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Operating System, VMS,
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Operating Syste
hardware. .
> An operating system is @
% File management
*» Memory management

+ Process management

% Handling input and o

% Controlling periphers
as disk drives and pj

Application
Softwares




Introducton

Lavered Approach

- OS 1s broken into a no.of.layers to
make it modular.
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Operating System

> Following are some '@
¢ Processor Manage
v Memory Managemen
s Device Management
< File Management

N a computer system.
eM.

File
Management

Security
Management

% Security

s+ Control over system pej
++ Job accounting

% Error detecting aids

s Coordination bety

Secondary
Storage
Management

- Network
Ma nagemenf




Operating System

hen and for how mue
> An Operating System G

+ Keeps tracks of proce
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+ Allocates the processo

+ De-allocates processg
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Operating System

vte has 1ts own address
management:
se by whom, what g

memory is a large arra
> An Operating Syste
+ Keeps tracks of primé
are not in use.
% In multiprogramming,

how much.
% Allocates the memory




% De-allocates the memory when a process no longer needs it or has been .

terminated.



Operating System

"'v

> An Operating Syste

% Keeps tracks of all @
controller.

++ Decides which process
+ Allocates the device in

%+ De-allocates devices




Operating System

hese directories ma

> An Operating System C
% Keeps track of infor
often known as file sys

% Access to the file for re
%+ Allocates the file for |/

%+ De-allocates the file £

navigation and usag




Applications of Operating System:

Following are some of the important activities that an Operating System performs.
> Security: By means of password and similar other techniques, it prevents unauthorized
access to programs and data.

> Control over system performance: Recording delays between request for a service and
response from the system.
> Job accounting: Keeping track of time and resources used by various jobs and users.

> Error detecting aids: Production of dumps, traces, error messages, and other
debugging and error detecting aids.



» Coordination between
compilers, interpreter
computer systems.
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Operating SystemTypes

eration and they ked

% Time-sharing operati
« Distributed operating

% Network operating S

% Real Time operati




Operating SystemTypes

b patch form and thé

processes them.

> Each user prepares his
computer operator.

> To speed up processing, job

> The problems with Batch Sy

ds and submits it to t

un as a group.

% Lack of interaction bet

»» CPU is often idle, beca
CPU.

+ Difficult to provide thg
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Operating SystemTypes

S Ol d Do
» The main aim of u
submitting similar jobs (€
> Batch processing technique

> Examples of Batch Systems
% Payroll System

mputer directly.
se the setup time whil

ard readers as well..

Batch Operating System

< Bank Invoice System
¢ Transactions Process
 Daily Report

% Research Segment

% Billing System




Operating SystemTypes

id at various termina

0 use a particular co

> Time-sharing or mu
multiprogramming.

> Processor's time which
simultaneously is termed as t

Process 2 Process 3

> Multiple jobs are executed b
but the switches occur so fre
Immediate response.

> The operating system uses
to provide each user witQ

Process 1 Process 4
Active States

Process 6 Process 5




Operating SystemTypes

have been modified 1

)

Ime-sharing systems.

> Advantages of Timesh
¢ Provides the advantage
¢+ Avoids duplication of so
¢+ Reduces CPU idle time.

> Disadvantages of Time-sha
¢ Problem of reliability.
¢ Question of security a
¢ Problem of data comg




Operating SystemTypes

appllcatlons and mu
processors accordingly.

> The processors communicate

> These are referred as loosely

> Processors in a distributed sy:

> These processors are referre;
> Examples: Solaris, OSF/1

2o RU pCaihory
Network

Computer Node

Work Station

ve multiple real-ti

distributed among t




Operating SystemTypes

outed systert
applications and mu
processors accordingly.

> The advantages of distribute
¢ With resource sharing fa
at another.

rve multiple real-ti
distributed among t

¢ Speedup the exchange of
¢ Better service to the cust
¢ Reduction of the load @
¢ Reduction of delays |




Operating System Types

¥etwork Operaliag

manage data, users, grt

> The primary purpose of t
among multiple computers
or to other networks.

> There are two basic types of

«* Peer-to-Peer Network O
+» Client/Server Network (
network operating systg

server the capability

tworking functions.
red file and printer accg
AN), a private net

Servers




server the capability

anage data, users, gre orking functions.
> The advantages of netwc
¢ Centralized servers are
¢+ Security is server manage
“ Upgrades to new technolo
% Remote access to ser
types of systems.




> The disadvantages of network operating systems are as follows:

¢+ High cost of buying and running a server.
¢ Dependency on a central location for most operations.
¢ Regular maintenance and updates are required..

Real Time operating System:
A real-time system is defined as a data processing system in which the time interval

required to process and respond to inputs is so small that it controls the environment.

> The time taken by the system to respond to an input and display of required updated information
IS termed as the response time.

> In this method, the response time is very less as compared to online processing.



> Real-time systems are used w

or the flow of data and real-tim
> A real-time operating system
will fail.

ingtisfiked fime constraints, otherwise

] [ S

Task 1

Resource Management

e Device Drivers
o
File 1

Read/ Write




Operating SystemTypes

> Hard real-time syste

+» Hard real-time syste
% In hard real-time syste
ROM.

¢ In these systems, virtual

> Soft real-time systems
% Soft real-time systems are
+ Soft real-time systems ha
s Example: Multimedia
exploration and plane

] }-ﬁ\

Scientific Projects I|ke undersea
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Operating System- Services

programs.

> It provides programs a
> It provides users the servi@
» Common services provided
¢ Program execution
% 1/O operations

anner.

o

{ Communication I ) | /O Operating |

Programe ™
Execution y

% File System manipulation

% Communication

»» Error Detection

+»» Resource Allocation
Protection

! Accounting . LN Manipulation

Error Handling . , Alloc:t':)z \

-




Operating System- Services

grams to system
programs, these activitre
> A process includes the cG@
registers, OS resources in u
> Following are the activities o
¢ Loads a program into me

te, data to manipulate

2 management:

Program Execution

Fetch

s EXxecutes the program.

¢ Handles program'’s execu

% Provides a mechanism fo

%+ Provides a mechanism
Provides a mechanisy

Decode

Execute

Write

PC++
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Operating System - Services

can store files on th

disk (secondary storag

> Afile system is normally G

> These directories may conta

> Following are the major acti
“* Program needs to read a f
¢ The operating system give
“* Permission varies from re
¢ Operating System provig

and usage.

hle management




“* Operating System provides an interface to the user to create/delete directories.
Operating System provides an interface to create the backup of file system.

L)

L)
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ding driver software

e users.

evice drivers:

ecific 1/0 device.
quired.
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Operating System - Services

5ors that do not sharct
emory, peripheral dev

between all the processes.

> The OS handles routing and

> Following are the major acti
+ Two processes often requi

ages communications

¢ Both the processes can be
through a computer netwg

% Communication may be }
or by Message Passing




Operating System- Services

the memory hardware
> Following are the major a@
¢ The OS constantly check
% The OS takes an appropr

User Process

Resume execu tion

Initiate system call. been fully handled by

the kernel.

......... ExcoptionrTrap “z fm = = - -

Handle the requested
system call.

after the system call has

PU, in I/O devices o

o0 error handling:

User Mode

Kernel Mode



Operating System- Services

ch as main memory
b

> Following are the maj0 ith respect to resourc

management:
¢ The OS manages all kind?
¢ CPU scheduling algorith




Operating System- Services

programs, processes

> Following are the major at 0 protection:
¢ The OS ensures that all &
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Operating System- Properties

Ing System re
the resources defined by @
> Following are the propertie
¢ Batch processing.
¢ Multitasking
¢ Multiprogramming

Processes, or users to

& \do‘?’

¢ Interactivity

¢ Real Time System

¢ Distributed Environmenj
¢ Spooling

9b T~
Operator Computer
_r
oo .

fopg

o




Operating System- Properties

collects the program:

And data together in a8
> An operating system doe

essing:

% The OS defines a job which
programs and data as a single (

¢ The OS keeps a number a jobs
manual information.

+» Jobs are processed in the orde
fashion.

+» When a job completes its exe
for the job gets copied into g




Operating System- Properties

collects the program:

And data together in a8
> Advantages
+¢ Batch processing takes

¢ Increased performance &
without any manual inter

Ious job Is finis

> Disadvantages
+ Difficult to debug progra
¢ Ajob could enter an infig
¢ Due to lack of protectig
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Operating System- Properties

S 0 YAl
Itching between thel

> An Operating System doe
% The user gives instructid
Immediate response.
» The OS handles multitaski
programs at a time.

ultaneously by

» Multitasking Operating Syste
%+ Each user has at least one se

Browser l
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g ory at the same time,

erred as multiprogre
> Multiprogramming assu
> Multiprogramming increaseé ErALES

to execute. > Partitions
> An OS does the following act

Multiprogramming

%+ The operating system keeps § Operating
¢ This set of jobs is a subset of System
» The operating system picks
¢ Multiprogramming operati

using memory managemg

process




35 Operating System erties

g ory at the same time,

erred as multiprogre

> Multiprogramming assu

> Multiprogramming increaseé
to execute.

> An OS does the following act

%+ The operating system keeps §

¢ This set of jobs is a subset of;

» The operating system picks

¢ Multiprogramming operati
using memory managemg
process




35 Operating Syste erties

« In such systems;*€
¢ The Operating syste
ensure correct perfor
Interactivity
» Interactivity refers to the abili

» An Operating system does the
an interface to interact with t
¢ Manages input devices tq




s Manages output devices to show outputs to the user. For example, Monitor. The response
time of the OS needs to be short, since the user submits and waits for the result.



Operating System- Properties

, O processors in a
domputer system.
> An operating system doe

¢ The OS distributes comf

¢ The processors do not s
memory.

] environment:;

» The OS manages the com
s They communicate with e;
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Operating System- Properties

line.
> Spooling refers to pu

> This buffer is a special aré e to I/0 devices.
> Advantages

¢ The spooling operation use
buffer.

¢ Spooling is capable of ov
one job with processor ope

Printer
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d environment .
cess rates.
ore data can rest while j

operating syste

¢ Handles 1/O device G

¢ Maintains the spooling
slower device catches ug

¢+ Maintains parallel comp
In parallel fashion.

or can perfg

¢ It becomes possible to ha
write out to a tape printe
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Introducton

> When a program is loag
> It can be divided into fo

method/function paramete

» Heap: This iIs dynamicall
time

o Text: This includes the g
Program Counter and t

+» Data: This section cg

a process must




Introducton

2se stages may differ
50 not standardized.
> A process can have on

o Start admitted interrupt terminated

» Ready

% Running
% Waiting

i ) Ve i et scheduler dispatch
% Terminated or Ex orevent compietion

I/O or event wait




> Ready: The proce
waiting to have the pr@

> Running: Once the proc
process state is set to run

> Waiting: Process moves |
waiting for user input, or

> Terminated or Exit: Ong
operating system, it Is mg
main memory.

uction

eady processes are

the OS scheduler, tj
tions.




ProcessControl Block

gcess ContrcC
every process.

> The PCB is identified by
> A PCB keeps all the info
a process.

> The PCB 1S maintained
lifetime, and Is deleted ong

2 Operating System fd

pointer process
state
process number
program counter

registers

memory limits

list of open files




ProcessControl Block

gcess ContrcC
every process.

> Information associated
% Process state
¢ Program counter

% CPU registers

¢ CPU scheduling infor
¢ Memory-management
% Accounting informag
% 1/O status infor

2 Operating System fd
process state
process number

program counter
registers

memory limits

list of open files




ProcessControl Block

- ? ¥V V \J \J

L.ayered

Approaéh

- OS 1s broken into a no.of.layers to
make it modular.

- Each layer uses functions and services

Advantage : e
e user interface
- simplicity of constructio e - - e
4 P < e B
- N 1 2 £ 7 = layer 1 B
debugging bl 9 \
Disadvantage: ‘ [ /" tayero \
| \ | hardware 'I
) ) 1“ l‘.y ',\. \, = "',.
- less efficient-sys call \ S— y
) X \\\"-x-,,,, ,,_4-»'//- /’
takes long duration ~ R 7

f{? Layer 5

W

eUser programs
| tayera |
s — _ =
eBuffering for 1/O devices
| Layer3 |
" ]
*Device Driver
—{ Layer 2 i

*Memory Manager

—1 Layer 1 I-
RO =
*CPU Scheduling
— Layer O
L >,

eHardware




ProcessCommunication

e the state of the o
t switch.

process and load the s¢

> Context of a process rep

> Context-switch time is o
¢ The more complex the

> Time dependent on hardwe

%+ Some hardware provic
loaded at once
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ProcessCommunication

: > other processes,
formlng a tree of proce

> Generally, process iden or (pid)
> Resource sharing I
+» Parent and children sha

Children share subset c

% Parent and child share 1
> EXxecution

%+ Parent and children e
% Parent waits until

o%




ProcessCommunication

PESS executes 12

> Output data from chi

» Procesg’resources are ae

> Parent may terminate exet
¢ Child has exceeded all
+» Task assigned to child i

¢ If parent is exiting
= Some operating sy,
= All children termy




ProcessCommunication

fect or be affected by ©

> Reasons for cooperating

¢ Information sharing
Computation speedup
Modularity

%+ Convenience
> Cooperating processes neeg
> Two models of IPC

+¢ Shared memory

» Message passing

0
0
0
0

operating process can

process A
process B

0lh
message queue

mo[mymof ... [mq|

kernel

(a) Message Passing

process A

shared memory

process B

kernel

(b) Shared Memory




ProcessCommunication

BP”DIrocess con
with each other and sy

> The communication be
between them.

> Some of the methods to pr
¢ Message Queue.
s Shared Memory.
% Signal.
+» Shared Files and Pipg
% Socket

13

cesses to communica

ethod of co-operatig

brozess B
process B

kernel
kernel

(a) Message Passing (b) Shared Memory



Threading

» Each thread of the sa
activation records and cont
> Thread is often referred to a
> Need of Thread:—
o It takes far less time to

process.
s Threads can share th
communication.
% Context switching is
% |t takes less time tgQ

counter and a stack q



Threading

User Space

> User Level Threads =
% The operating systen
%+ User threads can be ea

% If a user performs a use
blocked.

2

User Level
Threads

Qrocess IS

Lightweight Process

> Kernel Level Threads — The
% There 1s a thread contrg
each thread and proces

< The kernel-level threag
%+ The kernel knows &

Kernel Space




Threading

and Kernel level thre:

On can run in parallel

> In a combined system,
multiple processors and a blG

> The idea is to achieve paralle
> For example, in a browser, mu

> Multithreading models are thre

¢ Many to many relationshi
¢ Many to one relationshig
¢ One to one relationship




Threading

User-level threads are faster to create and
manage.

Implementation is by a thread library at the
user level.

User-level thread is generic and can run on
any operating system.

Kernel-level threads are slower to create and
manage.

Operating system supports creation of Kernel
threads.

Kernel-level thread is specific to the
operating system.

Multi-threaded applications cannot take
advantage of multiprocessing.

Kernel routines themselves can be
multithreaded.



Threading

various advantage
> Threads minimize the
> Use of threads provides
» Efficient communication.
> It 1s more economical to cre

> Threads allow utilization
efficiency..




Swapping

emory to secondary ste
> Swapping is also know

> The total time taken by
the time it takes to moveé
secondary disk and then to

memory

emporarily out of mai
other processes.

P1 comes back after I/O

Swap out |
Process.P3 |r———————lp)

Swap in |
(e Process P1




ProcessScheduling

> Process scheduler sel
> Maintains scheduling g

+» Job queue _ set of all |
» Ready queue _ set of

execute

¢ Device queues _ set of
s Processes migrate a




BT the running process
> Process scheduling is @
to select among available p
PCBs In Process Scheduling G

¢ Job queue: This queue keef

+ Ready queue: This queue K
main memory, ready and w

¢ Device queues: The pr,
unavailability of an 1/0O ¢

21 Proces

duling

t handles the remova

strategy.
pperating systems useg
‘The OS maintains &

em.
Iding

due to r
1/0 Waiting

Vo < | Queue




ProcessScheduling

Processes can be describe
> 1/0O-bound process _

doing 1/O than computati
CPU bursts

» CPU-bound process _ spe

ready queue —®
@ /0 queue /O request
child fork a
executes child
interrupt walit for an
interrupt

doing computations; few v
bursts




ProcessScheduling

he main task is to sele@

> Schedulers are of three ty

“* Long-Term Schedul®

= |tisalso called ajob sC
=  Along-term scheduler ¢
¢ Short-Term Scheduler
= |tisalso called as CPU |
= |ts main objective is to
¢ Medium-Term Scheg

= Medium-term scheg

= [t removes the prg

duling in various wa
de which process to run.




ProcessScheduling

PPOSWIE e state of the old pro
ind load the saved stz

> Context of a process ref
> Context-switch timeis o

¢+ The more complex the

while switching
[tch

> Time dependent on hardwa
“* Some hardware provig
loaded at once




Scheduling Criteria a

¢ CPU utilization — ke

¢ Throughput — No. of
¢ Turnaround time —am
“ Waiting time — amount

“* Response time —amou
first response is produg

25 Proce

uling

e, and allocates the

ver time unit




ProcessScheduling

gCess Sched
particular scheduling
> These algorithms are el
> There are popular process
» First-Come, First-Ser
¢ Shortest-Job-Next (SJ

% Priority Scheduling
» Round Robin(RR) Sc
» Multiple-Level Que

d to the CPU based o




SchedulingAlgorithms

ted on first come, fir

serve basis.

> It 1s a non-preemptive, p

> Easy to understand and i

> Its Implementation is basec

> Poor In performance as a
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SchedulingAlgorithms

ted on first come, fir
serve basis.
Example: FCFS Schedul

The final schedule (Gantt chart):
P11 (24) P2 ((3) P33 (4)
= B -7 S S

P1 waiting time: O

b2 waitivia Girne =24 The average waiting time:

P3 waiting time: 27 O0O+24+27)/3 = 17



SchedulingAlgorithms

ocess the length of it
next CPU burst. Use the e shortest time.
> This Is a non-preemptive
> Best approach to minimi
> Easy to implement in Bat

> Impossible to implement

known.
> The processer should kno
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SchedulingAlgorithms

ocess the length of it
next CPU burst. Use th e shortest time.
> Example:

Do it yourself
P4 (3)

3

Eerwalling tnye; The total time is: 24

P1 iting time: 4 _
P3 xz:t::—:g t:22 The average waiting time (AW T):

P2 waiting time: (0+3+9+16)/4 = 7



SchedulingAlgorithms

: e most common

cheduling algorithm

> Each process Is assigne
and so on.

IS to be executed fir;

> Processes with same prior
> Priority can be decided bas

resource requ Irement. Priority Scheduling

1

Non-preemptive mode Preemptive mode
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SchedulingAlgorithms

Ot ity scheduling e most common

scheduling algorithms
> Example:

Non-Preemptive Priority

Process Burst Time Priority arrival time
10

1
2
1

5

> Priority Scheduling (non-preemptive)

o 1 S 16 18 19

> Average waiting time = (0 + 1 +6 + 16 + 18)/5 = 8.2



SchedulingAlgorithms

2r this time has elapset

e process Is preempte
> Round Robin is the preg

> Each process is provided

> Once a process iIs execute
executes for a given time

> Context switching is used




SchedulingAlgorithms .

e process is preemp

> Example:

Suppose time quantum is: 1 unit, P1, P2 & P3 never block

P1 P2 P3 P1 P2 P3 P1 P2 P3P2
0 10
P1 waiting time: 4

P2 waiting time: 6 The average waiting time (AWT):

P3 waiting time: 6 (4+6+6)/3 = 5.33



SchedulingAlgorithms

m.
> They make use of 0 dule jobs with commo
characteristics.

< Multiple queues are Aaracteristics.

+» Each queue can have it

« Priorities are assigned 1

quantum = 16



ProcessSynchronization

DCesses In a such a we
Imizing the chance ¢

that, Concurrent accest
Inconsistent data.

> Process Synchronization &
> Maintaining data consistel
of cooperating processes.

\e Process.
aronized e

> Process Synchronization c:
» Semaphores
» Mutual Exclusion og
» Monitor




that, Concurrent acce

Inconsistent data.

> Process synchronization pr@
are shared in Cooperative prt

> On the basis of synchronizati

» Independent Process:
other processes.

s Cooperative Process;
Processes.

37 Process Syn

1zation

hcesses In a such a we
Imizing the chance @

ess also because resg



ProcessSynchronization

> When serval process aCe
condition

e, they may enter into a rac

> Race condition occurs among
» Race condition occurs due to if

Critical section problem:
> Critical section is a code segme

» Critical section contains shared
variables.
> Any solution to the critical sect
»» Mutual Exclusion
s Progress
+»» Bounded Wa4




ProcessSynchronization

can be signaled by ano
> Asemaphore uses two &
> Classical problems of Sy

» Bounded-buffer (or P

¢ Dining- Philosophers

DCess synchronization

%+ Readers and Writers R

% Sleeping Barber Pryg




ProcessSynchronization

gtrded Buffer prog
generalized in terms of tf
> Solution to this problem
keep track of the current nt

blem. This problem is

‘full” and “empty”

> Producers produce a produc

of the containers each time.




ProcessSynchronization

ated around a circula

table with one chopsticl

Philosopher

> There Is one chopstick bet?

> A philosopher may eat if
adjacent to him.

> One chopstick may be pick
followers but not both.

> This problem involves the g
group of processes In a
manner.




42 Process Syn i1zation

current processes.

dlStIﬂgUISh between th e former as readers a
to the latter as writers.

> Precisely in OS we call t
> Problem parameters:

¢ One set of data Is share
¢ Once a writer Is ready,
¢ If a process is writing
¢ If at least one reader
¢ Readers may not y



ProcessSynchronization

#PTning Phi ated around a circula

table with one chopsticl

> Barber shop with one ba
chalirs to wait In.

» When no customers the ba
chair and must be woken wh

Waiting Chairs

> When barber Is cutting hair
seats to wait, or leave if no

Customer is leaving




Deadlocks

> In operating systems Whe
that hold some resource

other(s).
> Example:

+ Process 1 is holding Res
which is acquired by p
for resource 1.

ecause each process |
some other process.

Resource 1

Resource 2

Assigned
to




Deadlocks

0ds for hanc
> There are three way
¢ Deadlock preventid
deadlock state. by us
» Deadlock detection ¢
handle it once occurre

+» Ignore the problem &
reboot the system. This

e system into a
ake an assumptig

do preempid
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Introduction

memory such that it can

> The Memory Hierarchy

references.

> This Memory Hierarchy Desig
< External Memory or Sect

Magnetic Tape i.e. periphera
Module.

< Internal Memory or Prj
CPU registers. This is dirg

ement to organize the

or known as locality g

LEVEL1

"




Oy manageme
manages primary mema
and disk during execution.
»Main Memory referstoap
> Memory management keep

either it is allocated to some p
> It checks how much memor
> It decides which process wj
> It tracks whenever some g

uction

tem which handles o

between main memor




Introduction

brocess references in i

physical addresses at t

> The operating system tak®
time of memory allocation t

> There are three types of ado
< Symbolic addresses: The ac

pory Is allocateg

Instruction labels are the basic ¢
% Relative addresses: At the tj
addresses.

% Physical addresses: The Ig
main memory.




MemoryLoading

program Is loaded Int@
program is loaded into th
> There are two types of Loz
¢ Static Loading: The a
for execution to start.

“ Dynamic Loading: d
relocatable form and
program.

n. Sometimes comple
part or routine of t
the program.

0 memory Ig
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hile and then puttln
> Swapping Is also kno
> sometimes there is not €
In a timesharing system.
> The total time taken by s

process to a secondary dis
the time the process takes

emory, running it for

urrently a,g:tlve proce\sses

‘ Process P4 |

P1 goes for 1/O wait

takes t@mmevéffh&entlre

k to memory, as well as

‘ Process P3 Process Pn

P1 comes back after /O
Swap out
Process P3

Swapin

1
,‘ Process P1




gle contiguoC
memory (except some
> Partitioned allocation:
process is allocated acco
> Paged memory managem
frames, used in a virtual

> Segmented memory mane

management, allocated n

emory manage

| by MS-DOS. All

Or partitions. Each




>When it Is time to loaC

block of memory of suffic

> There are different Place
s First Fit: The first hole
< Best Fit: The smallest
+Worst Fit: The larges

ly available to

needed.
ere 1S more than one fr
block to allocate.
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> Main memory usually I
< Low Memory — Oper:
< High Memory — User

> Operating system uses the {
> Memory Partitioning types

< Fixed / Static-partitig

re assigned memory

memaory. Contiguous
emory Allocation Techniques

lon mechanism. |

Static Partitioning Dynamic Partitioning
or or
Fixed Size Partitioning Variable Size Partitioning
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process loading

> The first partition is rese

> The remaining space is di
> The size of each partition

process.
> The partition size varies agq
process so that the interna

leclared at the time of

Operating
System

Process P1
Process P1 . (5 MB)

Process P2
Process P2 . (2 MB)

Process P3
Process P3 . (3MB)

Process P4

Process P4 (4 MB)

Dynamic Partitioning

(Process Size = Partition Size)

partition for OS

partition 1

partition 2

partition 3

partition 4
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of fixed-sized

partitions where each p@é

> In this technique, the mai
> The operating system alwa
to store user processes.

> The memory Is assigned to t

or different sizes.
) partitions can be ug

> The partitions cannot overlap
> A process must be contiguo
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ggmentation |

to the processes due to

> The process with the ?
executed due to the lack
New upcoming processes 2

> Basically, there are two tyy

< Internal Fragmentation

< External Fragmentatig

assigned
space

assigned
space

i
B |
":.'Q , <

internal
fragmentation

ks cannot be allocaté

[ partition could not

cannot be allocate

external
fragmentation

assigned
space

assigned
space

fragmeni
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POIOCK @ 2mory Is left unused, 2
cannot be used by ¢

> In this fragmentation, tf ize more than the size |
that process.

> Due to this some part of the'me eftuntused-anc 16 al fragmentation.

Operating o

3 MB : partition 1

3 MB l : partition 2

partition 3

(External Fragmentation)

3 mMB s Gartition 4 amB
v

PS can't be executed even though
there is 4 MB space available but
Internal Fragmentation not contiguous.
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Operating i
partition for OS
5MB Free partition 1 IaEeas e
Completed
Process P2 aiitici s
(2 MB) P
P P3
3 MB Free partition 3 IReee
Completed
Process P4 artition 4
(4 MB) P

Process P5
PS can't be loaded into memory (8 MB)
even though there is 8 MB space
available but not contiguous.

> In this fragmentation, a
available that is needed
able to put that process |
space Is not contiguous.

> After some time P1 and P
assigned space Is freed,
load a 2 MB process in
not contiguously locateg
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ory out of fragmen
emory.
> External fragmentation ffle memory contents
place all free memory toget tion feasible, relocg}
should be dynamic.

> The internal fragmentation ¢
but large enough for the process.

Fragmented memory before compaction

Memory after compaction
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Otherwise they reside |
> Considering the fact the
to be as same as frame si

> Different operating system
> The pages belonging to a ce

> The sizes of each frame mu
> Pages size is power of 2, b
> The size of the process Is

hen they are requir

Paging, page size neg

Logical memory

Physical memory
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number and the offset

> Page address is callt
¢ Logical Address = F
> Frame address Is called p
the offset.

“* Physical Address = Fra

ame number and

> Adata structure called page
page of a process to a fram
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MemoryAllocation

of memory that is

gtored in the physica

> The fault notifies the of
then transfer it from the

> Page fault arise the except
from virtual memory for ru

2 In virtual memory,

ng the program in contlnue nature. ‘

legic al physical
addres address fO00C ... QOO0 |

— |

page tabie




Virtulamemory

Ompensate shortage
access memory to disk stG
> Virtual memory is a me
used as If it were a part of

> Virtual memory serves two

idary memory can b

Virtual Address Physical Address

+» It allows us to extend th
+* It allows us to have me
virtual address Is tran

e, o
Secondary Memory
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hough it were the mé

> Virtual memory uses h
physical memory shortagt

» Memory manager is in cha
memory.

to compensate for

a physical and

> Types of virtual memory are
“+ Demand Paging
“* Segmentation
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with swapping whi
only on demand, not

grocesses reside in SE
advance.
> Types of Page Replaceme
 FIFO
> Optimal Algorithm

Virtual

“* LRU Page Replacement
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process selects the pat
jory for the longest tim
> Features of FIFO Page

“* Whenever a new page emory IS removed
¢ The oldest page in the

fl I’St ReferenceString:0,2,1,6,4,0,1,0,3,1,2, 1

Misses 25 B R 25 ESh & ¢

FaultRate=9 /12 =0.75
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Virtulamemory

placement for which t
Ime to the next referene
> Features of Optimal alge
> Optimal algorithm re
difficult to implement.

“* Replace the page which
time when a page needs

FaultRate=6 /12 = 0.50
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Dage usage over a shd
period of time.
> This algorithm shoulc with an even- page.
> [Features of LRU Page
“* The LRU replacement Is also cal

aging registers, which
also be referenced.
“* The page which hasn't
that should be selecte
¢ It also keeps a list g




Virtulamemory

ce, multitasking,
using largep
> Benefits of using virtue
» Frees applications fr¢
add memory modules

% Increased security bece

users from having

s Multiple larger applice
»» Doesn't need external §
% Effective CPU use.
+» Data can be moved




Operatin@yste- Properties

O processors in a

omputer system.
> An operating system doe
¢ The OS distributes com

<+ The processors do not s
memory.

] environment:

% The OS manages the com
s They communicate with e;




Operatin@yste- Properties

> Spooling refers to pu
> This buffer is a special art

> Advantages

¢ The spooling operation use
buffer.

¢ Spooling Is capable of o
one job with processor ope

) operation for

Card Reader

28

line.

e to I/O devices.

Printer
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Dperating syste

» Handles I/O device'

* Maintains the spooling
slower device catches uf

** Maintains parallel comp
In parallel fashion.

¢ It becomes possible to ha
Write out to a tape printer

erties

d environment .

cess rates.
ore data can rest while
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1 on secondary stora

PaS magneti
> File is a collection 0

¢ Afile has a certain G

» Atext file is a sequent

¢ Asource file Is a seque

“*+ An object file Is a seq
by the machine.




» When operating system defines different file structures, it also contains the code to
support these file structure. Unix, MS-DOS support minimum number of file structure
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such as text files soure
» Operating system like
> Ordinary files

%+ These are the files that
%+ These may have text, d

> Directory files
¢ These files contain lis
> Special files

% These files are also
¢ These files represg

h different types of fi

ypes of files.
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» Name _ only infor

» ldentifier _ unique tag

» Type_ needed for syste
» Location _ pointer to file
» Size _ current file size

» Protection _ controls who
» Time, date, and user
monitoring Information

maintained on the dis




FileOperation

tributes, location ana
file type function

executable exe, com, bin ready-to-run machine-
or none language program

compiled, machine
language, not linked

source code c, cc, java, pas, | source code in various
asm, a languages

batch bat, sh commands to the command
interpreter

text textual data, documents

word processor| wp, tex, rtf, various word-processor
doc formats
library lib, a, so, dll libraries of routines for
programmers

print or view ps, pdf, jpg ASCII or binary file in a
format for printing or
viewing

archive arc, zip, tar related files grouped into
one file, sometimes com-
pressed, for archiving
or storage

multimedia mpeg, mov, rm, | binary file containing
mp3, avi audio or A/V information

nership.
> Operation performed on
Create a file
Delete a file
Open a file
Close a file
Write _ at write pointer

Read _ at read pointer
Reposition within fi

object

obj, o

S

*

e

*

o

o

e

*

e

*

e

*

N/

g
—]
=
c
=
O
=
D
—t
=
D
=
D

>
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nd allocation.

cre are several typ
> None - sequence of We
> Simple record structu
» Lines
+ Fixed length

% Variablelength

> Complex Structures
+»» Formatted document
+» Relocatable load filg
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> Operatlng system lik
» Sequential access

% Direct/Random acce

% Indexed sequential ac
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L]E al d =
order in which there @

> A sequential access Is

Information in the file is

» This access method is the current position

beginning

T

rewind
read or write =)

> Example: Compilers usua




FileAccessMethods

hich there are stored

> Random access file orga
> Each record has its own &

accessed for reading or wr

> The records need not be

adjacent locations on the

In a Random order

directly.
qich 1t can be dirg
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cxed sequentia
pointers to search seque

> This mechanism is built

> An index is created for ea

> Index Is searched sequentis

Ile are accessed usi




FileAllocation

> Files are allocated disk ®
+» Contiguous Allocatiol

% Linked Allocation

% Indexed Allocation
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FileAllocation

ontiguous file™ )perating system:
> Each file occupies a cC ace on disk.

> Assigned disk address Is

> Easy to implement.
> External fragmentation is 3 h

File allocation table

' '
this type of allocation teck Fithis ISURbE  Helgti
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> Each file carries a list'@
> Directory contains link /

> No external fragmentation

> Effectively used in sequen

> Inefficient Iin case of direg

directory

file start end
jeep 9 25

20 J21[ L2 123[]
24 JesEizsl ]27[ ]
28 J29 1o 131 ]
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Oexed file alloCe
> Provides solutions to [

> Aindex block iIs created |
> Each file has its own inde

of disk space occupied by t
> Directory contains the addre

ting system:
10US al'll ACU alToCatiQLl

rs to files.
tores the addresses

blocks of files.

File allocation table

File name Index block

15




Space Management

of and allocating free

files than for rando

> The optimal allocation
access files, and is also di

> Various methods for keepi
% Bit Vector

)

4

J/
*

Linked List
Grouping
Counting
Space Maps

L)

e

*

e

*

J/
’0

L)
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epresents a disk block,

> Fast algorithms exist for gt
> The down side Is that a 40G
> example.)

0 0

0- if disk block i3

1- 1f disk bloc
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free-space list head

> Alinked list can also [

> Traversing the list and/G
tracked by the system just
the beginning of the list.

> The FATtable keeps track ¢

en size are
locks from

ed list on
the table




SpaceManagement

propace VIAMe
> Avariation on linked Ices of free blocks.
> If a block holds up to N ed-list contains up tg
N-1 addresses of free bloc 2 addresses.

Counting:

> When there are multiple co
of the starting address of t

> As long as the average leg
this offers a savings In



FileDirectories

cction of files
Including attributes, l0Ce

> Advantages of maintaini

» Efficiency: Afile can |
» Naming: It becomes ¢

different files or may h
% Grouping: Logical gr
programs, all games ¢

mation about the files




FileDirectories

ol O

Including attributes,
> file is a collection of |0f

e

*%

e

*%

e

*%

\/
000

e

*

e

*

J/
0’0

e

*

e

*

Name

Type

Address

Current length
Maximum length
Date last accessed
Date last updated
Owner 1d

Protection informatig

mation about the file

BCA Properties

Type:
Location:
Size:

Size on disk:

Contains:

Created:

Attributes:

| General Sharng Securty Previous Versions Customize

BCA

File folder
C:\Users\hp'\Desktop

122 MB (12,88.70.185 bytes)
123 MB (12.89.91.232 bytes)
56 Files, 2 Folders

05 December 2020, 15:47:23

[®m] Read-only {Only applies to files in folder)
[] Hidden Advanced...
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FileDirectories

ection of files mation about the files
Including attributes, l0Ce

> Varioustypes of director oo | _spell | bin_|programe

et [ e | ot | [ tina [ oount | o Jroorer] |7 | = | mai ]
- - G - - - -

+ Single-level Directory.

¢ Two-level Directory.
e
- (D I

s Tree-structured Directg ) = -

¢ Graph Directory.
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S asingle dire
> Naming problem: Use
> Grouping problem: User

s [l o] ] v ] ] o]

s O O O O O 0O O 0O O
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FileDirectories

S separate dIrce
> Path name: Due to twQ to locate that file.

> Now, we can have same 1

> Searching is efficient in this method. master file e

directory

> No grouping capability
seote [Coa [ oo [ a [t [ o |ama] [ o | o] [ x [oa] o
O Q99O 9 OO OO Q
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FileDirectories

gcLory I1s mainte
> Searching Is efficien We have absolute o

relative path name for a file. oot | | e [eepreee

0 e e N e W s R T B
- - (D - - (P -

rrow [ comr | o [ o]

& & @ D - -
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FileDirectories

gcLory I1s mainte
> Searching is efficient@

> Allow only links to file
> Every time a new link Is @ determine whethg

N
st rade

> Garbage collection




FileSharing

. how multipte
> Sharing of files on m{
> Sharing may be done thi
> On distributed systems, fi
> Network File System (NFS

> If multi-user system
» User IDs identify us
Group IDs allow users tg

s Group of a file / direg




> Seml automatically V

> Client-server model all@
> Server can serve multipl
> Client and user-on-client |
> Standard operating system
> Distributed Information S
Implement unified access

2ss between system

| distributed file syste

from servers




FileProtection

other users such as wi
» Mode of access: read, W
> Three classes of users on

a) owner access
b) group access
C) public access 1

owner group public

b Y

chmod 761 game

Dl the usage of files U

@ Operating System-Files Properties

General Securty Details Previous Versions
Object name: C:\Users"hp“\Desktop \Operating System-Files pptx

Group or user names:

SYSTEM
a adisesha k (adisesha k@gmail.com)
SR Administrators {(ADI-LAP TOP\Administrators)

To change pemnissions, click Edit.

Pemmissions for SYSTEM

Full control

Modify

Read & execute
Read

Write

Special pemissions

For special pemissions or advanced settings,
click Advanced.




Storag@ management

computer system usi
an operating system.
> Disks are the mainly
storage In operating syste
> Various mass devices are:
¢ Magnetic Tapes

2 the bulk of secondap

» Magnetic Disks
%+ Solid-State Disks




Storag@ management

pefore the days of ha

disk drives, but today

> Accessing a particular
commences, access speed

> Capacities of tape drives
that capacity.

once reading or writi

Qression can de
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exible plastic.
ICes.

oppy disks and He

> Traditional magnetic C
+» Each platter has two
+» Each working surface
» Each track is further d

00s called tracks

each.
¢ The data on a hard dri
+ The storage capacity




Storag@ management

oNnal madne
In operation the di

second. ).
» The seek time or rando
to move the heads from o
¢ The rotational latency is the
desired sector to rotate arou

¢ The transfer rate, which is t
data electronically from thg

platter ‘

( 120 revolutions pe

arm assembly




5IS€ memors

use either flash memo

Information through po

> Because SSDs have no
and certain problems such

> SSDs are especially useful
accessed quickly.

> They are more expensive
life spans.

> SSDs are also used in

34 Storage

mplementations may
0 sustain the

aditional hard dri



DiskScheduling

ly - for the disk drive

hIS means having a fc
> Various Disk-Schedulil

¢ FCFS Scheduling
¢ SSTF Scheduling

¢ SCAN Scheduling
¢ C-SCAN Scheduling
s LOOK Scheduling
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ry efficient..

queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53
O 14 37 b36567 o8 122124 183 199
l l
[

| | | N 11 | {
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ee ad to starvation iIf a

constant stream of red® the disk.
queue — 938, 183, 37, 122, 14, 124, 655, &7
head starts at 53
CI) 14 817 5357 S8 122124 183 19S
|

| | 11 | 11 | I

\1\..
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PalgorItnTTee es back and forth fro

one end of the disk ta@ 2SSING requests In a te

building. queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

O 14 37 BHB36567 o8 122124 183199
| | 1 L 11 | Ll | |
|
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DiskScheduling

all requests Ina
cular queue fashion

> Once the head reaches e other end without
processing any requests, a the disk.

quUeue — 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

O 14 S 7 5365667 o8 122124
L
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DiskScheduling

the queue of pendi
requests, and not mov end of the disk than

Nnecessary. queue =98, 183, 37, 122, 14, 124, 65, 67
head starts at 53
O 87 536567 o8 122124
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	An Operating System provides services to both the users and to the programs.
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	Program execution:
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	Operating System - Services
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	Operating System- Services (2)
	I/O Operation:
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	Representation of Process Scheduling:

	ProcessScheduling (2)
	Schedulers:
	Schedulers are special system software which handle process scheduling in various ways.
	 Short-Term Scheduler:
	 Medium-Term Scheduler:


	ProcessScheduling (3)
	Context Switch:
	When CPU switches to another process, the system must save the state of the old process and load the saved state for the new process via a context switch.


	25 Process Scheduling
	Scheduling Criteria:
	Schedulers selects the processes in memory that are ready to execute, and allocates the CPU based on certain scheduling Criterias.


	ProcessScheduling (4)
	Scheduling algorithms:
	A Process Scheduler schedules different processes to be assigned to the CPU based on particular scheduling algorithms.


	Scheduling Algorithms
	First Come First Serve (FCFS):
	In First Come First Serve (FCFS) scheduling, Jobs are executed on first come, first serve basis.


	Scheduling Algorithms (1)
	First Come First Serve (FCFS):
	In First Come First Serve (FCFS) scheduling, Jobs are executed on first come, first serve basis.


	Scheduling Algorithms (2)
	Shortest Job Next (SJN):
	This is also known as shortest job first, associate with each process the length of its next CPU burst. Use these lengths to schedule the process with the shortest time.


	Scheduling Algorithms (3)
	Shortest Job Next (SJN):
	This is also known as shortest job first, associate with each process the length of its next CPU burst. Use these lengths to schedule the process with the shortest time.


	Scheduling Algorithms (4)
	Priority Scheduling:
	Priority scheduling is a priority based algorithm and one of the most common scheduling algorithms in batch systems.


	Scheduling Algorithms (5)
	Priority Based Scheduling:
	Priority scheduling is a non-preemptive algorithm and one of the most common scheduling algorithms in batch systems.


	Scheduling Algorithms (6)
	Round Robin Scheduling:
	Each process gets a small unit of CPU time (time quantum), after this time has elapsed, the process is preempted and added to the end of the ready queue.


	Scheduling Algorithms (7)
	Round Robin Scheduling:
	Each process gets a small unit of CPU time
	quantum), after this time has elapsed,


	Scheduling Algorithms (8)
	Multiple-Level Queues Scheduling:
	Multiple-level queues are not an independent scheduling algorithm.


	ProcessSynchronization
	Process Synchronization:
	Process Synchronization means sharing system resources by processes in a such a way that, Concurrent access to shared data is handled thereby minimizing the chance of inconsistent data.
	 Semaphores


	37 Process Synchronization
	Process Synchronization:
	Process Synchronization means sharing system resources by processes in a such a way that, Concurrent access to shared data is handled thereby minimizing the chance of inconsistent data.


	ProcessSynchronization (1)
	Process Synchronization:
	Race Condition:
	Critical section problem:


	ProcessSynchronization (2)
	Semaphores:
	A semaphore is a signaling mechanism and a thread that is waiting on a semaphore can be signaled by another thread.


	ProcessSynchronization (3)
	Bounded-buffer (or Producer-Consumer) Problem:
	Bounded Buffer problem is also called producer consumer problem. This problem is generalized in terms of the Producer-Consumer problem.


	ProcessSynchronization (4)
	Dining- Philosophers Problem:
	The Dining Philosopher Problem states that K philosophers seated around a circular table with one chopstick between each pair of philosophers.


	42 Process Synchronization
	Readers and Writers Problem:
	Suppose that a database is to be shared among several concurrent processes. We distinguish between these two types of processes by referring to the former as readers and to the latter as writers.


	ProcessSynchronization (5)
	Sleeping Barber Problem:
	The Dining Philosopher Problem states that K philosophers seated around a circular table with one chopstick between each pair of philosophers.


	Deadlocks
	Deadlock:
	Deadlock is a situation where a set of processes are blocked because each process is holding a resource and waiting for another resource acquired by some other process.


	Deadlocks (1)
	Deadlock:
	Methods for handling deadlock .



	MemoryManagement
	Introudction to
	MemoryManagement

	4 Introduction
	Memory management is the functionality of an operating system which handles or manages primary memory and moves processes back and forth between main memory and disk during execution.

	Introduction
	MemoryLoading
	Memory Loading:
	All the programs are loaded in the main memory for execution. Sometimes complete program is loaded into the memory, but some times a certain part or routine of the program is loaded into the main memory only when it is called by the program.


	MemoryLoading (1)
	Swapping is the process of bringing in each process in main memory, running it for a while and then putting it back to the disk.

	8 MemoryAllocation
	In the operating system, the following are four common memory management techniques.

	9 MemoryAllocation
	PartitionAllocation :
	In Partition Allocation, when there is more than one partition freely available to accommodate a process’s request, a partition must be selected.


	MemoryAllocation
	Memory allocation is a process by which computer programs are assigned memory or space.
	 Fixed / Static-partition allocation

	MemoryAllocation (1)
	Dynamic Memory Partitioning:
	In this technique, the partition size is not declared initially. It is declared at the time of process loading


	MemoryAllocation (2)
	Fixed / Contiguous Memory Partitions :
	In this type of allocation, main memory is divided into a number of fixed-sized partitions where each partition should contain only one process.


	MemoryAllocation (3)
	Fragmentation:
	Fragmentation is an unwanted problem where the memory blocks cannot be allocated to the processes due to their small size and the blocks remain unused.


	MemoryAllocation (4)
	Internal Fragmentation:
	Memory block assigned to process is bigger. Some portion of memory is left unused, as it cannot be used by another process.


	MemoryAllocation (5)
	External Fragmentation:
	Total memory space is enough to satisfy a request or to reside a process in it, but it is not contiguous, so it cannot be used.


	MemoryAllocation (6)
	Compaction:
	Compaction technique can be used to create more free memory out of fragmented memory.


	MemoryAllocation (7)
	Paging:
	Pages of the process are brought into the main memory only when they are required otherwise they reside in the secondary storage.


	MemoryAllocation (8)
	Paging:
	Address Translation.


	MemoryAllocation (9)
	Paging Faults:
	A page fault occurs when a program attempts to access a block of memory that is not stored in the physical memory, or RAM.


	Virtulamemory
	Definition:
	Virtual memory is a feature of an operating system that enables a computer to be able to compensate shortages of physical memory by transferring pages of data from random access memory to disk storage.


	Virtulamemory (1)
	Virtual memory:
	Virtual memory allows a computer to treat secondary memory as though it were the main memory.
	 Demand Paging


	Virtulamemory (2)
	Demand Paging:
	A demand paging system is quite similar to a paging system with swapping where processes reside in secondary memory and pages are loaded only on demand, not in advance.


	Virtulamemory (3)
	FIFO Page Replacement:
	FIFO (First-in-first-out) is a simple implementation method, the process selects the page for a replacement that has been in the virtual address of the memory for the longest time.


	Virtulamemory (4)
	Optimal Algorithm:
	The optimal page replacement method selects that page for a replacement for which the time to the next reference is the longest.


	25 Virtualmemory
	LRU Page Replacement:
	Least Recently Used (LRU) page, this method helps OS to find page usage over a short period of time.


	Virtulamemory (5)
	Virtual memory:
	Virtual memory is important for improving system performance, multitasking, using large programs and flexibility.


	OperatingSystem- Properties
	Distributed Environment:
	A distributed environment refers to multiple independent CPUs or processors in a computer system.


	OperatingSystem- Properties (1)
	Spooling:
	Spooling is an acronym for simultaneous peripheral operations on line.


	29 OperatingSystem-Properties
	Spooling:
	Spooling is an acronym for simultaneous peripheral operations on line.



	Filemanagement
	Introduction to File:
	A file is a named collection of related information that is recorded on secondary storage such as magnetic disks, magnetic tapes and optical disks.

	Introduction
	File Type:
	File type refers to the ability of the operating system to distinguish different types of file such as text files source files and binary files etc.
	 Directory files
	 Special files


	Introduction (1)
	File Attributes:
	file is a collection of logically related entities.


	FileOperation
	Operation on a File:
	The file contains information about the files name, including attributes, location and ownership.


	FileAccessMethods
	File Structure:
	There are several types of files structures depending on its size and allocation.
	 Complex Structures


	FileAccessMethods (1)
	File Access Mechanisms:
	There are several ways to access files.


	FileAccessMethods (2)
	Sequential access:
	A sequential access is that in which the data in the file are accessed in a sequential order in which there are stored.


	FileAccessMethods (3)
	Direct/Random access:
	Direct access is that in which the data in the file are accessed in a Random order in which there are stored.


	FileAccessMethods (4)
	Indexed sequential access:
	Indexed sequential access is that in which the data in the file are accessed using pointers to search sequentially in which there are stored.


	FileAllocation
	File Space Allocation:
	Directories need to be fast to search, insert, and delete, with a minimum of wasted disk space.


	FileAllocation (1)
	Contiguous Allocation:
	In Contiguous file allocation, files are allocated disk spaces by operating system:


	FileAllocation (2)
	Linked Allocation:
	In Linked file allocation, files are allocated disk spaces by operating system:


	FileAllocation (3)
	Indexed Allocation:
	In Indexed file allocation, files are allocated disk spaces by operating system:


	Space Management
	Free-Space Management:
	Another important aspect of disk management is keeping track of and allocating free space:


	Space Management (1)
	Free-Space Management:
	Bit Vector:


	Space Management (2)
	Free-Space Management:
	Linked List:


	SpaceManagement
	Counting:

	FileDirectories
	File Directories:
	Collection of files is a file directory. The directory contains information about the files, including attributes, location and ownership.


	FileDirectories (1)
	File Directories:
	Collection of files is a file directory. The directory contains information about the files, including attributes, location and ownership.


	FileDirectories (2)
	File Directories Types:
	Collection of files is a file directory. The directory contains information about the files, including attributes, location and ownership.


	FileDirectories (3)
	Single-level Directory:
	In this a single directory is maintained for all the users.


	FileDirectories (4)
	Two-level Directory:
	In this separate directories for each user is maintained.


	FileDirectories (5)
	Tree-structured Directory:
	Directory is maintained in the form of a tree.


	FileDirectories (6)
	Graph Directory:
	Directory is maintained in the form of a graph.


	FileSharing
	File Sharing:
	Specify how multiple users are to access a shared file simultaneously.

	File Sharing – Remote File Systems:
	Specify how multiple users on networking to allow file system access between systems..


	FileProtection
	File Protection:
	Specify how file owner/creator should be able to specify control the usage of files by other users such as what can be done and by whom.


	Storage management
	Storage management:
	Storage management deals with the storage procedures in the computer system using an operating system.


	Storage management (1)
	Magnetic Tapes:
	Magnetic tapes were once used for common secondary storage before the days of hard disk drives, but today are used primarily for backups.


	32 Storagemanagement
	Magnetic Disks:
	One or more platters in the form of disks covered with magnetic media. Hard disk platters are made of rigid metal, while "floppy" disks are made of more flexible plastic.


	Storage management (2)
	Magnetic Disks:
	Traditional magnetic disks have the following basic structure.


	34 Storagemanagement
	Solid-State Disks (SSD):
	SSDs use memory technology as a small fast hard disk. Specific implementations may use either flash memory or DRAM chips protected by a battery to sustain the


	Disk Scheduling
	Disk Scheduling:
	The operating system is responsible for using hardware efficiently - for the disk drives, this means having a fast access time and disk bandwidth.


	Disk Scheduling (1)
	FCFS Scheduling:

	Disk Scheduling (2)
	SSTF Scheduling:

	Disk Scheduling (3)
	SCAN Scheduling:

	Disk Scheduling (4)
	C-SCAN Scheduling:
	The Circular-SCAN algorithm improves upon SCAN by treating all requests in a circular queue fashion .


	Disk Scheduling (5)
	LOOK Scheduling:
	LOOK scheduling improves upon SCAN by looking ahead at the queue of pending requests, and not moving the heads any farther towards the end of the disk than is necessary.




