
 

 

 

 

 

 

 

 

 

 

1.1 What is computer architecture?  

1.2 Brief history of computer systems  

 

In computer engineering, computer architecture is a set of rules and 

methods that describe the functionality, organization, and implementation 

of computer systems. Some definitions of architecture define it as 

describing the capabilities and programming model of a computer but not 

a particular implementation.  

 In other definitions computer architecture involves instruction set 

architecture design, microarchitecture design, logic, design, 

and implementation.   Computer architecture is a specification detailing 

how a set of software and hardware technology standards interact to form 

a computer system or platform. In short, computer architecture refers to 

how a computer system is designed and what technologies it is compatible 

with. As with other contexts and meanings of the word architecture, 

computer architecture is likened to the art of determining the needs of the 

user/system/technology, and creating a logical design and standards based 

on those requirements. 
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Computer Architecture refers to the internal design of a computer 

with its CPU, which includes:  

• Arithmetic and logic unit,  

• Control unit,  

• Registers,  

• Memory for data and instructions,  

• Input/output interface and  

• External storage functions. 

Von-Neumann architecture 

The same memory and bus are used to store both Data and Instructions  

The main drawback:  

CPU is unable to access program memory 

 and data memory simultaneously. This case 

 is called the "bottleneck" that affects system 

 performance.  

The bottleneck   

• If a Von-Neumann machine wants to perform an instruction (already 

fetched from the memory) on some data in memory, it has to move the 

data across the bus into the CPU.   

• When the computation is done, it needs to move outputs of the 

computation to memory across the same bus; this operation will be 

completed if the bus is not used by another operation to fetch another 

instruction or data from the shared memory; otherwise the outputs of the 

computation has to wait.  
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Harvard architecture:  

The Harvard architecture stores machine instructions and data in 

separate memory units using different buses. 

The main advantage:  

Computers designed with the Harvard  

architecture are able to run a program and access  

data independently, and therefore simultaneously.  

Harvard architecture is more complicated but separate pipelines remove 

the bottleneck that Von-Neumann creates. 

Modified Harvard Architecture  

The majority of modern computers have no  

physical separation between the memory spaces  

used by both data and instructions, therefore  

could be described technically as Von-Neumann But as they have two 

separate address spaces, different buses and special  

instructions that keep data from being mistaken for code, this architecture 

is called "Modified Harvard Architecture".  Ex. some initial data values 

or constants can be accessed by the running program directly from 

instruction memory without taking up space in data memory. 
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Brief history of computer systems 

Computing devices of one type or another have existed for hundreds 

of years. The ancient Greeks and Romans used counting boards to 

facilitate mathematical calculations; the abacus was introduced in China 

around a.d. 1200. In the 17th century, Schickard, Pascal, and Leibniz 

devised mechanical calculators. The rst design for a programmable digital 

com-puter was the analytical engine proposed by Charles Babbage in 

1837. Given the technology available at the time, the analytical engine 

was designed as a mechanical rather than electronic computer; it presaged 

many of the concepts and techniques used in modern machines but was 

never built due to a lack of funding. Ada Augusta, Countess of 

Lovelace,developed “cards” (programmed instructions) to demonstrate 

the opera-tion of the proposed analytical engine and, to this day, is revered 

as the rst computer programmer. Although Babbage’s machine was never 

com-mercially successful, mechanical punched-card data processing 

machines were later developed by Herman Hollerith and used to tabulate 

the results of the 1890 U.S. census. All the five generations of 

the computer and the advances in the technology that led to the 

development of many devices which everybody uses today. Our computer 

journey started in 1940 with the vacuum tubes and goes to the AI 

(artificial intelligence) system which we use today. Let’s discuss the 

generation of computer 1st to 5th with pictures. 
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First Generation of Computer: Vacuum Tubes 

(1940–1956) 
 

The first generation of the computer 

 used vacuum tubes for the circuitry  

and the magnetic drums for the memory  

and taking up the big rooms. It was very 

 expensive to operate and uses a great  

amount of electricity and produced a large 

 amount of heat. The first generation of  

the computer relied on the machine language, the lowest level 

programming language which was understood by the computers to 

perform the various functions and operations. It can solve the one problem 

at a time can’t do the multitasking work. The input was based on the 

punched cards and the paper tape and the output was displayed on the 

printouts. ENIAC and UNIVAC are examples of the first generation of 

the computer. The first commercial computer was UNIVAC which was 

delivered to the business client. 

 

Advantages Of The First Generation Of The Computer 

 

 The computer was very fast to calculate. 

 The vacuum tube technology made possible the advent of electronic 

computers. 

 Those days this was the only electronic. 
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Disadvantages Of The First Generation Of The Computer 

 The first generation of computer is not portable. 

 It is not reliable devices. 

 An air-conditioned is required. 

Second Generation Of Computer: Transistors 

(1956–1963) 
 

Transistors were used in the second  

generation of the computer and transistor 

 replaced the vacuum tubes. The first 

 transistor was invented in 1947 but  

didn’t use in the computer till 1950. 

 Transistors are superior to the vacuum tube because due to the transistors 

computer becomes smaller, cheaper and faster. It is very reliable than the 

first generation of the computer. Transistors were also produced the large 

amount of heat that subjected the computer to damage. But some 

improvement was shown that in the second generation of the computer. 

The input was based on the punched cards and paper tapes and outputs 

were displayed on the printouts which were the same as the first 

generation of computer. The second generation of computer moved to the 

symbolic or assembly language from the cryptic binary machine 

language. This language allowed the programmers to specify the input or 

instructions in words.  
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Advantages Of The Second Generation Of The Computer 

 More reliable than the first generation. 

 Good speed and can calculate the data in the microseconds. 

 Also used assembly languages. 

 Smaller in the size as compared to the first generation. 

 Use less amount of energy. 

 Portable 

 Accuracy is improved than its predecessor. 

Disadvantages Of The Second Generation Of The Computer 

 Constant maintenance is required to work properly. 

 Commercial production was very difficult. 

 Still punched cards were used for input. 

 The cooling system is required. 
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Third Generation of the Computer: Integrated 

Circuits (1964–1971) 

 
The integrated circuits were used in the third generation of the 

computer. Transistors were placed on the silicon chips known as 

semiconductors which increases the speed and efficiency of the computer 

drastically. In the third generation of computer user used the keyboards 

and monitors and interfaced with an OS (operating system) instead of the 

punched cards and printouts. In this generation, the computer can run 

many applications at one time. This generation of the computer is small, 

cheaper and reliable than its predecessors. 

Advantages Of The Third Generation Of The Computer 

 More portable. 

 Consume less energy. 

 Maintenance cost is lo than its predecessor. 

Disadvantages Of The Third Generation Of The Computer 

 Highly sophisticated production was cheaper and easier. 
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Fourth Generation Of Computer: 

Microprocessors       (1971–2010) 
 

The microprocessor brought in the  

fourth generation of computers. Thousands  

of the integrated circuits  were built on the 

single silicon chip. The first generation of  

computer occupies the entire room but  

now the fourth generation of computer fit in 

the palm of the hand. In 1971 Intel 4004 chips 

were developed which was located to all the components of the computer. 

IBM introduced its first computer for home users in 1981. The fourth 

generation of the computer became more powerful and could be linked 

together to form the networks which led to internet development.  

Advantages Of The Fourth Generation Of The Computer 

 The air conditioner is not required. 

 Totally used for general purposes. 

 Small and compact in size. 

 Heat generated is negligible which is good. 

 Faster than its predecessor. 

Disadvantages Of The Fourth Generation Of The Computer 

 Highly sophisticated technology is used for the manufacture of LSI 

chips. 

 

COMPUTER  

ARCHITECTURE 
Lecture 1 



 

 

 

Fifth Generation of Computer: Artificial 

Intelligence (2010 — Present) 
 

The fifth generation of the computer is  

based on artificial intelligence and still  

in development. There are many app- 

lications which are used in this generation  

like voice recognition which is being  

used today. The use of superconductors and 

 parallel processing helps to make the AI a reality. The goal or target of 

this generation is to develop the devices that respond to natural languages. 

Advantages of the Fifth Generation of the Computer 

 More reliable and faster than its predecessor. 

 Easily available in different sizes with unique and different 

features. 

Disadvantages of the Fifth Generation of the Computer 

 Disadvantages of the fifth generation of the computer have yet 

to be agreed upon. 
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Layers of the computer architecture 

A computer divided into four main layers: 

1. Hardware   

2. Operating system  

3. Software 

4. Users.  
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Computer System is divided into two functional entities. Hardware 

and Software are two functional entities of computer system. Operating 

system is the link between hardware and software. There are a certain 

layers in computer system through which a process goes to perform a task. 

Here we will discuss about each layer. 

Hardware refers to the physical elements of a computer. This is also 

sometime called the machinery or the equipment of the computer. 

Examples of hardware in a computer are the keyboard, the monitor, the 

mouse and the central processing unit. 

Software commonly known as programs or apps, consists of all the 

instructions that tell the hardware how to perform a task. These 

instructions come from a software developer in the form that will be 

accepted by the platform (operating system + CPU) that they are based on 

Problem Statement -Problem Statement is stated using natural language. 

It may be ambiguous or imprecise. It is basically the user’s requirement 

from the system. 

Algorithm -Algorithm is the step by step procedure to perform a specific 

task. It is guaranteed to finish. It has definiteness, effective computability 

and finiteness. 
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Program -Program expresses the algorithm using a computer language 

such as high level language and low level language. User writes the code 

for their problem statement. 

Instruction Set Architecture -Instruction set architecture specifies the 

set of instructions the computer can perform using data types and 

addressing modes. 

Micro-architecture -Micro-architecture is the detailed organization of a 

processor implementation. 

Logic Circuits -Logic circuits combine basic operations to realize micro-

architecture. 

Device -Device has the properties of materials and manufacturability. 


