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Operating System 
 

An Operating System is an interface between a computer user and computer 

hardware. 

 

An OS is software which performs all the basic tasks like File Management, 

Memory Management, Process Management, Handling Input and Output 

and Controlling Peripheral Devices such as disk drives and printers. 
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Explain different services provided by OS. 
 

 An Operating system provides an environment for execution of 

programs. 

 

 It provides certain services to programs and to the users of those 

programs. 

 

 OS provides varies types of services to users and make easier use of 

computer. 

 

 
 

 Types of services are following. 

 

1. PROGRAM EXECUTION:- 

 
The system must be able o load a program into memory and run it. The program 

must be able to complete its execution either normally or abnormally with 

indicating the errors. 

 

2. I/O OPERATION:- 
System running program may require I/O. This I/O involves a file or an I/O 

device. The operating system provide mean to do. Also it manages all I/O 

operation. 

3. FILE SYSTEM MANIPULATION:- 
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Operating system maintains the file system file system do and manages all types 

of operation doing on the file like: creating, writing, reading, appending, 

truncating. 

 

4. COMMUNICATION:- 

 
Some time process need to exchange the information with another process. 

 

If both process are on same computer than communication will be done by shared 

memory. If both processes are on different computer in a network, then message 

passing technique is used. Message is a packet of information. 

 

5. ERROR DETECTION:- 

 
The operating system constantly needs to be aware of possible errors. Errors may 

come in CPU, in memory or in any hardware or any I/O devices. And also error 

may come in user programs. 

 

 For each type of error operating system should take appropriate action. Operating 

system will detect the errors and give to the users. Operating system will not solve 

or remove any error. 

 

6. RESOURCE ALLOCATION:- 

 
Operating system manage all resources of computer system like CPU cycles 

memory and file storage. These resources are allocated to the multiple users as per 

the requirement of users. 

 

7. ACCOUNTING :- 

 
Operating system will keep record of which users use how much and what kind of 

resources. 

 

8. PROTECTION :- 

 
Operating system provide security mechanism to protect the system from access 

of unauthorized users. By given the username and password to the system. 
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Program And Process: 
 
    Program: Program is set of code or instruction. 
    Process- when program is going for the execution it is called process. 
    
Programs are reside in secondary memory and Process are reside in Main 
Memory. 
 
 Program  is  Passive entity. 
 Process  is active entity. 
 
 

1. Shell :- Commands are given to the operating system by control 

statement, a program which read and interpret this control statements 

is called Shell. 

 

 function of shell is get the next command statement and execute 

it”. 

 

2. System call:- A system call is a request made by any program to the 

operating system for performing tasks. 

-System calls provide the interface between a process and the 

operating system. 

 

3.  Kernel:- Kernal is main program of operating system which load first 

in main memory. And  run all time into the computer system. 

  

 Kernel is heart of operating system. Kernel provide the services of 

operating system like CPU management , memory management, file 

management through the system call. 
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Explain briefly different types of operating systems. 

ANS: 

Following are the different types of OS: 

 Mainframe OS 

 Server OS 

 Multiprocessor OS 

 Personal Computer OS 

 Handheld Computer OS 

 Embedded OS 

 Sensor node OS 

 Real time OS 

 Smart Card OS 

 Network Operating System: (NOS) 

 Distributed Operating System (DOS) 

 

Mainframe OS: 

 Room sized computers still found in major corporate data centers. 

 Mainframes are something as high-end Web Servers, Servers for 

large-scale E-Commerce Sites and server for business to business 

transactions. 

 Different from other computers in terms of I/O capacity(1000s of 

disks and millions of GB data) 

 OS for mainframes are heavily oriented towards processing many jobs 

at once, many of which needs large amount of I/O. 
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 Such OS offers typically 3 types of services: 

 Batch system:  processes routine jobs without any interactive 

user present. Ex: claims processing in an insurance company or 

sales reporting for a chain of stores are typically done in batch 

mode. 

 Transaction processing: handle large numbers of small 

requests (about 100s and 1000s per second) Ex: Check 

processing at bank or air lines reservations. 

 Time sharing:  allow multiple remote users to run jobs on 

computer at once, such as querying a big database. 

 Eg: OS/390, OS/360 

 However mainframe OS are gradually being replaced by UNIX 

variants such as LINUX. 

 

Server Operating System: 

 Runs on servers, which are either very large personal computers, 

workstations or even mainframes, etc. 

 They serve multiple users at once over a network and allow user to 

share H/W and S/W resources. 

 Servers can provide print service, file service, or web service. 

 Internet providers run many server machines to support their 

customers and Websites use servers to store web pages and handle 

incoming requests. 

 Eg. Typical Server OS are Solaris, FreeBSD, Linux, and windows 

Servers 
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Multiprocessor OS: 

 A common way to increase computing power is to connect multiple 

CPUs into a single system. 

 Depending upon how precisely they are connected and what is shared, 

they are termed as Multiprocessor, Multicomputer or Parallel 

Computers. 

 OS is specially designed, sometimes a variation of Server OS with 

special features for communication, connectivity and consistency. 

 Eg. Windows ,Linux etc. runs on multiprocessor 

 

Personal Computer OS:  

 Support multiprogramming: dozens of programs running at boot time 

 Their job is to provide good support to a single user. 

 Used for common purposes like internet access, creating spreadsheets, 

word files, etc. 

 Eg. Windows Vista, Free BSD, LINUX, etc. 

 

Handheld Computer OS: 

 Commonly known as PDAs(Personal Digital Assistance) 

 It is a small computer that fits in a shirt pocket and performs a small 

number of functions, such as electronic address book and memo pad. 

 Many mobile phones are hardly different from PDAs except size, 

weight and user interface. 
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 Almost all of them are based on 32-bit CPUs with protected mode and 

run a sophisticated OS with ability to handle telephony, digital 

photography, etc. 

 Eg. Two most popular OS for handheld devices are Symbian OS and 

Palm OS 

Embedded OS: 

 Embedded systems run on computers that control devices that are not 

generally thought of computers and which do not accept user-installed 

software. 

 Typical examples are microwave ovens, TV set, cars, DVD 

recorders, cell phones, MP3 players. 

 Main feature of embedded systems from handheld devices is that no 

untrusted software will ever run on these devices. 

 No applications can be downloaded (to microwave oven), all S/Ws are 

installed in ROM. 

 Thus, no need of protection between applications, leading to 

simplification. 

 

Sensor Node OS: 

 Sensor Nodes are Network of tiny computers which communicate 

with each other and to the base station using wireless communication. 

 Used to protect perimeters of buildings, guard national borders, detect 

fires in forests, temperature measurement, weather forecasting, etc. 

 Sensors are small battery-powered computers with built in radios; 

limited power, work for long periods of time in environmentally worst 

conditions. 
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 Each sensor node is real computer with CPU, RAM, ROM & one or 

more environmental sensors.  

 OS is small which is event driven, responding to external events or 

making measurements periodically based on an internal clock. 

 Eg. TinyOS 

Real time OS: 

 Here, time is key parameter. 

 For example, In Industrial process control system, real-time 

computers have to collect data about production process and use it to 

control machines in the factory because there are hard deadlines that 

must be met.  

Eg. If a car is moving down an assembly line, certain actions must 

take place at certain instants of time. If a welding robot welds too 

early or too late, the car will be damaged. 

 Hard real time system: Action must absolutely occur at certain 

moment. System must provide absolute guarantee that certain 

action will occur by certain time. 

 Soft real time system: In this, missing an occasional deadline, 

while not desirable, is acceptable & doesn’t cause any 

permanent damage. Eg. Digital Audio/Video 

 The embedded and real-time systems run only software put in by the 

system designers, user cannot add their own software, which makes 

system protection easier.   

 The handhelds and embedded systems are intended for consumers, 

whereas real-time systems are more for industrial usage. 

 Eg. E-Cos 
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Smart Card OS: 

 The smallest operating systems run on Credit card-sized devices 

containing a CPU chip. 

 Drastic processing power and memory constraints. 

 Some smart cards are powered by contacts in the readers into which 

they are inserted, but contactless smart cards are inductively powered. 

 Some devices can handle only a single function, such as electronic 

payments, but others can handle multiple functions on the same smart 

card. 

 Some smart card are Java Oriented i.e. ROM on small card holds an 

interpreter for Java Virtual Machine(JVM). 

 

 Java applets (small programs) are downloaded to the card and are 

interpreted by the JVM interpreter. 

 

 

Network Operating System: (NOS) 

 

 NOS share the activities of multiple computer across the network. 

 

 NOS work as director for sharing this network. 

 

There are two types of NOS  

 

o Peer to Peer 

o Client / Server 
 

 

 Peer to Peer n/w: 

 

 In Peer to Peer NOS, user can share resources and files between 

the computer connected into network. 
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 Here 4 computers are connected directly with each other to share 

the files are resource of other computer connected into the network. 

 

 Advantage: * less expense – no need of dedicated server. 

                * setup is very easy. 

 

 

 Disadvantage. : * No one central connection. 

             * Does not provide good security. 
 

 Client / Server : 

 

 Here every computer into the network, directly connected to the 

server. Computer are not connected each other like Peer to peer n/w. 
 

 
 
 
  
 
 

 Here, one server and 3 computer are connected to server is called 

client. 

 

 server : The computer which provide the service. 

 

 Client : The computer which accept the service or use the service 

provided by server.  

 

1 

4 3 

2 

Server 

C-1 C-3 C-2 
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 All types of resources are available from server. Client send 

request to server for use any resources or file and server will provide 

these resources or file requested by client. 
 

 Novell network and windows NT server are example of 

Client/server NOS. 

 

Advantage: 

 * Resources & data security controlled by server. 

    *Any new client easily add or replace. 

    *New technology can be easily integrated into system. 

    *All components work together. 

    *Server can access any client. 

 

Disadvantage:  

 * Heavy expense for create the server. 

                    * Not easy to maintain. 

                     * If server goes down then system will not work properly. 
 

o Here Processors can share every resource like CPU clock, 

memory cycles. 

o In PC has operating system.and users aware from the all users 

in network. 

o NOS  has also single processor,but it need NIC care and some 

network related functionalities in PC ,for example 

TELNET,FTP etc. 

o Example:Windows NT ,Novell Netware. 

 

 
Distributed Operating System (DOS) 

 

 In DOS Multiple computer are connected into close 

communication to share the files and resources. 

 

 DOS is the LOOSELY COUPLED SYSTEM. Rather than CPU 

clock and Memory everything can share between computers.  
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 DOS provides system wide sharing of resources files and I/O 

devices. DOS provide facility to access remote resources, 

communication with remote process. 

 

 Main aim of DOS is to balance the load of processors. OS 

automatically distributes the load on ther machine if any processor 

have higher load. 

 User doesn’t know where his programming is executing. 

  

 In Distributed O.S. each processor has its own local memory and 

CPU clock. 

 

 In DOS every users are  not aware from other users means 

transparency  achieved in DOS. 
 

 Following are the characteristics of DOS: 

 

1. Resource sharing 

2. computation speedup 

3. Reliability 

4. communication. 
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Give the view of OS as Resource Manager. 
 

 The concept of an operating system as providing abstractions to 

application programs is a top down view. 

 Alternatively, bottom up view holds that the OS is there to manage all 

pieces of a complex system. 

 A computer consists of a set of resources such as processors, memories, 

timers, disks, printers and many others. 

 The Operating System manages these resources and allocates them to 

specific programs. 

 As a resource manager, Operating system provides controlled allocation 

of the processors, memories, I/O devices among various programs. 

 Multiple user programs are running at the same time. 

 The processor itself is a resource and the Operating System decides how 

much processor time should be given for the execution of a particular 

user program. 

 Operating system also manages memory and I/O devices when multiple 

users are working. 

 The primary task of OS is to keep the track of which programs are using 

which resources, to grant resource requests, to account for usage, and to 

resolve conflicting requests from different programs and users. 

 An Operating System is a control program. A control program controls 

the execution of user programs to prevent errors and improper use of 

computer. 

 Resource management includes multiplexing (sharing) resources in two 

ways: in time and in space. 

 When a resource is time multiplexed, different programs or users take 

turns using it. First one of them gets to use the resource, then another, and 

so on. 

 For example, CPU and printer are time multiplexed resources. OS 

decides who will use it and for how long. 
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 The other kind of multiplexing is space multiplexing, instead of the 

customers taking turns, each one gets part of the resource. 

 For example, both primary and secondary memories are space 

multiplexed. OS allocates them to user programs and keeps the track of 

it. 

 

 

Explain features of Time Sharing OS. 
 

 Time Sharing is a logical extension of multiprogramming. 

 Multiple jobs are executed simultaneously by switching the CPU back 

and forth among them. 

 The switching occurs so frequently (speedy) that the users cannot identify 

the presence of other users or programs. 

 Users can interact with his program while it is running in timesharing 

mode. 

 Processor’s time is shared among multiple users. An interactive or hands 

on computer system provides online communication between the user 

and the system. 

 A time shared operating system uses CPU scheduling and 

multiprogramming to provide each user with a small portion of a time 

shared computer. Each user has at least one separate program in memory. 

 A time shared operating system allows many users to share computer 

simultaneously. Since each action or command in a time shared system 

tends to be short, only a little CPU time is needed for each user. 

 

 Advantages :- 

o Easy to use 

o User friendly 

o Quick response time 
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 Disadvantages:- 

o If any problem affects the OS, you may lose all the contents 

which have stored already. 

o Unwanted user can use your own system in case if proper 

security options are not available. 

 

Explain feature of Batch OS. 
 

 Batch operating system is one that processes routine jobs without any 

interactive user presents. Such as claim processing in insurance and 

sales reporting etc. 

 To improve utilization, the concept of batch operating system was 

developed. 

 Jobs with similar needs were batched together and were run through 

the computer as a group. 

 Thus, the programmer would leave their program with operator, who 

in turn would sort program into batches with similar requirements. 

 The operator then loaded a special program (the ancestor of today’s 

operating system), which read the first job from magnetic tape and run 

it. 

 The output was written onto a second magnetic tape, instead of being 

printed. 

 After each job finished, the operating system automatically read the 

next job from the tape and began running it. 

 When the whole batch was done, the operator removed the input and 

output tapes, replaced the input tape with the next batch, and brought 

the output tape for offline printing. 

 With the use of this type of operating system, the user no longer has 

direct access to machine. 
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 Advantages: 

o Move much of the work of the operator to the computer. 

o Increase performance since it was possible for job to start as 

soon as the previous job finished. 

 

 Disadvantages: 

o Large Turnaround time. 

o More difficult to debug program. 

o Due to lack of protection scheme one batch job can affect 

pending jobs. 
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Explain different types of operating system structure. 

OR 

Explain architectures of different operating system structure. 
 

1. Monolithic System 

2. Layered System 

3. Microkernel System 

4. Client-Server System 

5. Virtual Machine 

 

Monolithic system: 

 In this approach the entire operating system runs as a single program 

in kernel mode. 

 The operating system is written as a collection of procedures, linked 

together into a single large executable binary program. 

 When this technique is used, each procedure in the system has a well-

defined interface in terms of parameters and results, and each one is 

free to call any other one, if the latter provides some useful 

computation that the former needs. 

 To construct the actual object program of the operating system, when 

this approach is used, one first compiles all the individual procedure 

and then binds (group) them all together into a single executable file 

using the system linker. 

 The services (system calls) provided by the operating system are 

requested by putting the parameters in a well-defined place (e.g., on 

the stack) and then executing a trap instruction. 

 This instruction switches the machine from user mode to kernel mode 

and transfers control to the operating system. 

 The operating system then fetches the parameters and determines 

which system call is to be carried out. 
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 This organization suggests a basic structure for the operating system. 

o A main program that invoke (call up) the requested service 

procedure. 

o A set of service procedures that carry out the system calls. 

o A set of utility procedures that help the service procedure. 

 In this model, for each system call there is one service procedure that 

takes care of it and executes it. 

 The utility procedures do things that are needed by several services 

procedure, such as fetching data from user programs. 

 This division of the procedure into three layers is shown in figure 

below: 

 

A simple structuring model for a monolithic system. 

 

Layered system: 

 In this system, operating system is organized as a hierarchy of layers, 

each one constructed upon the one below it as shown below in figure 

below: 
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Structure of THE operating system. 

 

 The first system constructed in this way was the THE system. 

 The system had six layers. 

 Layer 0 dealt with allocation of the processor, switching between 

processes when interrupts occurred or timers expired. 

 Layer 0 provided the basic multiprogramming of the CPU. 

 Layer 1 did the memory management. It allocated space for process in 

main memory and on a 512K word drum used for holding parts of 

processes for which there was no room in main memory. 

 Layer 2 handled communication between each process and the 

operator console (i.e. user). 

 Layer 3 takes care of managing the I/O devices and buffering the 

information streams to and from them. 

 Layer 4 was where the user programs were found. 

 The system operator process was located in layer 5. 

 A further generalization of the layering concept was present in the 

MULTICS system. 
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 Instead of layers, MULTICS was described as having a series of 

concentric rings, with the inner ones being more privileged than the 

outer ones. 

 When a procedure in an outer ring wanted to call a procedure in an 

inner ring, it had to make the equivalent of a system call, that is, a 

TRAP instruction whose parameters were carefully checked for 

validity before allowing the call to proceed. 

 Although the entire operating system was part of the address space of 

each user process in MULTICS, the hardware made it possible to 

designate individual procedures (memory segments, actually) as 

protected against reading, writing, or executing. 

 

Microkernel: 

 

 With the layered approach, the designers have a choice where to draw 

the kernel user boundary. 

 Traditionally, all the layers went in the kernel, but that is not 

necessary. 

 In fact, a strong case can be made for putting as little as possible in 

kernel mode because bugs in the kernel can bring down the system 

instantly. 

 In contrast, user processes can be set up to have less power so that a 

bug may not be fatal. 

 The basic idea behind the microkernel design is to achieve high 

reliability by splitting the operating system up to into small, well 

defined modules, only one of which the microkernel runs in kernels 

mode and the rest of all are powerless user processes which would run 

in user mode. 

 By running each device driver and file system as separate user 

processes, a bug in one of these can crash that component but cannot 

crash the entire system. 
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 Examples of microkernel are Integrity, K42, L4, PikeOS, QNX, 

Symbian, and MINIX 3. 

 MINIX 3 microkernel is only 3200 lines of C code and 800 lines of 

assembler for low level functions such as catching interrupts and 

switching processes. 

 The C code manages and schedules processes, handles inter-process 

communication and offer a set of about 35 systems calls to the rest of 

OS to do its work. 

 

Structure of MINIX 3 system 

 

 The process structure of MINIX 3 is shown in figure 1-5, with kernel 

call handler labeled as Sys. 

 The device driver for the clock is also in the kernel because the 

scheduler interacts closely with it. All the other device drivers run as 

separate user processes. 

 Outside the kernel, the system is structured as three layers of 

processes all running in user mode. 

 The lowest layer contains the device driver. Since they run in user 

mode they do not have access to the I/O port space and cannot issue 

I/O commands directly. 

 Above driver is another user mode layer containing servers, which do 

most of the work of an operating system. 
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 One interesting server is the reincarnation server, whose job is to 

check if the other servers and drivers are functioning correctly. In the 

event that a faulty one is detected, it is automatically replaced without 

any user intervention. 

 All the user programs lie on the top layer. 

 

Client Server Model: 

 

 A slight variation of the microkernel idea is to distinguish classes of 

processes in two categories. 

 First one is the servers, each of which provides some services, and the 

second one is clients, which use these services. 

 This model is known as the Client Server model. 

 Communication between clients and servers is done by message 

passing. 

 To obtain a service, a client process constructs a message saying what 

it wants and sends it to the appropriate services. 

 The service then does the work and sends back the answer. 

 The generalization of this idea is to have the clients and servers run on 

different computers, connected by a local or wide area network. 

 Since a client communicates with a server by sending messages, the 

client need not know whether the message is handled locally in its 

own machine, or whether it was sent across a network to a server on a 

remote machine. 

 A PC sends a request for a Web page to the server and the Web page 

comes back. This is a typical use of client server model in a network. 
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The client server model over a network 

 

Virtual Machine: 

 The fundamental idea behind a virtual machine is to abstract the 

hardware of a si11.gle computer (the CPU, memory, disk drives, 

network interface cards, and so forth) into several different execution 

environments, thereby creating the illusion that each separate 

execution environment is run.ning its own private computer. 

 By using CPU scheduling and virtual-memory techniques, an 

operating system host can create the illusion that a process has its own 

processor with its own (virtual) memory. The virtual machine 

provides an interface that is identical to the underlying bare hardware. 

Each guest process is provided with a (virtual) copy of the underlying 

computer. 

 

(a) Nonvirtual machine. (b) Virtual machine. 
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Benefits: 

 There are several reasons for creating a virtual machine. Most of them 

are fundarnentally related to being able to share the same hardware 

yet run several different execution environments (that is, different 

operating systems) concurrently. 

 One important advantage is that the host system is protected from the 

virtual machines, just as the virtual machines are protected from each 

other. A virus inside a guest operating system might damage that 

operating system but is unlikely to affect the host or the other guests. 

Because each virtual machine is completely isolated from all other 

virtual machines, there are no protection problems. 

 A virtual-machine system is a perfect vehicle for operating-systems 

research and development. Normally, changing an operating system is 

a difficult task. Operating systems are large and complex programs, 

and it is difficult to be sure that a change in one part will not cause 

obscure bugs to appear in some other part. Because the operating 

system executes in kernel mode, a wrong change in a pointer could 

cause an error that would destroy the entire file system. Thus, it is 

necessary to test all changes to the operating system carefully. A 

virtual-machine system can eliminate much of this problem. System 

programmers are given their own virtual machine, and system 

development is done on the virtual machine instead of on a physical 

machine. 

 Another advantage of virtual machines for developers is that multiple 

operating systems can be running on the developer's workstation 

concurrently. This virtualized workstation allows for rapid porting and 

testing of programs in varying enviromnents. 
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Example: VMware 
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Some Questions: 

1. What is Operating System? Give functions of Operating System. 

2. Explain evolution of operating system in detail with suitable 

diagrams. 

3. Define operating system. Explain the abstract view of component 

of operating system. 

4. What is Operating System? Give the view of OS as Resource 

Manager. 

5. Explain all basic services of OS. 

6. What is System Call? Explain in Brief. 

7. Explain different types of OS and also explain different types of 

tasks done by OS.  

8. Explain different types of Operating System Structures. 

9. Explain Client/Server & Virtual Machine Architecture of 

Operating System. 

Short Questions: 

10. Give the features of Batch Operating System. 

11. Give the features of Time Sharing System. 

12. Give the features of Real Time Operating System. 

13. Give the role of “Kernel” and “Shell” in UNIX. 

14. Explain monolithic operating system structure. 

15. Explain the booting process. 

16. What is I/O? What are the ways to perform the I/O? 

17. Explain the following terms: 

1.  BIOS  2. CMOS 3. Multiprogramming 4. EEPROM 5. Cache 

Memory 6. Program Counter and Stack Pointer 

 

 


