Operating System Definition and Function

In the Computer System (comprises of Hardware and software), Hardware can only understand
machine code (in the form of 0 and 1) which doesn't make any sense to a naive user.

We need a system which can act as an intermediary and manage all the processes and resources
present in the system.
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An Operating System can be defined as an interface between user and hardware. It is
responsible for the execution of all the processes, Resource Allocation, CPU management, File
Management and many other tasks.

The purpose of an operating system is to provide an environment in which a user can execute
programs in convenient and efficient manner.

Structure of a Computer System
A Computer System consists of:
o Users (people who are using the computer)
o Application Programs (Compilers, Databases, Games, Video player, Browsers, etc.)
o System Programs (Shells, Editors, Compilers, etc.)

o Operating System ( A special program which acts as an interface between user and
hardware )

o Hardware ( CPU, Disks, Memory, etc)
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What does an Operating system do?
1. Process Management
2. Process Synchronization

3. Memory Management

4. CPU Scheduling
5. File Management
6. Security

Types of Operating Systems (OS)

An operating system is a well-organized collection of programs that manages the computer
hardware. It is a type of system software that is responsible for the smooth functioning of the
computer system.
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Batch Operating System

In the 1970s, Batch processing was very popular. In this technique, similar types of jobs were
batched together and executed in time. People were used to having a single computer which
was called a mainframe.

In Batch operating system, access is given to more than one person; they submit their respective
jobs to the system for the execution.

The system put all of the jobs in a queue on the basis of first come first serve and then executes
the jobs one by one. The users collect their respective output when all the jobs get executed.
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The purpose of this operating system was mainly to transfer control from one job to another as
soon as the job was completed. It contained a small set of programs called the resident monitor
that always resided in one part of the main memory. The remaining part is used for servicing
jobs.

Advantages of Batch OS

o The use of a resident monitor improves computer efficiency as it eliminates CPU time
between two jobs.

Disadvantages of Batch OS
1. Starvation

Batch processing suffers from starvation.
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There are five jobs J1, J2, J3, J4, and J5, present in the batch. If the execution time of J1 is very
high, then the other four jobs will never be executed, or they will have to wait for a very long
time. Hence the other processes get starved.

2. Not Interactive

Batch Processing is not suitable for jobs that are dependent on the user's input. If a job requires
the input of two numbers from the console, then it will never get it in the batch processing
scenario since the user is not present at the time of execution.

Multiprogramming Operating System

Multiprogramming is an extension to batch processing where the CPU is always kept busy.
Each process needs two types of system time: CPU time and IO time.

In a multiprogramming environment, when a process does its I/O, The CPU can start the
execution of other processes. Therefore, multiprogramming improves the efficiency of the
system.
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Advantages of Multiprogramming OS
o Throughout the system, it increased as the CPU always had one program to execute.
o Response time can also be reduced.

Disadvantages of Multiprogramming OS

o Multiprogramming systems provide an environment in which various systems
resources are used efficiently, but they do not provide any user interaction with the
computer system.

Multiprocessing Operating System

In Multiprocessing, Parallel computing is achieved. There are more than one processors present
in the system which can execute more than one process at the same time. This will increase the

throughput of the system.
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In Multiprocessing, Parallel computing is achieved. More than one processor present in the
system can execute more than one process simultaneously, which will increase the throughput
of the system.

Advantages of Multiprocessing operating system:

o Increased reliability: Due to the multiprocessing system, processing tasks can be
distributed among several processors. This increases reliability as if one processor fails,
the task can be given to another processor for completion.

o Increased throughout: As several processors increase, more work can be done in less.
Disadvantages of Multiprocessing operating System

o Multiprocessing operating system is more complex and sophisticated as it takes care of
multiple CPUs simultaneously.

Multitasking Operating System
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The multitasking operating system is a logical extension of a multiprogramming system that
enables multiple programs simultaneously. It allows a user to perform more than one computer
task at the same time.



Advantages of Multitasking operating system
o This operating system is more suited to supporting multiple users simultaneously.
o The multitasking operating systems have well-defined memory management.
Disadvantages of Multitasking operating system

o The multiple processors are busier at the same time to complete any task in a
multitasking environment, so the CPU generates more heat.

Real- Time Operating System
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The Application of a Real-Time system exists in the case of military applications, if you want
to drop a missile, then the missile is supposed to be dropped with a certain precision.
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Advantages of Real-time operating system:

o Easy to layout, develop and execute real-time applications under the real-time operating
system.

o In a Real-time operating system, the maximum utilization of devices and systems.
Disadvantages of Real-time operating system:
o Real-time operating systems are very costly to develop.

o Real-time operating systems are very complex and can consume critical CPU cycles.

Time-Sharing Operating System

In the Time Sharing operating system, computer resources are allocated in a time-dependent
fashion to several programs simultaneously. Thus it helps to provide a large number of user's
direct access to the main computer. It is a logical extension of multiprogramming. In time-
sharing, the CPU is switched among multiple programs given by different users on a scheduled
basis.
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A time-sharing operating system allows many users to be served simultaneously, so
sophisticated CPU scheduling schemes and Input/output management are required.

Time-sharing operating systems are very difficult and expensive to build.
Advantages of Time Sharing Operating System

o The time-sharing operating system provides effective utilization and sharing of
resources.

o This system reduces CPU idle and response time.
Disadvantages of Time Sharing Operating System
o Data transmission rates are very high in comparison to other methods.

o Security and integrity of user programs loaded in memory and data need to be
maintained as many users access the system at the same time.

Distributed Operating System

The Distributed Operating system is not installed on a single machine, it is divided into parts,
and these parts are loaded on different machines. A part of the distributed Operating system is
installed on each machine to make their communication possible. Distributed Operating
systems are much more complex, large, and sophisticated than Network operating systems
because they also have to take care of varying networking protocols.
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Advantages of Distributed Operating System
o The distributed operating system provides sharing of resources.
o This type of system is fault-tolerant.

Disadvantages of Distributed Operating System

o Protocol overhead can dominate computation cost.

Memory Management in Operating System (OS)

What do you mean by memory management?

Memory is the important part of the computer that is used to store the data. Its management is
critical to the computer system because the amount of main memory available in a computer
system is very limited. At any time, many processes are competing for it. Moreover, to increase
performance, several processes are executed simultaneously. For this, we must keep several
processes in the main memory, so it is even more important to manage them effectively.
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Role of Memory management

Following are the important roles of memory management in a computer system:

@)

Memory manager is used to keep track of the status of memory locations, whether it is
free or allocated. It addresses primary memory by providing abstractions so that
software perceives a large memory is allocated to it.

Memory manager permits computers with a small amount of main memory to execute
programs larger than the size or amount of available memory. It does this by moving
information back and forth between primary memory and secondary memory by using
the concept of swapping.

The memory manager is responsible for protecting the memory allocated to each
process from being corrupted by another process. If this is not ensured, then the system
may exhibit unpredictable behavior.

Memory managers should enable sharing of memory space between processes. Thus,
two programs can reside at the same memory location although at different times.

Memory Management Techniques:

The memory management techniques can be classified into following main categories:

o

o

Contiguous memory management schemes

Non-Contiguous memory management schemes
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Classification of memory management schemes

Contiguous memory management schemes:

In a Contiguous memory management scheme, each program occupies a single contiguous

block of storage locations, i.e., a set of memory locations with consecutive addresses.

Single contiguous memory management schemes:

The Single contiguous memory management scheme is the simplest memory management
scheme used in the earliest generation of computer systems. In this scheme, the main memory
is divided into two contiguous areas or partitions. The operating systems reside permanently in
one partition, generally at the lower memory, and the user process is loaded into the other

partition.
Advantages of Single contiguous memory management schemes:
o Simple to implement.

o FEasy to manage and design.

o In a Single contiguous memory management scheme, once a process is loaded, it is

given full processor's time, and no other processor will interrupt it.

Disadvantages of Single contiguous memory management schemes:

o Wastage of memory space due to unused memory as the process is unlikely to use all

the available memory space.

o The CPU remains idle, waiting for the disk to load the binary image into the main

memory.

o Itcannot be executed if the program is too large to fit the entire available main memory

space.



o It does not support multiprogramming, i.e., it cannot handle multiple programs
simultaneously.

Multiple Partitioning

The single Contiguous memory management scheme is inefficient as it limits computers to
execute only one program at a time resulting in wastage in memory space and CPU time. The
problem of inefficient CPU use can be overcome using multiprogramming that allows more
than one program to run concurrently. To switch between two processes, the operating systems
need to load both processes into the main memory. The operating system needs to divide the
available main memory into multiple parts to load multiple processes into the main memory.
Thus multiple processes can reside in the main memory simultaneously.

The multiple partitioning schemes can be of two types:
o Fixed Partitioning
o Dynamic Partitioning

Fixed Partitioning

The main memory is divided into several fixed-sized partitions in a fixed partition memory
management scheme or static partitioning. These partitions can be of the same size or different
sizes. Each partition can hold a single process. The number of partitions determines the degree
of multiprogramming, i.e., the maximum number of processes in memory. These partitions are
made at the time of system generation and remain fixed after that.

Advantages of Fixed Partitioning memory management schemes:

o Simple to implement.

o FEasy to manage and design.
Disadvantages of Fixed Partitioning memory management schemes:

o This scheme suffers from internal fragmentation.

o The number of partitions is specified at the time of system generation.
Dynamic Partitioning

The dynamic partitioning was designed to overcome the problems of a fixed partitioning
scheme. In a dynamic partitioning scheme, each process occupies only as much memory as
they require when loaded for processing. Requested processes are allocated memory until the
entire physical memory is exhausted or the remaining space is insufficient to hold the
requesting process. In this scheme the partitions used are of variable size, and the number of
partitions is not defined at the system generation time.

Advantages of Dynamic Partitioning memory management schemes:

o Simple to implement.



o Easy to manage and design.
Disadvantages of Dynamic Partitioning memory management schemes:
o This scheme also suffers from internal fragmentation.

o The number of partitions is specified at the time of system segmentation.

Non-Contiguous memory management schemes:

In a Non-Contiguous memory management scheme, the program is divided into different
blocks and loaded at different portions of the memory that need not necessarily be adjacent to
one another. This scheme can be classified depending upon the size of blocks and whether the
blocks reside in the main memory or not.

What is paging?

Paging is a technique that eliminates the requirements of contiguous allocation of main
memory. In this, the main memory is divided into fixed-size blocks of physical memory called
frames. The size of a frame should be kept the same as that of a page to maximize the main
memory and avoid external fragmentation.

Advantages of paging:
o Pages reduce external fragmentation.
o Simple to implement.
o Memory efficient.
o Due to the equal size of frames, swapping becomes very easy.
o Itis used for faster access of data.
What is Segmentation?

Segmentation is a technique that eliminates the requirements of contiguous allocation of main
memory. In this, the main memory is divided into variable-size blocks of physical memory
called segments. It is based on the way the programmer follows to structure their programs.
With segmented memory allocation, each job is divided into several segments of different sizes,
one for each module. Functions, subroutines, stack, array, etc., are examples of such modules.



What is Virtual Memory in OS (Operating System)?

Virtual Memory is a storage scheme that provides user an illusion of having a very big main
memory. This is done by treating a part of secondary memory as the main memory.

In this scheme, User can load the bigger size processes than the available main memory by
having the illusion that the memory is available to load the process.

Instead of loading one big process in the main memory, the Operating System loads the
different parts of more than one process in the main memory.

By doing this, the degree of multiprogramming will be increased and therefore, the CPU
utilization will also be increased.

How Virtual Memory Works?

In modern word, virtual memory has become quite common these days. In this scheme,
whenever some pages needs to be loaded in the main memory for the execution and the memory
is not available for those many pages, then in that case, instead of stopping the pages from
entering in the main memory, the OS search for the RAM area that are least used in the recent
times or that are not referenced and copy that into the secondary memory to make the space for
the new pages in the main memory.

Since all this procedure happens automatically, therefore it makes the computer feel like it is
having the unlimited RAM.

Snapshot of a virtual memory management system

Let us assume 2 processes, P1 and P2, contains 4 pages each. Each page size is 1 KB. The main
memory contains 8 frame of 1 KB each. The OS resides in the first two partitions. In the third
partition, 1% page of P1 is stored and the other frames are also shown as filled with the different
pages of processes in the main memory.

The page tables of both the pages are 1 KB size each and therefore they can be fit in one frame
each. The page tables of both the processes contain various information that is also shown in
the image.

The CPU contains a register which contains the base address of page table that is 5 in the case
of P1 and 7 in the case of P2. This page table base address will be added to the page number of
the Logical address when it comes to accessing the actual corresponding entry.
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Advantages of Virtual Memory
1. The degree of Multiprogramming will be increased.
2. User can run large application with less real RAM.
3. There is no need to buy more memory RAMs.
Disadvantages of Virtual Memory
1. The system becomes slower since swapping takes time.
2. It takes more time in switching between applications.

3. The user will have the lesser hard disk space for its use.

What is Demand Paging in OS (Operating System)?

According to the concept of Virtual Memory, in order to execute some process, only a
part of the process needs to be present in the main memory which means that only a
few pages will only be present in the main memory at any time.

However, deciding, which pages need to be kept in the main memory and which need
to be kept in the secondary memory, is going to be difficult because we cannot say in
advance that a process will require a particular page at particular time.



Therefore, to overcome this problem, there is a concept called Demand Paging is
introduced. It suggests keeping all pages of the frames in the secondary memory until
they are required. In other words, it says that do not load any page in the main memory
until it is required.

Whenever any page is referred for the first time in the main memory, then that page
will be found in the secondary memory.

After that, it may or may not be present in the main memory depending upon the page
replacement algorithm which will be covered later in this tutorial.

What is a Page Fault?

If the referred page is not present in the main memory then there will be a miss and the
concept is called Page miss or page fault.

The CPU has to access the missed page from the secondary memory. If the number of
page fault is very high then the effective access time of the system will become very
high.

What is Thrashing?

If the number of page faults is equal to the number of referred pages or the number of
page faults are so high so that the CPU remains busy in just reading the pages from the
secondary memory then the effective access time will be the time taken by the CPU to
read one word from the secondary memory and it will be so high. The concept is called
thrashing.

Demand Paging

The Demand Paging is a condition which is occurred in the Virtual Memory. We know that the
pages of the process are stored in secondary memory. The page is brought to the main memory
when required. We do not know when this requirement is going to occur. So, the pages are
brought to the main memory when required by the Page Replacement Algorithms.

So, the process of calling the pages to main memory to secondary memory upon demand is
known as Demand Paging.
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The important jobs of virtual memory in Operating Systems are two. They are:
o Frame Allocation

o Page Replacement.

Frame Allocation in Virtual Memory

Demand paging is used to implement virtual memory, an essential component of operating
systems. A page-replacement mechanism and a frame allocation algorithm must be created for
demand paging. If you have numerous processes, frame allocation techniques are utilized to
determine how many frames to provide to each process.

A Physical Address is required by the Central Processing Unit (CPU) for the frame creation
and the physical Addressing provides the actual address to the frame created. For each page a
frame must be created.

Frame Allocation Constraints
o The Frames that can be allocated cannot be greater than total number of frames.
o Each process should be given a set minimum amount of frames.

o When fewer frames are allocated then the page fault ration increases and the process
execution become less efficient

o There ought to be sufficient frames to accommodate all the many pages that a single
instruction may refer to



Frame Allocation Algorithms

There are three types of Frame Allocation Algorithms in Operating Systems. They are:

1) Equal Frame Allocation Algorithms

Here, in this Frame Allocation Algorithm we take number of frames and number of processes
at once. We divide the number of frames by number of processes. We get the number of frames
we must provide for each process.

This means if we have 36 frames and 6 processes. For each process 6 frames are allocated.

It is not very logical to assign equal frames to all processes in systems with processes of
different sizes. A lot of allocated but unused frames will eventually be wasted if a lot of frames
are given to a little operation.

2) Proportionate Frame Allocation Algorithms

Here, in this Frame Allocation Algorithms we take number of frames based on the process size.
For big process more number of frames is allocated. For small processes less number of frames
is allocated by the operating system.

The problem in the Proportionate Frame Allocation Algorithm is number of frames are wasted
In some rare cases.

The advantage in Proportionate Frame Allocation Algorithm is that instead of equally, each
operation divides the available frames according to its demands.

3) Priority Frame Allocation Algorithms

According to the quantity of frame allocations and the processes, priority frame allocation
distributes frames. Let's say a process has a high priority and needs more frames; in such case,
additional frames will be given to the process. Processes with lower priorities are then later
executed in future and first only high priority processes are executed first.



Page Replacement Algorithms

There are three types of Page Replacement Algorithms. They are:
o Optimal Page Replacement Algorithm
o First In First Out Page Replacement Algorithm

o Least Recently Used (LRU) Page Replacement Algorithm

First in First out Page Replacement Algorithm

This is the first basic algorithm of Page Replacement Algorithms. This algorithm is basically
dependent on the number of frames used. Then each frame takes up the certain page and tries
to access it. When the frames are filled then the actual problem starts. The fixed number of
frames is filled up with the help of first frames present. This concept is fulfilled with the help
of Demand Paging

After filling up of the frames, the next page in the waiting queue tries to enter the frame. If the
frame is present then, no problem is occurred. Because of the page which is to be searched is
already present in the allocated frames.

If the page to be searched is found among the frames then, this process is known as Page Hit.

If the page to be searched is not found among the frames then, this process is known as Page
Fault.

When Page Fault occurs this problem arises, then the First In First Out Page Replacement
Algorithm comes into picture.

The First In First Out (FIFO) Page Replacement Algorithm removes the Page in the frame
which is allotted long back. This means the useless page which is in the frame for a longer time
is removed and the new page which is in the ready queue and is ready to occupy the frame is
allowed by the First In First Out Page Replacement.

Let us understand this First In First Out Page Replacement Algorithm working with the help of
an example.

Example:

Consider the reference string 6, 1, 1,2,0,3,4,6,0,2,1,2,1,2,0, 3,2, 1, 2, 0 for a memory
with three frames and calculate number of page faults by using FIFO (First In First Out) Page
replacement algorithms.



Points to Remember
Page Not Found - - - > Page Fault
Page Found - - - > Page Hit
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OPTIMAL Page Replacement Algorithm

This is the second basic algorithm of Page Replacement Algorithms. This algorithm is basically
dependent on the number of frames used. Then each frame takes up the certain page and tries
to access it. When the frames are filled then the actual problem starts. The fixed number of
frames is filled up with the help of first frames present. This concept is fulfilled with the help
of Demand Paging

After filling up of the frames, the next page in the waiting queue tries to enter the frame. If the
frame is present then, no problem is occurred. Because of the page which is to be searched is
already present in the allocated frames.

If the page to be searched is found among the frames then, this process is known as Page Hit.

If the page to be searched is not found among the frames then, this process is known as Page
Fault.

When Page Fault occurs this problem arises, then the OPTIMAL Page Replacement Algorithm
comes into picture.



The OPTIMAL Page Replacement Algorithms works on a certain principle. The principle is:
Replace the Page which is not used in the Longest Dimension of time in future

This principle means that after all the frames are filled then, see the future pages which are to
occupy the frames. Go on checking for the pages which are already available in the frames.
Choose the page which is at last.

Let us understand this OPTIMAL Page Replacement Algorithm working with the help of an
example.

Example:

Consider the reference string 6, 1, 1,2,0,3,4,6,0,2,1,2,1,2,0, 3,2, 1, 4, 0 for a memory
with three frames and calculate number of page faults by using OPTIMAL Page replacement
algorithms.

Points to Remember
Page Not Found - - - > Page Fault
Page Found - - - > Page Hit
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Least Recently Used (LRU) Replacement Algorithm

This is the last basic algorithm of Page Replacement Algorithms. This algorithm is basically
dependent on the number of frames used. Then each frame takes up the certain page and tries
to access it. When the frames are filled then the actual problem starts. The fixed number of
frames is filled up with the help of first frames present. This concept is fulfilled with the help
of Demand Paging

After filling up of the frames, the next page in the waiting queue tries to enter the frame. If the
frame is present then, no problem is occurred. Because of the page which is to be searched is
already present in the allocated frames.

If the page to be searched is found among the frames then, this process is known as Page Hit.

If the page to be searched is not found among the frames then, this process is known as Page
Fault.

When Page Fault occurs this problem arises, then the Least Recently Used (LRU) Page
Replacement Algorithm comes into picture.

The Least Recently Used (LRU) Page Replacement Algorithms works on a certain principle.
The principle is:

Replace the page with the page which is less dimension of time recently used page in the past.

Let us understand this Least Recently Used (LRU) Page Replacement Algorithm working with
the help of an example.

Example:

Consider the reference string 6, 1, 1,2,0,3,4,6,0,2,1,2,1,2,0, 3,2, 1, 2, 0 for a memory
with three frames and calculate number of page faults by using Least Recently Used (LRU)
Page replacement algorithms.

Points to Remember
Page Not Found - - - > Page Fault
Page Found - - - > Page Hit

Reference String:



6,1,1,2,0,3,4,6,0,2,1,2,1,2,0,3,2,1,2,0

S.no|1|2|3|4|5|6|7|8|9|10(|11|12|13|14|15|16|17|18|19|20
F3 212214141412 |2 |2 |2 |2 |2 |2 |2 |2 |2 |2
F2 1111|113 (3(3|0|0 (O |O (O O (O |O (0 |1 (21 |1
F1 6|66 |B|(0|0O|0O|B|(6(6 |2 (21 |2 (12 |1 (3 |3 (3 |3 |0
Hit FIF|{H|F|F|F|F|F|F|F |[F |H |H |H |H|F |[H|F |H |F
(H)/

Fault

(F)

Number of Page Hits =7

Number of Page Faults = 13




