in a variety of ways, 

depending on the specific characteristics of the system. 

Some  of  the  most  common  classification  schemes 

include:

1. Single-Server vs. Multi-Server Queues

A single-server queueing system has only one server to 

handle  customer  arrivals,  while  a  multi-server 

queueing  system  has  multiple  servers.  Multi-server 

queueing  systems  can  be  further  classified  as  either 

parallel  or  series  systems.  In  a  parallel  system, 

customers can choose any available server, while in a 

series  system,  customers  must  visit  the  servers  in  a 

specific order.

2. Finite vs. Infinite Capacity Queues
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A finite capacity queueing system has a limited number 

of  spaces  available  for  customers  to  wait,  while  an 

infinite  capacity  queueing  system  has  an  unlimited 

number of  spaces available.  Finite  capacity queueing 

systems can be further classified as either blocking or 

non-blocking systems. In a blocking system, customers 

who arrive  when the  system is  full  are  blocked and 

must wait until  a space becomes available.  In a non-

blocking  system,  customers  who  arrive  when  the 

system is full are not blocked and are instead lost from 

the system.

3. Markovian vs. Non-Markovian Queues

A Markovian queueing system is a queueing system in 

which the arrival and service processes are Markovian, 

meaning  that  they  are  memoryless.  In  a  non-

Markovian  queueing  system,  the  arrival  and  service 

processes are not Markovian.

4. Open vs. Closed Queues
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An  open  queueing  system  is  a  queueing  system  in 

which  customers  can  arrive  and  depart  from  the 

system  at  any  time.  A  closed  queueing  system  is  a 

queueing system in which the number of customers in 

the system is fixed.

5. Product-Form vs. Non-Product-Form Queues

A product-form queueing system is a queueing system 

in which the steady-state distribution of the number of 

customers  in  the  system  can  be  expressed  as  the 

product of the steady-state distributions of the number 

of customers in each individual queue. A non-product-

form queueing system is a queueing system in which 

the  steady-state  distribution  of  the  number  of 

customers  in  the  system cannot  be  expressed  as  the 

product of the steady-state distributions of the number 

of customers in each individual queue.

The classification of queueing systems is an important 

step in the analysis and design of queueing systems. By 

understanding the different types of queueing systems 
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and  their  characteristics,  we  can  choose  the  right 

queueing model for a given application and design the 

system to meet the desired performance requirements.
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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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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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