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User View

The user's view of the computer varies according to the interface being used

* Single user computers (e.g., PC, workstations). Such systems are
designed for one user to monopolize its resources. The goal is to
maximize the work (or play) that the user is performing. The operating
system is designed mostly for ease of use and good performance.

* Multi user computers (e.g., mainframes, computing servers). These
users share resources and may exchange information. The operating
system in such cases is designed to maximize resource utilization -- to
assure that all available CPU time, memory, and I/O are used efficientl
and that no individual users takes more than their air share.

So Operating System consists of two views; one is the user view or and another is the
system view. So in the user view also you can think about different types of computers.
A major classification of a computer system in terms of this user view interface is that

some computers they are for single user usage.

For example if you have got a tablet, if you have got a desktop PC or a workstation,
where, a single user is working at a time. So that way it is that these systems are
designed for one user to monopolize its resources. | do not have to bother about if there
are multiple users and since the user is alone in the system. | do not need to be concerned
about protection of data across the processes created by this particular user. Because we

have the, it is up to the users responsibility to ensure that it is everything is fine.

So they do not try to one program does not try to steal the data of others or one program
does not try to modify the data which is held by some other program. So here the goal is
to maximize the work that the user is performing. | have purposefully put it as play

because many computer systems particularly for personal use.



So they are used for playing games or for entertainment and all .So that performance has
to be maximized. So if you are say listening to your music, then it should not it should
not be the case that processing of that file takes a time and as a result the music is
interrupted in between .So that should not happen. So my computer system should be
such that my operating system should be such that these facilities are provided very
easily. The operating system is designed mostly for ease of use and good performance

like on a desktop, you will hardly find say touch screen type of interface.

Whereas if you are having a tablet or mobile phones and things that devices like that,
they are also we have got an operating system. But there it is it is likely that the user will
be using that type of interfaces. So, we have to think about the ease of use and the
performance issues. So normally people will not like to attach a keyboard with a cell
phone. So that is why on the cell phone screen itself that keyboard has ever has been
made. But on a desktop PC people will not like to have such a keyboard available on the

screen itself.

So most of the time because we have got a separate keyboard full fledged keyboard
available which is going to be used by the user. So there that makes the difference
between a single user system and a multi user system from user’s perspective. The
second part second type of system that we have is the multi user computers. So we have

got mainframes and computing servers.

So, mainframes so they are big systems. So, they are used for different purposes maybe
for high level computations, large amount of scientific computations and all or it may be
for providing some services some database server. So like that we can have it like that or
it can be some computing server all together. So it can be for example, may be | have |
am running a laboratory class, where there are hundreds of students who are writing their

programs and that way the system has to provide computational service to all these users.

So these multi user systems so there we will have multiple users and that they will be
they need to be their jobs need to be completed in an efficient fashion. So to go through
it so these users share resources and may exchange information. So in a multi user
system it may be the case that the one piece of program is developed by multiple people
and these multiple people, they all these programs need to run simultaneously and since

they are part of a big system so they have got some data common between them.



So, something computed some data item value computed by say program 1 is used by the
program 2. So that way they need to exchange the information and they have to share
resources also. Maybe some process 1 is writing on to a file and this file has to be read
by process 2 for doing some other operation. So this way this file becomes a shared
resource. SO when process 1 is writing on to the file, process 2 should not read it or
simultaneously, when process 2 is reading it, process 1 should not try to modify it. So,
otherwise the file content will become inconsistent and either of the two processes may
start misbehaving.

So that is the issue so the operating system must provide this type of synchronization,
where they will be ensuring that this components this exchange of information can take
place easily. So the operating system in such cases are is designed to maximize resource
utilization. So here ease of usage may not be a big issue but this resource utilization. So
percentage of time these resources are used, like in a computer system if | have got say

two printers connected then they are say two disk drives connected and all.

So what | would like to have is 100 percent utilization of the printers 100 percent
utilization of the disk drives. So, whether it is possible or not that is a different issue, but
I would like to as a as a system designer, |1 would like to have 100 percent utilization of
all these system resources. So this CPU time, then the memory and I O, they should be
used efficiently and we have to ensure that individual user’s takes they cannot take more
than their air share. So, this is very important because normally when we are writing

programs and executing the programs in an institute or in our college.

So, we do not we do not pay for that, so but in an in a in an organization where they are
you providing this computing service, so there everything is payable. So the user should
be user should be charged for the amount of CPU time that the user has used amount of
disk space that the user has used, amount of main memory that the program has used, so
like that. So there it is the case that if | have if the user has paid for certain amount of

resources. So the user should not be allowed to spend more than that.

So that is that is what is said here that they should not take more than their air share. So,
this multi user computers, they becomes more difficult. So the operating system design
there becomes more difficult. So we will try to see how this can be taken care of in the

operating system design.
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User View (Cont.)

* Handheld computers (e.g., smartphones and tablets). The user interface for
mobile computers generally features a touch screen. The systems are
resource poor, optimized for usability and battery life.

* Embedded computers (e.g., computers in home devices and automobiles)
The user interface may have numeric keypads and may turn indicator lights
on or off to show status. The operating systems are designed primarily to
run without user intervention.

Handheld computers: so this is another class of user view of computers. As | said, the
smart phones and tablets and as | said that they have generally have a touch screen which
IS not available in other computer systems that we have looked into like desktop or

servers like that.

These systems are resource poor, so they do not have very large amount of memory. So
in if you are using a cell phone, then we have got some memory in the range of GB only
, gigabyte 32 GB or 128 GB, so like that. But we cannot have very large amount of
storage ok. So, that makes it difficult for storing large amount of data. So of course so
what you should do is that periodically you should upload the data to some place where
we have got huge amount of ah huge space available. But the operations are optimized

for usability and battery life this is very important.

So if for some doing some computation your battery that is the energy that is taken is
very high then the battery will drain out very soon. So the web browser that we have in a
desktop system and a web browser that you have in a mobile phone so they should not be
of same capability because the amount of computation that is needed for doing this thing
on a cell phone, they should be substantially low compared to that in a general computer
system. Or if you are trying to do some computational jobs so they are normally not put
into these handheld computers because of the reason that the amount of power needed

will be more so as a result the battery will drain out.



So the handheld devices they are optimized towards these web browsing and things like
that. So we can we should be to making phone calls and all. So very simple type of
operations and there the battery life becomes a very important issue. Then we have got
embedded computers. So embedded computers, so now everywhere that you see any
device or big mechanical or electrical device that you see. So many of them have got

some computing platform within computing resource or computing machine within that.

For example, when you are driving a car there are a large number of processors which
are inside the car. So which is actually controlling the operation like this braking system
fluid, then the fuel injection system, this power window, power steering, then this

environment control AC.

So, like that all these things are taken care of by the processors that we have within the
car. Now, apparently as a user of the car, so we do not see all those processors ok. So
they are just hidden, so we just see a few steering wheels and buttons here and there to

press and that way the car moves. But we do not understand that.

Similarly, if you look into your washing machine, then it has got a number of sensors
and actuators and processors which are actually doing the computation to control
different phases of the operation like how much water should be taken, what is the
temperature level accordingly, how many how many turn the clothing cloth bead made
and all that. So how much time the spin dry should work? So this way we can have there
also we have got computer inside, but it is dedicated to some particular work.

So, this, so they do not have interfaces that we have in general computer systems, but
they have got interfaces like say numeric keypad and some indicator lights here and there
that can show the status. So they operating systems that we have there. So, they are
designed primarily to run without user intervention. So the users view of the system
changes though in all the cases starting from your desktop computer to mainframes to
this handheld cell phones to these embedded computers like refrigerator, fridge and

refrigerator, washing machine, AC and all that.

So, everywhere you see or car, So everywhere you see some processor is there and some
operating system is there, but their goals are different and the view of the system is
different. So nobody will like to do some computation on the embedded computer that

we have in a car so that way it changes.
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System View

From the computer's point of view, the operating system is the program most intimately involved
with the hardware, There are two different views:

* The operating system is a resource allocator
* Manages all resources
* Decides between conflicting requests for efficient and fair resource use

* The operating system is a control program

* Controls execution of programs to prevent errors and improper use of the
computer

Now, from the system viewpoint the operating system is the program most intimately
involved with the hardware because they are directly talking to the underlying hardware.
So from computer point of view so this is the point. So, as a system designer, so we have
to see like how can 1 talk to the operating system, | talk to the underlying hardware and
how can | provide the services to the user and those services are ultimately done by the

underlying hardware.

So | have to tell the hardware to do certain things in certain fashion and I should be able
to give those comments in a proper way. So in this way as from a systems perspective an
operating system is a resource allocator. So it manages all resources it has to manage all
the resources and it has to decide between conflicting requests for efficient and fair
resources, so this is very very important. Because | have got multiple processes,
particularly in multi user systems. So, we have got multiple user processes and they are
requesting for system resources and | have to make sure that they are not given

simultaneously.

If the resource depending on the type of resource, for some of the resources like printer |
cannot give it simultaneously to more than one process. Whereas, if you look into some
other type of resource for example, the screen. So normally if the screen is divided into a
few windows and multiple user programs, so they can be made to run on different

windows or even if it is a same window.



So, it really does not matter if different programs they write on to the same window may
be because of this writing on to the same window only, so the effect of the overall
application turns out comes out. So that way so in some cases, we are required to allow
simultaneous access, some cases we are we should prevent the simultaneous access. In
some cases it is possible that the resource was given to the process, but we can take it
back.

For example, for every process to execute it needs the access to the CPU, so CPU will be
executing the process. Now, suppose | have given a process for execution in to the, CPU
in between a very important task comes and | have to do that immediately. Then for a
CPU, we will see that it is possible that we suspend the currently running task and give
this CPU to the new newly arrived urgent task and when that task finishes, we restore the
original task and that continues in the as if nothing has happened. Only some time has

passed, but as far as the system is concerned nothing has happened.

So, this way the processor can be taken back from the process or the CPU can be taken
back from the process but think in terms of the printer. So printer is given to the process,
but even if some other processes arrived that needs the printer immediately, but that
cannot be given. Because the printed result will be mix of outputs from two different
programs and that may not be useful. So this way the resource allocation is a very
important issue. So it has to manage the resources and it has to decide between this

resource requests.

At the same time we have to take care of the case that some process is the not facing the
problem of starvation , that is it is not it has requested the resource, but it is not getting it
at all, so that should not happen ok. So, that has to be taken care off. Then this operating
system is a control program, so it controls execution of programs to prevent errors and
improper use of the computer. So, this is another view of the operating system so as a

control program.
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Defining Operating System
No universally accepted definition of what an 0S:

* Operating systems exist to offer a reasonable way to solve the problem of
creating a usable computing system.

* The fundamental goal of computer systems is to execute user programs
and to make solving user problems easier.

* Since bare hardware alone is not particularly easy to use, application
programs are developed.

* These programs require certain common operations, such as those controlling
I/0 devices.

* The common functions of controlling and allocating resources brought
together into one piece of software: the operating system.

So again coming back to the definition of operating system. so as | already said there is
no universally accepted definition of what an operating system is. However, we can think
of several definitions like this. Operating systems exist to offer a reasonable way to solve
the problem of creating a usable computing system, so this is one type of. So, this is
basically in some sense we are talking about the interface between hardware and the
user, so again the same thing. Fundamental goal of computer systems is to execute user
programs and to make solving user problems easier. So this is the second point. So we
will try to make the problem-solving experience of the user better. So bare hardware
alone is not particularly easy to use. So application programs or application programs are
developed. So if you as | said that if you have got only the hardware and the operating
system, then it is not easy to develop applications. So, we have to have some application

programs developed.

So these programs require certain common operations such as controlling the 1 O devices
and the common functions of controlling and allocating resources brought together into
one piece of software the operating system. So ultimately so we can say that the
controlling and allocating resources. So, they are we and do it separately; we can make
different different programs for controlling different if | hardware modules. But they are

taken together into the paradigm into a single program which is the operating system.
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Defining Operating System (Cont.)

No universally accepted definition of what is part of the 0S:

+ A simple viewpoint is that it includes everything a vendor
ships when you order the operating system. The features
that are included vary greatly across systems:

+ Some systems take up less than a megabyte of space and lack
even a full-screen editor,

+ Some systems require gigabytes of space and are based entirel
on graphical windowing systems.

So, that defines what is an operating system. Again another view another definition may
be like this a simple view point is that it includes everything a vendor ships when you
order the operating. So this is a very very | should say general way of telling what is an
operating system. So everything that you get from the vendor when you ask for an
operating system is the operating system.

And so the features that are included vary greatly across systems, some systems take up
less than a megabyte of space and lack even a full screen editor. So may be that when
you are buying a microcontroller or microprocessor board. So, it also has got an
operating system, they call it a monitor routine or something like that. So, they do not
have these interfaces for this screen and all. So they can, so, there also we have got an
operating system. There may be that there is a LED or LCD display and there is a keypad
that is given.

So you can as soon as you switch on that board. So it comes up with a message like
welcome or something like that and then you just go on entering your program in some
hexadecimal code through the interface. So that is it that is one type of interface that you
can have. So these devices so, they have that is also a computer system because that is
doing the computation and the total space needed may be less than a megabyte and even
a full screen editor is also not there. Whereas, some systems which are more very very
general. So that will require gigabytes of space and based entirely on graphical

windowing system.



So, you get a graphical user interface and all. So very advanced operating systems like
say Windows or Linux or say Sun Solaris and all. So they come up with very big and
very well architect this software that can be that and that is used for controlling the
behaviour of the overall system. So this way we can get different definitions of operating

systems.
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Defining Operating System (Cont.)
No universally accepted definition of what is part of the 05:

+ A more common definition, and the one that we usually follow, is that
the operating system is the one program running at all times on the
computer -- usually called the kernel.

+ Along with the kernel, there are two other types of programs:

+ System programs, which are associated with the operating system but are not
necessarily part of the kernel.

+ Application programs, which include all programs not associated with the
operation of the system.

L"\
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A more common definition and the one that we usually follow is that the operating
system is the one program running at all times on the computer usually called the kernel.
So we will say that operating system is something that is always running in the system.
So, in a whenever you are asking for some service from the system so we have to send a

request to the operating system.

For example, | want to execute a program. So | have to tell the operating system see |
want to execute this particular program. So what the operating system will do in turn, it
will create an environment in terms of this memory space in terms of 10 devices and in
terms of the CPU time and then once it is created, it will transfer the control to the to my
program. And when my program finishes, it becomes a responsibility that the control is
given back to the operating system.

So, while writing program, so we do not take into consideration all these things, but what
this compiler designers do is that they depending on the system onto which you are

putting your program, for which you are developing your program. So it uses calls



available in the operating system so that you can get control from the operating system or

you transfer or you can transfer control to the operating system.

So while starting the program, the operating system we request the operating system to
get control from it and while ending the program, we should have appropriate code in my

program which will be giving the control back to the operating system.

So something is always running at the background. So, that we call the kernel. So along
with the kernel there are two other types of programs that will be running one is called
system programs. These are associated with operating system but are not necessarily part
of the kernel and there are application programs which include all programs not

associated with the operation of the system.

So, apart from the basic operating system that talks to the hardware get the jobs done by
the underlying hardware, so there are some other programs which are used which
actually helps the user to develop application programs. So these are like the database
that these are like the compilers; like the linkers and so, they are actually called system

programs or systems software.

And you can in some sense you can say that operating system is also part of this system
software, but what we are talking about is these programs. So, we are excluding
operating system because we are that is a big piece and these other software. So, they
actually take help of the operating system to get their job done. As | already said the
compiler to get control of the CPU, so it has to use some call from the operating system.

Similarly, to give the control back to the operating system, it has to use some services of
the operating system only. So that way or the database manipulation routine. So it has to
do some file manipulation. So, that the file manipulation whenever it needs to do. So, it
has to talk to the operating system to get the file access etcetera.

So that way we can think about the system program. So they are actually using services
from the operating system. And application programs are those that are designed on top
of these system programs. So, which will be doing operations for the system. So that is
for user things about doing a particular job. So that is done by the system program and

that is that will take help of the underlying operating system.
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Defining Operating System (Cont.)

* The emergence of mobile devices, have resulted in an increase in
the number of features that constituting the operating system.

* Mobile operating systems often include not only a core kernel but
also middleware -- a set of software frameworks that provide
additional services to application developers.

* For example, each of the two most prominent mobile operating
systems -- Apple's i0S and Google's Android -- feature a core kernel
along with middleware that supports databases, multimedia, and
graphics (to name only a few).

So, the emergence of mobile devices so, they have resulted in an increase in the number
of features that constituting that constitute an operating system. So, the many many
features have been added like say sending a short messages or SMS. So normal operating
systems we did not have that, but any operating system on a cell phone must provide me
a facility by which this SMS can be sent. The mobile operating systems often include not
only a core kernel, but also a middleware: a set of software frameworks that provide

additional services to application developers.

So as | said that some extra thing that are provided by which the application developers
they can develop their piece of software. For example, each of the two most prominent
mobile operating systems apples 10’s and Google’s android, they feature a core kernel
along with a middleware that support database multimedia graphics. Many more are
there these are these are just a few. So, over on top of the basic how the operating system
or the kernel operating system, there are some middleware that can talk to the operating

system services and make the development of application on those systems easy.
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Applications

] Database System

Operating System

Hardware

So how did this of computer systems evolved. So, started with the basic hardware and
the users. So initial computer systems as | said that the basic hardware, so it will
understand the meaning of electrical signals. So these electrical signals the users can give
to the hardware and the hardware will respond to that. So that way it can continue. So,
this users and hardware, so there they were at the first two components in a computer

system.

Then came the operating system and the users are talking to the operating system. So to
get the services from the hardware users are talking to the operating system and
accordingly the users are getting that job done by the hardware through the operating
system. Then comes the application developments. So users start developing applications
and those applications are taking help of the operating system and the to get the job done.
And finally came the intermediaries like the database system or many other the
compilers and all. So those things were being developed and they made the life of the

user even more simple.

Because they can they have got now another layer on top of operating system by which
they can talk to the underlying operating system and underlying hardware. So that makes
it ah very easy. And so, how many such levels are there at this point so, between these
applications and this operating system; how many layers are there. So that is now a big
question and many a time many a days so we develop one piece of software and using
that software, we develop another software. So, as we are increasing this level, so or this
level of indirection so that way that as an end user of the system the life is becoming



simple. But so and that way those systems are evolving. So the life of the system life of

the user is becoming easy.

So user can very easily develop some application. For example, say this Java. So Java, if
you write a program in Java then that can be ported to any system and so, we do not need
the compilers and also we have. So we have got interpreters available and they will be to
doing the job, but the problem is that. So, there is some machine that comes in between
or so, some software that comes in between that can interpret this Java code and get it
executed by the underlying operating system or the underlying hardware.

So that way it is not a machine code unlike that so like a C code, compiled C code. So
that is directly a machine code and that can be given directly to the hardware. So, this
availability of the intermediary software so they are helping me like if you are porting a
program written in Java to another system. So it is very simple. So, you just take the byte

code and take it there; whereas, in case of compiler.

So, a program a compiled version of the program for system one cannot be easily ported
to system two if the underlying processor is different. So what you need to do is that you
need to compile the program again at the second at the second platform and develop the
machine code there for execution. So this way the evolution is taking place and it is a
continuous process. So layers after layers are getting added and that way the system is

operating.
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Computer-System Organization

* A modern general-purpose computer system consists of one or more
CPUs and a number of device controllers connected through a common
bus that provides access to shared memory.

* Each device controller is in charge of a specific type of device (for
example, disk drives, audio devices, or video displays). Each device
controller has a local buffer.

* CPU moves data from/to main memory to/from local buffers.

* The CPU and the device controllers can execute in parallel, competing fg
memory cycles. To ensure orderly access to the shared memory, a
memory controller synchronizes access to the memory.



So in fact you can think of it as if we have got a situation where we have got this basic
hardware we have got this basic hardware and on top of that, we have got we have
started developing the layers. So OS is a layer, then some another layer, then some
another layer, so, as a user of the system. So user can talk to this layer directly or can talk
to this layer or the user can talk to the upper this layer or the user can directly talk to the
hardware. So everything is possible. So if you are trying to get maximum from the

system, then you should talk directly to the hardware.

If you are so but talking to the hardware is difficult because you have to send electrical
signals. So,if you want to be slightly higher level, then you can talk to the operating
system. Then even in that case you need to know the details and services provided by the
operating system. So that makes it difficult. So, you can go slightly higher level; at this
level that we have got some application software’s and this application software, they are

specific for a particular job and maybe that makes the software development job easy.

Then you have got another layer of application software. So that uses the features
available at this layer to develop some facilities at this point and again. So, as a user, so |
can use this application layer and develop my software. So this way we can think about
adding layers after layers to the basic operator hardware over and above the basic

hardware to make the life of the user easier and easier.



