
Inside Real-Time Systems

Introduction

Real-time  systems  are  ubiquitous  in  today's  world, 

from the self-driving cars  we see on the road to  the 

medical devices that monitor our health. These systems 

are  characterized  by  their  stringent  timing 

requirements,  where  the  correctness  of  the  system 

depends  not  only  on  the  logical  results  of  the 

computation but also on the time at which these results 

are produced.

Designing  and  developing  real-time  systems  is  a 

challenging task, as it requires a deep understanding of 

both  hardware and software  components,  as  well  as 

the ability to reason about the timing behavior of the 

system. This book provides a comprehensive overview 

of  real-time  systems,  covering  the  fundamental 
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concepts,  design  principles,  programming  languages, 

and applications.

The book is divided into ten chapters,  each of which 

focuses on a different aspect of real-time systems. The 

first chapter introduces the basic concepts of real-time 

systems,  including  their  characteristics,  types,  and 

applications.  The  second  chapter  discusses  real-time 

operating systems, which are responsible for managing 

the resources and scheduling the tasks in a real-time 

system.

The  third  chapter  covers  real-time  programming 

languages,  which  are  designed  specifically  for 

developing real-time applications.  The fourth chapter 

discusses the design principles and techniques for real-

time systems,  including system modeling,  scheduling, 

and fault tolerance.

The fifth chapter focuses on real-time communication, 

which  is  essential  for  coordinating  the  activities  of 

different components in a real-time system. The sixth 
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chapter covers real-time databases, which are designed 

to store and manage data in a timely manner.

The  seventh  chapter  discusses  real-time  control 

systems,  which  are  used  to  control  the  behavior  of 

physical  systems  in  real-time.  The  eighth  chapter 

covers  real-time  signal  processing,  which  is  used  to 

process signals in real-time,  such as audio and video 

signals.

The  ninth  chapter  focuses  on  real-time  multimedia 

systems, which are used to deliver multimedia content, 

such as video and audio, in real-time. The tenth chapter 

presents case studies of real-time systems from various 

domains, such as automotive, avionics, and industrial 

automation.

This  book  is  intended  for  students,  researchers,  and 

practitioners who are interested in learning about real-

time systems. It is also a valuable resource for anyone 

who wants to develop real-time applications.
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Book Description

This  comprehensive  guide  to  real-time  systems 

provides a thorough understanding of the fundamental 

concepts,  design  principles,  programming  languages, 

and applications of real-time systems. With its in-depth 

coverage  and  clear  explanations,  this  book  is  an 

invaluable  resource  for  students,  researchers,  and 

practitioners alike.

The book is divided into ten chapters,  each of which 

focuses on a different aspect of real-time systems. The 

first chapter introduces the basic concepts of real-time 

systems,  including  their  characteristics,  types,  and 

applications.  The  second  chapter  discusses  real-time 

operating systems, which are responsible for managing 

the resources and scheduling the tasks in a real-time 

system.

The  third  chapter  covers  real-time  programming 

languages,  which  are  designed  specifically  for 
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developing real-time applications.  The fourth chapter 

discusses the design principles and techniques for real-

time systems,  including system modeling,  scheduling, 

and fault tolerance.

The fifth chapter focuses on real-time communication, 

which  is  essential  for  coordinating  the  activities  of 

different components in a real-time system. The sixth 

chapter covers real-time databases, which are designed 

to store and manage data in a timely manner.

The  seventh  chapter  discusses  real-time  control 

systems,  which  are  used  to  control  the  behavior  of 

physical  systems  in  real-time.  The  eighth  chapter 

covers  real-time  signal  processing,  which  is  used  to 

process signals in real-time,  such as audio and video 

signals.

The  ninth  chapter  focuses  on  real-time  multimedia 

systems, which are used to deliver multimedia content, 

such as video and audio, in real-time. The tenth chapter 

presents case studies of real-time systems from various 

5



domains, such as automotive, avionics, and industrial 

automation.

This  book  is  written  in  a  clear  and  concise  style, 

making it  accessible to readers with a wide range of 

backgrounds. It  is also packed with helpful examples 

and illustrations, which help to reinforce the concepts 

discussed  in  the  text.  Whether  you  are  a  student, 

researcher,  or  practitioner,  this  book  is  the  perfect 

resource for learning about real-time systems.
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Chapter  1:  Foundations  of  Real-Time 

Systems

What is a Real-Time System

A real-time system is  a  system that  must  respond to 

events  or  data  within a  specific time constraint.  The 

correctness of a real-time system depends not only on 

the logical results of the computation but also on the 

time  at  which  these  results  are  produced.  Real-time 

systems  are  used  in  a  wide  variety  of  applications, 

including:

 Automotive  systems,  such  as  engine  control 

modules and anti-lock brake systems

 Avionics systems, such as flight control systems 

and navigation systems

 Industrial  automation  systems,  such  as 

programmable logic controllers and distributed 

control systems
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 Medical  systems,  such  as  patient  monitoring 

systems and surgical robots

 Telecommunications  systems,  such  as  cellular 

networks and satellite systems

 Multimedia systems, such as video conferencing 

systems and online gaming systems

Real-time  systems  can  be  classified  into  two  main 

types:  hard  real-time  systems  and  soft  real-time 

systems. Hard real-time systems are systems in which 

the failure to  meet  a  deadline can have catastrophic 

consequences, such as loss of life or property. Soft real-

time systems are systems in which the failure to meet a 

deadline  may  result  in  degraded  performance  or 

inconvenience, but not in catastrophic consequences.

The design and development of real-time systems is a 

challenging task, as it requires a deep understanding of 

both  hardware and software  components,  as  well  as 

the ability to reason about the timing behavior of the 

system.
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Characteristics of Real-Time Systems:

 Timeliness: Real-time systems must respond to 

events or data within a specific time constraint.

 Predictability: Real-time systems must  be able 

to  predict  the  timing  behavior  of  their 

components.

 Reliability: Real-time  systems  must  be  highly 

reliable, as the failure of a real-time system can 

have serious consequences.

 Efficiency: Real-time systems must be efficient in 

their  use  of  resources,  such  as  memory  and 

processing power.

 Fault tolerance: Real-time systems must be able 

to tolerate faults, such as hardware failures and 

software bugs. 
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 Chapter  1:  Foundations  of  Real-

Time Systems

 Characteristics of Real-Time Systems

Real-time systems are characterized by their stringent 

timing  requirements,  where  the  correctness  of  the 

system depends not only on the logical results of the 

computation but also on the time at which these results 

are  produced.  These  systems  are  often  used  in 

applications where the failure to meet a deadline can 

have  catastrophic  consequences,  such  as  in  medical 

devices,  automotive  systems,  and  industrial 

automation.

There are a number of characteristics that distinguish 

real-time systems from traditional computing systems. 

These characteristics include:

 Timeliness: Real-time  systems  must  produce 

results  within  specified  time  constraints.  This 

means that the system must be able to respond to 
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events in a timely manner and must be able to 

meet deadlines for the completion of tasks.

 Predictability: The  behavior  of  a  real-time 

system must be predictable. This means that the 

system must be able to guarantee that tasks will 

be  completed  within  specified  time  constraints 

and  that  the  system  will  not  exhibit  any 

unexpected behavior.

 Reliability: Real-time  systems  must  be  highly 

reliable. This means that the system must be able 

to  tolerate  faults  and  failures  without 

compromising its ability to meet its deadlines.

 Safety: Real-time  systems  must  be  safe.  This 

means  that  the  system  must  be  designed  and 

implemented in such a way that it cannot cause 

any harm to people or property.

These  characteristics  make  real-time  systems 

challenging  to  design  and  develop.  However,  these 

systems are essential for a wide range of applications, 
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and their importance is only going to grow in the years 

to come.
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Chapter  1:  Foundations  of  Real-Time 

Systems

Types of Real-Time Systems

Real-time systems can be classified into different types 

based  on  various  criteria  such  as  their  criticality, 

predictability,  and  timing  constraints.  Some  of  the 

common types of real-time systems include:

1. Hard Real-Time Systems:

Hard real-time systems are those in which the failure 

to  meet  a  deadline  can  have  catastrophic 

consequences,  such as  loss  of  life  or  property.  These 

systems  are  typically  found  in  applications  such  as 

aircraft  control  systems,  nuclear power plant  control 

systems,  and  medical  devices.  In  hard  real-time 

systems,  the  timing  requirements  are  absolute  and 

must be met under all circumstances.

2. Soft Real-Time Systems:
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Soft real-time systems are those in which the failure to 

meet  a  deadline  may  not  have  catastrophic 

consequences, but it can still degrade the performance 

or  quality  of  the system.  These systems are typically 

found  in  applications  such  as  multimedia  systems, 

teleconferencing  systems,  and  industrial  automation 

systems.  In  soft  real-time  systems,  the  timing 

requirements are less stringent than in hard real-time 

systems, but they are still important and should be met 

as often as possible.

3. Firm Real-Time Systems:

Firm real-time systems are those in which the failure to 

meet  a  deadline  may  have  some  negative 

consequences,  but  these  consequences  are  not  as 

severe as in hard real-time systems. These systems are 

typically  found  in  applications  such  as  automotive 

control systems, robotics, and manufacturing systems. 

In firm real-time systems, the timing requirements are 
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important, but they can be relaxed in some situations 

to avoid catastrophic consequences.

4. Predictable Real-Time Systems:

Predictable  real-time systems are those in  which the 

worst-case  execution  time  (WCET)  of  each  task  is 

known and bounded. This allows system designers to 

guarantee that all  deadlines will  be met,  even in the 

worst-case scenario. Predictable real-time systems are 

typically used in applications where safety or reliability 

is critical.

5. Sporadic Real-Time Systems:

Sporadic  real-time  systems  are  those  in  which  the 

arrival times of tasks are not known in advance. These 

systems  are  typically  found  in  applications  such  as 

event-driven  systems,  sensor-based  systems,  and 

interrupt-driven  systems.  In  sporadic  real-time 

systems, the system must be able to respond to tasks in 
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a timely manner, even if the arrival times of the tasks 

are unpredictable.

The  type  of  real-time  system  that  is  used  for  a 

particular  application  depends  on  the  specific 

requirements of the application. For example, a hard 

real-time  system  would  be  used  for  an  application 

where  the  failure  to  meet  a  deadline  could  have 

catastrophic  consequences,  while  a  soft  real-time 

system  would  be  used  for  an  application  where  the 

failure  to  meet  a  deadline  would  only  degrade  the 

performance or quality of the system.
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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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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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