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What is Computer ?

A computer is a programmable electronic device that accepts raw data 
as input and processes it with a set of instructions (a program) to 
produce the result as output.
A computer is designed to execute applications and provides a variety 
of solutions through integrated hardware and software components.
It has the ability to store, retrieve, and process data. 



History of computer

2700–2300 BC :Abacus
1614 : Napier's Bones
1642 : Pascaline
1673 : Stepped Reckoner or Leibnitz wheel
1820 : Difference Engine
1830 : Analytical Engine
1890 : Tabulating Machine
1930 : Differential Analyzer
1944 : Mark I 



Abacus

The history of computer begins with the 
birth of abacus which is believed to be the 
first computer. 
Chinese invented Abacus around 4,000 
years ago.



Napier's Bones

In this calculating tool, Napier used 
9 different ivory strips or bones 
marked with numbers to multiply 
and divide. 
So, the tool became known as 
"Napier's Bones. It was also the first 
machine to use the decimal point.

It was a manually-operated calculating device which was invented by 
John Napier (1550-1617) of Merchiston in 1614.



Pascaline

Pascaline is also known as Arithmetic Machine or Adding Machine. It was 
invented between 1642 and 1644 by a French mathematician-
philosopher Blaise Pascal. It is believed that it was the first mechanical 
and automatic calculator.

Blaise Pascal
(1623-1662)



Stepped Reckoner or Leibnitz wheel

It was developed by a German mathematician-philosopher Gottfried 
Wilhelm Leibnitz in 1673. He improved Pascal's invention to develop this 
machine. It was a digital mechanical calculator which was called the 
stepped reckoner as instead of gears it was made of fluted drums.

Gottfried Wilhelm Leibnitz
(1646-1716) 



Difference Engine

In the early 1820s, it was designed by Charles Babbage who is known as 
"Father of Modern Computer". It was a mechanical computer which could 
perform simple calculations. It was a steam driven calculating machine 
designed to solve tables of numbers like logarithm tables.

Charles Babbage
(1791 –1871)



Analytical Engine

This calculating machine was also developed by Charles Babbage in 
1830. It was a mechanical computer that used punch-cards as input. It 
was capable of solving any mathematical problem and storing 
information as a permanent memory.

Babbage's uncompleted mechanisms are on display in the 
London Science Museum



Tabulating Machine

It was invented in 1890, by Herman 
Hollerith, an American statistician. It 
was a mechanical tabulator based on 
punch cards. It could tabulate statistics 
and record or sort data or information. 
This machine was used in the 1890 U.S. 
Census. 
Hollerith also started the Hollerith’s 
Tabulating Machine Company which 
later became International Business 
Machine (IBM) in 1924.



Differential Analyzer

It was the first electronic computer 
introduced in the United States in 1930. 
It was an analog device invented by 
Vannevar Bush.
This machine has vacuum tubes to switch 
electrical signals to perform calculations. 
It could do 25 calculations in few minutes.



Mark I

The next major changes in the history of computer began in 1937 when 
Howard Aiken planned to develop a machine that could perform 
calculations involving large numbers. 

In 1944, Mark I computer was 
built as a partnership between 
IBM and Harvard. 
It was the first programmable 
digital computer.



Generation computers

A generation of computers refers to the specific improvements in 
computer technology with time.
In each new generation, the circuits became smaller and more 
advanced than the previous generation circuits. There are five 
generations of computers.

1940 1956 1964 1971 1980

1st Generation 2nd Generation 3rd Generation 4th Generation 5th Generation



First Generation Computers (1940-1956) 

They were slow, huge and expensive. In these 
computers, vacuum tubes were used as the 
basic components of CPU and memory. 
These computers were mainly depended on 
batch operating system and punch cards. 
Magnetic tape and paper tape were used as 
output and input devices in this generation.

ENIAC (Electronic Numerical Integrator and Computer)
EDVAC (Electronic Discrete Variable Automatic Computer)
UNIVACI (Universal Automatic Computer)
IBM-701
IBM-650 ENIAC — a milestone in computing history



Second Generation Computers (1956-1963) 
It was the era of the transistor computers. These computers used 
transistors which were cheap, compact and consuming less power; it 
made transistor computers faster than the first generation computers.
In this generation, magnetic cores were used as the primary memory 
and magnetic disc and tapes were used as the secondary storage. 
Assembly language and programming languages like COBOL and 
FORTRAN, and Batch processing and multiprogramming operating 
systems were used in these computers.

IBM 1620 CDC 1604 UNIVAC 1108
IBM 7094 CDC 3600



Third Generation Computers (1964-1971) 
They used integrated circuits (ICs) instead of transistors. A single IC can 
pack huge number of transistors which increased the power of a 
computer and reduced the cost. The computers also became more 
reliable, efficient and smaller in size. These generation computers used 
remote processing, time-sharing, multi programming as operating 
system. Also, the high-level programming languages like FORTRAN-II TO 
IV, COBOL, PASCAL PL/1, ALGOL-68 were used in this generation.

IBM-360 series
Honeywell-6000 series
PDP(Personal Data Processor)
IBM-370/168
TDC-316



Fourth Generation Computers (1971-1980) 
They used very large scale integrated (VLSI) circuits; a chip containing 
millions of transistors and other circuit elements. These chips made 
this generation computers more compact, powerful, fast and 
affordable. These generation computers used real time, time sharing 
and distributed operating system. The programming languages like C, 
C++, DBASE were also used in this generation.

DEC 10
STAR 1000
PDP 11
CRAY-1(Super Computer)
CRAY-X-MP(Super Computer)



Fifth Generation Computers (1980-till date) 

The VLSI technology was replaced with ULSI (Ultra Large Scale 
Integration). It made possible the production of microprocessor chips 
with ten million electronic components. This generation computers 
used parallel processing hardware and AI (Artificial Intelligence) 
software. The programming languages used in this generation were C, 
C++, Java, .Net, etc.

Desktop
Laptop
NoteBook
UltraBook
ChromeBook



Hardware evoluation



Types of computers

On the basis of data handling capabilities, the computer is of three types :

Analogue computers

Digital computers

Hybrid computers



Analogue computers

Analogue computers are designed 
to process analogue data. Analogue data is 
continuous data that changes continuously 
and cannot have discrete values. 
Analogue computers are used where we 
don't need exact values always such as 
speed, temperature, pressure and current.
Analogue computers directly accept the 
data from the measuring device without 
first converting it into numbers and codes.

Polish analog computer “ELWAT”

Compumedic analog computer  - 1971



Types of Analog Computers

Electronic Analogue Computer: In this type of analogue 
computer, electrical signals flow through capacitors and 
resistors to simulate physical phenomena.

Slide Rules: It is one of the simplest types 
of mechanical analogue computers.

Differential Analyzers: It was developed to 
perform differential calculations.

Castle Clock: It was invented by Al-Jarazi. It was 
able to save programming instructions.



Digital computers

Digital computer is designed to perform 
calculations and logical operations at high 
speed. It accepts the raw data as input in 
the form of digits or binary numbers (0 and 
1) and processes it with programs stored in 
its memory to produce the output. 
All modern computers like laptops, 
desktops including smartphones that we 
use at home or office are digital computers.



Hybrid Computers

Hybrid computer has features of both 
analogue and digital computer. It is fast like 
an analogue computer and has memory 
and accuracy like digital computers.
It can process both continuous and discrete 
data. It accepts analogue signals and convert 
them into digital form before processing. So, 
it is widely used in specialized applications 
where both analogue and digital data is 
processed.



Type of computers

There are five main categories of computers with respect to hardware:

Workstation

Super computer

Micro computer

Mini computer

Mainframe computer

Desktop
Laptop
Tablet



Mainframe computers

Mainframe computers are designed to 
support hundreds or thousands of users 
simultaneously. They can execute 
different processes simultaneously. 
These features of mainframe computers 
make them ideal for big organizations 
like banking and telecom sectors, which 
need to manage and process high 
volume of data.



Mainframe computers

Mainframe computers have a lot of 
data processing power and their size is 
quite big. A single mainframe 
computer performs all the data 
processing and is accessed via 
terminals connected to it. 
Mainframe is capable of allowing
greater number of people to use the
computer at the same time.
(=Multi-user systems=)



Mainframe computers

The facilities of typical mainframe installation
• Processing

(execute the programs)
• Storage
• Hard copy service 

(print / plot)



Minicomputers

Minicomputers are smaller versions of 
mainframe computers and also known as 
"Midrange Computers." 
It is a midsize multiprocessing computer. It 
consists of two or more processors and can 
support 4 to 200 users at one time. 
Miniframe computers are used in institutes and 
departments for tasks such as billing, 
accounting and inventory management. 
A minicomputer lies between the mainframe 
and microcomputer as it is smaller than 
mainframe but larger than a microcomputer.



Minicomputers

A minicomputer is mainly used to perform three primary functions, 
which are as follows:
Process control: It was used for process control in manufacturing. It 
mainly performs two primary functions that are collecting data and 
feedback.  
Data management: It is an excellent device for small organizations to 
collect, store and share data. 
Communications Portal: It can also play the role of a communication 
device in larger systems by serving as a portal between a human 
operator and a central processor or computer.



Workstations

It generally performs a specific job 
with great expertise; accordingly, 
they are of different types such as 
graphics workstation, music 
workstation and engineering 
design workstation.

Workstation is a single user computer that is designed for technical or 
scientific applications. It has a faster microprocessor, a large amount of 
RAM and high speed graphic adapters. 



Workstations

Any computer that has the following five features :
• Multiple Processor Cores: It has more processor cores than simple 

laptops or computers.
• ECC RAM: It is provided with Error-correcting code memory that can 

fix memory errors before they affect the system's performance.
• RAID (Redundant Array of Independent Disks): It refers to multiple 

internal hard drives to store or process data. 
• SSD: It is better than conventional hard-disk drives. It does not have 

moving parts, so the chances of physical failure are very less.
• Optimized, Higher end GPU: It reduces the load on CPU. CPU has to 

do less work while processing the screen output.



Microcomputers

Microcomputer is also known as a personal computer. It is a general-
purpose computer that is designed for individual use. It is a single-user 
computer which has less speed and storage capacity than the other 
types. It has a microprocessor as a central processing unit, memory, 
storage area, input unit and output unit. 
The first microcomputer was built with 8-bit microprocessor chips. 



Personel Computer

This type of computer began with the 
original IBM PC that was introduced in 
1981. 
Other companies began creating similar 
computers, which were called IBM PC 
Compatible (often shortened to PC). 
Today, this is the most common type of 
personal computer, and it typically 
includes the Microsoft 
Windows operating system.



PC Architecture





Macs
The Macintosh computer was introduced in 1984, and it was the first 
widely sold personal computer with a graphical user interface, 
or GUI (pronounced gooey). All Macs are made by one company 
(Apple), and they almost always use the Mac OS X operating system.



Evolution Of Computers





Desktop computer
Desktop computers are designed to be placed on a desk, and they're 
typically made up of a few different parts, including the computer 
case, monitor, keyboard, and mouse.

introduced 1982
launched 1983
priced at US $2,995 
(equivalent to $7,100 in 2014) 

launched in 1984 launched in 1985



Laptop computer

The second type of computer you may be familiar with is a laptop 
computer, commonly called a laptop. Laptops are battery-powered 
computers that are more portable than desktops, allowing you to use 
them almost anywhere.

Notebook Ultrabook



Tablet computer

Tablet computers (or tablets) are handheld computers that are even 
more portable than laptops. Instead of a keyboard and mouse, tablets 
use a touch-sensitive screen for typing and navigation. The iPad is an 
example of a tablet.



Super computer

Supercomputers are the biggest and fastest computers. They are 
designed to process huge amount of data. A supercomputer 
can process trillions of instructions in a second. It has thousands of 
interconnected processors.
Super-computers are the fastest and 
most expensive computers among all 
types of computers.
The first supercomputer was 
developed by Roger Cray in 1976.





Top 5 super computer

Fugaku Summit Sierra Sunway TaihuLight Tianhe-2



Server name ALTAY SARIYER
Processor AMD EPYC 7742 Intel Xeon Gold 6148 Intel Xeon E5-2680 v4
Number of compute nodes 88 36 93
Number of compute cores 128 40 28
Memory amount of compute node 256 GB 192 GB 128 GB
High performance network HDR InfiniBand 

(200 Gbps)
EDR InfiniBand 

(100 Gbps)
FDR Infiniband 

(56 Gbps)
File system BeeGFSi 1.6 PB Lustre 360 TB Lustre 360 TB
Operationg system CentOS 7 

x86_64 CentOS 7 x86_64 CentOS 7 x86_64



Parallel computing

EXAMPLE : A wire rope bending problem is run on parallel processors

Abaqus/CAE 8.0
Program is tested



System specifications used for parallel FEA



CPU time with number of CPU for 
parallelization of the bending problem

16 CPU



CAD Hardware and Software

There are two parts of a computer system, hardware and software, and 
a CAD system is no exception. 
Computer hardware is the physical components of the computer such 
as system unit, monitor and plotter. 
Computer software is the program that determines the application of a 
system.



CAD Hardware



CAD Hardware

CAD Hardware describes the physical components of a CAD system 
such as system unit, memory and hard disk. Hardware is used to
describe the physical equipment (electronic circuitry) and its
peripherals (mouse, printer, etc).

Motherboard Peripherals



Basic Architecture of a CAD System

User 
Interface

Application 
software

Graphics utility

Device drivers

Input-output 
devices

Database
CAD 

model

Operating system
Major Classes

Main frame
Minicomputer
Workstation
Microprocessor based

Application areas
Mechanical
Architectural
Construction
Circuit design



CAD/CAM Hardware

Workstation 1

Workstation 2

Workstation n

Peripherals 

Mainframe Computer 
(host or processor)

CPU

User environmentSystem environment

System 
disk

Tape 
disk

Display monitor

Hard-copy devices

Display processor Cursor Control
Interactive devices

Text input device 
Keyboard To

 h
os

t c
om

pu
te

r

Workstation elements 

Basic elements



Computer internal hardware



CAD Hardware
There are four major functions
which must be addressed
when dealing with the
application of a computer
system. Central 

Processing 
Unit

(CPU)

Output 
devices

Input 
devices

Primary 
memory 
(RAM)

Secondary 
memory 

(Hard disk)



Hardware for CAD Systems

CPU Frame 
buffer

Display 
devices

Input 
devices

Memory

Model
Display list
Viewing parameters

CRT (monitor)
Film recorder
Video
Printer
Plotter

Mouse
Keyboard
Data tablet
Haptic glove
Tracker
Joystick

Model dynamics
Interaction
Rendering pipeline

Stores array of pixels
VRAM/DRAM
Standard memory
Depth
Resolution



Computer System Block Diagram



CAD Hardware

• System Unit 
• Central Processing Unit (CPU)
• Memory
• Hard Disk, Floppy Disk, CD-ROM
• External Storage Devices
• The Monitor
• Printers and Plotters
• Digitizer, Puck and Mouse



System Unit
The system unit, also known as a "tower" or "chassis," is the main part 
of a desktop computer. The primary function of the computer system 
unit is to hold all the other components together and protect the 
sensitive electronic parts from the outside elements.

It includes the motherboard, 
CPU, RAM, and other 
components. 
The system unit also includes the 
case that houses the internal 
components of the computer.



Computer case

The computer case (cabinet) provides a secured enclosed space to the
system in which some of the most important system components are
mounted. Is also provides secure mechanical slots in which various
internal components can be placed.

HTPC = Home Theater PC



Motherboard

The motherboard is generally a thin circuit 
board that holds together almost all parts of a 
computer except input and output devices. 
All crucial hardware like CPU, memory, hard 
drive, and ports for input and output devices 
are located on the motherboard. It is the 
biggest circuit board in a computer chassis.
It allocates power to all hardware located on it 
and enables them to communicate with each 
other.



Components of a Motherboard
• CPU Slot: It is provided to install the CPU. It is a link between a 

microprocessor and a motherboard.
• RAM Slot: It is a memory slot or socket provided in the motherboard 

to insert or install the RAM.
• Expansion Slot: It is also called the bus slot or expansion port.
• Capacitor: It is made of two conductive plates, and a thin insulator 

sandwiched between them.
• Inductor (Coil): It is an electromagnetic coil made of a conducting 

wire wrapped around an iron core.



Components of a Motherboard
• Northbridge: It is an integrated circuit that allows communications 

between the CPU interface, AGP, and memory.
• USB Port: It allows you to connect hardware devices like mouse, 

keyboard to your computer.
• PCI Slot: It stands for Peripheral Component Interconnect slot.
• AGP Slot: It stands for Accelerated Graphics Port.
• Heat Sink: It absorbs and disperses the heat generated in the 

computer processor.
• Power Connector: It is designed to supply power to the motherboard.
• CMOS battery: It stands for complementary metal-oxide-

semiconductor.



Central Processing Unit

A Central Processing Unit is also called a 
processor, central processor, or 
microprocessor. 
It carries out all the important functions of 
a computer.
It receives instructions from both the 
hardware and active software and produces 
output accordingly. 



Central Processing Unit

It stores all important programs like 
operating systems and application 
software. 
CPU also helps Input and output 
devices to communicate with each 
other. 
Owing to these features of CPU, it is 
often referred to as the brain of the 
computer.



Central Processing Unit

Also known as a processor or microprocessor first developed by Intel*
in 1974. The computer CPU is responsible for handling all instructions 
and calculation it receives from other hardware components in the 
computer and software programs running on the computer.

*Founded on July 1 1968 by Robert Noyce and Gordone More. Intel manufactures the Intel 
computer processors, Intel Overdrive CPU upgrades, networking devices.



What is CPU Clock Speed?

The clock speed of a CPU or a processor refers to the number of 
instructions it can process in a second. 
A processor's speed is measured in megahertz (MHz), or millions of 
instructions per second; and gigahertz (GHz), or billions of instructions 
per second.
For example, a CPU with a clock speed of 4.0 GHz means it can process 
4 billion instructions in a second.



Types of CPU

CPUs are mostly manufactured by Intel and AMD.
• Single Core CPU: Single Core is the oldest type of computer CPU, 

which was used in the 1970s. It is still used in various devices, such as 
smartphones.
• Dual Core CPU: As the name suggests, Dual Core CPU contains two 

cores in a single Integrated Circuit (IC).
• Quad Core CPU: This type of CPU comes with two dual-core 

processors in one integrated circuit (IC) or chip.



History of CPU
1823 Berzelius discovered silicon

1903 Tesla got geates or switches patented

1947 Bardeen, Shockley & Brattain invented the first trasistor.

1958 Noyce & Kilby discovered the first integrated circuit

1968 Noyce & Moore founded Intel Corporation

1969 AMD was founded

1971 Intel 4004 (first microprocessor) introduced

1972 Intel 8008 processor

1976 Intel 8086 processor

1979 Intel 8088 processor & Motorola 68000 (16/32 bit processor)

1987 SPARC processor (Sun)

1991 AM386 microprocessor family (AMD)

1993 Pentium processor (Intel)

1999 Celeron 366 MHz and 400 MHz processors (Intel)

2005 First dual-core processor (AMD)

2006 Core 2 Duo processor (Intel)

2007 Core 2 Quad processors (Intel)

2008 Intel Atom processors, the Z5xx series

2009 Core i5 desktop processor with four cores (Intel)

2010 Core 2 Quad processor Q9500; Core i3 ; Core i5; Core i7 (Intel)

2017 Core i9 desktop processor (Intel)

2018 Core i9 mobile processor (Intel)

2020 Apple M1 - ARM-based system on a chip (SoC)



Central Processing Unit

The CPU (processor) contains three
functional units :

• Control unit (CU)
• Arithmetic and logic unit (ALU)
• Memory unit (MU)



Central Processing Unit
Central Processing Unit 

(CPU)

Memory Unit 
(RAM)

Control Unit

Arithmetic Logic Unit
(ALU)

10001010

00001100

10111000

01000001

00001011

11011101

10110000

01010010

11111010

01001100

00100011

.

.

(Location 0)

(Location 1)

(Location 2)

(Location 3)

(Location 4)

(Location 5)

(Location 6)

(Location 7)

(Location 8)

(Location 9)

(Location 10)

.

.

MEMORY

Data to memory

Data from memory
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reading/writing data



CPU program instruction execution



Control unit

It is the control unit that generates the necessary control signals that
directs the various hardware components connected to the system.



The Control Unit

The control unit's main task is to maintain and regulate the flow of 
information across the processor. It does not take part in processing 
and storing data.
The control unit internally contains a decoder unit. The main function is 
to decode the machine instructions. It has four important components:
• Timing and control logic
• Program counter
• Instruction register
• Instruction decoder



The Control Unit

The control unit controls the 
fetching of instructions from the 
main memory and the 
subsequent execution of these 
instructions.
Among other tasks carried out 
are the control of input and 
output devices and the passing 
of data to the Arithmetic/Logical 
Unit for computation. 



The Arithmetic/Logical Unit (ALU)

The arithmetic logic unit performs arithmetic and logical functions. 
Arithmetic functions include addition, subtraction, multiplication 
division, and comparisons. 
Logical functions mainly include selecting, comparing, and merging the 
data. 
A CPU may contain more than one ALU. Furthermore, ALUs can be used 
for maintaining timers that help run the computer.
The Arithmetic/Logical Unit (ALU) carries out arithmetic operations on 
integer (whole number) and real (with a decimal point) operands.



Microprocessor

Microprocessor is a complex integrated
circuit containing all the elements of 
the CPU of a computer.
INTEL 4004 first available on the
market
(4-bit microprocessor)
Then 8-bit / 16-bit / 32-bit /64-bit 
processors.



Microprocessor

Logic gates in a microprocessor make up a number of circuits.
The main memory of a microcomputer is outside the CPU. 

Microprocessor uses binary digits.
(binary number consisting of 8-digits)

Each memory location has a unique address.
The address in hexadecimal is represented in the microcomputer as a 

16-bit number.
HEX (0000)  è BINARY (0011 1010)
HEX (FFFF)  è BINARY (0101 1000)



INTEL 8085

Intel 8085 microprocessor
was one the first 8-bit 
processor in 1976. 
This was one of the most
commercially successful
processor.



Binary number system

The computer system undestands only binary number system. It is also
alternately reffered as machine language or machine code. Computer
program must be first converted into machine code in binary that can 
be directly executed by the CPU.

System Base Digits

Binary 2 0 1
Octal 8 0 1 2 3 4 5 6 7
Decimal 10 0 1 2 3 4 5 6 7 8 9
Hexadecimal 16 0 1 2 3 4 5 6 7 8 9 A B C D E F



Computer system memory organization

1 0 1 1 1 0 0 1 1 0 1 0 1 0 1 1
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Bits, Bytes and Words

The computer memory units start from bit. A bit is the 
smallest memory unit to measure data stored in main 
memory and storage devices. 
A bit can hold only one of two values: 0 or 1. 

Claude Elwood Shannon
( 1916 - 2001)

A bit (short for binary digit) is the smallest 
unit of information on a computer or data 
storage device. The term “bit” was first used 
in this fashion in print in 1948, in an article 
by Claude Shannon. 



Bits, Bytes and Words

It is the fundamental unit to measure data. It contains 8 bits or is equal 
to 8 bits. Thus a byte can represent 2x8 or 256 values.
A byte, composed of 8 consecutive bits, can represent binary numbers
in the range 0 (00000000) to 255 (11111111). 
In many early computers, 8 bits (a byte) formed the natural unit of data 
used in computations. The term octet is also used to refer to an 8-bit 
quantity. 

Kilobyte: A kilobyte contains 1024 bytes.
Megabyte: A megabyte contains 1024 kilobytes.
Gigabyte: A gigabyte contains 1024 megabyte.
Terabyte: A terabyte contains 1024 gigabytes.



Bits, Bytes and Words

The “word” was used to describe the natural unit of data used in a 
particular computer architecture. Computer architectures have mostly
used multiples of 8 bits, although some designs were developed
around units of data such as 9, 10, 12, or 36 bits. 
Currently, most computers use 32-bit words or 64-bit words in their
architectures. 

Word : a 2-byte data item
Doubleword : a 4-byte (32 bit) data item
Quadword : an 8-byte (64 bit) data item
Paragraph : a 16-byte (128 bit) area



Punched cards

Punched cards used for data transfer and
storage. The punched card technology
dates back to Herman Hollerith’s patent
of 1884.

Herman Hollerith
(1860 - 1929)



Punched cards

• Each card had 80 columns arranged in 12 rows. 
• The punches in each column coded for an alphanumeric character. 
• The rightmost 8 columns were sometimes reserved to assign card

sequence numbers, and if so up to 72 data characters could be coded
for in one card. 
• The characters could be printed on the cards, so humans as well as 

computers could read them. 
• The cards were made of heavy, stiff paper, and were 3-1/4 inch x 7-

3/8 inch in size.



Punched cards



Memory or Storage Unit/ Registers

The computer memory holds the data and instructions needed to 
process raw data and produce output. The computer memory is 
divided into large number of small parts known as cells. 
Computer memory is of two types: 
• Primary memory = Temporaray

memory = Volatile memory  (i.e
RAM, Cache memory) 

• Secondary memory = Non-
volatile memory = Permanent 
memory = Storage memory  (i.e. 
ROM, hard disk).



Computer memory

Comupter memory is one the most vital component of the computer
system. The computer memory is an important resource which is 
managed by the operating system.



Memory classification
Memory

Secondary MemoryPrimary Memory

Volatile Memory Non-volatile Memory Semi random access Serial access

RAM ROM Hybrid

DRAM

SRAM

WORM

MROM

Flash

EEPROM

PROM

Magnetic tape Hard drive

Pen drive

Floppy

NVRAM

EPROM

Optical disk



Memory hierarchy



Memory hierarchy

The computer memory unit
consist of different types of 
memories which differ in capacity, 
access speed, physical size and
the cost of the memory.



Register memory
Register memory is the smallest and fastest memory in a computer. It is 
not a part of the main memory and is located in the CPU. A register 
temporarily holds frequently used data, instructions, and memory 
address that are to be used by CPU.
Some of the widely used Registers include 
• Accumulator or AC, 
• Data Register or DR, 
• the Address Register or AR, 
• Program Counter (PC), 
• I/O Address Register, 
• and more.



Cache memory

Cache memory is a high-speed memory, which is 
small in size but faster than the main memory 
(RAM).
Cache memory can only be accessed by CPU. It 
can be a reserved part of the main memory or a 
storage device outside the CPU. Cache memory

Main memory
(RAM)

Microprocessor



RAM & ROM

RAM (Volatile Memory) : It is a volatile 
memory. It means it does not store data or 
instructions permanently. When you switch 
on the computer the data and instructions 
from the hard disk are stored in RAM.

ROM (Non-volatile Memory) : It is a non-
volatile memory. It means it does not lose its 
data or programs that are written on it at the 
time of manufacture.



Random Access Memory

It temporarily stores data, programs, and intermediate and final results 
of processing. RAM is system's short-term memory. 
Whenever computer performs calculations, it temporarily stores the 
data in the RAM until it is needed. This short-term memory 
disappears when the computer is turned off.
RAM is measured in megabytes (MB) or gigabytes (GB).



Random Access Memory

It is used to store the userʼs data and programmes. 
It can be read from and written to and its contents are lost when the
computer is switched off.
Computer memory is stored on single inline memory modules (SIMMs).

SIMM (Single In-line Memory Module) is a small circuit board that 
holds a group of memory chips. SIMMs are easier to install than a 
single memory chip. 

DIMM (Dual In-line Memory Module) is a newer technology and used 
for Pentium microprocessors. 



Random Access Memory

DRAM (Dynamic Random Access 
Memory) is a type of memory that 
is constantly refreshed or will 
loose its contents.

SRAM (Static Random Access 
Memory) is faster than DRAM and 
less volatile, more power and is a 
little more expensive. 

SDRAM

RDRAM

DDR SDRAM
DDR1
DDR2
DDR3
DDR4ADRAM

CDRAM

PSRAM

nVSRAM

SDR : Single data rate
DDR : double data rate
QDR : quad data rate



Random Access Memory



Secondary Memory
(Hard Disk, Floppy Disk, CD-ROM)
The secondary storage devices which are built into the computer or 
connected to the computer are known as a secondary memory of the 
computer. It is also known as external memory or auxiliary storage.
The secondary memory is accessed indirectly via input/output 
operations.



Hard disk

Hard disk drive (HDD) is a device that
stores digital information. The very
first commercial HDD was presented
by IBM in 1956. 
The product consisted of a housing
unit called the IBM 350 and the
physical disks called IBM 305 RAMAC 
(3 MB capacity).



Hard disk
The hard drive is where your 
software, documents, and other 
files are stored. The hard drive 
is long-term storage, which means 
the data is still saved even if you 
turn the computer off or unplug 
it.
It is a rigid magnetic disc that is 
used to store data. It permanently 
stores data and is located within a 
drive unit.



Hard disk

5 MB hard disk 
The year is 1956.... 
September 1956: IBM produces 
the first hard disk computer, the 
305 RAMAC.
This hard disk with a capacity of 5 
MB weighed more than 1 ton.



Solid-state Drive

SSD (Solid State Drive) is also a non-
volatile storage medium that is used 
to hold and access data. 
Unlike a hard drive, it does not have 
moving components, so it offers 
many advantages over SSD, such as 
faster access time, noiseless 
operation, less power consumption, 
and more.



2.5 ‘’ SATA 3.0 Gbps SSD
Solid NAND flash based
64 GB
73 g
Read: 100MB/s write 80 MB/s
1 W
20 G (10-2000 Hz)
1.500 G for 0.5 ms
0°C to 70°C 
None
MTBF > 2M hours

2.5 ‘’ SATA 3.0 Gbps HDD
Magnetic rotating platters
80 GB
365 g
Read: 59 MB/s write 60 MB/s
3.86  W
0.5 G (22-350 Hz)
170 G for 0.5 ms
5°C to 55°C 
0.3 dB
MTBF < 0.7M hours

Mechanism type

Density

Weight

Performance

Active power consumption

Operating vibration

Shock resistance

Operating temperature

Acoustic Noise

Endurance



Pen drive (Flash drive)

Pen drive is a compact secondary storage device. It is also known as a 
USB flash drive, thumb drive or a jump drive. It connects to a computer 
via a USB port. It is commonly used to store and transfer data between 
computers.
The data storage capacity of the pen drive generally ranges from 2 GB 
to 512 GB.



SD Card

SD Card stands for Secure Digital Card. There are many memory chips 
inside the SD card that store the data; it does not have moving parts.
The data storage capacity of the SD card generally ranges from 2 GB to 
512 GB.



Floppy Disk

Floppy disks, sometimes called flexible disks or diskettes, can store 
between a few hundred thousand and several million characters of 
information. The floppy got its start at IBM’s data storage skunkworks 
in San Jose, California In 1967.

8-inch disks

3-½ inch floppy

5¼ inch floppy



Floppy Disk

A more recent development 
is the 3½ ‘’ size. 
The capacity of an 8ʺ 
diskette is typically between 
250 KB and 1.5 Mb and that 
of 5¼ “, mini floppy is 
between 125 KB and 500 KB.



Compact Disk (CD)

Compact Disk is a portable secondary 
storage device in the shape of a round 
medium disk. It is made of 
polycarbonate plastic. 
The concept of CD was co-developed by 
Philips and Sony in 1982. The first CD 
was created on 17 August 1982 at the 
workshop of Philips in Germany.



Digital Video Disc (DVD)

DVD is short for digital versatile disc or digital 
video disc. It is a type of optical media used for 
storing optical data. Although it has the same 
size as a CD, its storage capacity is much more 
than a CD. 
So, it is widely used for storing and viewing 
movies and to distribute software programs as 
they are too large to fit on a CD. DVD was co-
developed by Sony, Panasonic, Philips, and 
Toshiba in 1995.



Types of DVD

DVD-ROM (Read-Only): These types of DVDs come with media 
already recorded on them, such as movie DVDs. As the name 
suggests, data on these discs cannot be erased or added, so 
these discs are known as a read-only or non-writable DVD.
DVD-R (Writable): It allows you to record or write information 
to the DVD. However, you can write information only once as it 
becomes a read-only DVD once it is full.
DVD-RW (Rewritable or Erasable): This type of discs can be 
erased, written, or recorded multiple times.



Read Only Memory

Read-only memory (ROM) is a type of storage medium that 
permanently stores data on personal computers (PCs) and other 
electronic devices.
In a typical modern computer, there are numerous ROM chips located 
on the motherboard and a few on expansion boards.



Read Only Memory

The data stored in the ROM cannot be easily modified or with some
difficulty. The ROM chips are mainly used tu distribute the data and
programs very closely tied to the specific hardware.

The ROM chip is the IC chip in which the
data and program is embedded by the
chip manufacturing comany. 



Types of ROM
Programmable Read 
Only Memory PROM programmed only once.

Erasable
Programmable Read 
Only Memory 

EPROM erased after which the device
can be reprogrammed

Electrically Erasable
Programmable Read 
Only Memory 

E2PROM erased by electrical signals
applied to the device

Ultra Violet
Programmable Read 
Only Memory 

UVPROM
erased by exposing it to 
ultraviolet light and programmed 
again with new data



Virtual memory

The virtual memory is a mechnasim used by the operating system to
run processes that exceeds the available RAM size. 
It is a software used by the operating system to efficiently execute the
multiple programs or processes simultaneously running on the system.



External Storage Devices

Magnetic tape storage
5 TB in 2011

Tape drive
250 MB to 20 GB

ZIP drive
100 MB and 250 MB

JAZ drive : 100 MB to 2 GB Super disk : 120 MB



Connectivity & communication protocols
Cordless peripherals transmit data via infrared radiation (IrDA) or radio 
(including Bluetooth).

RS-232
introduced in 1962 

PS/2 connector 
introduced in 1987

Apple Desktop Bus (ADB)
introduced in 1968.

Universal Serial Bus (USB)

USB 1.0 
(1996)

USB 2.0 
(2000)

USB 3.0 
(2008)

Small Computer System Interface (SCSI)
Developed in1978 



Input Devices

Input device enables the user to send data, information, or control 
signals to a computer. The Central Processing Unit (CPU) of a computer 
receives the input and processes it to produce the output.

Keyboard Biometric devices Touch pad
Mouse Optical character reader Remote
Scanner Digital camera VR
Joystick Paddle Web cam
Light pen Steering wheel Magnetic inc character 

recoginitionDigitizer Gesture recognition devices
Microphone Light gun



Mouse
The mouse is another important tool for communicating with 
computers. Commonly known as a pointing device, it lets you point to 
objects on the screen, click on them, and move them. Movement of 
mouse over a flat surface causes a corresponding movement of cross-
hair on the graphics screen.

Douglas Engelbert’s design

• 2-button
• 3-button
• Infrared optic
• Wireless

The mouse was invented by Douglas C. 
Engelbart in 1963.



Principles of mechanical mouse

The German company Telefunken published on their early ball mouse 
in 1968. As the ball rolls on surface, rollers and potentiometers monitor
changes in x, y coordinates. Button records position.



Principles of mechanical mouse

Digitizer disks have an 
arrangement of slots. 
As they rotate an infrared
ligt beam is cut by the
material between the
slots. It produces electrical
pulses.



Principles of optical mouse
Developed by Agilent Technologies in late 
1999. LED illumination and grid
interpreter.
Bounces light off that surface onto a 
complementary metal oxide 
semiconductor (CMOS) sensor.
The CMOS sensor sends each image to a 
digital signal processor (DSP) for analysis.
DSP determines how far the mouse has 
moved and sends the corresponding 
coordinates to the computer. 



Principles of wireless mouse

Infrared system and Bluetooth system: mouse (emitter) and USB 
connected receiver.
Wireless mice usually work via radio frequencies commonly referred to 
as RF.

Earlier mice operated at a frequency of 
27 Mhz, which had limited range. Newer 
mice operate at 2.4 Ghz.
Another technology that is emerging and 
is used in wireless mice is Bluetooth RF 
technology. 



Mouse alternatives

There are other devices that can do the same thing as a mouse. Many 
people find them easier to use, and they also require less desk space 
than a traditional mouse. The most common mouse alternatives :
Ø3D mouse
ØDigitizer & Tablet
ØTrackball
ØJoystick
ØLight pen
ØTouch screen



3D Mouse



Trackball

The trackball, a related pointing 
device, was invented in 1964 by 
Ralph Benjamin.
It is one of the oldest input devices
used on many large mainframe-
based CAD systems. 
It consists of a ball nested in a 
holder, and from 1 to 3 buttons for
entering coordinate data into the
system.

A trackball has a ball that can rotate freely. Instead of moving the device 
like a mouse, you can roll the ball with your thumb to move the pointer.



Digitizer

Tablet consists of a flat surface
over. The cursor can have any
number of function buttons
which are interpreted by the
software.
Electromagnetic communication
between a coil in the puck and
an accurately arranged grid of 
wires in the tablet.



Digitizer

Digitizer is a computer input device 
that has a flat surface and usually 
comes with a stylus. 
It enables the user to draw images 
and graphics using the stylus as we 
draw on paper with a pencil. 
The images or graphics drawn on the 
digitizer appear on the computer 
monitor or display screen.



Digitizer

The embedded grid of wires in the 
tablet senses the electric field 
produced by the puck/pen and 
provides the software with puck/pen 
position.
It can be used for 
• Updating the graphic cursor position
• Digitizing a drawing on paper
• Entering a system command

Screen Command Buffer

x1 x2
y1

y2



Digitizer

Digitizer can be used for three
tasks :
ØAs a pointing device to the screen
ØAs a menu selection device
ØAs a means of digitizing manually

produced drawings.



Puck
The handheld device used with a digitizer to record positions from the 
tablet surface. The puck is officially the "tablet cursor.” A puck is a 
mouse-like device that can detect its absolute position and rotation.

A cursor (also called a puck) is similar 
to a mouse, except that it has a 
window with cross hairs for pinpoint 
placement, and it can have as many as 
16 buttons.



Joystick

It has been used for many years
as a graphical input device for
CAE software but is used very
rarely nowadays. 
It is made up of a stick with a 
spherical base. 
The frist joystick was invented 
by C. B. Mirick at the U.S. Naval 
Research Laboratory.



Light Pen

A light pen is a computer input device 
in the form of a light-sensitive wand 
used in conjunction with a computer’s 
CRT display. 
It is the oldest of all pointing devices
and was used with the very first CADD 
systems.



Light pen

The light pen is a hand held photocell which will report to the 
computer whenever a spot on the display system falls within its small 
field of view. The first light pen was created around 1955 as part of the 
Whirlwind project at MIT. 



Touch Screen

It is a touch-sensitive pad that lets you control the pointer by making a 
drawing motion with your finger. Touchpads are common on laptop 
computers. E.A. Johnson described his work on capacitive touch 
screens in a short article which is published in 1965.

Resistive Capacitive



Scanners

A scanner allows you to copy a physical image or document and save it 
to your computer as a digital (computer-readable) image. 
The scanner uses the pictures and pages of text as input. It scans the 
picture or a document. The scanned picture or document then 
converted into a digital format or file and is displayed on the screen as 
an output. It uses optical character recognition techniques to convert 
images into digital ones.



Type of scanners

Some of the common types of scanners are as follows:
• Flatbed Scanner
• Handheld Scanner
• Sheetfed Scanner
• Drum Scanner
• Photo Scanner
• 3D Scanner



3D Scanner

It is an input device used for
converting drawing created
traditional tools to a CAD 
drawing.
Vector image è Raster image
ØContact 3D scanners
ØNon-contact 3D scanners



3D Digitizing

3D digitizer system from records x, y 
and z coordinates of an object by 
touching its surfaces with a pen. 
It measures the tip position in 3D 
space and outputs directly to popular 
CAD and graphics programs.



Output devices

The output device displays the result of the processing of raw data that 
is entered in the computer through an input device. There are a 
number of output devices that display output in different ways such as 
text, images, hard copies, and audio or video.

MONITOR PRINTERS PROJECTORS
CRT monitor Impact printers (LCD) digital projector
LCD monitor Non-impact printers (DLP) digital projector
LED monitor
Plasma monitor



Graphic Display

The modern graphics display is very simple in construction. It consists 
of three components:
• Frame Buffer or Digital Memory
• A Monitor likes a home T.V. set without the tuning and receiving 

electronics.
• Display Controller or Video Controller: It passes the contents of the 

frame buffer to the monitor.



The Monitor

The monitor is the display unit or screen 
of the computer. It is the main output 
device that displays the processed data 
or information as text, images, audio or 
video.
The monitor works with a video card, 
located inside the computer case, to 
display images and text on the screen. 
Most monitors have control 
buttons that allow you to change your 
monitor's display settings, and some 
monitors also have built-in speakers.



Properties of Video Monitor

1. Persistence: Persistence is the duration of phosphorescence. 
Different kinds of phosphors are available for use in CRT. Besides color, 
a major difference between phosphor in their persistence how they 
continue to emit light after the electron beam is removed.
2. Resolution: Use to describe the number of pixels that are used on 
display image.
3. Aspect Ratio: It is the ratio of width to its height. Its measure is unit 
in length or number of pixels.



Display Devices

The most commonly used display device is a video monitor. The 
operation of most video monitors based on CRT (Cathode Ray Tube). 
The following display devices are used:
• Refresh Cathode Ray Tube
• Random Scan and Raster Scan
• Color CRT Monitors
• Direct View Storage Tubes
• Flat Panel Display
• Lookup Table



Graphics Display Devices



Vector Refresh (Stroke-Refresh) Graphics 
Devices 
Introduced in the mid 1960s.
- Composed of Display 
processing unit, Display buffer 
Memory and a cathode ray 
tube 
- A display buffer- the display 
list is stored in the portion of 
memory 



Vector Refresh (Stroke-Refresh) Graphics 
Devices
It generates a picture by directing a beam of electrons to random 
points on the screen, and connecting them in vector form. 
The phosphor used has low persistence, and the screen has to be 
refreshed many times per second to avoid flickering. 



Vector Displays

The electron beam, which is 
deflected electrostatically or 
magnetically, causes phosphor 
coating to glow. 
Persistence depends on coating 
material (10 – 60 usec). 
The display is refreshed 30 – 60 
times/sec. above the fusion 
frequency of the human eyes (23 
times/sec).



Vector Displays

VH – Horizontal voltage
VC – Vertical voltage
VC = 0 Beam off
VC = 1 Beam on

Line intensity ≈               =         needs to be constant.
time

length

1

V



Cathode Ray Tube (CRT) Monitor

CRT monitors are based on the 
cathode ray tubes. They are like 
vacuum tubes which produce images 
in the form of video signals. 
Cathode rays tube produces a beam 
of electrons through electron guns 
that strike on the inner 
phosphorescent surface of the screen 
to produce images on the screen.



Cathode Ray Tube (CRT)

CRT is a technology used in traditional computer monitors and 
televisions. The image on CRT display is created by firing electrons from 
the back of the tube of phosphorus located towards the front of the 
screen.



Color CRT Monitors

The CRT Monitor display by using a combination of phosphors. The 
phosphors are different colors. There are two popular approaches for 
producing color displays with a CRT are:
• Beam Penetration Method
• Shadow-Mask Method



Beam Penetration method

This CRT is similar to the simple CRT, but it makes use of multi coloured
phosphorus of number of layers. Each phosphorus layer is responsible 
for one colour. All other arrangements are similar to simple CRT. It can 
produce a maximum of 4 to 5 colours.



Shadow mask

In Shadow mask CRT tiny holes in a 
metal plate separate the colored 
phosphors in the layer behind the 
front glass of the screen. 
The holes are placed in a manner 
ensuring that electrons from each 
of the tube’s three cathode guns 
reach only the appropriately-
colored phosphors on the display.



Shadow mask 

Delta-delta shadow-mask CRT Precision in-line delta CRT 



Raster graphic device

The resolution of the display is determined by the size of the screen 
pixel. This size is limited by the beam resolution (~ 0.01 u) and display 
memory.
An example
A 13-inch screen ( 8 inch x 10 inch)
100 x 100 pixels/in2 for monochrome monitor

1 bit/pixel (8 bits for color or multiple gray levels)
80 in2 x 10.000 pixel/in2 = 800.000 bits.

Vc(I, J) = 0   pixel off
1   pixel on



Components of Raster graphic device



Raster graphic device

A raster-scan system displays an object as a set of points across each 
screen scan line.

Vector-refresh device, light emission of the phosphors lasts only brief 
time, and thus refresh is required. 



Raster scan display

Image generated by illuminating
points in the raster (a set of 
horizontal lines of pixels)
The electron gun “scans” each line, 
top to bottom and back, mapping an 
array of illumination points (bitmaps).
Image “map” stored in memory
referred to frame buffer.
Original efforts were monochromatic



Raster scan display



Graphics display
Vector or Stroke Device 
(example – pen plotter)

Instruction:
Pen up: X4,Y4; X1, Y1; X5, Y5;
Pen down: X1, Y1; X2,Y2;
Pen up: X3,Y3

Raster Scan Device
(example – laser printer)

Use an array A (I, J)
Where each element is ‘’0’’ or ‘’1’’
0 – Blank
1 - dot



Comparisons for Advantages
Vector Display

Advantages
(1) Good resolution

(a) Straight lines
(b) Smooth curves

(2) Requiring limited 
memory and few 
instruction

Disadvantages
(1) Slow for complex images-

flicker on CRT
(2) Shading difficult and slow

Raster Scan Display
Advantages
(1) Speed independent of 

image
(2) Difficult to do halftones 

shading

Disadvantages
(1) Limited resolution
(2) Requiring large memory

for array storage Used to



Direct View Storage Tubes

DVST terminals also use the random scan approach to generate the 
image on the CRT screen. The term "storage tube" refers to the ability 
of the screen to retain the image which has been projected against it, 
thus avoiding the need to rewrite the image constantly.



Video Graphics Array (VGA) 

Video Graphics Array (VGA) 
display of resolution 640 by
480 pixels* the raster is 
comprised of 480 lines.
Color is achived by the
presence of 3 electron guns
(red green blue).

*Pixel is one indivisible spot on the screen.



Aliasing & Antialiasing

Discrete nature of pixels as opposed to entities defined by endpoints, 
curves (integer vs. continuous function)
Pixels produce inclined lines and curves using horizontal elements
(staircasing effect aka “aliasing”).

Variable intensity allows
for “antialiasing”
techniques to reduce
staircasing effect.



Flat Panel Display

The Flat-Panel display refers to a class of video devices that have 
reduced volume, weight and power requirement compare to CRT.
Non-emissive display
• LCD (Luquid-Cyrstal Display)
Emisive display
• PDP (Plasma Display)
• DLP (Digital Light Processing)
• LED (Light-emitting Diode)
• Organic LED or OLED (Organic Light-emitting Diode)



LCD Monitor

The LCD monitor is a flat panel screen that 
is compact and light-weight as compared 
to CRT monitors. It is based on liquid 
crystal display technology which is used in 
the screens of laptops, tablets, smart 
phones, etc.
The LCD screen has a matrix of pixels that 
display the image on the screen.



LED monitor

The LED monitor is an improved 
version of an LCD monitor.
The LED monitor has many LED panels, 
and each panel has several LEDs to 
backlight the display, whereas the LCD 
monitors use cold cathode fluorescent 
light to backlight the display.



Plasma Monitor

The plasma monitor is also a flat 
panel display that is based on 
plasma display technology. It has 
small tiny cells between two glass 
panels. These cells contain mixtures 
of noble gases and a small amount 
of mercury.
Plasma monitors provide high 
resolutions of up to 1920 X 1080, 
excellent contrast ratios, wide 
viewing angle, a high refresh rate 
and more.



Frame buffer

A frame buffer is a large, contiguous piece of computer memory. At a 
minimum, there is 1 memory bit for each pixel in the raster. This 
amount of memory is called a bit plane.



Frame buffer

Color or gray scales are incorporated into a frame buffer rater graphics 
device by using additional bit planes.
The primary roles of the frame buffer are the storage, conditioning, and 
output of the video signals that drive the display device.

An area of memory used to store information related 
to the pixels of a display. 



Frame buffer

A frame buffer for a color display has a 
set of planes each defining one bit of the 
color information of each point. Typically 
a color display will have a frame buffer 
with up to 24 planes, 8 each for defining 
red, green, and blue values. 
Consider a display system with 1280 ×
1024 addressable pixel resolution and 
each pixel controlled by a 24-bit value. 
This system requires 4 million bytes of 
(fast) memory to represent the frame.



Frame buffer
Entities must be “scan-converted” to component pixels in frame buffer. 
It is a portion of RAM containing a bitmap.
In 1969, A. Michael Noll of Bell Labs implemented a scanned display 
with a frame buffer.

Due to the expense of memory, 
most early frame buffers used 
Ø 1-bit (2-color), 
Ø 2-bit (4-color), 
Ø 4-bit (16-color) or 
Ø 8-bit (256-color) color depths. 



Frame buffer
A 1024 x 1024 element requires 220 (210=1024; 220=1024 x 1024) 
sq.raster or 1,048,576 memory bits in a single bit plane.
The picture is built up in the frame buffer one bit at a time.

A memory bit has only two states 
(binary 0 or 1), a single bit plane 
yields a black and white 
(monochrome display).



Example of 3-bit planes 

Red Green Blue

Black 0 0 0

Red 1 0 0

Green 0 1 0

Blue 0 0 1

Yellow 1 1 0

Cyan 0 1 1

Magenta 1 0 1

White 1 1 1



Color definition, using 24-bit planes 



Example : Consider three different raster systems with resolutions of 
640 x 480, 1280 x 1024, and 2560 x 2048. What size is frame buffer (in 
bytes) for each of these systems to store 12 bits per pixel?

Solution : Because eight bits constitute a byte, frame-buffer sizes of the 
systems are as follows: 
640 x 480 x 12 bits / 8 = 450KB; 
1280 x 1024 x 12 bits / 8 = 1920KB; 
2560 x 2048 x 12 bits / 8 = 7680KB;



Example : Consider two raster systems with the resolutions of 640 x 480 
and 1280 x 1024. How many pixels could be accessed per second in 
each of these systems by a display controller that refreshes the screen 
at a rate of 60 frames per second?

Solution : Since 60 frames are refreshed per second and each frame 
consists of 640 x 480 pixels, the access rate of such a system is 
(640 x 480) x 60 = 1.8432 x 107 pixels/sec. 
Likewise, for the 1280 x 1024 system, the access rate is 
(1280 x 1024) x 60 = 7.86432 x 107 pixels/sec.



Example : Suppose RGB raster system is to be designed using on 8 inch X 
10 inch screen with a resolution of 100 pixels per inch in each direction. 
If we want to store 6 bits per pixel in the frame buffer, how much 
storage (in bytes) do we need for frame buffer?

Solution :
Resolution = 8 𝑖𝑛𝑐ℎ 𝑥 10 𝑖𝑛𝑐ℎ
Convert it in pixel = 8 𝑥 100 𝑏𝑦 10 𝑥 100 = 800 𝑥 1000 pixel
1 pixel can store 6 bits

Frame buffer size required = !""×$"""×%
!

= 6×10&bytes



Example : How Many k bytes does a frame buffer needs in a 600 x 400 
pixel ?

Solution : Suppose 1 pixel can store n bits.
The size of frame buffer = (Resolution) x (bits per pixel)
= 600×400 ×𝑛 bits
= 240000 𝑛 bits
=
240000 𝑛
1024×8

k bytes

= 29,30 𝑛 k bytes
(as 1kb = 1024 bites)



Refresh Buffer

The image is made up of a grid of pixels and stored in RAM (refresh
buffer).
The size of bytes in the refresh buffer depends on the resolution of the
screen and the number of colours.
The Enhanced Graphics Adapter (EGA) standard for PC was able to
display 16 colours with a resolution of 640 by 350 pixels.

Each 
pixel 4 bits 2 pixels 1 byte



Refresh Buffer

The size of the refresh buffer is bytes can be calculated.

𝑆 =
𝑅ℎ×𝑅𝑣×𝑁

8

Rh : horizontal resolution
Rv : vertical resolution
N  : number of bytes representing on a pixelʼs colour



Printers 

The output devices receive data from the computer and provide an 
output, hard copy. It is used to get text output and documents.
A printer is used to print documents, photos, and anything else that 
appears on your screen. 
A printer produces hard copies of the processed data. It enables the 
user, to print images, text or any other information onto the paper.



Types of printers

IMPACT PRINTERS

Character 
Printers

Dot matrix 
Printers

Daisy-wheel 
Printers

Line 
Printers

Drum 
Printers

Chain 
Printers

NON-IMPACT PRINTERS

Laser 
printers

Inc jet 
Printers



Plotters

Plotters are specialized pieces of equipment designed to print out 
vector graphics in a variety of colors. The plotter is either a peripheral 
component that you add to your computer system or a stand alone 
device with its own internal processor.

PLOTERS

(1) Flatbed plotters
(2) Drum plotters
(3) Electrostatic plotters
(4) Inc jet plotters



3D Printing 

3D printing or additive manufacturing (AM) refers to any of the 
various processes for printing a 3-D object. Early AM equipment and
materials were developed in the 1980s.

Projet 1000                          Iris ProJet 1500



CAD Software



CAD Software

The computer software is a set program instruction designed to 
perform a specific tasks.
CAD Software describes the main functions of a CAD program, such as 
drawing, editing, data output, system control, data storage and 
management and other special features.
There are two main categories of computer software:

System software

Application software



System software

The system software manages 
the internal operations of the 
computer. 
An important part of the 
system software is called the 
operating system (OS). 
The operating system acts as a 
platform to run application 
programs such as CADD. 



Operating systems

It provides the user of a computer with basic facilities to control and
manage the computer system environment.
It is also used to manage the electronic files in the computer.

Basic interface between a user
and a computer.

It enable to run application
program and manage to store
the files on disks.



Operating systems

Operating System Description

Microsoft Windows The leading operating system of today commonly 
used in Intel and IBM-based PCs

MS DOS, PC DOS The popular operating system of the last decade 
commonly used in IBM and IBM-compatible 
computers

MAC-OS Exclusively used in Apple Macintosh brand computers

UNIX Commonly used in mainframe and minicomputers

There are a number of operating systems available for different 
categories of computers.



Types of Operating System

Batch Processing Operating System

Time Sharing Operating System

Distributed Operating System

Network Operating System Real-Time Operating System



Generations of Operating System

1st generation (1945 to 1955): It was the time before the WW II when the 
digital computer was not developed, and there were calculating engines with 
mechanical relays at this point in time.
2nd generation (1955 to 1965): This generation started with the introduction 
of transistors in the mid-1950s. The use of transistors made the computers 
more reliable, and they began to be sold to customers.
3rd generation (1965 to 1979): This generation began with the introduction 
of 360 family of computers of IBM in 1964. 
4th generation operating system (1979 to Present): This generation of OS 
started with the introduction of personal computers and workstations.



Control Program for Microcomputers

CP/M was a mass-market operating system created for INTEL 8080/85 
based microcomputers by G. Kildali.

In the 8-bit versions, while running, 
the CP/M operating system loaded 
into memory had three 
components:
• Basic Input/Output System (BIOS)
• Basic Disk Operating System

(BDOS),
• Console Command Processor

(CCP)



Disk Operating System

DOS is an acronym for several closely related operating systems that 
dominated the IBM PC compatible market between 1981 and 1995.
All MS-DOS-type operating systems run on machines with the INTEL 
x86.



DOS commands



mac OS

macOS (previously called OS X) is a line of operating systems created by 
Apple. It comes preloaded on all Macintosh computers, or Macs. 
Mac OS is a series of GUI based operating systems developed by Apple 
for their Macintosh. The operating system was first introduced in 1984.
The early Macintosh operating system initially consisted of two pieces 
of software, called "System" and "Finder”.



Microsoft Windows

Microsoft created the Windows operating system in the mid-1980s. 
There have been many different versions of Windows, but the most 
recent ones are Windows 11 (released in 2021). 
Windows comes pre-loaded on most new PCs, which helps to make it 
the most popular operating system in the world.



Microsoft Windows



UNIX

UNIX was developed as a simple operating system
for use a minicomputers at AT&T Bell Labs.
In 1972, It was written in the C programming
language.
It has been implemented on a wide range of 
computers from PCs to mainframes.
The Unix system is composed of several 
components that are normally packaged together.



UNIX Timeline



UNIX commands



Virtual Memory System - VMS

It is a computer server operating system that 
runs on VAX, Alpha and Itanium-based 
computers.
VMS has a GUI with complete graphics support.
In 1977, Digital Equipment Corporation was 
developed and  introduced.
It succeeded at first as the prime operating 
system of the DEC Vax minicomputer. 



Linux

Linux is an operating system created by Linus Torvalds in 1991.
Linux was originally developed as a free operating system for Intel x86-
based PCs.
GNU / Linux is a Unix operating 
system that is distributed under 
the GNU General Public License 
(GNU GPL), which is software 
that is free. 
The GNU project was started in 
1983 by Richard Stallman.



Some other examples of system software

BIOS (Basic Input Output System) is a type 
of system software, which is stored in Read 
Only Memory (ROM) located on the 
motherboard. However, in advanced 
computer systems, it is stored in flash 
memory. 
BIOS is the first software that gets activated 
when you turn on your computer system. It 
loads the drivers of the hard disk into 
memory as well as assists the operating 
system to load itself into the memory.



Some other examples of system software

Boot Program: Boot refers to starting 
up a computer. When you switch on the 
computer, the commands in the ROM 
are executed automatically to load the 
boot program into memory and execute 
its instructions. 
The boot program has a basic set of 
commands that enables the computer 
to perform the basic input/output 
instructions to start the computer.



Some other examples of system software

An assembler: It plays the role of a converter as it receives basic 
computer instructions and converts them into a pattern of bits. The 
processor uses these bits to perform basic operations.



Some other examples of system software

A device driver: This system 
software controls hardware 
devices connected to a computer. 
It enables the computer to use the 
hardware by providing an 
appropriate interface. 
The kernel of a Computer's CPU 
communicates with different 
hardware through this software.



Application programs

Application software is a set of programs designed to perform a specific 
task. It does not control the working of a computer as it is designed for 
end-users.
The application programs are tools that help you accomplish your work, 
such as designing, drafting, rendering, word-processing and project 
management. There are hundreds of application programs available for 
almost every profession.



Application programs

Word Processing Software: This software allows users to create, edit, 
format, and manipulate the text and more. It offers lots of options for 
writing documents, creating images, and more.  

WordPad NotePad Pages 



Application programs

Spreadsheet Software: It is designed to perform calculations, store 
data, create charts, etc. 
It has rows and columns, and the data is entered in the cell, which is an 
intersection of a row and column.

Numbers Gnumeric



Application programs

Multimedia Software: These software are developed to perform 
editing of video, audio, and text. It allows you to combine texts, videos, 
audio, and images. 
Thus, you can improve a text document by adding photos, animations, 
graphics, and charts through multimedia software. 

Elmedia Video Player



Application programs
Enterprise Software: These software are developed for business 
operational functions. It is used in large organizations where the 
quantum of business is too large. It can be used for accounting, billing, 
order processing and more. 

CRM (Customer Relationship Management)

BI (Business Intelligence), 

ERP (Enterprise Resource Planning)

SCM (Supply Chain Management)



What is Programming Language ?

An artificial language that 
can be used to control 
the behavior of a 
machine, particularly a 
computer. 



What is Programming Language ?

Programming languages, like 
human languages, are defined 
through the use of syntatic and 
semantic rules, to determine 
structure and meaning 
respectively. 



Computer programming language



Programing language evalution

1st generation
The processor only operates using programming language (machine code). Very 
few programmers can create programs directly using machine code.

2nd generation
Assembly language defines each machine code instruction as a mnemonic called
an assembler.

3rd generation (3GLs)
Instruct the computer step by step how to solve a problem.

4th & 5th generation
State the solution and a set of rules for achieving it.



The most popular programming languages



Top Computer Languages

https://statisticstimes.com/tech/top-computer-languages.php



Low-level languages

The low-level language is a programming language that provides no 
abstraction from the hardware, and it is represented in 0 or 1 forms, 
which are the machine instructions. 
The languages that come under this category are :

Machine level language 

Assembly language 



Machine-level language

The machine-level language is a language that consists of a set of 
instructions that are in the binary form 0 or 1. Creating a program in a 
machine-level language is a very difficult task as it is not easy for the 
programmers to write the program in machine instructions.
A machine-level language is not portable as each computer has its 
machine instructions, so if we write a program in one computer will no 
longer be valid in another computer.
The different processor architectures use different machine codes.



Assembly Language

An assembly language is a type of low-level 
programming language that is intended to 
communicate directly with a computer's 
hardware. 
Unlike machine language, which consists of 
binary and hexadecimal characters, assembly 
languages are designed to be readable by 
humans.



Assembly Language

Translating from mnemonics to machine language became the job of a 
systems program known as an assembler.
The assembler language is made up of statements that represent either 
instructions or comments. The instruction statements are the working 
part of the language and are divided into the following three groups:
• Machine instructions
• Assembler instructions
• Macro instructions



High Level Language

High-level languages allow 
programmers to write instructions 
in a language that is easier to 
understand than low-level 
languages. 
Translators are needed to translate 
programs written in high-level 
languages into the machine code 
that a computer understands.



High Level Language
It enables to define a program or solve a problem using a code.

Execution

Linker

Compiler 
converts the program into
an object code

linkes between the library
and file

runs code and gets results



Compiler

The compiler only converts the program source
code in to the Binary code. The object code cannot
be directly executed by the operating system. 
It may produce number or object code files for a 
single program source code file.

Program source
code

Compilation

Object file

Linking

Executable file



Linker

The object code file needs to be further processed by another program 
called linker which is built in to the compiler.
Linking is needed to link all object code files and other files together to
create an executable file. 



High Level Language



Program compilation process

The program compilation for a high level programs is a multistage
process. The high level computer programs are compiled by the
compiler in four stages. 



High Level Languages

Imperative languages : One of the high-level language paradigms is 
called imperative. Imperative languages are designed to solve specific 
problem types.
Declarative languages : Declarative languages vary by the domain they 
are designed to work with, and they are also known as domain-specific 
languages (DSL).
Functional languages : a type of declarative language.
Object-oriented languages : Object-oriented programming (OOP) 
involves modular design, which makes it easy for teams of developers 
to work together.



High Level Languages

The high level program code written in any programming language
must be first converted into low level binary machine code. This
conversion process is called as program compilation. 



Example



Example



Example



Example



Main differences

High Level Language Low Level Language
Programmer friendly Machine friendly
Less memory efficient Highly memory efficient
Easy to understand for programmers Tough to understand for programmers
Simple to debug Complex to debug comparatively
Simple to maintain Complex to maintain comparatively
Portable Non-portable
Can run on any platform Machine-dependent
Needs compiler or interpreter for translation Needs assembler for translation
Widely used for programming Not commonly used in programming



Commonly used high-level languages



FORTRAN 
(FORmula TRANslation)
The first high level language, Fortran (FORmula TRANslating system) was 
designed in 1954. Fortran is a general purpose, compiled imperative 
programming language that is especially suited to numeric computation  
and scientific computing. Fortran is a computer programming language 
that is extensively used in numerical, scientific computing.



COBOL 
(COmmon Business Oriented Language)
It is a compiled English-like computer programming language designed 
for business use. 3rd generation programming language.
• COBOL-68 
• COBOL-74 
• COBOL-85 
• COBOL 2002 



PL/1 
(Programming Language 1)
It combines the major advantages of FORTRAN & COBOL.



BASIC 
(Beginnerʼs All-purpose Symbolic Instruction Code)
GW-BASIC dialect of the 
programming language BASIC 
developed by Microsoft.
Visual BASIC 3rd generation 
event-driven programming 
language first released in 1991.
• QBasic 1.1
• QBasic 4.5
• QBasic 7.1
• QB64



PASCAL
Pascal is a general-purpose, high-level language that was originally 
developed by Niklaus Wirth in the early 1970s. 



C Language 
C is a powerful general-purpose 
programming language. It can be used to 
develop software like operating systems, 
databases, compilers, and so on. 
Developed by Dennis Ritchie between 
1969 and 1973 at AT&T Bell Labs Borland
introduced in 1987



Python

Python is a popular programming 
language. It was created by Guido van 
Rossum, and released in 1991. 
Python was designed for readability, and 
has some similarities to the English 
language with influence from 
mathematics.



What is CAD Software?

Computer-Aided Design (CAD) is the use of an application to help 
create or optimize a design. 
Therefore, CAD software allows engineers, architects, designers, and 
others to create precision drawings or technical illustrations in 2D or 
3D. 
This category of software can increase productivity, improve quality, 
and maximize organization by creating a documentation database for 
manufacturing.



CAD Features & Capabilities

• 2D/3D Design
• Electrical design
• CAM integration
• Simulation and analysis, such as simulating real world use of an item 

to identify areas with a propensity for thermal stress and buckling
• Augmented reality
• Data management
• Additive manufacturing



CADD Software

CADD programs are available for almost every category of computer. A 
basic understanding of the operating system is important while working 
on a computer.
A CADD program contains hundreds of functions that enable you to 
accomplish specific drawing tasks. A task may involve drawing an 
object, editing an existing drawing, displaying a view of the drawing, 
printing or saving it, or controlling any other operation of the computer. 
The functions contain a number of commands that enable you to 
specify exactly what you want to do and how you want to do it.



CADD Software

The functions are organized into modules that provide easy access to 
all the commands. The CAD program is divided into modules such as 
draw, edit, data output, function control, data storage and 
management. 
A program may also have a number of specialized functions such as 
layers, database and 3D.



Top 10 best CADD software for all levels
1 TinkerCAD 3D Beginner level Free
2 FreeCAD 3D Beginner level Free
3 BlocksCAD 3D Beginner level Free
4 Creo 3D Intermediate With license
5 Fusion 360 cloud-based 3D Intermediate With license
6 Solidworks 3D Professional With license
7 AutoCAD 2D & 3D Professional With license
8 CATIA 3D Professional With license
9 OpenSCAD 3D Professional Free
10 Rhino 3D Professional With license



History of CAD sofware

• Dr. Hanratty co-designed DAC (Design 
Automated by Computer) at General 
Motors Research Laboratories in the 
mid-1960s. 
• Proprietary CAD software programs 

were also developed by McDonnell-
Douglas (CADD released in 1966), Ford 
(PDGS released in 1967), Lockheed 
(CADAM released in 1967).



History of CAD sofware
• The first 3D solid modeling program was SynthaVision from MAGI 

(Mathematics Application Group) in 1972.
• In 1975, Avions Marcel Dassault 

purchased a source-code license of 
CADAM from Lockheed.

• In 1977, Dassault began developing a 3D 
CAD software program named CATIA 
(Computer Aided Three-Dimensional 
Interactive Application)

• In 1979 Auto-trol became the first CAD 
software vendor to successfully 
complete a public offering.



History of CAD sofware

• M&S Computing renamed itself to Intergraph (later 
Siemens 3D PLM) had a successful IPO in 1981.

• CATIA Version 1 was released in 1982.

• Autodesk, created the first CAD software for PCs in 
1982, the AutoCAD Release 1.



History of CAD sofware

• Adra Systems, founded in 1983 with their CADRA 2D CAD 
software. 

• In 1984, Bentley Systems was founded and realesed
MicroStation.

• In 1985, a 3D solid modeling CAD software vendor, 
Parametric Technology Corp.



History of CAD sofware

• In 1985 MiniCAD was released by Biehl Graphsoft on the 
Mac.

• PTC launched the first UNIX workstation 3D CAD software, 
Pro/Engineer, in 1987.

• In 1993 it was possible to be developed with a smaller 
budget and in less than a year, Solid Works.

• In 1995, when the first issue of Desktop Engineering was 
published,



Timeline of CAD



CAD systems





AutoCAD
The first version AutoCAD of by the 
AutoDesk company was demonstrated 
at the 1982.
PC based CAD software products
Be derived from a program called
Interact, which was written in a
proprietary language (SPL).

The lower cost version 
of AutoCAD, first 
released in November 
1993.

Formerly AutoCAD 
WS 



AutoCAD



AutoCAD



SolidWorks

SolidWorks is solid modeling 
CAD software that runs ın
MS Windows and is 
produced by Dassault 
Systemes. 
SolidWorks Corporation was 
founded in December 1993 
by Jon Hirschtick. 
SolidWorks released its first 
product SolidWorks 95, in 
1995.



SolidWorks

SolidWorks is a parasolid-based solid 
modeler, and utilizes a parametric 
feature-based approach to create 
models and assemblies.

SolidWorks files use the Microsoft 
Structured Storage file format
Drawing files : SLDDRW
Part files : SLDPRT
Assembly files : SLDASM



Pro/Engineer
(Creo Elements)
A pioneer of the new feature-
based, parametrically driven 
design paradigm in late 1980s, 
now industrial standard. 
A system used to automate the 
development of a mechanical 
product from its conceptual 
design through production. 



Other CADD Software



Integrated CAD/CAM Tools



ANSYS

ANSYS is an engineering simulation software and was developed by 
Dr.J. Swanson and incorporated for use in 1970 through Swanson 
Analysis System.

It is general purpose finite element 
modeling package for numerically 
solving mechanical problems, 
including static/dynamic structural 
analysis both linear/non linear 
heat transfer and fluid problems.



Other FEA Softwares



Other CAE softwares



Software selection
The size of the company and the amount of investment capital
available will be one of the main deciding factors but there are many
other questions to be considered:

• Mainframe or PC/workstation platform? 
• Two dimensions or three? Lines, surfaces or solids? 
• Other analysis tools needed? 
• Will the ability to transfer the geometry to these modelling and 

analysis systems be needed?
• Compatibility with other systems needed? 
• How good is the maintenance and support from the suppliers?
• How much, how good and how long is the training? 
• How easy is it to expand the system?



CAD User interface



CAD User Interface

CAD User Interface describes how to interact with CAD by various 
means of data entry. You will learn how commands are entered using 
the menus, keyboard, toolbars, etc.
CAD user interface provides the environment and the tools that allow 
you and the computer to communicate. Each CAD program establishes 
an environment that best suits its purpose. The goal is to make working 
with CAD efficient. 



CAD User Interface

Most programs use a Graphic 
User Interface (GUI) to 
communicate with the user. 
The GUI provides visual aids for 
quick data entry. 
You are given tools to select 
functions, enter textual or 
mathematical data, locate points 
in the drawing window, select 
objects in the drawing window, 
etc.



CAD User Interface

• Using the CADD Menus
• Entering Commands in the Command Window
• Using the Tool Buttons
• Using the Dialog Boxes
• Working in the Drawing Window



Graphic User Interface (GUI)

A Graphical user interface is a system of interactive visual components 
for computer software. A GUI displays objects that convey information, 
and represent actions that can be taken by the user. The objects 
change color, size, or visibility when the user interacts with them.
The GUI was first developed at Xerox PARC by Alan Kay, Douglas 
Engelbart, and a group of other researchers in 1981.
Later, Apple introduced the Lisa computer with a GUI in 1983.



CADD Software

Graphical user interfaces (GUIs) are ubiquitous tools of modern 
computer systems. They typically include various graphical controls to 
permit operators to enter commands, interact with program 
applications and manipulate data files.
There are three main types 
• Command-driven 
• Menu-driven
• Icon-driven



Command-driven systems

Command-driven systems are applications and programs that have a 
simple interface that accepts textual commands as the input from the 
user and performs the corresponding tasks.
The textual commands entered by the user may be a whole word, an 
abbreviation or a single character.



Menu-driven systems

A program that obtains input from a user by displaying a list 
of options – the menu – from which the user indicates 
his/her choice.
A menu bar is the set of options at the top of the screen. 
When an option is chosen a drop-down menu may be 
offered. The user is offered a simple menu from which to 
choose an option. One menu often leads to a further menu.



Icon-driven systems
An icon-driven computer system 
collects a plurality of data files 
under a common graphical icon. 
Commands entered into the 
computer system with respect to 
the icon may be interpreted as a 
command to repeat the same 
action on each of the data files 
linked to the icon.



Abrrivations
ALU Arithmetic Logic Unit
CAD Computer aided design
CADD Computer aided design & drafting
CD Compact Disk 
CPU Central Processing Unit 
CRT Cathode Ray Tube 
DIMM Dual In-line Memory Module
DLP Digital Light Processing
DSL Domain-specific languages 
DRAM Dynamic Random Access Memory
DVD Digital Video Disc 
EGA Enhanced Graphics Adapter
EPROM Ersable programmable ROM
E2PROM Electrically erasable programmable ROM 

GUI Graphic User Interface 
LCD Luquid-Cyrstal Display
LED Light-emitting Diode
OLED Organic Light-emitting Diode
OPP Object-oriented programming 
PC Personal computer
PROM Programmable ROM
RAM Random Access Memory
ROM Read Only Memory
SCSI Small Computer System Interface 
SIMM Single In-line Memory Module
SRAM Static Random Access Memory
SSD Solid State Drive
USD Universal Serial Bus 
VGA Video Graphics Array


