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Operating System 

 Operating System (OS) is a collection of software that manages computer 
hardware resources and provides common services for computer programs. 

  When you start using a Computer System then it's the Operating System (OS) which 
acts as an interface between you and the computer hardware 

 An Operating System (OS) is an interface between a computer user and 
computer hardware. 

 
 

 
 
 

Operating System - Examples 

There are plenty of Operating Systems available in the market which include paid and unpaid 
(Open Source). Following are the examples of the few most popular Operating Systems: 

 Windows: This is one of the most popular and commercial operating 
systems developed and marketed by Microsoft. It has different versions in the market like 
Windows 8, Windows 10 etc and most of them are paid. 

 Linux This is a Unix based and the most loved operating system first 
released on September 17, 1991 by Linus Torvalds. Today, it has 30+ variants available like 
Fedora, OpenSUSE, CentOS, UBuntu etc. Most of them are available free of charges 
though you can have their enterprise versions by paying a nominal license fee. 

 MacOS This is again a kind of Unix operating system developed and 
marketed by Apple Inc. since 2001. 

 iOS This is a mobile operating system created and developed by Apple Inc. 
exclusively for its mobile devices like iPhone and iPad etc. 

 Android This is a mobile Operating System based on a modified version of 
the Linux kernel and other open source software, designed primarily for touchscreen mobile 
devices such as smartphones and tablets. 

 Some other old but popular Operating Systems include Solaris, VMS, 
OS/400, AIX, z/OS, etc. 

Operating System - Functions 

To brief, Following are some of important functions of an operating System which we will 
look in more detail in upcoming chapters: 



 Process Management 
 I/O Device Management 
 File Management 
 Network Management 
 Main Memory Management 
 Secondary Storage Management 
 Security Management 
 Command Interpreter System 
 Control over system performance 
 Job Accounting 
 Error Detection and Correction 
 Coordination between other software and users 
 Many more other important tasks 

Register (processor register) 

 A processor register (CPU register) is one of a small set of data holding 

places that are part of the computer processor. 

 A register may hold an instruction, a storage address, or any kind of data 

(such as a bit sequence or individual characters). Some instructions specify registers as part 

of the instruction.  

 For example, an instruction may specify that the contents of two defined 

registers be added together and then placed in a specified register. 

 

Types of Register in Computer Organization 

In Computer Organisation, the register is utilized to acknowledge, store, move information 
and directions that are being utilized quickly by the CPU. There are different kinds of registers 
utilized for different reasons. Some of the commonly used registers are: 

o AC ( accumulator ) 

o DR ( Data registers ) 

o AR ( Address registers ) 



o PC ( Program counter ) 

o MDR ( Memory data registers ) 

o IR ( index registers ) 

o MBR ( Memory buffer registers ) 

Operation Performed by Registers 

o Fetch: The fetch operation is utilized for taking the directions by the client. 

The instructions that are stored away into the main memory for later processing are fetched 

by registers. 

o Decode: This operation is utilized for deciphering the instructions implies the 

instructions are decoded the CPU will discover which operation is to be performed on the 

instructions. 

o Execute: The CPU performs this operation. Also, results delivered by the 

CPU are then stored in the memory, and after that, they are shown on the client Screen. 

Types of CPU Registers 
Different types of registers in computer microprocessors or types of cpu registers are as follow 

– 

1. Program Counter Register 
Program Counter Register holds the address of the next instruction to be fetched. Instruction 

is fetched from the address specified by the Program Counter (PC). 

Once the instruction is fetched then the value with each operation PC increments its value. 

2. Memory Address Register 
The address specified by the PC first goes to another register known as memory address 

register. CPU finds this address from MAR to read the instruction or data from memory. 

If CPU wants to write some data in memory then at which address this data will be written 
then this address is also specified by MAR. 

It means MAR simply stores the address from which CPU needs to fetch the instruction or 
data and also store the address where the data will be store in memory. 

3. Instruction Register 
Once the instruction is fetched from memory then fetched instruction is stored in Instruction 

Register, Decoder is connected with this instruction register and decode the fetched instruction. 

4. Memory Buffer Register (MBR) 
This register is used for buffering of the memory so that instruction is not halted abruptly to 

the processor 



5. Memory Data Register (MDR) 
When an instruction is decoded then we get the information about opcode, mode, and address 

field. This address field provides the information either directly or indirectly about the address of the 
operand. 

When the operand address is found out the operand is fetched from that address and this 
operand is stored in a register known as memory data register. 

6. Accumulator 
An accumulator is a  type of registers that are used by CPU. This accumulator acts as a 

temporary storage location which holds an intermediate value in mathematical and logical 
calculations. 

 

Computer Instructions 

Computer instructions are a set of machine language instructions that a particular processor 
understands and executes. A computer performs tasks on the basis of the instruction provided. 

An instruction comprises of groups called fields. These fields include: 

o The Operation code (Opcode) field which specifies the operation to be 

performed. 

o The Address field which contains the location of the operand, i.e., register or 

memory location. 

o The Mode field which specifies how the operand will be located. 

 

A basic computer has three instruction code formats which are: 

1. Memory - reference instruction 

2. Register - reference instruction 

3. Input-Output instruction 

 

 Instruction Cycle 
A program consisting of the memory unit of the computer includes a series of instructions. 

The program is implemented on the computer by going through a cycle for each instruction. 

In the basic computer, each instruction cycle includes the following procedures − 



 It can fetch instruction from memory. 

 It is used to decode the instruction. 

 It can read the effective address from memory if the instruction has 

an indirect address. 

 It can execute the instruction. 
After the following four procedures are done, the control switches back to the first step and 

repeats the similar process for the next instruction. Therefore, the cycle continues until 
a Halt condition is met. The figure shows the phases contained in the instruction cycle. 

 

As display in the figure, the halt condition appears when the device receive turned off, on the 
circumstance of unrecoverable errors, etc. 

1. Fetch Cycle 
The address instruction to be implemented is held at the program counter. The processor 

fetches the instruction from the memory that is pointed by the PC. 

Next, the PC is incremented to display the address of the next instruction. This instruction is 
loaded onto the instruction register. The processor reads the instruction and executes the important 
procedures. 

2. Execute Cycle 

The data transfer for implementation takes place in two methods are as follows − 

 Processor-memory − The data sent from the processor to memory or 

from memory to processor. 

 Processor-Input/Output − The data can be transferred to or from a 

peripheral device by the transfer between a processor and an I/O device. 
In the execute cycle, the processor implements the important operations on the information, 

and consistently the control calls for the modification in the sequence of data implementation. These 
two methods associate and complete the execute cycle. 

Interrupt in OS 

An interrupt is a signal emitted by hardware or software when a process or an event needs 
immediate attention. It alerts the processor to a high-priority process requiring interruption of the 
current working process. In I/O devices, one of the bus control lines is dedicated for this purpose and 
is called the Interrupt Service Routine (ISR). 

When a device raises an interrupt at the process, the processor first completes the execution 
of an instruction. Then it loads the Program Counter (PC) with the address of the first instruction 



of the ISR. Before loading the program counter with the address, the address of the interrupted 
instruction is moved to a temporary location. Therefore, after handling the interrupt, the processor 
can continue with the process. 

While the processor is handling the interrupts, it must inform the device that its request has 
been recognized to stop sending the interrupt request signal. Also, saving the registers so that the 
interrupted process can be restored in the future increases the delay between the time an interrupt is 
received and the start of the execution of the ISR. This is called Interrupt Latency. 

 

A single computer can perform only one computer instruction at a time. But, because it can 
be interrupted, it can manage how programs or sets of instructions will be performed. This is known 
as multitasking.  

It allows the user to do many different things simultaneously, and the computer turns to 
manage the programs that the user starts. Of course, the computer operates at speeds that make it 
seem like all user tasks are being performed simultaneously. 

An operating system usually has some code that is called an interrupt handler. The interrupt 
handler prioritizes the interrupts and saves them in a queue if more than one is waiting to be handled. 
The operating system has another little program called a scheduler that figures out which program 
to control next. 

Types of Interrupt 
Interrupt signals may be issued in response to hardware or software events. These are 

classified as hardware interrupts or software interrupts, respectively. 

 



1. Hardware Interrupts 

A hardware interrupt is a condition related to the state of the hardware that may be signaled 
by an external hardware device, e.g., an interrupt request (IRQ) line on a PC, or detected by devices 
embedded in processor logic to communicate that the device needs attention from the operating 
system. For example, pressing a keyboard key or moving a mouse triggers hardware interrupts that 
cause the processor to read the keystroke or mouse position. 

2. Software Interrupts 

The processor requests a software interrupt upon executing particular instructions or when 
certain conditions are met. Every software interrupt signal is associated with a particular interrupt 
handler. 

A software interrupt may be intentionally caused by executing a special instruction that 
invokes an interrupt when executed by design. Such instructions function similarly to subroutine calls 
and are used for various purposes, such as requesting operating system services and interacting with 
device drivers. 

Interrupt Cycle: 

Instruction cycle consists of fetch, execute and interrupt stage show in below diagram − 

 

If any interrupt occurs, it is indicated by an interrupt flag. The CPU will go to interrupt 
handler routine. Interrupt handler then checks the type of interrupt and executes the appropriate 
function. It involves overhead but still better than the CPU waiting for I/O completion or other 
activities. 

Interrupt handler activates most prior able activity first and later deferrable part will be 
handled. 

Example 
Block of data arrives on the network line. 

Kernel marks the presence of data (urgent part) and gives the CPU back to the process that 
was running before. 

Rest of processing can be done later (moving data to buffer where recipient will find it) 

Interrupt processing 
Step 1 − First device issues interrupt to CPU. 

Step 2 − Then, the CPU finishes execution of current instruction. 



Step 3 − CPU tests for pending interrupt request. If there is one, it sends an acknowledgment 
to the device which removes its interrupt signal. 

Step 4 − CPU saves program status word onto control stack. 

Step 5 − CPU loads the location of the interrupt handler into the PC register. 

Step 6 − Save the contents of all registers from the control stack into memory. 

Step 7 − Find out the cause of interrupt, or interrupt type or invokes appropriate routine. 

Step 8 − Restore saved registers from the stack. 

Step 9 − Restore PC to dispatch the original process. 

 
Multiple interrupts 
Multiple interrupt is an interrupt event which can occur while the processor is handling a 

previous interrupt. 

For example − A program receiving data from a communication line and printing result there 
is a possibility for communication interrupt to occur while printer interrupt being processed. 

Ways to handle interrupts 
There are two ways by which processor can handle interrupts 

 Disable interrupt − Processor will ignore further interrupts while 
processing one interrupt. Interrupts remain pending and are checked after the first 
interrupt has been handled. In this process interrupts are handled in sequence 

 Define priorities − In this method low priority interrupts can be 
interrupted by higher priority interrupts. Here, high priority interrupt will be handled 
then processor returns to previous interrupt on which it was earlier working. 

 

 Memory Hierarchy 
The Computer memory hierarchy looks like a pyramid structure which is used to describe 

the differences among memory types. It separates the computer storage based on hierarchy. 

Level 0: CPU registers 

Level 1: Cache memory 

Level 2: Main memory or primary memory 

Level 3: Magnetic disks or secondary memory 

Level 4: Optical disks or magnetic types or tertiary Memory 



 

In Memory Hierarchy the cost of memory, capacity is inversely proportional to speed. Here 
the devices are arranged in a manner Fast to slow, that is form register to Tertiary memory. 

Let us discuss each level in detail: 

Level-0 − Registers 

The registers are present inside the CPU. As they are present inside the CPU, they have least 
access time. Registers are most expensive and smallest in size generally in kilobytes. They are 
implemented by using Flip-Flops. 

Level-1 − Cache 

Cache memory is used to store the segments of a program that are frequently accessed by the 
processor. It is expensive and smaller in size generally in Megabytes and is implemented by using 
static RAM. 

Level-2 − Primary or Main Memory 

It directly communicates with the CPU and with auxiliary memory devices through an I/O 
processor. Main memory is less expensive than cache memory and larger in size generally in 
Gigabytes. This memory is implemented by using dynamic RAM. 

Level-3 − Secondary storage 

Secondary storage devices like Magnetic Disk are present at level 3. They are used as backup 
storage. They are cheaper than main memory and larger in size generally in a few TB. 

Level-4 − Tertiary storage 

Tertiary storage devices like magnetic tape are present at level 4. They are used to store 
removable files and are the cheapest and largest in size (1-20 TB). 

Let us see the memory levels in terms of size, access time, bandwidth. 

 

Level Register Cache Primary 
memory 

Secondary 
memory 

Bandwidth 4k to 32k 
MB/sec 

800 to 5k 
MB/sec 

400 to 2k 
MB/sec 

4 to 32 
MB/sec 



Size Less than 
1KB 

Less than 
4MB 

Less than 2 
GB 

Greater 
than 2 GB 

Access 
time 

2 to 5nsec 3 to 10 
nsec 

80 to 400 
nsec 

5ms 

Managed 
by 

Compiler Hardware Operating 
system 

OS or user 

Cache Memory 

 Cache memory is a high-speed memory, which is small in size but faster than 
the main memory (RAM).  

 The CPU can access it more quickly than the primary memory. So, it is used 
to synchronize with high-speed CPU and to improve its performance. 

 

 Cache memory can only be accessed by CPU.  
 It can be a reserved part of the main memory or a storage device outside the 

CPU.  
 It holds the data and programs which are frequently used by the CPU.  
 So, it makes sure that the data is instantly available for CPU whenever the 

CPU needs this data.  
 In other words, if the CPU finds the required data or instructions in the cache 

memory, it doesn't need to access the primary memory (RAM).  
 Thus, by acting as a buffer between RAM and CPU, it speeds up the system 

performance. 

Types of Cache Memory: 

L1: It is the first level of cache memory, which is called Level 1 cache or L1 cache. In this 
type of cache memory, a small amount of memory is present inside the CPU itself. 

L2: This cache is known as Level 2 cache or L2 cache. This level 2 cache may be inside the 
CPU or outside the CPU. All the cores of a CPU can have their own separate level 2 cache, or they 
can share one L2 cache among themselves.  



L3: It is known as Level 3 cache or L3 cache. This cache is not present in all the processors; 
some high-end processors may have this type of cache. This cache is used to enhance the performance 
of Level 1 and Level 2 cache.  

Input Output Communication Techniques: 
The data transfers between the CPU and I/O devices may handle in a variety of techniques. 

Some techniques use the CPU as an intermediate path, others transfer the data directly to and from 
the memory unit. The data transfers to and from peripherals that are saying Input-Output 
communication. 

 

 

Generally, there are three types of Input-Output communication techniques, These 
are: 

1. Programmed I/O 
2. Interrupt-initiated I/O 
3. Direct Memory Access (DMA) 

Programmed I/O Mode Input Data Transfer 
  

 

 

 

1. Each input is read after first testing whether the device is ready with the input 
(a state reflected by a bit in a status register). 



2. The program waits for the ready status by repeatedly testing the status bit and 
till all targeted bytes are read from the input device. 

3. The program is in busy (non-waiting) state only after the device gets ready else 
in wait state.   

 
Programmed I/O Mode Output Data Transfer 
  

 
 

1. Each output written after first testing whether the device is ready to accept the 
byte at its output register or output buffer is empty. 

2. The program waits for the ready status by repeatedly testing the status bit(s) 
and till all the targeted bytes are written to the device. 

3. The program in busy (non-waiting) state only after the device gets ready else 
wait state. 
 

Advantages & Disadvantages  
  

 

Advantages -          simple to 
implement 
-          very little 

hardware support 
Disadvantages -          busy waiting 

-          ties up CPU 
for long period with no 

useful work 
 

 

 

 

 

 

 


