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required to attempt FIVE questions in all. Question Number 1 will be compulsory. In addition to
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CPU Scheduling: Basic concepts, Scheduling criteria, Scheduling algorithms : FCFS, SJF,
Round Robin & Queue Algorithms. 194 o
Deadlocks: Deadlock characterization, Methods for handling deadlocks, Banker’shargorithm.

UNIT-III
Memory Management: Logical versus Physical fd?i?ess space, Sw%g::;?ng, Cont%g\tl%us

allocation, Pag?lﬁ' 3 Segme&ﬂi . 23
Virtual Memory: Demand plé'ijing, Performance of demand paging, Page repliacément, Page
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Device Management: Disk structure, Disk scheduling: FCFS, SSTF, SCAN, C-SCAN,

LOOK, C-LOOK.
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Ans. Operating System as an Extended Machine

A computer hardware is a bare machine. A bare machine
is not the environment desired by most programmers, Ap,
operating system provides an environment for the
execution of programs. It provides an environmep
where software and data make use of the hardware in the
computer system. *

An operating ‘system is the most fundamental program

that acts as an intermediate between a user of a computer
and the computer hardware.

Extended Machine

Bare
Machine

Operating mwa.a
m
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The user communicates with the
does not directly interface wi

ova_.mmu

- 9 :—
operating system effectively isolateg

the user by insulating all the hardwgy,

i 8 System and
Eormasa.o. The
_._E.aém_.o from

prrwy N

—————

Thus operating system can be regarded as a virtual
machine standing between our programs and the bare
hardware, thus providing a more convenient extended
machine. Thus operating system seems to be as an
extension of the bare machine and hence is an extended

machine. - .

Operating System as a Resource Manager

An operating system is an essential component of a
computer system. The operating system as a control
program, controls and co-ordinates the use of hardware
among various application programs of various users.

An operating system is a large collection of software,
which manages resources of the computer system such

~as memory, Processor, file system and input/output

devices. It allocates the resources on the basis of the
user’s need and system capabilities.

As a Resource: Manager/Resource allocator, the four
major functions of the operating system are following:

1. Memory Management.
2. Processor Management.
3. Input/output and Peripheral Management.

4. File and software Management.

As a Resource Manager, the operating m_uaﬂo_.: must
perform the following functions for each resource:

o Keep track of the resource.

e Enforce policy that determines who gets what, when
and how much.
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o Allocate the resource to the job decided.

e Reclaim or deallocate the resource.

Major Functions of Operating System as a Resourc,

manager:

1. Memory Management Function

o Keep track of main memory; what parts are in use
and by whom? What parts are not in use i.e. free

etc?

* In multiprogramming, decide which process gels

memory, when it gets it, and how much.

* Allocate the memory when the process requests it

and the policy decided above allows it.

L ]
Deallocate the memory space, when the process no

longer needs it or has been terminated

2. Processor (CPU) gmq.mmgﬁi Function

* Keep track of processor and the status of processe ;
S.

* Decide who will have a chance to use ¢
the job scheduler chooses from 4
submitted to the system. In multip
decide which process gets the process
how much. -

* Allocate the CPU to a process.

* Reclaim/Deallocate the processor when
terminates or exceeds allowed amount of

he processor;
Il the jobs
T08ramming,
on _Smmﬁ and

Process
Gge,

D
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3. Device Management Function

o Keep track of all devices/peripherals.

o Decide which process gels the device, when and for
how much time.

« Allocate the device and initiate the I/0 operation.

o Deallocate the device. In most cases, the I/O

terminates automatically.

4. File Management Functions

e Keep track of the filefinformation; its location, use,

status etc.

e Decide who can use the resource; enforce protection

requirements, and provide accessing roufines.

e Allocate the ﬂmuozﬂnw (information/file) e.g. open

file.

e Deallocate the resource e.g. close a file.

a
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M
Qz.(c) What is Operating System;’ Discuss the services

provided by an operating system.
- MDU BCA 2016

OR

Define Operating System. What are the various

services provided by an operating system to its

users? Explain. - MDU BCA 2014
OR

What do you understand by Operating
System? What are the major functions

performed by an Operating System.
| MDU BCA 2012

Ans. Operating System

An operating system is a 's,et of programs, which are
used to manage the overall operations of a computer,
in order to achieve maximum efficiency of the
computer system.

It is a large collection of software, which manages
resources of the compukter.system, such as memory,
processor, file system and input/output devices.

It is the most important part of system software which
schedules programs and controls the operations of the
_computer system. It is the program within a computer
system which helps users to run their applications.

Computer system hardware is itself a complex system. If
every programmer has to be concerned with how disk
drive works, what could go wrong when reading a disk
etc., writing a program is very difficult. ' To shield
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programmers from the complexity of the hardware ,

layer of software on top of bare hardware is needed to
manage all parts of the system. This layer of software ig

the operating system.
Thus “An Operating System is a set of programs thay
controls the execution of application programs and

acts as an interface between the user of a computer
and the computer hardware.”

Various services/ functions provided/performed by
an Operating System -

The operating system is designed with a mechanism to
provide varied services/facilities to the users in a
computer system. _

The functions on.m: operating system may vary from one
operating system to another. The main services provided
by operating systems are the following: ;
1. User’s friendly Interface

Resource manager

Accounting

Command Interpretation

Interrupt Handling

2.

3.

4,

5.

6. Protection ’

7. Fault Monitoring

8. Secondary storage management
9. Communication

10. Supervision

&\
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1.

User’s friendly Interface

Operating systems are designed and aoan._cmnﬁ_

.. . to
..ut::ﬁnn the man-machine capabilities. All its services
intend to reduce the user’s programming burden, The

user need not write a complex set of commands to
perform every task. User interacts with

: the computer
through operating system.

Resource Manager .

An operating system manages the resources of a
computer system such as memory, CPU, file system and
I/O devices etc. in order to attain an increased efficiency
of a computer system. As a Resource Manager the four -
major functions of the operating system are following:

(a) Memory Management: Memory is an important
resource that is managed by the operating system.

(b) Processor Zm.ummmimiu Keeps the processor busy,
scheduling of jobs permitting a number of users or
application programs to share the CPU.

(c) Input/output and Peripheral Management: The
speed of one I/O device differs from another and also
from the speed of CPU. Operating systém maintains a
control in the sense that CPU is busy. Omaa&um system
allows the users to give input or get output by managing
different I/O devices. .

(d) File and software Management: The operating

system allows the users to create, manipulate and

organize files and directories, share data/files etc.
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As a Resource Manager, the operating system performs é protection OR Security .
the following functions for each resource: Operating syster keeps, safe the itnportant information
(a) Keep track of the resource. . for future and current use as well as protects from
. 1 thorized access.

(b) Enforce policy that determines who gets which unau .

resource, when and how much/how long, Protection involves ensuring Q._E all »oonmw. to mwmﬁﬂ
(c) Allocate the résource-to the job decided. , resources is controlled. In multi-process environment, it

is co.a.m.%_n that one process to interface with the other or
i

(d) Reclaim or deallocate the resource. h the owanmasm system, SO protection is required.

wit

3. Accounting h each user having to authenticate to

Security starts wit ‘
ystem usually by means of a password. External

. 3 . ) the s R
The accounting for E.o computer time used by a user is /O devices must be also protected from invalid access
also prepared and maintained by the operating system in
multi-user environment. . ALRIRE:

. : : itori R Error detection
For accounting purposes logs of each user must be kept. 1. m.w_.wz monitoring O

It is also necessary to keep record of which user uses
how E_.__n: and what kinds of computer resources. The
accounting data may be used for statistics or for the
billing. It is also used to improve system efficiency.

Error may occur in CPU, in /O devices or in the
ardware. The operating system constantly
ssible errors. It should take the
rrect and consistent

memory h
needs to be aware of po
appropriate action to €nsure co

4. Command Interpretation ; computing.
i , T ; : or handling routine 1n
The interpreter program residing in operating system ikl ooo.E.m. e ticular MBnmmm aid
facilitates the translation and execution of the commands : operating system terminate the -par .ﬂ
given by the user in procedural language. immediately reports to the user 10 correct 1t.
5. Interrupt Handlin 8. Secondary storage management
g : Y
A . 3 ¢ ing system.
An interrupt is a hardware/software generated change of Besides managing the main memory, operati maaw s
flow within a system. The operating system directs also performs the typical task of disk .Em:mmm .,SE Sk
interrupt service routine and determines what actiop is to operating system performs the following tas
* be taken. .

management:

¢ Disk scheduling.
P Y
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10.

cor on different computer but conn
“computer network. Operatmg system

88

' i i ction.
e Storage allocation using compa

e Free-space management.

Communication ‘ |
0cesses is required for
the one computer
ected through
allows different
andles deadlock

Data transfer between .two Pr
some time. The both processes are on

running processes to communicate and h
situations. -

Supervision =0

Operating system as a supervisor program:

e Controls the sharing of system hardware and
software by several users. ‘

e Supplies common services for use by othe}'_'software.
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Simple Batch, HS:E. _

ou mean by : |
sy Mcrw”.m””_awﬁ_ Real-time and ‘—J.Em-m_.m..&
o y ) E 1
m_mzam system. Explain In detail.
MDU BCA 20y

Ans. Simple Batch Operating System

In older days the computers Were large systems run frq,
a console. The common input devices were card reager
and tape drives and output devices were line EES.
tape drives and card punches.

The computer system did not directly interact with the |
users instead the computer users used to prepare 3
format that consisted of the programs, the data and some |
control information about the nature of the job and |
submitted it to the computer operator. |

The job was usually in the form of punch cards. The

process as a whole took a lot of time and was slow. To

MMMMM MW the processing jobs with similar needs were
ed togeth, ;

i gether and were run through the computer as

Thus, jobs Wwith similg

together angd "' requirements were batched

...
un, through the Computer as a group-

must be remembered that a batch program operating
system is a single program system because at a time only
one program is being executed by the C.P.U.

Figure shows the memory layout for a simple batch
system:

Operating
System

User
Program
Area

A simple batch operating system, thus normally Read a
stream of separate jobs, each with its own control cards
that predefine what the job does. When the job is
complete, its output is usually printed.

In this operating system: .

e \ Memory is usually divided into two parts. One part
is fixed for containing %mﬂnmaw system and the
other part contains user programs to be executed.
When one program is executed, another program is
loaded into the same memory area. ,

o .The C.P.U. has to execute only one program at a

time so the C.P.U. management also does not have
. problem.

=

Disadvantages of simple batch operating system

Following are tle disadvantages of simple batch
operating system:
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: llows no interaction

le batch operaling system @
d executing programs.

en L...Q.W ht@zﬂ-ﬂw%mez
This time can be

o Simp
@Ngﬁma users an
time taken betwe

o The turnaround :
n is very high-

and job completio
¢ from user standpoint.

larg
A job could enter an infinite loop.

program. A programmer cannot

nt it occurs.

Difficult to debug
correct bugs the mome

Due to lack of protectio
affect pending Jjobs.

n scheme, one batch job can

Multi-Programmed Operating System

Multiprogramming refers to a form of processing in
which computer holds more than one program in the
memory and execules them concurrently, i.e., it is a
technique to execute number of programs

simultaneously by a single processor.

In multiprogramming, numbers of processes reside in
the main memory at a time and the operating system
picks and begins executing one of the jobs. Any /O wail
by a process, will switch the CPU from that job to
another job in the job pool, eliminating the CPU idle
Mam. The operating system takes care of méznizm the
Em_.mcwﬂao”:w.ﬂwnéhws.m user jobs. It also provides 2
functions, so the jobs n_h_:os.agn E&. S, SR
not interfere with each other.

Multipr
san% _ﬂm_wsaam systems provide an environment in
various.  system resources are EEN&
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effectively, but they do not provide for user inter ti
with the computer system, action

Advantages: of multi-programmed operatin
system g

Following are the advantages of multi-programmed
operating system: 4

e CPU never sits idle, so it increases the CPU
performance.

o Efficient memory utilization.

Disadvantages of multi-programmed operating
system

Following are the disadvantages of multi-programmed
operating system:

-e CPU scheduling is required.

e To accommodate many jobs in memory, memory
. management is required. .

e The user cannot interact with’ the job when it is
being executed.

Real time operating system

A real time operating system is one in which the input
data has to be processed and the result produced within
a given time period. Real time system is a special
purpose operating system.

It is used in those environments where a large number of
events external to computer systems, are accepted and
processed in a short time or within specified time.
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Introductio
m has well defined, fixed tip,

: operating syste . :
Real time OP S me tasks if the task is po

. In some real ti

MM“M“MMM within deadline time, amm:m may
disastrous. Such tasks are Hard Real Time Tasks, 1,
some other €ases unsuccessful  attempt  requireg
rescheduling the task for completion. Such tasks may b,
termed as Soft Real Time Tasks.

For example, 2 computerized robot picking y,

something from a conveyor belt with the object moving,
In cases, the robot is early or late, the object won’t be
‘there and thus resulting in an unsuccessful attempt

though the robot moved to the right place.

Thus, real time operating system are very useful in
places where a close watch is to be kept on the
surroundings of the system and some corrective action is

to be taken in case one specific thing happens.
Its Snwa characteristics are: |
o Fast Response time

e Feedback mechanism

* Reliability

* Predictability

Such applications include:

* Scientific experiments.

e Flight control

* Few Military applications,

o Industrial n.eaa.&._

* Intensive Care Monitoring
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Time-sharing operating system

Time-sharing is a special case of multiprogramming
operating system with a quick response time. It allows
many users to simultaneously share the computer
resources. It provides each user with a small portion of

a time-shared computer.

CPU

A

A
.ﬂoﬂa_mw_w vessssesse | Terminal n

’

Terminall _

user 1 user 2 user n
In a time-shared system since each action or command

take a very small fraction of time, only a little CPU time

is needed for each user. As the CPU switches rapidly
from one user to another user, each user is given
impression that he has his own computer, whereas
actually one moEwcSm is being ..mrmmoa among many

users.

Most time sharing systems use time-slice (round robin)
scheduling of CPU. Time sharing provides the
advantages of quick response time. This leads to
optimum utilization of resources. Since in time sharing

systems, multiple programs co-exist in memory, hence

memory management in such system provides for the

protection and separation of user program.
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Q4.(d) Explain the term Multi-Programming.

MDU BCA 2014

%

AnS. Multiprogramming is a technique to execute number of

programs simultaneously by a single processor.

In multiprogramming number of processes reside in
main memory at a time and the operating system picks
and begins executing one of the jobs in main memory.

Thus, multiprogramming refers to a form of processing

" in which computer holds more than one program in the

memory and executes them concurrently.

In this, processor time is shared in such a manner that
each program receives some attention for sometime, it

seems as though all the programs are being run at the
same time. '

Multiprogramming operating systems as compared to
Batch operating system are fairly better. Such operating
systems are fairly sophisticated.

Multiprogramming  increases CPU utilization by

~ organizing a number of jobs such that CPU always has

one to execute.

Advantages of multiprogramming

Following are the advantages of multiprogrammingi

- 1. Increased CPU Utilization

Multiprogramming increases CPU utilization by
organizing a number of jobs such that CPU always has
one to execute. |

2. Multiple Users

Multiprogramming also supports multiple users.
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3 IncreasedThroughput .
fers to the total number of pmgram

hput € : :
Throughp fixed period of time,

executed over 2
multiprogramming,
program it is exect
throughput.

ting, thus resulting In an incrﬁ&sed

4. Shorter Turn Around Time

Turn around time for short jobs are greatly improveg,
multiprogramming. '

- 5. Improved Memory Utilization

i
i

|
|
I

CPU is not waiting for I/O for thz |

In multiprogramming, more than one programs reside j,

~main memory. Thus memory is utilized to the optimup
6. Increased Resource Utilization

In multiprogramming, a number of programs g

actively competing for resources resulting in high
- degree of resource utilization. =
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Ans.

Multiprocessing operating system or the parallel system

supports.the. use of more than one processor in close
communication.

Thusf a.system consisting of more than one processor
that is tightly coupled (i.e., heavy sharing of resources

like bus, clock, memory, 1/0 devices) is a parallel
system. :

A single CPU may be slow. So, a possible solution is to
have many (;P_IJS put parallel to execute a single given
problem. This is parallel processing. These systems will

increase the CPU throughput; reduce timé required for
job execution.

The advantages of such system' are:

1.

Increased Throughput

By increasing the number of processors, more work can
be done/completed in a unit time.

. Cost Savings

Such system shares the memory, buses, peripherals etc.
Multiprocessor system thus saves money as compared to
multiple single systems. Also, if a number of programs’
are to operate on the same data, it is cheaper to store that
data on one single disk & shared by all processors than
to have many copies of the same data.

. Increased Reliability

In this system, the workload is distributed among several
processors, which results in increased reliability. If one
processor fails, its failure may slightly slow down the
speed of the system but won’t fail the system.
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Q4.(c) Explain Distributed System. MDU BCA 2016
. OR

What is distributed system?
advantages of distributed system.
difficulties in implementing distrib

Ans. Distributed System

Explain the
What are th,
uted system?

It comprises of a large central

omputer to which 3 |
number of remote terminals are

arge
attached.
A distributed system is one th

centralized operating systé

at looks like an ordingry
independent CPUs,

m that runs on multiple

It is collection of
Each processor ha

processors that do not shar
S its own local memory,

€ memory.

WADHWA’

Accesses
Head Office

KOLKATA

Local Branch

Local Branch Z

With  distributeqd processing, - related data at all

_comzo:m:ona:m_w is  synchronized,  updated
Simultaneousy,

This Operating system allows programs to run on several
Processors at the same time, thus requinng more
Complex processor scheduling algorithms in order to
achieve maximum utilization of CPU's time.

The distributed o—unnmz.sm system allows the user to

: as local
Access remote resources in the same manner as
T€Sources a5 they do.
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4 It allows paran
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i

concurrently;
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05.(8) Explain Process. : MDU BCA 2017

An

OR _
What short note on process. MDU BCA 2013

s. A program in execution is called a process. A process

can also be defined as an instance of a program in

execution.

Process is the entity that can be assigned to and executed
on a processor. It is the unit of work in a modern time-
sharing operating system. A process is more than the
program code. It includes the current activity as
represented by the value of the program counter (PC)

“and the contents of the processor’s registers.

e.g. (1) In UNIX operating system, shell or command

interpreter is also a process which performs the task
of listing to whatever is typed on a terminal. As we
run a command, shell runs that command as a

separate process.

(i) In a time-shared system, computer memory stores
multiple users' programs. Each program is given a
fraction of CPU time. As CPU begins executing a
program, a process is created. When one process

stops running after taking its share of CPU time,.

another process starts.

A ‘process’ is not the same as ‘program’, it is infact a

‘program in execution. A program is a passive entity. For

example, a program file on the disk. A process on the
other hand is an active entity. A process is a smallest
unit of work that is scheduled by operating system. A
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task of time-sharijy g

process is job of batch system OT

system.
The term ‘process’ was first used by the designers of th,
0’s, since then, the term Process, useq

MULTICS in 196 . .
somewhat interchangeably with ‘task’ or ‘job’.

of code. It is that entity ¢,
ed. It contains the program
A process is a Tunning

A process 18 running piece
which processors are assign

code and its current activity.

program with which a particular set of data is associated,

A program may consist of several processes.

Thus there may be a situation when more processes .may
be e?ssocmted with the same program but they are
considered for separate execution processes

Process consists of three components:
e An executable program.
* Associated data needed by the program and

i Execution context of the progfam.
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Q5.(b) Explain the term operation on process.
MDU BCA 2014

OR
What are the operations defined on a process?
Explain.
Ans. Operation_s on a Procéss

Main operations that can be performed on a process are:

1. Process creation
2. Process execution

3. Process termination
1. Process creation

First the process is ‘created’. Creating a process involves
the following operations:

o Name the process
e Insert it in the system’s list of known processes

o Create the prolcess control block (PCB) etc.

A process may generate one O MOr¢ NEW processes
during execution. The creating process is called the
parent process and the created process is called the child
process. Only one parent is needed to create a child.
Each of the children processes may create other -
processes. Thus such creation forms a hierarchical

process structure that is a tree of processes.

There are some common events that lead to the creation
of a process. In a batch environment, a process is created
in response to the submission of a job. In an interactive
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environment a process is created, when a new User
attempts to logon. It is the operating system which ;
responsible for the creation of the new process. On
behalf of an application also the operating system can
create a process. As a user requests for a file g be
printed, the operating system creates a process that wi)
manage the printing. ‘

When a process is created, it requires some ﬁmﬂ.mama.a
These are priority, level of privilege, requirement om.
BwEoQ_ access right, memory protection etc. Process
will need certain resources, such as CPU time, memory
files and 1/O devices to complete the owo_.m:o:. cﬁ.g_
process creates a subprocess, that subprocess may obtain

its unm.ocﬁnnm directly from the operating system
otherwise it uses the resources of parent process |

2. Program mmmn_:mo:

Wmﬂ a process is created, process is ready for execution
epending on operating system :

the operatin g system.

Some initializati
on data may ag
SO be passed f;
rom the

parent to the child process.

When a process creates a New procesg

exist in terms of execution. These drg: tWo possibilities

® The parent continues to execute

its children. concury ently with

e The parent waits until some or all

have terminated. of its children

-
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3. Process termination

Process termination implies that the process executes its
Jast statement and asks the operating system to delete it
or exit. As a result, the process’s resources are de-
allocated by operating system. DELETE system call is

used for terminating a process.

Following are the reasons for terminating the child
process by parent process:

Child has exceeded its usage of some of the
resources that it has been allocated.

The task given to the child is no longer required.

Operating system does not allow a child to continue
if its parent is exiting.
The process termination can be done in following

conditions:

o Normal exit,

o Error exit,

e Fatal error,

o Killed by another process.

Other operations
e process, other

In addition to the above operations of th
s are the

different operations performed on a proces
following:

* Destroy a process
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06.(€) Explain the term Co-operating processes.

AHS Proc

1
2
3. Modularity
4

MDU BCA 2014, 2013

esses executing concurrently in the operatmg
system can be classified into two types based on their

interaction with the other processes. The two types are

mdependent process and co- -Operating process.

A process is independent if it cannot affect or be
affected by the other processes executing in the system.
A process that does not share data with any other
process is mdependent

A process is co-operating if it can affect or be affected
by the other processes executing in the system.

A co-operating process is one which shares some

information or communicates with other processes. in
order to speed up the computation time. '

A co-operating process can affect the state of other
processes by sharing memory, sending signals etc. .

Advantages of co-operating processes

Co-operating processes have the following advantages:

. Information sharing

. Computational speed up

. Convenience

1. Information sharing

Several users may be interested in the same piece of

information, For example, a shared file. Operating
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system provides an environment to allow concurre,

access to such information.

2. Computational speed up
Some problems can be solved quickly by dividing the
process 1nto smaller/subtasks which can be executeq j,
parallel on several processors. e

3. Modularity

Modularity implies dividing the system functions ip
separate prbcesses or threads. Thus the solution of ,
problem is structured in a modular function. These par
with well defined interfaces run in parallel.

4. Convenience

An individual user may have many ‘tasks to work on a
one time. For example the user may be editing, printing
and compiling in parallel.
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Q6.(2) Explain threads and their uses. _
MDU BCA 2017, 2016

OR

- Explain threads in detail. |
MDU BCA 2015, 2013

Ans. Thread

A thread is light weight procéss which is very useful for
. the efficient utilization of the CPU. 51
Threads are very much similar to process but unlike the
nature of the processes threads are not independent of
one another. A thread belongs to only one process and
they exist only internal to a process. Threads are very
much useful in multiprocessing environment whereas
processes are Very much useful in multiprogramming
environment. Threads are not independent of one

another.

A thread is a basic unit of CPU utilization, it consists of:

e program counter
e register set.
e stack space

The operating system does not need to create a new

memory map for a new thread as it does for a process.

Threads provide speed and sharing to related threads. A
thread shares with its peer threads its: ;

e code section
¢ - data section

* operating system resources
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f

In a mu
blocked and waiting, a secon

ltiple threaded task, while one server thread i
d thread in the same tagk -

can run.

Uses/Advantages of threads

Threads have the following 'uses/eidvantages:

I.

8.

A thread is ;:ezy useful for the efficient utilization of
the CPU. : '

With a multithreaded application, the scheduler can

‘schedule different threads to run in parallel on

dgfferent cores or processors i

A Threadmg-also makes certain types of programming

easy. The same global and static variables can be
read and written among all threads in a process.

. A thread takes less time to terminate.

. Switching between threads within the same process

is much faster.

. Creation of a new thread wzthm the process is quzck

Ejﬁc:ent commumcatmn between threads is
possible. ' : v

Cooperatlon of multiple threads w;thm the same

process. enables higher throughput and ;mpraved
performance
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06.(0) What do you mean by inter
communication? Explain with examples.

IGU BCA 2018

process

OR
Explain mter-process communication.

MDU BCA 2016, 2015
Ans. Inter-process communication

In concurrent environment processes may need lo
communicate with other co-existing processes. This is
called Inter Process Communication (IPC).

For example, 1f a user_process wants to read from a file,
it must tell the file_process what it wants: then the

file_process tells the disk_piocess to read the desired
block. '

A mechanism through which data is shared among the
processes in the system is referred to as Inter-process
communication. A set of functions is required for the
communication of a process with each other.
Communication between processes is needed in a well-
structured way, not using interrupts.

Two main communication schemes/techniques to
implement inter-process communication are:

1. Shared memory

2. Message passing
1. Shared Memory System

In this, processes communicate via some shared
variables. The processes exchange information
through the use of these shared variables.
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rating system provides only the memory,
tc. have to be done by

hores perform specifi,

Here the ope :
other things like communication €

the programmer. Signals & semap

roles.

—

ProcessA

| Pr'_(')ccss: A M - E . 3
AR shared memory j

P

| .. ,Pfocéss”ﬁ _

S
ad %’55-::-..:"-.1.’3&‘----‘.: b c R

Shared memory

Message passing

2. Message Passing System

In the méssage System, meSsages are exchanged among
the processes. Here communication elc. is done by
operating . system itself. Also communication occurs
without the need to resort to shared variables.

This message passing facility provides two dpe’rations:

e Send (message) | |

e Receive (message) ' HG

In order to communicate, processes P1 and P2 must

Send and Receive messages from each other. Messages
sent by a process can be of any of these. varieties:

e Fixed sized.
e Variable sized. '

e Typed messages.
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The short-term scheduler
Q7.(b) What is scheduling? Discuss In detail ¢y, queue for assigning one of

different levels of scheduling. E

selects jobs fro
b m t
them to the CPU. _.5 ready

Ans. Scheduling

Scheduling is a fundamental operating  systop,

Partially executed m:.mu_u& out quenes

function that controls the order in which the work ¢, Mwwﬂwn

s d. - . ORs = > _Short term 2
be done is completed. . . I Long term scheduler End .
The primary objective of scheduling is to optimize  scheduler

system performance in accordance with criteria, To
maximize CPU utilization, some process should always
be running. A scheduler selects a process from among : _
the ready processes to execute on the CPU. ] Medium term scheduling determines when processes
B M are to be suspended and resumed.

2. Medium term scheduling

The three levels for scheduling are: . .

I Lo heduli During execution, a process may be suspended for some

« ERDRRILSCIanig O operations. This process can't progress towards

completion until the related suspending condition

3. Short term mmroac:um : is fulfilled. So it is beneficial to remove them from main
. ) memory to make space for other processes.

2. Medium term scheduling

1. Long term scheduling

Thus, these suspended processes should be removed
from the main memory and saved on secondary storage
devices in order to utilize the space for other processes.
These processes can be reintroduced into memory and

Long term scheduling is performed when a new process
1s created. This is a decision to add a new process to the
set of processes that are currently active.

) . continued where it was left earlier at some later time.
Long term scheduling determines which programs are

um.ﬂﬁma to the system for execution and when, and This shifting of suspended process from main memory
which ones should be exited. to a secondary device is known as swapping out or

It is amo.o&_nm
number of jobs
are stored in 1]

. rolling out.
Job scheduling. There are always 2 5L

to be executed by the CPU. These jobs Medium term scheduling is a part of the swapping
arge storage devices like disk for later function. This is a decision to add a process to those that

processing. are atleast partially in main memory and EMMM”MW
2 avail i i edium term sC

The long-term scheduler selects jobs from the secondary E_:_n,mv.ﬁ &t oxnn.“::o:. Ws Emh: in and swapping out

storage pool and loads thep into memory. These 11s responsible for swapping

. the
processes in the memory are ready for execution. process(es).
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As soon as the suspending condition is fulfilleq, the
S

activated tO SWap in ¢
: scheduler gets activatets he
mf)?:iaus?a:lec;r;ake it ready for CPU. This e
pr

be invoked when memory space is vacated bya
departing process-

3. The short term Scheduling

The short term scheduling determines which of t, |

ready processes can have CPU resources, and for hy,

‘ Iong.

The short-term scheduler allocates processes in
ready queue to CPU for immediate proccssn.lg..T_he g0d]
of ‘the short-term scheduler is to maximize CPU

utilization.

The short term scheduler is more frequent as compareg
to other schedix_lers. Both long term scheduler and
medium term scheduler prepare workload for the short-
term scheduler.

The short-term scheduler must be very fast to improve
system performance.

Thus, shorg tefm scheduling is the actual decision of
which ready process to execute next. -

\
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- Q7.() Wh.a_t. do you mean by scheduling? Explain
various scheduling algorithms with example.

MDU BCA 2016

OR

What _is C.PU scheduling? Explain t.he

scheduling criteria. Also explain the scheduling

algorithms in detail. - MDU BCA 2015
PR, | |

Discuss the following process scheduling
algorithms with the help of examples:

1. FCFS (First-Come-First-Served)

_ - MDU BCA 2013
2. SJF (Shortest-Job-First) MDU BCA 2013
3. RR (Round Robin) MDU BCA 2013
4. Priority based scheduling '
5. Multiple-level-Queue (MLQ) scheduling
K g it SRR Vi MDU BCA 2013
6. Multiple level queues Wwith. Feedback

scheduling (MLQFB)

Ans. Scheduling is a fundamental operating system
function that controls the order in which the work to

- be done is completed.

There are several' scheduling algorithms, which decide
the processes. in the ready queue to be allocated to the

CPU.

A scheduling is said to be non-pre-emptive if once a
process has been assigned to the CPU, the CPU can not
be taken away from that process. A scheduling is said to
be pre-emptive if the CPU can be taken away in between

execution.
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Scheduling Criter . .
articular CPU scheduling m_momzﬂ:.mg .
: . otion, properties Of the various algorithmg
ey 2% e d. The characteristics used for

considere T .
must be consl ke a substantial difference in the

arison can ma : :
mmﬁw_a:mmos of the best algorithm. The mn:macrsm

criteria are listed below:

To choose 2 P

1. CPU Utilization
2. Throughput -
3. Response time
4. Turnaround time

s, Waiting time

1. CPU Utilization
The main aim is to keep the CPU as busy as possible.
The load on the system affects the level of utilization
that can be achieved. CPU utilization may range from
0% to 100%. On large and expensive system, i.e., time

shared system, CPU utilization may be the primary
consideration.

2. Throughput

Throughput refers to the amount of work completed in 2

unit m__.ﬂ:mw In other words throughput is the number of
jobs or préesses executed in a unit of time.

The moznaf;m algorithm must aim at maximizing the
number of jobs processed per time unit.

3. wo%oamm time
£

Response time is the amount of time it takes to S

Hw_ﬁzm_.:m the request, A scheduler must aim A
NIMmIZIng response time for interactive users

4, Turnaround time

ch:mqo.::a time is the time between the moment of
e of a'job/process and the time of its
noBEm:o.:. Thus how long it takes to EXecute a process
is also an important criterion. *

5. Waiting time

It is the amount of time a job spends in waiting for
resource allocation when several jobs are competing in

multiprogramming system. The aim should be to
minimize the waiting time.

Scheduling Algorithms

Main scheduling algorithms are:

First-Come-First-Served (FCFS) scheduling
Shortest-Job-First (SJF) scheduling

Round Robin Scheduling

Priority based scheduling
Multiple-level-Queue (MLQ) scheduling

Multiple level queues with Feedback scheduling
(MLQFB)

i U o A

1. First-Come-First-Served (FCFS) scheduling

This is one of the simplest scheduling algorithms. A
process that requests for the CPU first is allocated the
CPU first. Hence the name first come first served or
FIFO i.e. first-in-first-out.

ed. The _

In it a FIFO (First-in-First-out) queue is maintain !
f their

processes are assigned to CPU in the order 0
arrival,



allocated to the prq
e. This scheduling g
s has the CPU, it

is free, it 2
u
he qu°
o s
which 52 % " once 2 pracs
e

nﬂmw

z LN o
o ¥ e following €Xample of

If the processes arrive in the order P1, P2.

Waiting time for Process P1 = 0 E.E time.
Waiting time for Process P2 = 18 units time.

Average waiting time (0+18)/2 = 9 units time.

However, if the same processes arrive in P2, P1 order

Average waiting time = (042)/2 = 1 units time.

Thus this example shows that short jobs may be delayed
in FCFS scheduling algorithm.

If processes have same CPU time, FCFS is used.

Advantages of First-come-First-served algorithm

Advantages of first-come-first-served algorithm are:
o Itis simple to understand.

* Itis suitable for patch systems.

Limitations of First-come-First-served algorith”
st

imitations of first-come-first-served algorithm are:
* Non Pre-emption .

Performance, usually

results in

¥ .

pov’

w

A
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o Short jobs may suffer long delays wh
been allocated to longer jobs. ys when CPU has

o . This aﬁ..mc..,.h.t.ns IS not good for time uxnz.:_w &GRS_,,.
where it Is important that each yser get a share of
the CPU at regular intervals,

2. Shortest-Job-First (SJF) scheduling

In this scheduling algorithm a process is selected on the
basis of its shortest run time.

Among the processes in the ready queue CPU is &émﬁ
assigned to the process with least CPU burst time.

Consider the following example:

Process Execution time
Pl 5
P2 7
P3 10
P4 3

Using shortest job first scheduling, these processe
would be in the'P4, P1, P2, P3 order.

4 P1 P2 P3
0 3 8 15 25

Waiting time for Process P4 = 0 unit time.
Waiting time for Process P1 =3 units time..
Waiting time for Process P2 = 8 unit time.

- Waiting time for Process P3 = 15 units time.

Average waiting tine= (0+3+8+15)/4 = 26/4 = 6.5 units
time.
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e _uﬁ_.um mn:mn—:::m, the u.deWm Wait 2

W4 =39/4 = 9.75 ypie. . ing
illbe =(045+12¢22) 775 unitg op i is given to the next job waiting ;

. inimis rocess may either co i o
IF scheduling minimises  the averagy . P e ow omplete its execution in 2 single
ven set of processes. Waj, um may require more CPU time slices.

Using th

Thus S !
time of a gl
If there are tiwo processes With same

Thus the pre-empted process which requires more CPU
e which arrived first wil] pe g

time for its completion is placed at the back of the ready

CPy

requirement, O Crveg _F_ queue.
This scheduling works good when the exag |
: : 4 4 ¥ i Rrs—.
¢ time of scheduling. A COMPLETED
’ * ! JOBS
Advantages of Shortest-Job-First mnr&:_;w _” RE-REDON

Advantages of shortest-job-first algorithm are:

b
|

; e _ Small process may be executed in a single time-slice
o It reduces the average waiting time to the minin, g

while long processes may require several time slices.

¢ Good for non-interactive systems. For example there are 3 processes: Pl, P2, P3 which

Limitations of Shortest-Job-First scheduling | el iEeipHgfie CRL tme.

Limitations of shortest-job-first algorithm are: SRR XetuLon Gt

* In this scheduling, estimating future pnv il "
behavior is not always possible. P2 2
3. Round Robin Scheduling : o :
Itis the most Ean__ i is primarily¥ Let a time slice be of 5 units of time. Job P1 gets the first
: used algorithm. It is pnmat _ ST it
n mao.m:m;mm mwmﬁn:._m m: is m:.::w_. 1o M@ 5 units of time. After the first time slice is over, 1L1s pre-
: et empted and the .Owc is given to the next job P2. -

scheduling, but pre-emption is added to switch

L Uk
Processes. This aims at providing equal opportum

. i i ime, it is completed in
all programs. Since P2 requires only 5 units of time, it is comp

its time slice. Then CPU switches to P3, EEms Emmam
P3 terminates before its time slice

Pre-empy; ; f if only 4 units of time.

i0 s ] 0 1y 4 units ] 3 ;

called %Emz takes place after a fixed __E.w.am P . oo N oach rogess his recsived one time sice
quantum or time slice. mw The CPU is again given to P1 for an additional time-

Each pro ol slice. |

time i S.h_w_m.m is given a fimited small mn_o::_%q_
hseconds. As one time slice 18 oveh
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Thus the resulting round robin scheduling is:

P1 | P2 | P P1 Pl
0 3 10 14 19 24

[

Advantage of Round robin scheduling

e Round robin scheduling is one
scheduling. e best

Limitation of Round robin scheduling

* Too large or too small si
all size ;
&&Wﬁ.&&h M\uhﬁ&ﬁ.\.@ﬁsnaﬁm. % Q.\_ ftme Q:naﬂgs

4. Priority based scheduling

In this scheduling, eg

, each
The CPU is m?nzm t s
the highest priority

is assigned a priorit
O the process in the ready a:nm_n iw‘_d.

If two or more
I process :
scheduled in FCLS po Mmmﬂ have equal priority they are

Priority schedulj
* Ing ma ’
emptive. In priority uommwa be Pre-emptive or non pre-

emption is done on the b vwn-oanﬁw<m_moWnn_:_m=m pre-

o mm .
arrves in the ready queye SIS om. priority,

5 - - 'y .—Hm . H
e priority of the process E:qumshw is ¢
ently,

In priority based non-pre-emptive
s¢

priority job is add nedu
ed to the front of the nacrsm, higher

priority of the ne : re
thes sxasing new process will be nosm_h Y quene, The
on of the currently running pro ¥red only afer

Cess,

P N

WA’S selected Questions & Answers S.A_

r::mnmz.c:m of Priority based scheduling

Limi
. A major ﬁwczm.”: that arises in this scheduling is
indefinite blocking or starvation of a low priority
process by a high priority process. This means that
there is no certainty of completion of a low priority

process within a finite time.

tations of Priority based scheduling are:

. Pre-emptive priority scheduling leads to starvation.

ution to this problem is provided by

However, 2 sol
hanism of aging prionty.

developing @ MeC
nique in which the low priority of
for a long time is gradually increased.
attain high priority and can be

Aging is a tech
processes waiting
Thus the older processes
completed in a finite time.

5. Multiple-level-Queue (MLQ) scheduling

gorithm is designed for situations in

This scheduling al
be classified into different groups.

which processes can

For example, a common division is made between

interactive processes and batch processes.

-scheduling algorithm partitions the
Processes are

ue. Each queue

Thus a multi queue
ready queue into separate QUEUes.

permanently assigned to a particular que
has its own scheduling algorithm. The interactive queue
is scheduled by a round-robin algorithm while batch

queue follows FCFS.
Advantage of Multiple-level-Queue scheduling
Advantage of Multiple-level-Queue scheduling are:

* Low scheduling overhead.



g:EEm._—mdw_..Ozmcm Sche ay
i

ipl m-_m<m_-0cn=n mornasmﬂm i
;

h

er change their queues o
ve to starve for the Cp

 priority joOS ™7
ﬂmmﬂw@a:qw ioplly QuEHES THEVEF DeCOme

nq b
Uiy
"py

6. Multiple Level Queues with Feedback mns&:_&

nhancement of multiple level queue schegy

isane ‘ i
mmwa processes can move between queues. 3
MLQ is used in the form of multiple level queyes W,

foedback. Each process may start at the top-level gy,
If a process 18 completed within a given time slig,
terminates after having the high priority consideratio,

Processes that need more ‘than one time slice may}
reassigned by the operating system to the next qu
(lower priority queue). If the process is still u
completed it is moved to yet another lower level quer

e.g. Consider a multilevel feedback queue scheduler withs
queues 1 to n.

Levell —mM— . — Use the Completin
g (E T
o - R —
Preemption—T
Level 2 : Jetion |
FIFo =[]+ [3] r..%u ﬂ_aF |
PU
Preemption—T _
Level 3 n.aa_._a_a_
FIFp ] W D . Use thel 7
ceu
; Preemption |
Level . :
_ﬂ:uc_H —_— Complet®
D N _U Use thel ———
T ™ cru

Preemption

Let each _.o.,c in m:mcm_ .wm given a time quantum.If a job
doesn’t finish within this time it is moved to the tail of

queue 5 0

When queue 1 is empty the jobs of queue 2 are given
nromu. ﬁ_.—mb:._ ms.

-

If it still does not complete it is put in queue 3-and so on.
The jobs in queue 3 are run FCFS only when queues 1

and 2 are empty and so on.

P%M_E_nmmm of Multiple Level Queues with
Feedback Scheduling

V%msﬁmmn of Multiple Level Queues with Feedback
Scheduling are:

o Since it allows a process to move between queues,
they do not have to wait for long.

o Prevents starvation.
e Itis more flexible.

Disadvantages of Multiple Level Queues with
Feedback Scheduling

Disadvantage of Multiple Level Queues with Feedback
Scheduling are: A=

e Moving the processes among the queues increases
CPU overhead.

* The most complex scheduling algorithm.
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d wait
¢ is deadlock? .E_EH&MM._NQ e Varig 3 Hold 0
D_.PAE ﬂ._—wmnmo:m that result m dea Z.U_c 5 There D.E.mn be one process that is having one resource
con llllopg and waiting for another resource currently held by

m—ﬁoﬂ—uﬂﬂ mu—.nuﬂm sS.
Ans. Deadlock

Deadlocks €an occur in noschM=w m:c:ouag; 3. No Pre-emption

Deadlocks oceur if each process no ne ﬂmmocaoms Resources once mqm:ﬁna.nm:; be forcibly taken away
requests the other: from a process. .H.ﬂow will be properly released by the
A Deadlock is ‘A situation where a group of Procesg, Eonn_mmom holding them.

is permanently blocked as @ w.munm:, of each process: 4. Circular Wait

i ; sel of resources neede ;
o having acquired @ subset of d for i There must be a circular chain of two or more processes

jon & $ 5 :
completio . . each of which requires a resource held by another
‘ o having to wait for RaEQ of the remaining member of the chain.
resources held by others in the same group. _

2 Sy K : figure, the processes are shown ircl
sible for any of the deadl In the figure, p as circles and
Thus making it impossible f y of eadlocked resources are shown as squares.

processes 10 proceed.’

_ The simultaneous existence of these conditions causes
deadlock.

In multiprogramming environment several processe
. compete for a fixed number of resources.

A process requests for a resource and if ‘resource i
available, it is granted; and if the resources are nd
available at that time it enters a wait state. It may never
zain access to the resource(s). since they are being held
by other waiting processes.

Held By

Dijkestra was one of the first to describe the problem o
deadlocks. ]

-

Conditions causing deadlocks

1. Mutual exciusion

;_.,, ._.ﬁm__,,: n Tn o If d
?._uooq__ fee Is assigned to exactly one process. If anol?
releg: A the resource it is delayed until )
releas: of that resource,
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deadlocks? Expla:
IGU BCA 31"

mean by
Ill.ll-ll‘.ll.ll/u

deadlocks
OR

mean by deadlock? _wx_w__m;
tion, avoidance and detectiq,

MDU BCA 201,

do you

t
Q10.(») What 9 L e

how YO

What do you
deadlock prever

OR .
adlock? What are the varioyg
eal with deadlock? Explain,

MDU BCA 2013

- : OR
mean by deadlock? Explain
on, avoidance and detectiop,

What is de
strategies to d

What do you

deadlock preventi

MDU BCA 2014, 2013
OR

What are the three fundamental approaches

used for handling deadlocks?

Ans. .Umm&onw .

A Deadlock is a situation where @ group of processes is
permanently blocked as a result of each process having
acquired a subset of resources needed for its
83&&% & having to wait for release of tht
remaining resources held by others in the same gr a.%
thus making it impossible for any of the deadlocked
processes to proceed. ) |

D

.mowwﬁw_w”wowwn_“ﬂ ﬂ.__.._& as the permanent blocking of?

or communicate s&:&;ﬂ compete for system resourc?

process  request ﬁ; each other. In other words, when

available at that .n sources, if the resources Aarc not
time, the process enters a wait statc:

) %

A
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aiting proce .
Waiting ProCess may never again change
resources that have requested are et m state because

process. This situation is called amm&onww Pl

[n multiprogramming environment  several
compete for a fixed number of ..nmoEnmmu %qonowmnw
requests for a resource and if resource is mc.m_._ _%Smnm”m
granted; and if the resources are not m,é:m”u_mn_n. it is
time it enters a wait state. It may never mim o at that
resource(s) since they are being held by i mﬂ .En
processes. Waiung

>. common example of deadlock is the traffic deadlock
Figure shows a situation in which four cars have E.:..,am
at a four-way stop intersecti

. ction at approxi
same time. T e

Deadlock handling

Deadlocks are undesirable features, which affect the
Mn.omno.mm of processes. There is no single method to deal

ith deadlocks. There are several approaches to solve
the deadlock problem.



These areé:

1. Deadlock E%Q.mo:

k avoidance

3 Deadlock: detection and recovery

2 Deadloc

1. Deadlock ugem::c:

revention is @ set of methods for ensuring

Eﬁw i
wﬂ“ﬂﬂnnawgm of necessary conditions cannot hold,

For deadlock to occul, each of the four necessary
conditions must hold. By ensuring that atleast one of
these conditions cannot hold, one can prevent the

occurrence of a deadlock.

Thus, one way 1o handle deadlocks is to ensure that at
least one of the four necessary conditions causing
deadlocks is prevented by design. This is deadlock

prevention.

Deadlock prevention approach is to design a system in
such a way that possibility of deadlock is excluded.

2. Deadlock Avoidance

Another approach is to have a careful resource na._rﬁao._d
to avoid unsafe situation that may lead to deadlock. This
strategy is called deadlock avoidance.

3. Deadlock detection and recovery

]
This approach is to grant resources freely DU
occasionally examine the system state for deadlock and
take remedial action when required. This 1 called
deadlock detection and recovery.

r

‘
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Now we examine the approaches rejat

the four conditions: ed to each of

1. Deadlock Prevention

Deadlock prevention is to deny at least one of the four
necessary conditions for deadlocks.

Mutual exclusion

In general, this condition can not be disallowed.

Since mutual exclusion is difficult to prevent so one or

more of the remaining three conditions will be
prevented.

Hold-and-wait

This condition can be eliminated by requiring a process
to release all resources held by it whenever it requests a
resource that is not available.

This means that whenever a process requests a non-
available resource, it does not hold any other resource.
We can implement this method in two ways:

(i) Process requests all needed resources at one time
before starting execution.

e.g. Let a process is to copy data from a drive to the disk
file, sort the disk file and then print the result to a
printer. Since all resources must be requested at wzn
time, the process initially requests for the tape a:.f_n.
disk file and the printer. It will hold all these during
entire execution, though it needs the printer only at
the end.

|ll.l
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r way 10 PT event hold and EE.W conditiop is
rocess requests ﬂm.ma._:ﬁamm N:nwﬂamﬁa&
ther resources it currently hojg, A
cess requests resources only

?C xwzanbm
that the P

releasing all 0
other words a pro m
when the process has none.

I iniially requests only the tape drive and digk gy,
‘= copies from the fape drive to the n.__mr then
eleases both. The process must then umm__: requegy
the disk file and the printer. After copying the disk
file to the printer, it releases these tWo resources gpg

o
41=]

terminates.

Disadvantages of Hold-and-wait

o Resource utilization may be low, as many of th
resources allocated may be unused for a long period,

o Starvation may occur. A process requiring severd
popular resources may have to wait indefinitely,
because at least one of the resources that it needs
may be allocated to some other process.

No Pre-emption

This condition can be prevented by allowing
preemption, .

This can be done in the following ways:

* A process holding certain resources and request™
for another resource must release its origind
resources. If necessary, request them again togeth®
with the additiong] resource.

¢ mamwanaé?

; jch
i if @ process requests a resource, W
IS currently

eld by another process, the %EE:%

W ADHWA'’s Selected Questiong & Answers

B

system may preempt the e

quired resoyrc
€
second process, Sfrom

Advantage of No Pre-emption

o It is convenient when applied to resources whose

state can be easily saved and restoreg

Disadvantages of No Pre-emption

e Preemption is possible only for certain lypes of
resources such as CPU and main memory.,

o For some resources which cannot pe safely

preempted, this approach alone cannot provide
complete deadlock prevention.

» Sometimes this method preempts more often than
necessary.

Circular Wait

The circular wait condition.can be prevented in either of
the following ways:

_Em.u mm.mzmahnmama__.ewmwlah&.&&wﬁmﬁm@u&haq
system resources _ {

A process allocated resource of type R, may
m:_.cmon_:o:% request only those resources of the type
following R in the ordering.

(ii) By providing a global numbering of all the
resources.

All the requests for resources must be in increasing
Numerical order.

)
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[ntroduction 100

Thus & process holding a resource of higheg; ,

: Uy
|| never ask for @ resource already assigneq b
wi :

. llows:
e.g. Letthe ordering be as follows

{. Phototypesetter .,
2. Printer
3. Plotter

4, Tapedrive

5. CDROM Drive

A process may request first a printer and then the ly
drive but it may not request first a plotter and the;,
printer:

Advantages of Circular Wait

o With these rules the circular wait condition will
occur.

Disadvantage of Circular Wait

® It is not possible to find an ordering .5& safisfia
everyone.

® This approach may slow down processes denit
resource access unnecessarily.

2. Deadlock Avoidance

The basic idea of Deadlock avoidance is to gan ™

Eoﬂ requests for available resources, which e
Possibly result in deadlock.

It am::am that the operating system be given in m%%_
additiona| informat : ource 't

Process will request Wi

ion concerning which res
and use during its lifetime-

WADHWA'S Selected Questions g Answers 201
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5 m&:oum_ information, it can be decide

: d for each
can be satisfied or must be delayed. request

A decision is made dynamically whether the SHFE
resource if allocated / granted lead to deadlock.

If possibly cannot the resource is granted to the
requesting process.

Otherwise, the requesting process is suspended till the
time when its pending request can be safely granted.

The two approaches followed for deadlock avoidance
are: ,‘

o Do not start the process if its demands might lead to
deadlock

o Do not grant an incremental resource request to a
process if this allocation might result in deadlock

Disadvantage
e It is not possible to know future resource
requirement of process.

o Process can be blocked for long periods.
3. Deadlock detection and Recovery

This is a very liberal approach. In this approach, the
available resources are wB:ﬁa freely and deadlocks are
checked occasionally.

Detection means discovering a deadlock. If deadlock
exists the system must break or recover the deadlock.

This approach involves two steps:

\

y -
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Q10.(e) Describe Banker’s algorithm. E
OR

in Banker’s algorithm to deal with |
lain Ba MDU BCA ns_”w
MDU BCA 294

Exp
problem of deadlocks.

Ans. Banker’s algorithm

The banker’s algorithm is well known m_mo_.:.:_z for the
deadlock avoidance strategies. The strategy is modejeg
after the leading policies employed in the _umz_a:m
system. :

The name was chosen because this algorithm could p,
used in banking system to ensure that the bank never
allocates its available cash such that it can no longer
satisfy the needs of all of its customers.

Several data structures must be maintained to implemey;
the banker’s algorithm. These data structures encode the
state of resource allocation system. Let n be the number
of processes in the system and'm be the number of
resource types.

The following data structures are needed:
Available

A vector of length m indicates the number of available
resources of each type. If available [j] = k, there are k
instances of resource type R ; available.

2. Max

"
.

An nXm matrix defines the maximum demand of each
process. If Max(i, j] = k, then process P may request at

most k instances of resource type R ..
J
3. Allocation

An nXm matrix defines the number of resources of
each type currently allocated to each process. J

s%c_._é A’S m.m_moﬁlm._.nlo:mm:o:w & Answers
=
Allocation[i, j] = k, then process P is cu
k instances of resource type R,.

207
—

rrently allocateq

4. Need L7

An nXm matrix indicates the remajp,

ing res
of each process. If Need][i, j] o IEsource need

=k, then process P. may
ed k more 1nstances of resource
ne type R to com

its task. Need [i, j] = Max [i, j] - Allocation [i, ]

plete

We can treat each row in the matrices Allocation and
Need as vectors and refer to them as Allocation . ang
1

znmnm respectively. The vector Allocation . specifies
the resources currently allocated to process P, and
Need ; specifies the additional resources that process P,
may still request to complete its task.

Safety Algorithm

Safety Algorithm is used to find the state of the system
ie. the safe or unsafe state. The method for this is as
follows:

I. Let Work and Finish be vectors of length m and n
respectively. Initialise Work = Available and
Finish[i] = False fori=1, 2, B 10

2. Find an i such that both
(a) Finish[i] = False
(b) Need, <Work
If no such i exists, go to step 4.

3. Work = Work + Allocation
Finish[i] = True

i
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go to step 2

4. If Finish[i] = .
then the system 1

e-Request Algorithm

. gafe state.

Resourc |
e the request vector for process P |,

Let Request; b .
P, wants k instanceg o

Request ; [i] = % then process |
e t'ype R..Whena request for TESOUTCES s mag,
j

, the following @

resourc
ctions are taken:

by process P;

1. If ReQUestiS Need, then go tO step 2. Otherwige,

raise an €rror condition, sInce the process hgg

exceeded its maximum claim.
2. If Request;S Available, then g0 to step 3

~ Otherwise, P; must wait since the resources are not

available.

3. Available = Available — Request;
Allocation ; = Allocation ; + Request;
Need , = Need ; — Request;;

If the resulting resource-allocation state is safe, the
transaction is completed and process P; 1s allocated its

resources. If the new state is unsafe, then P; must walit

for the Request ; and the old resource-allocation state is
restored. .
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Q.12(d) Explain how logi

cal address is translateq g
- . c
address with the neat diagram_

E

u__u\mmnm_

OR

Discuss Logical and Physical address Space,
MDU BCA 2016

|l|l|.|||l|||!l
OR

Describe logical. and physical address space,
How to convert logical address to physicy
address? Explain with suitable example.

Ans. A logical address is the address of an instruction/daty

as used by a program or application. Logical address is
also referred to as virtual address.

Logical addresses may be obtained using index, base or
segment registers. It is generated by CPU. Logical
addresses are used to refer to information/data within 2
program’s address space.

The set of all logical addresses generated by a progran
is referred as logical address space.

The user program deals with logical addresses. It never
sees the real physical addresses. The logical addresses

must be mapped to physical addresses before they
used.

w«@m..nnh address is the effective memory address of a"
Instruction/data, It js obtained by the addres’
translation equation, _

It IS mqu:nwﬁmﬂnﬁ U% MMU ﬁzmaoﬁ%,gmummﬂw
Edamom_ addresses represent the actyg] ma
address where the program/data are stored,

ment Unit)

The set of all physical addresses corresponding to qf]
logical addresses of a program is referred qs physical
address space of that program.

It is the address seen by the memory unit ie. the ope
loaded into the memory address register of the memory.

Conversion of Logical to Physical Address

The run-time mapping of logical addresses to physical
addresses is done by Memory Management Unit
(MMU). MMU makes use of a register called as
relocation or base register. The value in the base register
is added to every address generated by a process. The
base register is also called relocation register. The value
in the relocation register is added to every address
generated by a process at the time it is sent to memory.

For example, if the base is at 16000, then an-attempt by
the user to address location 0 is dynamically relocated to :
location 16000, an access to location is mapped to
location 16400.

The program can create a pointer to location 400, store it
In memory, manipulate it and compare it with other
addresses all as the number 400.

Only when it is used as memory address, it is relocated
relative to the base register. The program code deals
Wit the logical addresses.



wapping? How does it h
memory management? Explain,

OR

Q15.(b) What is S flp i,

What do you mean by m.im_uu.msn.w Explaip o
role of swapping in virtual Emssw
management? Also write its advantages &G
disadvantages.

Ans. Swapping

Swapping is a technique of temporarily shiftin i
program from the main memory onto the seconday,
storage, typically a disk.

The moving of program instructions from main men
to the backing store is termed ‘swapping out’ and b
to main memory is ‘swapping in’.

ory
ack

Thus, swapping is a technique of temporarily removing
inactive program from the memory of a system. It
removes the process from the main memory when it is

i E A’s Selected Questiong & Answers

%\2

A process can be swapped oyt

) in th ;
cases/situations: ¢ following

o Onexpiryofa time-slice in roungq robin Scheduling

o Programt is neither

executing nor et
s, Ao
operation i.e. idle. forming 170

o On the arrival of a high priority process.

Once a program is swapped out, desireq program is
swapped into the free memory area. Swapping increases
the operating system’s overhead due (o performing swap
in and swap out operations. All operating system do not
perform swapping like DOS does not P

erform Swapping
but UNIX, WINDOWS and OS2 perform swapping.

The memory manager that does the swapping is fast

enough to always provide a process in memory for the
CPU to execute.

A process that is swapped out of memory can be
swapped in either into the same memory location or into
a different memory location.

blocked and deallocates the memory. The free memory
is allocated to other process.

Swapping is used to provide a virtual effect of more
memory space i.e. it appears to the user that small main

memory is accommodating operating system as well as
application program.

Swapping allows the small main memory to ,H.UE only a
part of the program currently being executed instead of
holding the entire program.

msmesm 1s well suited to timesharing systems. H_a
context switch time in such a swapping system 1s ?.%w,
high, Major part of the swap time is transfer time. M
total transfer time is directly proportional to the amoun
of memory swapped.
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Advantages of Swapping .

It increases:
"o Memory utilization

e CPU utilization

o Throughput

Role of Swapping in Memory management
The virtual memory concept is to accommodatelas
ap.p'lica-tion processes in main memory (o increas.e,n(l:ali1
utilization and throughput. This 1s possible by kee .U
those portions of these programs which are -cury e
nf:e;ded for their execution. The remaining portion cﬁnﬂy
picked up from secondary storage when needed anb.e
means that portions of these programs have .t .-
Z;vapped into the memory for execution and thj oy
: I‘ft(:') trgqtgjrfi( putting the currently unused pomons ];n ?
e disk i.e. swapping out i i i
ping out 1nactive program to digk

g plays an im :
memory management. portant role in  virty
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Whenever a process is ready to exe
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ant by contiguous allocation? Hoy,

is me : : Cule, 3 fre s
Q14.(b) What Is :w..u allocation achieved undey thi of sufficient amount of memory needed i moc_.wawmn_:ap
m..m e : mmmmmnnn_ to the requesting process. and
. scheme. _
Ans. Contiguous Memory Allocations | |.|I||I._O_§.m g e
L : System
This means that each program is loaded or placeq j, <5eN | System |
memory locations with consecutive maaﬂnmm.nm. Such 200K
memory partitions may be defined statically 100K s
. following are contiguous mem
%:ma._nm:% H:n. g ory e Ay
allocation methods: L K
1. Fixed/Static partitioned memory management 60K
2. Dynamic Partitioned Memory Management =
_ 1g. Fig.2
3. Relocation Memory Management Equal Sized Unequsl Sized
Static partitioning

Stati titioni
1. Fixed / Static Partitioned Memory Management \ ¢ partitioning

In this partitioned allocation, the main ‘memory is Advantage
divided into separate memory regions or partitions. Each o Suitable for batch systems.
partition accommodates a separate job. "

: » . Drawbacks
Fixed partitioned memory management is also known as

static partitioning. In this partitioning, memory is

(i) Inefficient use of memory space
divided into partitions prior to loading of any job.

If a program of size say SOK is loaded into memory
then it can be accommodated in any of the partition
each of 100K in fig.1, thus wasting 50K of memory
Space or partition of 60K in fig. 2, thus wasting 10K of
memory space.

The partitions may be

o mn_:m_ sized or
* Unequal sized.

The size of each partition once fixed can’t be changed

during the program execution. (ii) Interna) m,nmmﬁo-_ﬁnon_,_

The free memory space in different partitions EHHMH»”
be utilized for .other jobs is called d = sk
fragmentation, The memory space left unusec 1t
Partition is called a hole.

Thus, the number of the programs i.e. degree ot

E:Evsmnma_é.:m residine i e 4 by
e boun
the number of partitjops, & in- memory will
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(iii) Unfitness

Advantages of D
Management

Disadvanta

Jobs requiring memory space moye

than th
. e i
size can’t be accommodated. E:Eg

e.g.Consider a job of 210K, it can’¢

be aceq
. 4 m
in any of the given partitions. zusaman

a3 Dynamic Partitioned Memory ?—msmmﬂsoﬁ

This technique is- more efficient

technique. In this technique partitio
time of job loading. Partitions
to meet the requirement of each

than fixeq'
NS are cregy
are createqd dy
Tfequesting prq
A job is allocated the exact memg
and no more. In this technique n
number of partitions is limited.

UmﬂEos
ed at
Namicy),
Cess/jop,

uired by it
e H_.O_. ﬂ_._a

TY Space req
either the gj

Partitions are continuously created an
requesting processes until all physica

or maximum allowable degree of m
reached. .

d E~Onmnﬂ& to the

I ' memory js fijjgg
ultiprogramming js

ynamic Partitioned Memory

Advantages  of

Dynamic
gm:mmmﬂn._: are:

Partitioned Memory

(i) Better memory utilization than fixed partitioning.
(i) Supports greater degree of multiprogramming.

1) It requires no special naﬁ@ hardware.

(iv) Resolves internal fragmentation.

ges of Dynamic Partitioned Memory
anagement
Ummmacmammmm

mory
of Dynamic Partitioned Me
Management are:

s..pcz.&b.m Selecteq D:mmzozm i
NSwerg

(i) Inefficient use of Memgpy,

This memory mpg,

mMﬂHSGﬂ_ﬂ techa:
after some time a large :sﬂ_gm_,nwm%an Startg Wl
are created in Mmemory ReSulting ;| oarooé:saﬁ hole
space. ; .“Emﬂmmn of Bnaaaw .
In fig Cv.,woz_._o_um_ Job3, jobg e regigi -
Suppose ,_OE. 1S completeq 44 jobs 1 ing in Memory
loaded in this partitiopg This ﬁ%%as:am LK
called a *hole’ of size 9g) S blank a0,
s VT,
Operating !j
o
i e W \
- I|I.I|I|l|.I.I.I.|Il.I!
Job 1212K) Job 5 (113K)
Job 2 (120 K) - 98K Hole
e ]
Job 3 (128 K) imo_ﬁu,“;fnmci@lr
H ob 3 H Wﬁv
et ]
Job 4 (80 K) Job 4 (S0K)
2 T0K Free 10K Free - 7
rI.'I.lI.IIlIlIlII % =
Fig (i) Fig (ii)
(ii) External fragmentation
External fragmentation refers to the free memory space
between th

€ partitions, that is enough for a requesting
Process but it cannot satisfy a request because it is not
continuous. For example, in fig.(ii) free memory space
is 108K, but it can’t satisfy job 6 requiring 100K.

(i) Ooﬂuﬁ—ﬁn

ment
This technique requires complex memory manage
algorithm and book keeping operation.
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|ntroducti0n i A

emory Management

i lves the
o techmique SOIVes the proy
This f?f;g?;fce’ which 18 generated in the o U
waste

ontinuous poles in dynamic partitioned allocatim?f |
non-C S'

3. Relocatiol

" deals with the problem of ¢y,
1 hnique the pro g

. In, this focaiid Programs i

reallocated 10 such a way that all they . |

holg, |
are moved to one end of the mem;; |

The aim is tO shuffle the memory COIIents in orde |
place all scattered free memory together in one Jy, |
Free area. This free memory space being continuous ¢ |

be used to store the other jobs.

N & : ]
Operating 2 Operating
System Svstem

Job5(114K) Job 5 (114K)
Free(9850 Job 2 02089

Job 2 (120 K) Tob 3 (125K

Job 3 (128K)

Job 4 (80K)

Job 4 (80K) '
wmmey ||
Before Relocation After Relocat';;l |

Fig() Fig (2)

Figure (1) shows free memory spaces. Figure (2) shor
compaction performed ‘by bringing the free ment’!
spaces together. To accommodate job6 requiring 1001‘.:%
the uncontinuous space in dynamic partition i mo

/relocated to one end. Memory COTHPaCtiOn st
performed when needed.
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Q14.(a) Explain paging. MDU BCA 2017
' ' OR

4 What is paging and how it works?
- - MDU BCA 2015

OR

What do you mean by paging? How address
mapping is performed in paging technique?
Also enumerate the advantages and
disadvantages of paging. '

‘\ Ans. Paging
Paging is a memory management scheme that permits

the physical address space of a process to be
& . non-contiguous. It avoids external fragmentation.

Thus, to . overcome the problems of external
fragmentation, one solution is ‘paging’. Paging permits.
the use of non-contiguous memory i.e. allows a program
to be allocated to physical memory wherever available.

The program to be executed is divided into blocks of
fixed size called pages. The physical memory/main
memory is also divided into blocks of the same fixed
size as pages called the page frames. When a process is
to be executed, its pages are assigned to the available
page frames in the memory.

The page size is defined by the hardware. Usually a page
size is powers of 2. varying between 512 bytes to 8192
bytes per page.

Implementation of Paging

To implement paging, the operating system maintains a

table to keep the record of free and
ad occupmd page
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to be loaded, its pages are m
hysical memory. When the Prog
ge frames occupied by thjg Eomazg
are deallocated which can be used for next Eom_,ma.eh

mapping table, called the page map table (PMT) i

When a process is
free frames in the P
is completed, the pa

o<mn ly

constructed at process _cm&zm. time to estably
correspondence  between the virtual and Physicy
addresses. This page table has one entry for each page of
the process. It also indicates the status of each page
whether space in the physical memory allocated tg j;
not? If yes, which frame it occupies currently?

£,
or

Address mapping/address translation mechanismy

(a) During the process execution, CPU generates ;
logical address, that comprises of page number )
and offset within the page (d).

(b) The page number (p) is used to index into the page
table and fetch corresponding frame number (f),
the physical address is obtained by combining the
frame number (f) with the offset (d).

Each job has its own page table. The size of a page is
usually a power of 2.

Logical Physical _
Address address
4 _uwwanm_
CPU | ] P[d f|d [—> memory

Page Table

CHWA'S Selected Questions & Answerg
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Frame
s ' dh
MMmﬂl.... 1| 4 _I_ﬂwwmml.
ﬂmm.m\\ 2| 3 2
MMMMW..II 31 7 3| page?2
et S

logical memory page table 4| page |

6

7| page3
physical memory

Corresponding physical address =f * 2" +d.

Consider a page size 4 (i.e. 2%) words and a physical
‘memory of 32 words (i.e. 8 pages). Now the logical
address 0 is page 0, offset 0. Indexing into the page
table, page 0 is in frame 5. .

: : to physical address = .
(1) Logical address 0 maps to phy sx4+0=20

(ii) Logical address 5 is page 1, offset 1.

According to page table, page 1 is in frame 6.
address =

~.Logical address 5 maps to phiysicel 6x4+1=25
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0 a
1 b
2 G
3 d
4 e
5 f
6 g
7 h
8 i
9 j -
10 k
11 1
12 m
13 n
14 o
15 p

logical memory

. ical
Thus the logical addresses are translated into @am%wq
memory. This mapping is controlled by the operatif®

21 1

3] 2

page table

||I|I-.I.I.I.I.I.|||.
0
—
4 i
J
k
1
(8 o
n
(0]
P
I.II.II.I.I.I.IJ
12
|.|.II|.I.I.I
16
20 a
b
c
d
24 e
f
g
h
28

physical memory

system and is hidden from the user.

Advantages of vmmﬁ. g
Advantages of 1mmw= B are:

(a) Allocation ang 4
system is quite Simple.

(b) This techni, ;
€erngl .
(c) It allows for q h; .m.nmimﬂnnoz.

(d) This technigue in, es ;
utilization. "eMmOry and progegyo,
(¢) The relocation partition Scheme is gl eliminated

Disadvantages of Paging
mem%mbnwmnm of Paging are:

(i) A process can be loaded in memory,

; ; if and only if,
there is sufficient space in memory,

For example, suppose two frame size totaling 8K
bytes are available, they can not be used if the
minimum job size required is over 8K bytes.

(ii) There may oecur some internal fragmentation aiso.

For example, if a job requires 5K bytes and the
EoﬁQuwmg frame size is 4K, two blocks must be
allocated thereby wasting 3K memory.

(ii)) A page table may become large. ﬂ:...,_ may 0ccupy
large space in memory.
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3 gmentation. MDU BCA 2017

in Se
gxplait
o OR
[)escribe the concept and working of memory
Segmentation. MDU BCA 2013
‘ OR
what 1S segmentation? What are its
qdvantages and diSadvantages? Explain.
Ans. gegmentation
The logical address space of a program is interpreted

sccording to 2 programmer’s own view point instead of
26 an array of bytes.

A segment can be defined as a logical grouping of
‘nformation such as subroutine, array, function or data
area. Bach job is taken as a collection of segments.

Segmentation 1S the technique for managing these
segments. ;

Segments are formed at program translation time by
grouping together, logically related entities. Formation
of these segments varies from one compiler to another.

A Pascal compiler may create different segments for:

* Global data or variable.

* Local data or variable.

* Code of each procedure.
* Code of each function.

For oio.qs.s .

pr; Simplicity of implementation, each segment 1n 2

nurflr)am is numbered and is referred to by 2 segment
er rather than a segment name. *



]ain demand paging.
O Exp o 8 MDUBCA 2017

what do you mean by demand paged memg
r

went? Also ite i
management write its ady:
gisadvantages. antages and

Pacing 1s a refinem -
, pemand FagIng ent of paging techn;
ADS The basic pnnc1ple.of demand paging technique isnti?;e.
age of a program 1s loaded in main memory only whez

it is required. .The remaining pages of the program
emain on the disk/secondary storage.

While executing a process if the CPU needs a page of
the process, which 1s not in main \mcmory, then a page
fault occurs.-. This page fault is a signal to operath%

system to bring the desired page from disk to memory. 5

To bring a page, first a free frame is searched for. Then
the desired page is swapped in the main memory from
the disk. If no frame 'is free then page removal takes
place i.e. a page is swapped out from memory to disk to
make room for the desired/needed page. A page to be
removed- is selected using anyone of the following
replacement algorithms:

o The optimal page replacement algorithms

* NRU policy

* FIFO page replacemént algorithms

* LRU

* NFU

The page map table is updatedto reflect the change.

Thl,‘s’ with demand paging, a page is brought into
main memory only when -a reference is made to a
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location onl that page- Lazy swapper concept i -

: Lazy swapper never swapg o Ih
d paging- A : Pa
gf;g(;n’ . fmory * nless ﬂuft page will be needeq, ge |

Advantages of demand paged me“lﬁry
management

) ; -
paging,-the entire process is not |, i

ince in demand -
Since 1n of it 1s loaded at 4 i

in mefory but only a part
therefore this means.

(i) A process requiring Mmemory more thay
available memory of the system can be executeq

(ii) More processes_can be loaded in memory at q fip,
and the degree of multiprogramming is enhance]

Disadvantage of demand paged” memopy
management

In case a page removed from memory is neede |
immediately, it is brought back to memory again
immediately. If this process of swapping in and out is
too frequent, a condition, known as thrashing occurs. In |

- this condition, CPU is more busy in swapping in an
swappigg out of pages than in execution.




wADHWA'’s Selected Questions & Answers

W

013.(3)_What do you mean by page replacement?
MDU BCA 2016

en a page fa i
Ans. Wh page Tault occurs, the Operating system has to

OmM memory to make room

for the page that has to be brought in. This ig known as

page replacement.

Page replacement refers ¢, the
resident page in main memory
page transferred from the disk.

process in which aq
is replaced by a new

Since the number of available
smaller than the number of P
eventually be

page frames is much

. ages, the frames will -
fully occupied. In order to accommodate a
new page, one of the resident ‘Pages must be replaced.

Different policies have been suggested for page
replacement.

The goal of a page replacement policy is to minimize the
number of possible page faults so that the effective
memory access time can be reduced. The effectiveness
of a replacement algorithm depends on the program
behavior and memory traffic patterns encountered.

- Page replacement .'takes the following approach:
1. It finds the location of the desired page in the disk.
2. It finds a free frame:

(a) If there is a free frame, it uses it, otherwise, it
uses a page replacement algorithm to select a
victim frame.




WADHWA-’S Selected Questions g Answers 225
m

qi3.(b) What are the page replacement algorithmes?

~_Explain. ' MDU BCA 2016
OR "
Exp]_ain the page replacement algorithms in
. detail. MDU BCA 2015
OR

What. are  page - replacement algorithms?
E;'gplam any two page replacement algorithms
with example. MDU BCA 2014

Ans. Page Replacement Algorithms

When a page fault occurs, the operating system has to
choose a page to remove from memory to make room
for the page that has to be brought in. The algorithm
used for this purpose is known as page replacement
algorithm.

Now to select the unrequired page or the page to be
removed, many algorithms are used.

Various Page Replacement Algorithms

1. The Optimal Page Replacement Algorithm.
2. NRU (Not Recently Used) |
3. FIFO Page Replacement Algorithm..
4. LRU (Least Recently Used)

1. The Optimal Page Replacement Algorithm

This algorithm replaces the page that will not be tised for
the longest period of time. e

The moment the page fault occurs, some set of pages is
in memory. One of these will be referenced on the very
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ion. Other pages may not be reference
O ns 1000 instructions. This .S_..o_d.mgo
h each page in the m.?ﬁ.%mmo zm__“

next instru 4 ung
10,100 or perhaps 1

can be associated wit

Table). _
P# |Base |Offset |MISC ]
] 10 ™
2 - L.
3 : 1000 |
10 100

PMT (including several entries)

The optimal page algorithm simply removes the page
“with the highest number of such instructions implying
that it will be needed in the most distant future.

It was introduced long back. It is hardly practicable. Itis
difficult ‘to implement because it requires future
knowledge of the program behaviour.

However it is possible to implement optimal pag
replacement on the second run by using the pag
reference information collected on the first run.

2.NRU (Not Recently Used) Page mﬂmm——mnmana
Algorithm

This algorithm re
two additional gt
~ bit and change p;

L]
quires that each page is associated ea.“
atus bits ‘R’ and ‘M’ called referen
t respectively.

.__.H:n reference bit (R) is automatically set to 1 ,i__"..“._,n“.,a_H
the page is referenceq The change bit (M) is set 107,

W ADHWA'’s Selected Questions g Answers

whenever the page is modifie

d. These b; :
the PMT and are updated on o € DIS are storeq in

VEry memory reference,
When a page fault occurs, the me
all the pages and divides them in
and M bits:

MOry manager inspects
10 4 classes based on R

Class 1: (0,0) neither recently used nor

modified - the
best page to replace. : :

Class 2: (0,1) not _.mnm_szw used but modified -

: the page
will need to be written out before repla

cement.

Class 3: (1,0) anm_._ﬂq used but clean - probably will be
~ used again soon.

Class 4: (1,1) recently used and modified - probably
will be used again, and write out will be needed
before replacing it.

This algorithm removes a page at random from the
lowest numbered non-empty class.

b%ma_ﬂm\mﬁ
* Itis easy to understand.

* Itis efficient to implement.

3.FIFO (First in, First out) Page Replacement

Algorithm

Itis the simplest page replacement algorithm.

The oldest page, which has spent the .S:mamﬁ .ﬂﬁ___an _HH
Mmemory is chosen 'and replaced. This m_mow ﬁ.m.h:ﬁ
implemented with the help of FIFO queue t0 o& i
Pages in memory. A page is inserted at the rear
queue and is replaced at the front of the queue.
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s are empty. The first 3 referep,
ults and are brouglit into the:S
empty frames. The next rElerERC S : rzpla.ceS page
Since next page reference 0) lsh ready In memory
there is no page fault. Now, for the ﬂe?;]t reference (3)
LRU replacement S€€S Ehat, of the three frames ;
memory, page 1 was used least recently, and thys j

replaced. And thus the process continues.

Initially, 3 page frame
(7,0,1) cause pase fa

Advantages

o LRU page replacement,algoﬁthm is quite good.

o Itdoes not suffer from Belady's Anomaly.

Disadvantage

e Its implementation is not very easy..

o Its implementation may require  substantial
‘hardware assistance.
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(a) What is thrashing and explain the methods to

15.
Q qvoid thrashing, MDU BCA 2018
OR
Explain Thrashing. MDU BCA 2017
OR

What is thrashing? What causes thrashing?
How do we overcome it? Explain. |
MDU BCA 2016

Ans. Thrashing

Removing a page from memory and then immediately
needing it, would require excessively moving the page
pack and forth between memory and secondary
storage. This is called thrashing.

Thus, thrashing occurs when the system spends more of
its time in shifting pages between main memory and
secondary memory. The activity of repeated swapping

is called thrashing.

Thrashing is related to the rate at which page fault
occurs. If the page fault occurs every time after only a
few instructions, the system ic said to be thrashing ard

naturally it decrease the performance.

Thr;lshin'g consumes - lot of computer energy but
accomplishes -very little useful results. A Pprocess 1S
thrashing if it 1s spending more time paging than
executing. - Thrashing results in several performance
PfOblems. It déqreases or drops the CPU utilization and

the system throughput.
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Causes of Thrashing

Repeatedly removing Eonmmmom from memory almog
immediately after loading them into memory jg the my;,
cause of thrashing. To 522.5@. CPU utilizatiop the
degree of multi-programming is increased by adding
new process. Gradually, a maximum leve] o
Eim,?omn_“zamzm is reached. If the degrec
multiprogramming is increased further, EEmE:m beging

and CPU utilization drops sharply.
The diagram shows thrashing:

thrashing -

CPU utilisation

T
'
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i
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l
'
b
'
'
'
[
.
.
'
i
'
[
[
]
0
[}
[l
[
"
"
1
]
'
i
]
"
'
1

Degree of Multiprogramming

Prevention of .Hrwmmrmum

A process muyst b

€ provided as mes as it needs
A Process tha s many fra

periences 3 large number of page fault
Cated more memory if —ucmmmU_m or
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Thrashing has a high page fault rate. T, prevent
thrashing, the page fault rate must be controlled. When
the maximum level of multiprogramming is reached and
thrashing begins, the degree of multiprogramming must
be decreased at that very point.
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Q17.(a) Explain linked and indexed file alloe

2 atigy
methods with mumﬂwﬂ_mm. IGU Bcp 2055

What do you understand by file SYstey
structure? Describe the various types

allocation method. MDU BCA 20}
=L BCA 2054
OR

What do you mean by file system Structup,

and allocation methods? MDU BCA 2015
.|||||I.|.|.I|Il-ll

Ans. File System Structure

The file system structure is the most basic level of
organization in an operating system.

The way an operating system interacts with its users,
applications, and security model nearly always depends
on how the operating system organizes files on storage
devices. Providing a common file system structure
ensures users and programs can access and write files.

The file system structure must be designed in such a way
that the capacity of the hard disk is optimally utilized

without slowing the process of retrieving the data from
files.

The goals of the file system structure are as follows:

: u”?m required information should be retrieved with"
single access to the gy If the required informai®"

. : p
with one access, the’

IS infeasible to retripy,
should include g6 many few accesses to the disk®

possible.
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_. The related information o) the disk should p
e

ed at a single place g it :
o : £ A 0 that it is €asy to retrieye
all the related information,

File allocation methods

Three major methods of allocating disk space widely in
use are:

1. Contiguous allocation

2. Linked allocation
3. Indexed allocation

1. Contiguous allocation

In contiguous allocation, files are allocated to o
contiguous area on secondary storage. Each Jfile
occupies sequential blocks of storage space. For each
file it is necessary to indicate the starting address of
the file and the file's size.

Thus, a single contiguous set of blocks is allocated to a
file at the time of file creation. This is a preallocation
strategy that uses portions of variable size. The file
allocation table needs just a single entry for each file,
Showing the starting block and the length of the file.
Disk addresses define a linear ordering on the disk.

Consider a file of size N blocks long. If starts at location
L then jt occupies blocks L, L+1, ... L+N-1. The m&:umm
Of the starting block and the size of the mnzmﬁ_.ﬂ for eac
file are indicated in the directory entry. This can be
Shown in the figure: _
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S Directors
E [ Fite Start  [Lengyp,
s[F 7
file A 0 4
§ 9 10 11
fileB | 3 ;
file C 4 3
17 1819
T ———

Contiguous allocation has some problems. Extery
fragmentation will occur, making it difficult to fipg
contiguous blocks of space of sufficient length.

For time to time, it iS necessary to run compaction
algorithm for additional space of disk.

Advantages of Contiguous allocation
Advantages of Contiguous allocation are:

1. It supports both sequential and direct access
methods.

2. Itallows simple and fast sequential access.

3. Reading all blocks belonging to each file is very
fast.

4. Direct access to g file record is also fast.

It provides good performance because entire fie
can be read from the disk i1, o single operation.

_‘_Ssbum eI LU WUESTIons & >:m$¢—.
S

E

g Accessing a file is easy,

7, Triswlsoisasyso rerieve w shhgle block from a file
pisadvantages of Contiguous allocation :
pisadvantages of Contiguous allocatiop are:

1. The knowledge of file size is required in advance
which is difficult and unreliaple. v

2. Disk fragmentation may occur dye 1, variability of
file sizes.

3. It is very difficult to find contiguous blocks of
space for new files.

4. Compaction may be required and it can be very
expensive.

2. Linked allocation

In linked allocation each file is linked list of disk
blocks. The contiguity of link blocks is-not necessary.
These disk blocks may be scattered through the disk. A

- few bytes of each disk block are used to indicate the

address of the next block.

Thus, linked allocation solves the problem of contiguous
allocation. This allocation is on the basis of an
individual block. Each block contains a pointer to the
next block & the last block contains NIL (/) which
shows the end of the file. The disk blocks may be
Scattered anywhere on the disk. The directory (file
allocation table) contains a pointer to the first and last
blocks of the file.
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sa mmm .Om m Q—m—n ._uwon—nm E_.:OT i
ock 15 and ends with a disk block 18.

In the figure there 1 argy

from bl

o 1 2 BI3
g Vg 6 7 File |Start
B File A | 15 18
B -0 B./:
g i
12 13 \l4 18

16 17

20 21 2 23

Advantages of Linked allocation
~ Advantages of Linked allocation are:
1. The linked allocation eliminates fragmentation.

2. Eliminates the contiguity requirement of free space.
Any free block on the free-space list can be used 10
satisfy a request.

3. There is no need to declare the size of the file at the
moment of file creation,

A file can be easily extended when required a5 .t
as there are free blocks,

E

pisadvantages of Linked allocatjop

pisadvantages of Linked allocation gpe.

1. For linked allocation files, se

quentj
is inefficient. al access 1o f1,

2. Linked allocation does not Support d;
access the Nth block of a file, we hay

beginning of that file and folloy, g,
we get to the Nth block.

rect access, To
€ to start af the
€ pointer unti]

3. Requires exira storage space for pointers, thyg
. Ly L !
decreasing the space utilization.

4. Less reliable. As the disk blocks qre linked by

pointers, so a single damaged pointer cqn make
further disk blocks inaccessible.

3. Indexed allocation

Linked allocation method does not support direct
accessing as blocks are scattered all over the disk. This
problem is solved by indexed allocation by placing all

En_u_oow::EdonQ:ﬁa Smﬂrm_‘w:ﬁoms;mnx&
block. _

Indexed file allocation table contains a separate one
level index for each file. The index has one entry for
€ach portion allocated to the file. The file allocation
table contains block numbers for the, index. If a file
fequires n blocks, then n+1 blocks are used, where first
block contains index information to data blocks.

Thus, in indexed allocation method, all the pointers are
8athered together into one location known as Index
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k. Each file has its own index E.o g Storeg
g m&mmmom of disk space o%cﬁ_oa by the file,
Mw oMoQ contains the addresses o ncex blocks of files,

ir

The principle of indexed allocation is explaineq gl

below:

; File Index Block
File A 15
8
12 :
/.- B
16 b 6
: 17 -
\ 15
0 2 /2 3 e 5y
R .20

In indexed allocation, all the block numbers/pointers of 2
file are kept into one block, known as index block. The .
directory entry contains the address of index block.

Advantages of Indexed allocation

Advantages of Indexed allocation are:

L. This allocation Supports direct access.

e
2. This allocation does not g
fragmentation.

uffer Sfrom any
3. The entire block is available Jor datq,
pisadvantages of Indexed allocation
Disadvantages of Indexed allocation are-

1. Indexed. allocation requires q | of space for
keeping pointers causing wastage of space.

2. Most files are small, so we only need q space for
one pointer per block. With this allocation, an
entire index block must be allocated even if only
one or two pointers exist.

3. Looking up for an entry in a large index will also
become very time consuming.
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= t of Fr
.(a) Explain the concep ee o
U management in detail. MDU Bca L,

}N@Hm
OR

Explain Free Space Management, |,
explain the following different mety,
free space management:

1. Bit vector ,

2. Linked list

3. Grouping

4. Counting

Ans. Free Space Management

Since there is only a limited amount of disk space, jt is
necessary to reuse the space from deleted files for new
files. To keep track of free disk space, the system
maintains a free-space list. The free-space list records all
disk blocks that are free (i.e., are not allocated to some
file). To create a file, the free-space list has to be
searched for the required amount of space, and allocate
that space to a new file. This space is then removed from

the free-space list. When a file is deleted, its disk space s
added to the free-space list.

Four techniques are used for free space management |

These are:

1. Bit vector
2. Linked list
3. Grouping
4, Counting
1. Bit vector

For knowing the Jist 0 _ ; sion on lht
disk, the tec f free blocks informa

hnique ysed is called bit vector.

The ree-space list is implementeq
ey Each block is represented by one bit. §o to track
11 the free msn._ used Eon._a on a disk with totg) n blocks
2 bit map rwﬁ:m n c:m. 1s required. If the block is :nm,
the bit is 1; if the block is allocated, the bj ;4 0. ,

as a bit map or bjt

Example: Consider a disk where blocks 1
15 are free and the rest of the blocks are
free space bit map would be:

£ m- -wq .FL. m.-u&
allocated, the

0123456789 101112131415
0100001100000 0 ]

The bit map is usually kept in the main memory to
optimize the search for free blocks. However, for
systems with large disks, keeping the complete bit map
in the main memory becomes difficult.

The main advantage of this approach is its relative
simplicity and its efficiency in finding the first. free
block or nn consecutive free blocks on the disk.

Advantages

* Simple to implement.

* Efficient to find the first free block or n consecutive
Jree block blocks.

* Easy to get contiguous files.

* It is as small as possible and can be kept in main.
memory.

Disadvantage

: 1 s not
* This method is inefficient if the entire vector 1S
kept in main memory.

* Bit map requires extra space.
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2. Linked List | | Itis not efficient for faster access.
Linked list approach links all free disk blocks toget : 1 1
It keeps a pointers tO the first free block. Thig E”mnﬂ o This mnraiﬂ Mm Meu Q.QMM“M:_. because to fraverse the
contains a pointer to the next free disk block, and so list, man.m ock must be read, which requires
on, sub stantial I/0 time.

In the figure on the next page, a pointer is kept to block
-2, as the first free block. Block 2 contains a Pointer
block 3, which points to block 4, which points to _u_oa”
5, which points to block 8, and so on.

o It cannot get contiguous space easily.

3, Grouping
A modification of the free-list approach is to store the
addresses of n free blocks in the first free block. The
first n-1 of these arc actually free. The last one is the
disk address of another block containing addresses of
another n free blocks. _

Free-space list head

first free block
Block No lock No P — Block No
Biock No Block No Block No
Block No Block No 1 | BlockNo

28 29 .
D D u.o_lll_ ) D Pnﬁ:ﬂmmm

The main advantage of this implementation is that
addresses of a large number of free blocks can be

Advanta
&S found quickly.
e Thi th %1
N&HMN.HM :Mﬁ”. ?Mq :mmbmawﬁm space overhead because 4, nc__:n:m
.wa.snn.aramﬂumw...\.am. a.aﬁ»,a:anmmcz ‘table, merely Another h ke advantage of the fact that
; e Deginni : approach is to take adv 2
ginmng of the chain. moznqﬁgwwﬁn& contiguous blocks may be allocated or




freed gimultan articularly when - contj
.- ysed. Thus, rather than keeping a list ff“ﬁus
f the first free block is f;ree

Ept

allocation 18 us

the address o)

and the number 1 of free contiguous blocks that foj)
oy

~ the first block.

Thlis, this approac
block and the num

follow the first block. E
then consists of a disk address an

he -address of the first f
ber n of free contiguous. blocks &lee
ach entry in the free space l_at |
d a count. 4.
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Q20.(a) Discuss disk scheduling. IGU BC A 2013

OR ARG Tl

Why disk scheduling is necessary? Explajp the
various disk scheduling methods with eXamp,,

MDU Bca 3,
MDU BCA 295
OR

Explain the concept of disk mnrmn—&:m in

Ans. Disk m@&:z:m

To store data and instructions in the s
time, non-volatile disks

only store huge data but
data stored in units calle

ystem for g long
are very important. Digks not
also allow random access to the
d disk blocks or pages.

To retrieve data from a di
location of the block on
organized into Zones of ¢
tracks and sectors. In mu]
many processes Tunning si
the disk accegs. To servi
queue, the faster accessin
of ordering/schedyliy;
is called Djgk schedu

sk block depends upon the
the disk. And the disk is
w::aoa with a number of
tiprogramming environment
multaneously may request for
ce these requests put into the
g is needed. Hence the process
g of these requests in some manner
ling.

Why disk scheduling s necessary?

In the B:E_ﬁomnwaam:m environment there may _ua_
frequent requests for the disk access. These requests are
Put into a queye, Faster accessing is needed to service

the requests ip the queue. Sq disk scheduling or ordering
of the requests in the queue is needed,

elected Questions & Answers 293
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Thus disk scheduling is necessary to:
u

Minimize time spent seeking records.
o N

t wail.
ime that a request mus

. imize the average fime

o Minimize

o Maximize the throughput.
Disk Scheduling algorithms
Various disk scheduling algorithms are:
lin
1. First Come First Service (FCFS) Scheduling

. i In this
: f disk scheduling.
is is the simplest form o s e 16 be
dwwnmam the first request to amive 15 %W ?Woo in the
i ed irrespective O sl
mowam”moﬂ“:m“r This FCFS implements wnmm: policy
anﬂm woam not always provide the best service.

lin
2. Shortest Seek Time First (SST F) Scheduling

v is ol those
In this scheduling approach, priority 1S m_.<nM HU ke
n this sc ich need the shortest seek time, o
wmmc..uma.ir_ﬂ ir order of arrival. It intends 8 m“" mamH
nM:maM”Mmmﬁn ManQ. to the current head posiio
the re

i cks.
before moving head to distant tra .

3. SCAN Scheduling

In scan mnrnacz.nm. steps taken are:

current head
e Firstly, a direction of sweep, from the

i ; outward).
position, is chosen (inward or

g: 'F manner.
e Then all requests are responded in Mu. T

&
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The read/write head starts from one end angd Moves
towards the other end, services requests as it reaches
each track until it reaches to the other end of the disk
After reaching the other end of disk, disk head Teverses
its path direction while continuing with Services
whichever comes on the way. The disk head, thus,
continuously oscillates from end to end, from the mog
inner cylinder to the outer cylinder, then it changes it

direction back towards the center. This scheduling is
fairer/better than SSTF as it reduces starvation.

4. Circular-scan (C-SCAN) scheduling

This algorithm is obtained by a small modification in the
SCAN scheduling. C-SCAN scheduling like SCAN
scheduling moves the head from one end of the disk to
the other, servicing requests along the way. The only
difference is that when the head reaches the other end, it
immediately returns to the beginning of the disk, without
servicing any request on its way back i.e. return trip.

3. LOOK Scheduling

Both Scan and C-

~scan scheduling move the disk arm
across the full width of the gjsk Lock scheduling is a

modified algorithm of the tw, In Look scheduling, the
arm goes only as far as the

irecti i final request in each
direction, then it reverses direction, 1 implies looking
for a request before MOVIng in thae discitan. Sk
versions of Scan and C-scan are Called ag 1,00k ,mzn_ C-
Look algorithms.

the desirable characteristics of disk
mﬁﬂ&?ﬂ policies and mMEm?. _u-..mm.w. the
mnrmosm seek optimization scheduling policies.
varl

020.(0)

i ests in the
.k scheduling involves ordering of the 8.@:% e
e fficient way tO service the nnncmma. in M w:_._sm.
Bom:M irable main characteristics of disk sche
The des

policy are:
« Throughput

1 number
A scheduling policy should allow m:w maximum
of requests to be serviced per unit of time.

- - - —
m o

¢ Mean response time

inimi average
The scheduling policy should munimize the g
waiting time or mean response time.

Seek optimization scheduling policies

imization
Some of the most popular seek optimizati
algorithms/policies are:-

1. First Come First Serve (FCFS) Scheduling.

9. Shortest Seek .._,:50 First (SSTF) Scheduling.
3. Scan Scheduling.

4. Circular-scan (C-SCAN) Scheduling.

These algorithms will be discussed in detail in Q21.

A& O\



