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SECTION A

/UNIT 1 INTRODUCTION NOTES
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Summary
«» Self-Assessment Questions

INTRODUCTION
1. An operating system (OS) is an organized collection of software modules 

that provide an effective interface between the computer users and the 
computer resources. The computer resources comprise CPU, Main Memory, 
I/O Devices (like Keyboard, Mouse, Monitor, Hard Disk Drive, Floppy 
Drive, CDROM etc), Secondary_Storage, Files & Network etc.

Users

Application Programs

OS Modjies

System
Resources

{CPU, RAM. 
I/O Devices. 
Files etc)

2. The Users execute Application Programs, which make System Calls to 
' the OS modules for allocation of resources. In response, the OS modules 

provide the necessary resources in a systematic memner. The Users can
/
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also interactively request resources through system commands made 
directly to the OS Modules. So, the Users & User Programs have to go 
through the Operating System modules for the allocation of needed 
resources. Thus, OS acts as a Resource Manager. It decides:-

• Which process should get what resources? . •'

• In what quantity?

• At what time?

• And for how long?

NOTES

MAJOR GOALS OF AN OPERATING SYSTEM

Any Operating System should meet the following major goals:-

(a) Optimize the Use of Computer Resources so as to maximize its throughput.

(b) Create a User-Friendly Computing Environment for accessing the 
Computer Resources.

EVOLUTION OF OPERATING SYSTEMS

Starting from the ‘Bare Machine’ approach (i.e. machine with no OS) to its 
present sophisticated forms, the Operating System has evolved through 
various stages of its development like Serial Processing, Batch Processing, 
Multi-programming and Interactive Timesharing Approach etc. as 
traced below.

Bare Machine Approach^,<
I

In the earlier stages of computer development, there was nothing like a 
Operating System. A computer used to be programmed directly in machine 
language, without any system software support. This is now known as a 
‘Bare Machine’ approach. Such an approach was possible on earlier machines 
like PDP-11, wherein a program, coded in Machine Language, could be entered 
into the RAM through front-panel switches and executed. The results of 
execution could be displayed on a set of LEDs, mounted on the front-cover 
itself. This approach was extremely user-unfriendly. It was very tedious to 
code a program in machine language (using zeros and ones) and then enter 
it through the toggle switches. In case of a power failure, such a program 
used to vanish and had to be entered all over again. The whole process was 
highly time-consuming, resulting in a. poor throughput. This brought out a 
need for the following:-
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• I/O devices to enter code & data conveniently and output the results in' 
a user-fnendly manner.

• Secondary Storage to save the entered programs on non-volatile media.

• Assemblers & Compilers to translate programs coded conveniently in an 
Assembly Language or a High Level Language.

• Linkers to link library modules with the user developed object modules.

• Loaders to load the executable .files from Secondary Storage to Random 
Access Memory (RAM) and execute.

• I/O Devices like printers to obtain hard copies of the outputs.

I ntriidi'ition

NOTES

Serial Processing

With advent of I/O Devices such as punch cards, paper tapes, mag-tapes and 
line-printers etc, and the advent assemblers & compilers, there came the 
concept of serial processing. In serial processing, the programs were executed 
strictly in a serial manner (one after another), wherein program source code, 
written in a program coded in assembly language or high-level language on 
a pack of punched cards could be entered into the computer using punch 
card reader. Then, necessary assembler or compiler used to be loaded to 
translate the source code into an object file. Then the object file used to be 
linked with library routines to create an executable file, which was then 
executed and results.were outputted. Only then next program could be. taken 
up for execution in a strictly serial manner.

Limitations of Serial Processing
In serial processing, the-OS was limited only to a Loader and some I/O 
Device Drivers. The system utility programs (not forming part of OS), available 
at this stage, comprised only assemblers, compilers, linkers, editors and 
debuggers. These utility programs relied on the services provided by the OS.

Although, a big improvement over the ‘bare machine’ approach, the serial 
processing mode was very inefficient. The sequencing of the operations was 
being done manually, which resulted in poor utilization of system resources. 
At a time, only a small subset of resources could be used. ■

The jobs used to be executed in the same sequence, as fed; and their output 
used be printed out on the line printer. Imagine that five jobs coded in 
Pascal, FORTRAN, Pascal, FORTRAN, Pascal appear in that sequence. So, 
the Operating System has to first Pascal Compiler for the first program, 
then Fortran Compiler for the second program and then re-load Pascal 
Compiler for the third program and so on. This brought put the concept of 
Batching Jobs having similar needs i.e. it would be better that first load 
Pascal Compiler and execute first, third & fifth program and then load the
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.FORTRAN compiler and execute second and fourth program. This would 
need loading Pascal & FORTRAN compilers only once and thus reduce the 
total execution time of the five programs considerably. This batching of 
programs was initially done manually by the Operators. It brought out the 
concept of Batch Processing,

Opuriilin^' .Sy.sf;’m ,ivith 
Unix Had Shell 
Pnipio iiiininf’

NOTES

Batch Processing

With the invention of hard-disk drives, the things were much better.- Now, 
the jobs loaded through card-reader, could be stored on the disk; thus creating 
a pool of jobs on the Disk. The OS Commands written in a Control Language 
used to be embedded in the job stream, together with the user programs and 
data. A Memory-resident portion of the Batch OS, called ‘Batch Monitor’ 
used to read, interpret and execute these commands automatically and group 
(batch) the pooled jobs into separate batches placing similar jobs having 
identical needs in the same batch, based on pre-specified criteria. In response 
to the commands, the batched jobs were executed automatically, one after 
another, without any manual intervention. For batched jobs, the common 
housekeeping operations, like loading of compiler, were performed only once. 
Thus, overhead per program got reduced, thus improving the system 
utilization. With this, the concept of Job Scheduling got evolved.

Limitations of Batch Processing

Though a big improvement over serial processing, batch processing had
following limitations:-

(a) With the advent of intelligent I/O subsystems, it was possible to perform 
I/O operations concurrently with the CPU processing, but this potential 
was not utilized in batch processing When a job was being read-in or its 
output was being printed out, the CPU used to be idling. Each job had 
to wait for long before execution.

(&) The user had no means of interacting with a job, when it was under 
execution. Suppose, there was some syntax error, the program would fail 
to compile; but the user will know this, only when he collects the printout 
next morning. Then he would fix up the bug and resubmit the job. This 
time, the program may have some run-time error. So, the program 
development used to be very long.

(c) Debugging was feasible only offline and it used be very time-consuming.

Thus, the main limitation of a batch processing system was that at any time.
it used to dedicate all the system resources to a single program, being executed.
However, an executing program may oscillate between computation phase
and I/O phase. So. at a time, either CPU will be busy or I/O will be busy.
Thus, at a time either CPU will be idling or I/O will be idling. Thus, the
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Iniruductiondegree of resource utilization used to very low; thus limiting the system 
throughput. Thus, as far as program development was concerned, batch 
processing did not provide a major improvement over serial processing. It 
had many limitations; like a fairly long turn-round time (i.e. the time elapsed 
from the time a job is submitted to the time when output is received by the 
user). Online Debugging was not feasible. The offline debugging was very 
laborious and^iifie-consuming.

NOTES

• ».
MultirProgramming

Multi-Programming refers to the concept, wherein more than one programs 
used to be activated concurrently; one of the active programs being in ‘run
mode’ utilizing the CPU and others utilizing the I/O devices at the same time 
or being in a ‘wait state’ waiting for resources to be available. This improved 
the utilization of system resources, thus increasing the system throughput. 
Such a system was called multi-programming system. Significant performance 
gains were achieved, by interleaving the execution of more than one program. 
With single CPU systems (Von Neumann Architecture), only one program 
could be in ‘run state’ (i.e. in control of the CPU) at a time, and other , 
concurrent programs could be in other states; like performing I/O operation, 
or waiting for some event to occur, or ready to take control of the CPU. Since 
a number of programs would be active concurrently, competing for the shared 
resources, the Operating System became quite complex.

Interactive Time Sharing Systems

Such systems, in addition to multi-programming, support some additional 
features, like permitting user interaction with the system, through OS 
commands. The user Programs can be entered and executed in an interactive 
mode. Source code of a program is entered interactively, through a terminal 
using screen editor. A file produced in this manner is processed interactively, 
by a language-translator, to produce an object file. Related object files and 
library routines can be linked together using a linker, to produce a single 
executable file, which is executed interactively. Any bugsi thrown up during 
execution, can be cleared by re-editing the source-code file interactively, re
compiling it and executing again. This reduces drastically the program- 
development period.
Each interactive user is assigned a time-slice in a round-robin fashion, during 
which it controls the CPU. During the time-slice, the process gets control of 
CPU and tries to complete its computation. If the computation is not completed 
during the assigned time-slice, then the running process is preempted; then 
it has to wait for time-slice in the next cycle to resume computation from 
where it was preempted. The time-slice cycle is so adjusted that each user 
has a feel as if the CPU (with a reduced processing power) is assigned to it 
all the time. ■ •

Self-JiiRtructional Mater’al 5
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1. What do you mean by operating system?

\
A

\

2. Explain major goals of an operating system.
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hitraduFtionIn contrast to the Batch Systems, which impose turn-around delays and 
support only offline debu^ng, the Multiprogramming Systems provide quick 
terminal response and allow online debugging. Each user virtually gets a 
feel as if he/she has the entire machine to himselfTherself So, it provides a 
more convenient and more productive environment for software development 
and execution of programs. With this approach, there was a drastic reduction 
in the program development time. It remained in vogue for a long time 
during the 70s'and 80s, till the Desk-Tops became widely available.

NOTES

TYPES OF OPERATING SYSTEMS

OS can be classified into various categories, with respect to the type of 
processing, it supports. Following are the main types of OS:-

Batch OS
This is the most primitive type of Operating System. Batch Processing required 
that a program, its related data and relevant control commands should be 
submitted together, in the form of a Job (normally coded on a bunch of 
punched cards). Batch OS allows no interaction between the users and the 
executing programs. Thus, the programs that have long execution times (like 
payrolls, forecasting, statistical analysis and large scientific number-crunching 
programs) and require little operator interaction during execution, were well 
served by Batch Processing. However, due to long turn-around delays and 
infeasibility of online debugging, the Batch Processing was not at all suitable 
for software development. The typical features of a batch OS were:-

(a) Scheduling: .The scheduling of jobs was normally in the order of their 
arrival i.e. First Come First Served (FCFS). This criteria provides a fair 
deal to the jobs, but suffers from long average turn-around time and 
average waiting time, since some short jobs may have to wait for unduly 
long periods to get executed, if some long jobs are already queued ahead 
of the short jobs. To overcome this limitation, another criteria known as 
“Shortest Job Next”, was evolved, which offered preference to pending 
shorter jobs over the longjobs. This offered much better his average turn 
around time and average waiting time of the pending jobs. 

ib) Memory Management. Memory used to be divided into two permanent 
partitions- one permanently occupied by the resident portion of the 0_S 
and the other dynamically used to load the transient progr.ams for 
execution. When a transient program terminates, it vacates the memory 
partition occupied by it and the same is assigned to other waiting transient 
program.
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(c) I!O Management: Since, only one program used to be under execution at 
a time, there was no contention for the allocation of I/O Devices. So, a 
simple program-controlled I/O approach was good enough to access the 
I/O Devices.

id) File Management: Since, there used to be only one program accessing 
the files at a time, there was no need of providing concurrency control.

Thus, in a nutshell the Batch OS was limited to a Loader and some simple 
Device Drivers.

NOTES

Multiprogramming OS

A multiprogramming system permits multiple programs to be loaded into 
the memory and execute the programs concurrently. A program in execution 
is called a “Process” or a “Task” The concurrent execution of programs has 
a significant potential for improving the utilization of system resources and 
thus enhancing the system throughput, as compared to batch. and serial 
processing. This potential is exploited by multiprogramming OS, which 
multiplexes the computer resources amongst a multitude of concurrent 
programs. A program in execution is called a Process. When a running Process 
requests some I/O, it goes to ‘WAIT’ state. Then another Ready process (i.e, 
one of the processes from the ‘READY’ queue) is scheduled to “RUN”. So, 
when a Process goes for I/O, the CPU is not left idling. When the I/O requested 
by a WAITING process is completed, it is transferred from ‘WAITING’ to 
‘READY’ state and wait to be scheduled, as per the pre-decided scheduling 
criteria. Different states of a Process in a Multi-programming environment 
are depicted below:-

Process States in Multi-Programming

Process Terminates
"Run”
State

Process
Dispatched Process 

Requests I/O
Process
Preempted

“Ready”
State

"Wait"
StateNew Process I/O Completion
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lixtrodiiv.twnMulti'tasking Vs Multi-programihing

The concept of managing a multitude of simultaneously active progi-ams,\
competing with each other for accessing the system resources, is called multi
tasking. A multi-tasking OS is characterized by its capability ;tp support 
concurrent execution of more than one task. This is achieved bysSimultaneous 
maintenance of code and data of several processes in the memory at the 
same time, and by multiplexing the CPU and I/O resources amongst the 
active tasks. The multi-tasking OS monitors the state of all the tasks -and of 
the system resources.

On the other hand, Multi-programming OS will have all multi-tasking features - 
and in addition would also support sophisticated memory management.

Multi-User OS

This refers to a Multi-programming OS, that supports simultaneous . 
interaction with multiple users. A Multi-user OS should also support:-

• User authentication by User-id and Password

• Resource usage accounting for the interactive users (i.e. the amount,of 
usage of resources by various authorized users)

• Protection of users’ environments.

Multi-tasking, without multi-user support, is usually found in real-time 
systems.

Multi-access OS.
This refers to an OS, which permits simultaneous access to a compute^ 
system, through multiple terminals. It may not be a multi-programming OS; 
for example an Airline Reservation System, which permits access through a 
large number of terminals, but through a single controlling program.

Multi-processor OS

Multi-Processor refers to an environment of multiple CPUs, tightly coupled 
through a common bus.' Such OS will have multi-tasking features and support 
simultaneous execution of multiple.t,gsks on multiple CPUs. The multiple 
processors share system bus and clock. In addition, the CPUs may also share 
RAM and other peripheral devices. Usually the parallel processors are 
executing the same code. While writing a program for such an environment, 
the programmer has to indicate explicitly what segments of the code can be 
executed in parallel. i .z • -

\V •

NOTES

Interactive Tin^Sharing OS
The Time-Sharing Interactive systems belong to the era of.large mainframe 
systems, that'4/ere made available to a large number of users for accessing

I i . .
concurrently in an interactive mode. Each user used to interact with the

t
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system through a separate Video Terminal. A programmer could enter its 
source code using sophisticated editors, compile the source code, link the 
object code and run the executable code interactively. At any stage, the user 
could interact with the execution of its program. Debugging could be performed 
online. This reduced the time needed for program development, drastically. 
The OS served the interactive users, in a round-robin fashion, allowing a 
fixed time-slice for each user to have control of the CPU. Since, the operators 
were interacting through slow IA3 devices, each user had a feel as if the CPU 
was available solely to itself So, the computation capacity of the CPU is 
multiplexed evenly, amongst the interactive users.
So, Time-Sharing s3?stems were large multi-prograramed multi-user systems, 
designed for program development. One of the major requirements of such 
a system is good terminal response. It should give an illusion to each user 
as if the entire computer resources are available to itself, solely. It should 
provide an equitable share of common resources to each user, For example, 
when the system is overloaded, the program with higher processing 
requirements is made to wait longer. Most time-sharing systems use time- 
sliced, non-pre-emptive scheduling. It has FCFS Queue; and a program 
requiring service is put at the end of the queue. When the process reaches 
the front of the queue, it is dispatched. If it is not completed within the time 
slice, it is pre-empted at the end of the time-slice and put at the end of the 
queue. Now, it has to wait for the next time-slice, to resume its execution 
from the point where it left at the end of previous time slice. A process 
continues to run in bursts like this, till it terminates. The main features of 
an Interactive Time-Sharing OS are:-
(o) MemoryjManagement. The memory management in time-sharing systems 

provides for isolation and protection of co-resident programs. Since, the 
programs are being executed on behalf of different users, they do not 
involve much of inter-process communication.

(i>) i'/O DeuicesManogement. I/O Management must be sophisticated enough 
to cope with the requirements of (the multiple users, contending for 
multiple devices. However, due to relatively slow speed of terminals and 
users, processing of terminal- interrupts would not be so critical. As in 
most multi user environments, allocation and de-allocation of devices 
must be handled in a manner so as to provide the system integrity, while 
attempting to optimize the system performance.

(c ) File Management. Since multiple users will be sharing access to multiple 
files, the file.management must provide protection and access control.

NOTES

„ReaI-Tiiile OS • A

It refers to the environment of embedded systems, with a very rigid 
requirement to complete the processing of input data, in a pre-specified time.
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The input data, in such systems, is invariably received from real-world sensors.
The outputs may be used to control some real-world processes. For example, 
an Air Defense system, receiving information about aircraft movements from 
radars and control weapons for the elimination of hostile aircraft. For such 
an application, it can be well appreciated that the processing of data inputs, 
within specified time limits, is absolutely critical.

So, the Real Time systems are used in environments, where a large number 
of events, mostly external to the computer system, must be accepted and 
processed in a highly time-bound manner (with specified deadlines). Such 
applications include process control in industry (like steel, petro-chemical 
plants, thermal plants & nuclear plants etc), military systems for processing 
of sensor information and weapon control, telephone switching equipment, 
flight control, real-time simulations etc.

(а) Scheduling. A primary objective of a real-time system is to provide quick 
response to external events, so as to meet the specified deadlines of 
processing, Such systems have to be multi-taking (may not be multi
user). The scheduling is normally priority-based pre-emptive, in which 
the processes handling the external-world-inputs are assigned higher 
priority and whenever a higher-priority process becomes ready to run, it 
pre-empts a lower priority running process. User convenience and resource 
optimization are of secondary concern. Such systems may be expected to 
handle thousands of interrupts per second, with a stringent requirement 
of not missing even a single event.

(б) Memory Management. The memory management is relatively less 
demanding, since the process population is more or less static and memory 
is so designed that most of the processes will always be memory resident, 
in order to provide a quick response. In fact, the programs are normally 
ROM-resident. But, the processes have closer interaction. This requires 
features that enable sharing of memory, amongst processes and at the 
same time provide protection from each other.

(c) 7/0 Devices Management. Time critical device management is one of th^ . 
major requirements of real time systems. The external events and data ' '' 
have to be accepted and processed, in a highly time-bound manner. This
is implemented using interrupt mechanism. The system calls allow the 
users to connect the devices and access Interrupt Service Routines (ISRs) 
directly, so as to achieve a good response time.

(d) File Management. The file management is .not very critical, since most 
of the real-time databases will be memory-resident. Some embedded 
systems may have program and static data on ROM and may not need 
any. onlihe secondary devices at run-time. The dynamic databases are 
maintained in ROM. If at all any files are to be accessed, as in the case 
of large real-time systems, the primary objective is fast access.

Inlrodnrtion

NOTES
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Operating System with The RealrTime Systems can be categorized into:
Unix and iS’hell 
Programming (a) Hard Real Time OS

•*
In Hard Real Time Systems, all critical tasks have to be completed strictly 
within the specified time limits. Not meeting the deadlines can be catastrophic; 
like an embedded system controlling the operation of a refinery. In such 
systems, all code and data must be in RAM/ ROM. All kernel delays must 
be bounded. So, the OS should not have any unnecessary frills. Interrupt 
mechanism must be optimized, so as to respond to the real-world inputs, 
with minimal delays.

(b) Soft Real Time OS

This is less restrictive type of real time system. If the input data is not 
processed within specified time intervals, the results may not be catastrophic; 
but the output may lose its utility. For example, in a system monitoring 
flight path of an aircraft, the delayed information will have no utility. In 
such systems, tasks are divided into two categories- Real Time Tasks & Non- 
Real-Time Tasks. The Real-Time tasks are accorded priority over the other 
tasks. Any output from such systems would be useful, only if it is produced 
within a specified time after i receiving the corresponding inputs. So, the 
kernel delays must be bounded. The soft real time systems are not suitable 
for'industrial and defense use, since the delays are not uncertain.

Combination OS

Different types of OS are optimized or geared up to serve the needs of 
specific environments. However, sometimes an environment may be a hybrid 
of such environments, for example the same computer may be used as a 
software development platform and as a target machine in a real-time 
environment. For this reason, the commercial OS like UNIX, 'VMS etc are 
designed to provide a large set of services, catering to the needs of various 
environments. If batch and interactive jobs are being run simultaneously, 
lower priority is assigned to'^batch jobs. In fact, the Batch Jobs may be used 
as filler, executed only when system resources are idling. The processes, 
handling real-time interrupts to receive real-world events and inputs, will be 
assigned higher priority. Such systems would normally employ time-sliced, 
priority-based pre-emptive scheduling. A combination OS will be the one 
which caters for the needs a wide spectrum of target environments. For 
obvious reasons, such OS will not be optimized for a specific environment.

Distributed OS

A Distributed OS caters for a distributed environment, wherein a collection 
of autonomous computer systems, capable of communicating and cooperating 
with each other through network, are connected to each other through a 
LAN/WAN. A Distributed OS governs the operation of .such a distributed 
system and provides a virtual machine abstraction to its users.' Key objective

NOTES
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of Distributed OS is transparency i.e. the resource distribution must be hidden 
from the users and the application programs, unless they need to determine 
this information, in which case the information is provided through system 
services, provided the user has authorization for the same. The Distributed 
OS provides means for system-wide sharing of resourcesdike computational 
capacity, I/O andfiles etc. Thus, it should also cater for the following services:
• Global Naming of resources
• Distribution of computations
• Enabling processes to access remote resources
• , Enabling processes to communicate with remote processes

• Intri)duclion

NOTES

SUMMARY

• An operating system is a program that manages the computer hardware 
and it provides the interface between user of the computer and computer 
hardware. The operating system has been evolved from the simple batch 
systems to time shared systems.

• To improve the overall performance of the computer system, developers 
introduced the concept of multiprogramming so that several processes 
can be placed in memory at the same time. Multiprogramming also allows 
time sharing systems. It allows many users to share the computer 
simultaneously. It improves the performance of computer system by 
allowing overlapping between CPU and I/O operations on a single system.

• Operating system provides various services and on the basis of these 
services structure of the operating system can be developed. The operating 
system structure varies depending on the type of OS and thus the services 
provided by the OS. It is a layered product and different functionalities 
may be implemented in different layers.

SELF-ASSESSMENT QUESTIONS

1. Briefly explain the four major functions of an Operating System.
2- Give main features of the following types of OS, outlining their 

limitations and strengths:
(a) Batch OS
(c), Interactive Time-sharing OS

(6) Multi-programmed OS 

id) Real time OS
3, What do you mean by Batch Processing? Give its limitations.
4. Explain different types of operating systems. ■

□□□\ .
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INTRODUCTION /

An operating system performs different functions which is divided into sub
systems in accordance with the functions performed also an operatir^ system 
provides an environment for the execution of user programs and provides 
certain services to the programs and to the users of those programs for 
accessing of system resources.
Operating system varies dependency upon the type of OS and thus the 
services provided by OS.

/

I11/aI
I-I ,

FACTIONS OF AN OS
The Operating System is a manager of System Resources, performing the 
following functions:

I
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Functions and Structure 
of Operating System

1. Process Management 

2- Main Memory Management

3. I/O Devices Management

4. File Management

5. Secondary Storage Management

6. Network Management

7. System Protection

8. Command Interpretation
9- Accounting of Resources Usage by Users in a Time-Sharing System

NOTES

Process Management

A Process (also known as Task) is an instance of a program in execution. 
While a program is just a passive entity, a Process is an active entity 
performing the intended functions of its related program. It is the smallest 
unit of work that is independently schedulable. To accomplish its task, a 
process needs certain resources like CPU time, memory, files & I/O devices. 
These resources are allocated to the process either at the time of its creation 
of when it is executing. In a multi-programming environment, there will a 
number of simultaneous processes existing in the system; some of these wilf 
be system processes and others will be user processes.

OS Functions related to Process Management

The OS is responsible for the following functions, related to process-
management:-

(а) Process Creation, which involves loading the program from Secondary 
Storage to Memory and commence its execution.

(б) Process scheduling or dispatching i.e transferring a Process from the 
Ready State to Run State, when it controls the CPU.

(c) Suspending a Process, which involves transferring the Process from Run 
State to Wait State. This is done when a Running Process Requests 
some I/O or Requests “Wait for some Event”.

id) Resuming a Process i.e. transferring it from Wait State to Ready State, 
when the requested I/O has been completed or the Event Awaited by the 
process occurs.

(e) Providing mechanisms for process ’synchronization for sharing of 
resources amongst concurrent processes. /

if) Providing mechanisms for inter-process communication, amongst 
concurrent processes.

. I

ig) Providing mechanisms for deadlock handling.
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Operating System with (ji) Process Deletion or Process Termination. This is done when either the 
^Programniing Process has successfully finished its execution or when it has committed

a fatal error and is so terminated forcibly by the OS.- The resources held 
by the Process are freed and its PCB is deleted.

NOTES
Memory Management

For a program to be executed, it must be mapped to absolute addresses and 
loaded into memory. As the program executes, it accesses program instructions 
and data from memory by generating these absolute addresses. When a 
program terminates, the memory space occupied by this program is declared 
available and the next program can be loaded and executed. In multi
programming environment, multiple programs are maintained in the memory 
simultaneously. The OS is responsible for the following functions related to 
memory management:- ^

• Keeping track of which segment of memory is in use and by whom

• Deciding which processes are to be loaded into memory when space becomes 
available

• Allocation a de-allocation of dynamic memory

• Swapping-in and swapping-out of processes
<

I/O System Management

An-OS will have Device Drivers to facilitate I/O functions involving devices 
like Keyboard, Mouse, Monito;r, Disk, Floppy Drive, CD ROM, Printer etc. 
The Device Drivers are nothing but software routines that control respective 
I/O Devices through their controllers. A Device Driver hides the peculiarities.- 

of its I/O device.
\

A Device communicates with the CPU by sending & receiving signals over 
a cable or by radio. The device communicates with a host processor through 
a connection point, called a Port. Sometimes, the devices may be connected 
in Daisy Chaining fashion. In this arrangement, the first device is connected 

' to the computer port, the second device is.connected to the first device and 
. so on. In this arrangement, any command from computer is received by the 
first device, which may, in turn, pass it to 'second device and so on. A 
controller is an electronic device that controls a port or a bus or a device; for 
example SCSI Bus controller. A controller may typically contain a processor, 
micro-code and some local memory to perform its assigned functions. Some 
devices have their own built-in controllers; for example disk drives. This
implements the disk-side protocols. A controller has a' set of registers for 
exchange of data and control signals/status information between the device 
and the host processor.;,Communication between host processor & device . 
may be performed, using special ,I/Q Instructions. An alternative to this is

' " 1-1,
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Memory-mapped I/O, wherein the registers are mapped in the main memory 
itself and communication with the device can be accomplished by using 
standard read/write instructions. For example, a graphics controller has I/O 

. Ports for exchange of control signals, and a large memory-mapped region to 
hold the screen contents. The host processor updates the screen contents in 
its memory, itself, which is much faster than sending updates though special 
I/O instructions, since it will involve millions of instructions per second.

Fiiiictioiifi and Strurturc ■ 
nf Operating System

NOTES

File Management
Computers can store information on different media like Hard Disk, Floppy, 
CD, Magnetic Tape etc. All these media have different characteristics in 
terms of physical organization, capacity, access methods, data transfer rate 
etc. But for convenient accessing of the information, the OS provides a uniform 
logical view of the information storage. The logical storage unit is called a 
File. A file is a collection of related information, defined by its creator. The 
files are organized into directories & sub-directories. The OS abstracts the 
logical unit ‘File’ from the characteristics of the underlying media. The OS 
is responsible for;

• Creating & deleting files

• Creating & deleting directories

• Support manipulation of files & directories

• Mapping files onto secondary storage

• Backing up files onto media like tapes'

Secondary Storage Management

• Computer systems use disks as principal on-line storage medium, for both 
programs and data. System utility programs like compilers, editors, linkers 
etc are kept stored on the disk and loaded into RAM as and when required. 
Because secondary storage is used frequently, it must be used efficiently. 
The entire speed of operation of a computer may hinge on the disk access 
speed. The OS is responsible for following functions related to disk 
management:-
•• Storage allocation

• Free space management

• Disk scheduling

In the case of Virtual Memory Management, the disk space acts as an 
extension of main memory. The address space of a process will be mapped 
partially in RAM and partially on- secondary storage. The whole address 
space is divided in pages. The pages are moved between secondary storage 
and RAM, as needed. The size of a program can be larger than the RAM size
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available. The available RAM is divided in frames and size of a frame is 
equal’to a page. So, a page in RAM will map onto a frame. Whenever, page 
is needed by a process and is not found m memory, the situation is called a 
Page Fault. The page is moved from secondary storage to RAM in an available 
frame. This is called paging-in. When no free frame is available to 
accommodate a new page, then one of the memory resident pages is thrown 
out to the secondary storage. This is called paging-out. When a new process' 
is to be moved into RAM and free space is not available in RAM, a memory 
resident process, that might have partially executed and may be currently 
inactive, is moved out to secondary storage. This is called swapping out. At 
some later moment, when conditions for its execution are satisfied, the 
swapped-out process may be swapped-in. This would resume its execution 
from the point where it was swapped out. This paging-in, paging-out, swapping 
and swapping-out is done under the control of operating system.
In addition, OS also performs disk scheduling, so as to optimize the movement 
of disk-head, for improving the I/O response time and increasing the disk- 
I/O throughput.

Operating System mith 
Unix and Shell 
Programming

NOTES

Networking
A distributed system is a collection of processors, which do not share memory, 
clock or peripheral devices. Instead, each processor has its local clock, and 
RAM, and communicate throx^h a network. Access to a shared resource 
permits increased speed, increased functionality and enhanced reliability. 
Various networking protocols are TCP/IP, UDP/IP, FTP, HTTP (Hyper Text 
Transfer Protocol) and Network File System (NFS).

System Protection
System Protection refers to the mechanism for controlling the access to 
computer resources by various users and processes. If a computer system has 
multiple users and permits concurrent execution of multiple processes, the 
processes would need protection from each otiier and also the OS would need 
protection from the user processes. For this purpose, the OS ensures that 
contending process can gain access to shared resources only through OS and 
that too within the well-defined parameters. Some of the System Protection 
Features are;
• At a time, only one process is enabled to take control of the CPU.
• At a time, only process is permitted exclusive access to an I/O Device for 

performing I/O. The Device Registers not made directly accessible to the 
user processes. These are accessible only to the Device Drivers, which are 
part of OS.
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• A Process access memory only within the segments allocated to it by the 
OS. Any attempt, to access memory outside the segments allocated to a 
process (termed as “Meihory Access Violation”) is prevented by the OS.

• A User can access a shared file only to the extent specified by the Access 
Rights granted to that user. Any attempt to access beyond the rights is. 
denied by the OS.

NOTES

Command Interpretation
It is interface between user and OS. Many commands are given to the 
operating system by control statements. When a new job is started in a batch 
system, or when a user logs onto a time-shared system, command interpreter 
is executed automatically. It reads & interprets the control statements. 
Command Line Interpreter is sometimes called a shell. The command line 
interpreter should be user-friendly.

System Command Vs System Call
A System Command provides an interface between an Interactive User and 
the OS. Whereas, System Calls are embedded in the Programs, to provide an 
interface between the Processes and the OS. For each System Command, 
there will be equivalent Systern Call. The System Calls for an OS are listed 
in Application Programs Interface (API) manual.

OS COMPONENTS

OS is divided into sub-systems in accordance with the functions performed. 
Thus, it comprises of the following components:-

Process Management Component
This Component is responsible for various tasks related to Process 
Management:-
• Mechanism for Process Creation & Deletion
• CPU Scheduler

I

• Tools for Process Synchronization such as Semaphores
• Mechanism to support Inter-Process Communication
• Mechanism for Deadlock Handling

Memory Management Component
This includes algorithms for Memory Allocation/ De-allocation, Swapper, Pager 
etc to manage the Main Memory.
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I/O Management Component

This includes I/O Drivers for various devices supported by the system and 
various I/O Modes (like Program-Controlled I/O, Interrupt Driven I/O, DMA 
etc) supported by the devices. This includes mechanism for Interrupt 
Servicing.

NOTES

File Management Component

This includes, mechanism for Creation/ Deletion of Files & . Directories, 
mechanism to support primitives for manipulation of files & directories and 
mechanism to Back-Up the Files etc.

Secondary Storage Component

This includes mechanism for Allocation/De-allocation of Disk Space, 
Management of Free Space & Disk-Scheduling etc.

Network Management Component

This includes mechanism to Send/ Receive Messages through the Network- 
Ports supported by the system, using Networking-Protocols like TCP/IP etc.

Protection System

This includes mechanism for the protection of resources from the User 
Processes, protection of User Process from each other and protection of the 
OS from the User Process. This is achieved by ensuring that all System 
Resources are accessed by the User Processes only through OS. During access, 
the OS ensures that a User Process does not violate the Access Rights.

Command Interpreter

This component forms the outermost layer of the OS. It provides an interface 
between the System Command issued by Users and the OS Routines. This 
component intercepts the System Commands, interprets the commands and 
then invokes necessary OS Routines to service the commands.

Accounting Component

This component keeps account of the system resources used by various users 
in a time-sharing system and generates bills at pre-specified intervals. It can 
also keep track of the pa5Tiients made and pa5nnents due.

OS SERVICES

An’OS provides an environment for the execution of user programs. OS 
provides certain services to the programs and to the users of those programs
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for the accessing of system resources. Some of the common services are:- Fuiictions and Structure 
of Opprnling Systen

Program Execution

The MAIN purpose of OS is to provide an efficient and convenient environment 
for the execution of programs. So, an OS must provide various functions for 
loading of a program into RAM and execute it. Each executing program must 
terminate-either normally or abnormally.

NOTES

I/O Operations

A running program would need I/O operations for reading-in of input data 
and for outputting of results. This I/O may be from/to a file or from/to an 1/ 
O device. For each device, some special functions may be necessary (such as 
rewind a tape, clear screen etc). All these operations are managed by an OS.

File Manipulations

Each executing Program would need to ci'eate, delete & manipulate files, 
which is managed by OS.

Communications

OS manages inter-process communication between the processes, executing 
on the same computer or running on different computers in a distributed/ 
multi-processor environment. An OS would provide mechanisms for this inter
process communication; like mailboxes, shared memory etc.

Error Detection & Recovery

Errors may occur during execution of a program; like divide by zero, memory 
access violation etc. The OS shovild provide for detection such errors (or 
exceptions) and handle recovery (called Exception Handling).

Resource Allocation

When multiple users are lo^ed onto the system or multiple jobs are running 
concurrently, resources would need to be shared amongst them. The OS 
would decide on the allocation of resources; like the CPU Scheduling algorithm 
will determine the control of CPU amongst the concurrent processes. Similarly, 
there will be routines for the allocation & de-allocation of other resources 
like memory, I/O Devices, Files etc.

Accounting

It relates to the accounting of resources used by each user in a multi-user 
environment. Resource usage statistics may be useful in planning the futuristic 
requirements of an enterprise.
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System Protection
This is also a service provided to ensure that the users and user processes 
are protected from each other. For example, when a process is having an 
exclusive access to a device allocated to it, no other process would be granted 
access to that device during that period. Also, no process would be permitted 
to access a memory location in a segment not assigned to that process. This 
service ensures that a process can execute safely.

NOTES

SYSTEM CALLS

An operating system has two major jobs. It manages the resources of the 
computer and the application programs running on the computer. The user 
programs access the resources of the computer by calling functions that are 
executed by the kernel and are called as system calls. A collection of system 
calls is sometimes referred to as Application Program Interface{API).
System calls provide the interface between a process and the operating system. 
These calls are generally available as assembly language instructions. Several 
High level languages as C, Perl allow system calls to be made directly.

resources of computer

printer memory files

o/s
' (kernel)

^N..__system calls

application
(program)

application
(program)

application
(program)

When handling the trap, the operating system will enter'in the kernel mode, 
where it has access to privileged instructions, and can perform the desired 
service on the behalf of user-level process. For I/O a process involves a system 
call telling the operating system to read or write particular area and this 
request is satisfied by the operating system.
There are five major categories of System calls:

(a) Process Control
' end and abort 
load, execute
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create process, terminate process 

. get process attributes, set process attributes 

wait event, signal event 
allocate and free memory

'example: forkO, execlO, execvO, waitO, systemO e.t.c.
NOTES

(6) File Management
create file, delete file
open, close
read file, write file
get file attribute, set file attributes

example: openO, readO, writeO, closed, creatO (yes there is no e - this is not 
a typo), IseekO, linkO e.t.c.

(c) "Device Management
request device, release device
read, write, reposition
get device attributes, set device attributes
logically, attach or detach devices

(d) Information Maintenance
Get time or date, set time or date 

Get system data, set system data 

Get process, file or device attributes 

Set process, file or device attributes 

Examples: timed, setitimerd, settimeofdayd, alarmd etc.

(c) Communications
create connection, delete connection 

send message, receive message 

transfer status information 

attach or detach remote devices 

. example: signald, paused, killO etc.

A
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SYSTEM PROGRAMS

System programs provide basic functioning to users so that they do not need 
to write their own environment for program development (editors, compilers) 
and program execution (shells). System programs provide a convenient 
environment for program development and execution.
System programs can be divided into following categories:
File management: These programs manipulate files and directories.
Status Information: These programs can ask for the status information as 
date, time, available memory, number of users and so on.
File Modification: These programs can create and modify the contents of file, 
as. text editors.
Programming-language support: These programs'involve compilers, 
assemblers and interpreters.
Program loading and execution: The system provides absolute loaders, 
relocatable loaders, overlay loaders and linkage editors.
Communication: These programs create the virtual connection among users, 
processes or computer systems through e-mail, remote log in or transferring 
files.

NOTES

INTERRUPTS

The occurrence of any event is signaled by the interrupt from either hardware 
or software. Hardware may generate the interrupt at any time by sending a 
signal to the CPU, by the way of system bus. Software may generate an 
interrupt by executing system call.
There are three types of interrupts that may cause a break in the normal 
execution of a program:
1. External Interrupts 

3. Software Interrupts
s

External Interrupts may cause from I/O devices, from a timing device;'from 
a circuit monitoring the power supply or from any external source.
Internal Interrupts arises due to some illegal or erroneous use of an instruction 
or data as overflow, attempt to divide by user, stack overflow, some protection 
violation, due to premature termination of the instruction execution.
The difference between internal and external interrupts is that the internal 
interrupt is generated due to some exceptional condition caused by . the 
program and not by the external events. Internal inteirupts are synchronous

2. Internal Interrupts
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with the program while external interrupts are asynchronous. If the program Fi^'ictions and Structure 
is rerun the internal interrupts will occur at the same place always and 
external interrupts are independent from the program execution.

External and internal interrupts are generated by the signals that occur in 
the hardware of the CPU. Software interrupt is initiated with the execution 
of the program, It can be used by the user for generating interrupt at any 
desired position in the program. For example when a user want to swntch 
from a user mode to supervisor mode. When an input or output is required 
the supervisor call instruction is initiated to request the supervisor mode.
This instruction causes the-software interrupt.

When the CPU is interrupted, it stops what is doing and transfers the 
execution to the starting address where the service routine for the interrupt 
is allocated. Each computer design has its own interrupt mechanism. The 
interrupt must transfer control to the interrupt service routine by invoking ' 
a generic routine to examine the interrupt information and then the routine 
will call the interrupt specific handler, A table of pointers to interrupt routines 
can be used ', as it is given that only a predefined number of interrupts is 
possible for handling the interrupts quickly. These locations hold the addresses 
of interrupt service routines for various devices. This array of addresses is 
indexed by a unique device number. It provides the address of the interrupt 
service routine for the interrupting device.

of Operating System

NOTES

OS STRUCTURE

The OS varies depending upon the type of OS and thus the services provided 
by ]the, OS; Normally Operating System is a layered product. Different 
functionalities may be implemented in different layers. The critical routines are 
implemented in the innermost layer, called Kernel. The Kernel is in direct 
control of the hardware. When the system is executing in the Kernel Mode (ie. 
Executing Kernel Routines), it will be manipulating critical system tables; so 
the system will impose many restrictions like disabling of Interrupts. Since, 
such restrictions should be imposed for minimal period, the routines in the 
Kernel are highly optimized.

Examples:-

MS DOS Structure

' The BIOS (Basic I/O System) is ROM resident and it contains I/O Drivers for 
basic devices like Keyboard, Monitor & Disk etc. The Bootstrap routine is 
also part of BIOS. The remaining MS-DOS Drivers and Resident System 
Routines are loaded during booting. Since, MS-DOS is designed as a single-
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user OS and does not need elaborate System-Protection features, the BIOS 
Routines be directly accessed from Application Programs. .
Some Designers design the System in such a way that BIOS is transferred 
to RAM at the time of booting, since RAM is faster than ROM. Then, 
access to BIOS is made only in the RAM. This technique is known as
“Shadowing”.

Opvratinn System with 
Unix and Shell 
Pragramm ing

NOTES

Application Progfam

Resident System Routines

MS-DOS Device Drivers

BiOS Device Drivers (ROM-based)

UNIX STRUCTURE
UNIX is a layered Operating System. The Outermost Layer, which provides 
interface of System Commands/ System Calls with the OS, is called Shell (a 
Command Interpreter). It interprets the System Commands/ Ctdls arid invokes 
necessary OS Routines to service the Commands.
The OS Kernel comprises I/O Drivers, CPU Scheduler, Pager, Swapper etc, 
which are interfaced with the Computer Hardware.

Users
Shell, Library Routines, Compilers, Interpreters etc

System Calls Interface to Kernel

Kernel

Kernel Interface to Hardware

Hardware
J *

«;

U
i f

) .
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Functions and Structure 
of Operating SystemMULTI-PROCESSING

It refers to the environment of multiple tightly-coupled processors exploiting the 
potential of parallel processing algorithms. Usually the parallel processors are 
executii^ the same code. While writing a program, the programmer has to 
indicate explicitly what segments of the code can be executed in parallel. The 
constructs for this mechanism are provided in the parallel-processing languages.

NOTES

Some Examples of Parallel Processing Algorithms

Problem 1
The following expression describes the serial/parallel precedence relationship 
amongst six processes ... P,6*

P ( S(P2 , ( P ( Pg, S ( Pi , P ( Pg, Pg )))), P4) 
where P implies Parallel & S implies Serial.
Transform the expression into program using-

(i) Fork-Join Constructs (ii) Par-begin Par-end Constructs

Solution
First construct a Precedence Graph for the expression, as follows;- 

Precedence Graph

Program using Fork-Join Constructs
The Fork-Join Construct makes use of Fork & Join Instructions, which 
function as follows:-

FORK
When an executing Process Pi executes instruction FORK Pg ; (where Pj is
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Operating System with of type Address), a new sub-process is created, which starts executing 
^pl^gZlmi'ng parallel with P^, starting from Address Pg.

JOIN
NOTES When a Process executes instruction JOIN F; (where F is of type Int^r), the 

value of F is decremented by 1; after decrementing if(F>0) then the Process is 
deleted, but if (F^ 0) then the process continues with execution of the next 
instruction.

The above program can be* coded using Fork-Join Construct 
as follows:

F:= 7; 
fork Pg ; 
fork P^ ; 
goto FINISH;

Pg: <CODE OF Process P2> 

fork P^ ; 
fork Pg ; 
goto FINISH;

P4= . <CODE OF Process p4> 

goto FINISH;

<CODE OF Process Pi> 

fork Pg ; 
fork Pg ; 
goto FINISH;
<CODE OF Process Pg> 

goto FINISH;

<CODE OF Process Pg> 

goto FINISH;

: Pe: <CODE OF Process Pg>

! .
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join F; 
end.

Program using Par-begin and Par-end constructs. The Par-begin and 
Par-end construct works as follows:
The Processes Pj and Pj enclosed in a Par-begin and Par-end pair will execute 
in parallel.
So, the above program can be coded using Par-begin and Par-end as 
follows:

FINISH: Functiniis and Structi/n' 
of Opi’.ratiiifi Syi-'triii

NOTES

Parbegin

P2:

Parbegin

<

Parbegin
!

Ps; /
P5;

Parend;

1;
P3:

Parend;

Parend;

■ -t
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Sy:^te>n>with problem 2 (UPTU Exam ■ May 2002)
Unix and Shell 
Programming Write a concurrent program usii^ Par-begin Par-end to represent the following 

. precedence graph:-

NOTES Program using Par-begin Par-end Constructs

Si:

Par begin

( S2;

S4;

S3:

Par end;

S5;

Problem 3. Write Pseudo-code for multiplication of two matrices AfM.Nj 
and B[N,L] and output the resultant matrix C[M,L].

Solution.

Read {A[M,N]);/* Read in Matrix A */ 

Read (B[N,L]);/’'' Read in Matrix B */ 

For I:= 1 to M do 

For J:= 1 to'K do

Parbegin

C[I,JJ:=0;

For K:= 1 to L do 

-C[I,J3;= C[I,J3 + A[I,K] B[K,J];

Parend;

Write (C[M,L]);

! ■
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Functions and Slnu-tiirc 
Ojf Operating System

STUDENT ACTIVITY

1. Describe functions of operating system.

V

2. What are the operating system components?

J ;

I

I.
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SUMMARY

• A Process- (also known as Task) is an instance of a program in execution. 
While a program is just a passive entity, a Process is an active entity 
performing the intended functions of its related program. It is the smallest 
unit of work that is independently schedulable.

• The- Device Drivers are nothing but software routines that control 
respective I/O Devices through their controllers. A Device Driver hides 
the peculiarities of its I/O device.

• Computers can store information on different media like Hard Disk, Floppy,
CD, Magnetic Tape etc. All these media have different characteristics in , 
terms of physical organization, capacity, access methods, data transfer 
rate etc. .

• A distributed system is a collection of processors, which do not share 
memory, clock or peripheral devices. Instead, each processor has its local 
clock, and RAM, and communicate through a ne^Work.

• If a computer system has multiple users and permits concurrent execution 
of multiple processes, the processes would need protection from each other
and also the OS would need protection from .the user processes.

«/ ' *
• A System Command provides an interface between an Interactive User 

and the OS. Whereas, System Calls are embedded in the Programs, to 
provide an interface between the Processes and the OS.

• An operating system has two major jobs. It manages the resources of the 
computer and the application programs running on the computer.

• The occurrence of any event is signaled by the interrupt from either 
hardware or software. Hardware may generate the interrupt akany time 
by sending a signal to the CPU, by the way of system bus. Software-may- 
generate an interrupt by executing system call.

NOTES

/

I .

SELF-ASSESSMENT QUESTIONS

1. . Describe the main components of an OS?
2. What types of OS will meet requirements under' the following, 

environments?
(a) A large mainframe computer,', made available for software 

development to a team of about 100 programmers.
. (6) A system receiving inputs from sensors and controlling Air Defence 

Weapons.
/■
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(c) A system used for process control in an oil refinery.
(d) Multi purpose fuel injection system used in vehicles.
(e) A system used for processing of information stored on magnetic 

tapes and producing hard copies of output.
3. Explain Interrupt Servicing mechanism, clearly bringing out the role . 

of OS in that.
4. Explain the salient features of Program-controlled I/O, Interrupt- 

Driven I/O and DMA, highlighting their relative merits & demerits. 
What is spooling?

5. Explain the concept of a “Process”. With the help of a State Transition 
Diagram, explain various states of a Process, during its execution in 
a Multi-Programming environment. What is. Daemon?

6. Explain the concept of Threading? How does a “Thread" provide a 
more efficient mechanism as compared to a full-fledged “Process”?

7. Write Pseudo Code, using Parbegin-Parend, to exploit inherent 
parallelism in the following problem (Don’t care about the Library 
Routines):-

, Read in 1000 Integers into an eurray A[10001 

Call a Library Routine to determine Avg (A)
Call a Library Routine to determine Max (A)
Determine Ratio = Avg (A) / Max (A)
Write out Ratio,

8. The following expression describes the serial/parallel precedence 
relationship amongst four processes P^ ... P,

•' P(S(P2,P(P3, P,)), Pj)
where P implies Parallel & S implies Serial.

(a) Draw Process-Precedence Graph.
(b) Transform the expression into program using;-

(i) Fork-Join Constructs
(ii) Par-begin Par-end Constructs

9. jWrite programs using “Fork-Join” and “Parbegin-Parend” to represent 
'the following Process Precedence Graph.

NOTES

4-

/
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SECTION B

UNIT 3 I/O SYSTEM
MANAGEMENT

NOTES

ISV-.

★ LEARNING OBJECTIVES ★ ? ■

w Introduction
Concept of Hardware Interrupt 

w- Concept of Software Interrupt (Trap) 

» Various Types of I/O Modes 

w Concept of Spooling 

»• Disk I/O 

^ Disk Scheduling
Various Disk Scheduling Algorithms 

Summary
ST Self-Assessment Questions

INTRODUCTION

An OS will have device drivers to facilitate I/O functions involving devices 
like Keyboard, Mouse, Monitor, Disk, Floppy drive, CD ROM, Printer etc. 
The device drivers are nothing but software routines that control respective 
I/O devices through their controllers. A device driver hides the peculiarities 
of its I/O device.
A Device communicates with the CPU by sending and receiving signals over 
a cable or by radio. The device communicates with a host processor through 
a connection point, called a Port. Sometimes, the devices may be connected in 
Daisy Chaining fashion. In this arrangement, the first device is connected to 
the computer port, the second device is connected to the first device and so on. 
In this arrangement, any command from computer is received by the first 
device, which may, in turn, pass it to second device and so on. A controller is 
an electronic device that controls a port or a bus or a device; for example SCSI 
Bus controller. A controller may t3T)ically contain a processor, micro-code and 
some local memory to perform its assigned functions. Some devices have their 
ov<m bxiilt*in controllers; for example disk drives. This implements the disk-
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Operating System with gidg protocols. A controller has a set of registers for, exchange of data and
Unix and Shell 
Prograinining control signals/status information between the device and the host processor. 

Communication between host processor and device may be performed using 
special I/O Instructions. An alternative to this is memory-mapped I/O, wherein 
the registers are mapped in the main memory itself and commvmication with 
the device can be accomplished by usii^ standard read/write instructions. For • 
example, a graphics controller has I/O ports for exchange of control signals, 
and a large memory-mapped region to hold the screen contents. The host 
processor updates the screen contents in its memory itself, which is much 
faster than sending updates though special I/O instructions, since it will involve 
millions of instructions per second.

NOTES

CONCEPT OF HARDWARE E^ERRUPT

It is a mechanism by which a device .draws the attention of CPU. A Device 
is connected to CPU through a Bus. The Bus comprises address lines, Data 
Lines and Control Lines. One of the control lines is called Interrupt Request 
(INTR) Line, which is “Active Low” and an Interrupt Acknowledge (INTA) 
Line, which is “Active High”.
Initially, when the device has nothii^ to convey to the CPU, the INTR is 
“High” (1) and the INTA line is “Low” (0). When the Device needs to convey 
something to the CPU, it will bring the INTR line to Low (0). The CPU will 
be monitoring the INTR line after execution of each instruction. When the 
INTR line is found to be “Low”, it means the Device wants to “Interrupt” the 
CPU. The CPU pauses to service the Interrupt. It reads the Data Bus to 
determine the “Code” of the Interrupt. The “Code” will be used to determine 
the respective Interrupt Service Routine (ISR) as explained in the “Interrupt 
Servicing” below. Then the CPU will acknowledge the Interrupt by raising 
INTA to “High” (1). When-the Device monitors that the INTA line has gone 
“Hi^”, it indicates that the Interrupt has been attended to by the CPU. Then, 
the device turns the INTR line to “High” and INTA line to “Low” - so, it is back 
to normal.

INTR

CPU ' Device .

INTA

36 Self-Instructional Material



I/O System ManagementInterrupt Servicing Mechanism
The OS maintains a table called Interrupt Vector Table (IVT), which is 
stored at the lower end of main memory (location 0 onwards). Each entry in 
the rVT contains an ISR address and a Processor Status Word (PSW). The 
PSW contains processor statiis that should when the respective ISR is being 
executed. The IVT is indexed by the Interrupt Codes.

NOTES

ISR Address (0) 
PSW(0>

0

L

ISR Address (1) 
PSW(1)

1

ISR (2)

2
■ tnteraipt 
(Code « 2)

♦ PSW

PSR

REI

Stack

SP

PC

PSW

So with the help of Interrupt Code, the OS locates the respective ISR Address 
and PSW in the IVT. The current values of Pre^am Counter (PC) and Processor 
Stats Register (PSR) are saved on the stack. Then the PSW value from the 
respective vector of IVT is loaded into the PSR and ISR Address is loaded into 
PC. Thus, the program control is now transferred to the ISR. The execution of 
the ISR results in servicing of the Interrupt Request. The last instruction of 
ISR is REI (Return from Interrupt). This results in popping the PSW & PC 
value from the stack and loading to PSR & PC respectively. So, the program 
control returns to the process that was running at the time of Interrupt Request.

CONCEPT OF SOFTWARE INTERRUPT (TRAP)
This refers to the Interrupt caused by a System Call executed by a running 
process or by an exception occurred during execution of a process. When a
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running process makes a System Call (say to perform an I/O) it results in a 
Software Interrupt (Trap). Just like Hardware Interrupt, the Trap provides 
a Code for Uie accessing the ISR through the IVT. Further processing is 
exactly similar to Hardware Interrupt.

Operating Syetem with 
Unix and Shell 
Programming

NOTES
I/O Port
I/O Port provides necessary interface between CPU and the Device Controller.
An I/O Port is a set of registers through which a Device Driver on the CPU
side interacts with'a Device Controller on the Device Side. A typical I/O Port
comprises of the following four registers:-
(а) Command Register. This is used by the host processor to pass I/O 

commands (like read, write etc) to the connected I/O Device.
(б) Status Register. This is used to obtain the status (like device-busy, 

device-free etc) of connected device.
(c) Data-in. This register accommodates the data being read-in from the 

I/O Device.
(d) Data-out. This register accommodates the data being written-out to the 

I/O Device.

Memory Mapped I/O Vs I/O Mapped I/O
If the I/O Registers are mapped as part of the main memory itself then it is 
called Memory Mapped I/O. But if the I/O Registers are with the Device

Host Processor

I
V

Status
Register

Oata-Command
Register Data-IN OUT

I/O Port

Device Controller

Device
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Controller then it is termed as I/O Mapped I/O. The accessing of Memory Systvm Mananc.mfnt 
Mapped I/O Registers is performed by standard Memory Read/write 
Instructions and it is very efficient. However, the accessing of I/O Mapped 
Registers is done using special IN/OUT instructions which is comparatively 
much slower. NOTES

VARIOUS TYPES OF I/O MODES

There are three types of I/O:-

1. Program-Controlled I/O

2. Interrupt Driven I/O

3. Direct Memory Access (DMA) Transfer

1. Program-Controlled'HO

When a Running Process issues an I/O Call (say to write onto a Device), the 
. Context of the Process (i.e. PC & PSW) are saved on the stack and the

program control is transferred to the ISR. The ISR running on the host CPU
will proceed as follows;

(a) The host will repeatedly monitor the BUSY bit of the Device STATUS 
Register, till the bit is CLEAR. It indicates that now the device is free 
to start next I/O.

(i>) The host then sets the WRITE bit in the Device COMMAND Register 
and writes the Byte of Data to be written out into the Device DATA- 
OUT Register.

(c) The host then sets the COMMAND READY bit in the Device COMMAND 
Register.

id) During this time, the controller was continuously monitoring the 
COMMAND READY bit. Moment, the COMMAND-READY bit is found 
to be set, the controller knows that there is some command to initiate 
I/O. So, the Controller responds by setting the BUSY bit in the STATUS 
register. This indicates that now the device is busy performing an I/O.

e'Controller then reads the COMMAND register to determine the(e)
ommand. So, it will notice the WRITE bit having been set.

(/) Then, the Controller reads the DATA-OUT register and outputs the 
Byte of Data onto the Device.

(g) Now, the controller clears the COMMAND-READY in the COMMAND 
Register & also clears the BUSY bit in the STATUS register. In case of 
I/O error, the Controller will set the ERROR bit in the Device STATUS 
Register.
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(h) During this time, the Host will be monitoring the STATUS register. 
When BUSY bit is cleared and if ERROR bit is not found set, it indicates 
I/O Success, else it indicates I/O Failure.

It is called Program-Controlled I/O as the entire is performed under the 
direct control of Requesting Process. The ISR functions as a sub-routine of 
the Requesting Process. This type of I/O is extremely in-efficient on account 
of the^following:-
(а) The CPU wastes its cycles waiting for the “Busy” bit of the Status 

Register to be cleared- both at the time of initiating an I/O or waiting 
for the completion of an I/O. This is called “Polling” or “Busy Waiting”, 
which wastes the CPU time.

(б) The CPU performs I/O b3d;e-by-byte. For each byte of data transfer, it 
has to initiate a fresh I/O. Thus it is not at all suitable for transfer of 
a large block of data between memory and a Device.

Operating System with 
Unix and Shell 
Programming

NOTES

2. Interrupt-Driven HO

This solves the “Busy-Waiting” problem of Program-Controlled I/O. It works
as follows:
(а) When a User Process issues ain I/O Call, the User Process is put to Wait 

State.
(б) CPU Control is transferred to a System Process, which executes the 

ISR.
(c) Initiation of HO. The System Process will sense the “Busy” bit of Status 

Register. If it is free, the System Process will initiate I/O and go to Wait 
State. If the bit is set, still the System Process goes to Wait State; it will 
initiate I/O when device gets free and intimates the CPU through 
Interrupt. After Initiating I/O, the system process goes to Wait State 
and another Ready Process is scheduled to Run.

id) Completion of HO. When I/O is completed, the Device Controller will 
intimate the event to the CPU. Then the System Process responsible for 
the I/O is schedviled to Run. If it is Read operation, then it will transfer 
the data read from the Device to the local buffer^of the User Process.

(e) Now since I/O has been completed, the requestir^ User Process is brought 
out of the Wait State and put in the Ready Queue. Now, it waits for 
assignment of CPU.

So, in Interrupt Driven I/O, the problem of Busy-Waiting of CPU has been
eliminated. But, still the CPU has initiate I/O for each b5d;e of data to be
transferred.
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3. Direct Memory Access (DMA) Transfer

In the Programmed I/O or Interrupt Driven I/O, the CPU has to initiate the 
I/O for each byte of data to be transferred between a Device and Memory, 
This keeps the CPU continuously engaged during the entire I/O operation. 
This method is unsuitable for transferring large data between a Device and 
Memory. Imagine transferring a long file from secondary storage to RAM. 
This will keep the CPU tied up to the transfer from an unduly long time. A 
viable alternative is to go for a mechanism, wherein the CPU just initiates 
the transfer and then the data transfer is performed by some intelligent 
controller, without any further intervention of the CPU and when the transfer 

. is completed, the CPU is intimated accordingly, by the'controller through an 
Interrupt. This is precisely called Direct Memory Access (DMA) transfer.
In DMA transfer, a device can directly access the memory, without 
intervention of CPU. Whenever, the host has to transfer a block of data 
between the memory and a device, it proceeds as follows:
fct) The Host writes a DMA Command Block into the memory. The DMA 

Command Block has following information:-
(i) Memory Start Address for DMA transfer

(ii) Number of Bytes to be transferred
{Hi) Direction of transfer, whether from Memory to Device or vice- 

versa.

no System Management

NOTES

CPU

Memory
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DMA
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Then the Host passes the start address of DMA Command Block to the 
DMA Controller.
On receiving the start address of DMA Command Block, the DMA 
Controller reads the information and proceeds to progress Data Transfer, 
independent of CPU. For this, it shares the control of Memory Bus with 
the CPU. This is called ‘Cycle-Stealing’ and will slightly affect the CPU 
performance during the DMA transfer.
When the intended Data Transfer is completed, the DMA Controller 
interrupts the Host Process to intimate the DMA completion. Then, the . 
Host Processor can initiate another DMA transfer. Thus, the CPU does ’ 
not remain tied to the device and is free to perform other tasks, when 
data transfer is in progress in parallel.

Ope.ratin/; System with 
Unix and. Shell 
Pragrainm ing

(b)

(c)

NOTES

id)

CONCEPT OF SPOOLING

SPOOLING is acron3Tn for Simultaneous Peripheral Operations Online. 
Suppose a Line Printer is to be used to accept the print outputs of concurrentiy 
running processes in a Multi-Programming Environment, the resulting print
out will contain mixed-up output of the processes. Such an output will be of 
no use to the users. This problem is solved by the concept of SPOOLING. 
Under this scheme, a separate spool file is created for each process. The 
print outputs of a process are directed to its respective spool file (not to the 
printer). When a process is terminated or it explicitly indicates that it has 
finished its print commands, a Printer Daemon gets activated. The Printer 
Daemon closes the respective file of the terminated Process and queues it for 
printing out by the printer. The queued files will be printed out by the 
printer, one-after-another, without mixing up the outputs of different 
processes.

DISK I/O

Magnetic disks'Torm the main secondary storage media for computer systems. 
A Hard Disk Drive coiisists of a number of round disk platters mounted on a 
spindle. Both svufaces of the platter are covered with a magnetic material 
capable of storing information. The information stored is not volatile. Each 
disk platter has a number of concentric tracks for recording of data and each 
track is; divided into a number of sectors. A read-write head is positioned 
above/below each surface. The heads are attached to a disk arm, which moves 
all the heads together. The set of tracks that are at same radius form a 
cylinder. So. the number of disk cylinders will be equal to the number of tracks 
on each platter.
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STUDENT ACTIVITY

1. Explain the function of I/O Port.

2. Describe various types of I/O modes.
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When the disk drive is ON, the spindle rotates at a high speed (of the order 
of 12,000 RPM). To read/write some data from/to a sector, its address will 
consist of (Cylinder Number, Track Number, Sector Number). A ReadAVrite 
wll involve following steps;
(а) First movir^ the disk arm such that heads are positioned at the specified 

Cylinder.
(б) Wait till the specified sector is directly above/below the read/write head, 
(c) As the sector of the specified track is rotating over/below the specified

head, read/write the data.
So, disk read/write access time has following components
(а) Time Tj to align the head with the cylinder by moving the arm in or out. 

This time wi” depend on the extent of movement required. This 
movement is measured as the number of cylinders to be traversed by 
the read/write heads. This is known as Seek Time.

(б) Time Tg required by the platters for movement of the specified sector 
above/below a read/write head, after the arm has been positioned at the 
desired cylinder. This time, on the average will be equal to the time 
taken by half rotation i.e. 0.5/Rotatioh Rate. This time is called rotational 
latency.

(c) Time Tg taken for actual transfer of data, after the head' has moved 
exactly above/below the start of specified sector. This will alsJbe inversely 
proportional to the rotation rate. !

Operating System with 
Unix and Shell 
Programming

NOTES

DISK SCHEDULING

As indicated above, the Tg and Tg components of disk access time depend
purely on the underlyir^ hardware technology and are beyond the control of

. ■

OS. However, if pending Disk I/O Requests are scheduled in such a way that 
the total movement of disk arm is minimal, the average value of Seek Time 
Tj will be reduced. This will reduce the average access time. This is precisely 
the spirit behind the, concept of Disk Scheduling.

VARIOUS DISK SCHEDULING ALGORITHMS

1. First Come Fir^t Served (FCFS) 
•,2i Shortest Seek Time First (SSTF)
^ 'I. ^

3. SCAN
i

4-.-' Circular SCAN (C-SCAN)
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5. Seek (or Look)
6. C-S,eek (or C-Look)

no MqnagcmKnt

f

1. FCFS Scheduling
NOTESThe I/O Requests are serviced strictly in the save order as they are received. 

This algorithm is most fair, but the average seek time will be worst.
Example. Suppose the disk has maximvim 200 cylinders (numbered from 
0 to 199) and the disk arm is currently at cylinder number 80. Suppose the 
pending requests are for cylinder numbers 185, 15, 195, 65, 155, 85, 170, 90 
received in that order. (For comparison of performance of various algorithms, 

^ we would use the same data for all.)

Disk ai*m movement pattern for FCFS
0 10 20 30 40 50 60 70 80 90 100

-1

120 140 160 180 200

«■

«■

Total Head Movement = (185 - 80) + (185 - 15). + (195 - 15) + (195 - 65),
+ (155 - 65) + (155 - 85) + (170 - 85) + (170 - 90) 

= 105 + 170 + 180 + 130 + 90 + 70 + 85 + 80 

= 900 cylinders

2. SSTF

The next request to be serviced will be the one that involves minimum seek 
time from the current position of the disk arm.

Disk arm movement pattern for SSTF

V,

0 10 20 30 40 50 60 70 80 90 100 120 140 160 180 200

is

Total Head Movement in SSTF = (90-80) + (90-15) + (195-15)
10 + 75 + 180 = 265 cylinders

;

. J ' '/ *

So, its perforineince is much better than FCFS.
.■7 I iI

/
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3. SCAN
The disk arm keeps scanning between the two extremes (cylinder 0 to 199 
and back) continuously. It keeps servicing the requests encountered on the 
way. It is also called “Elevator Algorithm” since disk arm keeps moving like 
an elevator.
It has following disadvantages:-
(а) The disk arm keeps scanning between the two extremes, irrespective of • 

the fact whether there are any requests pending or not. So, it would 
cause extensive wear and tear of the disk assembly.

(б) The requests that arrive just ahead of the arm position would get serviced 
immediately; but the requests that arrive just behind the arm position** 
would have to wait for the arm to return back. So, this algorithm is not 
fair. This limitation is removed in the C-SCAN algorithm.

Disk arm movement pattern for SCAN
Assuming the head is initially moving towards track number 200.
0 10 20 30 40 50 60 70 60 $0 100

NOTES

180 200140 160120

«■

«■

Total Head Movement in SCAN = (199-80) + (199-15)
= 119 + 184 = 303 cylinders

4. SEEK
Here also, the disk arm moves once from cylinder 0 side to cylinder 199 side 
and then back to cylinder 0 side and keeps servicing requests on the way. 
But there is. one difference with SCAN that arm goes only as far as there is 
a request to be serviced (not up to the extremes).

Disk'arm movement pattern for Seek
Assuming the head is initially moving towards track number 200.
0 10 20 30 40 50 60' 70 80 90 100 120 140 ISO 180 ' 200

1
; /

f T s

Jl f
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Totd Head Movement in SEEK = (195-80) + (195-15)
= 115 + 180 = 295 cylinders

JTiis algorithm is much superior to SCAN, since disk arm will move only if 
there are requests to be serviced, not otherwise.

no Systeih Manai’t’inenl

NOTES

5. C-SCAN

This algorithm is a modification of SCAN algorithm, wherein the arm keeps 
scanning between the two extremes, but it services requests only in one 
direction (say while going from 0 to 199). On the return path, the arm swings 
back to the other extreme, without servicii^ any requests on the way. So, the 
requests which just miss the arm diiring the previous scan would get serviced 
earlier than in the case of SCAN algorithm. So, it is more fair as compared 
to SCAN. ' ■

Disk arm movement pattern for C-SCAN
Assuming the head is initially moving towards track number 200.

0. 10 20 30 40 50 60 70 80 90 100 120 140 160 180 200

■<

*

Total Head Movement in C-SCAN = (199-80) + (65-0)
= 119 + 65 = 184 tracks 

(the time taken for back swing has been ignored)

6. C-SEEK
\

This is a modification ^f seek algorithm, similar to C-SCAN. Here, the arm 
goes only as far as the requests to be serviced and requests are serviced only 
in one direction.

Disk arm movement pattern for C-SEEK
Assuming the head is initially moving towards, track ..number 200.

0 10 20 30 40 50 60 70 80 90 1O0 110 120 130 140 150 160 170 180 190 200
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Total Head Movement in C-SEEK = (195-80) + (65-15)
= 115 + 50 = 165 cylinders

C-SEEK is the best algorithm, since in involves minimum movement of the 
disk head to service all the requests. Disk head will not move, if there is no 
pending request, thus reducing wear & tear of the disk.

Opcrat^ig System with 
Unix and Shell 
Programming

NOTES

SUMMARY

• A Device is connected to CPU through a Bus. The Bus comprises address 
lines, Data Lines and Control Lines. One of the control lines is called 
Interrupt Request (INTR) Line, which is “Active Low” and an Interrupt 
Acknowledge (INTA) Line, which is “Active High”.

• The OS maintains a table called Interrupt Vector Table (IVT), which is 
stored at the lower end of main.memory (location 0 onwards).

• When a running process makes'a System Call (say to perform an I/O) it 
results in a Software Interrupt (Trap).

• I/O Port provides necessary interface between CPU and the Device 
Controller. An I/O Port is a set of registei's through which a Device Driver 
on the CPU side interacts with a Device Controller on the Device Side.

• In DMA transfer, a device can directly access the memory, without 
intervention of CPU.

• SPOOLING is acronym for Simultaneous Peripheral Operations Online. 
Suppose a Line Printer is to be used to accept the print outputs ^f 
concurrently running processes in a Multi-Programming Environment, 
the resulting print-out will contain mixed-up output of the processes. 
Such an output will be of no use to the users. This problem is solved by 
the concept of SPOOLING.

• A Hard Disk Drive consists of a number of round disk platters mounted 
on a spindle.

/

SELF-ASSESSMENT QUESTIONS

1. Explain the concept of Spooling. Why are output files for the printer 
normally spooled on disk before being printed, instead of being directly 
from the application fprogram?

. 2. Briefly explain the v,arious disk scheduling policies.
3. What is the ..Interrupt Service mechanism? Explain the concept of 

Software interrupt. /
:■
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4. Consider the process requesting to read from the following tracks: ' System Management

98, 183, 37, 122, 14, 124, 65, 67
Assuming the head is initially at track number 98
(а) Draw track chart for FCFS, SSTF, SCAN, SEEK, C-SCAN & 

C-SEEK algorithms for disk scheduling.
(б) Determine total head movement in tracks in each case.
(c) Which is the best algorithm?

NOTES

□□□■ X

\
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NOTES
★ LEARNING OBJECTIVES ★

•S’ Introduction

e* Major OS Functions in File Management 

•s* File Operation

Directory Structure 

•S’ Disk Space Allocation Methods 

•S’ Free Disk-Space Management 

■S’ File Access Methods 

B- Sharing of Files 

B File Protection Mechanism 

Summary 

B Self-Assessment Questions

■3*

INTRODUCTION

For all t3T)es of secondary storage media, OS provides a uniform logical view 
of information storage. The logical unit for such storage is called a File, 
which is abstracted from the physical properties of the imderlying device, on 
which it is stored. A File can be viewed as a named collection of related 
information, mapped onto a secondary storage device. All secondary ihedia 
are non-volatile storage of information, where the contents persist, even when 
power is turned off. A file could contain any kind of information; like source 
code, object code, executable binary code, textual data, numeric data, graphics 
information or audio data etc.

File Attributes

Necessary Attributes of a file are:

NAME. It is a string of alphanumeric characters and some special 
characters like underscore. Most of the systems expect an alphabet as 
the first character of a file name and some systems are case sensitive 
to the file names. It is a displayable parameter, which is used for 
referencing a file.

/■
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IDENTIFIER. It is a unique identification of a file, which is internal 
to the system. OS uses it for making references to the related file.
TYPE. It is normally expressed as an extension to file name and 
indicates the type of file; like A.cpp indicates that it is a C++ Source 
Code File, A.obj indicates that it is an object file and A.doc indicates 
that it is MS WORD file.
LOCATION. This is expressed as access path of the file for locating 
it on the device like C:/WINDOWS/all files/A.cpp
SIZE. It indicates current size of the file in bytes or blocks.
PROTECTION. This is Access Control Information. It indicates ‘WHO’ 
has got ‘WHAT’ Access Rights on the file i.e. who is owner of the file, 
who all are allowed to only read the file and who all are permitted to ' 
modify, delete or execute etc.
TIME, DATE, USER IDENTIFICATION. Records of information 
pertaining to the creation and last update of file.
VERSION NUMBER. This indicates version number of a file, along 
with creation/ update date/time.

File Management

NOTES

File System
The file system consists of two distinct sub-components:-
(а) Collection of files, each storing related data.
(б) Directory Structure under which the files are organized. This provides 

information regarding all the files in a system.-

File Organization
File organization refers to the manner in which the records of a file are
organized on the secondary storage.
• A file is a set.of logical records.
• It is allocated a disk storage space in terms of physical blocks (block size 

is normally 512 bytes).
• All basic operations like read, write etc are in terms of blocks.
• Last block of a file may not be fully occupied, resvilting in loss of some 

storage space, called Internal Fragmentation. Average disk space lost 
due to internal fragmentation is of the order of half block per file. So, 
larger the block size, larger will be the disk space lost due to internal 
fragmentation. There is no way of recovering this loss.

File Control Block (FCB)
This contains complete information about a file; like its name, ownership,
size, pointer to the storage blocks where the file is stored etc. Initially, it will
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Operaiinn System with . be residing on secondary storage, but when the file is opened, its FCB is 
loaded into memory. .

File-Organization Schemes

I Sequential. The file records are stored in the same order as they occur 
physically in the file.
Direct. The records are placed in any order, which^is suited for 

application. The system supports random or direct access of any record 
, in the file.

Indexed. The records are arranged in a logical sequence according to 
a ‘key’ contained in each record. The system maintains an index, 
which contains the physical address of some of the records.

Partitioned. This refers to a set of sequential sub-files, which together 
form a partitioned file. Each sequential sub-file is called a member of 
the partitioned file.

■ Unix and Shall 
Prflfin.nnininff

NOTES

MAJOR OS FUNCTIONS IN FILE MANAGEMENT
1. Creation, manipulation and deletion of files as well as directories.

2. Protection of File System. OS controls the Access Rights of files & 
directories

3. Control sharing of files

4. Support backup & recovery of files

5. Support Encr3q)tion & decr3q)tion of sensitive files

Implementation of a File System

File system implementation has two major components- one is disk-based 
and the other is memory-based. .

1. On-disk structure. The on-disk structure includes the following:

(a) Partition Control Block. For each partition, it contains details such 
as the number of blocks in the partition, size of each block, number 
of free blocks, pointer to the free blocks’ list, number of free File 
Control Blocks (FCBs) and pointer to the free FCBs.

{b) Directory Structure. The structure, in which the files are organized.

(c) File ControFBlocks (FCBs). Each file has a File Control Block (FCB), 
which contains necessary information about the file; like its ownership, 
access rights and pointers to the disk blocks occupied by the file etc.
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((i) Boot Control Block. It contains information needed by the system to 
boot an OS from that partition. It is typically the first block of a 
partition.

2. In-memory Structure. The in-memory structure contains following
information;
(а) Partition Table. It contains information about each mounted partition.
(б) Directory Structure. It contains information about the- recently 

accessed directories, along with the pointers to partition table. .
(c) System-wide_ ‘Open-File-Table’. Contains a copy of the FCB of each 

open file. Each entry in the table will also contain a “File-Open-Count”, 
which indicates the number of processes, currently accessing the file.

{d) Per-process ‘Open-File-Table’. This table contains a pointer to the 
appropriate entry in the System-wide ‘Open-File-Table’. It also contains 
a Pointer that points to the file location, where it would be accessed 
next. All operations are performed through this pointer only. Note 
that different processes accessing a file concurrently will have different 
pointers. But these operations must be compatible with each other.

File Management

NOTES

FILE OPERATIONS

1. Creation of a fde. A new file can be created either by a System Call made
from a process or by a System Command issued by an interactive user.
The file system will respond to the call/command, as follows:-
• Assign a new FCB to the file to be created
• Allocate necessary disk-storage-space to the newly created file
• Load the appropriate directory, under which the new file is to be 

created, from disk to memory.
• Update the directory by linking the new FCB to the directory
• Write back the updated directory onto the disk.

2. Opening a file for occess.When OS receives a call to Open a File, it would
respond as follows:
• Search the directory structure for the given file name. To speed up 

this search operation, some parts of directory structure are always 
cached into the memory.

• Once the file is found, its FCB is copied-iuto the System-wide ‘Open- 
Files-Table’. The ‘Open-File-Count’ is incremented by one. Then, an 
entry is made
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• Make entry in the Per-process ‘Open-Files-Table’. This will have a 
pointer to the correspondir^ entry in the System-wide ‘Open-File-Table’. 
This table also contains file pointer for accessing the file. Initially, it 
will point to the Beginning of File.

3. Read. To read data from a specified location in a file. In sequential read, 
the file pointer will be automatically repositioned at the next record, 
after the read operation is completed.

4. Write. To write at the current position of the file pointer. If file pointer 
is at End Of File (EOF), then the file-size is automatically increased.

5. Seek. This repositions the file pointer to the specified location. This is 
done in direct access mode.

6. Append. To append the information at the end of file
7. Close File. When a process issues a Close-File call, the OS responds by 

removing the file entry from the per-process open file table. Also, the 
‘open-file-count’, in the System-Wide ‘Open-File-Table’, is decremented 
by one. If this count becomes zero, the file entry is removed from the 
System-wide ‘Open-File-Table’.

8. Delete File. When a file is deleted, the blocks allocated to it are returned 
back to the system. Its FCB is de-linked from the directory and FCB is 
declared to be free.

NOTES

DIRECTORY STRUCTURE

Single Level Directory
This is the simplest structure. All the files are contained in the same directory 
structure.

Single
Level
Directory

A.Cpp B.PAS A EXE

Ries O O O

Limitations of Single-Level Directory
1. It becomes highly unwieldy when system has more than one users or the 

numbers of files is large.
2. Two files by different users, with same name, cannot be accommodated; 

one of the files will need to be renamed.
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File ManagementTwo Level Directory
This solution can be used to create, multiple User File Directories (UFDs), 
one for each user, under a Master File Directory (MFD). The MFD is indexed 
by the User Name or User Account Number, to provide an access to the 
relevant UFD. When a user references any of its files, a search is carried out 
only in the User File Directory (UFD) of that particular User.

NOTES

CSE ecE ME

Second
Level

000 000000
Tree Structured Directory
The two-level directory is in fact a two-level tree. The Tree Structured 
Directory is a generalization of the Two Level Directory and it forms a tree 
of an arbitrary height. This permits the Users to create their own sub
directories under the respective UFDs. A directory may con^in a set of files 
and a set of sub-directories. Each file in the system has a unique access path. 
Users may use absolute path name or relative path name (relative to the 
current directory being accessed by the user) to access sub-directories. New 
sub-directories can be created and existing sub-directories can be deleted. 
Some systems insist that a sub-directory can be deleted only if it is empty.

CSE ECE ME

Root Directory

\

0 000 0 0
A-cyclic Graph Directory
Suppose multiple users are working on a project, the project files can be 
stored in a common sub-directory of the multiple users. This type of directory

Self-Instructional Material 85
/



Operatinfi Syntein with 
Unix and Shell 
Programming

is called A-cyclic Graph Directory. The common directory will be declared a 
shared directory. Same way, system may provide shared files. Unlike the 
Tree Structure, a file may have multiple access paths. However, the graph 
will contain no cycles. With shared files, changes made by one user are made 
visible to other users. The major advantage of a-cyclic graph directory is 
support for shared files and directories. The issues to' be resolves are:
(ci) A file may now have multiple absolute paths. So, distinct file names may 

refer to the same file.
(6) Whenever, a shared directory/file is deleted, all pointers to the directory/ 

file are to be removed.

NOTES

CSE ECE ME

Root Directory

OO 0 0 o o
General Graph Directory

General Graph Directory permits cycles. One major disadvantage is that a 
poorly designed search algorithm may get into infinite loop while searching 
for a file.

CSE ECE ME

Root Directory

'O00 o o
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DISK SPACE ALLOCATION METHODS

Contiguous Allocation

A file is allocated a set contiguous set of blocks.

Advantages

1. The number of disk-seeks to access all blocks of a file is minimal, since 
the blocks reside on same or neighboring tracks. So, access will be more 
efficient..

NOTES

Disadvantages

1. Finding contiguous space of a required size space for a new file will be 
time consuming.

2. Subsequent extension of a file will be difficult. The whole may have to be 
.relocated elsewhere on the disk.

3. The scheme suffers from external fragmentation. System will have to 
perform de-fragmentation quite often, to recover the disk space rendered 
un-usable by external fragmentation.

^is>Cpntiguous Space Allocation

The schemes used, for dis-contiguous space allocation on disk, are:
1. Linked Blocks Allocation
2. Indexed Allocation, using:- 

. (a) Linked Index Blocks
(6)i Hierarchical Indexing 

(c) I-Nodes

Linked Blocks Allocation

The disk blocks allocated to a file are linked to each other; the. address of 
next block being contained in the previous one. The PCB contains pointer to 
first block and last block in the link list. The pointer to last blocks is handy 
at the time of appending new blocks to the list. The disk blocks, allocated to 
a file, may be scattered all over the disk space.
The FCB indicates the start ■ Address ^ 2 and size of the file as 3 in 

the above case. So, the file A.CPP occupies three contiguous blocks i.e. 2, 3 
& 4.
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STUDENT ACTIVITY

1. What are the most common file organisation schemes?

\

2. What are the major functions of file system?

1 '

I

\

■ 1

/
I\
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FCB

A.CPP

NOTESStart ■0- 2 34- ♦
Address: 2

65 74Size:3

Advantages
1. This method does not suffer from external fragmentation; only last block 

allotted to a file may not be fully occupied (internal fragmentation). So, 
disk storage space is optimally utilized.

Disadvantages
1. Accessing such files is more time consuming, since address of next block 

needs to be determined from the previous block.
2. Number of disk seeks to access all blocks of a file, may be large. 

Sophisticated disk scheduling will be required to optimize the head 
movement during seeks.

3. The allocated blocks cannot be accessed randomly.

Indexed Allocation
The method supports random access of the allocated blocks. Each file has 
its own index block, which is an array of disk block addresses. Indexing can 
be of the following types:
(a) Indexed Allocation, using Linked Index Blocks. The FCB contains the 

Disk Address of the frrst Index Block. More than one index blocks 
may be used by linking together the index blocks. For this, the last 
location in the Index Block indicates the disk address of next Index 
Block. This address will be NIL in the ,last Index Block.
The above diagram indicates that the Index Block of file A.CPP is in disk 
block number 5. First, the Index Block is loaded and then the file is' ;''
accessed via the disk addresses contained in the Index File. The addresses ' 
are in the same sequence as the logical sequence of file blocks. The above \ 
Index Block indicates that the file is stored in blocks no. 1, 2 & 4 in'''i±[a't. 
order. Also, the last address being NIL indicates that there are no idqre; 
Index Blocks.

\

. ..
N •
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FCB Secondary Storage•■I

A.CPP

Index 
' Block 
Address:

NOTES

5

Index Block

7

2

4

NIL

(6) Hierarchical indexing. This method uses multiple level indexing. The 
FCB contains the disk address of the First Level Index Block. The first 
level index block contains pointers to the disk blocks containing Second 
Level Index Blocks. The second level index block point to the disk blocks 
allocated to the file.
The depiction indicates that the first level Index Block is stored in Disk 
Block # 5. First this block is loaded. The first entry in this block indicates

FCB Secondary Storage

I tA,CPP

First Level
Index
Block
Address: 5, \

First Level Index

7
Second Level 

Index /

4^
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that one of the second level index blocks is stored in disk block # 6. Then,^* • Maiiain-iueni 
this second level index block is loaded. This block indicates the file is 
stored in disk blocks 7, 2 & 4 in that order. Then, these file blocks are 
accessed.

(c) Index Nodes (I-Nodes). This scheme is used in UNIX. Each file has 
an I-Node stored on the disk. When a file is opened, its I-Node is ' 
loaded from disk to main memory. The I-Node contains file attributes 
and some addresses of the disk blocks allocated to the file. For small 
files, addresses of all the allocated disk blocks are accommodated in 
the I-Node itself. However, for medium and large sized files, it is not 
possible to accommodate all the disk addresses in the I-Node 
itself.

The single indirect pointer, when not set to NIL, will point to index 
blocks, which will contain addresses of file blocks.

The double indirect pointers, when not\'set to NIL, will contain disk 
addresses of first level index blocks, which will further contain the disk 
addresses of second level index blocks and that will further contain the 
addresses of file blocks.

For small files, the direct addresses are sufficient to address the disk 
blocks allocated to a file. The single indirect pointers and double indirect 
pointers' would be set to NIL.

However; for medium size files, the single indirect pointers are also ' 
used along with direct pointers. The access time via single indirect 
pointers will be larger as compared to direct pointers, due to one level 
of indirection.

For large files, it will also use double indirect pointers, which have still 
larger access time.

■i.

NOTES •

>

Advantages of Indexed Allocation

Indexed allocation supports direct access of allocated random blocks, without 
suffering from external fragmentation.
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FCB Secondary Storage

A.CPP

- NOTES I-Node 
Address: 5 2 30 1 I

6 7

I-Node

Rle AtWbules

l^7
72 / Direct address

74\

NIL

♦NIL
Sir>gle Indirect Addresses

NIL

NIL

NIL ♦
Double Indirect Addresses

*

FREE DISK-SPACE MANAGEMENT

The OS maintains a pool of free disk blocks. Whenever, a new file is created, 
blocks are allocated from the free blocks’ pool. Whenever, a file is deleted, its 
allocated blocks are declared free and put in the free blocks pool. Free blocks 
pool may be implemented as:
(a) Bit Map. The Bit Map is stored at a known location on th^.disk. The Bit 

Map has a bit associated with each block. It can be set to ‘1’, if the block 
is free; else to ‘0’ if the block is already allocated. For accessing the 
information, the Bit Map is loaded into memory.

\
Bit Map 0 010 1 0 • ■

1;
3 . 4 \ K-1Block 0 r ,2'

J
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Assume 1; Free FUi'f Managi'incnl\
0: Already Allocated

A System can use opposite convention also i.e. 0: Free, 1: Allocated
The advantage is that information about each block can be accommodated 
in a single bit. It requires special bit manipulation routines to maintain 
and access the bit map. -

(6) Free Blocks’ Link List. This method maintains a linked list of all free 
blocks on the disk. For accessing the information in the linked list, it is 
loaded into physical memory. Whenever, any allocation is to be done, 
blocks are removed from the head of the list and allocated. It occupies 
large space. Also, traversing the link list will be time-consuming..

NOTES

I

>Header ♦♦

NIL

FILE ACCESS METHODS

File access methods depend on the underlying file organization. Commonly 
used file-access methods are:-

Sequential Access

' It is based on a tape-model of file. WTien a file is opened for ‘Read’ operation, 
the File Pointer is positioned at the beginning of file. When a block has 
been read, the pointer is automatically shifted to the next record. When a 
file is opened for ‘Write’ operation, the pointer is positioned at the EOF. A 
‘Write’ operation appends a record to the EOF and advances the pointer to 
the end of newly appended record, which now is EOF. Some systems may 
support skipping of some records forward and backward. WTien File Pointer 
is pointing to the EOF, it is sensed by the pointer and returned to the 
calling process.

“I ■ • ..12 3 4

EOF
Begir^nit^g of file

Movement of . 
Pointer .

EOF
(End of Fite)'

Advantages 1 Simple implementation .
Disadvantages

)

1 Ihe access, being sequential, is not efficient.
■ >
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OpcraiUig Syntem with 2.. Random access of a Record is not feasible. Average time to access a
• particular record will be equal to the time required to access half the 
file.

Unix and Shell
Pr‘i)^raint7iin^

Direct Access or Random Access or Relative Access
This access is possible, only if a file is made up of fixed-length logical records. 
A read/ write request will include a record number. The record numbers are 
kept sequential. Such files are indexed by record number and support random 
or direct accessing of records, jumping from one record to another forward or 
backward. It supports absolute or relative indexing of records. This access 
method is most suitable for DBMS files.

NOTES

B 0

1

■ •
I K :

5

K-1

B = Base Address of a file, with records numbered 0.. N-1 

S = Size of each record, the address 

Then, Address of Record “K” = B + K * S

Suppose

./■

/Indexed Access
The records are arranged in a logical sequence according to a key contained 
in each record. The S5^teih maintains an index containing the physical address

c

File Records

Key = 3
Index Block

0
Key = 1

1

Key = 02

3

Key =2

/ ''
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. of certain records. By using the key attribute, the records can be indexed 
directly. This is most commonly used method in DBMS files.

File Manrigericnt

Indexed Sequential Access Method (ISAM)

It uses a small master index that points to disk blocks of a secondary index. 
The secorfdary disk blocks in. turn point to the actual disk blocks allocated 
to a file. The file is kept sorted on a defined key. To find match for a key, 
we first make a binary search in the master index table, which provides a 
block number of the secondary index. The secondar y block is read into memory 
and a binary is'made in the secondary index to determine address of the file 
block containing the Jcey value. Finally, the block is searched sequentially to 
determine the record containing the key value.
The pointers in the Master Index and Secondary Index Blocks are sorted as 
per the key values. Each File Block contains a number of records, which are 
also sorted as per the key value.

NOTES\

. t- i

Secondary Indext
t

Master Index
*I.

Disk Addresses offiie Blocks
t

♦

The FCB contains the disk address of Master Index Block./
So,* while searching for a key value, perform the following steps:-
• First load the Master Index Block
• Carry out binary search for the key value in the Master Index Table and 

locate the disk address of desired Secondary Index Block.
• Then load the desired Secondary Index Block.
• Carry out binary search for the key value in the Secondary Index.Table 

and get the disk address of desired File Block.
• Then load the desired file block.
• Finally, carry out a sequential search with the key value in the file block 

to locate the desired record.

I

S

;
>
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SHARING OF FILES

Sharing of Files by Multiple Users

The OS implements the concept file/directory owner (or user) and group. 
The owner is the user who can change the file/directory attributes, 
grant access rights to other users and has the maximum access rights over 
the file/directory. Group is a sub-set of users, who are granted a sub-set of 
access rights over the file/directory. Other users (other than the owner & 
group users) may also have a small sub-set of access rights over the file/ 
directory. The access rights may be to read, list, write, append, delete, 
execute, change attributes etc. Whenever, a user makes a call to access 
a file/directory, OS will check the access rights of that user before granting 
access.

NOTES

File Sharing on Remote File Systems

It is common in distributed systems. The OS may support a Distributed 
File System, in which remote directories & files are made visible to the user 
via the underlying networking. Users may be granted access rights on remote 
files & directories.

Client-Server Model

It is common in networked systems like world wide web (www). The servers 
declare the files which are available to the clients. A server seiwes multiple- 
clients. So, a file at a server may be accessed simultaneously by multiple 
clients. Clients are identified at the servers by IP Addresses. Additional 
authentication methods may be used to validate the clients.

FILE PROTECTION MECHANISM

Any real secure system must have some protection mechanism or mechanisms 
to enforce the access rights required by the system. In the case of Unix, we 
rely on the memory management unit to enforce access rights for memory 
segments, and we rely on the file system to enforce the access rights for files.

In this section we will cover the techniques that are used in operating systems 
to protect file systems.

Protection Domains

A computer system may have objects that need protection. These objects may 
be hardware (as disk drives, memory segments, printers e.t.c) or software (as 
processes, semaphores, files, databases etc).
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Each object has a unique name by which it can be identified and a set of 
operations that can be carried out on it.
A Protection Domain is a set of (object, rights) pairs. At any given time this 
pair specifies an object and a set of operations, having rights to perform on 
it. It is possible for a single object to be in multiple domains at the same time 
and objects can also switch from one domain to another during execution, 
which is highly system dependent.
Let us take an example of UNK. In UNIX , the domain of a process is 
defined by its uid and gid. For any combination, it is possible to make a 
complete lists of all objects that can be accessed, and whether they can be 
accessed for reading, writing, or executing. Two processes with the same 
combination will have access to exactly the same set of objects and with 
different combination will have access to a different set of objects, although 
overlapping may be possible in most of the cases.

File Management

NOTES

Access Control Matrices
There are two practical ways to implement the access matrix, access control 
lists and capabilty lists. Each of these allows efficient storage of the 
information in the access matrix.

Access Control Matrices

Data 1 Data 2 Prog 1 Prog 2
Alice RW E

RHob RW RWE

(^arol R E

David RW R E RWE

In a large system the matrix will be enormous in size and mostly sparse.

Access Control List
It is the column of access control matix

Advantage

Easy to determine who can access a given object.
. \

Easy to revoke all access to an object. 

Disadvantage
Difficult to know the access right of a given subject. 
Difficult to revoke a user’s right on all objects.

Used by most mainstream operating systems.
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Opi'raiinii System with Capability List
Unix and Shell
iy{t;;rn')imi'ig It is the row of access control matrix.

A capability can be thought of as a pair (x, r) where x is the name of an 
object and r is a set of privileges or'rights.NOTES
Advantage

Easy to know the access right of a given subject. 

Easy to revoke a user’s access right on all objects.

, Disadvantage

Difficult to know who can access a given object.

Difficult to revoke all access right to an object.

A number of capability-based computer systems were developed, but have 
not proven to be commercially successful.

Protection Models
I 'Protection matrices are not static. They frequently changes as new objects 

are created, old objects are distroyed and owners decide to increase or resriict 
the set of users for that object.At any time the matrix determiries that what 
are the access rights of a process in a given domain.

SUMMARY

• The file system resides permanently on-secondary storage, which is 
designed to hold a large amount of data permanently. The most common 
secondary storage device is. disk. Physical disks may be segmented into 
partitions to allow multiple file systems per spindle.and these file systems 
are mounted onto a logical file system' to make them available for the 
further use.

The various' fil'es can be allocated on the disk in three ways: through 
contiguous, linked or indexed allocation strategies.

File access methods depend on underlying file organization. The most 
commonly used file-access methods are: sequential access. Direct access 
and indexed sequential access methods.

SELF-ASSESSMENT QUESTIONS

1. Explain various operations possible on File.

2. Discuss,various File Allocation Strategies for disk space management.
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File Managemuni3. A sequential access file has fixed size 15 b3d;e records. Assuming the 
first'record is record 1, the first byte of record 5 will be at wht logical 
location?

4. Which allocation scheme woul work best for a file system 
implemented on a device that can be accessed sequentially, a tape 
drive, for instance.

5. Consider a system that supports the strategies of contiguous, linked, 
and indexed allocation. What criteria should be used in deciding which 
strategy is best utilized for a particlar file?

6. How do caches help to improve performance? Why do systems not use 
more or larger caches if they are so useful?

7. Suppose that a disk drive has 5,000 cylinders, numbered 0 to 4999. 
The drive is currently serving a request at cylinder 143, and the 
previous request was at cylinder 125. The queue of pending requests, 
in FIFO order, is
86,1470,913,1774,948,1509, 1022, 1750, 130
Starting from the current head position, what is the total distance! in 
cylinders) that the disk arm moves to satisfy all the pending requests 

, for each of the' following disk- scheduling algorithms?
(a) FCFS 

(c) SCAN 

(e) C-I!00K
8. Consider a file currently consisting of 100 blocks. Assume that FCB 

' (and index block in the case of indexed allocation) is already in the
memory. Calculate how many disk I/O operations are required for 
contiguous, linked and indexed (single-level) allocation strategies, if, 
for one block, the following conditions hold. In the contiguous allocation, 
assume that there is no room to grow in-the beginning, but room to 
grow at the end. Assume that the block information to be added is 
stored in the memory. • *
(а) The block is to be added at the beginning.
(б) The block is to be added in the middle.
(c) The block is to be added at the end.
(d) The block is to be removed from the beginning.
(c) The block is to be removed from the middle.
(/) The block is to be removed from the end.

9. Consider a file system on a disk that has both logical & physical block 
-sizes of 512 bytes. Assume that the information about each file is

NOTES

(b) SSTF 

(d) C-SCAN
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(e) Process Control Block (PCB). The PCB refers to a data structure, 
created in the system to maintain the complete information about st 
process. The PCB is kept constantly updated, to reflect the current 
status of the related process. The intended contents of PCB vary from 
Operating System to another. But, some of the fields are common:-

(i) Process Id number (System Assigned. At any instant, this has to 
be unique for a process. This is analogous to primary key of a 
process)

(it) Process Name (User Assigned)

iiii) Saved Program Counter (PC) value i.e., address of the next 
instruction to be executed, when the process goes to run state. 
Initially, this points to the first instruction of the code. When a 
process goes to run sate, this value is loaded to a hardware register 
called PC, for faster access during process execution. Wlien the 
current instruction has been executed, the PC is automatically 
updated to point to the next instruction. When a process goes to 
wait state, or is pre-empted, the PC value is saved in the PCB, 
which will be reloaded when the process comes back to run state.

(m) Saved Stack Pointer (SP). Initially, it points to the bottom of the ' 
stack. When a' process goes to run sate, this value is loaded to a 
hardware register called SP, for faster access during process 
execution. When a process goes to wait state, or is pre-empted, 
the SP value is saved in the PCB, which will be reloaded when 
the process comes back to run state.

(o) Saved Processor Status Word (PSW)- This indicates the value of 
hardware status to be loaded in the Processor Status Register ' 
(PSR), when.the process goes to run state. It contains information > 
like Condition Codes, Process Priority, Operation Mode (User or 
Supervisory or Kernel) etc. When a process goes to wait state, or 
is pre-empted, the PSR value, is saved in the PCB, which will be 
reloaded when the process comes back to run state.

(oi) Saved contents of other general-purpose-registers, which are to«• ^
be loaded into the general-purpose Registers when the process 
goes to run state.

{vii) Current Process State, like Running, Waiting, Ready to Run, 
Suspended, Swapped-Out etc.

(viii) Necessary memory-management information.

To accomplish its task, a process needs certain resources like CPU time, 
memory, files & I/O devices. These resources are allocated to the process 
either at the time of its creation of when it is executing. In a multi-

NOTES
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programming environment, there \vill a number of simultaneous processes 
existing in the system; some of these will be system processes and others will 
be user processes.

Process Scheduling

NOTES

PROCESS CONTROL BLOCK

A process is an instance of a program in execution, PCB is a data structure 
to maintain complete information of a process. The current data in a PCB 
will indicate current status of related process (also called ‘task’). The extent 
of this information varies from OS to OS. However, some important status 
information, as stored in a typical PCB, will be:

Process-Id (Unique) 
Process Name 

Executable File Name 

Saved Registers 

Program Counter (PC)
Stack Pointer (SP) 

Processor Status Word (PSW) 
Memory Management Information 

Status of Open Files 

Status of Assigned Devices 

Accounting Information 

Pointer to Previous PCB 

Pointer to Next PCB

The memory management information may comprise information about 
Memory Limits, Page Tables, Segment Tables etc, depending on the type of 
memory management used. The accounting information may comprise the 
consumption of execution time, memory space, disk space etc. The pointers 
to Previous PCB and to Next PCB are meant for linking the PCB in a doubly- 
linked-queue.

. I

/• .
Process States

Typical process states in an OS are:'.

Nevr

A Process just created. It is entered into the Ready Queue.

/
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Ready
A Process that is ready to run. It is waiting in the Ready Queue for dispatching 
i.e., to take control of the CPU. There can be many Ready Processes at a 
time. •

Running
A process from Ready Queue is dispatched i.e. assigned control of the CPU. 
This Process is called in Running State i.e. executing its instructions. In a 
Von-Neumann-Architecture, only one process can be in this state at a time.

Waiting/ Blocked/ Suspended
A Process waiting for completion of I/O or waiting for an event to occur. 
There can be many suspended processes at a time.

Terminated
A process, that has been deleted, due to completion of its execution or on 
account of causing a fatal exception.

NOTES

PROCESS STATES TRANSITION

A process, during its execution cycle, undergoes various state transitions 
from a New Process at the time of creation to a Terminated Process after its 
deletion. A typical State Transition diagram of a Process is depicted below;-

Running
Dispatched

Exit

i/0 or Event 
Request

Pre-empted
Admitted

New Process Ready Terminated

Awaited I/O Compietion 
/Awaited Event Occurrence Suspended

The names of various states may vary from OS to OS.

JOB/PROCESS SCHEDULING
Scheduling refers to the set of policies and mechanisms that an OS supports 
for determining the order of execution of pending Jobs and Processes. A
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Process SchrtJulingScheduler is an OS Module, that determines the next pending job to be 
admitted into the system for execution or next ready process to be dispatched 
to RUN state.

Goals of Scheduling
(a) To optimize the utilization of system resources.
ib) To provide as fair deal as possible to all pending jobs & processes.
(c.) To ensure that more critical processes get priority over others.

NOTES

TYPES OF SCHEDULING

Su^ended & Swapped 
out Processes' Queue **

Interactive
Processed Process

Swapped-out
' Process Swapped'ln 
(Medium-Term Scheduling)

Batched
jobs'

Queue
Ready
Queue Process

Term/ftaied
New Job

Long Term Scheduling CPU

Short Term 
Scheduling

Process Requests 
I/O or "Vlftit for 
Event"

I/O conflated or 
Event occurred Suspended

Processes’
Queue

Long Term Scheduling
Long term scheduling refers to the OS decision of admitting (loading into 
memory and taking up for execution) the pending Batch Jobs from the Batch 
Queue. Batch Queue is normally reserved for resource-intensive and low- 
priority jobs that^could act as fillers 'when interactive activity is low. Each 
Batch job contains programmer-specified or system-assigned parameters' of 
resource needs, in terms of exjsected execution time, memory and I/O 
requirements. These specifications enable OS to decide their order of execution. 
The primary goal of long-term-scheduling is to achieve a proper mix 
of lO-bound and CPU-bound jobs, so as to keep the CPU and I/O 
devices as occupied as possible.

\
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Medium Term Scheduling

When a process is suspended after making an I/O request, it cannot make 
any progress till the requested I/O is completed by the OS, Sometimes, a

V

suspended process is removed from the main memory and shifted to secondary- 
storage (6wapped-out), to make space for another process. Medium Term 
Scheduler is charged with the handling of swapped-out processes. It 
determines when a swapped-out process can be moved back into the memory 
(swapping-in), and resumed from the same point, where it was swapped-out.

NOTES

Short Term Scheduling
It allocates the CPU amongst the pool of Ready Processes, resident in the 
memory. Assigning the CPU to a process is also called ‘Process Dispatching’.

The Short Term Scheduler is the most.frequently invoked OS module. It will 
be invoked every time, when any of the following events occurs:

(i) When the running process requests an I/O or makes a System Call. 
The running process is suspended i.e. transferred from Running State 
to Suspended State (also called Waiting State or Blocked State),

Hi) The running process completes its. execution. The running process is 
terminated.

(ill) A new process is created. The new process is entered into the Ready- 
Queue. In the case of priority-based-preemptive scheduling, a higher- 
priority process getting ready will preempt a lower-priority running 
process. The preemption means that the currently running process 

• will be transferred to the Ready Queue in a partially executed state 
and the higher priority process will be transferred to Running State. 
The preempted process will have to wait for its turn (as pei- its priority) 
to complete its pending execution.

(iu) A Fatal Exception occurs, like ‘Divide-by-Zero’. The running process 
is forced to Exit. If the exception is too severe, like ‘Memory Access 
Violation in Kernel Mode’, then the OS may force the system to be 
rebooted. • •«

(o) An Interrupt occurs, signaling ‘Completion of an I/O’ or ‘Completion 
of a System Call’. The process, that had requested the I/O or System 
Call, will be brought out from Suspended State and transferred to 
.Ready State. If the priority of this process happens to be higher than 
the currently-running-process, in a priority-based-preemptive
scheduling, this process will preempt the currently running process.

1' •

iui) Occurrence of Timer Interrupt. The Timer Interrupt may signal 
(Expiration of assigned Time Slice’ of the running Process. In that 

, eventuality, the running process will be transferred from Running 
State to Ready State.
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Process SchediiUut; ■
A running,process could be suspended (by issue of I/O request or System 
Call) and thus transferred to Suspended Queue; OR could be pre-empted 
(by a higher priority process-getting READY or expiration of its time-slice 
or by receipt of an INTERRUPT) and thus transferred to READY Queue, 
OR could be terminated (due to. completion or on account of causing a 
fatal exception). Under all these situations, a running process will 
relinquish control of the CPU, causing ‘Context Switching’.

NOTES

CONTEXT SWITCHING
Context of a process is saved in its PCB. Switching of CPU from one process 
to another requires saving of the state of the old process in its PCB and 
loading of the saved state of the new process. This task is performed by OS 
and is known as Context Switching. The context switch involves the 
following steps:-

(i) Saving the ‘Context’ (‘State’) of the Running Process in its Process 
Control Block (PCB). In case, the Running Process is being terminated, 
‘Context Saving’ will not be necessary. In that eventuality, the process 
will be deleted, causing deletion of its PCB and freeing the memory 
occupied by the running process.

(ii) Shifting of the PCB of the running process to newly assigned Queue. 
In case of suspension of the running process, its PCB will be shifted 
to the ‘Blocked or Suspended Processes Queue’. In case pre-emption 
of running process, its PCB will be shifted to the ‘Ready Queue’.

(Hi) Selection of a process from the ‘Ready Queue’ (provided a process 
exists in the Ready Queue) to take control of the CPU (called 
Process Dispatching). The Context of the newly selected process 
will be loaded into the system registers. This is called ‘Context 
Un-saving’ or ‘Context .Loading’. The new process will be enabled 
to Run by loading the address of its next instruction in the 
Program Counter (PC).

The ‘Context Switching’ is a pure overhead. The extent of this overhead 
depends on the size of the ‘Process-Context’ i.e., the extent of process-state 
saved in the PCB. Larger the Process-Context, higher will be the Context- . 
Switching-Overhead. The goal is to keep this overhead as low as possible. 
One of the techniques to reduce this overhead is use of multiple sets of 
hardware registers. The context of an active process can be kept in a separate 
set of registers. Context can be switched by switching from one set of 
registers to other set of registers, without'necessity of saving and un-saving .
of process contexts . • .

I -iV.j/h ;
' ■ 'll. ' r
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How to evaluate a Scheduler?
A Scheduler algorithm is evaluated against some widely accepted performance 
criteria, as discussed as follows:

Opuraiinn System with 
Unix and Shell

■ Pnt^raniniinff

' •'
NOTES

PERFORMANCE CRITERIA OF A SCHEDULER

(a) CPU Utilization
(b) Throughput of the System
(c) Average Turnaround Time of a Process
(d) Average Waiting Time of a Process
(e) Response Time.
The above criteria are defined below:-
(а) .. CPU Utilization. It is the average fraction,of time, during which CPU

is busy, executing either user programs or system modules. Higher the 
CPU utilization, better it is.

(б) System Throughput. It is the average amount of work completed per unit 
time. One way of expressing throughput is by the average number of user 
jobs completed per unit time. Higher the throughput, better it,is.

(c) Turnaround Time of a Job / Process. Turnaround time of a process or a 
job is the total time elapsed from the time the job is submitted lor 
process is created) to the time the job (or process) is completed. 
Turnaround Time = Process/Job Finish Time - Process/Job Arrival Time 

Lower the average Turnaround Time, better it is.
id) Waiting Time of a Job/Process. Waiting Time of a job (or process) is 

defined as the'total time spent by the job (or process) while waiting in 
Suspended State or Ready State, in a multiprogramming environment.
Waiting Time = Turnaround Time - Actual Execution Time
Lower the average waiting time, better it is.

(e) Response Time. This parameter has relevance for interactive time-shanng 
systems and for real-time systems. In interactive systems, response time 
is defined as the time elapsed from the moment last character of a 
command-line is typed-in by an interactive user, to the time when first 
response to that command appears on the terminal. For real-time systems, 
it is defined as the time elapsed from the time an event is reported in the 
system, to the time when first instruction of its Interrupt Servicing Routine 
(ISR) is executed to service the interrupt caused by the event.

CPU-Bound Jobs
The jobs, that spend comparatively more time performing number-crunching 
operations (i.e., CPU operations) and comparatively less time performing 1/ 
O operations are called CPU-bound jobs.
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The jobs that spend comparatively more time performing I/O, operations and 
comparatively less time doing CPU operations are called I/O bound jobs.

The Long-Term-Scheduler, while loading jobs for execution, ensures a proper 
mix of CPU-bound Jobs and I/O-bound jobs so as to optimize the utilization of 
both CPU and I/O devices.

NOTES

CPU Bursts & I/O Bursts
A process, during execution, will keep on alternating between CPU-Bursts 
and I/0 bursts. Normally, the CPU bursts will comparatively be short {of the 
order of 4 ms or so) & I/O bursts will be comparatively longer.

Prediction of next CPU Burst
There are some algorithms like ‘Shortest Remaining Time Next’, which operate 
based on the predicted value of the next CPU burst. The value of the next 
CPU burst can be predicted by using the Exponential Average of the previous 
measured values of CPU bursts. This method works on the premise that next 
CPU burst of a process will be similar to the previous ones.

Tj, be the predicted value of n‘'‘ CPU burst 
tjj be the measured value of n^*’ CPU burst 

Then, the predicted value of the next CPU bursts

^n+l “ a + (1-a)

= at

Let

21 ” t
;+ a (J-a) ^n-2+....+a (1-a) ^0 + (1-n)

.,*1^(1-a) Vln + a

where 0 < a 1

t|^ is the just previous measured value and the value of t^^ represents the 
' previous history of measured values. If the value a is closer to 1, it implies 
more weightage is assigned to the nearest'history. Else, if the value of a is 
closer to 0, it implies, that more weightage is assigned to distant history.*

VARIOUS SCHEDULING ALGORITHMS

1. First Come First Served (FCFS)
2. Shortest Job First (SJF)
3. Shortest Remaining Time Next (SRTN)
4. Priority Based Non-Preemptive ‘Scheduling
5. Priority Based Preemptive Scheduling
6. Round Robin Scheduling
7;' Multi Level Queues (MLQ) Scheduling

8. Multi Level Queues (MLQ) Scheduling with feedback
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STUDENT ACTIVITY

1. What is the concept of a process and PCB?

2. What is CPU scheduler?

i

/'
/ \f

I
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FCFS Scheduling Pivirt'.vs St'hcdliliiig

The jobs or processes are dispatched (scheduled to run) strictly in the same 
order, as those have arrived in the system. This algorithm is fairest, in the 
sense that a job/process gets executed strictly in the same sequence, as it has 
arrived in the system.

Example :

NOTES

Process Arrival Time ms Next Burst Ms

Po 0 10

p. 1 6

P2 3 2

P3 5 4

FCFS Gantt Chart;

1 0 10 16 2216

Pq Pi P2

Table depicting performance of FCFS Algorithm:

Next Burst 
(M) ms

Process Arrival 
Time 

(Tg) ms

Finish 
Time 

(Tj) ms

Turnaround
Time

Waiting 
Time

TAT= Tj - Tg WT~ TAT - At

Po 0 10 10 10 0

Pi 1 6 16 15 9

P2 3 2 18 15 13

• P3 5 4 22 17 13

Average Turnaround time = (10 + 15 +. 15 + 17) / 4 = 57/ 4 = 14.25 ms
(0 + 9 + 13 + 13) / 4 = 35/4 = 8.75 msAverage Waiting Time =

Shortest Job First (SJF) Scheduling

The next job to be dispatched will be the one, which happens to be the 
shortest amongst the pending lot of jobs. This algorithm is non-preemptive; 
so a job, once scheduled, is permitted to complete its next burst.

Let us see the performance of this algorithm against the above set of 
processes.
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Next Burst MsProcess Arrival Time ms

, 10Pc 0

6Pi 1
NOTES 2P2 . 3

P3 5 4

SJF Gantt Chart

1610 12 220

PiPo P2 P3

Table depicting performance of SJF Algorithm:

Waiting
Time

Finish 
Time 

(Tj) ms

Turnaround
Time

Process Arrival 
Time

Next Burst 
(At) ms

TAT= Tj - To WT = TAT - At(Tg) ms

10 010Po 0 10
22 21 15Pi 1 6

12 09 07P2" 3 2

16 11 07P3 5 4

Average Turnaround time = (10 + 21 + 09 + 11) / 4 = 51/ 4 = 12.75 ms
(0 + 15 + 07 + 07) / 4 = 29/4 = 7.25 msAverage Waiting Time =

SJF produces Average Turnaround Time and Average Waiting Time better than 
the FCFS algorithm.

Shortest Remaining Time Next Algorithm

This is a preemptive algorithm, wherein the next job/process to be 
dispatched will be the one that happens to be shortest amongst the 
pending jobs, at the time of making the decision. However, if a process 
arrives later, whose next burst happens to be shorter than the 
remaining burst time of the currently running process, the new process 
will preempt the currently running process. The preempted process 
will be later re-dispatched, when its remaining burst happens to be 
shortest amongst the pending processes.

Let us see the performance of this algorithm against the set of processes 
considered in the above example.
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Process Arrival Time ms Next Burst Ms

Po 0 10
Pi ■ 1 6

NOTESP2 3 2

P3 5 4

SRTN Gantt Chart

10 3 •6 139 22
Po\Pd Pi Pz Pi P3

Table depicting performance of SRTN Algorithm: \

Process Arrival Next Burst Finish 
Time - (At) ms 

(Tg) ms

Turnaround
Time

Waiting 
Time

TAT ~ T,- Tg WT = TAT - At
Time 

(Tj) ms

■ Po 0 2210 22 12
Pi 1 09. 6. 08 02

P2 3 2 05 02 00

P3 5 13 084 04

Average Turnaround time = (22 + 08 + 02 + 08) / 4 = 40/ 4 = 10 ms

(12 + 02 + 00 + 04) / 4 = 18/4 = 4.5 msAverage Waiting Time =

In terms of average Turnaround Time and Average Waiting Time, SRTN is even 
better than SJF.
But. SRTN involves more number of context-switching events, since it is a 
preemptive algorithm. The additional events of context switching will cause some 
additional overheads. So, the actual average Turnaround Time and waiting time 
will be slightly higher than as indicated above.
One major limitation of SJF and SRTN is likelihood of stan/ation of a long job.. 
Theoretically, there exists a distinct probability that a long job may get unduly 
delayed (or in extreme cases, may get even starved), if relatively shorter jobs 
keep arriving one after another.

Priority-based Non-preemptive Algorithm
More critical processes are assigned a priority higher than the less critical 
ones. At the time of scheduling, a process dispatched will be the one that has 
highest priority amongst the processes waiting in the Ready Queue. Once
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dispatched, a process Pj is allowed to complete its next burst, even if another 
pi'ocess of higher priority becomes ready to run.during the execution of P^.

Let us assume the following set of processes:

Opi'.raliitfi Syf<tein with 
Unix and Shell 
Prop’iiintning

Process
Priority

NOTES Process Arrival Time Next Burst
Msms

■ Po 0 10 5

P 6 ‘111
P2 2 23

P3 05 4

Suppose, lower the priority value, higher is the process priority, i.e. Priority 
of process with priority-value 0 will be higher than the priority of proces.s 
with priority-value 1.

So, Priority of the above processes is: P3 > Pi > P^ > P,|

Gantt Chart (Priority-based noa-prx'emptive algorithni):

2214 160 10

Po . P3 p,P2

Table depicting performance of Priority based Non-preemptiue Algorithm:

’Waiting
Time

WT - TAT - At

Process Arrival Next Burst 
Time (At) ms

Finish 
Time^ 

(Tj ms

Turna/'oimd
Time

TAT = T, - Tp(To> ms !

0Po 10 10 10 00

Pi 1 6 22 21 1-5

3P2 2 16 13 11

P3 5 094 14 05

Average Turnaround time = (10 + 21 + 13 + 09) / 4 = 53/ 4 = 13.25 ms

(00 + 15 + 11 -1- 05) / 4 = 31/4 = 7.75 msAverage Waiting Time =

The Average Turnaround Time 81 Average Waiting Time, achieved with this 
algorithm, is much worse than SRTN. But, these parameters are not of much 
relevance here, .since the main focus is to service the more critical processes 
earlier than the less critical ones.

\
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Proress Schcdulini'Priority-based Preemptive Algorithm

At the time of scheduling, a process dispatched will be the one that has 
highest priority amongst the processes waiting in the Ready Queue. When 
a process Pj is executing, if another process Pj of higher priority becomes 
ready to run during its execution, then Pj will be preempted by Pj.

Let us assume the set of processes, as considered in the last example:-

NOTES

Arrival Time Next Burst Process
Priority

Process
Msms

Po 0 10 5

Po 0 10 5

6 4Pi 1

P2 3 2 2

P3 4 05

P3 > P2 ^ Pi ^ PflPriority of the above processes is:

Gantt Chart (Priority-based Preemptive algorithm)

5 130 1 3 9 22

PoP3 PiPo Pi P2

Table depicting performance of Priority based Preemptive Algorithm :

Turnaround
Time

Waiting
Time

WT = TAT - At

Arrival 
Time 

(Tq) ms

Next Burst 
(At) ms

Finish 
Time 

(Tj) ms

Process

TAT = T^~Tq

22 22 12Po 0 10

06Pi 6 . 13 121

02 00P2 3 2 05
00P3 09 045 4

Average Turnaround time = (22 + 12 + 02 + 04) / 4 = 40/ 4 = 10 ms

(12 + 06 + 00 + 00) / 4 = 18/4 = 4.5 msAverage Waiting Time =

In this algorithm, higher the priority of a process, lower will be its waiting 
period.

Here, the Process priority will be in the order: P3 > Pj > Pj > Pq

And Process waiting time is in the order ; P3 “ P2 Pi Pq
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Limitation of Priority based algorithms

The priority-based algorithms suffer from the inherent possibility of starvation 
of low-priority processes. One remedy lies in enhancing the priority of a process 
in proportion to the time spent by the process in Ready Queue. This is known 
as priority adjustment, in relation to the age of a process. This would exclude 
the probability of starvation of a low-priority process, since as it ages in the 
Ready Queue, its priority will grow, finally enabling it to be dispatched.

NOTES

Average Context Switching overhead of a preemptive algorithm will be higher 
■ than the average context switching time of the corresponding non-preemptive 

algorithm. Thus, the throughput of a preemptive algorithm will be lower than • 
its non-preemptive counterpart.

Round Robin Scheduling

This scheduling algorithm is specially tailored for Interactive Time-Sharing 
Systems. A small unit of time, called Time-Slice or Time-Quantum is defined. 
The time slice normally varies from 10 to 100 ms. The Ready Queue is 
implemented as a FCFS Queue. A new process is linked to the tail of Ready 
Queue. The process at the head of Ready Queue is dispatched. The process 
is assigned an execution time, equal to the specified Time-Slice. Now, there 
are three possibilities:-

(o) The dispatched process completes its execution within the assigned,time 
slice and terminates.

(6) The dispatched process requests I/O within the assigned time-slice and 
is blocked on the Suspended Queue.

(c) The process is not able to finish its next burst within the assigned time- 
slice. At the expiry of time-slice, a timer interrupt occurs and the process 
is preempted. It is put at the tail of the Ready Queue,

Under all the above conditions, the next process from the head of the Queue 
is dispatched for the Time-Slice.

A preempted process, when it reaches the head of the queue, it will again be 
dispatched for the Time-Slice. This continues till a process completes its 
execution and terminates.

Let us consider the same set of processes as considered for FCFS, SJF and 
SRTN algorithms:

Let Time Slice = 4 ms 

Context Switching Time = 1 ms
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Process SrlicdiiliiinNext Burst MsArrival Time msProcess

•Po 100

P, 1 6
NOTES

P2 3 2

' P3 5 4

Gantt Chart for RR Algorithm:

22 23 25 26 289 10 12 134 5 17 180

Po'P,Po P3Po Pi P2

Table depicting performance of SJF Algorithm:

Turnaround 
. Time

TAT = T; - Tg

Waiting
Time

WT = TAT - At

Next Burst 
(At) ms

Finish 
Time 

(Tj) ms

Process Arrival
Time

(Tg) ms

18Po 10 28 280

18Pi 6 25 241
07P2 2 12 093 S

13P:i 4 22 175

Average Turnaround time = (28 + 24 + 09 + 17) / 4 = 78/ 4 = 19.5 ms

(18 + 18 + 07 + 13) / 4 = 56/4 = 14 msAverage Waiting Time =

In Round Robin algorithm, the average Turnaround Time and the average 
Waiting Time are very large.

If time slice is chosen to be longer than the longest possible process, then Round 
Robin algorithm will become same as FCFS algorithm.
If the Time-slice is chosen to be very small (closer to the context switching 
period) then context switching overheads will be very high, thus affecting the 
system tliroughput adversely. So Time-slice has to be carefully chosen. It should 
be small enough to give a good response to the interactive users. At the same 
time, it should be large enough to keep the context-switching overheads low.

Multi-Level Queue Scheduling
The Ready Processes are partitioned into a number of categories like System 
Processes, Inter-active Time Sharing Process & Batch Processes etc, Also, 
the Ready Queue is partitioned into the same number of sub-queues, with 
each sub-queue accommodating a category of processes. There is an Inter- 
Queue priority as shown below:
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Highest Priority
System Processes’ Queue

NOTES Interactive Time Sharing Processes

Batch Processes
Lowest Priority

First processes will be scheduled from the highest priority queue i.e., System 
Processes Queue. When there is no'process in the System Processes Queue 
then processes will be taken up from the next priority queue i.e.. Interactive 
Processes Queue & so on. Each queue can have a different scheduling 
algorithm; for example System Processes Queue can have Priority-based 
Preemptive Scheduling, Interactive Processes can have Round-Robin 
Algorithm & Batch Processes Queue can have Shortest Job First Algorithm.

Advantage of this arrangement is a great degree of flexibility, catering to the 
specific needs of different types of processes.

Multi-Level Queue (MLQ) with Feedback

The disadvantage of simple MLQ is that a certain type of process is assigned 
to a particular queue only. The processes in a lower priority queue may face 
starvation.

Time-Slice = N,

Time-Slice = N2

FCFS

In MLQ with Feedback, processes can be moved from one queue to another. 
For example, in the above arrangement, there are 3 queues. When a process 
becomes Ready-to-Run, it enters at the tail of the top queue. When a process 
reaches the front of this queue, it is scheduled with a time-slice of Nj (say 5 
m sec). If it is completed within the assigned time-slice of 5 m sec then it is 
terminated; else it enters at the tail of next queue. When it comes to the front 
of the queue and there is no process waiting in the top queue, then it is 
scheduled with a time slice Ng (say 10 m sec). If it is completed within 10 m 
sec, then it is terminated else it enters at the tail of the next queue i.e., FCFS 
Queue. Now, when it comes to the from of FCFS queue and there is no process

Sel f-Inst nut ional Material



Process Sr/u’diilinnwaiting in the top two queue then this process is scheduled and it runs to 
completion. Obviously, in this arrangement, shorter processes get higher 
priority. System processes and interactive processes are normally smaller than 
batch processes.

NOTES

SUMMARY

• CPU scheduling refers to the set of tasks that an OS supports for selecting 
a waiting process from the ready queue and allocating the CPU to it. 
Many scheduling algorithms are known for this purpose as first come first 
serve, shortest job first, round robin, priority scheduling, multilevel queues

■ and multilevel feedback queue scheduling.

• FCFS scheduling is the simplest one but it may cause short processes to 
wait for very long processes. SJF scheduling provides the shortest average 
waiting time but the implementation of SJF is difficult because predicting 
the length of next CPU burst is difficult. Round robin scheduling is 
appropriate in time-shared systems. It allocates the CPU to the first process 
in the ready queue for a small unit of time, called a time quantum. After 
this time quantum if the process has not relinquished the CPU, it is 
preempted and the'process is placed at the tail of the ready queue. In the 
case of RR scheduling, the problem is selection of time quantum. If the 
quantum is too large then RR policy is same as FCFS policy. If the quantum 
is too small, scheduling overhead in the fonn of context switch time becomes • 
excessive.

• Multilevel queue scheduling allows different algorithms to be used for 
different classes of processes. Multilevel feedback queue scheduling allows 
process to move from one queue to another. The FCFS algorithm is 
nonpreemptive, RR algorithm is preemptive, priority and SJF algorithm 
may be either preemptive or nonpreemptive.

SELF-ASSESSMENT QUESTIONS

With reference to the following set of processes, determine Average 
Waiting Time & Average Turnaround Time, using, the following 
scheduling algorithms:

(a) First Come First Served

(b) Shortest Job First

ic) Shortest Remaining Time Next (SRTN)

id) Priority based (Non preemptive)

1.
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(e) Priority based (Pre emptive)

(f) Round Robin

Note 1. Make use of Gantt Charts.
2. Lower number means higher priority i.e., process with priority 1 has 

higher priority than process with priority 2.

3. In case of a tie, use FCFS to break the tie.

4. Time slice for Round Robin scheduling is 4 ms

NOTES

Next CPU 
Burst (ms)

Priorityii) Process Arrival Time 
Time (ms)

10 3PI 0
1P2 10

2P3 0 4
2P4 50

Hi) Next CPU 
Burst (ms)

PriorityProcess Arrival Time 
Time (ms)

24 5PI 0
3P2 73

1 6 2P3 5
1P4 10 10

(Hi) Priority' Next CPU 
Burst (ms)

Process Arrival Time 
Time (ms)

7PI 0 14
P2 7 11

2 3P3 3

P4 8 25!
f

Suppose a system is using SJF algorithm for CPU scheduling and it 
predicts next CPU burst from the exponential average of the previous 
CPU burst. If the first prediction of CPU burst Tq = 20 ms, weight 
factor a = 0.6, and the previous CPU burst are 08, 16, 24, 16 ms in 
that sequence. Determine the next predicted CPU burst.

Suppose SJF Queue is implemented as doubly linked circular Queue. 
Explain advantages of this implementation over a singly linked Queue 
implementation.

5.

6.
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7. Explain the degree to which the following algorithms discriminate in 
favour of short processes:- -.

FCFS .

Process Schediilini;

RR NOTES
Multi level Queue with feedback

8. Compare the following CPU Scheduling algorithms, highlighting the 
strengths and limitations of each algorithm:-

ia) FCFS

(6) SJF (non pre-emptive)

(c) SRTN or SFF (Preemptive) 

id) Priority (Non Pre-emptive)

(e' Priority (Preemptive)

(/) Multi level Queue

(^) Multi level queue with feedback

9. What is common between:-

(a) Priority Scheduling & SJF Scheduling

ib) FCFS & Priority Scheduling 

(fr) Round Robin & FCFS

id) SJF & Round Robin Scheduling

10. Consider the following pre-pmptive, priority-scheduling algorithm, 
based on dynamically chan^ng priorities. Larger Priority number 
implies higher priority. It has following features:

• As a process enters Ready Queue, it is assigned an initial priority 0.

• As a process waits in the'Ready Queue, its priority increases at a rate
a.

• Highest priority process is dispatched to CPU.

• As a dispatched process is running, its priority increases at a rate (3 > a.

• A higher priority process in Ready Queue can pre-empt a running 
process. Will a running process be ever pre-empted? Justify your 
answer.

□□□
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SECTION C:

UNIT 6 UNIX OPERATING
SYSTEM

NOTES

. Tfr^LEARNING OBJECTIVES ★

» Overview of UNIX Operating System 

•»“ Versions of UNIX 

» Brief History of UNIX 

»» Features of UNIX 

** Filters 

Pipes
«■ Summary
» Self-Assessment Questions

\

OVERVIEW OF UNIX OPERATING SYSTEM

Simply stated, UNIX is an operating system. It is by and large the most 
popular operating system existing today. The features and flexibility of UNIX 
is so immense that it has become a standard for great many operating systems. 
It is multi-user system, which means that more than one user can work at 
the same computer system at the same time. UNIX also supports multi
tasking. Multitasking means that more than one program can be made to 
run at the same time. For example, you can initiate a program and leave it 
by itself to go on and in the meantime you can work on some other program. 
Multi-tasking and multi-user are the two most important characteristics of 
UNIX, which have helped it gain widespread acceptance among a large variety 
of users.
The UNIX OS files consume 40 MB of the 80 MB disk space. Another 
10-20 MB of disk space is eaten up as swap space. This swap space is 
used at that point of time when UNIX falls short of memory. So, the 
conients that are not immediately required are stored in the swap space. 
Any time when the program needs these contents, they are read from the 
swap space!'

i: ■
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Unix Operating System
VERSIONS OF UNIX

The original version of UNIX actually came from AT&T. Because of the great 
deal of flexibility offered by UNIX, many new companies emerged and brought 
out their own variations. Some of the popular versions of UNIX are given in 
Table below.

NOTES

Version Developed by
' \

UNIX AT&T

AIX IBM

XENIX SCO

DEC (Digital Equipment Corporation)ULTRIX

UNICOS Cray Research

Sun OS Cray Research
IBSD University of California at Berkeley

Dynix Sequent

HP/UX Hewlett -Packard

BRIEF HISTORY OF UNIX

The original version of UNIX came in the late, I960’s. It was designed by Ken 
Thompson at AT&T Bell Laboratories. At that point of time, Bell Labs were 
busy in designing a very big operating system called Multics. Their objective 
was to provide a very sophisticated and complex multi user system which 
had support for many advanced features. However, Multics failed because 
the state of art provided by it at that time was too complex.

Therefore, Bell Labs had to withdraw themselves from the Multics project. 
Ken Thompson then started working on a simpler project and he named it 
UNIX. This version of UNIX was rewritten in the year 1973. The source 
code of UNIX operating system, was rewritten in C language by Dennis 
Ritchie, the inventor of C. In,order to make UNIX popular among users, AT 
& T came up with a unique marketing strategy. They started distributing 
source,copies of UNIX to different universities at a very nominal price. This 
resulted in the widespread popularity of UNIX. In 1974. Thompson and 
•Ritchie described the UNIX System and got it published in a newspaper 
named Communications of the ACM. This helped in increasing the acceptance 
level of the UNIX system feven more.
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By the year 1977, the UNIX system was installed at around 500 different 
sites. UNIX system found its major contribution in the telephone companies, 
providing a good environment for program development, network transaction 
services and real time services. A large number of institutions and universities 
were provided licenses of UNIX system. In the year 1977, the UNIX system 
was first ported from a PDF to a non-PDP machine.

So, as the popularity of UNIX grew, many other companies came out with 
their own versions of UNIX and ported it onto other new machines. From 
the year 1977 to 1982, Bell Laboratories combined many AT & T variants 
into a single system and gave it a name UNIX System III. Many new 
features and advancements were brought out by Bell Laboratories in this 
version. It was given the name UNIX System V. The people at University 
of California at Berkeley developed a variant to the UNIX System. Its recent 
version is called 4.3 BSD for VAX machines. It provided many new and 
interesting features. By the beginning of 1984, UNIX system was installed 
at about 1,00,000 different computer sites. It ran on a wide range of computers 
ranging from a mini computer to a mainframe. No other operating system 
can make such a claim. Many of the programs of the UNIX Operating System 
are written in C. However, UNIX system can support many other languages 
also like Fortran, Basic, Pascal, Ada, Cobol, Lisp and Prolog.

Opi'ratiiif; Sys-tem with 
Unix and Shell 
Ptoprain iniiif!

!
NOTES

UNIX Architecture

The interaction between the user and the hardware happens through the 
operating system. The operating system interacts directly with the hardware. 
It provides common services to programs and hides the hardware intricacies 
from them. The high level architecture of the UNIX system has been shown 
in Figure 2.1.

other Application Programs

CPUgrep sh

Kerneiwc

who

Vi memoryHardware
Is

i/0ed \
pwd

date a.out
!■

1 cc>
(/ /' I

Figure 2.1. System Architecture of UNIX.
'. ■ I
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The hardware of a UNIX system is present in the centre of the diagram. It OprraHiif! Syxtcm
pi-ovides the basic services such as memory management, processor execution 
level, etc. to the operating system. The UNIX system seems to be organised 
as a set of layers. The system Kernel is also called the operating system. The 
user programs are independent of the hardware on which they are running.
Therefore, it becomes very easy to run programs on UNIX system running 
on different hardware if the programs do make special assumptions. The 
programs such as the shell and editors like (ed and vi) interact with the 
Kernel by invoking a well defined set of system calls. The system calls get 
various actions done from the Kernel for the calling program; They 
interchange data between the Kernel and the program. There are many 
other programs in this layer which from a part of the standard system 
configurations. These programs are known as commands. But there are 
several other user created programs present in the same layer. It is shown 
by the program whose name is a.out. ‘a. out’ is the standard name for all the 
executable files produced'by the C compiler. The outer most layer contains 
other application programs which can be build on top of lower level programs.
For instance, the C compiler, cc, appears in the outermost layer of the 
figure. It invokes a C preprocessor, compiler, assembler and link loader.
These are all separate lower level programs. The programming style offered 
by the UNIX system helps us to fulfill a task by combining the existing 
programs. '

t"'

NOTES

File System and Internal Structure of Files
A file in UNIX is a sequence of bj^es. Different programs expect various 
levels of structure, but the Kernel does not impose any structure on files, 
and no meaning is attached to its contents - the meaning of bytes depends 
solely on the programs that interpret the file. This is not true of just disc 
files but of peripherals devices as well. Magnetic tapes, mail messages, 
character typed on the keyboard, line printer output, data flowing in pipes- 
each of these is just a sequence of b3d;es as far as the system and the 
programs in it are concerned.

Files are organized in tree structured directories. Directories are themselves 
files that contain information on how to.find other files. A path name to a 
file is a text string that identifies a file by specifying a path through the 
directory structure, to the file. Syntactically it contains of individual file 
name elements sepeirated by the slash character. For example in /usr/rohit/ 
data, the first slash indicates the root of the directory tree, called the rdot 
directory. The next element usr is a sub directory of the root, rohit is a sub 
directory of usr and data is a file or a directory in the directory rohit.
Tlie UNIX hie S5^tem supports, two main objects : files and directories. 

i, .Directories are nothing but files which have a special format. So, let us first 
■heprn the representation of a file.

/
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Representation of Data in a File
All the data entered by the user is kept in files. Internally the data blocks 
take up most of the data that has been put in files. Each block on the disk 
is addressable by a number. Associated with each file in UNIX is a little 
table called inode which contains the table of contents to locate a file’s data 
on disk. The table of contents consists of a set of disk block numbers. An 
inode maintains the attributes of a file, including the layout of its data on 
disk. Disk inodes consists of the following fields.

• Op,■ruling with
Unix and Shi-.ll 
Prni^ratniiiiiiy

NOTES

DescriptionField

Specification of access permissions for the owner 
and other users

Mode

ID of the user creating the fileUID

Ids of user group having permissions on this fileGUID

Number of bytes contained in the fileLength in bytes

Number of blocks to implement the fileLength in blocks

Last modification date Time the file was written to

Time the file last readLast access date

Time the'file last modifeidLast inode modification
Number of directories in which the file appeals; this
field is used to detect when all the file refernccs m e 
deleted from all the directoriesso that the space may 
be released

Reference count

Pointer and indirect pointer to blocks in the fileBlock reference

The data on a file is not stored'in a contiguous section of the disk. The 
reason behind is that the Kernel will have to allocate and reserve continuous 
space in the file system before allowing operations that would increase the 
file size. For instance, let us suppose that there are three files A, B and C. 
Each file consists of 10 blocks of storage and suppose the system allocated 
storage for the three files contiguously as shown in Figure 2.2.

’ (

/'
FILECFILE A FILE B

Block Address 40 50 60 70

FILE BFILE A FILE B FILEC

8060 7040 SO
/ Figure 2.2

/ >
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However, if the user now wishes to add 5 blocks of data in the file B, then Operating System
the Kernel will have to copy the file to such a place'where a file of 15 blocks 
can be accommodated. Moreover, the previously occupied disk block by file 
B’s data can only be used in a case where the files have data less than 10 
blocks.

The Kernel allocates the file space of one block at a time. This allows the 
data to be spread throughout the file system. In this case, locating the data 
of a file becomes a complicated process. If a block contains lOK bytes, then 
such a file would need an index of 100 block numbers and a block of lOOK 
bytes would need an index of 1000 block numbers. Thus, the size of the inode 
would keep varying according to the size of the file.

The UNIX system contains 13 entries in the inode table of contents as shown 
in Figure 2.2. The blocks which are marked as “direct” in the figure contain 
the number of disk blocks that contain the data. The “single indirect” block 
contains a list of direct block addresses. Thus, if the data has to be accessed 
through the indirect block, then the Kernel first finds out the appropriate 
direct block entry from the indirect block and there after reads the data 
present in the direct block. The block marked as “double indirect” contains 
a list of indirect block numbers and the block marked as “triple indirect” 
contains a list of double indirect block numbers. Let us suppose that- a 
logical block on the file system holds I K bytes and a block number is 
addressable by a 4 byte integer. In such a case, a block can hold upto 256 
block numbers. The maximum number of bytes that a file can hold is found 
out to be 16 gigab3d,es. It will make use of 10 direct blocks, 1 indirect, 1 
double indirect and 1 triple indirect block in the inode.

NOTES

Directories

The directories are files that give the file system a-hierarchical structure. In 
a directory the data is put in a sequence of entries. Each such entry contains 
an inode number and the name of a file present in the directory. The pathname 
is a null terminated character string. The pathname is divided into separate 
parts by the / (slash) character. Each component of the pathname should 
hold the name of a directory. However, the very last component can be a 
non-directory file. The component names can have a maximum of 14 
characters, with a 2 byte entry for the inode number, the size of a directory 
entry is 16 bytes. Each directory contains the file names dot and dot-dot (“.” 
and The inode numbers of these directories are those of the directory 
and its parent directory respectively. The inode number of in “\etc” directory 
is present at offset 0 in the file and its value is 83. The inode number of 
is present at the offset 16 and its value is 2. Any directory entry can also be 
kept empty. Its inode number is indicated by 0.
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Opnratn)!! with The data Stored by the Kernel for a directory is similar to the data stored
for an ordinary file. For the directory also-the Kernel makes use of the inode . 
structure and direct and indirect blocks. The access permission of a directory 
have the following meaning : the read permission allows a process to read 
a directory, write permission allows a process to create new directory entries 
and remove the old directory entries. It accounts for altering the contents of 
a directory. The execute permission' allows a process to search the directory 
for a filename.

U'lix and Shell 
Prtisro inininff

NOTES

\ •

(^nclude^

rohillib

Figure 2.3

Figure 2.3 shows a typical UNIX File System. The file system is organized 
as a tree with a single root node called the root (written “ / “); every non
leaf - node of the file system structure is a directory, and leaf nodes of the 
tree are either directories or regular files or special devices, /dev contains 
device files, such as /dev/console, /dev/lpO, /dev/mnt and so on.

The /bin directory contains the executable files for most UNIX commands. 
UNIX commands are either executables ‘C’ programs or shell scripts, which 
can perform a task at our request. Shell scripts are a sequence of UNIX 
commands grouped under a single name. This can be executed by typing in 
the name of the shell script. We shall deal with Shell Scripts in later sessions.

The /etc directory contains other additional commands that related to system 
maintenance and administration. It also contains several files which store 
the relevant information about the users of the system, the terminals and 
devices connected to the system.

The /lib directory contains all the library functions provided by UNIX for the 
programmers. Programs can be written in UNIX using these library functions 
by making system calls.
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The /dev directory stores files that are related to the devices. UNIX has a 
file associated with each of the I\0 devices. We shall see more about this 
in the coming sessions.

• The /usr directory is created for each user to have a private workarea where 
the user can store his files. This directory can be given any name. Here it 
is named as “usr”. This is called user’s HOME directory. Thus every user has 
a HOME directory. Within the “usr” directory, there is another directory, 
“bin” which contains additional UNIX commands:

The /tmp directory is the directory into which temporary files are kept. The 
files stored in this directory are deleted as soon as the system is shutdown 
and restarted. This directory does not have that much importance when 
compared to the others. -

Create, open, read, write are system calls, which are used for basic file 
manipulation. The create system call; given a path name creates a empty 
file. An existing file opened by the open system call, which takes a path 
name and a node and returns a small descriptor which may then be passed 
to a read or write system call to perform data transfer to or from the file.

A file descriptor is an index into a small table of open files for this process. 
Descriptors start at 0 and seldom get higher than 6 or 7 for t5T3ical programs, 
depending on the maximum number of simultaneously open files.

Each read or write updates the current offset into the file, which is associated 
with file table entry and is used to determine the position in the field for the 
next read or write.

Unix Operating Syateni

NOTES

Blocks and Fragments

Most of the file system is taken up by data blocks, which contain whatever 
the users have put in their files.

The hardware disk sector is usually 512 bytes. A block size larger than 512 
bytes is desirable for speed. However, because UNIX file system usually 
contain a very large number of small files, much larger blocks would cause 
excessive internal fragmentation. That is why the earlier 4.1 BSD file system 
was limited to 1C)24 - byte block.

The 4.2 BSD solution is to use two block sizes for files which have no 
indirect blocks : all the blocks of the file are large block size except the last. 
The last block is an appropriate multiple of a smaller fragment size to fill 
out the file. Thus, a file of size 18000 bytes would have two 8K blocks and 
one 2K block fragment.

The block and fragment sizes are set during the file - creation according to 
the intended use of the file system : if many small files are expected, the 
fragment size should be small; if repeated transfer of large files are expected, 
the basic block size should be large.
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Prnprainininf;
FEATURES OF UNIX

UNIX is such an operating system that can be run on a wide range of 
machines, from microcomputers to mainframes. There are a variety of reasons 
which have made UNIX an extremely popular operating system.

NOTES

Portability
As of today, there are innumerable computer manufacturers all-over the 
world. Therefore, the hardware configurations keep varying from one vendor 
to another. The positive and strong thing about UNIX is that it is running 

, successfully on all these computers. The reason behind UNIX’s portability is 
that it is written in a high-level language which has made it easier to read, 
understand and change. Its code can be changed and compiled on a new 
machine. PCs, Amigas, Macintoshes, Workstations, Minicomputers, Super 
Computers and Mainframes run the UNIX operating system with-equal case 
successfully.

Machine Independent

The UNIX system does not expose the machine architecture to the user. 
Thus, it becomes very easy to write applications that can run on micros, 
minis or mainframes.

Multi-user Capability

As discussed earlier, UNIX is a multi-user system. A multi-user system is 
a system in which the same computer resources like hard disk, memory etc 
can be used or accessed by many users simultaneously. Each user is given 
a terminal (a keyboard and a monitor). Each terminal is an input and an 
output device for the user. All the terminals are connected to the main 
computer. So, a user sitting at any terminal can not only use the data or the 
software of the main computer but also the peripherals like printers attached 
to it. In UNIX terminology, the main computer is called the server or the 
console. The number of terminals that can be connected to the seiwer depends 
upon the number of parts present in the controller card. For instance, an 
8-port controller card in the host machine can support 8 terminals.

Multitasking Capability

UNIX has the facility to carry out more than one job at the same time. This 
feature of UNIX is called multitasking. You can keep typing in a program . 
in its editor while at the same time execute some other command given 
earlier like copying a file, displaying the directory structure, etc. The latter 
job is performed in the background and the earlier job in the forcgrnvind 
Multitasking is achieved by dividing the CPU time intelligently between all
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the jobs that are being carried out. Each job is carried out according to its . Operating SyKtem 
priority number. Each job gets appropriately small timeslots in the order of 
milliseconds or microseconds for its execution giving the impression that the 
tasks are being carried out simultaneously.

Software Development Tools

UNIX offers an excellent environment for developing new software, It provides 
a variety of tools ranging from editing a program to maintenance of software.
It exploits the power of hardware to the maximum extent of effectiveness 
and efficiency.

NOTES

Built in Networking

UNIX has got built in networking support with a large number of programs 
and utilities. It also offers an excellent media for communication with other 
users. The users have the liberty of exchanging mail, data, programs, etc. 
You can send your data at any place irrespective of the distance over a 
computer network.

Security

UNIX supports a very strong security system. It enforces security at three 
levels. Firstly, each user is assigned a login name and a password. So, only 
the valid users can have access to the files and directories. Secondly, each 
file is bound around permissions (read, write, execute). The file permissions 
decide who can read or modify or execute a particular file. The permissions 

decided for a file can also be changed from time to time. Lastly, fileonce
encryption comes into picture. It encodes your file in a format that cannot 
be very easily read. So,,if anybody happens to open your file, even-then he 
will not be able to read the text of the file. However, you can decode the file 
for reading its contents. The act of decoding a coded file is known as
decryption.

What makes UNIX Unique

• UNIX and its variants are the only operating systems that are written in 
a high-level language. This gives it the benefit of machine independence 
and portability. It becomes very easy to understand, change and move it 
to other machines.

• It was the first operating system to bring in the concept of hierarchical 
file structure. It becomes very easy to organise and search for different 
files.

• It uses a uniform format for files. This makes the application programs 
to be written easily. This file format is called the byte stream. UNIX
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treats every file as a stream of bytes. Therefore, the user can manipulate 
his file in the manner he wants.

• It provides primitives that allow more complex and complicated programs 
to be built from simpler ones.

• It has a very simple user interface that has the power to provide all the 
services the users want. It supports both character-based and graphical 
based user interfaces.

• It hides the machine architecture from the user. This helps the programmer 
to write different programs that can be made to run on different hardware 
configurations.

• It provides a simple, uniform interface to peripheral devices.

,• It is a multi-user, multiprocess or operating system.

Opi^ratiiie System with 
Unix and Shalt 
Prnerainming

NOTES

Steps to Login

1. Logging in is a procedure that tells the UNIX System who you are; the 
system responds by asking you'the password. So, in order to log in, first, 
connect your PC .to the UNIX system. After, a successful connection is 
established, you would find the following prompt coming on the screen.

Login :

Each user on the UNIX system is assigned an account name which 
identifies him as a unique user. The account name has eight characters 
or less and is usually based on the first name or the last name. It can 
have any combination of letters and numbers.

2. Thus, if you want to access the UNIX resources, you should know your 
account name first. If you don’t as yet have an account name, ask the 
system administrator to assign you one. Now, at the login prompt, enter 
your account name. Press Enter Key. T3TJe your account name in lowercase 
letters. UNIX treats uppercase letters differently from lowercase letters.

Login ; Pankaj 

Password :

3. Once the login name is entered, UNIX prompts you to enter a password. 
While you are entering your password, it will not be shown on the screen. 
This is just a security measure adopted by UNIX. The idea behind is that 
people standing around you are not able to look through the secret 
password by looking at the screen. Be careful while you are typing your 
password because you will not be able to see what you have typed. 
However, if you give either the login name or the password wrong, then 
UNIX denies you the permission to access its resources. The system then 
shows an error message on the screen which is given below :
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Unix Operating SystemLogin : pankaj 
Password :
Login incorrect 
Login ;

Many UNIX systems give you three or four chances to enter your login 
and password correct. So, key in your correct login name and the password 
again.

4. Once you have successfully logged on by giving a correct login and 
password, you are given some information about the system, some news 
for users and a message whether you have an electronic mail or not.

Login : shefali 
. Password ;

Last login : Sun May 14 19 : 00 : 29 on ttyAe 

You have mail-

NOTES

$

The dolla^sign is the UNIX’s method of telling that it’s ready to accept 
commands from the user. You can have a different prompt also in a case 
where .your system is configured for showing a different prompt. By 
default a $ is shown for the Kom or Bourne Shells.

5. At this point, you are ready to enter your first UNIX command. Now, 
when you are done working on your UNIX system and decide to leave 
your terminal-then it is always a good idea to log off the system. It is 
very dangerous to leave your system without logging out because some 
mischievous minds could tamper with your files and directories. They 
can delete your files. They can also read through your private files. Thus, 
logging off the system is always a better idea than turning off you terminal. 
In order to log off the system, type the following command :

$ exit
I
login :

The above command will work if you are using a Bourne or a Korn shell. 
However, if you are working on C shell, exit will work or you can give 
another command to log off.

$ logout
login :

What can go Wrong When Logging In ?
In order to maintain security, UNIX system is very particular not to allow 
the unauthorized users to access the system. So, when a message like ‘Login
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denied’ coi;:('S on the screen, it does not tell you what was wrong with your 
login the login name or the password. You can say that a UNIX system is 
a little vague when it denies you access to the system. There could be a few 
things you could keep in mind while logging in.

1. UNIX is very much case sensitive. Entering SHEFALI is different from 
Shefali in UNIX. So, keep in mind the case of characters while entering 
otherwise it can really frustrate you,

2. While entering a username or password, you could have accidentally 
mistyped a character. This can change the meaning of the information 
you have typed in. Thus, in order to remove the mistyped character,' 
make use of the Backspace key. It will help you to erase off the misspelled 
character.

3. You can also have a slow system. If you have entered the login information 
and nothing happens, then the system might have slowed down especially 
when many people are trying to log on simultaneously. However, if your 
system does not respond after several minutes, then you need to check 
up with your system administrator to make sure that , the system is 
functioning properly.

Sometimes, it might happen that you have keyed in the correct information 
and still you are told that the information given by you is incorrect. Under 
such circumstances, you are required to check up with your system 
administrator. Possibly, he could have changed your login name or password.

NOTES

Changing your Password

You can change your password with the ‘passwd’ command. It is advisable 
to keep changing your password every few days. This helps in maintaining 
security. UNIX is very careful about the whole procedure of changing 
passwords. First UNIX wants you to enter your old password to make sure 
that a valid user is changing the password. The procedure of changing 
passwords is very simple. In order to change, your password, you first have 
to log on to the UNIX system. Then issue the ‘passwd’ command at the 
UNIX prompt as shown below :

$passwd

Changing password for shefali

Enter old password;

Enter new password:

Re-type new password;
$

Thus UNIX wants you to type in your old password. Then it asks for the 
new password. Finally, UNIX confirms your new password by asking you to
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type in the new password again. If by any means, any mismatch happens, 
then the UI^X system warns you that the information provided by you is 
inconsistent as shown below :

$ passwd

Changing password for shefali 

Enter old password:

Enter new password:

Re-type new password:

Mismatch-password unchanged

Unix O/ii'iutiiifl Sysii'm

NOTES

$

As stated earlier also, UNIX doesn’t show the passwords typed by you on the 
screen because of security reasons.

Before you proceed to the next section, answer the following questions.

1. Can you change Passwords in UNIX.

2. Give procedure to change Password in UNIX.

If your answers are correct, then proceed with the next section.

Choosing a New Login Name and Password

It is said to be a good practice to choose good secret passwords or combinations 
and keep them secure. Here are a few tips for selecting the right login name 
and password.

1. Your login name should not be less than two characters and normally 
should not exceed eight characters. Moreover, it should begin with a 
lowercase.

2. Choose a password that is greater than at-least six characters. The smaller 
the password, the more vulnerable it is to be leaked out.

3. Don’t at all use easily guessable words like sun, moon, stars, etc.

4. Don’t choose a password based on personal information like your spouses 
name, your middle name, your surname, your job title, etc.

5. The password should contain two alphabets and one numeric or a special 
character. It cannot include spaces in it.

6. Never choose a password that is very complicated and not easily 
memorizable. In such a case, the chances of leaving a copy of the password 
on a piece of paper near the computer rise. Therefore, keep a password 
that is neither too short, nor too difficult to remember.

T. You should avoid picking up a password from the computer dictionary.

You should make sure that you remember your' password. When you enter 
your password, UNIX encrypts it and saves it in 9 ,specific file. In a case, if
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. you forget your password, then even the system administrator cannot decrypt 
it. Therefore, he will have to create an entirely new account for you. Now, 
you must have realized how important security is on a UNIX system. UNIX 
also offers a variety of tools to maintain security. One such tool is ,the usage 
of the ‘lock’ command. This command is found on many systems. The lock 
command locks your keyboard till the time you enter a-valid password, as 
shown below :

$lock •

Password :

Sorry 

Password :

If the correct password is not entered, then the lock command does not give 
control of the keyboard. If the correct password is not entered in a certain 
number of chances, then the lock command logs you off the system 
automatically. It is a very powerful tool to use if you are leaving your system 
just for a few minutes and want to make sure that no,mischievous hands 
fiddle with your files and directories.

NOTES

✓

UNIX Command Structure
There are a few of UNIX commands, that you can type, them stand alone. 
For example, Is , date, pwd, logout and so on. But UNIX commands generally 
require some additional options and/or arguments to be supplied in order to 
extract more information. Let us find out the basic UNIX command structure.

The UNIX commands follow the following format ;

Command [options] [arguments]

The options/arguments are specified within-.square'brackets if they are 
optional. The options are normally specified by a (hyphen) followed by 
letter, one letter per option.

Some Commonly Used UNIX Commands
'!^ere are many commands you will use regularly. Let us discuss some of 
these commands, but please make a note that the options that are specified 
for the commands may not necessarily work on all look-alike UNIX. There 
might be some variations, (which can be ignored) here and there. The 
commands covered in this unit are :

banner - To display information.

- To display calendar on the screen, 

date -'To display and set the current system date and time, 

passwd - To install or change the password on the system.

//

cal

?
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To detennine the currently logged users on the system. Unix Operutinn Synlemwho
finger - Gives specific information about a user.

The banner Command
NOTESThis command displays information. It displays its argument exploded to a 

bigger size, onto the standard output. The banner command splits up the 
long arguments on individual word boundaries. It, displays the argument up 
to 10 characters in large letters.
Options ; None 

Example ; $ banner VICKY 

Output :
* ****** ** * I » 4 *44 * 44 4 444 4 4 . : . '

4y '' ..
■i*

44 4 44 4 *44 4
***» * »» * ** * .1:' :i'** .* *

* •■****

* • ** *** * *
Figure 2.4 ' \

The cal Command
The cal command creates a calendar of the specified month for the specified 
year. If you do not specify the month, it creates a calendar for the entire 
year. By default this command shows the calendar for the current month 
based on the system date. The cal writes its output to the standard output. 
Syntax : cal [ [mm] yy ]
where mm,is the'month, an integer between 1 and 12 and yy is the year, 
an integer between 1 and 9999. For current years, a 4-digit number must be 
used, ‘98’ will not produce a calendar of 1998.
Options : None 

Examples :
(i) $ cal

Output : '
/vMay 1999

S M T W TH F S
1
s6 72 3 4 5

10 11 12 13 14 159
16 17 18 19 20 21 22
23 .24 /
30 ' 31

25 26 27 28 29
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Ui) $ cal 1998
The above command displays the calendar for entire year, 1998. The 
entire year will whip by, month by month.

Uii) $ cal 1998/lpr
The above command prints the calendar for the entire year onto the 
printer.

OptTaliiiu SysU'in with 
■ Unix aiie/ Shell 

Prouraininiiif!

NOTES

The date Command

It shows or sets the system date and time. If no argument is specified, it 
displays the current date and the current time.
Syntax : datel+options]
Options : %d - displays date as mm/dd/yy

%a - displays abbreviated weekday (Sun to Sat)
%t - displays time as HH :MM :SS 

%r - displays time as HH ;MM :SS(A.M/P.M.)
%d - displays only dd 

%m - displays only mm
Examples : .

(i) Sdate -
It will display date as - Mon June 9 0^ : 50 ;24 EDT 1998.

(ii) $ date +%d
It will display date as - 11/12/98 

Uii) Sdate +%r
It will display time as.- 07 : 20 :50 PM

(iu) If you are working in the superuser mode, you, can'set the date as 
shown below
$ date MMddhhmm[yy] 

where MM = Month (1-12) 
dd = ; day (1-31) 
hh = hour (1-23)

= minutes (1-59) 
yy = Year

It sets the system date and time to the value specified by the argument.

'I,
I mm
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The passwd Command Unix Opuruting Sysh-m

The passwd command allows the user to set or change the password. 
Passwords are set to prevent unauthorized users from accessing your account. 

Syntax ' ; passwd [user-name]

Options : -d
NOTES

Deletes your password .

-X days This sets the maximum number of days that the 
password will be active. After the specified number of 
days you will be required to give a new password.

-n days This sets the minimum number of days the password 
has to be active, before it can be changed.

This gives you the status of the user’s password.

The above options can be used only by the superuser..

Example :

$ passwd -X 40 bobby.

The above command will set the password of the user as ‘bobby’ which will 
be active for a maximum of 40 days.

Also note, that passswd program will prompt you twice to enter your new 
password. If you don’t t3T3e the same thing both the times, it will give you 
one more chance to set your password.

Spasswd ; bobby 

Old password :

New password : •

Re-enter new password :

-s

The who Command

’file who command lists the users that are currently logged into the system.' 

Syntax ; who [options] ,

Options •: -u •' - lists the currently logged-in users.
I

- gives the status of all logged-in users.
I

am i - this lists login-id and terminal of the user invoking this 
command.

-t

Examples :

(i) $who -t 

Output : . 

Shefali 

. .Bobby -

■R \

ttyol Jan 12 9;50-I-

Janttyo2 12 10:10 '
I

I'O!)Sclf-I’i'ilriirliiiiial Matrnnl



The second column here shows whether the user has write permission 
• or not.

(ii) $who -u 

Output:
Shefali

Opi'ixilinn Sy,stpiii with 
Unix and Shell 
Pniprainining

NOTES
9:50 123512ttyol

Bobby ttyo2 Jan
The last column here denotes the process-id.

Jan
- 10:10 240112

(Hi) $who am i 
Output : 
Shefali 14:34Jan 12ttyp6
This command shows the account name, where and when I logged in. 
It also shows the computer terminal being used.

The Finger Command
In larger system, you may get a big list of users shown on the screen, 'fhe 
finger command with an argument gives you more information about the 
user. The finger command followed by an argument can give a complete 
information for a user who is not logged onto the system.
Syntax : finger [user-name]
Options : none 

Examples :
(i) $ finger shefali

This command will give more information about shefali’s identity as 
shown below :
Login name : shefali
(512) 222-4444
Directory : /home/shefali
Last login Fri May 16 12 : 14 : 40 on ttyol
Project : X window programming
Shefali ttyol May 18 20 :05

Hi) If you want to know about everyone currently logged onto the system, 
give the following command :
Sfinger

e

File System, Commands, Permissions Changing Order and 
Group

ii

As we have already discussed, file, ..in a UNIX system is a unit of storing 
information. All utilities, applications and. data are represented as files.

/ I
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The file may contain executable programs, texts or databases. They are stoi-ed 
on secondary memory storage such as a disk or magnetic tape.

■ Naming Files

You can give filenames upto 14 characters long. The name may contain 
alphabets, digits and a few special characters. Files in UNIX do not have the 
concept of primary or secondary name as in DOS, and therefore file names 
may contain more than one period(.).

Unix Opf'dlini; Syslx'iii

NOTES

Therefore, the following file names are all valid filenames : 

mkt.c name2.c .star

However, UNIX file names are case sensitive. Therefore, the following names 
represent two different files in UNIX.

mkt.c Mkt.c i

a. out

File Types
The files under UNIX can be categorized as follows :

1. Ordinary files.

2. Directory files.

3. Special files.

4. FIFO files..

We are discussing about these files below.

Ordinary Files

Ordinary files are the one, with which we all are familiar. They may contain 
executable programs, text or databases. You can add, modify or delete them 
or remove the file entirely.

Directory Files

Directory files, as discussed earlier also represent a group of files. They 
contain list of file names and other information related to these files. Some 
of the commands which manipulate these directory files differj from those for 
ordinary files. '' I

Special Files '

Special files are also referred to as device files. These files represent physical 
devices such as terminals, disks, printers and tape-drives etc. These files are 
read from or written into just like ordinary files, except that operation on 
these files activates some physical devices. 'Hiese files can be of two types 
Character device files and block device files. In character device files data 
is handled character by character, as in case of terminals and printers. In 
block device files, data is handled in large chunks of blocks, as in the case 
of disks and tapes.' ^
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FIFO Files
FIFO (I'li'st-in-first-out) are files that allow unrelated processes to 
communicate with each other. They are generally used in applications where 
the communication path is in only one direction, and several processes need 
to communicate with a single process. For an example of FIFO file, take the 
pipe in UNIX, This allows transfer of data between processes in a first-in* 
first-out manner! A pipe takes the output of the first process as the input 
to the next process, and so on. ,

NOTES

File Names and Metacharacters

refer to a group of files with the help ofIn UNIX,
METACHARACTERS. These are similar to wild card characters in DOS.

we can

The valid Metacharacters are ? and [ 1.

* replaces any number of characters including a pull character.

? used in place of one and only one character.

[ ] brackets are used to specify a set of a range of characters.

Examples :

(i) $ Is *.c

It will list all files starting with any character or characters and 
ending with the character c.

'(ii) $ robin^‘
It will list all the files starting with robin and ending with any. 
character.

(Hi) $. Is X ?yz*

It will list all those files, in which the first character is x, the second 
character can be anything, the third and fourth characters should be 
respectively y and z and that the rest of the name can be anything.

(lu) $ Is l[abc] mn

It will list all those files, in which the first character is 1. the second 
character can be either a, b or c the last two characters i.e.., 3"^ and 
4’^'^ should be m and n respectively.

Alternatively the above command can also be^given in the following 
manner. , “

$ Is l[a-c]mn \.

You should be very careful in osihg these metacharacters while deleting 
files, they may unintentionally-erase a lot many files at one time.

I
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Unix OperuiluB SyfittnnFile Security and Ownership )•
The data is centralized on a system working with UNIX. However, if yoii do 
not take care of your data, then it can be accessed by all other users who 
login. And there cannot be anything private to a person or a group of persons. 
The first step towards data security is the usage of passwords. The next step 
should be to guard the data among these users.Hf the number of users are 
small, it is not much of-a problem. But it can be problematic on a large 
system supporting many users. UNIX can thus differentiate a file belonging 
to an individual, the owner of a file or group of users or the others with 
different limited accesses, as the case may be. The different ways to access 
a file are :

Read (r) - You can just look through the file

Write (w) - You can also modify it

Execute (x) - You can just execute it

Therefore if you have a file called vendor.c and that you are the owner ,of it, 
you may provide yourself with, all the rights rwx [read, write and execute]. 
You can provide rx (read, and execute) rights to the members of your group 
and only the x (execute) right to all others.

Normally, when you create a file, you are the owner of the file and your 
group becomes the group id for the file. The system assigns a default set of 
permissions for file, as set by the system administrator. The user can also 
change these permissions at his will. But only a superuser can change these 
permissions (rwx), ownership and group id’s of any file in the system.

Giving the execute peimission to the data file is absolutely meaningless. 
Similarly, giving the write (w) permission to an executable file does not 
carry any sense. The execute (x) permission on directories mean that you 
can search through the directory and the write (w) permission means that 
you can create or remove files in the directory. The read (r) permission 
means that you can list the files in the directory.

NOTES

Some Commonly Used Commands
Now, let us discuss some of the commonly used file and directory commands 
as listed in the following table.

Listing of files and directoriesIs

Copying filescp

Moving or renaming a filemv

Creating a link to a fileIn

Removing a filerm
I'
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Displaying the contents of filescat

Printing current working directorypwd ' V

Making a new directorymkdirNOTES
Changing a directorycd

Removing a directoryrmdir

Changing access permission for fileschmod

Changing ownerchown

Changing groupchgrp
/

The Is Command
The Is command is used for listing information about files' and directories. 

Syntax : Is [-optioris] [filename]

Here, filename can be the name of the directory or file. If it is directory, it 
lists information about all the files in the directory and if it is a file, it lists 
information about the file specified. You can also use metacharacters to 
choose specific files.

Options : ■ t
List all directory entries including, (dot) entries.

Give the name of directories only.

Print group id only in the long listing.

Print inode number of each file in the first column.

Lists in the long or detailed format owner’s id only in the long listing. 

Reverse the order in which file names are sorted.

This lists the disk blocks (of 512 b5^es each), occupied by a file. 

Sort file names by time since last access.

Sort file names by time since last modified.

Display files in columns.

Recursively lists all subdirectories.

Marks type of each file.
You can make use of more than one option at a given time, just group them 
together and precede them with -

-a

-d

g
1

1

r

s

u

t

C

R

F
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Unix Opfratinu SystiunExamples :
(0 $ Is-lu /usr/’^c

Output : mkt 
- («') $ Is -1 /usr/mkt

The above command ^ves a long listing of the mkt directory, which 
is inside the usr directory as illustrated below :
drwxr-x- -3 bobby engineer 79 may 15 15 :22 bin 

-rwxr-x- -2 bobby engineers 422 jan 12 10 :38 sale.c 

(tu) $ Is-l/dev
The above command gives a typical listing, of the dev directory in the 
root.as illustrated below : 
crw- -w- -w 1 root 0,0 Feb 19 12 :05 console 

brw

NOTES

1 root 0,1 Feb 19 11 :08 hpob 

brw-rw- - - 1 root 6,2 Jun 06 11 :18 ntl 
crw-rw- - - 1 gemale 1,5 Feb 10 12 :30 ttyo4

I

Let us now analyze the different parts of the output shown above : 
-rwxr-x-x 15 bobby engineer 422 Janl210 :38 purchase.c 

3 4 5 6
From the leftmost column :

column denotes file type. It can be : 
for ordinary file 

d for directory file
c for character device file. Here, it is an ordinary file.

-
. 2"“ column denotes .file permissions for the owner, group and others 

respectively from left. The permissions can be ;
r read permission 

w write permission 

X execute permission 

no permission
Therefore, here rwxr-x—x means the owner has read, write and execute 
(i-wx) permissions, the group has read and execute (r-x) permissions and all 
others have only execute (x) permission.
3’’’^ column here shows, that there are two links to this file.
4^ column here shows, that bobby is the owner of this file.
5^^ column here shows that engineer is the group name, the owner belongs to.

7 81 2
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6^^ column here shows that file size in bytes is 422.

7^^ column here shows that Jan 12 10 :38 is the date and time, the file was 
last modified.
8^^ column here shows that the filename is purchase.c

The cp Command

The cp command creates a duplicate copy of a file.

Syntax : cp file! file2 ^

Options None

The cp command of UNIX copies one file to another or one or more files to 
a directory. Here, the filel is copied as file2. If file2 already exists, it is 
overwritten by the new file. The file names specified may be full path names 
or just the file name (current working directory, will then be assumed).

Examples :

(i) $ cp mkt.c new_mkt.c

Here’the file ‘mkt.c’ which is present in the current directory will be 
-copied as ‘new_mkt.c’ in the same current directory.

Hi) $ cp *.c /usr/mkt

The above command wfil copy all the files ending with the letter ‘.c’ 
to the directory called -nikt present under usr directory.

The niv Command
This command moves or renames files.

• Syntax : mv filel file2 ■ .

Options : None

The mv command moves a file from one directory to the another directory. 
Here ‘filel refers to the source filename and ‘file2’ refers to the destination 
filename. Moving a file to another within the same directory is equivalent 
to renaming the file. Otherwise also, mv doesn’t really move the file, it just 
renames it and changes directory entries.

Examples :

ii) $ mv *.c /usr/mkt

This command will move all the files ending with the letter ‘.c’ to the 
directory called ‘mkt’.

Hi). $ mv mkt.c new_mkt.c

Here, mv will rename the file ‘mkt.c’ present in the current working 
directory as ‘new_mkt.c’ in the same working directory.

NOTES
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Unix Opiratine SytnemThe In Command

The ‘In’ command adds one or more links to a file.

Syntax : In' filel file2

The In command here establishes a link to an existing file. File name ‘file!’ 
specifies the file that has to be linked and file name ‘file2’ specifies the 
directory into which the link has to be established. If the ‘file2’ is in the 
same directory as filel then the file seems to carry names, but physically 
there is only one copy. If you use the Is -li command, you will find that the' 
link count has been incremented by one and that both the files have the 
same inode number, as they refer to the same data blocks in the disk. Any 
.changes that are made to one file will be reflected in the other. And if‘file2’ 
specifies a different directory, the file will be physically present at one place 
but will appear as if it is present in other directory, thereby-allowing different 
users to access the file. It saves a lot of'disk space because the file is not 
duplicated.

But you should note that you should have a write permission to the directory 
under which'the link is to be created.

Examples :

(t) $ In /usr/mkt/mkt.c /usr/mktl/new_mkt.c

This will create a link for file mkt.c in ‘mkt’ directory to ‘mktl’ directory 
by the name ‘new-mkt.c’.

(j'i) $ In m5dile.prg newfile.prg

Tlie above command links the file ‘myfile.prg’ as ‘new_file.prg’ in the 
same directory. You can see these files by giving the Is command.

NOTES

The rm Command
The ‘rm’ command removes files or directories.

Syntax : rm [options] file(s)

This command is used for removing either a single file or a group of files. 
When you remove a file, you are actually removing a link. The space occupied 
by the file on the disk is freed, only when you remove the last link to a file.

Options :

i - confirms on each file before deleting it.

f - removes only those files which do not have write permission.

r - deletes the directory and its contents along with all the sub-directories 
and their contents.
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Examples :
(i) $ rm -ir /usr/mkt/new_mkt.c

The above command will remove all the files and sub-directories (and 
their contents) of the mkt directory and the mkt directory itself.

(ii) $ rm /usr/mkt/*.c
This will remove all the c program files (.c) from the mkt directory.

NOTES

The cat Command
It displays the contents of a file onto the screen.
Syntax : cat file....
The cat writes the contents of one of more files, onto the screen in the 
sequence specified. If you do not specify an input file, cat reads its data from 
the standard input file, generally the keyboard.
Examples :

(i) $ cat /usr/mkt/new_mkt.c
This command will display the contents of c program file ‘new_mkt.c’ 
onto the screen.

• (ii) $ cat
The above command will get the input from the keyboard as illustrated 
below :

My first UNIX session 

I am enjoying learning UNIX.
Directory manipulation commands
These commands help you to see a directory listing, create a new directory, 
change a directory and remove directories from the disk. Let us discuss 
them in detail :

The pwd Command
The pwd command is used for printing the complete pathname of you current 
working directory, i.e., the directory you are presently in.
Syntax : pwd 

Options : None 

Example : $ pwd 

Output : /usr/projectl/mkt

The mkdir Command
This command helps you to create new directories. 
Syntax : mkdir dirl [dir2 ]
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The nikdir command allows you to create new directories. You can specify Opcraiins System
more than one directory name in a single command but they should carry 
different names. The directory names that you specify can be an absolute or 
relative pathname. The new directories created will be empty except for 
containing the dot entries, which are used by the UNIX system.
Options : None 

Examples :
(i) $ mkdir lesson

This will create a directory called ‘lesson’ in you current working 
directory.

(ft) $ mkdir /usr/plan
This will create a directory called ‘plan’ inside the ‘usr’ directory.

NOTES

The cd Command
The cd helps you to the change from one directory to another.
Syntax ; cd [directory name]
The cd command changes from your current directory to the newly specified 
directory, cd without an arguihent takes you to HOME directory, You can 
use pwd to check whether,you arrived at the current directory or not.
Options ; None
Examples :

(i) $ cd lesson
The above command will take you to the ‘lesson’ directory.

(ii) $cd /usr/plan •
This takes you to the plan directory.

(Hi) $cd .
This takes you to your Home directory.

On issuing the pwd, you can see your HOME directory.
$ pwd 

/usr/mkt

\

The rmdir Command

The rmdir removes directories from the disk.
Syntax : rmdir dirl (dir2..1
This command removes one or more directories from the directory system. 
As stated in the mkdir command also, you can specify more than one directory
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name but separated by commas. In order to remove a directory, you should 
have the write permission with you. The directory that you are trying to 
remove should not contain any files and directories under it. The directory 
to be removed should not be the current directory.

Examples :

(t) $ rmdir lesson

This will remove the ‘lesson’ directory, present in your current working 
directory.

(ii) $ rmdir/usr/plan

This will remove the plan directory, present inside the usr directory.

File ownership and permission manipulation commands

These commands allow you to change access permissions, owner and group 
of files. Let us explore these commands in more detail :

Operatiiii’ System with 
Unix and Shell 
Prograiniinnn

NOTES

The chmod Command

The command chmod will change access permission to a file.

Syntax : chmod [for whom] operation permission file name,

A file is assigned default permissions when it is created so that it is accessed 
by the owner, group and others. The owner can change these permissions at 
his discretion using these commands. But only a superuser can change these 
permissions for any file on the system. In the syntax, ‘For whom’ denotes the 
user type, and can be :

u user or the file owner 

g the group to which the ,file owner belongs 

0 other users, not part of the group 

a all users

‘Operation’ denotes the options to be done, and can be ;

+ add permission 

remove permission 

= assign permission 

‘ Permission’ can be ; 

r read permission 

w write permission 

X execute permission
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Unix Operating SystemThe filename(s) can be : the files ,on which you want to carry out this 
command. •

Examples :

Now let us take an example.

(t) First see the file permissions using the Is -1 command for mkt.c as 
shown below :

NOTES

$ Is -1 mkt.c

Output ;

-rwx- -X- - 2 root other 1428 May 15 07 :34 mkt.c 

i.e., user has rwx, group has x and all others also have x permission, 

(i/') Now use the chmod command as illustrated below :

$ chmod u-x g+w o+r mkt.c

The above command remove execute (x) permission for user, give write 
(w) permission to group and give read (r) permission to all others.

(Hi) Then again use the Is -1 command to verify, if the permissions have 
been or not set.

S Is -1 mkt.c

Output :

-rw- - wxr-x 2 root other 1428 May 15 07 :34 mkt.c 

Alternatively, you could have also used the following commands to do the 
same work ;

Schmod u=rw g=wx o=rx mkt.c 

If we use

$ chmod a=rwx mkt.c 

8-ls -1 mkt.c

Output

-rwxrwxrwx 2 root other 1428 May 15 07 :34 file.c

In the above command, a=rwx assigns read, write and execute permission to 
all users. -•

The chown Command

.The chown command changes, the owner of the specified file(s).

Syntax : chown new-owner filename ■

The chown-coriunand changes the owner of the specified file (s). This command 
requires you to be in the superuser mode. The new owner can be the user
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ID of the new owner or the new owner’s user number. You can also specify 
the owner by his name. But the new owner should have an entry in the /etc/ 

.. passwd file. The filename is the name(s) of the file(s), whose owner is to be 
changed.
Options : None .
Examples :

(i) $ chown bobby sales.c
The above command now makes bobby the.owner of sales.c file 

(u) $ Is -1 sales.c 

Output :
-rwxr-x- - X 1 bobby engineer 1826 May 15 17 ;56 sales.c

Opcrnliiie Systfin with 
Unix and Shell 
Pnigrammiiig

NOTES
^ ■

The chgrp Command

The purpose of chgrp command is to change the group of a file.
Syntax : chgrp group filename.
Only the superuser can use this command. This command changes the group 
ownership of a file. Here group denotes the new group*ID and filename 
denotes the file who’s group-ID is desired to be changed.
Example : .

$ chgrp shefali sales.c
This changes the group-ID of the file ‘sales.c’ to the group called ‘shefali’.

FILTERS
Filters are the programs (or commands) that reads from standard input file, 
process (or filter) it and write Ithe output to the standard output file. Most 
UNIX commands are filters as they use standard input and output. B'or 
examples, cat is a filter command that joins the contents of the two files into 
one long stream of data as illustrated below :

$ cat studentl Student2 > class
The above command creates a temporary file ‘class’ by combining two files 
‘studentl and ‘student2’. " h.

Importance of Filters
The importance of filter commands is that these'commands can be combined. 
The data from one filter can be passed to another filter. For instance, by

I
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using cat filter, you can create a temporary file and by using the nl filter, Operating System
you can adds the line numbers and store the output in another temporary 
file as. So, the data of filter ‘cat’ passes to the filter ‘nl’ as illustrated below ; 

nl < class > school NOTES
Filter Commands

We are discussing below the important filter commands.

The tee Command
The tee is a useful filter command. It not only reads the standard input and 
sends the output onto the standard output, but also redirect a copy of what 
it has read, into the file of your choice. It thus forms the concept of T used 
by the plumbers. Therefore, if you have a piping problems, using number of 
filters, you can extract some of the data .from the middle using the tee.
Examples : . .

(i) You can send the contents of file ‘sonia.c’ to both printers and another 
file ‘gandhi.c’ by following command ;
$ cat sonia.c | tee gandhi.c | Ipr
The above command is equivalent to following two commands :\
$ cat soina c > gandhi 
$ Ipr gandhi

(ii) If you wish to append a file using tee, just use it as options shown 
below ;
$ Is -11 tee -a gandhi c ( Ipr 

The pg Command
This command displays the contents of a file (S) one page at a time. The 
format of the command is as follows :

pg [filename....]
Where, the file neime is the name (S) of the file (S), you wish to view. You 
can specify either the absolute pathname or the relative pathname. If you 
do not specify any/lilename, it takes its inputs from the standard input file. 
This command is generally used at the end of the pipeline, because its 
output is not useful in midway.
After displaying one screen, it displays ‘ :’ at the bottom of your screen, and 
waits for your response. If you press <RETURN> key it shows the next 
screen and so on^^e various options used with pg commands are listed in 
Table 2.1. ■ ' ' '

. \
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Table 2.1. Options used with pg command

Option *■ Function

; n <Enter> Skips the n number of pages before displaying the next 
page e.g.,NOTES

: 4 <Enter> Skip 4 pages before displaying another page.

:-3 <Enter> Skip back 3 pages before displaying another page

: n <Enter> Scrolls n number of line forward or backward, e.g.,'

: 50 < Enter> Scrolls forward by 50 lines and

: *25 <Enter> Scrolls backward by 25 lines

: p Program <Enter> Cause pg to search forward for the first occurrence of 
the string Program or program

: n [gG]oa <Enter> Causes pg to search forward for occurrence of the string 
Goa or goa.

Enter> Causes the current line to be redisplayed.

; $ <Enter> Causes the last screen of the file to be displayed

: q <Enter> Quits the pg program, out to the shell.

Displays* the list of pg commands: h <Entef>

: n <Enter> Takes you to the starting of the nth file, if you specify 
more than one file to the pg command

: p <Enter> Takes you to the beginning of the previous file.

The more Command

This command displays the contents of a file (S) one screen (or page) at a 
time. The format of the: command is as follows :

more [filename

This command is similar to the pg command, but with very limited options. 
At the end of one screen display it displays following message :

. - X
(20%) at the bottom of the file.—more

Here 20% means of that 20% of the file contents are yet to be listed, and 
that it wai4 for your response. Pressing spacebar will display the next 
screen, pressing <Enter> will cause one line at a time to be displayed and
typing ‘q’ will quit the more program. -More’ command displays the contents 

_of-bne file after the other if you specify more than one filename.

/ ■
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The head Command

This command displays the first n lines of a file. The format of the command 
is as follows :

Unix Opcrtitinj; Syshnn 
l‘l

head [-n] [filename..... ]

where n is the number of lines. If you don’t specify a value for n the default 
value is 10 lines. Head is a filter program and can be used anywhere in the 
pipeline.

Examples :

(i) $ head manoj. c

This command will display the first 10 (default) lines of‘manoj. c’ 

hi) $ head -4 manoj. c

This command will display the first 4 lines of ‘manoj. c’

(Hi) $ cat sanjay. C J head j wc -1

Here since head is without a value of n, you will see first 10 lines by 
the we -1 command.

'(iv) $ head < bill > billrepo 2» & 1

This will takes it input from the file ‘bill’ and output the first 4 lines 
in the file ‘billrepo’. The error messages if any will also be stored in 
the output file ‘billrepo’.

The tail Command

This command displays the last n lines' of a file. The format of the commands 
as follows :

NOTES

•S'

tail [+/-n) [filename]

Wliere n, denotes the number of lines. If you do not specify any value for n 
by default it displays the last 10 lines. The filename is the name of the file 
you wish to view. But unlike head command, you can specify only one filename 
here. If you do not specify any filename, it takes its input from the standard 
input file.

Examples :

(}') $ taikmanoj. c

This-will display the last 10 lines of the file ‘manoj.c’

{«) $ tail -3 manoj. c

This will display the last 3 lines of the file ‘manoj.c’

(Hi) S tail + 30 bill, c
This will display all,lines starting from the 30^^ line to the end of the.

Vn ■ . ■

/

('''(I
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(iu) $ cat shallu. c | tail -5 | wc -c
This displays the number of characters in the last 5 lines of the file 
shallu c.

(u) $ tail +30 ritu. c ] head -2
This displays lines starting 30*^ through 50, from the file ‘ritu.c’.

The wc Command
This command counts characters, words, and lines in the input file. The 
format of the command’s as follows :

wc [options] [filename
If you don’t specify a file name, we take its input from the standard input 
file and write it to the standard output. You can specify more than one 
filename at a given time. It will then list the count statistics for each of the 
file specified, one after the another. If you don’t specify an option, it reports 
all the three counts : Characters, words, and lines.

(i) $ wc sarika
This command counts characters, words and lines in the file ‘sarika’ 

(«■) $ wc -cw sarika
This command counts characters and words in the file ‘sarika’

(iu) $ Is ( wc •- 1
This command counts the number of lines in your current directory, 

(to) $ who -u I wc -1
This command counts the number of users currently logged on the 
system.

The cut Command
The cut is a filter program and can be used anywhere in a pipeline. This 
command is a bit different, from the earlier command, in the sense that it 
allows some field (S) or columns (S) of the file to be manipulated, it cuts the 
fields specified from a file (S) separated or delimited by a character. The 
default delimiter is the tab character. If you do not specify a filename, cut 
will take its input from the standard input file. You can also specify more 
than one file name. It will first cut from the first file, then the' second file 
and so on, This command cuts specified characters or field (S) from a given 
file (S). The format the command is as follows :
cut option [file name....)
The various options used with this command are :

i ■

-d delimited, separating the fields

Operalini^ System with . 
Unix (jnd ‘^hell

/

NOTES
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-c character to cut 
-f fields to cut
It is compulsory to specify either the c or the f option to the cut command, 
without which it will give an error.
Example :
Consider the file ‘excel’ with following data :

Class

Unix Sy

NOTES

Roll no Name
101 Shalu BCA
102 Jose 

Vijaya 

Devender 

Tanuja
(i) $ cut -d” " -n excel

The above command will display - 

101 '

BCA
105 PGDCA

PGDCA104
103 BCA

102
105
104
103
Here the first field (-fl) was cut, and that the delimiter is a space
{“

Hi) $ cut -f2,3 -d
The above command will cut 2"** and 3'’*^ field from file ‘excel’. The 
output will be as follows :
Shalu 

Jose

u u excel

BCA
BCA

Vijaya 

(Hi) $ cut excel [ cut -d
PGDCA

*> u -£2 grep “sh*”
The above command will show all those student names (2”'^ field) 
which begin with ‘sh’.

(iv) $ cut c4, 5 stud_mas
This will cut the 4*^ and 5* (character) of the file excel. ^7

The paste Command
This command concatenates data from files line by line. The formal of the 
cornmand is as follows ;

i'' ' ' ' \ ' < .1

/.vt ; paste [-d|<c^aracter>] filename,...
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where “d” defines the delimiter character, when joining files. Tab is ihe 

default delimiter.

Example : '

Opeialtng System iiiilh 
Unix and ^h'cll 
Progi-nmtning

$ cut -n -d” “

$ cut -f2 -d 

$ paste -d” “ filell file2

< excel > filel

< excel > file2
NOTES

M U

Output :

BCAShalu01

BCAJose02

PGDCAVijaya03

The cmp Command

This command compares two files and reports the occurrence of the first 
difference between the two files. The format of the command is as follows ;

cmp filell file2

cmp compares the two file on a line wise line basis. The moment,it encounters 
a difference, it comes out of the program, back to the .shell prompt, wjih a 
message as illustrated below :

File2 filel differ ; char 31 line 5

i.e., the first difference occurs on 31®^ character from starting of filel and it 
is on 5^^ line (of filel). If there is no difference between the two files, then 

cmp just takes you back to the shell prompt.

The diff Command

This command compares two files and reports of their differences. The format 
of the command is as follows ;

diff [-e] filel rile2
The diff compares the two files on line wise line basis and even if the two 
lines differ by one character, the whole line is reported.

I

The sort Command

•This command sorts the file on the key file (S) and options specified, Sorting 
is based on the ASCII collating sequence. The sort is a filter program and 
it sorts lines form an input file based on the key field (S) and option (S). you 
specify. The various options uSed witji sort command are listed in 
Table 2.2. , , ' '

I

V
/
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Table 2.2. Options of sort command Unix Opi'ralinf' System

Option Function

Specifies the field separator or the filed delimiter. Default 
is the tab character.

-t
NOTES

Indicates numeric sort.-n

Reverses the sort.•1

-f Ignore case while sorting

Unique sort*i.e., only one copy of lines with duplicate 
keys goes to the output.

‘U

\

skips first'n fields and sort on (n+l)th field.+(n)

stop considering after nth field-n

It merges the specified files. Input files must be already 
sorted according to the same specification '

-m

Use the file named in the following arguments as the 
output file.

•0

Examples :

(r) The command used ,to sort on first field in the ascending order is given 
below :

$ sort excel

The above command will sort on the first field i.e.. and would 
result :
01 Shalu BCA
02 Jose BCA

Tanuja 

Devender 

Vijaya

Hi) To sort the file excel on the student name, with space as the delimiter 
for fields. The output would be as follows :

$ sort -t” “ +1 excel

Devender

Jose

03 BCA
04 PGDCA

PGDCA05

04 PGDCA

02 BCA
01 Shalu BCA
03 • Tanuja

Vijaya

BCA

05 PGDCA
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(Hi) $ cat excel | sort -t” “ +1 | pg

This will show the sorted output listing page by page. If you specify 
more than one filename, the sort will sort all the lines of all the input 
files together. So, sort command can merge the files also.

The grep' Command

This command searches the input file (s) for a matching pattern. The grep 
is an acronym for “globally find regular expression and print”. It is very 
efficient command for searching a pattern of character strings in one or 
more files. You can use both regular expressions containing ordinary character 
and metacharacters, in the search pattern. If you do not specify an input 
file, it takes its input from the standard, input file, grep can be used any 
where in the pipeline..

The format of the command is as follows :

grep [options] search-pattern [filename....]

NOTES

Options :

-c Reports only the count of matching lines.

-i Reports only the names of files containing lines, with the search pattern. 

V Displays those line, not having the search pattern, 

n Precede each line by the line number in the input file.

Examples :

(i) $ grep std '^.c

The above command will display all lines containing words such as for 
stdin, stdout, stderr, etc,

(ii) If you want to search the exact match of the “std” string then enclose 
it within quotes, as shown below ;

$ grep “std” ’“.c

(Hi) The following command will display all lines beginning with an 
uppercase letter.

$ grep “ M A-Zj.

(iv) The following command will display all lines which begin with a blank. 

$ grep manoj.c

The find Command

This command is one of the most powerful commands of UNIX, with a very 
complex line structure. Sometimes, you know the name of a file, but you do 
not know where it is in the directory system. It could be very time consuming,
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Unix Opsratinj^ SystefTimanually, to search every directory. The find can be used to find a file in the 
directory system. The format of the fine command is as follow^ :

option........find pathname

Tlie find command searches through the directory hierarchy and looks for all 
those files which match the options specified. It searches every directory 
path starting with the directory specified in “pathname”, find will report the 
filenames, with full path names, for each file that meets all the conditions 
specified by the options. The various options used with find command are 
listed in Table 2.3.

NOTES

Table 2.3. Options used with find command

FunctionOption

The file must have been accessed in the last n days 
where ‘n’ is an integer.

-atime n

The file must have been changed in the last n days 
where "n’ is an integer.

-time n

This executes a UNIX command for each file which meet 
all the conditions specified in the find command options.

-exec command

This selects all files belonging to the group specified.-group name

J Each option, as usual is preceded by Some options will be followed 
by an argument. A “-I-” sign before a number (“n”) in an option means 
“more than”. A

NOTE

sign means “less than” For example : the option - 
atime + 10 means “all files that have not been accessed for 10 days”. If 
you specify a as the pathname, the search starts with your current 
working directory.

u n

Examples :

(t) $ find -name ‘shalu.c’ -print

This finds a file called shalu.c, starting the search at the root directory. 

iii) $ find -name ‘a*’ - print 

This finds all those file which begin with the letter ‘a’.

Uii) $ find I usr | projectl - newer ‘ | etc | manoj -print.

This find all those files which are newer than | etc | manoj. The search 
will start with | usr [ projectl directory.

liio S find j -name ‘dev’ - type d -print

This prints all directories named ’dev’ in the system."
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PIPES

In UNIX, you can combine certaih commands into one compaind command 
by a technique called pipe or,piping. Pipe is the mechanism that combines 
two adjacent programs or comViiands by connecting the standard output of 
one program (or command) to the'standard input of the next program (or 
command). So, (the output of one command becomes the input of the next 
command. Piping is done by using the symbol ‘ | ’ called a pipe symbol. The 
Syntax of piping command is as follows :

$ cbmmandl

NOTES

command2 I command 3

Examples :
ii) You can pipe the output of who command to the command wc for 

counting the number of users logged onto your system by giving the 
following command :

$ who I wc - 1 ■

As wc - 1 caints the number of lines from the listing of who command, 
you will get the output in a number (such as 4 or 5) indicating the 
number of users.

Hi) To list the programs (e.^., ‘ashok’ and ‘shefali’) give the following 
command :

$ cat ashok shefali ] ril

The cat command combines the two data files ‘ashok’ and ‘shefali’ , and nl 
command reads from these files and adds line numbers. The more command 
displays the data screen use screen.

more

Importance of Pipes

Piping is one of the powerful features.of UNIX. Using pipes, you can perform 
a complex task by combining several simple commands. Pipes save your 
time and disk space. If you use pipes, there is no need to create temporary 
files that may occupy much of your disk space. For instance, if you do not 
use pipes to display listing of more than one program (as illustrated in 
previous command), you will need to create temporary files as shown following 
commands :

(t) First, you will combine the two files (‘ashok’ and ‘shefali’) and temporary 
file ‘authors’ by giving following command :

cat ashok shefali > authors
(ii) Then, you will read the file ‘authors’, adds the line numbers and 

stores the output in second temporary file ‘friends’ by giving the 
following command : 

nl < authors > friends
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iiii) Now, you \vill read the file ‘friends’ for displaying the data by follows 
by command :

mbre < friends
Thus, two temporary files ‘authors’ and ‘friends’ will use your disk space 
unnecessarily and you will require to delete these files by giving the following 
command ;

1/ni.x OperatiJjg Sysltm

NOTES

$ rm authors friends
So, piping not only makes your task easier but also saves the disk space.

Communicating With Others

Anyone may communicate with other users who are logged in at the same 
time. Using electronic mail, you can also reach other users on those systems 
who are not logged in, as well as users on other campus computers, and 
computers all over the world (including North America, most of Europe, 
Japan, Israel, South Africa, Australia, and many other places). Some of 
these systems allow for real-time communication as well (using ‘talk’, for 
instance).

Who’s on ?

There are several commands for finding who else is logged in and what 
they’re doing. These include :

users show a simple list of which usernames are logged in

w list which users are logged in, when they logged in, and 
what

programs they're runni-ng
finger provide names of users currently on, when they
logged in, and
where they logged in from

Experiment with all of these commands to see which you find most useful.

finger
The ‘finger’ command has far more uses than simply displaying a list of 
people logged in. It’s more commonly used to learn more about an individual 
user of the system :

> finger demo
Login name : demo In real life : NSIT Demo Account 
Directory : /nfs/harper/h2/demo Shell : /usr/local/bin/ 
cesh v.
Last login Tue Jan 26 10 :18 on ttyp7 from somewhere.uchi 
New mail received Wed Jan 27 16 :51 :02 1993;
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unread since Tue Jan 26 17 ;50 :41 1993 

Project : Demos. What else.
Plan :
To figure out what a plan is.

Many people 'finger' friends just to see the "New mail received...unread since...” 
statistics.

f

You should be aware that the “Last login” field refers only to the Sun j'ou 
happen to be on : if “demo” generally logs in on harper, and you finger demo 
on harper, the “Last login” and when-mail-was-read statistics won’t make 
sense. You may even see the message “Never logged in” instead of “Last 
login...”, if your target habitually uses a machine other than the one you're 
on. To get around this problem, finger people on the machines they use most 
often ; “finger myfriend@harper”, for example.

chfn;.project/.plan files

To change your “finger name”- -the “In real life field above- -use the ‘chfn’ 
command.

If you want to have a “Project” and “Plan” of your own, create files in your 
home directory called “.project” (this should be one line long) and “.plan”. 
Don’t forget that the names should begin with a dot. Both files need to be 
publicly readable, and your home directory must be publicly executable.

NOTES

Sending Messages to Other Terminals 

write
The ‘write’ utility is the simplest form of communication on a Unix system. 
If “friendsname” is logged in to the same machine you’re on (also on harper, 
for instance), you can type

> write friendsname

then a single-line message, which you can end by pressing the return key 
and typing a Control-D.

The person you’ve written to will see a message like this on their screen : 

Message from example@harper on tcyel at 0 

This is a simple 'write' message.

EOF

: 01 . . .

talk (and ntalk)
Using the talk utility, you can communicate interactively with someone else 
who is currently logged in, even on a different machine. Invoke talk' like 
this :

> talk destination-user optional-terminal
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where “destination-user” is the username of the person you’re sending the Opemting System
message, and a terminal name is optional (if the person you want to 

■ communicate with is logged in on more than one terminal, you must specify 
the one you want; usually you can leave it out). To send a message to a 
friend logged into harper as “user,” say :

> tal)c user@harper

After issuing this command line you will get the following responses :

(No connection yet]
[Waiting for your party to respond]

If the intended person does not answer immediately, ‘talk’ will display the 
messages :

[Waiting for your party to respond]

' [Ringing your party again]
until your correspondent responds. Once you establish contact, you will be 
able to type your message at the same time as your correspondent, and both 
messages will be displayed on the screen simultaneously, your message in 
the top half of the screen and your correspondent's in the bottom half.

If the person you are trjdng to contact does not respond, you can exit the 
program by entering a Control-C.

You may also be the object of an intended communication. If someone tries 
to communicate with you, a message similar to the one below will appear on 
your screen.

Message from Talk_Daemon®harper.UChicago.edu. at 15 :59 

... talk : connection requested byafriend@harper.UChicago.edu. 

talk : respond with : talkafriend@harper.UChicago.edu.

To complete the communication with your friend, say
> talkafriend@harper

When your correspondent is ready to talk, ‘talk’ will notify you, and the 
communication can take place. To exit the program when you are finished 
talking, enter a Control-C, and you will receive the message 

[Connection closing. Exiting] 

then be returned to your Unix prompt.

The version of talk running on our systems is not compatible with everyone 
else’s version of ‘talk’. If ‘talk’ doesn’t work for you with a friend on a 
different system, try ‘ntalk’ instead; while 'ntalk’ works with some systems 
that 'talk’ does not, the two commands function in exactly the same 
way.

NOTES
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‘mesg n’ • ' •
Occasionally, you’ll see the notation “(messages off)” when you finger someone. 
Or you’ll attempt to use ‘talk’ or ‘write’ and get this response :

[Your party is refusing messages]
'This means the person has issued the command ‘mesg n’, which prevents 
messages to a terminal. If you find yourself being constantly interrupted by 
such messages, yon may want to use the command yourself. (To turn 
permission to your terminal back on, say ‘mesg y’.)
Messages to a terminal from unknown users can be rather disturbing, If 
you’re a stranger to someone, it’s generally considered polite to send electronic 
mail before using ‘talk’ or ‘write’ to contact them.

Electronic mail
If the intended recipients of your messages are not currently logged in, you 
must use electronic mail (email) to communicate with them. Using email 
software, you can send, receive and read personal mail.
You may also use email to communicate with most of the shared systems 
which are connected to the campus network, and hundreds of thousands of 
computers outside of the uchicago.edu domain. For general information on 
email, please see the section on electronic mail in the NSIT Resource Guide.

mail
The simplest way to send mail to someone with the username “someone” is 
to t3T)e :

> mail someone
You can mail to several different people at the same time by specifying 
several usernames, separated by spaces.
When the ‘mail’ utility starts up, you will be prompted for-a subject line. 
Once you provide one (and press the return key), you can enter your message. 
When you have finished the message, you can exit mail in j one of two 
ways : by issuing the end-of-file character (Control-D); or by typing a period 
(‘.’) as the first character of the last line. When you exit, you will be prompted 
for ‘Cc :’, at which point you can enter any usernames you forgot to include 
in the original command line, or your own username (for your very own 
personal “carbon copy”). ,
You can also use ‘mail’ to read mail you have received. If you have received 
mail, you will be notified when you log in. You may then call up mail by 
entering

NOTES

> mail .
to read new incoming messages.
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Reading old messages, stored in the file “mbox” in your home directory, is 
also easy :

> mail -f mbox

Unix Opfrcilint’ System

Pine
If Elm is still too complex for you. Pine is next on the list. Pine stands for 
Pine is not Elm (trust me, this is considered prime mail humor), and it’s 
somewhat similar to Elm_but different.

It uses the same pne-message-per-line, scroll-through-them-and-use-hotkeys- 
to-act-on-them principles as Elm, but Pine makes things a little easier. The 
number of features is less overwhelming, and there’s a concerted effort to 
keep the same keys performing the same functions from screen to screen. 
Several items (such as address books) you’ll have to “suffer” through with 
Elm rate their own full-screen editors in Pine. Pine even comes with its own 
text editor, Pico, which can be used as a general text editor. For the faint 
of heart, it’s certainly an improvement over emacs or vi.

Remote Mail Clients

The “Common Mail Programs” section has generally assumed that you will 
run your mail program on the computer that contains your Internet mail. In 
many cases, however, you will wish to do all your mail reading on your 
personal computer, both because you may be charged for all the time you are 
logged onto your mail account, and because the programs on Macs and PCs 
are much friendlier than those on many UNIX systems.

What you want is a program that will call the system that receives your 
mail (or that will connect to it by whatever means necessary), grab all your 
new-mail, and disconnect.. Then you can read your mail at your leisure and 

, enter new messages. If there are any new messages, the program should call 
- -your mail system and give it the new messages for delivery. As you have 
■probably guessed, these programs exist and are known as mail clients.

The big difference between this approach and the “read your mail on your 
Internet computer” approach is that your mailbox is kept on your personal , 
computer instead of on the Internet computer.

Obviously, there has to be a way for your mail client to'talk to.your Internet 
computer and transfer messages. There are se'veral standards for this.

NOTES

/

SMTP—Simple Mail Transfer Protocol
Simple Mail Transfer Protocol (SMTP), or some variation of it (such as 
Extended SMTP) is used by computers on the Internet which handle mail, 
to transfer messages from one machine to another. It’s a one-way protocol— 
the SMTP client contacts the SMTP server and gives it a mail message.
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Most-mail client programs support SMTP for sending outgoing mail, simply 
because it’s very easy to implement. Few mail clients support SMTP for 
incoming mail, because normally your mail computer can’t contact your 
personal computer at will to give it mail. It’s possible if your personal 
computer happens to be permanently networked to the mail computer via 
EtherNet, for instance, or if your mail computer knows bow to use a modem 
to call your personal computer, but in most cases this' isn’t done.

Opi'ralinu SysU'in with 
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NOTES

POPS (Post Office Protocol 3)
The standard protocol used by most mail clients to retrieve mail from a 
remote system is one of the post office protocols, either POP2 or usually its 
successor POPS. These protocols enable your mail client to grab new messages, 
delete messages, and do other things necessary for reading your incoming 
mail. POP only requires a rather “stupid” mail server in the sense that your 
mail client needs to have most of the intelligence needed for managing mail. 
It’s a very simple protocol, and is offered by most mail clients.
POPS is somewhat insecure in that your mail client needs to send your 
account name and password every time it calls. The more you do this, the 
greater the chance that someone with a network snooper might get both. 
(I’m not trying to scare you, but it’s possible.) An extension known as APOP 
uses a secure algorithm known as MD5 to encrypt your password for each 
session.
Finally, note that standard POPS has no way to send mail back to the mail 
server. There is an optional extension to POPS known as XTND XMIT that 
allows this, but both the client and the server have to support it. Generally, 
a, mail client uses SMTP to send messages and POP3 to retrieve them.

Desirable Features in Mail Clients
Here are some useful features to look for when shopping for a mail client :

/
• Delete on retrieve. The client should have the option to automatically 

delete mail on the server after it has been downloaded. If you only read 
mail using your client, you don’t want a huge mail file building up on the 
server. On the other hand, if you only occasionally use your mail client 
you might want to leave your mail messages on the host so you can 
access them with your UNIX mail program.

• Header only retrieve. You can tell quite a bit about a message just by 
looking at the message header. If reconnecting to your server is easy, you 
might want to have your mail program download only the header. Then, 
if you want to see the actual text of the message, the program will download

, 'that. This can be very useful if some idiot mails you a humongous file— 
ydu can be spared the time it takes to download the whole thing to your 
computer.
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Name server support. A machine name such as mailserv.bozo.edu is 
actually just a logical name for a computer that is truly identified by its 
IP number, something that looks like 130.029.13.12. Obviously, the 
machine name is easier to remember, and if anything happens to mailserv 
that requires the machine to move to a new IP address (such as a hardware 
upgrade), the administrators can map the name to the new IP address 
and you won’t even notice. Those who are accessing the machine by number 
will have to find the new number and enter it. To turn the name into an 
IP number, though, your client needs to be smart enough to use a domain 
name server, which keeps track of what numbers go to what names.

POP3. This is the standard way for a mail client to retrieve mail from the 
mail server. If your client doesn’t support this, it darn well better have 
some way to retrieve mail that your mail server understands (for example, 
IMAP2 or PCMAIL).
Retrieve on start*up. The client should enable you to immediately contact 
your mail server and retrieve all unread mail whenever you start it, 
because this will probably be your most common operation.
Separate SMTP server. In some cases you will need to use a different 
machine to send mail (using SMTP) than you use to retrieve mail (using 
POP3). A good mail client should let you specify a different server for 
each.
SMTP. This is the standard way for a mail client to give mail to the mail 
server. If your mail client doesn’t understand SMTP, it should have some 
special protocol that your mail server understands to do the same thing 
(unless you don’t want to send mail, of course). Some mail clients support 
SMTP connections as a way to receive messages, which can be useful if 
you expect your computer to be hooked up tj the network all .the time.

TCP/IP, SLIP, or PPP. Your client should be able to access whatever 
network your mail host is on. Otherwise you’ll just be talking to yourself 
TCP/IP and TCP/SLIP are the most common network protocols mail 
programs are likely to need, and PPP is becoming more popular. If you 
have a SLIP or PPP driver that looks like TCP/IP to your mail program, 
all it needs is TCP/IP support.

Timed retrieval. The client should be able to automatically connect to 
your mail server and check for new mail every so often, and beep if it 
finds new mail. If you’re calling in using a modem, you might want to 
make this every few hours, or even once a day, but if you’re directly 
networked with the server (perhaps via Eth'erNet), you might want to 
check every five minutes.
Other mail items. A good mail client makes reading your mail as easy 
as possible. You shouldn’t have to give up any of-the features you enjoy 
under a UNIX mail program. These include a good text editor, header 
field filtering, an address book (aliases), and multiple mailboxes.

Unix Operating Systi'iii
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STUDENT ACTIVITY
\

1. What is meant by a multi-user and multi-tasking operating system ?

2. What are various Features of UNIX ?

/ '

■■fi
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3. What is function of a Kernel •? Unix OpiTiitinti

I

i

I

4. Define Unix file structure.

:
I

(
• i
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SUMMARY

The directories are files that give the file system a hierarchical structure. 
In a directory the .data is put in a sequence of entries. Each such entry 
contains an inode number and the name of a file present in the directory.

UNIX is such an operating system that can be run on a wide range of 
machines, from microcomputers to mainframes.

UNIX has the facility to carry out more than one job at the same time. 
This feature of UNIX is called multitasking.
Filters are the programs lor commands) that reads from standard input 
file, process (or filter) it and write the output to the standard output file.

Piping is one of the powerful features of UNK.-Using pipes, you can 
perform a complex task by combining several simple commands.

NOTES

SELF-ASSESSMENT QUESTIONS

1. What is the minimum space required of UNIX ?
2. Why are there so many various of UNIX in the market ?
3. Who is the developer of UNIX ?

f

4. In which year was first version released.
5. What makes UNIX portable and secure ?
6. Can UNIX be used as Network Operating System ?
7. How is UNIX different from other Operating systems like Dos, Windows,

MAL ?■' '

8. Which is the most important Part of UNIX Architecture ?
9. ' Give different layers of UNIX Architecture. Explain the intended purposes of

each.
10. What are the various services provided by an Operating System ?
11. Where does Kernel Resides in Memory ?
12. How can the exceptions be resolved in UNIX ?
13. What is the role of processor execution levels ?
14. How are file organized in .UNIX ?
15. What is a Path, in context of Files and Directories ?
16. How many types of File owner are there in Unix ?
17. How may files can a user make ?'
18. \,What is the difference between a Directory and a file in UNIX ?

19. What are various steps involved in logging into UNIX ?

S.
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20. Can we get to know about last login in UNIX,?
21. Can we view the Password in UNIX.
22. Give the command to log off in UNIX.
23. Is Unix case sensitive?

24. What message appears when wrong password is gi\’on ?
25. Can you change Passwords in UNIX ?
26. Give 'procedure to change Password in UNIX.
27. What Parameters should be kept in mind while choosing username and 

passwords ?
'28. Can any other user change your password ?
29. What is Utility of finger command ?

30. How many options can be used with WHO command ?
31. What is the purpose of password command ?
32. How differently col command be used.
33. How many types of files there can be in UNIX ?
34. How can security of files can be maintained ?
35. What are different types of users in UNIX for files ?
36. What is function of Is command ? Give various options.
37. Differentiate between CP and MV Command.
38. Why is rm command used ?
39. „ Differentiate between chmod and chown Command.

Unix Opcratinn Svsfe'n

NOTES

□□□

f.
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SECTION D
■ /

UNIT 7 SHELL SCRIPTNOTES

i .

★ LEARNING OBJECTIVES ★

» Shell as a Programming Language 

Shell Types
Shell Metacharacters and Variables 

i** Variables
: » Constructs Used in Shell Scripts 

er Operators on Numeric Variables 

Operators on String Variables 

Operators on Files 

w Logical Operators
The Case...Esac Construct 

»»■ The For...Do...Done Construct 
» While Loop 

KT Until Loop 

**■ Break and Continue 

Editors 

»»■ Summary
Self-Assessment Questions

The shell is UNIX system’s Command interpreter. It is basically a program 
that interprets the command that the user keys in at the command prompt 
and performs various operations depending on what user types in. It is also 
used for interactive computing where user gets instant output. Shell also has 
the ability of redirecting the standard input, output and error files to other 
devices in place of standard devices. Different commands can also be combined 
using pipes. You can issue more than one command by using command 
terminator (;).
The Shell supports UNIX’s multitasking feature-using the background 
processing method, where more than one 
background. It also has the capability o 
Metacharacters or wildcards.

ess can be started in the
ilename expansion, using
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SHELL AS A PROGRAMMING LANGUAGE
Apart from performing the role of command interpreter, shell is also a 
programming language. It offers standard programming constructs like loops, 
conditional branching of control, defining and manipulating variables, file 
creation, etc.

NOTES

A Shell Script
The shell script is similar to the batch files of DOS, where a sequence of 
frequently used UNIX commands are stored in a file and shell is made to 
read the file and execute .the command. Such a file is called a shell script. 
For example, lets create and execute a shell script.

1. Open a file called Testl using vi editor.
2. Enter the following command and save the file.

who 

Is-1

3. To execute the script, enter the following commands, 
sh Testl

/

Or

chmod u +x Testl (Change the mode of the file)

$ Testl
sh is a command which creates a sub-shell generally called a child shell 
process. This child shell reads the Testl file, executes the commands contained 
in the file and thereafter returns control to the original shell.

SHELL TYPES

The following types of shell are available in the UNIX system :

1. Bourne Shell - Bourne shell is the original command processor developed 
by At&T and named after its developer Stephen R.Bourne. It is the 
fastest and the widely used UNIX command processor and can be used 
on all UNIX systems. The executable filename is sh.

2. C Shell - C shell is another command processor developed by William 
Joy and others at the University of California at Berkeley. Its name has 
originated from the programming language ‘C’, as it resembles its syntax. 
The executable filename is csh.

3. Kom Shell - Korn shell is developed by David Korn which combines the 
best features of both the above shells. Its executable filename is ksh.
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The echo Command

The echo command is used to display, the messages on screen. In other 
•words, it simply echoes back its argument on to the. terminal (screen). For 
example, the output of the following command is ‘Welcom'e to World of 
Computers’NOTES

$ echo Welcome to World of Computers

It is preferred to enclose the message that has to be echoed in double-quotes. 
Some of the above options used with echo are shown below :
Character Function
\c Keeps the cursor oh the same line of the screen after displaying 

the argument.
Displays an additional blank line after the argument.

Displays the argument and then sounds the system bell on the 
next line..

\n

\007

SHELL METACHARACTERS AND VARIABLES

As discussed earlier, the shell offers certain unique features like filename 
expansion variables, etc. which makes it a powerful command language. The 
shell uses a set of s5rmbols called metacharacters, to form a pattern to match
various classes of filenames which can replace full filenames. These 
metacharacters are u n, “ r and “[ ]” symbols.

In certain circumstances metacharacters are to be used literally, for 
example :

$ echo Display filenames of all * in current directory
On execution of the above statement when executed, the * is replaced by a 
list of the all filenames in the current directory. UNDC also provides certain 
neutralize metacharacters such as backslash (\), Single quotes (‘) and double 
quotes {”) as listed in Table 7.1.

Table 7.1. Neutralise metacharacters of the shell

Escape Mechanism ■ Effect

\ (back slash) Negate special properties of the single character 
following it.

‘ (pair of single quotes) Negates special meaning of all characters 
enclosed within the quotes.

(pair of double quotes) Negates special meaning of all enclosed 
characters except $’,

i-i(i Srlf-liislnu-tional Material



ShiUl ScriptOther Shell Metacharacters

1. Word separators ; space, tab, newline - These are special-set of three 
characters used to separate one word from the next.

2. Command terminators - newline, semicolon and ampersand.

Newline is the simplest way of telling the shell that a command has ended'. 
This is inserted on hitting the <Enter> key. For example :

$ pwd <Enter>

/user/tempi
Semicolon (;) can be used to terminate commands- It helps to put several 
commands on the same line. For example :

$ cal ;date

Ampersand {&) is another command terminator which causes the command 
preceding it to run in the background.

NOTES

VARIABLES
Like other programming language, shell provides the user the ability to 
define variables and can assign values to them. A shell variable name must 
always begin with an upper-case or lower-case letter and may contain 
numbers and the underscore character. There are certain system variables 
which have special significance.

System Variables

System (environmental) variables are those which are available to each 
process as it begins execution as shell maintains its own set of variables.

Mentioned below are some of the standard environmental variables found in 
many systems.

(а) Path - Ifcontains the search path string. The commands given by the 
user are searched in the directories specified in the path string. An error 
message is displayed on failure.

Example : /bin/usr/bin

(б) Home - It specifies the full path name for the user’s login directory. The 
cd command without any argument will look for the contents of this 
variables and change the directory accordingly.

Example : /usr/userl

(c) Term - It holds the terminal specification. Being a UNIX system it can 
have different types of terminals. Typical entries found are vtlOO, vt200, 
ansi etc.
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id) Logname - It holds the' user login name.

Example : userl
(e) PSl - It stores the primary prompt string, which is the dollar sign ($). 

To change the prompt, simply assign the new value to this variable.

Example : $ PSl=“Trial” will change the prompt to ‘Trial’

(f) PS2 - It specifies the secondary prompt string, which is displayed for
the continuation of commands into the next line. Usually a greater than 
symbol (>) is assigned to it. , '

(g) Shell - It stores the name of the shell (Bourne, Korn or C), In Bourne 
shell, the entry sh is found in this variable.

Opi’ratiiin System with 
Unix and S/wlt
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NOTES

Creating a 'Variable

The format for creating a variable is :

<variable_name>=

There should be no spaces on either side of the assignment operator.

$ name =“Vivek”

To refer the contents of a variable the $ symbol is used.

$ echo $name 

Vivek

Reading a Value into a Variable

Along with assigning a value to a variable, the shell also allows a user to 
enter a value into a variable during execution of a shell script by using the' 
read command.

Examples :

Lets write a shell script which will accept the Roll No, Name, and Course 
Name from the user and display the same on the terminal screen.

Open a file called Test2 using vi editor.

Enter the following lines and save it. 

echo “Enter your Roll_No ; \c” 
read r_no

echo “Enter you Name :\c” 

read name

echo “Enter your Course_Name ;\c” 

read c_name

echo “Roll_No : $r_no. Name : $name. Course : $c_name” 

sh Test2 <Enter>

1.

2.

3.
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Simple Arithmetic on Shell Variables
The command expr can be used to evaluate arithmetical computations on 
the shell variables having integer values.

$ expr 4+10

Shell Siripl

NOTES
14
$ expr 8-2
6

$ expr 3 4
12
$ expr 45 /5
8

The arguments of the expr command must be separated by a b^nk space 
from one another. The special s5nnbols must be preceded by a back slash {\) 
so that the shell does not expand them. The division of expr is an integer 
division, i.e., it displays only the integer portion of the result.
The output of the expr command can be stored in a variable. Arithmetic 
computation of variables are also possible through the expr command.
Examples :

$ sum=’expr 25 + 5’
$ echo $sum 

$ x=12 

$ y=80
$ echo sum is $x + $y 

sum is 12 + 80
I

$ echo sum is ‘expr $x + Sy* 

sum is 92
$ sum=’expr $x + Sy*

// will display 30

will display the arguments.

will store 92 in the variable sum

Local and Global Variables
By default the shell variables are ‘local’ to the shell that creates them. The 
values of these shell variables are not available to the newly created child 
process.
export command is provided by UNIX, which can be used to declare a variable 
as global so that,these variables are available to the child process.
Below mentioned example explains the concept of local and global variables.
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$ City = Jaipur 

• $ echo “SlCityl”
Jaipur 

$ sh
$ echo “SlCityl"
$ City =Agra 

$ echo “SlCityl- ' 
Agra 

$ Ctrl d
$ echo “S” ICityl

Creates a new shell 
No response
Assigning a new value ‘Agra’ to city

NOTES

Returns to parent shell 
Returns ‘Jaipur’. Parent is unaware of‘Agra’ 
Creates a child shell 
value ‘Agra’ destroyed 

Return to parent
At this stage users can use export command with variable used in the shell 
so that it can be used by the other programs.

$ City = Jaipur 

$ export City 

echo “SlCityl”
Jaipur 

$ sh
$ echo “SlCityl" ■
Jaipur

$ sh
$ echo “SlCityl 
$ Ctrl d

Creates a new child shell

Child shell has the variable ‘City’

$
$ City = Agra 

$ echo “SlCityl"
Agra
$ Ctrl d

S echo “SlCityl”
The last two commands display that the variables can be exported or passed 
on to. subshells, but reverse is not true. Export command causes a copy of 
the variables and values to be passed onto a child shell.

Assign a new value to City

Return to parent
Parent shell retains its original value ‘Jaipur’

Self-IiiKtrurtional Material160



Shell Srripl
CONSTRUCTS USED IN SHELL. SCRIPTS

Like other programming languages, the UNIX shell also offers certain 
constructs for looping and decision making constructs which can be used in 
shell scripts.

NOTES

If...then...else

If <condition>

then command(s) 

else 'commands(s)

<indicates the end of the if construct>
The if construct is usually used in conjunction with the ‘test’ construct. The 
tc.st command is used to test for the position of files and values of variables.

The l esult of the test command is always ‘true’ or ‘false’.

fi

OPERATORS ON NUMERIC VARIABLES
In shell, the following operators on numeric variables are used ; 

equals to 

not.equals to 

greater than 

less than
greater than or equal to 

less than or equal to

•eq

-ne

-gt
-It
-ge
-le
Examples :
$x=10: y=25 

Stest $x —eq $y 

$echo $ ?
testing for equality of the variables ‘x’ and ‘y’ 
checking the exit status
false, as value of ‘x’ is not equal to the value of ‘y’1

$

Seif-Instrnetional Material 151



Opi-rn>inf! System luith 
Unix uml She.ll . 
Pntyram ming

OPERATORS ON STRING VARIABLES

In shell, following operators on string variables are used : 

equality of strings 

not equal
zero length (string contains zero characters : null string) ' 
string length is no zero

NOTES

-z

-n
Examples
$ emp_name=”Pankaj” 

$ test -z $emp_name will return the exit status 1 as the string name 
is not null

will return 0 as the string is not null
will return 0 as the variable has not been 
defined

$ test -n $emp_name 

$ test -z “$emp_address”

$ test $name =”Pankaj”

will return 1 as the value of name is not equal to “Pankaj”

OPERATORS ON FILES

In shell, following operators on files are used ;
the file exists and is an ordinary file 

the file exists and'^the file size is non 

directory exists
file exists and has read permission 

file exists and has write permission 

.file exists and has execute permission

■f

-s zero
-d
-r
-w

-X

Examples :
$ if test -f "test.doc” will check the existence of the file test.doc, if it 

exists and it is an ordinary file.

then echo “It’s a Ordinary file” 

else echo “Its not a Ordinary file”
fi

returns 0 else 1

152 Self-liistruclional 'Material



$ test -r “test.doc” will check for the read permission for the file 
test.doc

will check for the existence of the user’s home 
directory

Shv.U Script

$ test -d “$HOME” .

NOTES

LOGICAL OPERATORS

The logical AND, logical OR and logical NOT operators are used for combining 
more than one condition.

logical AND

logical OR

logical NOT

-a

•0

Examples :

$ test -r “test.doc” -a “test.doc” will check both the read and write 
permission for the file ’test.doc’ and returns 
either 0 or 1 depending upon the result.

will show the exist status of the- above 
command.

-w

$ echo $ ?<Enter>

THE CASE...ESAC CONSTRUCT

The shell script uses this construct, to perform a specific set of instructions 
depending on the value of a variable and can be used in place of the if 
construct.

The syntax is as follows : 

case variablename in 

pattern) command;; 

pattern) command;;

*) default;; 

esac

The case statement allows a shell script to choose from a list of alternatives. 
This statement compares the value of the variable with the patterns from 
top to bottom and performs the commands associated with the first pattern 
that matches. The patterns are written using the shell’s pattern matching 
rules. Each action is terminated by the double semicolon The word ‘esac’ 
marks the end of case construct.

/
■ f:•'7";
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In case, nothing matches the pattern then the command following the “*)” 
label is executed, it is used as the last choice. If it were provided as the first 
choice then the commands following it will be executed always and the case 
statement will ignore all the following patterns.
The case...esac construct is commonly used for setting up menus, where the 
course of action is to be decided from a set of alternatives.
Examples :
case ${optl in,
(1) Is
(2) who

(3) date
(4) cal 
esac

NOTES

THE FOR ... DO ... DONE CONSTRUCT

The for construct-is the only shell control flow statement that is commonly 
typed at the prompt rather than putting it in a script file. The commands 
to be executed are specified between the words do., done.
The syntax for the for statement is as follows : 
for <variable> in <list>
do J.
<commands> 

done
Examples :

(i) A for loop construct to display names one file per line is given 
below :

$ for i in Jaya Aruna Rahul 
> do
>-echo $i 

; ; done

.

■$

(ii) Shell script using for loop.is given below : 
For i in 1 2 3 4 5 6 7 8 9 0
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echo $i 

done

The above loop executes for 10 times and displays the numbers 12 3 
4567890

NOTES

WHILE LOOP

This loop uses the exit status from a command to control the execution of 
the commands(s) in the body of the loop. The loop is executed repeatedly- 
until the set of commands condition returns a non-zero status.
The syntax of the while loop is as follows : 

while <command>
do
<commands>
# loop body executed as long as command returns true (a zero) 

done

Examples :
The shell program for printing the first 10 positive numbers using the while 
loop is given below :
# using while loop 

ctrssl
while [$ctr -le 10]

#assign a value 1 to a variable ctr

do
echo $ctr
num=’expr $ctr+ 1’ 
done
#end of script

# increment num by 1

UNTIL LOOP

This loop checks the exit status of the command, and executes the command(s) 
enclosed within the do and done statement, until the condition command 
returns true (a zero status). The syntax for the until loop is :
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until <command>
do

<coinmand(s)>
# loop body executed as long as command returns false, 
done

NOTES

Example :

Printing the first 10 positive numbers using until loop, 
val =1
until [ $val -gt 10]
do
echo $val
nums’expr $val + 1’ 
done

BREAK AND CONTINUE

At times, you may require to skip the remaining commands of a loop and 
return to the beginning of the loop. Sometimes, a need may arise to terminate 
and exit the loop. The shell provides the commands break and continue for 
these purposes. '
The continue command will skip the remaining statements or commands in 
a loop and retura to the beginning of the loop. Whereas the break command’ 
will terminate the loop and exit the loop.
Example :
Let’s consider the previous example, 
while true 

do'
echo “tenter your option” 

echo “Press 5 to exit” 

read opt , 
case ${opt)-in
d') ■ ■ Is;;

(2) , who;;
(3) date;;

- V-

i
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(4) cal;;

(5) break;;

(■■■} echo “Invalid Option”

Shell Script

esac NOTES
done

$

Whenever user presses 5, the break command is executed and while is 
terminated.

Parameter Handling in Shell Scripts

The shell interprets commands in UNIX. Whenever a command is entered 
and the <enter> key is pressed, the shell puts word on the command line 
into special variables as follows :

is the variable used to put command name, 
is the variable used to put the first argument, 

is the variable used to put the second argument.

$0

$1
$2

And so on.

The UNIX shell creates variable up to $9. The variable $1 through $9 are 
also called positional parameters of the command line. Depending upon the 
number of arguments specified in the command, the shell will assign values 
to some or all of these variables.

Examples : 

cat test.doc

$0 contains the command name i.e. cat 

contains the first argument i.e. test.doc

does not contain anything (since there are no more arguments)

Apart from the variables $0 to $9, the shell also assigns values- to the 
following variables when a command is entered ;

contains the entire string of arguments.

contains the number of arguments specified in the command.

$1
/$2

$'■=

$#

Examples : 
cat testfili testfil2

it will contain the string of arguments “testfili testfil2” 
it will contain the value of 2 since the number of arguments 

1. Write a, shell script which will take a filenaine as input and copy it.

$# are 2.

Self-liistriiclioiial Material 1.17



Opi'ratiiif; Syslr.in with 
Unix and Shell 
Programming

2. Write a shell script which will accept the employee name and his basic 
as input and print his name, basic and HRA. HRA is based on the 
following information :

If basic >2000 HRA = 550 else HRA = 350

3. Write a shell script that will take two filenames as input and remove 
one, if both are equal.

4. Write a shell script which will display the following menu :

(а) Display who aill are logged in.

(б) Display long listing of files including hidden files page by page.

(c) Display today’s data and time.

(d) Exit

Depending upon the choice of the user, the appropriate actions should be 
performed. For choice ‘a’ to ‘c’ appropriate messages should be displayed 
before the desired output.

5. What are the different types of shell available in the UNIX system ?

6. What are shell metacharacters ? Explain by giving appropriate examples,

7. State and explain the system environmental variables of UNIX.

8. What are the different numeric, file and logical operators offered by 
UNIX.

NOTES

//
Important Shell Script Considerations
From what we have seen so far, we can come to the conclusion that Shell 
is a very powerful tool which can be used by the programmer. We may face 
difficulties while executing Shell scripts. Here are some guidelines as to how 
we can elTectively debug and execute our Shell script.

One of the important tools for debugging the script is the -v and -x options. 
We can trace the execution of the script step by step, looking at the 
substitutions made in the program.

While creating a complex Shell script, we should understand the basic problem 
and start off with a simple version. We can add extra features one by one. 
This way we will be able to identify the places where there might be errors. 

We can try creating temporary files so that if we have a bug in our Shell 
script, we can look at the contents of that file and can trace, the point where 
we have gone wrong.

The next way is to use echo statements strategically. For example, let us 
•assume that our Shell script checks for a pattern ^nd''if it-exists, then 
display the contents of the whole file. Here we can have an echo statement/
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Shell Scrip!as soon as the pattern is found and if it is not found also we can have an echo 
statement.

We can use the nonzero exit status for abnormally terminating programs. 
Thus we will know if our Shell script execution was successful or not.

Error checking at all points in a Shell script is very essential. For example, 
let us assume that ,we have a script which takes the name of the file as 
input, then checks if the file is readable and if it exists. Here we can have 
error statements- when the file does not exist and when it is not readable.

All error messages should be directed to the Standard Error. This way if 
there is any bug in the script, it is immediately displayed on the screen 
inviting us to rectify it.

Persistence is the final tool that is needed by us. We should try to debug the 
Shell script using all the above suggested methods. We must not give up 
very easily. Sometimes an error may be very obvious but we might have 
missed it.

Last but not the least, we must be able to work comfortably with the editors. 
Otherwise editing and creating of the script becomes a strenuous task.

NOTES

1

EDITORS

We have discussed about various types of UNIX files in previous block. Text 
files are ordinary files that contain ASCII characters, thus are also called 
ASCII files. An ASCII (American Standard Code for Information and 
Interchange) is a standard format to represent all alphabets, numbers and 
other special symbols and is used to communicate data between different 
types of computers. How do we create an ASCII or a text file ? In UNIX, a 
text file is created and modified by a program, called Text Editor or simply 
Editor. You may have used the common DOS editors, EDLIN and EDIT. 
Similarly, UNIX operating system also,comes with several editors. In this 
unit, we will discuss the features of the common editors along with their 
important commands.

Types of Editors
In general, we can classify editors into two types - Line Editors and Screen
Editors. .

(a) Line Editors : The early UNIX editors that edit processes one line at 
a time are called Line' Editors. So with a line editor, you are required 
to give many commands to display or edit a set of lines. The common 
examples of UNIX line editors are ed and ex. ;
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(i) ed- ed was the first line editor of UNIX which is still used sometimes, 
though it is not popular, ed was popular on those days when most 
UNIX commands consisted of only two or three letters. It has became 
outdated now due to the use of screen editors that provide much 
more features.

(ii) ex- ex, is more powerful and comprehensive than ed line editor. 
Some ex line-oriented commands are also used in few screen editors 
(such as vi) which we are discussing below.

(6) Screen Editors : Editors that make use of the whole screen for editing 
or processing more than one line at a time, are called screen editors. 
With screen editors, you can display and edit many lines by giving a 
single command. The common examples of screen editors are vi and 
emacs.'

(i) vi -vi stands for ‘Visual editor" vi is the standard full-screen UNIX 
tool and is the only editor available on SCO UNIX. As most pf .ed’.s 
and ex’s features are also available in vi, you can straight away 
learn vi without learning ed or ex,

(ii) emacs -emacs is another popular screen editor of UNIX. It is 
distributed free of cost from Free Software Foundation, Cambridge. 
Although most vendors distribute einacs with UNIX system, emacs 
is not a part of UNIX.

In next part of this unit, we are discussing the commands of vi editor in 
detail. In the later part, we will summarise the important commands of 
emacs editor.

Operulii\H S^slc/n with 
-Unix and Shell 

Propraiiiinin/’ '

NOTES

vi Editor
After comparative study of various types of editors, let’s begin to learn the 
commands of vi editor. As vi editor is difficult to . learn due'too many 
commands, we advice you to keep on trying these commands while learning 
at your terminal.

Starting vi
There are many ways to load editor in the computer memory but the general 
S3mtax to start vi is -
$ vi [-option (s)] [Filename(s)] 
where $ is the UNIX prompt ' 
vi is the name'of editor
option(s) is/are the letter(s) representing one or more options 

File(s) is/are the name of text file(s) you warit to open or create 

[ 1 means these entries are optioned and may be skipped
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Let’s see a few ways to load vi.

(a) Loading vi without a text file - If you want to load vi without specif3nng 
the name of text file to be opened or created, give the following 
command :

$ vi <Enter>

You will see now a blank screen as shown in Figure 7.2.

Shell 'Soript ■

NOTES

"[NO FILE]" 1 line, 1 Char

Figure 7.1. The Blank Screen of vi Editor.

The blank screen is actually not completely blank but is filled with a 
series of tilde(~) sjnnbols running from upper left corner to down the 
screen. These tilde s3Tnbols show that the page is blank. At the bottom 
of screen is the status line showing that no file is opened and the cursor 
is on 1®^ line and 1®* character position.

(b) Loading vi with text files - You can also specify the name of one or more 
text files which you want to create or open at the time of loading vi, by 
giving the following command ;

$ vi mohit <Enter>

The above command opens the working copy of file ‘mohit’ in a memory 
area, called the editing buffer. If there would be no file with name 
‘mohit’ in the current directory, a blank file with name ‘mohit’ will be 
stored in the editing buffer. Now, if you enter a new text or modify the 
existing text, that will be done in the editing buffer. So, your original 
file will remain unchanged unless you save it.

(c) Loading vi with text file and options - You can also specify three options 
while opening the text file as explained below.
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(i) Sometimes the file may be crashed if you could not save the open 
file due to power failure or other interruption during editing of the 
file. You can recover the crashed file (say ‘mohit’) with option - r as 
shown below :

$ vi - r mohit <Enter>

(ii) To open a file for reading only and not for editing, give the option 
- r as shown below :

$ vi - R mohit <Enter> , .

Modes of Working in vi

You can work in vi in following two modes :

(a) Command Mode : When vi is started, it is in command mode which 
means that all your keystrokes are interpreted as commands. Most vi 
commands consist of one or two characters and do not require the <Enter> 
key. If you start entering text in command mode you will hear beep 
sounds indicating that you are making mistakes. Therefore, you must 
switch to the Insert mode for entering text in vi editor.

(b) Insert Mode : This mode is used to enter text in the editing buffer of 
the vi. Now, how will you switch to this mode from the command 
code ? You can do this by pressing i in the command more. Besides the 
lowercase i, you can also press some other keys for text entry and changing 
to insert mode as listed in the Table 7.2.

Table 7.2. Commands with their Functions

OpiTdliiii’ System with 
Unix and Shell 
Propramminn

NOTES

FunctionsCommands

Inserts characters before the cursor.I

Inserts characters at the beginning of the current line.I

Appends characters after the current character.a

Appends characters at the end of the current line.A

Changes the following textc

Changes the rest of the text on the line.C

Inserts new line immediately before current line.0

Inserts new line immediately before current line.O

Replaces characters with a single character.r

Replaces characters with characters until <ESC> key is 
pressed.

R

Inserts new line immediately following current character.<Enter>
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Editing Text in vi

After coming to the insert mode, you can type your text. Type 4-5 lines of 
any text in the vi text editor screen by pressing <Enter> key after end of 
each line. When you want to end the text entry, press <ESC> key for returning 
to command mode.

Shell Scrip*

NOTES

Saving th,e Text

During entering of the text, always remember to save your file otherwise if 
power goes off, you will choose all the currently edited text. For saving the 
file for the first time, give the following ;

keystroke commands at the command mode :

: w sweety

The text file will be saved with name ‘sweety ‘and you can still continue 
editing the text. If you don’t want to save the file and want to quit vi give 
the following command ;

■q'- -

There are many options for saving or abandoning a file in vi, which are 
listed in Table 7.3.

Table 7.3. Various options for saving/abandoning file in vi editor

Commands Functions

: W(Filename) Saves the text file with the new name, (Filename) and 
resumes editing.

Saves the file with existing name and resumes editing.w

Quits vi editor without saving the file.Iq!

Quits vi editor only when file is saved.Q

Saves the file and quits vi editor.X

Same as ;xwq

Zz Same as :x

m In vi, you can also use ex commands. When a colon (:) is followed by the 

command it indicates that it is an ex command. For example, ; w and 
:q are ex command. You can also switch to ex line editor by typing at 
the vi command prompt. Similarly, you can switch back to vi from ex, 
by typing vi at the ex command prompt. As ex command prompt is 
displayed as colon (:), you need not have to tsqie : ^ain before typing

NOTE:

vi.
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Moving the Cursor During Editing

The cursor, you know is a blinking underscore character that marks a position 
on the screen, where user can enter or modify the text. In vi, the line on 
which cursor is positioned is called the current line. In vi, you can move 
cursor in both command and insert modes. Some useful cursor commands of 
is editor are summarised in Table 7.4.

Table 7.4. Some useful cursor commands of vi

NOTES

FunctionsCommands

Moves the cursor to the beginning of current line.(left arrow)

Moves the cursor to the end of Current line.(Right arrow)

Move the cursor to left character on same line.(Up arrow)

Move the cursor to right character on same line.(Down arrow)

Same as left arrow key.O

$ Same as right arrow key.

Moves cursor to the beginning of the previous lino.

Moves cursor to the beginning of the next line.<Ctrl>M

Moves cursor to the beginning of the previous word.b

Moves cursor to the end of the next worde

Moves cursor to the beginning of the next word.w

Moves cursor to the last line of the file.G

Moves cursor to the beginning of line n [e.g., 5G moves to 5th 
line)

nG

Moves cursor to the beginning of column n (e.g., Smoves to 
5th column on same line)

n

H Moves cursor to top line of the screen.

M Moves cursor to middle of the screen.

Moves cursor to bottom of the screenL

Same as b, but ignores punctuation in text.B

Same as e, but ignores punctuation in text.E •

Same as w, but ignores punctuation in text.w ,
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Slioll ScriptMoving the Screen

Beside the cursor, you can also move the screen in vi. You can scroll the 
screen upward or downward by the commands listed in Table 7.5.

Table 7.5. Screen movement command of vi NOTES

FunctionsCommands

Scrolls half of the screen upwards.<Ct7l> U

Scrolls half of the screen downwards<Ctrl> D

Scrolls the full screen backward (Up)<Ctrl> B

Scrolls the full screen forward (down)<Ctrl> F

Modifying the Text

Modifying the text in vi is a difficult process because you cannot overwrite 
the characters. If you want to change a character of the word, then either 
you first delete that character and write new one or use a command to 
replace that character. For example, if your text contains a word ‘Unix’ 
and you want to write u in capital letter, then you cannot straight away 
position the cursor to ‘u’ and type ‘U’. This is not allowed in vi editor. For 
changing ‘unix’ word with ‘Unix’, you must follow one of the methods 
given below 

Method I : Deleting and changing the character

Step 1 : Move the cursor to character ‘u’ of the word ‘unix’.

Step 2 : Press x in the command mode. This will delete the 
character ‘U’

Step 3 : Press i for switching to the insert mode.

Step 4 : Enter U at the cursor position to i.e., before the word 
‘nix’.

Replacing the character

Step 1 ; Same as step 1 of method I

Step 2 ; Press r in the command mode for replacing the 
character.

Step 3 : Enter U immediately after pressing r.

Changing the case of letter

Step 1 : Same as step 1 of method I

Method II :

Method III
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Step 2 : Press tilde (~) character in the command mode. This 
will change lowercase ‘u’ to uppercase ‘U’. The tilde 
(*•) can also be used to change a uppercase letter to 
lowercase.

Any one of the above method will change ‘unix’ word to ‘Unix’. So, you 
must have realised that editing is not so easy in vi as iri a word processor. 
Various useful commands for deleting and undeleting the text are listed in 
Table 7.6.

Table 7.6. Important commands for deleting and undeleting the text

NOTES

Commands Functions

Deletes a character at the cursor positionX

d Deletes the next character

D Deletes characters to the end of the line

dd Deletes the current line

: D Same as dd

Same as xX

X deletes the previous character

D$ Same as D

U Undoes the last deletion

Puts the last deleted text after the cursorP

. Puts the last deleted text before the cursorP

Undoes the last change made to the textu

U Restores the line to its previous condition

Cutting the text

While editing a text file, we often require to move a block of text from one 
position to another within a file. In order to move the text, first we cut the 
text, then place the cursor at the position where the text has to be placed 
and finally we paste it. There are many commands to cut (or yank) the text 
in vi editor, which are called Yanking commands and some of them are 
listed in Table 7.7.
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Table 7.7. Important commands for yanking (cutting) the text Shell Script

Commands Functions

Cuts the characters at cursor positiony
NOTES

Cuts the current liney}'

Y Same as yy

Cuts the n number of characters from cursor positionyn

Cuts the n number of lines from current linenyy

Cuts from cursor position to end of line

Cuts the word at cursor positiony\\'

Searching a Text Pattern

At times, you are required to search a particular word or group of words in 
the text file. For example, in order to search a word ^ove’ in the text file, 
issue the following command at the command prompt :

/love

, The- above command will position the cursor at the first occurrence of the 
word ‘love’ from the current line. Suppose, you want to find the next 
occurrence of the word ‘love’, then simply press / at the command prompt. 
If there is no more same pattern, you will see the following message :

pattern not found

You can also search backward by giving the following command.
?love

• Similarly for continue searching, you can press only ?. Some of the important 
options with same pattern for searching a text pattern are listed in 
Table 7.8.

Table 7.8. Options for searching a text*pattem

Commands Functions

/pattern Search forward a string ‘pattern’ in the text file

Search forward for the previous pattern/

Search backward a string ‘pattern’ in the text file?pattorn

7 Search backward for the previous pattern

Repeat last / or ? Command and search forwardn

N Repeat lastV or ? command and search backward
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Repeating vi Commands

You can execute vi commands repeatedly by adding a number to the command. 
This number indicates the number of times a command to be repeated. You 
can use this method to repeat commands with any of the text-manipulation 
commands (such as deletion, cursor movements, cutting the text etc.) 
discussed in this unit.

O/icrotLnn System with 
Uiuz nnd Shi'll 
I’rOgrummini;

NOTES

INOTE You can execute 

Examples
(i) To delete five characters from the cursor position, give the 

following command :
: X5

Ui) To delete three lines from the current lino, give the following 
command :

: D5
(Hi) To move the cursor to the beginning of next three words, give the 

following command :

W3

emacs EDITOR
Besides vi editor, emacs is also a popular text editor. Although the earlier 
versions of emacs were difficult to learn, the latest one is easier due to a 
user-friendly interface. This version of emacs supports a mouse and provides 
pull-down menus. You can also issue commands from the keyboard by using 
<Ctrl> and <Alt> keys.

Starting emacs Editor

To start emacs, enter the following, command :

$ emacs

You will see a startup screen followed by almost a blank screen with a 
status line at the top/bottom. As emacs work in only single mode, you can 
straight away keep on entering the text. You are also required to press 
<Enter> key after each line as you do in Vi editor. Type 3-4 lines of text and 
save the file as described below.

Saving the file .

In emacs, you can save the file with one of the following ways :

(a) If you want to resume editing after saving the file, press <Ctrl> X 
followed by <Ctrl> S key.
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Shell Scripl(b) If you want to quit emacs after saving the file, press <Ctrl> X followed 
by <Ctrl> C key.

In either of the above command, emacs will ask you to enter the name of the 
file, if you will be .saving the file for the first time. NOTES

Important Commands

Though we are not discussing emacs in detail, we are summarising the 
frequently used commands of emacs in Table 7.9.

Table 7.9. Some frequently used commands of emacs

FunctionsCommands

Moves the cursor to the beginning of fileAlt <

Moves the cursor to the end Of fileAlt >

Moves the cursor to the next screenCtrl V

Moves the cursor to the previous screenAlt V

Deletes a character at the cursor positionCtrl D

Deletes all characters from beginning of line to the cursor 
position

Del

Deletes all characters from the cursors position to the end of 
line.

Ctrl K

To mark the beginning/end of a block for copying and moving
♦

the text
Ctrl @

To delete the marked' block of textCtrl w

To paste the marked block of textCtrl Y

Restricted and Special Versions of Editors

Each of the editors has some restricted and special versions that offers a 
limited range of features specially for beginners as listed in Table 7.10.
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Table 7;10. Restricted and special version of editors
/

Version Description

red Restricted version of ed
NOTES

edit Restricted version of ex

vedit Restricted version of vi

Special version of vi for read only modeview

Input/Output Redirection Pipes and I/O Error Detection

UNIX is known for having many powerful features of to control input and 
output. In UNIX system, every program and UNIX commands are connected- 
to three files - the standard input, the standard output and the standard 
error.

Standard Input

The basic source from which UNIX programs read their input is called the 
standard input. By .default, the standard input is assigned to the special file 
representing the keyboard which is the actual source of the input data.

Standard Output

The basic target to which UNIX programs write their output is called the 
standard output. By default, the standard output is assigned to the special 
file representing the screen of your terminal which is the usual target of the 
output.

Standard Error

The output target to which UNIX programs write their error messages is 
called the standard error. By default, the standard error is also assigned to - 
special file representing the screen of your terminal.

Redirection

Although most of the time, standard input, standard output and standard 
error are accepted to the user, you can also change them. You can change 
the input source or the output target. For instance, sometimes you may 
require to get input from the file instead of the keyboard or you may want 
output on printer instead of the monitor. In such circumstances, you need 
to redirect the standard input, standard output or standard error. Redirection 
is a technique in UNIX to reassign the standard input, standard output or 
standard error to a specified file.

\

{.
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Shell ScriptRedirecting the Standard Input
You can redirect the standard input for a command by writing the command 
in following way :
• First type the command; .
• Put < (less than) sjmibol; and
• Then write the name of the input file.
Examples :

(/) You can take the input from the file ‘account’, instead of the standard 
input (keyboard) by the following command ;
$ cat < account

(ii) To edit the file ‘komal’ by taking the input from file ex.script and not 
from keyboard give the following command
ex komal <ex.script>

Redirecting the Standard Output
You can also redirect the standard output for a command by writing the 
command in following way.
• First type the command.
• Put > (greater than) symbol and
• Then write the name of the output file.
Examples :

(t) To redirect the contents of the file ‘preeti.c’ to the file ‘vandana.c- ’ 
instead of the screen, give the following command : ' ‘
$ cat preeti.c > vandana.c

(ii) To redirect the listing of Is -1 command to a file, ‘sachin’ instead of 
the screen, give the following command :
$ Is -1 > sachin

(iii) You can redirect the listing of Is -1 command on other terminal (say 
tty 02), give the following command :
$ Is *1 > /dev/tty02

Redirecting the output in append mode . - .
If you redirect the output to a file and if the file already exists, it is over 
written by new data. So, in that case, you can redirect the output to already 
existing file in append mode by using » instead of >.
Examples -- •

(i) To redirect the output of the Is -1, command to the already existing 
file ‘sachin’, give the following command :

NOTES

. J
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$ Is -1 » sachin
If the file ‘sachin’ does not exist, the shell will create this file otherwise 
new output will be appended at the end of this file.

(ii) Using » symbol, you can accumulate data into a file by running your 
program again and again. To accumulate the reports on a file ‘invlist’ 
by running the program ‘invoice’ repeatedly, give the following 
command :
$ invoice » invlist 

Redirecting the standard error
Error messages are normally displayed on the screen, but you can also 
redirect them to a file or printer by using 2> as explained in following 
example :

(i) To execute a program ‘invoice’ by sending the output to file ‘invlist’ 
and the error messages to another file ‘errors’, give the following 
command ;
$ invoice > invlist 2> errors

(it) If you want to redirect both the standard output and the standard 
error to a file ‘invrepo’, use 2>&1 symbol as shown in following 
command :
$ invoice > invrepo 2>&1 

Redirecting the error in append mode
As you do in standard output, you can use » symbol’for appending the 
standard error to a file as illustrated in following commands :

$ invoice » invlist 2» errors
$ invoice « invrepo 2»&1

Redirecting both input and output
You can redirect the input and output at the same time. For example, to 
obtain input to cat command from the file ‘infile’ and to redirect its output 
to another file ‘outfile’, give the following command :

$ cat <infile>.-outfil6

operating System with 
Unix and Shell 
Programming

NOTES

Introducing the ex Editor
ex is not really another editor, vi is the visual mode of the more general, 
underlying line editor, ex. Some ex commands can be useful to you while you 
are working in pi, for they can save you a lot of editing time. Most of these 
commands can be used without ever leaving vi.
You already know how to think of files as a sequence of numbered lines, ex 
simply gives you editing commands with greater mobility and scope. With
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ex you can move easily between files and transfer text from one file to 
another in a variety of ways. You can quickly edit blocks of text larger than 
a single screen. And with global replacement you can make substitutions 
throughout a file for a given pattern.
• Move around a file by using line numbers.
• Use ex commands to copy, move, and delete blocks of text.
• Save files and parts of files,
• Work with multiple files (reading in text or commands, traveling between 

files).

s/ll’// Script

NOTES

ex Commands
LfOng before vi or any other screen editor was invented, people communicated 
with computers on printing terminals, rather than on today’s CRTs. Line 
numbers were a way to quickly identify a part of a file to be worked on, and 
line editors evolved to edit those files. A programmer or other computer user 
would typically print out a line (or lines) on the printing terminal, give the 
editing commands to change just that line, then reprint to check the edited 
line.
People rarely edit files on printing terminals any more, but some ex line 
editor commands are still useful to users of the more sophisticated visual 
editor built on top of ex. Although it is simpler to make most edits with ui,' 
the line orientation of ex gives it an advantage when you want to make 
large-scale changes to more than one part of a file.
Before you start off simply memorizing ex commands (or worse, ignoring 
them), let’s first take some of the mystery out of line editors. Seeing how 
ex works when it is invoked directly will help make sense of the sometimes 
obscure command syntax.
Open a file that is familiar to you and try a few ex commands. Just as you 
can invoke the vi editor on a file, you can invoke the ex line editor on a file. 
If you invoke ex, you will see a message about the total number of lines in 
the file, and a colon command prompt.
For example :
S ex practice
"practice" 6 lines, 320 characters

. You won’t see any lines in the file unless you give an ex command that 
causes one or more lines to be displayed.
ex commands consist of a line address (which can simply be a line number) 
plus a command; they are finished with a carriage return. One of the most

/i ■ s
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basic commands is p for print (to the screen). So, for example, if you type Ip 
Pn.uraniming prompt, you will See the first line of the file ;

: Ip
With a screen editor you canNOTES

In fact, you can leave off the p, because a line number by itself is equivalent 
to a print command for that line. To print more than one line, you can 
specify a range of line numbers (for example, 1,3 - two numbers separated 
by commas, with or without spaces in between). For example :

:1,3 •
With a screen editor you can
scroll the page, move the cursor,
delete lines, insert characters, and more,

A command without a line number is assumed to affect the current line. So, 
for example, the substitute command (s), which allows you to substitute one 
word for another, could be entered like this :

:1

With a screen editor you can 
:s/screen/line/
With a line editor you can

Notice that the changed line is reprinted after the command is issued. You 
could also make the same change like this :

:Is/screen/line/
With a line editor you can

Even though you will be invoking ex commands from vi and will not be using 
them directly, it is worthwhile to spend a few minutes in ex itself. You will 
get a feel for how you need to tell the editor which line (or lines) to ^ork on, 
as well as which command to execute.

After you have given a few ex commands on your practice file, you should 
invoke vi on that same file, so that you can see it in the more familiar visual 
mode. The command :vi will get you from ex to vi.

To invoke an ex command from vi, you must type the special bottom line 
character : (colon), Then type the command and press [RETURN] to execute 
it. So, for example, in the ex editor you move to a line simply by typing the 
number of the line at the-colon prompt. To move to line 6 of a file using this 
command from within oi, enter :

\

:6 > •J
Press [RETURU] .h

■Si ('Is ■'
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Following the exercise, we will be discussing ex commands only as they are 
executed from vi.

Exercise : The ex Editor

At the UNIX prompt, invoke ex editor on a practice file ex practice 

A message appears 

Go to and print (display) first line 

Print (display) lines 1 through 3 

Substitute screen for line on line 1 

Invoke vi editor on file 

Go to first line

Shefl Scripl

NOTES
"practice" 6 lines '320 characters

1

1,3

Is/screen/line

VI

1

Editing with ex
Many ex commands that.perform normal editing operations have an 
equivalent in vi that does the job more simply. Obviously, you will use dw 
or dd to delete a single word or line rather than using the delete command 
in ('.V. However, when you want to make changes that affect numerous lines, 
you will find the ex commands more useful. They allow you to modify large 
blocks of text with a single command,

These c.v commands are listed below, along with abbreviations for those 
commands. Remember that in vi each ex command must be preceded with 
a colon. You can use the full command name or the abbreviation, whichever 
is' easier to remember.

delete d Delete lines.

Move lines, 

copy CO Copy lines,

t Copy lines (a synonym for co).

You can separate the different elements of an ex command with spaces, if 
you find the command easier to read that way. For example, you can separate 
line addresses, patterns, and commands in this way. You cannot, however, 
use a space as a separator inside a pattern or at the end of a substitute 
command.

move m

Line Addresses
^ I

For each c.r' editing command, you have to tell ex which line number(s) to 
edit. And for the ex move and copy commands, you also need to tell ex where 
to move or copy the text to. '

You can specify line addresses in several ways :

' • With explicit line numbers,. ,

: f
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• With symbols that help you to specify line numbers relative to, your current 
position in the file.

• With search patterns as addresses that identify the lines to be affected. 
Let’s look at Some examples.

Defining a Range of Lines
You can use line numbers to define explicitly a line or range of lines. Addresses 
that use explicit numbers are called absolute line addresses. For example :

Delete lines 3 through 18.
Move lines 160 through 244 to follow line 23. (Like delete 
and put in ui.)
Copy lines 23 through 29 and put after line 100. (Like 
yank and put in vi.)

To make editing with line numbers easier, you can also display all line 
nunibers on the left of the screen. The command :
: set number 

or its abbreviation :
‘ ;set nu

displays line numbers. The file practice then appears :
1 with a screen editor
2 you can scroll the page,
3 move the cursor, delete-lines,

- 4 insert characters and more

The displayed line numbers are not saved when you write a file, and they 
do not print if you print the file. Line numbers are displayed either until you 
quit the vi session or until you disable the set option ;
:set nonumber

or :
iset nonu

To temporarily display the line numbers for a set of lines, you can use the
• sign. For example :

would display the line numbers from line one to line ten.
You can also use the ,(CTRL-GJ command to display the current line number. 
You can thus identify the line numbei’s corresponding to the start and end 
of a block of 'text by moving to the.start of the block, typing (CTRL-G) then 
moving to the end'ai the block and typing (CTRL-GJ again.

O^rroting Sysiciii with 
Ihiix^onrl Shell 
Pingramming

NOTES

f

:3,18d

:160,224iti23

:23,29col00
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Yet another way to identify line numbers is with the ex = command ; Slu-tl Script
/

Print the total number of lines.

NOTES
Print the line number ol the current line.

:/pattern/= ' .

Print the line number of the first line that matches pattern.

Line Addressing Symbols
You can also use symbols for line addresses. A dot (.) stands for the current 
line; S stands for the last line of the file. % stands for every line in the file; 
it’s the same as the combination 1,$. These symbols can also be combined 
with absolute line addresses. For example :
: . .Sd

Delete from current line to end of file.
:20,.m$

Move from line 20 throu^ the current line to the end of the file.
:%d

Delete all the lines in a file.
:%t'5

Copy all lines and place them at the end of the file (making a 
consecutive duplicate).

In addition to an absolute line address, you can specify an address relative 
to the current line. The S3rmbols + and • work like arithmetic operators. 
When placed before a number, these symbols add or subtract the value that 
follow. For example :
:.,.+20d

Delete from current line through the next 20 lines.
:226,Sm.-2

Move lines 226 through the end of the file to two lines above the current 
line.
:.,+-20# ,

Display line numbers from the current line to 20 lines further on in the file.
In fact, you don’t need to type the dot (.) when you use + or -, because the 
current line is the assumed starting position.
Without a number following them, + and - are equivalent to +1 and -1, 
respectively. [1) Similarly, ++ and - ■ each extend the range by an additional 
line, and so on. The + and - can also be used with search patterns, as shown 
in the next section.
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[1] In a relative address, you shouldn’t separate the plus or minus symbol
from the number that follows it. For example, +10 means “10 lines following,”\
but + 10 means “11 lines following (1 + 10)/’ which is probably not what you 
mean. v
The number 0 stands for the top of the file (imaginary line 0). 0 is equivalent 
to 1-, and both allow you to move or copy lines to the very start of a file, 
before the first line of existing text. For example :

Copy three lines (the line above the cursor through the line below the cursor) 
and put them at the top of the file.

I
NOTES

Search Patterns
Another way that ex can address lines is by using search.patterns. For 
•example : . "
:/pattern/d

Delete the next line containing pattern.
pattern/+d

Delete the line below the next line containing pattern. (You could also 
use +1 instead of + alone.)

:/patternl/,/pattern2/d
Delete from the first line containing patternl through the first line 
containing pattern2.

:../pattern/m23
Take text from current line (.) through the first line containing pattern 
and put after line 23.

Note that patterns are delimited by a slash both before and after.
If you make deletions by pattern with vi and ex, there is a difference in the 
way the two editors operate. Suppose you have in your file practice the 
lines :

with a screen editor you can scroll the 
page, move the cursor, delete lines. insert
characters and more, while seeing results
of your edits as you make them.

ResultsKeystrokes
d/while With a screen editor you can scroll the 

page, move the cursor, while seeing results 
of your edits as you make them.
The vi delete to pattern command deletes from the cursor 
up to the word while but leaves the remainder of both 
lines.
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SJjpJi ScriptWith a screen editor yon can scroll the 
your edits as you make them.

The ex command deletes the entire range of addressed 
lines; in this case both the current line and the line 
containing the pattern. All lines are' deleted in their 
entirety.

Redefining the Current Line Position
Sometimes, using a relative line address in a command can give you 
unexpected results. For example, suppose the cursor is on line 1, and you 
want to print line 100 plus the five lines below it. If you type :
;10D,+5 p

you’ll get an error message saying, “First address exceeds second.” The 
reason the command fails is that the second address is calculated relative 
to the current cursor position (line 1), so your command is really saying 
this :
;100,6 p

What you need is some way to tell the command to think of line 100 as the 
“current line,” even though the cursor is on line 1.
ex provides such a way. When you use a semicolon instead of a comma, the 
first line address is recalculated as the current line. For example, the 
command :
:100;+5 p . • _

prints the desired lines. The +5 is now calculated relative to line 100. A 
semicolon is useful with search patterns as well as absolute addresses. For 
example, to print the next line containing pattern, plus the 10 lines that 
follow it, enter the command ;
:/pattern/;+10 p

•• . , /vjhile/d

NOTES

Global Searches
You already know how to use / (slash) in vi to search for patterns of characters 
in your files, ex has a global command, g, that lets you search for a pattern 
and display all lines containing the pattern when it finds them. The command 
:g! does the opposite of :g. Use ;g! (or its synonym :v) to search for all lines 
that do not contain pattern.
You can use the global command on all lines in the file, or you can use line 
addresses to limit a global search to specified lines or to a range of lines. 
;g/patcern

Finds (moves to) the last occurrence of pattern in the file.
:q/pattern/^

Finds and displays all lines in the file containing pattern.
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:g!/pactern/nu
Finds and displays all lines in the file that don’t contain pattern', also 
displays line number for each line found.

: 60, l'24g/pattern/p
Finds and displays any lines between lines 60 and 124 containing 
pattern.

NOTES

Combining ex Commands

You don’t always need to type a colon to begin a new cx command. In e.x-, the 
vertical bar (|) is a command separator, allowing you to combine multiple 
commands from the same ex prompt (in much the same way that a semicolon 
separates multiple commands,at the UNIX shell prompt). When you use the 
I, keep track of the line addresses you specify. If one command affects the 
order of lines in the file, the next command does its work using the new line 
positions. For example :
:1,3d I s/thier/their/
Delete lines 1 through 3 (leaving you now on the top line of the file); then 
make a substitution on the cuirent line (which was line 4 before you invoked 
the ex prompt).

: 1,5 m 10

i

g/paCtern/nu

Move lines 1 through 5 after line 10, and then display all lines (with numbers) 
containing pattern.

Saving and Exiting Tiles

You have learned the vi command ZZ to quit and write (save) your file. But 
you will frequently Want to exit a file using ex commands, because these 
commands give'you greater control. We’ve already mentioned some of these 
commands in passing. Now let’s take a more formal look.
: w

Writes (saves) .the buffer to the file but does not exit. You can (and 
should) use :w throughout your editing session to protect your edits 
against system failure or a major editing error.

:q

. Quits the file (and returns to the UNIX prompt).
;wg

Both writes and quits the file. Both writes and quits (exits) the file. 
It’s the same as :wq.

vi protects existing .files and your edits in the buffer. For example, if you 
want to write your biiffer to an existing file, vi gives you a warning. Likewise, 
if you have invoked vi on a file, made edits, and want to quit without saving 
the edits, vi gives you an error message such as :
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Shell ScriptNo write since last change. .
These warnings can prevent costly mistakes, but sometimes you want to 
proceed with the command anyway. An exclamation point (!) after your 
command overrides the warning :

NOTES
:w!

;q!

w! can also be used to save edits in a file that was opened in read-only mode 
with vi -R or view.
:qf is an essential editing command that allows you to quit without affecting 
the original file, regardless of any chaises you made in this session. The 
contents of the buffer are discarded.

Renaming the Buffer .
You can also use :w to save the entire buffer (the copy of the file you are 
editing) under a new filename.
Suppose you have a file practice, containii^ fiOQ lines. You open the file and 
make extensive edits. You want to qxiit but save both the old version of 
practice and your new edits for comparison. To save the edited buffer in a 
file called practice.new, give the command :
•.w practice.new
Your old version, in the file practice, remains unchanged (provided that you 
didn’t previously use :w). You can now quit the old version by typii^ :q.

Saving Part of a File
While editing, you will sometimes want to save just part of your file as a 
separate, new file. For example, you might have, entered formatting codes 
and text that you want to use as a header for several files.
You can combine ex line addressing with the write command, w, to save part 
of a file. For example, if you are in the file practice and want to save part 
of practice as the file newfile, you could enter :
:: 23 0, Sw newfile

Saves from line 230 to end of file in newfile.
:., 600w newfile

Saves from the current line to line 600 in newfile.

Appending to a Saved File
You can use the UNIX redirect and append operator (») with w to append 
all or part of the contents of the buffer to an existii^ file. For example, if 
you entered :
:1,lOw newfile 

then :
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:340,$w »newfile

newfile would contain lines 1-10 and from line 340 to the end of the buffer.

Copying a File into Another File
Sometimes you want to copy text or data already entered on the system into 
the file you are editing. In vi you can read in the contents of another file 
with the ex command :
:read filename 

or its abbreviation :
:r filename

This command inserts the contents of filename starting on the line after the 
cursor position in the file. If you want to specify a line other than the one 
the cursor’s on, simply type the line number (or other line address) you want 
before the read or r command.
Let’s suppose you are editing the file practice and want to read in a file 
called data from another directory called /usr/tim. Position the cursor one 
line above the line where you want the new data inserted, and enter :
:r /usr/tiin/data

The entire contents of / usr/tim / data are read into practice, beginning below 
the line with the cursor.
To read in the same file and place it after line 185, you would enter :
':185r /usr/tim/data
Here are other ways to read in a file :
:Sr /usr/tim/data
Place the read-in file at the end of the current file.
:0r /usr/tim/data
Place the read-in file at the very beginning of the current file.
:/pattern/r /usr/tim/data

Place the read-in file in the current file, after the line containing pattern.

Editing Multiple Files
em commands enable you to switch between multiple files. The advantage to 
editing multiple files is speed. When you are sharing the system with other 
users, it takes time to exit and reenter vi for each file you want to edit. 
Staying in the same editing session and traveling between files is not only 
faster for access.

Invoking vi on Multiple Files one
When you first invoke vi, you can name more than one file to edit, and then 
use ex commands to travel between the files.

NOTES
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invokes filel first. After you have finished editing the first file, the ex command 
:w writes (saves) filel and :n calls in the next file {file2).
Suppose you want .to edit two files, practice and note.
Keystrokes
vi practice 
note

Shell Script

NOTES
Results
Kith a screen editor you can scroll 
the page, move the cursor, delete lines,

'insert characters, and more, while seeing 

Open the two files practice and note. The-first-named 
file, practice, appears on your screen. Perform any edits, 
"practice" 6 lines 328 characters-

Save the edited file practice with the ex command w. 
Press RETURN.

: w

Dear Mr.
Henshaw :
Thank you for the prompt...
Call in the next file, note, with the ex command n. 
Press RETURN. Perform any edits.
“note" i23 lines 1343 characters

Save the second file, note, and quit the editing session.

: n

: X

Calling In New Files
You don’t have to call in multiple files at the beginning of your editing 
session. You can switch to another file at any time with the ex command :e. 
If you want to edit another file within vi, you first need to save your current 
file (:w), then give the command :
:e filename

Suppose you are editing the file practice and want to edit the file letter, then 
return to practice.
Keystrokes

;

Results
"practice" 6 lines 328 characters 

Save practice with w and press RETURN, practice is 
saved and remains on' the screen. You can now switch 
to another file, because your edits are saved.
"letter" 23 lines 1344 characters
Call in the file letter with e and press RETURN. Perform 
any edits.

vi “remembers” two filenames at a time as the current and alternate 
filenames. These can be referred to by the ,S3nnbols % (current filename) and

: w

:e letter
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# (alternate filename). # is particvUarly useful with :e, since it allows you to 
switch easily back and forth between two files. In the example given just 
above, you could return to the first file, practice, by typing the command :e#. 
You could also read the file practice into the cuitent file by typing :r#.
If you have not first saved the current file, vi will not allow you to switch 
files with :e or :n unless you, tell it imperatively to do so by adding an 
exclamation point after the command.
For example, if after making some edits to letter, you wanted to discard the 
edits and return to practice, you could type :e!#.
The command :

NOTES

V.

:e[

is also useful. It discards your edits and returns to the last saved version of 
the current file.
In contrast to the # symbol, % is useful mainly when writing out the contents 
of the current buffer to a new file. For example, a few pages earlier, in the 
section “Renaming the Buffer,” we showed how to save a second version of 
the file practice with the command :
:w practice.new
Since % stands for the current filename, the previous line could also have 
been typed ;
:w %.new

Edits Between Files
When you give a yank buffer a one-letter name, you have a convenient way 
to move text from one file to another. Named buffers are not cleared when 
a new file is loaded into the vi buffer with the :e command. Thus, by yanking 
or deleting text from one file (into multiple named buffers if necessary), 
calling in a new file with :e, and putting the named buffer into the new file, 
you can transfer material between files.
The following example illustrates how to transfer text from one file to another.
Keystrokes
"f4yy

Results
with a screen editor you can scroll 
the page, move the cursor, delete lines, 
insert characters, and more, while seeing 
the results of the edits as you make them
Yank four lines into buffer f.
"practice" 6 lines 238 characters 

Save the file.
:w

:e letter Dear Mr. 
Henshaw :
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be interested to know that :
Yours truly.

Enter the file letter with :e. Move cursor to where the 
copied text will be placed.
Dear Mr.
Henshaw :
I thought that you would - 
be interested to know that :
With a screen editor you can scroll 
the page, move the cursor, delete lines,

• insert characters, and more, while seeing 
the results of the edits as you make them 
Yours truly.

Place yanked text from named buffer f below the cursor.
Another way to move text from one file to another is to use the ex commands 
:ya (yank) and :pu (put). These commands work the same way as the 
equivalent ui commands y and p, but they are used with ex’s line addressing 
capability and named buffers. For example :
:160,224ya a

would yank (copy) lines 160 through 224 into buffer a. Next you would move 
with :e to the file where you want to put these lines. Place the cursor on the 
line where you want to put the yanked lines. Then type :
: pu a

to put the contents of buffer a after the current line.
1. Some of the commands from the early editors like ed can be used with 

later, more sophisticated editors. If you should forget how to use one of 
the screen editors to perform some task, you can use the ed command 
sequence.

2. String searches use the same constructs in the majority of the UNIX 
editors. In addition, global commands may be difficult to perform in 
some editors, but are easy in the early editors like ed and ex.

3. The syntax you learn with ed is also used in other UNIX tools like grep 
and diff. Learning ed will enable you to use these other tools with less 
difficulty.

4. After learnii^ the tools available in ed,-other powerful file editing tools 
like sed are easy and natural to use to edit Vhole files.

5. If you are using a hard copy terminal, or if your stty file becomes corrupted 
and you don’t have access to a screen editor you. can still perform edits 
using line editors like ed and ex.

NOTES

”fp
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6. It is often easier to direct someone to use a line editor like ed, rather than 
have them start a screen editor like vi. The ed or ex editor is often the 
choice of telephone tech support because it is less complex to walk users 
through its use.

History of ed

The early versions of the ed editor, also known as the “standard Unix editor,” 
were written by Ken Thompson. It is descended from the QED editor which 
was written by Butler Lampson and Peter Deutsch at Berkeley, in the middle 
1960s. Before he wrote ed, Thompson wrote a version of QED for the Multics 
project. Dennis Ritchie also worked on that early, Bell Labs version, of QED. 
However, Thompson wanted a simpler editor so he built the first version of 
ed. In its evolution, many other people have worked on ed, and it has become 
a more complex and more powerful editor. Nonetheless, ed has retained 
much of the original flavor and functionality given it by Thompson in the 
late ’60s.

’ Line editors

One of the interesting things about both of the standard Unix editors, (ed 
and ex/vi) is that they are “line editors” rather than page editors or document 
editors. This sometimes takes a little getting used to, as most of us are more 
familiar with the modern, full document, or word processors. To understand 
ed we need to consider the time at which ed was developed, and technology' 
available at the time.

Remember that ed was developed back in the late 1960’s and the “state-of- 
the-art” input device back then was the teletype, typified by the ASR-33 
which first ^aw the light of day in 1968. This, absolutely classic, all-around 
I/O Device was able to print a blazing, (for its time), 10 characters or 80 bits 
per second (upper case and symbols only), generating input at the same 
speed from its keyboard. It also had a built in punched paper tape reader, 
and could punch paper tape for output and off-line storage. Some models of 
this uiiit could even start and stop the paper tape reader or the paper tape 
punch on command from a host computer which is why it was given the 
“ASR” (Automatic Send & Receive) designation in it’s name.

With a very slow I/O device lot^ involved command names are very inefficient. 
That is why most of the ed commands are only one or two characters long. 
In addition to being slow the teletype or ASR 33 was a hard copy device. 
That meant that the user could look back on the paper and see what they 
had typed, unlike a monitor where you can only see 24 lines. For that reason 

- there was no need to “refresh the screen” because all that would do would 
be print a lot of lines, pushing the paper up at 10 characters per second 

,.which would take a lot of time. The ed editor was designed to work on a 
single line of the input file at a time. Hence the appellation “line editor”.

NOTES
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As ed grew and developed over time, he acquired the ability to perform edits 
on a number of lines at the same time. He has also acquired new, additional, 
features that made him more powerful and more useful.
All the descendents of ed are forms of a line editor. A line editor is one which 
enables the user to work with a single line of text at a time. Once ed has 
at least one line of text in the working buffer, there is always a current line 
that is the default target for any edit.
When you open a file in ed, or when you start typing a new file, ed creates 
a working buffer, called the editing buffer. This buffer holds the information 
in memory. Any changes you make will not be applied to the disk file until, 
you execute a “write to disk" command. This means you can back out of 
changes easily, but it also means that you can lose a whole session’s work 
if you forget to write the contents of the editing buffer back to disk before 
you quit ed. Fortunately, if you allow it, ed will remind you to save the 
contents of the editing buffer before you exit.

Shell Script

NOTES

Starting ed
It is simple to invoke the ed editor. All you need to do is type either : 
ed or ed filename at the system prompt to invoke the ed editor.
Figure 7.2 on the opposing page, shows how to invoke the ed editor without 
specifying a file name.
Figure 7.3 shows how to start ed and give it a file to edit. Note ; ed will tell 
you how many characters or b3des are in an existing file as it reads them 
into the editing buffer.
Please note : For purposes of this text, the standard C shell prompt % is 
used to show the operating system prompt. When you see a %, that indicates 
a command to be entered on the command line.
In both examples, the first command clear simply clears the screen before 
ed is started. This makes the interaction with ed less cluttered and helps 
identify the ed command. I will eliminate the clear command from subsequent 
lines to reduce the clutter. However, I recommend you always issue the 
clear command before you start ed. '

% clear <return>
% ed <return>\
_ <— cursor

\

Figure 7.2

% clear <return?
% ed nifty_sluff <return>
207

<— cursor

Figure 7.3
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The two modes of ed
The UNIX editors work in one of two modes :
(а) command mode
(б) text entry mode
Many new users find it somewhat confusing determining which mode ed is 
in (as well as switching back and forth between modes). If ed is in text entry 
mode, then all of the ed commands you enter will be taken as text input and 
inserted into the document you are editing. On the other hand, if you are in 
command mode, ed will try to interpret anything you type as if it were 
commands, (and possibility become very confused). One of the most common 
problems new users have with this is being in text entry mode and trying 
to use ed commands. Those commands will appear one after the other, but 
as ed is in text entry mode, they will not be executed. This can be both 
confusing and frustrating.
To help you remember which mode you are in, ed has a command that asks 
it to tell you when it is in command mode. Figure 7.4 shows the use of the 
P (or give me a special Prompt) command. Please note that like the| majority 
of other UNIX utilities, ed is case sensitive. This command is the upper case 
P. After you enter a P, ed will present an asterisk as a prompt when it is 
in command mode. When ed is in text entry mode there will be no prompt. 
If you want to turn this option back off, simply type another P command; 
(Commands that are turned on and off by successive entries of the same key 
are called “toggle” commands. Several of the ed commands toggle.)

Opiirnlini; System with 
Unix and Shell 
PiOgrrimmiiif!
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NOTES

%ed <return>
P

<— This is the cursor.

Figure 7.4

Error messages in ed
In accordance with the terse nature of early UNIX editors, ed is very brief 
when identif3ang input errors. Figure 7.5 shows the error message generated 
by ed. As it is less than helpful, Figfure 7.6 shows how to invoke the ed help 
message description tool. Although ed is not terribly verbose, it does help in 
some cases, especially when you already know what ypu have done wrong. 
In this case, the p command told ed to print the current line in the editing 
buffer to the screen. However, there is no line in the editing.buffer available 

. to print, so ed recognizes it as an error. To show that it has a problem with 
a command, ed prints a ?.
Finally, Figure 7.7 shows how to turn on the verbose message option for your , 
current session with ed. This option will remain on for your whole editing 
session.

\

« ^
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sill'll SuriptNOTE : The text liin'S shown m italics are comments on the session and p.ot part 
of the actual editing >cssion.

%ed <return> 

p <return>
? <— Here is ed's error message (real helpful isn't it)

NOTES
I

Figure 7.5

%ed <return> 
p <return>
?
h <return>
line out of range <—now we know what is wrong...

Figure 7.6

%ed <relurn>
H <r8turn> 
p <return> 
line out of range

Figure 7.7

Leaving the ed editor

When you are ready to end your editing session all you need to do is enter 
the q command (for quit) at the command prompt.

If you have not saved the editing buffer to disk since your last change, ed 
will prompt you to do so by issuing an eiror message. If you enter a second 
q ed will do as you asked, exit, and not save your work. If you make the 

. double q your standard exit from ed you will, at some time, exit without 
having saved your work and have the chance to save the text in the editing 
buffer.

Figure 7.8 shows us adding some text to a file, and then trying to exit 
without saving, It shows how ed will provide an error message prompting 
us to save (write) the contents of the buffer to the file. In this example we 
exited without saving our work.

In this same light, there is a way to leave the ed editor without any chance 
of saving your work. If you enter the Q command, ed will exit and not check 
the status of the editing buffer to see if the most recent changes have been 
saved. This is the most dangerous way to exit from ed. (Remember, back in

Si'll-InutriicliDiial Muh-nut IK!)



the beginning I told you you would have to allow ed to help you remember 
to save the contents of the editing buffer...this shows you how you can 
prevent ed from helping you...this is generally considered to be a Bad Thing 
by the forces for good in the community.)
In Figure 7.9, we also added some text, but then issued the absolute quit 
command, Q. Notice that the next thing we see is the command line prompt, 
showing that we have exited form ed without saving our work.

Ol)Kralini! Syntem with 
Unix and Shell 
Pn>nrainininf{

NOTES

%ed <return>
H <return>
P <return>
*a <return>
This is a test <return> 
. <return>
*q <return>
?
warning : expected V
*q
%

Figure 7.8

%ed <return>
H <return>
P <return>
*a <return>
This is a test <return> 
. <return> •
*Q <return>
%

Figure 7.9

Figure 7.10 shows the preferred way to respond to the error on exit message. 
Save the contents of the editing buffer to a file, and then reissue the q 
command to ask ed to exit to the shell.
Had we written our data from the buffer to the disk first, and then issued 
a quit command, ed would have simply exited to the command line with no 
message at all. Figure 7,11 shows that process.

'1
/ .

VI
1
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Shelly Script
%ed <return>
H <retijrn>
P <return> 
a’ <return>
This is a test <return> 
. <return>
'q <return>

NOTES

1 ?
warning : expected ‘w’ 
*w. my.nifty.file 
*q <return>
%

Figure 7.10

%ed <return>
H <return>
P <return>
*a <return>
This is a test <return>
. <return>
*w another.nifty.file <return> 
■q <return>
%

Figure 7.11

Displaying the lines in a buffer
Each time you access a line of the buffer, ed shows you the contents of that 
line. However, it is often handy to be able to display all or a subset of the 
lines in a file so you can see what the file looks like.
There are two ways to show a set of lines in ed, either with or without line 
numbers. Using the 1, or list, command will show you the current line. You 
can also specify the address of a particular line and see that line. Finally, 
you can specify a range of lines and see all of those lines. Figure 7.12 shows 
all of these variants. (I now will assume that you realize that you must type 
a <return> after each command or input line and will no longer show those 
<return>s.)'
Sometimes it is handy to have ed tell us the line numbers.' For example, if 

. we are writing a program or script and the interpreter tells us that there 
is ah ei;ror in line 46, it might be handy to see not only line 46, but the lines 
that surround 4j6. As^ with the list command, the n, or number command by 
itself will display thej current or active line preceded by its line number. You

I
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can specify a single line number, or a range of line numbers and see that line 
or range. Figure 7.13 shows how these options work,
This is a good time to introduce you to a couple of short cuts in addressing. 
As you have seen in the two examples of showing buffer contents, you can 
specify a first line number address and a last line number address and see 
all of the lines between those two, including the named lines.
Thereyare times when you may want to see all of the lines in the buffer. Let’s 
pretend that there are 19 lines in the buffer. You could specify 1,191 to see 
all 19 lines.' However, suppose you don’t know how many lines there are in 
the buffer. There is a magic address, $, that says “the last line in the buffer". 
So rather than typing 1,191 we can simply type 1,$1 saving one whole 
•keystroke. By the same token, we could type 10,$] and see all the lines from 
10 to the last one in the file.

, I « '

If you want to see all of the lines in the file, there is a second, even shorter 
cut you can use. Rather than typing l,$n, .you can simply type ,n (comma n). 
In this case ed will assume you mean l,$n. That is pretty handy if youi' file 
is relatively short and you want to manipulate all of the lines. You can use 
these shortcuts with any command that takes addresses, or line numbers, 
as part of the command. So, for example, if you wanted to delete all of the 
lines in a file, you could simply type ,d. Short, sweet, quick, efficient, all of 
the qualities we want in an editor.

O/uTrilins Sy!<li'in loilh 
Unix fill'd Shell 
I'liiyrainiiiiiin ,

NOTES
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%ed a.boring.file
H
P

Now is the time 
*1,31
Now is the time 
For all good folk 
To come and learn UNIX!

Figure 7.12

%ed a.boring.file
H \
P \

\
*n .
1 Now is the time
*1,31 •

Now is the time1
2 For all good folk
3 To come and learn UNIX!

Figure 7.13
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sin'll ScriptMoving about in a file with ed

The easiest way to move about in a file is to simply enter' the line number 
you wish to “go to”. Figure 7.14 shows how to enter 3 lines of text, and then 
transfer control to line 1 and then to line 3. Note the use of the n command 
to display the line number and'the text of the line after it becomes the 
current line.

Figure 7.15 shows one of the ways to perform relative addressing in ed. The 
editor is started, text is entered into the editing buffer, and then the text 
entry (append) mode is ended by the period (.). At this point, the third line, 
(the most recent line entered) is the current line. Next the command -2 is 
entered- This command is the same as the .-2 command (. standing for “here” 
or thi' current line). Next the n command is used to show which line is now 
the current line. Please don’t confuse the period used to end the append 
session with the period used to represent here or the current line. It is 
obvious to the most casual observer that the two symbols are very different. 
Yea. right, sure! ;-)

NOTES

%ed a.boring.file
H
P
■a

Now is the time 
For all good folk 
To come'and learn UNIX!

■1

Now is the time
•n

Now is the time1
’3

To come and learn UNIX!
’n

3 To come and learn UNIX!

Figure 7.14
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%ed
H
P
*a

NOTES
Now is the time 
For all good folk 
To come and learn UNIX!

*-2
Now is the time
’n

Now is the time1

Figure 7.15

Adding text to a file
Figure 7.16 shows how to insert text into a new file. (You have seen this 
example before, now we will discuss the actual mechanism). As you will 
remember, we cannot insert text into a new file because insert inserts text 
before the current (or named) line, and we have no lines yet. Therefore we 
must append our text to the first line of the file (line zero). After we have 
appended a line, we can then use the insert command to add additional text 
to the.body_ of the file. The (Please note, from now on, the examples assume 
you have typed both the H and the P commands at some previous point m 
the editing session.)

Searching in a file
Figure 7.17 shows the two common ed search tools. The first is the forward 
search which starts at the current line and searches fonvard through the 
rest of the file to find the first occurrence of the string specified between the 
slashes. In this example, the search stops when it finds the first occurrence 
of the word “UNIX”. The second search shown works upwards, or backward 
(toward the beginning of the file) from the current line. It stops when it 
finds the first occurrence of the string specified between the question marks. 
Please note : The editing buffer seems to be circular when searching with 
these tools. You can visualize a circular buffer as if it has its contents on the 
outside of a cylinder. When you reach the last line of the file, the next line 
“down” is the first line of the file. By the same token, if you move to the line 
“above” the first line of the file, you reach the last line of the file.

Figure 7.18 shows the global parameter. When the g'(or global) command 
precedes the search pattern, each line in the file is checked for the occurrence 
of the pattern specified. In this case, the pattern is a lower case 1 (ell). Each 
line that contains this pattern will be reported (printed on the screen;
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Please note that the search pattern is often a Regular Expression. Shell Script

%ed
H
P NOTES
•a
To come and learn UNIX!

Now is the time 
For all good folk

Figure 7.16

•/UNIX/
To come and learn UNIX! 
• ?Now ?
Now is the time

Figure 7.17

*1 the number one, to go to the first line 

Now is the time
•g/l/
For all good folk 

To come and learn UNIX!

Figure 7.18 '

Deleting lines from a file
Figure 7.19 shows how to remove lines from a file. The format of the deleU 
command is #, #d where the line number or numbers are optional. If there 
are no line numbers given, the delete command will delete the current line. 
Tlie delete command can be preceded by a single line number to delete a 
single line. Remember, the undo command (u) will undo the most recent 
delete (if you remember to do it before you execute another undoable 
command.)

Finding (or changing) the name of the current file
In Figure 7.20 we see how to determine the name of the file associated with 
the buffer we are currently working with. (Remember, the contents of the 
file will not be altered until we issue a w write command.) The f command

(•
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O/ieroiirtfi Synipm u'lih by itsclf prints the name of the file associated with the current editing 
buffer. If we include the name of a file, then that file becomes associated 
with the current buffer. Remember, the contents of the editing buffer will 
not be saved in that file until you issue th4 write w command.

Unix ant! Shell 
Progrnmming

NOTES
M

Now is the time

For all good folk

To come and learn UNIX!

’2,3d

’,n

Now is the time1

Figure 7.19
Is
nifty_edjile 
ed nifty_ed_file
P
*.n
1 Now Is the time
2 For all good folk
3 To come and learn UNIX!
•f
nifty_ed_file 
’f newjile
*w
57
*!ls
new_file nifty_ed_file

Figure 7.20

Combining two lines together
Figure 7.21 shows the join command j. This command will remove the caniage 
return, line feed (newline) at the end of the first line, joining the second line 
with the first. This command takes as parameters, two contiguous lines. 
(That means you can join lines numbered 4 and 5, but not lines numbered 
4 and 11.) Please note in the example, that the two lines are joined, but ns 
there were no spaces either at the end of the first line nor at the beginning 
of the second line, there is no space between the words "time” and “For”. You 
would need to go back into this file and fix that mistake after the join 
command finished.
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sill'll ScriptMoving lines around in the buffer
This editor nlso gives you the opportunity to move lines from one place to 
another in the buffer. Figure 1.22 shows how to accomplish a simple move. 
Please note that the lihe(s) to be moved are moved to the line following the 
line listed as the target. NOTES

*,n
1 Now is the time
2 For ali good foik
3 To come and learn UNiX!
M,2i
’,n
1 Now is the timeFor ail good folk
2 To come and learn UNIX!

+
Figure 7.21

•,n
Now is the time1

2 For all good folk 
. 3 To come and learn UNIX!

•3m1
*,n
1 Now is the time
2 To come and learn UNIX!
3 For all good folk

Figure 7.22

Copying lines in the buffer .
While the move command (m) gives us the functional equivalent to the 
standard c.ut and paste function, the copy command t (stands for transfer, 
perhaps< ?>) allows you to copy and paste. The format of this command is 
#,#t# where the line number pair give ed the range of lines you wish to copy, 
and the last line number gives the location to copy to. As with move, the text 
will appear in the buffer following the line number listed. Figure 7.23 
demonstrates a simple move.

Substitution in ed
This editor also allows specific search and replacement. The s command 
provides that capability. The format of the command is #,#s/target/new value/ 
n where n is a number indicating the occurrence on the line of the target to 
be replaced or substituted. If you do not provide a value for n, the substitute 
command will replace the first occurrence of the target string. Should you
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want ed to replace all the occurrences of the target string with the new 
value, use a “g” for global, in place of the n. Figure 7.24 shows this command 
and the results of a simple substitution.
Remember, substitution is your very best friend!

Other ed commands
There are many more editing commands, as listed in the “Table of Useful ed 
Commands” following the next set of examples. After you master the 
commands we have discussed here, you should play with, and learn, the rest 
of the ed commands. You will find that a complete grasp of the intricies of 
ed will help you with all of your other editing tasks. Besides, ed is a pretty 
cool tool!

Opt'ralint! Syslf.m with 
Unix and Sludt 
Pnii'rniiuninj!

NOTES

*.n
1 Now is the time

For all good folk
To come and learn UNIX!

2
3
’2t3 

•‘.n .
1 Now Is the time 

For all good folk 
To come and learn UNIX!. 
For all good folk

2
3
4

Figure 7.23

*.n
If yoii knew UNIX, like I knew UNIX 
You would run away from UNIX ;•) 

•1,2s/UNIX/Unix/2

1
2

*.n
If you knew UNIX, like I knew Unix 
You would run away from UNIX ;-) 

•2s/UNIX/Unlx/

1
2

*.n
If you knew UNIX, like I knew Unix 
You would run away from Unix ;-)

1
2

Figure 7.24

A table of useful ed commands 

Command Action
! This command will act like a shell escape character and allow the

subsequent key strokes to be passed to the UNIX shell and executed.
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In most cases control returns to ed after the execution of the 
command.

Allows you to leave command mode and append text afier the 
current line.

The change command allows you to alter a range of text. The 
generic format of the command is (#,#]c where #,# is a range of 
lines you wish to replace with text you will type. This command 
first deletes the existing text over the range specified, and then 
puts you into insert mode to type new text to replace that which 
has been deleted.

This command allows you to delete one or more lines, the generic 
format of the command is [#,#)d where #,# is a range of lines to be 
deleted. The line after the last line deleted becomes the current 
line.

Reads the previously saved version of the current file into the 
editing buffer. If a file name is specified, then ed loads the most 
recent version of that file into the editing buffer, overwriting the 
current contents.

By itself, f displays the current filename, if you give f a file name, 
then you give a new name to the contents of the editing buffer. The 
syntax for this command is f or f filename to set a new filename.

Is the global option. If g precede a command, then the entire buffer 
is searched for all first occurrences of the pattern in each line, if 
the g follows the command, then the whole line is searched, and ed 
does not stop with the first occurrence. It is possible to attach a 
command-list to this command to be executed each time the pattern 
is matched. The normal syntax of this command is [#,#]6/RE/ 
command-list. The commands in the command list must be 
separated by protected new lines (\<enter>). If the g both precedes 
and follows a command, then the complete file is searched.
This command is the same as the g command, except it can have 
only 1 command foIlowing.it rather than a command list.
Displays the most recent error message.

Displays, (or redisplays) the most recent error message and turns 
on the automatic, verbose error message display for the current 
editing session. This command is a toggle, if you enter a second H, 
it will turn verbose error display off. The default for this option is

Shell Script

a

NOTES
c

d

e

f

g

G

h
H

off.

This command allows you to insert text before the current line. If 
you precedes the command with a number, the text will be opened 
for insertion before the line, specified.
A table of usefuhed command (cont:)

1
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Command Action
The j command allows you to remove the carriage return between 
any two lines, joining them into one line. The format of that 
command is ; [#,#]j where # and # are two contiguous lines to be 
joined. If you do not give join two lino numbers,"the command will 
fail, but no error message will be given.
This command will set a marker in the text so you can find a 
particular line later. The format of this command is i#|kx where x 
is one of the letters from the range |a-zl. If no line number (#) is 
supplied, the current line is marked. To transfer control back to a 
line so marked, use the ‘x command, (that is lick-mark x)
List either the entire contents of the buffer, or in the form [#.#|1. 
list the, range of lines specified. In the second form, the last line 
listed becomes the current line.
The move command moves a specified range of text to a new location 
in the editing buffer. The correct form for the.move command is : 
[#,#]m# where the #,# pair are the lines to be moved, and the # 
following the command shows where the lines will be moved. The 
lineCs) will be moved to the line following the target line.
The generic form of the number command displays some range of 
numbers ([#,#]n) on the screen, preceding each line with the line 
number and the tab character. At the end of the command, the last 
line displayed becomes the current line.
This command prints either the current line or the lines specified 
by the number range that precedes the command (l#,#]p), then the 
lines listed are printed (shown on the screen) and the last line 
printed becomes the current line.
This toggle turns on or off the command mode prompt. (The default 
for this toggle is off.)
q lets you quit an ed session. If you have not saved the contents of 
the editing buffer, ed will give you the ? error message. If you issue 
another q command, ed will exit and not save the contents of the 
editing buffer. -
If you want to end an ed session without verifying that the contents 
of the editing buffer have been saved, use the Q command. This is 
a dangerous command.
The format of this command is : I#.#] r filename, where the contents 
of the file specified by filename is copied into the file at the location 
following the line(s) specified. If no filename is specified, the current 
file is used, and if there is no current file, an error message is 
generated.
Command Action
The substitute command searches the current line for the specified 
text (stext). If ed finds the search text, it replaces it with the

Operating mith
Unix ond !>hell 
Program ming J

NOTES

k

1

m

n

P

P

q

Q

r

s
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replacement text (rtext). The form of the command is [#,#]s/stext/ 
rtext/n. If the line numbers are omitted, substitute works on the 
first occurrence it finds. This command can take an n suffix, if 
used, the nth occurrence of the stext will be replaced. The global 
options are frequently used with this command.
[#,#]t# is the format of the copy command (to remember it, you are 
copying from a range to a line number ?). This command copies the 
line(s) of text specified and inserts them after the line number 
specified as the target.
The undo command will help you recover from an error. You can 
undo the actions of the most recent a. c, d, i, j, m, r, s, t, u, v ,G, 
or V command. You must use the undo command before you issue 
another command in the list above, for the undo to work. If you 
leave the ed editor and return, you cannot undo a change. You 
cannot undo a change that has been written to disk. Please note, 
you can undo the results of an undo command as well!
This command is the opposite of the g command. Where g finds all 
occurrences of the pattern listed, v finds all lines that do not match 
the pattern. If a command-list is supplied, that command line is . 
executed for each line that does not match the specified pattern. 
The proper syntax is [#,#]v/RE/command-list.
This command is the opposite of the G command. (See the discussion 
of v).

Using this command allows you to enter non-displaying character 
ASCII code into the buffer. For example the string ''V^'G imbeds 
the ASCII code for ''G (beep) into the text. Useful for some 
specialized ASCII (or “escape”) sequences. ('^ represents the CTRL 
or control key, so ''V means Control-V.)

If no file name is specified, this command writes the contents of 
the editing buffer to the disk file that was opened (or edited, or 
read) to initially load the editing buffer. This command will allow 
a subset of the editing buffer to be saved, that format is l#,#lw 
filename. If no line numbers are specified, the whole file is written.
If a file name is specified as an argument, then that portion of the r 
editing buffer specified is written to the disk and saved under the 
filename.
This command is similar to the w-except that it appends to an 
existing file rather than writing over the contents.
This is used to search forward through the file for the first 
occuiTence of the pattern enclosed in slashes. In this case, that is 
a regular expression.
ITiis is used, like the slashes, but starts a search backward Please 
note, for purposes of these searches, the buffer is .circular.

Shell Scrip!

NOTES
t

u

v

V

AV

w

- W

/RE/
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STUDENT ACTIVITY

1. What is a Shell Script ?

2. What is similarily between DOS Batch file UNDL Shell Script ?

V

1
I

1.1,
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3. WKat do you mean by redirection ? Shi'/l Sr.ripl

4. What is standard output in Union Operating System ?

i;

/

/

Stilf' In .9/ ruvii 0 n a I Mater / 2 iKi'■S.



Operating System with 
Unii and Shell 
t^rogramming

SUMMARY
• operating System makes interaction between user and hardware.

• UNIX structure consists of Kernel, shell and other tools and application.

• UNIX offers 64 systems tools.

• Exception is a condition where the system causes unexpected event.

• Unix has the concept of Interupt.

• File system in unix is arranged in weraschica! order.

• Unix treats all Information a files.
• Unix file system consists of many directors which contain vital information 

used for working in the environment.

• I - node is a table associated with each file in UNIX.

• /bin directory contains executable files for UNIX commands.

• Unix is case sensitive.'

• The banner command displays its argument exploded to a bigger size, 
into the standard Output.-

• The cal command creates a calendar of the specific month for specified 
year.

• The password command allows the user to set or change the password.

• The who command lists the users that are currently logged into the 
system.

• The finger command with an argument gives you most information about 
the user.

• In UNIX , all utilities , applications and date are represented as files.

• The META CHARACTERS are A, ? and { }.

• The is command is used for listing information about files and directories.

• The cp command creates a duplicate copy of a file.

• The mv command moves or renames files.

• The In command adds one or more links to a file.

• The rm command removers files or directories.

• The cat command displays the content of a file into the screen.

• The pwd command is used for printing the' complete pathname of your 
current working directory.

• The mkdir.command helps you to create a new-.directory.
I . ’ .

• The cd command helps you to change from one directory to another.

NOTES

\
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• 'I’he i mdirr command removes directories from the disk.

• The (.liiiiod command changes the access permission of a file.

• The chown command changes the owner of the specified file(s).

• The chgrp command is used to change the group of a file.

• Unix proceed with various types of editors like ed, ex , vi, sed etc.

• ' vi can be invoked by typing in vi at the $ promp followed by filename.

• Ed editors is line editors - Edition can be done based on line numbers.

• The insertion of text in vi editor is done in the insert mode , append mode
or open mode. .

• There are commands to delete join two lines or undoing a command in vi.

• The sed editors does not show changes made to the file unlike the other. 
editors.

• This used to replace, search , view and delete required number of lines 
from file.

• Pipes and filters help in performing multiple tasks in a single command 
line. A pipe takes output of a command as its input. A filter takes input 
from the standard Input, process it and than displays it on to the standard 
output.

• Sort filter is u^ed to arrange the input in alphabetical order. This command 

comes with different options.

• The grep command is used to search for a specified expression. The options 
available with grep command are -V , -I, -N, -C. There are various ways 
to specify the regular expressions to be searched.

• The output and the input can be redirected to sources other than the 
standard Input and the standard output. This is called Redirection.

• Redirection may be Input redirection or Output redirection. Both Input 
and Output redirection is possible simultaneously.

• The Unix system command is shell.

• Shell has the ability to redirect the standard input, output and error file.

• Shell script is used to write many commands and execute then at one go.

• Bourne shell is a command processor used on all Unix systems.

• C shell has executable file named csh.

• Korn shell has executable file named ksh.
• A process is an entiity that represents the basic unit of work to be

< '
implemented in'-thc systetai.

• The process , table contains details of every process that is initialized.

shell Script

NOTES
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• The ps command displays the status of all active process.
• The STIME stands for starting time of Process.

,• The nice command executes a command with' a different priority than 
others processess.

• A daemon is a process that executes in the background in order to be 
available all the times.

• Shell uses a set of symbols called meta character to form a pattern, which 
is used to match various classes of filenames replacing full names.

• There are different types of shall variables available. These are user 
defined , environment, local and global valuable.

•. User defined variables are created by user environment variables are 
those which are predefined by the system, local variables are known only 
to the shell on which we are working , global variables are known to the 
subsequent shells too. '

• Shell offers programming language constracts like if else, switch case, for 
loop and while loop.

• There are special features offered by the shell for writing shell script 
some of them are symbol, command substitution , positional parameters, 
escape mechanism, arithmetic' and conditional operators, the shift and 
exit command.

• The nl command and the pr commands are useful for preparing documents 
for printing.

• UNIX provides the following utilities for printing the text.
i. A filter that formats text for the printer.

I

ii. A print spooling program.
iii. A program that actually writes the spooled print output to the printer. 

Super User is a System Administrator.
• Booting is the process of starting up a computer.
• The password file contains a one line entry for every account.
• The for command allows you to take a backup of all or selected files in 

a directory, hierarchy on to external storage device or the hard disk 
•itself

• All error messages should be directed to the standard error.

Opfratinn Syntem with 
Unix and Shell
PiDHraniiiiiiin

NOTES
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Shell Script
. 1SELF-ASSESSMENTS QUESTIONS

Solved Exercise
NOTESI. True or False :

1. UNIX user the concept of time sharing.
2. All OS looks after the management of the devices of the system.
3. Unix doesnot offer security to files of a user.
4. The devices are also treated as files in Unix.
5. Upper case and lower case are treated same in UNIX.

II. Fill in the Blanks :
1. forms the core of the UNIX OS.

forms the interface between Kernel & the user.
............. in it.
to another file, 

editor while vi is a

2.
3. Password cannot have
4. Ln is used to .............
5. Ed is a editor.

AnsM'ers
I. True or False :'‘- 

1. True 

4. True
2. True 

5. False
3. False

II. Fill in the Blanks :
1. Kernel 2. Shell 3: special character
4. link 5. line, screen

Unsolved Exercise
I. True or False :

1. The executable filename of Bourne shell is Ksh.
2. The file system in UNIX forms an important post of the UNIX system.
3. Login name can be combination of letter and numbers.
4. Login.name can be of upto 2 characters.
5. Date command displays current Date on the screen. ,
6. Filenames can be upto 14 character.
7. Chgrp can be used to change the group of file.-
8. mv can bo used to move or rename a file.
9. rm is used to rename a file.

10. cp is used to displayd contents of a file. ,
vi is started, it is in insert! mode.
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12. Editing is as easy in vi as in any word processor.
13. You can execute vi commands repeatedly by adding a number to the command. 

- 14. Emacs works in only one mode. \
15. Emacs is a part of UNIX system.
16. The data from one filter can be passed to another filter.
17. The tee command displays the contents of the file one page at a time.
18. The wc command counts characters, words and lines in the input file.
19. The grep command cannot search the input file for a matching pattern.
20. The sort command by default sorts the file on the key field and options 

specified.
21. The shell is UNIX system’s command interpreter.
22. Shell is not a programming language.
23. The Bourn shell is the fastest and the widely used UNIX command processor,

, 24. The \c character used with the Echo command keeps the cursor on the same 
line of the screen after displaying the argument.

25. Korn shell was developed by William Joy.
26. The for construct is used when we want menu driver shell scripts.
27. The while loop may become infinite under certain circumstances

./■ .■

28. The test command is used to test the equality or requality of the integers.
29. The until loop is executed as long as the control command execution become 

true.'
30. The for loop perform the same operation on list of values.
31. The $ @ and the * are identical.
32. Under the Bourine Shell, the priority number must be proceeded by a

II

symbol-
I

33. You can run the sort command in both foreground and background.
34. You can use a signal number with a command for stopping all the running 

processes in background.
35. Process 0 is the mother of all processes. . /
36. Ps -d command shows the listing of only currently active processes.
37. The nl command cannot be used to display formatted output on the screen.
38. The pr command with option -r prints all files simultaneously in different 

columns.
39. The pr command with -pn option starts printing at page n where n indicates 

an integer.
40. The'.pr command is also used to control the increment of the line numbers.
41. This Ip command with flag -Ppr sends the print job to the printer named ptr.

Opprniing System luith 
Vn'i and Shell 
Programm

NOTES
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11. FiM in (he Blanks :

1. Efficiency of the UNIX system

2. The library functions proceeded by UNIX are contained in the 
Directory.

3. The/tmp ciirectoi-y contains ..............

4. The iiles of the user are stored in the directory.

....... .symbol tells the user that unix is ready to accept commands.

command can be used to change the password, 

command is used to gets Calendar.

8. A group of files in unix can be referred with the help of..................

{)................... command is used to display contents of file.

command is used for changing owner of the object

Shr/l Script

as the number after marks increases.

NOTES

S. The

6.

7.

10.

option in Is command is used to print rode number of each file in11.
*1-.llr-st column

12. The commands used to cut the text in vi are called 

is the restricted version of vi.

command search forward s string ‘pattern’ in the vi text- file.

.......... keys to save the file and quit emacs.

16. The basic source from which UNIX programs read their input is called

commands.

13.

14.

15. Prc.ss

messages are normally displayed on the screen but you can also 
them to a file or printer.

arc the programs that read from standard input file, process it and 
write the output to the standard output file.

command displays the first 10 lines of a file.

command concatenates data from files line by line.

21. The shell supports UNIX’s multitasking feattire using the

22. Shell offers standard programming constructs like...... ;.......,.

17. ...

18.

19. The

20. The

method.

etc.

• 23. A shell script is similar to the
frequently used UNIX commands are stored, in a file.

24. The executable filename of Korn shell is ..................

command is used to display the messages on

offiles of DOS where a

25. The

26. The is the name given to a data structure that store the details
about all processes.

27. ................command is used to view all the information about all the processes
running on the entire system. • ,

command executes a command with a different priority than28. The
other processes.
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.. command terminate a process.
operating system, the many processes run in background.

commands are used for preparing documents for

29. The
30. In

I
and31.

I
printing.

32. The pr command with option
33. The pr command with option
34. The Ipr command with flag .. 

command prints the listing in two columns.

NOTES .. prints document in double space 

.. provides text as a header, 
do not print the header page.

35.

III. Match the following :
(а) :W
(б) $
(c) G
(d) <Ctrl>F
(e) dd

(/) yy 
(g) :D3

(i) Cuts (yanks) the current line.
Hi) Deletes the current line 

(ui) Inserts characters before the cursor 

(io) Functions as a right arrow key 

(u) Scrolls the full screen forward 

(ui) Moves cursor to the last line of the file 

(oil) Saves the files with existing name and resumes editing 

(nui) Delete three lines from the current line 

(ix) Search backward for the previous pattern 

(x) Replace characters with characters until <Esc> key’s pressed.

\

(h) i
(i) R

(/) ?

Detailed Questions
1. How many types of shell are present in UNIX environment ?
2. What is default shell for UNIX ?
3. What is executable file name for Bourne Shell ?
4. Why do we require a Back Slash ?
5. Differentiate between use of (1) single quote and (4) double quote.
6. What do you understand by a variables ?
7. What are two types of variables present in UNIX ?
8. How do you read a value of a variable ?
9. What is on if else fi constri^ct represent ?

10. Why is fi required at end of a program ?
11. Why do we require numeric operators ?
12. How many types of numeric operators there in all ?
13. What is use of string variable operators ?
14. What do you understand by -n option ?
16. Differentiate between ~z & -n option.
16. Write a shell script to find if a file exist in a directory or not. .

\
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Shell Script17. Tor what purpose - a option is used ? •
18. Can options be used simultaneously, with each other ? ^
19. What is use of logical operators in Shell Script ?
20. Wi'iU- a Shell script to chock if a year is a leap year or not using one of loggical 

operators,
21. Write a Shell script to add, multiply, divide & subtract two numbers occupting 

from user.
22. Why is case.... csac construct used ? •
23. How is for - do - done construct different from case - esac construct?
24. Give syntax for - do - done construct.
25. How is while loop different from of or do done construct?
26. How many times a loop is executed?
27. Differentiate between while and until loop.
28. How many times until loop executes ?
29. Give specification of password file.
30. Can the Password file be changed ?
31. Wliat do you understand by Editor ?
32. Mow many types of Editors are present ?
33. Wliat is need of an editor ?
34. Give steps to Start vi Editor.
3.5. What are different modes for working in vi ?
36. Give command to save text in a file.
37. What are various ways to modify text & How ? Give procedure.
38. How to delete a characters a line ?
39. How can a file be redirected to standard error file ?

NOTES

'V

LAB EXERCISES
1. Write a Shell script to check if the input string is a palindrome.
2. Write a Shell script to accept a number and a word as command line arguments 

and print the word the given number of times on each line. What happens if 
a number and a string is given as command line arguments ?

3. Write a Shell script to find the file with the maximum size in the current 
directory.

4. Write a Shell script to accept an input and check if the given input i.s a 
ilircctory. If it is a directory, then display its contents .ind revoke the execute 
permission for group and others for all files starting with “b” in the directory.
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Write a Shell script to accept two filenames and check if both exist. If the 
second filename exists, then the contents of the fust filename should be 
appended to it. If the second filename docs not exist,then create a newfile 
with the contents of the first file.
Write a Shell script to accept a number in the command line and displays the 
sum up to that number. For example, ifthe number given is 20, then the sum 
of numbers 1, 2, 3, .... 20 should be displayed. By default, the sum upto 50 
should be displayed.
Write a Shell script to find the number of ordinary files and directory files in 
the current directory.
Write a Shell script to' accept an alphabet from the user and list all the files 
starting with that letter starting from the current directory.
Write a Shell script to accept the name of the directory as command line 
argument and display the long listing of that directory. By default the HOME , 
directory’s contents should be displayed.
Write a Shell script which accepts a number and displays the list of odd 
numbers below that number.

Ope’-nlin/’ Sysrem with 
Unix one/ Slip/I 
/■'ragrnrnmin/’

5.

6.■ NOTES

7.

8.

9.

10.

Solutions to Lab Exercises
1. # To check if the input string is a palindrome 

# Usage $0 string 
If [ $tt -It I ] 
then

echo “neage $0 string” 
echo “invalid argiunenta” 
exit

fi
cnt= ‘echo $1 
inp=$l 
while [ $cnt -gt 0 1

wc -c’

do
var-’echo $1 | cut - c$cnt’ 
cnt=‘expr Sent - I’ 
tcmp=‘echo ScenpSvftr'

done
if [ Sinp - Stemp ) 
then

echo $inp is a palindrome
else

echo $inp is not a palindrome
fi
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echo “the input string is Sinp" 
echo “the reversed string is Siemp"

2. # To take as input -a number and a word and display the word that many 
number of times
# Usage $0 number word 

if [ $« -it 1 ] 
then

Shc’M Script

NOTES

echo “usage $0 number word”
echo “invalid usage”
exit

fi
cnt-1
while ( Sent -le $1 ] \
do

echo “\n your word is $2” 
cnts'expr Sent + 1’ 
done

If wo type in a string instead of a word in the command line, we must enclose 
the string within double quotes,

3. # To find the file with the maximum size in the current directory and display 
max=0
for k in ‘ls-1 [ tr -s 
do

1 cut - d” “ -f 5’u ((

if [ $k -gt $max ]
then

maxs^Sk
else

max=‘$max
fi

done
tem=‘ls -1 I grep $max | tr -s 
echo the file with largest size is : Stem .

4. # to accept a filename as input and if it is a directory display its contents and 
revoke the execute permission for group and others.
# Usage $0 filename 
if [ $« -It I 1
then

-f 6, 9’« M I cut -dn w

echo “invalid usage : Usage $0 filename” 
exit
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fl

if [-d $1 ) 
then

echo “$1 is a directory”
echo “displaying the existing permissions for flics starting with “b” 
cd $1 
is -1 b* 
chaod 766 b*
echo “displaying the changed permiasione for flies starting with “b” 
Is -lb*

elif [-f $l-a-r $1 1 
then

NOTES

echo “$1 Is an ordinary file, displaying its contents...” 
cat $1 I pg ,

else
echo “$1 does not exists”

fl

5. # to accept two filenames and check if both exists. If second file exists then 
append the contents of the first file to it.
# Usage $0 file 1 file2 
if [ $#-it i ] -
then

. echo “invalid usage : Usage $0 file! flle2” 
exit

fl
if( -f $1 ]
then

if [ -f $2 ]
then

echo “both $1 and $2 exist”
echo “appending data from $1 to $2”
cat $2 » $1
echo “displaying contents of $2... “ 
cat $2

else
echo “$2 does not exists, creating a new file...” 
cp $1 $2
echo “displaying contents of $2...”
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cat $2 •' Shell Script

fl
else

echo “$1 does not exists or $1 is not an ordinary flic”
NOTESII

6. # to accept a number from the user and calculate sum upto that number. By 
default sumup to 10 is found out and displayed
case $# in 
0) vari-lO; ; 

vari-$l;;
(■.<ac
vvliilc true
do

\
varlss'expr $vari + 1’
var=‘expr $vari V* $varl / 2’
echo “sum upto $vari numbers is : $var"
exit

done

7. tt to line! the number of ordinary files and directory files 

if ( $# - It 1 ) 
tlion

echo "invalid Usage. Usage $0 directoryname" 
exit

(1
if I -f $1 1
then

echo “$1 is an ordinary file” 
exit

fi
if I -d $1 ] 
then

echo “$1 is a directory” 
cd $1
var=‘ls -1 I grep -c “''d"‘ 
varl= ‘Is -1 I grep -c 
echo “number of directory files in $1 directory : $var” 
echo “ number of ordinary file in $1 directory : Svarl”

“A "•

II
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8. # to accept an alphabet and find the names of the files starting with that 
alphabet from the current directory
# Usage $0 alphabet • -
if $»-it i I
than

Opfoting System with 
Unin dfirf Shell 
Piogromming

NOTES

echo “invalid usage. Usage $0 alphabet” 
exit

fi
find, -name “$1’"” -print > filcl 2 >err
if [ -s filel ]
then

echo “displaying those tiles starting with “$1" from the current directory..."
cat filel
else
echo “there are no tiles starting with “$1”
fi

9j # to accept a directoryname and display its contents
# if input is not given then HOME directory’s contents should be listed case 
$# in
0) dir=$HOME;:
*) dir=$l;; 
esac
it ( -t $dir ] 
then

■I

echo “$1 is an ordinary file” 
exit

fi
if [ -d $dir ]
then

echo “displaying the contents of the directory $dir” 
cd $dir 
Is -1 
exit

else
echo “$1 does not exists”

fi

10. # to display the list of odd numbers below a given number 
#usage $0 number 
cnt=l
if[$#-ltl]
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then Shell Script

echo “invalid usage, usage SO number” 
exit

else
NOTESecho “displaying the odd numbers below $1 

while [ Sent - It $1 }

u

do
echo Sent
cnt=‘expr Sent + 2’

done
fi

□□□
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