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  Functional Components of a Computer 

Computer: A computer is a combination of hardware and software resources which integrate together and provides various functionalities
to the user. Hardware are the physical components of a computer like the processor, memory devices, monitor, keyboard etc. while
software is the set of programs or instructions that are required by the hardware resources to function properly. 
There are a few basic components that aids the working-cycle of a computer i.e. the Input- Process- Output Cycle and these are called as
the functional components of a computer. It needs certain input, processes that input and produces the desired output. The input unit takes
the input, the central processing unit does the processing of data and the output unit produces the output. The memory unit holds the data
and instructions during the processing.

Digital Computer: A digital computer can be de�ned as a programmable machine which reads the binary data passed as instructions,
processes this binary data, and displays a calculated digital output. Therefore, Digital computers are those that work on the digital data. 

Details of Functional Components of a Digital Computer

Input Unit :The input unit consists of input devices that are attached to the computer. These devices take input and convert it into
binary language that the computer understands. Some of the common input devices are keyboard, mouse, joystick, scanner etc.
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Central Processing Unit (CPU0 : Once the information is entered into the computer by the input device, the processor processes it.
The CPU is called the brain of the computer because it is the control center of the computer. It �rst fetches instructions from memory
and then interprets them so as to know what is to be done. If required, data is fetched from memory or input device. Thereafter CPU
executes or performs the required computation and then either stores the output or displays on the output device. The CPU has three
main components which are responsible for different functions – Arithmetic Logic Unit (ALU), Control Unit (CU) and Memory registers
Arithmetic and Logic Unit (ALU) : The ALU, as its name suggests performs mathematical calculations and takes logical decisions.
Arithmetic calculations include addition, subtraction, multiplication and division. Logical decisions involve comparison of two data
items to see which one is larger or smaller or equal.
Control Unit : The Control unit coordinates and controls the data �ow in and out of CPU and also controls all the operations of ALU,
memory registers and also input/output units. It is also responsible for carrying out all the instructions stored in the program. It
decodes the fetched instruction, interprets it and sends control signals to input/output devices until the required operation is done
properly by ALU and memory.
Memory Registers : A register is a temporary unit of memory in the CPU. These are used to store the data which is directly used by
the processor. Registers can be of different sizes(16 bit, 32 bit, 64 bit and so on) and each register inside the CPU has a speci�c
function like storing data, storing an instruction, storing address of a location in memory etc. The user registers can be used by an
assembly language programmer for storing operands, intermediate results etc. Accumulator (ACC) is the main register in the ALU and
contains one of the operands of an operation to be performed in the ALU.
Memory (https://www.geeksforgeeks.org/types-computer-memory-ram-rom/) : Memory attached to the CPU is used for storage of
data and instructions and is called internal memory The internal memory is divided into many storage locations, each of which can
store data or instructions. Each memory location is of the same size and has an address. With the help of the address, the computer
can read any memory location easily without having to search the entire memory. when a program is executed, it's data is copied to
the internal memory ans is stored in the memory till the end of the execution. The internal memory is also called the Primary memory
or Main memory. This memory is also called as RAM, i.e. Random Access Memory. The time of access of data is independent of its
location in memory, therefore this memory is also called Random Access memory (RAM). Read this for different types of RAMs
(https://www.geeksforgeeks.org/different-types-ram-random-access-memory/)
Output Unit : The output unit consists of output devices that are attached with the computer. It converts the binary data coming from
CPU to human understandable form. The common output devices are monitor, printer, plotter etc.

Interconnection between Functional Components

A computer consists of input unit that takes input, a CPU that processes the input and an output unit that produces output. All these
devices communicate with each other through a common bus. A bus is a transmission path, made of a set of conducting wires over which
data or information in the form of electric signals, is passed from one component to another in a computer. The bus can be of three types –
Address bus, Data bus and Control Bus.

Following �gure shows the connection of various functional components:

The address bus carries the address location of the data or instruction. The data bus carries data from one component to another and the
control bus carries the control signals. The system bus is the common communication path that carries signals to/from CPU, main memory
and input/output devices. The input/output devices communicate with the system bus through the controller circuit which helps in
managing various input/output devices attached to the computer.
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  Introduction of Secondary Memory 

Primary memory has limited storage capacity and is volatile. Secondary memory overcome this limitation by providing permanent storage
of data and in bulk quantity. Secondary memory is also termed as external memory and refers to the various storage media on which a
computer can store data and programs. The Secondary storage media can be �xed or removable. Fixed Storage media is an internal
storage medium like hard disk that is �xed inside the computer. Storage medium that are portable and can be taken outside the computer
are termed as removable storage media.

Difference between Primary Memory and Secondary Memory:
Primary Memory Secondary Memory

Primary memory is directly accessed by the Central Processing Unit(CPU).
Secondary memory is not accessed directly by the Central Processing Unit(CPU).
Instead, data accessed from a secondary memory is �rst loaded into Random
Access Memory(RAM) and is then sent to the Processing Unit.

RAM provides much faster accessing speed to data than secondary
memory. By loading software programs and required �les into primary
memory(RAM), computer can process data much more quickly.

Secondary Memory is slower in data accessing. Typically primary memory is six
times faster than the secondary memory.

Primary memory, i.e. Random Access Memory(RAM) is volatile and gets
completely erased when a computer is shut down.

Secondary memory provides a feature of being non-volatile, which means it can
hold on to its data with or without electrical power supply.

Uses of Secondary Media: 
Permanent Storage: Primary Memory (RAM) is volatile, i.e. it loses all information when the electricity is turned off, so in order to
secure the data permanently in the device, Secondary storage devices are needed.

Portability: Storage medium, like the CDs, �ash drives can be used to transfer the data from one devive to another.

Fixed and Removable Storage 
Fixed Storage- A Fixed storage is an internal media device that is used by a computer system to store data, and usually these are referred
to as the Fixed Disks drives or the Hard Drives.
Fixed storage devices are literally not �xed, obviously these can be removed from the system for repairing work, maintenance purpose, and
also for upgrade etc. But in general, this can’t be done without a proper toolkit to open up the computer system to provide physical access,
and that needs to be done by an engineer.
Technically, almost all of the data i.e. being processed on a computer system is stored on some type of a built-in �xed storage device.
Types of �xed storage:

Internal �ash memory (rare)

SSD (solid-state disk) units

Hard disk drives (HDD)

Removable Storage- 
A Removable storage is an external media device that is used by a computer system to store data, and usually these are referred to as the
Removable Disks drives or the External Drives.
Removable storage is any type of storage device that can be removed/ejected from a computer system while the system is running.
Examples of external devices include CDs, DVDs and Blu-Ray disk drives, as well as diskettes and USB drives. Removable storage makes it
easier for a user to transfer data from one computer system to another.
In a storage factors, the main bene�t of removable disks is that they can provide the fast data transfer rates associated with storage area
networks (SANs) 
Types of Removable Storage:

Optical discs (CDs, DVDs, Blu-ray discs)
Memory cards
Floppy disks
Magnetic tapes
Disk packs

Paper storage (punched tapes , punched cards)

Secondary Storage Media 
There are the following main types of storage media:
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1. Magnetic storage media: Magnetic media is coated with a magnetic layer which is magnetized in clockwise or anticlockwise directions.
When the disk moves, the head interprets the data stored at a speci�c location in binary 1s and 0s at reading.
Examples: hard disks, �oppy disks and magnetic tapes.

Floppy Disk: A �oppy disk is a �exible disk with a magnetic coating on it. It is packaged inside a protective plastic envelope. These are
one of the oldest type of portable storage devices that could store up to 1.44 MB of data but now they are not used due to very less
memory storage.

Hard disk: A hard disk consists of one or more circular disks called platters which are mounted on a common spindle. Each surface of
a platter is coated with a magnetic material. Both surfaces of each disk are capable of storing data except the top and bottom disk
where only the inner surface is used. The information is recorded on the surface of the rotating disk by magnetic read/write heads.
These heads are joined to a common arm known as access arm. 

Hard disk drive components:
Most of the basic types of hard drives contains a number of disk platters that are placed around a spindle which is placed inside a
sealed chamber. The chamber also includes read/write head and motors. Data is stored on each of these disks in the arrangement of
concentric circles called tracks which are divided further into sectors. Though internal Hard drives are not very portable and used
internally in a computer system, external hard disks can be used as a substitute for portable storage. Hard disks can store data upto
several terabytes.

2. Optical storage media In optical storage media information is stored and read using a laser beam. The data is stored as a spiral pattern of
pits and ridges denoting binary 0 and binary 1.
Examples: CDs and DVDs

Compact Disk: A Compact Disc drive(CDD) is a device that a computer uses to read data that is encoded digitally on a compact
disc(CD). A CD drive can be installed inside a computer's compartment, provided with an opening for easier disc tray access or it can
be used by a peripheral device connected to one of the ports provided in the computer system.A compact disk or CD can store
approximately 650 to 700 megabytes of data. A computer should possess a CD Drive to read the CDs. There are three types of CDs:

CD- ROM CD-R CD-RW

It stands for Compact Disk - Read Only Memory
It stands for Compact Disk-
Recordable.

It stands for Compact Disk-
Rewritable.

Data is written on these disks at the time of manufacture. This data cannot be
changed, once is it written by the manufacturer, but can only be read. CD-
ROMs are used for text, audio and video distribution like games, encyclopedias
and application software.

Data can be recorded on these
disks but only once. Once the data
is written in a CD-R, it cannot be
erased/modi�ed.

It can be read or written multiple
times but a CD-RW drive needs to be
installed on your computer before
editing a CD-RW.

DVD: It stands for Digital Versatile Disk or Digital Video Disk. It looks just like a CD and use a similar technology as that of the CDs but
allows tracks to be spaced closely enough to store data that is more than six times the CD's capacity. It is a signi�cant advancement in
portable storage technology. A DVD holds 4.7 GB to 17 GB of data.
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Blue Ray Disk: This is the latest optical storage media to store high de�nition audio and video. It is similar to a CD or DVD but can
store up to 27 GB of data on a single layer disk and up to 54 GB of data on a dual layer disk. While CDs or DVDs use red laser beam,
the blue ray disk uses a blue laser to read/write data on a disk.

3. Solid State Memories Solid-state storage devices are based on electronic circuits with no moving parts like the reels of tape, spinning
discs etc. Solid-state storage devices use special memories called �ash memory to store data. Solid state drive (or �ash memory) is used
mainly in digital cameras, pen drives or USB �ash drives.
Pen Drives: Pen Drives or Thumb drives or Flash drives are the recently emerged portable storage media. It is an EEPROM based �ash
memory which can be repeatedly erased and written using electric signals. This memory is accompanied with a USB connector which
enables the pendrive to connect to the computer. They have a capacity smaller than a hard disk but greater than a CD. Pendrive has
following advantages:

Transfer Files: A pen drive being plugged into a USB port of the system can be used as a device to transfer �les, documents and
photos to a PC and also vice versa. Similarly, selected �les can be transferred between a pen drive and any type of workstation.

Portability: The lightweight nature and smaller size of a pen drive make it possible to carry it from place to place which makes data
transportation an easier task.

Backup Storage: Most of the pen drives now come with a feature of having password encryption, important information related to
family, medical records and photos can be stored on them as a backup.

Transport Data: Professionals/Students can now easily transport large data �les and video/audio lectures on a pen drive and gain
access to them from anywhere. Independent PC technicians can store work-related utility tools, various programs and �les on a high-
speed 64 GB pen drive and move from one site to another.

  Basics of Computer and its Operations 

Computer is a device that transforms data into meaningful information. It processes the input according to the set of instructions provided
to it by the user and gives the desired output quickly. A Computer can perform the following set of functions:

Accept data

Store data

Process data as desired

Retrieve the stored data as and when required

Print the result in desired format.

Data and Information: 
Data: It is the term used for raw facts and �gures fed into the computer and along with the set of instructions which enables the computer
to convert this raw data into the re�ned and useful information.

Information: Data represented in useful and meaningful form is information.

Classi�cation of Computers: Computers can be classi�ed based on the technology being used and the way they are designed to perform
the various tasks. Computers can be categorized into Digital, Analog and Hybrid based on their design and working:

Digital Computers : These are the modern computers which are capable of processing information in discrete form. In digital
technology data which can be in the form of letters, symbols or numbers is represented in binary form i.e. 0s and 1s. The digital
computers are used in industrial, business and scienti�c applications. They are quite suitable for large volume data processing.

Analog Computers : These computers are used to process data generated by ongoing physical processes. A thermometer is an
example of an analog computer since it measures the change in mercury level continuously. Analog computers are well suited to
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simulating systems. A simulator helps to conduct experiments repeatedly in real time environment. Some of the common examples
are simulations in aircrafts, nuclear power plants, hydraulic and electronic networks.
Hybrid Computers : These use both analog and digital technology. It has the speed of analog computer and the accuracy of a digital
computer. It may accept digital or analog signals but an extensive conversion of data from digital to analog and analog to digital has
to be done. Hybrid Computers are used as a cost effective means for complex simulations.

Classi�cation of Digital Computers The digital computers are classi�ed according to their computing capabilities. The various types of
digital computers are discussed below:

Micro Computers :These are also known as Personal Computers. These type of digital computer uses a microprocessor (a CPU on a
single chip) and include both desktops and laptops. These computers can work on small volume of data, are very versatile and can
handle variety of applications. These computers are being used as work stations, CAD, multimedia and advertising applications.
Example: portable computers such as PDAs (Personal Digital Assistants) and tablets
Mini Computers :These computers can support multiple users working simultaneously on the same machine. These are mainly used in
an organization where computers installed in various departments are interconnected. These computers are useful for small business
organizations.
Main Frames : These computers are large and very powerful computers with very high memory capacity. These can process huge
databases such as census at extremely fast rate. They are suitable for big organizations, banks, industries etc. and can support
hundreds of users simultaneously on the network.
Super Computers : These are fastest and very expensive computers. They can execute billions of instructions per second. These are
multiprocessor, parallel systems suitable for specialized complex scienti�c applications involving huge amounts of mathematical
applications such as weather forecasting.

Peripheral Devices

These devices are used for performing the speci�c functions and are connected to the computer externally. These peripheral devices enable
the computer to operate according to the user requirements by feeding data in and out of the computer. Peripheral devices are as follows:

INPUT DEVICES : These devices accept data and instructions from the user. These include:
Keyboard
Mouse
Light Pen
Optical/magnetic Scanner
Touch Screen
Microphone for voice as input
Track Ball

OUTPUT DEVICES :These devices return processed data that is information, back to the user. Some of the commonly used output
devices are:

Monitor (Visual Display Unit)
Printers
Plotter
Speakers

Difference between RAM and Hard-disk

RAM Hard Disk
RAM is an electronic device Hard-disk is an electromechanical device
Electronic device are faster in speed Electro-mechanical device has speed slower than Electronic device.
CPU is an electronic device,so it's speed can match with RAM.Therefore,CPU
and RAM have connections and that connections is known as buses

Hard disk is an electro-mechanical device.Therefore,it's speed cannot be match
by CPU and hence their is no connection between hard-disk and CPU.

CPU process the data, and to process that data we need fast speed memory which is known as RAM.

Types of Software

1. System Software : These are those software,without which our PC,laptop won't run, i.e it is must for a device to be operating.
For Example: Linux,Unix,Windows,etc.

2. Application Software : These are those software,without which our PC,laptop can run, i.e these software are not necessary for a
device to be operating.
For Example: Facebook,What's App,Games.

NOTE: In Earlier times i.e before 1970s,for making both these software we have to learn different languages.
For Example, Assembly language was used for System Software whereas Pascal,Cubel,etc. were used for making Application
Software.

LI
V

E 
  B

AT
CH

ES

▲



9/9/2020 Practice | GeeksforGeeks | A computer science portal for geeks

https://practice.geeksforgeeks.org/tracks/unit-1/?batchId=125 7/43



Difference between Hacker and Cracker

1. Hacker : They will just warn you something about malicious activity going around in your computer.It will not steal your information.

2. Cracker : They will try to steal your Information without informing you.

  Generations of Computer 

Introduction: A computer is an electronic device that manipulates information or data. It has the ability to store, retrieve, and process data. 
Nowadays, a computer can be used to type documents, send email, play games, and browse the Web. It can also be used to edit or create
spreadsheets, presentations, and even videos. But the evolution of this complex system started around 1940 with the �rst Generation of
Computer and evolving ever since.

There are �ve generations of computers.

1. FIRST GENERATION

Introduction:
1. 1946-1959 is the period of �rst generation computer.
2. J.P.Eckert and J.W.Mauchy invented the �rst successful electronic computer called ENIAC, ENIAC stands for "Electronic

Numeric Integrated And Calculator".

Few Examples are:

1. ENIAC

2. EDVAC

3. UNIVAC

4. IBM-701

5. IBM-650
...

Advantages:

1. It made use of vacuum tubes which are the only electronic component available during those days.
2. These computers could calculate in milliseconds.

Disadvantages:

1. These were very big in size, weight was about 30 tones.

2. These computers were based on vacuum tubes.

3. These computers were very costly.

4. It could store only a small amount of information due to the presence of magnetic drums.

5. As the invention of �rst generation computers involves vacuum tubes, so another disadvantage of these computers was,
vacuum tubes require a large cooling system.

−
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6. Very less work ef�ciency.

7. Limited programming capabilities and punch cards were used to take inputs.

8. Large amount of energy consumption.

9. Not reliable and constant maintenance is required.

2. SECOND GENERATION

Introduction:

1. 1959-1965 is the period of second-generation computer.
2. 3.Second generation computers were based on Transistor instead of vacuum tubes.

Few Examples are:
1. Honeywell 400

2. IBM 7094

3. CDC 1604

4. CDC 3600

5. UNIVAC 1108
... many more

Advantages:

1. Due to the presence of transistors instead of vacuum tubes, the size of electron component decreased. This resulted in
reducing the size of a computer as compared to �rst generation computers.

2. Less energy and not produce as much heat as the �rst genration.

3. Assembly language and punch cards were used for input.

4. Low cost than �rst generation computers.

5. Better speed, calculate data in microseconds.

6. Better portability as compared to �rst generation

Disadvantages:
1. A cooling system was required.

2. Constant maintenance was required.

3. Only used for speci�c purposes.
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3. THIRD GENERATION

Introduction:
1. 1965-1971 is the period of third generation computer.

2. These computers were based on Integrated circuits.

3. IC was invented by Robert Noyce and Jack Kilby In 1958-1959.

4. IC was a single component containing number of transistors.

Few Examples are:
1. PDP-8

2. PDP-11

3. ICL 2900

4. IBM 360

5. IBM 370
... and many more

Advantages:
1. These computers were cheaper as compared to second-generation computers.

2. They were fast and reliable.

3. Use of IC in the computer provides the small size of the computer.

4. IC not only reduce the size of the computer but it also improves the performance of the computer as compared to previous
computers.

5. This generation of computers has big storage capacity.

6. Instead of punch cards, mouse and keyboard are used for input.

7. They used an operating system for better resource management and used the concept of time-sharing and multiple
programming.

8. These computers reduce the computational time from microseconds to nanoseconds.

Disadvantages:
1. IC chips are dif�cult to maintain.

2. The highly sophisticated technology required for the manufacturing of IC chips.

3. Air conditioning is required.
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4. FOURTH GENERATION

Introduction:
1. 1971-1980 is the period of fourth generation computer.

2. This technology is based on Microprocessor.

3. A microprocessor is used in a computer for any logical and arithmetic function to be performed in any program.

4. Graphics User Interface (GUI) technology was exploited to offer more comfort to users.

Few Examples are:
1. IBM 4341

2. DEC 10

3. STAR 1000

4. PUP 11
... and many more

Advantages:
1. Fastest in computation and size get reduced as compared to the previous generation of computer.

2. Heat generated is negligible.

3. Small in size as compared to previous generation computers.

4. Less maintenance is required.

5. All types of high-level language can be used in this type of computers.

Disadvantages:
1. The Microprocessor design and fabrication are very complex.

2. Air conditioning is required in many cases due to the presence of ICs.

3. Advance technology is required to make the ICs.

5. FIFTH GENERATION

Introduction:
1. The period of the �fth generation in 1980-onwards.

2. This generation is based on arti�cial intelligence.

3. The aim of the �fth generation is to make a device which could respond to natural language input and are capable of
learning and self-organization.

4. This generation is based on ULSI(Ultra Large Scale Integration) technology resulting in the production of microprocessor
chips having ten million electronic component.

Few Examples are:
1. Desktop

2. Laptop

3. NoteBook

4. UltraBook
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5. Chromebook
... and many more

Advantages:
1. It is more reliable and works faster.

2. It is available in different sizes and unique features.

3. It provides computers with more user-friendly interfaces with multimedia features.

Disadvantages:
1. They need very low-level languages.

2. They may make the human brains dull and doomed.

  Random Access Memory (RAM) and Read Only Memory (ROM) 

Memory is the most essential element of a computing system because without it computer can’t perform simple tasks. Computer memory is
of two basic type - Primary memory(RAM and ROM) and Secondary memory(hard drive,CD,etc.). Random Access Memory (RAM) is
primary-volatile memory and Read Only Memory (ROM) is primary-non-volatile memory.

1. Random Access Memory (RAM) -
It is also called as read write memory or the main memory or the primary memory.
The programs and data that the CPU requires during execution of a program are stored in this memory.
It is a volatile memory as the data loses when the power is turned off.
RAM is further classi�ed into two types- SRAM (Static Random Access Memory) and DRAM (Dynamic Random Access Memory).

2. Read Only Memory (ROM) -

−
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Stores crucial information essential to operate the system, like the program essential to boot the computer.
It is not volatile.
Always retains its data.
Used in embedded systems or where the programming needs no change.
Used in calculators and peripheral devices.
ROM is further classi�ed into 4 types- ROM, PROM, EPROM, and EEPROM.

Types of Read Only Memory (ROM) -
1. PROM (Programmable read-only memory) - It can be programmed by user. Once programmed, the data and instructions in it cannot

be changed.
2. EPROM (Erasable Programmable read only memory) - It can be reprogrammed. To erase data from it, expose it to ultra violet light. To

reprogram it, erase all the previous data. 
3. EEPROM (Electrically erasable programmable read only memory) - The data can be erased by applying electric �eld, no need of ultra

violet light. We can erase only portions of the chip.

  Types of Network Topology 

The arrangement of a network which comprises of nodes and connecting lines via sender and receiver is referred as network topology. The
various network topologies are : 
 

a) Mesh Topology :
In mesh topology, every device is connected to another device via particular channel. 

 

Figure 1 : Every device is connected with another via dedicated channels. These channels are known as links. 
 

If suppose, N number of devices are connected with each other in mesh topology, then total number of ports that is required by each
device is ? N-1. In the Figure 1, there are 5 devices connected to each other, hence total number of ports required is 4.

−
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If suppose, N number of devices are connected with each other in mesh topology, then total number of dedicated links required to
connect them is C  i.e. N(N-1)/2. In the Figure 1, there are 5 devices connected to each other, hence total number of links required is
5*4/2 = 10.

Advantages of this topology : 
 

It is robust.
Fault is diagnosed easily. Data is reliable because data is transferred among the devices through dedicated channels or links.
Provides security and privacy.

Problems with this topology : 
 

Installation and con�guration is dif�cult.
Cost of cables are high as bulk wiring is required, hence suitable for less number of devices.
Cost of maintenance is high.

b) Star Topology :
? In star topology, all the devices are connected to a single hub through a cable. This hub is the central node and all others nodes are
connected to the central node. The hub can be passive ?in nature i.e. not intelligent hub such as broadcasting devices, at the same time the
hub can be intelligent known as active ?hubs. Active hubs have repeaters in them. 

 

Figure 2 : A star topology having four systems connected to single point of connection i.e. hub. 

Advantages of this topology : 
 

If N devices are connected to each other in star topology, then the number of cables required to connect them is N. So, it is easy to set
up.
Each device require only 1 port i.e. to connect to the hub.

Problems with this topology : 
 

If the concentrator (hub) on which the whole topology relies fails, the whole system will crash down.
Cost of installation is high.
Performance is based on the single concentrator i.e. hub.

c) Bus Topology :
? Bus topology is a network type in which every computer and network device is connected to single cable. It transmits the data from one
end to another in single direction. No bi-directional feature is in bus topology. 

 

N
2
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Figure 3 : A bus topology with shared backbone cable. The nodes are connected to the channel via drop lines. 

Advantages of this topology : 
 

If N devices are connected to each other in bus topology, then the number of cables required to connect them is 1 ?which is known as
backbone cable and N drop lines are required.
Cost of the cable is less as compared to other topology, but it is used to built small networks.

Problems with this topology : 
 

If the common cable fails, then the whole system will crash down.
If the network traf�c is heavy, it increases collisions in the network. To avoid this, various protocols are used in MAC layer known as
Pure Aloha, Slotted Aloha, CSMA/CD etc.

d) Ring Topology :
? In this topology, it forms a ring connecting devices with its exactly two neighboring devices.

 A number of repeaters are used for Ring topology with a large number of nodes, because if someone wants to send some data to the last
node in the ring topology with 100 nodes, then the data will have to pass through 99 nodes to reach the 100th node. Hence to prevent
data loss repeaters are used in the network.

The transmission is unidirectional, but it can be made bidirectional by having 2 connections between each Network Node, it is called Dual
Ring Topology.

Figure 4 : A ring topology comprises of 4 stations connected with each forming a ring.. 
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The following operations takes place in ring topology are : 

 

1. One station is known as monitor station which takes all the responsibility to perform the operations.
2. To transmit the data, station has to hold the token. After the transmission is done, the token is to be released for other stations to use.
3. When no station is transmitting the data, then the token will circulate in the ring.
4. There are two types of token release techniques : Early token release releases the token just after the transmitting the data and Delay

token release releases the token after the acknowledgement is received from the receiver.

Advantages of this topology : 
 

The possibility of collision is minimum in this type of topology.
Cheap to install and expand.

Problems with this topology : 
 

Troubleshooting is dif�cult in this topology.
Addition of stations in between or removal of stations can disturb the whole topology.

e) Tree Topology :
? This topology is the variation of Star topology. This topology have hierarchical �ow of data. 

 

Figure 5 : In this the various secondary hubs are connected to the central hub which contains the repeater. In this data �ow from top to
bottom i.e from the central hub to secondary and then to the devices or from bottom to top i.e. devices to secondary hub and then to the
central hub. 
Advantages of this topology : 
 

It allows more devices to be attached to a single central hub thus it increases the distance that is travel by the signal to come to the
devices.
It allows the network to get isolate and also prioritize from different computers.

Problems with this topology : 
 

If the central hub gets fails the entire system fails.
The cost is high because of cabling.
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  Language Processors: Assembler, Compiler and Interpreter 

Language Processors - Assembly language is machine dependent yet mnemonics that are being used to represent instructions in it are not
directly understandable by machine and high Level language is machine independent. A computer understands instructions in machine
code, i.e. in the form of 0s and 1s. It is a tedious task to write a computer program directly in machine code. The programs are written
mostly in high level languages like Java, C++, Python etc. and are called source code. These source code cannot be executed directly by the
computer and must be converted into machine language to be executed. Hence, a special translator system software is used to translate
the program written in high-level language into machine code is called Language Processor and the program after translated into machine
code (object program / object code). 

The language processors can be any of the following three types:

1. Compiler - The language processor that reads the complete source program written in high level language as a whole in one go and
translates it into an equivalent program in machine language is called as a Compiler.
Example: C, C++, C#, Java

In a compiler, the source code is translated to object code successfully if it is free of errors. The compiler speci�es the errors at the end
of compilation with line numbers when there are any errors in the source code. The errors must be removed before the compiler can
successfully recompile the source code again.>

2. Assembler - The Assembler is used to translate the program written in Assembly language into machine code. The source program is
a input of assembler that contains assembly language instructions. The output generated by assembler is the object code or machine
code understandable by the computer.

3. Interpreter - The translation of single statement of source program into machine code is done by language processor and executes it
immediately before moving on to the next line is called an interpreter. If there is an error in the statement, the interpreter terminates its
translating process at that statement and displays an error message. The interpreter moves on to the next line for execution only after
removal of the error. An Interpreter directly executes instructions written in a programming or scripting language without previously
converting them to an object code or machine code.
Example: Perl, Python and Matlab.

Difference between Compiler and Interpreter - 

Compiler Interpreter
A compiler is a program which coverts the entire source code of a programming language
into executable machine code for a CPU.

interpreter takes a source program and runs it line by line,
translating each line as it comes to it.

Compiler takes large amount of time to analyze the entire source code but the overall
execution time of the program is comparatively faster.

Interpreter takes less amount of time to analyze the source code
but the overall execution time of the program is slower.

Compiler generates the error message only after scanning the whole program, so debugging
is comparatively hard as the error can be present any where in the program.

Its Debugging is easier as it continues translating the program
until the error is met

Generates intermediate object code. No intermediate object code is generated.
Examples: C, C++, Java Examples: Python, Perl

  Need and Functions of Operating Systems 

Goal of an Operating System: The fundamental goal of a Computer System is to execute user programs and to make tasks easier. Various
application programs along with hardware system are used to perform this work. Operating System is a software which manages and

−

−
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control the entire set of resources and effectively utilize every part of a computer.
The �gure shows how OS acts as a medium between hardware unit and application programs. 

Need of Operating System: 
OS as a platform for Application programs: Operating system provides a platform, on top of which, other programs, called application
programs can run. These application programs help the users to perform a speci�c task easily. It acts as an interface between the
computer and the user. It is designed in such a manner that it operates, controls and executes various applications on the computer.

Managing Input-Output unit: Operating System also allows the computer to manage its own resources such as memory, monitor,
keyboard, printer etc. Management of these resources is required for an effective utilization.The operating system controls the various
system input-output resources and allocates them to the users or programs as per their requirement.

Consistent user interface: Operating System provides the user an easy-to-work user interface, so the user doesn’t have to learn a
different UI every time and can focus on the content and be productive as quickly as possible. Operating System provides templates,
UI components to make the working of a computer, really easy for the user.

Multitasking: Operating System manages memory and allow multiple programs to run in their own space and even communicate with
each other through shared memory. Multitasking gives users a good experience as they can perform several tasks on a computer at a
time.

Functions of an Operating System

An operating system has variety of functions to perform. Some of the prominent functions of an operating system can be broadly outlined
as:

Processor Management (https://www.geeksforgeeks.org/gate-notes-operating-system-process-management-introduction/): This
deals with management of the Central Processing Unit (CPU). The operating system takes care of the allotment of CPU time to
different processes. When a process �nishes its CPU processing after executing for the allotted time period, this is called scheduling.
There are various type of scheduling techniques that are used by the operating systems:

1. Shortest Job First(SJF (https://www.geeksforgeeks.org/operating-system-shortest-job-�rst-scheduling-predicted-burst-time/)):
Process which need the shortest CPU time are scheduled �rst.

2. Round Robin Scheduling (https://www.geeksforgeeks.org/program-round-robin-scheduling-set-1/): Each process is assigned a
�xed CPU execution time in cyclic way.

3. Priority Based scheduling (Non Preemptive) (https://www.geeksforgeeks.org/operating-system-priority-scheduling-different-
arrival-time-set-2/): In this scheduling, processes are scheduled according to their priorities, i.e., highest priority process is
schedule �rst. If priorities of two processes match, then schedule according to arrival time

Device Management: The Operating System communicates with hardware and the attached devices and maintains a balance
between them and the CPU. This is all the more important because the CPU processing speed is much higher than that
of I/O devices. In order to optimize the CPU time, the operating system employstwo techniques - Buffering and Spooling.

Buffering: In this technique, input and output data is temporarily stored in Input Buffer and Output Buffer. Once the signal for input or
output is sent to or from the CPU respectively, the operating system through the device controller moves the data from the input
device to the input buffer and for the output device to the output buffer. In case of input, if the buffer is full, the operating system
sends a signal to the program which processes the data stored in the buffer. When the buffer becomes empty, the program informs
the operating system which reloads the buffer and the input operation continues.
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Spooling (Simultaneous Peripheral Operation on Line) (https://www.geeksforgeeks.org/what-exactly-spooling-is-all-about/): This is a
device management technique used for processing of different tasks on the same input/output device. When there are various users
on a network sharing the same resource then it can be a possibility that more than one user might give it a command at the same
point of time. So, the operating system temporarily stores the data of every user on the hard disk of the computer to which the
resource is attached. The individual user need not wait for the execution process to be completed. Instead the operating system sends
the data from the hard disk to the resource one by one.
Example: printer

Memory management (https://www.geeksforgeeks.org/operating-systems-gq/memory-management-gq/): In a computer, both the
CPU and the I/O devices interact with the memory. When a program needs to be executed it is loaded onto the main memory till the
execution is completed. Thereafter that memory space is freed and is available for other programs. The common memory
management techniques used by the operating system are Partitioning and Virtual Memory.

Partitioning: The total memory is divided into various partitions of same size or different sizes. This helps to accommodate number of
programs in the memory. The partition can be �xed i.e. remains same for all the programs in the memory or variable i.e. memory is
allocated when a program is loaded on to the memory. The later approach causes less wastage of memory but in due course of time,
it may become fragmented.

Virtual Memory (https://www.geeksforgeeks.org/virtual-memory-operating-systems/): This is a technique used by the operating
systems which allow the user can load the programs which are larger than the main memory of the computer. In this technique the
program is executed even if the complete program can not be loaded inside the main memory leading to ef�cient memory utilization.

File Management: The operating System manages the �les, folders and directory systems on a computer. Any data on a computer is
stored in the form of �les and the operating system keeps information about all of them using File Allocation Table (FAT). The FAT
stores general information about �les like �lename, type (text or binary), size, starting address and access mode (sequential/indexed
sequential/direct/relative). The �le manager of the operating system helps to create, edit, copy, allocate memory to the �les and also
updates the FAT. The operating system also takes care that �les are opened with proper access rights to read or edit them.

  How does a C program executes? 

Whenever a C program �le is compiled and executed, the compiler generates some �les with the same name as that of the C program �le
but with different extensions. So, what are these �les and how are they created?

Below image shows the compilation process with the �les created at each step of the compilation process:

Every �le that contains a C program must be saved with ‘.c’ extension. This is necessary for the compiler to understand that this is a C
program �le. Suppose a program �le is named, �rst.c. The �le �rst.c is called the source �le which keeps the code of the program. Now,
when we compile the �le, the C compiler looks for errors. If the C compiler reports no error, then it stores the �le as a .obj �le of the same
name, called the object �le. So, here it will create the �rst.obj. This .obj �le is not executable. The process is continued by the Linker which
�nally gives a .exe �le which is executable.

Linker: First of all, let us know that library functions are not a part of any C program but of the C software. Thus, the compiler doesn’t know
the operation of any function, whether it be printf or scanf. The de�nitions of these functions are stored in their respective library which the
compiler should be able to link. This is what the Linker does. So, when we write #include, it includes stdio.h library which gives access to
Standard Input and Output. The linker links the object �les to the library functions and the program becomes a .exe �le. Here, �rst.exe will

−
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be created which is in an executable format.

Loader: Whenever we give the command to execute a particular program, the loader comes into work. The loader will load the .exe �le in
RAM and inform the CPU with the starting point of the address where this program is loaded. 

CPU Registers

Instruction Register: It holds the current instructions to be executed by the CPU.
Program Counter: It contains the address of the next instructions to be executed by the CPU.
Accumulator: It stores the information related to calculations.

The loader informs Program Counter about the �rst instruction and initiates the execution. Then onwards, Program Counter handles the
task.

Difference between Linker and Loader 

Linker Loader
Linker generates the executable module of a source program. Loader loads the executable module to the main memory for execution.
Linker takes the object code generated by an assembler, as input. Loader takes executable module generated by a linker as input.
Linker combines all the object modules of a source code to generate an
executable module.

Loader allocates the addresses to an executable module in main memory for
execution.

The types of Linker are Linkage Editor, Dynamic linker.
The types of Loader are Absolute loading, Relocatable loading and Dynamic
Run-time loading.

  An introduction to Flowcharts 

What is a Flowchart? Flowchart is a graphical representation of an algorithm. Programmers often use it as a program-planning tool to solve
a problem. It makes use of symbols which are connected among them to indicate the �ow of information and processing.
The process of drawing a �owchart for an algorithm is known as "�owcharting".

Basic Symbols used in Flowchart Designs

1. Terminal: The oval symbol indicates Start, Stop and Halt in a program's logic �ow. A pause/halt is generally used in a program logic
under some error conditions. Terminal is the �rst and last symbols in the �owchart.

2. Input/Output: A parallelogram denotes any function of input/output type. Program instructions that take input from input devices and
display output on output devices are indicated with parallelogram in a �owchart.

3. Processing: A box represents arithmetic instructions. All arithmetic processes such as adding, subtracting, multiplication and division
are indicated by action or process symbol.

4. Decision Diamond symbol represents a decision point. Decision based operations such as yes/no question or true/false are indicated
by diamond in �owchart.

−
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5. Connectors: Whenever �owchart becomes complex or it spreads over more than one page, it is useful to use connectors to avoid any
confusions. It is represented by a circle. 

6. Flow lines: Flow lines indicate the exact sequence in which instructions are executed. Arrows represent the direction of �ow of control
and relationship among different symbols of �owchart.

Example : Draw a �owchart to input two numbers from user and display the largest of two numbers

C

Run

C++

Java

C#

Output

// C program to find largest of two numbers

#include <stdio.h>

int main()
{
    int num1, num2, largest;

    /*Input two numbers*/
    printf("Enter two numbers:\n");
    scanf("%d%d", &num1, &num2);

    /*check if a is greater than b*/
    if (num1 > num2)
        largest = num1;
    else
        largest = num2;

    /*Print the largest number*/
    printf("%d", largest);

    return 0;
}

1
2
3
4
5
6
7
8
9
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12
13
14
15
16
17
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19
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22
23
24
25
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Enter two numbers:
10 30

30

References: Computer Fundamentals by Pradeep K. Sinha and Priti Sinha

  Difference between Algorithm, Pseudocode and Program 

In this post, we will discuss the most common misconception that an algorithm and a pseudocode is one of the same things. No, they are
not!
Let us take a look at de�nitions �rst, 
Algorithm : Systematic logical approach which is a well-de�ned, step-by-step procedure that allows a computer to solve a problem.
Pseudocode : It is a simpler version of a programming code in plain English which uses short phrases to write code for a program before it
is implemented in a speci�c programming language. 
Program : It is exact code written for problem following all the rules of the programming language. 

Algorithm

An algorithm (https://www.geeksforgeeks.org/fundamentals-of-algorithms/) is used to provide a solution to a particular problem in form of
well-de�ned steps. Whenever you use a computer to solve a particular problem, the steps which lead to the solution should be properly
communicated to the computer. While executing an algorithm on a computer, several operations such as additions and subtractions are
combined to perform more complex mathematical operations. Algorithms can be expressed using natural language, �owcharts
(https://www.geeksforgeeks.org/an-introduction-to-�owcharts/), etc.
Let's take a look at an example for a better understanding. As a programmer, we are all aware of the Linear Search program. (Linear Search
(https://www.geeksforgeeks.org/linear-search/))

Algorithm of linear search :

1. Start from the leftmost element of arr[] and 
one by one compare x with each element of arr[]. 
2. If x matches with an element, return the index. 
3. If x doesn’t match with any of elements, return -1. 

Here, we can see how the steps of a linear search program are explained in a simple, English language.

Pseudocode

It is one of the methods which can be used to represent an algorithm for a program. It does not have a speci�c syntax like any of the
programming languages and thus cannot be executed on a computer. There are several formats which are used to write pseudo-codes and
most of them take down the structures from languages such as C, Lisp, FORTRAN, etc. 
Many time algorithms are presented using pseudocode since they can be read and understood by programmers who are familiar with
different programming languages. Pseudocode allows you to include several control structures such as While, If-then-else, Repeat-until, for
and case, which is present in many high-level languages.
Note: Pseudocode is not an actual programming language.
Peudocode for Linear Search :

FUNCTION linearSearch(list, searchTerm):
     FOR index FROM 0 -> length(list):
       IF list[index] == searchTerm THEN
           RETURN index
       ENDIF
       ENDLOOP
           RETURN -1
END FUNCTION 

In here, we haven't used any speci�c programming language but wrote the steps of a linear search in a simpler form which can be further
modi�ed into a proper program. 

Program

A program is a set of instructions for the computer to follow. The machine can't read a program directly, because it only understands
machine code. But you can write stuff in a computer language, and then a compiler or interpreter can make it understandable to the
computer.

Program for Linear Search :

−

// C++ code for linearly search x in arr[].  If x 
// is present  then return its  location,  otherwise
// return -1
i t h(i t [] i t i t )

1
2
3
4
5
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Algorithm vs Psuedocode vs Program

1. An algorithm is de�ned as a well-de�ned sequence of steps that provides a solution for a given problem, whereas a pseudocode is
one of the methods that can be used to represent an algorithm.

2. While algorithms are generally written in a natural language or plain English language, pseudocode is written in a format that is
similar to the structure of a high-level programming language. Program on the other hand allows us to write a code in a particular
programming language.

So, as depicted above you can clearly see how the algorithm is used to generate the pseudocode which is further expanded by following a
particular syntax of a programming language to create the code of the program.

  C Language Introduction 

C (https://www.geeksforgeeks.org/c-programming-language/) is a procedural programming language. It was initially developed by Dennis
Ritchie in the year 1972. It was mainly developed as a system programming language to write an operating system. The main features of C
language include low-level access to memory, a simple set of keywords, and clean style, these features make C language suitable for
system programmings like an operating system or compiler development.
Many later languages have borrowed syntax/features directly or indirectly from C language. Like syntax of Java, PHP, JavaScript, and many
other languages are mainly based on C language. C++ is nearly a superset of C language (There are few programs that may compile in C,
but not in C++). 

Beginning with C programming:

1. Structure of a C program After the above discussion, we can formally assess the structure of a C program. By structure, it is meant
that any program can be written in this structure only. Writing a C program in any other structure will hence lead to a Compilation
Error.

The structure of a C program is as follows:

The components of the above structure are:
1. Header Files Inclusion: The �rst and foremost component is the inclusion of the Header �les in a C program.

A header �le is a �le with extension .h which contains C function declarations and macro de�nitions to be shared between

int search(int arr[], int n, int x)
{
    int i;
    for (i = 0; i < n; i++)
        if (arr[i] == x)
         return i;
    return -1;
}

−
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several source �les.

Some of C Header �les:
stddef.h - De�nes several useful types and macros.
stdint.h - De�nes exact width integer types.
stdio.h - De�nes core input and output functions
stdlib.h - De�nes numeric conversion functions, pseudo-random network generator, memory allocation
string.h - De�nes string handling functions
math.h - De�nes common mathematical functions

Syntax to include a header �le in C:

#include 

2. Main Method Declaration: The next part of a C program is to declare the main() function. The syntax to declare the main function
is:

Syntax to Declare main method:

int main()
{}

3. Variable Declaration: The next part of any C program is the variable declaration. It refers to the variables that are to be used in
the function. Please note that in the C program, no variable can be used without being declared. Also in a C program, the
variables are to be declared before any operation in the function.

Example:

int main()
{
    int a;
.
.

4. Body: Body of a function in C program, refers to the operations that are performed in the functions. It can be anything like
manipulations, searching, sorting, printing, etc.

Example:

int main()
{
    int a;

    printf("%d", a);
.
.

5. Return Statement: The last part in any C program is the return statement. The return statement refers to the returning of the
values from a function. This return statement and return value depend upon the return type of the function. For example, if the
return type is void, then there will be no return statement. In any other case, there will be a return statement and the return value
will be of the type of the speci�ed return type.

Example:

int main()
{
    int a;

    printf("%d", a);

    return 0;
}
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2. Writing �rst program: Following is �rst program in C

Let us analyze the program line by line.
Line 1: [ #include <stdio.h> ] In a C program, all lines that start with # are processed by preprocessor
(http://en.wikipedia.org/wiki/C_preprocessor)which is a program invoked by the compiler. In a very basic term, preprocessor
(http://en.wikipedia.org/wiki/C_preprocessor)takes a C program and produces another C program. The produced program has no lines
starting with #, all such lines are processed by the preprocessor. In the above example, preprocessor copies the preprocessed code of
stdio.h to our �le. The .h �les are called header �les in C. These header �les generally contain declaration of functions. We need
stdio.h for the function printf() used in the program. 

Line 2 [ int main(void) ] There must to be starting point from where execution of compiled C program begins. In C, the execution
typically begins with �rst line of main(). The void written in brackets indicates that the main doesn't take any parameter (See this
(https://www.geeksforgeeks.org/difference-int-main-int-mainvoid/)for more details). main() can be written to take parameters also.
We will be covering that in future posts.
The int written before main indicates return type of main(). The value returned by main indicates status of program termination. See
this (https://www.geeksforgeeks.org/�ne-write-void-main-cc/)post for more details on return type.

Line 3 and 6: [ { and } ] In C language, a pair of curly brackets de�ne a scope and mainly used in functions and control statements like
if, else, loops. All functions must start and end with curly brackets. 

Line 4 [ printf("GeeksQuiz"); ] printf() (http://www.cplusplus.com/reference/cstdio/printf/) is a standard library function to print
something on standard output. The semicolon at the end of printf indicates line termination. In C, semicolon is always used to indicate
end of statement. 

Line 5 [ return 0; ] The return statement returns the value from main(). The returned value may be used by operating system to know
termination status of your program. The value 0 typically means successful termination. 

3. How to excecute the above program: Inorder to execute the above program, we need to have a compiler to compile and run our
programs. There are certain online compilers like https://ide.geeksforgeeks.org/ (https://ide.geeksforgeeks.org/), http://ideone.com/
(http://ideone.com/) or http://codepad.org/ (http://codepad.org/) that can be used to start C without installing a compiler.

Windows: There are many compilers available freely for compilation of C programs like Code Blocks
(http://www.codeblocks.org/downloads/26) and Dev-CPP (http://www.bloodshed.net/download.html).   We strongly recommend
Code Blocks.

Linux: For Linux, gcc (http://en.wikipedia.org/wiki/GNU_Compiler_Collection)comes bundled with the linux,  Code Blocks can also be
used with Linux.

Please write comments if you �nd anything incorrect, or you want to share more information about the topic discussed above

  Errors in C/C++ 

Error is an illegal operation performed by the user which results in abnormal working of the program.
Programming errors often remain undetected until the program is compiled or executed. Some of the errors inhibit the program from getting
compiled or executed. Thus errors should be removed before compiling and executing.
The most common errors can be broadly classi�ed as follows.

Type of errors

#include <stdio.h>
int main(void)
{
    printf("GeeksQuiz");
    return 0;
}

−
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1. Syntax errors: Errors that occur when you violate the rules of writing C/C++ syntax are known as syntax errors. This compiler error
indicates something that must be �xed before the code can be compiled. All these errors are detected by compiler and thus are known
as compile-time errors.
Most frequent syntax errors are: 

Missing Parenthesis (})
Printing the value of variable without declaring it
Missing semicolon like this:

Error:

error: expected ';' before '}' token

Syntax of a basic construct is written wrong. For example : while loop

Error:

error: expected expression before '.' token
 
     while(.) 

In the given example, the syntax of while loop is incorrect. This causes a syntax error.
2. Run-time Errors : Errors which occur during program execution(run-time) after successful compilation are called run-time errors. One

of the most common run-time error is division by zero also known as Division error. These types of error are hard to �nd as the
compiler doesn't point to the line at which the error occurs.
For more understanding run the example given below.

// C program to illustrate
// syntax error
#include<stdio.h>
void main()
{
    int x = 10;
    int y = 15; 
    
    printf("%d", (x, y)) // semicolon missed
}

// C program to illustrate
// syntax error
#include<stdio.h>
int main(void)
{
    // while() cannot contain "." as an argument.
    while(.) 
    {
        printf("hello");
    }
    return 0;
}

// C program to illustrate
// run-time error
#include<stdio.h>
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Error:

warning: division by zero [-Wdiv-by-zero]
 
     div = n/0;

In the given example, there is Division by zero error. This is an example of run-time error i.e errors occurring while running the
program.

3. Linker Errors: These error occurs when after compilation we link the different object �les with main's object using Ctrl+F9 key(RUN).
These are errors generated when the executable of the program cannot be generated. This may be due to wrong function
prototyping, incorrect header �les. One of the most common linker error is writing Main() instead of main().

Error:

(.text+0x20): undefined reference to `main'

4. Logical Errors : On compilation and execution of a program, desired output is not obtained when certain input values are given. These
types of errors which provide incorrect output but appears to be error free are called logical errors. These are one of the most common
errors done by beginners of programming.
These errors solely depend on the logical thinking of the programmer and are easy to detect if we follow the line of execution and
determine why the program takes that path of execution.

No output
5. Semantic errors : This error occurs when the statements written in the program are not meaningful to the compiler.

void main()
{
    int n = 9, div = 0;
  
    // wrong logic
    // number is divided by 0,
    // so this program abnormally terminates
    div = n/0;
    
    printf("resut = %d", div);
}

// C program to illustrate
// linker error
#include<stdio.h>

void Main() // Here Main() should be main()
{
    int a = 10;
    printf("%d", a); 
}

// C program to illustrate
// logical error
int main()
{
    int i = 0;

    // logical error : a semicolon after loop
    for(i = 0; i < 3; i++);
    {
        printf("loop ");
        continue;
    } 
    getchar();
    return 0;
}

// C program to illustrate
// semantic error
void main()
{
  int a, b, c;
  a + b = c; //semantic error
}
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Error

 error: lvalue required as left operand of assignment
 
 a + b = c; //semantic error

  C/C++ Tokens 

A token is the smallest element of a program that is meaningful to the compiler. Tokens can be classi�ed as follows:
1. Keywords
2. Identi�ers
3. Constants
4. Strings
5. Special Symbols
6. Operators

1. Keyword: Keywords are pre-de�ned or reserved words in a programming language. Each keyword is meant to perform a
speci�c function in a program. Since keywords are referred names for a compiler, they can’t be used as variable names because
by doing so, we are trying to assign a new meaning to the keyword which is not allowed. You cannot rede�ne keywords.
However, you can specify text to be substituted for keywords before compilation by using C/C++ preprocessor directives.C
language supports 32 keywords which are given below:

 
auto         double      int        struct
 
break        else        long       switch
 
case         enum        register   typedef
 
char         extern      return     union
 
const        float       short      unsigned
 
continue     for         signed     void
 
default      goto        sizeof     volatile
 
do           if          static     while
 
 

While in C++ there are 31 additional keywords other than C Keywords they are:

 
asm          bool        catch          class
 
const_cast   delete      dynamic_cast   explicit 
 
export       false       friend         inline 
 
mutable      namespace   new            operator 
 
private      protected   public         reinterpret_cast
 
static_cast  template    this           throw
 
true         try         typeid         typename 
 
using        virtual     wchar_t 

2. Identi�ers: Identi�ers are used as the general terminology for naming of variables, functions and arrays. These are user de�ned
names consisting of arbitrarily long sequence of letters and digits with either a letter or the underscore(_) as a �rst character.
Identi�er names must differ in spelling and case from any keywords. You cannot use keywords as identi�ers; they are reserved
for special use. Once declared, you can use the identi�er in later program statements to refer to the associated value. A special

}
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kind of identi�er, called a statement label, can be used in goto statements.
There are certain rules that should be followed while naming c identi�ers:

They must begin with a letter or underscore(_).
They must consist of only letters, digits, or underscore. No other special character is allowed.
It should not be a keyword.
It must not contain white space.
It should be up to 31 characters long as only �rst 31 characters are signi�cant.

Some examples of c identi�ers:
name Remark
_A9 Valid
Temp.varInvalid as it contains special character other than the underscore
void Invalid as it is a keyword
C program:

 void main()
 
{
 
  int a = 10;
 
}

In the above program there are 2 identi�ers:
1. main: method name.
2. a: variable name.

3. Constants: Constants are also like normal variables. But, only difference is, their values can not be modi�ed by the program once
they are de�ned. Constants refer to �xed values. They are also called as literals.
Constants may belong to any of the data type.Syntax: 
const data_type variable_name; (or) const data_type *variable_name; Types of Constants:

1. Integer constants - Example: 0, 1, 1218, 12482
2. Real or Floating point constants - Example: 0.0, 1203.03, 30486.184
3. Octal & Hexadecimal constants - Example: octal: (013 )  = (11) Hexadecimal: (013)  = (19)
4. Character constants -Example: 'a', 'A', 'z'
5. String constants -Example: "GeeksforGeeks"

4. Strings: Strings are nothing but an array of characters ended with a null character (‘\0’).This null character indicates the end of
the string. Strings are always enclosed in double quotes. Whereas, a character is enclosed in single quotes in C and
C++.Declarations for String:

char string[20] = {‘g’, ’e’, ‘e’, ‘k’, ‘s’, ‘f’, ‘o’, ‘r’, ‘g’, ’e’, ‘e’, ‘k’, ‘s’, ‘\0’};
char string[20] = “geeksforgeeks”;
char string [] = “geeksforgeeks”;

Difference between above declarations are:
1. when we declare char as “string[20]”, 20 bytes of memory space is allocated for holding the string value.
2. When we declare char as “string[]”, memory space will be allocated as per the requirement during execution of the

program.
5. Special Symbols: The following special symbols are used in C having some special meaning and thus, cannot be used for some

other purpose.[] () {}, ; * = #
Brackets[]: Opening and closing brackets are used as array element reference. These indicate single and multidimensional
subscripts.
Parentheses(): These special symbols are used to indicate function calls and function parameters.
Braces{}: These opening and ending curly braces marks the start and end of a block of code containing more than one
executable statement.
comma (, ): It is used to separate more than one statements like for separating parameters in function calls.
semi colon : It is an operator that essentially invokes something called an initialization list.
asterisk (*): It is used to create pointer variable.
assignment operator: It is used to assign values.
pre processor(#): The preprocessor is a macro processor that is used automatically by the compiler to transform your
program before actual compilation.

6. Operators: Operators are symbols that triggers an action when applied to C variables and other objects. The data items on
which operators act upon are called operands.
Depending on the number of operands that an operator can act upon, operators can be classi�ed as follows:

Unary Operators: Those operators that require only single operand to act upon are known as unary operators.For Example
increment and decrement operators
Binary Operators: Those operators that require two operands to act upon are called binary operators. Binary operators are
classi�ed into :

1. Arithmetic operators
2. Relational Operators

8 10,  16 10
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3. Logical Operators
4. Assignment Operators
5. Conditional Operators
6. Bitwise Operators

Ternary Operators: These operators requires three operands to act upon. For Example Conditional operator(?:).

For more information about operators click (https://www.geeksforgeeks.org/c/#Operators)

  Basic Input and Output in C 

C language has standard libraries that allow input and output in a program. The stdio.h or standard input output library in C that has
methods for input and output.

scanf()
The scanf() method, in C, reads the value from the console as per the type speci�ed.

Syntax:

scanf("%X", &variableOfXType); 
where %X is the format speci�er in C (https://www.geeksforgeeks.org/format-speci�ers-in-c/). It is a way to tell the
compiler what type of data is in a variable 

and

& is the address operator in C, which tells the compiler to change the real value of this variable, stored at this address in
the memory.

printf()
The printf() method, in C, prints the value passed as the parameter to it, on the console screen.

Syntax:

printf("%X", variableOfXType); 
where %X is the format speci�er in C (https://www.geeksforgeeks.org/format-speci�ers-in-c/). It is a way to tell the
compiler what type of data is in a variable 

and

& is the address operator in C, which tells the compiler to change the real value of this variable, stored at this address in
the memory.

How to take input and output of basic types in C?

The basic type in C includes types like int, �oat, char, etc. Inorder to input or output the speci�c type, the X in the above syntax is changed
with the speci�c format speci�er of that type.

The Syntax for input and output for these are:

Integer:

Input: scanf("%d", &intVariable);
Output: printf("%d", intVariable);

Float:

−
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Input: scanf("%f", &floatVariable);
Output: printf("%f", floatVariable);

Character:

Input: scanf("%c", &charVariable);
Output: printf("%c", charVariable);

Please refer Format speci�ers in C (https://www.geeksforgeeks.org/format-speci�ers-in-c/) for more examples.

Output:

Enter the integer: 10
Entered integer is: 10

Enter the float: 2.5
Entered float is: 2.500000

Enter the Character: A
Entered integer is: A

How to take input and output of advanced type in C?

The advanced type in C includes type like String. In order to input or output the string type, the X in the above syntax is changed with the
%s format speci�er.

The Syntax for input and output for String is:

Input: scanf("%s", stringVariable);
Output: printf("%s", stringVariable);

Example: 

// C program to show input and output

#include <stdio.h>

int main()
{

    // Declare the variables
    int num;
    char ch;
    float f;

    // --- Integer ---

    // Input the integer
    printf("Enter the integer: ");
    scanf("%d", &num);

    // Output the integer
    printf("\nEntered integer is: %d", num);

    // --- Float ---

    // Input the float
    printf("\n\nEnter the float: ");
    scanf("%f", &f);

    // Output the float
    printf("\nEntered float is: %f", f);

// C program to show input and output

#include <stdio.h>
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Output:

Enter the Word: GeeksForGeeks
Entered Word is: GeeksForGeeks

Enter the Sentence: Geeks For Geeks
Entered Sentence is: Geeks For Geeks

  Data Types in C 

Each variable in C has an associated data type. Each data type requires different amounts of memory and has some speci�c operations
which can be performed over it. Let us brie�y describe them one by one:

Following are the examples of some very common data types used in C:

char: The most basic data type in C. It stores a single character and requires a single byte of memory in almost all compilers.

int: As the name suggests, an int variable is used to store an integer.

�oat: It is used to store decimal numbers (numbers with �oating point value) with single precision.

double: It is used to store decimal numbers (numbers with �oating point value) with double precision.

Different data types also have different ranges upto which they can store numbers. These ranges may vary from compiler to compiler.
Below is list of ranges along with the memory requirement and format speci�ers on 32 bit gcc compiler.

int main()
{

    // Declare string variable
    // as character array
    char str[50];

    // --- String ---
    // To read a word

    // Input the Word
    printf("Enter the Word: ");
    scanf("%s\n", str);

    // Output the Word
    printf("\nEntered Word is: %s", str);

    // --- String ---
    // To read a Sentence

    // Input the Sentence
    printf("\n\nEnter the Sentence: ");
    scanf("%[^\n]\ns", str);

    // Output the String

−
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Data Type Memory (bytes) Range Format Speci�er
short int 2 -32,768 to 32,767 %hd
unsigned short int 2 0 to 65,535 %hu
unsigned int 4 0 to 4,294,967,295 %u
int 4 -2,147,483,648 to 2,147,483,647 %d
long int 8 -2,147,483,648 to 2,147,483,647 %ld
unsigned long int 8 0 to 4,294,967,295 %lu
long long int 8 -(2^63) to (2^63)-1 %lld
unsigned long long int 8 0 to 18,446,744,073,709,551,615 %llu
signed char 1 -128 to 127 %c 
unsigned char 1 0 to 255 %c
�oat 4 %f
double 8 %lf
long double 16 %Lf

We can use the sizeof() operator (http://quiz.geeksforgeeks.org/sizeof-operator-c/)to check the size of a variable. See the following C
program for the usage of the various data types:

Output:

Hello World!
 
Hello! I am a character. My value is G and my size is 1 byte.
 
Hello! I am an integer. My value is 1 and my size is 4  bytes.
 
Hello! I am a double floating point variable. My value is 3.140000 and my size i
 
s 8 bytes.
 
Bye! See you soon. :)

  Variables and Keywords in C 

A variable in simple terms is a storage place which has some memory allocated to it. Basically, a variable used to store some form of data.
Different types of variables require different amounts of memory, and have some speci�c set of operations which can be applied on them.

Variable Declaration: A typical variable declaration is of the form:

#include <stdio.h>
int main()
{
    int a = 1;
    char b ='G';
    double c = 3.14;
    printf("Hello World!\n");

    //printing the variables defined above along with their sizes
    printf("Hello! I am a character. My value is %c and "
           "my size is %lu byte.\n", b,sizeof(char));
    //can use sizeof(b) above as well

    printf("Hello! I am an integer. My value is %d and "
           "my size is %lu  bytes.\n", a,sizeof(int));
    //can use sizeof(a) above as well

    printf("Hello! I am a double floating point variable."
           " My value is %lf and my size is %lu bytes.\n",c,sizeof(double));
    //can use sizeof(c) above as well

    printf("Bye! See you soon. :)\n");

    return 0;
}

−
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  type variable_name;
    or for multiple variables:
  type variable1_name, variable2_name, variable3_name;

A variable name can consist of alphabets (both upper and lower case), numbers and the underscore '_' character. However, the name must
not start with a number.

Difference b/w variable declaration and de�nition 
Variable declaration refers to the part where a variable is �rst declared or introduced before its �rst use. Variable de�nition is the part where
the variable is assigned a memory location and a value. Most of the times, variable declaration and de�nition are done together.

See the following C program for better clari�cation:

Output:

a

Is it possible to have separate declaration and de�nition?
It is possible in case of extern variables (https://www.geeksforgeeks.org/understanding-extern-keyword-in-c/) and functions
(http://quiz.geeksforgeeks.org/functions-in-c/). See question 1 of this (http://quiz.geeksforgeeks.org/commonly-asked-c-programming-
interview-questions-set-1/)for more details.
Rules for de�ning variables

1. A variable can have alphabets, digits, and underscore.
2. A variable name can start with the alphabet, and underscore only. It can't start with a digit.
3. No whitespace is allowed within the variable name.
4. A variable name must not be any reserved word or keyword, e.g. int, goto , etc.

Types of Variables in C 1. Local Variable A variable that is declared and used inside the function or block is called local variable.
It's scope is limited to function or block.It cannot be used outside the block.Local variables need
to be initialized before us.
Example -

In the above code x can be used only in the scope of function() . Using it in main function will give error.

2. Global Variable A variable that is declared outside the function or block is called a global variable. 
It is declared at the starting of program. It is available to all the functions.
Example -

#include <stdio.h>
int main()
{
    // declaration and definition of variable 'a123'
    char a123 = 'a'; 

    // This is also both declaration and definition as 'b' is allocated
    // memory and assigned some garbage value.   
    float b;  

    // multiple declarations and definitions
    int _c, _d45, e; 

    // Let us print a variable
    printf("%c \n", a123);

    return 0;
}

#include <stdio.h>
void function() {
  int x = 10; // local variable
}

int main()
{
  function();
}

#include <stdio.h>
int x = 20;//global variable
void function1()
{
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Output

20
 
20

In the above code both the functions can use global variable x as we already global variables are accessible by all the functions.

3.Static Variable A variable that retains its value between multiple function calls is known as static variable.
It is declared with the static keyword.
Example-

Output

30,40
 
30,50
 
30,60

In the above example , local variable will always print same value whenever function will be called whereas static variable will print the
incremented value in each function call.

4.Automatic Variable All variables in C that are declared inside the block, are automatic variables by default. We
can explicitly declare an automatic variable using auto keyword.Automatic variables are similar as
local variables.
Example -

{
  printf("%d\n" , x);
}
void function2()
{
  printf("%d\n" , x);
}
int main() {

  function1();
  function2();
    return 0;
}

#include <stdio.h>
void function(){  
int x = 20;//local variable  
static int y = 30;//static variable  
x = x + 10;  
y = y + 10;  
printf("\n%d,%d",x,y);  
}  
int main() {

  function();
  function();
  function();
  return 0;
}

#include <stdio.h>
void function()
{
  int x=10;//local variable (also automatic)  
  auto int y=20;//automatic variable
}
int main() {

    function();
    return 0;
}
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In the above example both x and y are automatic variables .The only difference is that variable y is explicitly declared with auto keyword.

5.External Variable External variable can be shared between multiple C �les.We can declare external variable using 
extern keyword.

Example:

  myfile.h

 
  extern int x=10;//external variable (also global)  

 
   
 
  program1.c
 
  #include "myfile.h"  
 
  #include <stdio.h>  
 
  void printValue(){  
 
  printf("Global variable: %d", global_variable);  
 
  }  

In the above example x is an external variable which is used in multiple �les.

Keywords are speci�c reserved words in C each of which has a speci�c feature associated with it. Almost all of the words which help us
use the functionality of the C language are included in the list of keywords. So you can imagine that the list of keywords is not going to be a
small one!

There are a total of 32 keywords in C:

   auto       break    case     char     const     continue
   default    do       double   else     enum      extern
   float      for      goto     if       int       long
   register   return   short    signed   sizeof    static
   struct     switch   typedef  union    unsigned  void
   volatile   while 

Most of these keywords have already been discussed in the various sub-sections of the C language (https://www.geeksforgeeks.org/c/), like
Data Types, Storage Classes, Control Statements, Functions etc.

Let us discuss some of the other keywords which allow us to use the basic functionality of C:

const (https://www.geeksforgeeks.org/const-quali�er-in-c/): const can be used to declare constant variables. Constant variables are
variables which, when initialized, can't change their value. Or in other words, the value assigned to them cannot be modi�ed further down
in the program. 
Syntax:

const data_type var_name = var_value; 

Note: Constant variables must be initialized during their declaration. const keyword is also used with pointers. Please refer the const
quali�er in C (https://www.geeksforgeeks.org/const-quali�er-in-c/) for understanding the same.

extern (https://www.geeksforgeeks.org/understanding-extern-keyword-in-c/): extern simply tells us that the variable is de�ned elsewhere
and not within the same block where it is used. Basically, the value is assigned to it in a different block and this can be overwritten/changed
in a different block as well. So an extern variable is nothing but a global variable initialized with a legal value where it is declared in order to
be used elsewhere. It can be accessed within any function/block. Also, a normal global variable can me made extern as well by placing the
'extern' keyword before its declaration/de�nition in any function/block. This basically signi�es that we are not initializing a new variable but
instead we are using/accessing the global variable only. The main purpose of using extern variables is that they can be accessed between
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two different �les which are part of a large program.
Syntax:

extern data_type var_name = var_value;

static: static keyword is used to declare static variables, which are popularly used while writing programs in C language. Static variables
have a property of preserving their value even after they are out of their scope! Hence, static variables preserve the value of their last use in
their scope. So we can say that they are initialized only once and exist till the termination of the program. Thus, no new memory is allocated
because they are not re-declared. Their scope is local to the function to which they were de�ned. Global static variables can be accessed
anywhere within that �le as their scope is local to the �le. By default, they are assigned the value 0 by the compiler.
Syntax:

static data_type var_name = var_value;

void: void is a special data type. But what makes it so special? void, as it literally means, is an empty data type. It means it has nothing or it
holds no value. For example, when it is used as the return data type for a function it simply represents that the function returns no value.
Similarly, when its added to a function heading, it represents that the function takes no arguments.
Note: void also has a signi�cant use with pointers. Please refer to the void pointer in C (http://quiz.geeksforgeeks.org/void-pointer-c/) for
understanding the same.

typedef: typedef is used to give a new name to an already existing or even a custom data type (like a structure). It comes in very handy at
times, for example in a case when the name of the structure de�ned by you is very long or you just need a short-hand notation of a per-
existing data type.

Let's implement the keywords which we have discussed above. Take a look at the following code which is a working example to
demonstrate these keywords:

Output:

#include <stdio.h>

// declaring and initializing an extern variable
extern int x = 9; 

// declaring and initializing a global variable
// simply int z; would have initialized z with
// the default value of a global variable which is 0
int z=10;

// using typedef to give a short name to long long int 
// very convenient to use now due to the short name
typedef long long int LL; 

// function which prints square of a no. and which has void as its
// return data type
void calSquare(int arg) 
{
    printf("The square of %d is %d\n",arg,arg*arg);
}

// Here void means function main takes no parameters
int main(void) 
{
    // declaring a constant variable, its value cannot be modified
    const int a = 32; 

    // declaring a  char variable
    char b = 'G';
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Hello World
 
This is the value of the constant variable 'a': 32
 
'b' is a char variable. Its value is G
 
'c' is a long long int variable. Its value is 1000000
 
These are the values of the extern variables 'x' and 'z' respectively: 9 and 10
 
These are the modified values of the extern variables 'x' and 'z' respectively: 2 and 5
 
The value of static variable 'y' is NOT initialized to 5 after the first iteration! See for yourself :)
 
The value of y is 6
 
The value of y is 7
 
The square of 5 is 25
 
Bye! See you soon. :)

  Memory Layout of C Programs 

A typical memory representation of C program consists of following sections.

1. Text segment
2. Initialized data segment
3. Uninitialized data segment
4. Stack
5. Heap

(https://media.geeksforgeeks.org/wp-content/uploads/memoryLayoutC.jpg) A typical memory layout of a running process

1. Text Segment: A text segment , also known as a code segment or simply as text, is one of the sections of a program in an object �le or in
memory, which contains executable instructions.

As a memory region, a text segment may be placed below the heap or stack in order to prevent heaps and stack over�ows from overwriting
it.
Usually, the text segment is sharable so that only a single copy needs to be in memory for frequently executed programs, such as text
editors, the C compiler, the shells, and so on. Also, the text segment is often read-only, to prevent a program from accidentally modifying its
instructions.

2. Initialized Data Segment: Initialized data segment, usually called simply the Data Segment. A data segment is a portion of virtual address
space of a program, which contains the global variables and static variables that are initialized by the programmer.

Note that, data segment is not read-only, since the values of the variables can be altered at run time.

−
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This segment can be further classi�ed into initialized read-only area and initialized read-write area.

For instance the global string de�ned by char s[] = “hello world” in C and a C statement like int debug=1 outside the main (i.e. global) would
be stored in initialized read-write area. And a global C statement like const char* string = “hello world” makes the string literal “hello world”
to be stored in initialized read-only area and the character pointer variable string in initialized read-write area.

Ex: static int i = 10 will be stored in data segment and global int i = 10 will also be stored in data segment

3. Uninitialized Data Segment: Uninitialized data segment, often called the “bss” segment, named after an ancient assembler operator that
stood for “block started by symbol.” Data in this segment is initialized by the kernel to arithmetic 0 before the program starts executing

uninitialized data starts at the end of the data segment and contains all global variables and static variables that are initialized to zero or do
not have explicit initialization in source code.

For instance a variable declared static int i; would be contained in the BSS segment.
For instance a global variable declared int j; would be contained in the BSS segment.

4. Stack: The stack area traditionally adjoined the heap area and grew the opposite direction; when the stack pointer met the heap pointer,
free memory was exhausted. (With modern large address spaces and virtual memory techniques they may be placed almost anywhere, but
they still typically grow opposite directions.)

The stack area contains the program stack, a LIFO structure, typically located in the higher parts of memory. On the standard PC x86
computer architecture it grows toward address zero; on some other architectures it grows the opposite direction. A “stack pointer” register
tracks the top of the stack; it is adjusted each time a value is “pushed” onto the stack. The set of values pushed for one function call is
termed a “stack frame”; A stack frame consists at minimum of a return address.

Stack, where automatic variables are stored, along with information that is saved each time a function is called. Each time a function is
called, the address of where to return to and certain information about the caller’s environment, such as some of the machine registers, are
saved on the stack. The newly called function then allocates room on the stack for its automatic and temporary variables. This is how
recursive functions in C can work. Each time a recursive function calls itself, a new stack frame is used, so one set of variables doesn’t
interfere with the variables from another instance of the function.

5. Heap: Heap is the segment where dynamic memory allocation usually takes place.

The heap area begins at the end of the BSS segment and grows to larger addresses from there.The Heap area is managed by malloc,
realloc, and free, which may use the brk and sbrk system calls to adjust its size (note that the use of brk/sbrk and a single “heap area” is not
required to ful�ll the contract of malloc/realloc/free; they may also be implemented using mmap to reserve potentially non-contiguous
regions of virtual memory into the process’ virtual address space). The Heap area is shared by all shared libraries and dynamically loaded
modules in a process.

Examples.

The size(1) command reports the sizes (in bytes) of the text, data, and bss segments. ( for more details please refer man page of size(1) )

1. Check the following simple C program

[narendra@CentOS]$ gcc memory-layout.c -o memory-layout
[narendra@CentOS]$ size memory-layout
text       data        bss        dec        hex    filename
960        248          8       1216        4c0    memory-layout

#include <stdio.h>

int main(void)
{
    return 0;
}
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2. Let us add one global variable in program, now check the size of bss (highlighted in red color).

[narendra@CentOS]$ gcc memory-layout.c -o memory-layout
[narendra@CentOS]$ size memory-layout
text       data        bss        dec        hex    filename
 960        248         12       1220        4c4    memory-layout

3. Let us add one static variable which is also stored in bss.

[narendra@CentOS]$ gcc memory-layout.c -o memory-layout
[narendra@CentOS]$ size memory-layout
text       data        bss        dec        hex    filename
 960        248         16       1224        4c8    memory-layout

4. Let us initialize the static variable which will then be stored in Data Segment (DS)

[narendra@CentOS]$ gcc memory-layout.c -o memory-layout
[narendra@CentOS]$ size memory-layout
text       data        bss        dec        hex    filename
960         252         12       1224        4c8    memory-layout

5. Let us initialize the global variable which will then be stored in Data Segment (DS)

#include <stdio.h>

int global; /* Uninitialized variable stored in bss*/

int main(void)
{
    return 0;
}

#include <stdio.h>

int global; /* Uninitialized variable stored in bss*/

int main(void)
{
    static int i; /* Uninitialized static variable stored in bss */
    return 0;
}

#include <stdio.h>

int global; /* Uninitialized variable stored in bss*/

int main(void)
{
    static int i = 100; /* Initialized static variable stored in DS*/
    return 0;
}

#include <stdio.h>

int global = 10; /* initialized global variable stored in DS*/
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[narendra@CentOS]$ gcc memory-layout.c -o memory-layout
[narendra@CentOS]$ size memory-layout
text       data        bss        dec        hex    filename
960         256          8       1224        4c8    memory-layout

  Storage Classes in C 

Storage Classes are used to describe the features of a variable/function. These features basically include the scope, visibility and life-time
which help us to trace the existence of a particular variable during the runtime of a program.

C language uses 4 storage classes, namely:

1. auto: This is the default storage class for all the variables declared inside a function or a block. Hence, the keyword auto is rarely used
while writing programs in C language. Auto variables can be only accessed within the block/function they have been declared and not
outside them (which de�nes their scope). Of course, these can be accessed within nested blocks within the parent block/function in
which the auto variable was declared. However, they can be accessed outside their scope as well using the concept of pointers given
here by pointing to the very exact memory location where the variables resides. They are assigned a garbage value by default
whenever they are declared.

2. extern (https://www.geeksforgeeks.org/understanding-extern-keyword-in-c/): Extern storage class simply tells us that the variable is
de�ned elsewhere and not within the same block where it is used. Basically, the value is assigned to it in a different block and this can
be overwritten/changed in a different block as well. So an extern variable is nothing but a global variable initialized with a legal value
where it is declared in order to be used elsewhere. It can be accessed within any function/block. Also, a normal global variable can be
made extern as well by placing the 'extern' keyword before its declaration/de�nition in any function/block. This basically signi�es that
we are not initializing a new variable but instead we are using/accessing the global variable only. The main purpose of using extern
variables is that they can be accessed between two different �les which are part of a large program. For more information on how
extern variables work, have a look at this link (https://www.geeksforgeeks.org/understanding-extern-keyword-in-c/).

3. static (http://quiz.geeksforgeeks.org/static-variables-in-c/): This storage class is used to declare static variables which are popularly
used while writing programs in C language. Static variables have a property of preserving their value even after they are out of their

int main(void)
{
    static int i = 100; /* Initialized static variable stored in DS*/
    return 0;
}

−
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scope! Hence, static variables preserve the value of their last use in their scope. So we can say that they are initialized only once and
exist till the termination of the program. Thus, no new memory is allocated because they are not re-declared. Their scope is local to
the function to which they were de�ned. Global static variables can be accessed anywhere in the program. By default, they are
assigned the value 0 by the compiler.

4. register (https://www.geeksforgeeks.org/understanding-register-keyword/): This storage class declares register variables which have
the same functionality as that of the auto variables. The only difference is that the compiler tries to store these variables in the register
of the microprocessor if a free register is available. This makes the use of register variables to be much faster than that of the variables
stored in the memory during the runtime of the program. If a free register is not available, these are then stored in the memory only.
Usually few variables which are to be accessed very frequently in a program are declared with the register keyword which improves
the running time of the program. An important and interesting point to be noted here is that we cannot obtain the address of a
register variable using pointers.

To specify the storage class for a variable, the following syntax is to be followed:

Syntax:

storage_class var_data_type var_name; 

Functions follow the same syntax as given above for variables. Have a look at the following C example for further clari�cation: 

Output:

// A C program to demonstrate different storage
// classes
#include <stdio.h>

// declaring the variable which is to be made extern
// an intial value can also be initialized to x
int x;

void autoStorageClass()
{

    printf("\nDemonstrating auto class\n\n");

    // declaring an auto variable (simply
    // writing "int a=32;" works as well)
    auto int a = 32;

    // printing the auto variable 'a'
    printf("Value of the variable 'a'"
           " declared as auto: %d\n",
           a);

    printf("--------------------------------");
}

void registerStorageClass()
{

    printf("\nDemonstrating register class\n\n");
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If you are facing any issue on this page. Please let us know.

(https://www.geeksforgeeks.org/)


5th Floor, A-118,

Sector-136, Noida, Uttar Pradesh - 201305

 feedback@geeksforgeeks.org (mailto:feedback@geeksforgeeks.org)

A program to demonstrate Storage Classes in C

Demonstrating auto class

Value of the variable 'a' declared as auto: 32
--------------------------------
Demonstrating register class

Value of the variable 'b' declared as register: 71
--------------------------------
Demonstrating extern class

Value of the variable 'x' declared as extern: 0
Modi�ed value of the variable 'x' declared as extern: 2
--------------------------------
Demonstrating static class

Declaring 'y' as static inside the loop.
But this declaration will occur only once as 'y' is static.
If not, then every time the value of 'y' will be the declared value 5 as in the case of variable 'p'

Loop started:

The value of 'y', declared as static, in 1 iteration is 6
The value of non-static variable 'p', in 1 iteration is 11

The value of 'y', declared as static, in 2 iteration is 7
The value of non-static variable 'p', in 2 iteration is 11

The value of 'y', declared as static, in 3 iteration is 8
The value of non-static variable 'p', in 3 iteration is 11

The value of 'y', declared as static, in 4 iteration is 9
The value of non-static variable 'p', in 4 iteration is 11

Loop ended:
--------------------------------

Storage Classes demonstrated
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