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Basic Operational Concepts in Computer Organization

A Computer has five functional independent units like Input Unit, Memory Unit, Arithmetic & Logic Unit,

Output Unit, Control Unit.

Input Unit:-

Computers take coded information via input unit. The most famous input device is keyboard. Whenever we

press any key it is automatically being translated to corresponding binary code & transmitted over a cable

to memory or processor.

Memory Unit:-

It stores programs as well as data and there are two types- Primary and Secondary Memory

Primary Memory is quite fast which works at electronic speed. Programs should be stored in memory before

getting executed. Random Access Memory are those memory in which location can be accessed in a shorter

period of time after specifying the address. Primary memory is essential but expensive so we went for

secondary memory which is quite cheaper. It is used when large amount of data & programs are needed to

store, particularly the information that we don’t access very frequently. Ex- Magnetic Disks, Tapes

Arithmetic & Logic Unit:-

All the arithmetic & Logical operations are performed by ALU and this operation are initiated once the

operands are brought into the processor.

Output Unit: – It displays the processed result to outside world.
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Basic Operational Concepts in Computer Organization (Contd..)
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Basic Operational Concepts

▪ Instructions take a vital role for the proper working of the computer.

▪ An appropriate program consisting of a list of instructions is stored in the memory so that the tasks can be
started.

▪ The memory brings the Individual instructions into the processor, which executes the specified operations.

▪ Data which is to be used as operands are moreover also stored in the memory. 

Example:

Dr. Bapi Debnath @ Dept. of ECE 5



Bus structures in Computer Organization

Dr. Bapi Debnath @ Dept. of ECE 6

https://blog.oureducation.in/basic-operational-concepts-computer-organization/


Analyzing how processor and memory are connected :–

▪ Processors have various registers to perform various functions :-

▪ Program Counter: - It contains the memory address of next instruction to be fetched.

▪ Instruction Register:- It holds the instruction which is currently being executed.

▪ MDR: - It facilities communication with memory. It contains the data to be written into or read
out of the addressed location.

▪ MAR :- It holds the address of the location that is to be accessed

▪ There are n general purpose registers that is R0 to Rn-1

Performance:-

▪ Performance means how quickly a program can be executed.

▪ In order to get the best performance it is required to design the compiler, machine instruction set &
hardware in a coordinated manner.

Computer organization
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Connection B / W Processor & Memory

Connection B/W Processor & Memory
▪ The above mentioned block diagram consists of the following components

1) Memory

2) MAR
3) MDR
4) PC
5) IR
6) General Purpose Registers

7) Control Unit
8) ALU

▪ The instruction that is currently being executed is held by the Instruction Register.
▪ IR output is available to the control circuits, which generates the timing signal that control the various processing 

elements involved in executing the instruction.
▪ The Memory address of the next instruction to be fetched and executed is contained by the Program Counter.

▪ It is a specialized register.
▪ It keeps the record of the programs that are executed.

▪ Role of these registers is to handle the data available in the instructions. They store the data temporarily.
▪ Two registers facilitate the communication with memory. These
registers are:
9) MAR (Memory Address Register)
10) MDR (Memory Data Register)

Memory Address Register:
▪ The address of the location to be accessed is held by MAR. Memory
Data Register:

▪ It contains the data to be written into or to be read out of the addressed location.
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Working Explanation
A PC is set to point to the first instruction of the program. The contents of the PC are transferred to
the MAR and a Read
control signal is sent to the memory. The addressed word is fetched from the location which is
mentioned in the MAR and loaded into MDR. This post thus contains all the important basic
operational concepts.
2. Bus Structures:

A Bus is a collection of wires that connects several devices.

Buses are used to send control signals and data between the processor and other components This is

to achieve a reasonable speed of operation.

In computer system all the peripherals are connected to microprocessor through Bus. Types

of Bus structure:

1. Address bus

2. Data bus

3. Control bus
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1.Address Bus:

1.Address bus carry the memory address while reading from writing into memory.

2.Address bus carry I/O post address or device address from I/O port.

3.In uni-directional address bus only the CPU could send address and other units

could not address the microprocessor.

4.Now a days computers are having bi-directional address bus.
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2.Data Bus:

1. Data bus carry the data.

2. Data bus is a bidirectional bus.

3. Data bus fetch the instructions from memory.

4. Data bus used to store the result of an instruction into memory.

5. Data bus carry commands to an I/O device controller or port.

6. Data bus carry data from a device controller or port.

7. Data bus issue data to a device controller or port.

3.Control Bus:

Different types of control signals are used in a bus:

1. Memory Read: This signal, is issued by the CPU or DMA controller when performing a read operation with the memory.

2. Memory Write: This signal is issued by the CPU or DMA controller when performing a write operation with the memory.

3. I/O Read: This signal is issued by the CPU when it is reading from an input port.

4. I/O Write: This signal is issued by the CPU when writing into an output port.

5. Ready: The ready is an input signal to the CPU generated in order to synchronize the show memory or I/O ports with the fast CPU.

A system bus is a single computer bus that connects the major components of a computer system, combining the functions of a data bus
to carry information, an address bus to determine where it should be sent, and a control bus to determine its operation.
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What is meant by software?

Software is a set of instructions, data or programs used to operate computers and execute

specific tasks. It is the opposite of hardware, which describes the physical aspects of a

computer. Software is a generic term used to refer to applications, scripts and programs that

run on a device. It can be thought of as the variable part of a computer, while hardware is the

invariable part.

The two main categories of software are application software and system software. An

application is software that fulfills a specific need or performs tasks. System software is

designed to run a computer's hardware and provides a platform for applications to run on top

of.

Other types of software include programming software, which provides the programming tools

software developers need; middleware, which sits between system software and applications;

and driver software, which operates computer devices and peripherals.

Early software was written for specific computers and sold with the hardware it ran on. In the

1980s, software began to be sold on floppy disks, and later on CDs and DVDs. Today, most

software is purchased and directly downloaded over the internet. Software can be found on

vendor websites or application service provider websites.

Software Performance
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Examples and types of software

Among the various categories of software, the most common types include the following:

• Application software. The most common type of software, application software is a computer

software package that performs a specific function for a user, or in some cases, for another application.

An application can be self-contained, or it can be a group of programs that run the application for the

user. Examples of modern applications include office suites, graphics software, databases and

database management programs, web browsers, word processors, software development tools, image

editors and communication platforms.

• System software. These software programs are designed to run a computer's application programs

and hardware. System software coordinates the activities and functions of the hardware and software.

In addition, it controls the operations of the computer hardware and provides an environment or

platform for all the other types of software to work in. The OS is the best example of system software;

it manages all the other computer programs. Other examples of system software include the firmware,

computer language translators and system utilities.

• Driver software. Also known as device drivers, this software is often considered a type of system

software. Device drivers control the devices and peripherals connected to a computer, enabling them

to perform their specific tasks. Every device that is connected to a computer needs at least one device

driver to function. Examples include software that comes with any nonstandard hardware, including

special game controllers, as well as the software that enables standard hardware, such as USB storage

devices, keyboards, headphones and printers.
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Computer performance is the amount of work accomplished by a
computer system. The word performance in computer performance 
means “How well is the computer doing the work it is supposed to
do?”. It basically depends on response time, throughput and
execution time of a computer system.

Response time is the time from start to completion of a task. This
also includes:
Operating system overhead.
Waiting for I/O and other processes
Accessing disk and memory
Time spent executing on the CPU or execution time.
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1. Multiprocessor:

A Multiprocessor is a computer system with two or more central processing units (CPUs) share full

access to a common RAM. The main objective of using a multiprocessor is to boost the system’s

execution speed, with other objectives being fault tolerance and application matching.

There are two types of multiprocessors, one is called shared memory multiprocessor and another

is distributed memory multiprocessor. In shared memory multiprocessors, all the CPUs shares the

common memory but in a distributed memory multiprocessor, every CPU has its own private

memory.

Multiprocessors and Multi computers
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Multicomputer:

A multicomputer system is a computer system with multiple processors that are connected

together to solve a problem. Each processor has its own memory and it is accessible by that

particular processor and those processors can communicate with each other via an

interconnection network.

Historical Prospective of Computers:

The history of the computer dates back to several years. There are five prominent generations of computers.

Each generation has witnessed several technological advances which change the functionality of the

computers. This results in more compact, powerful, robust systems which are less expensive. The brief

history of computers is discussed −
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Historical perspective
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Early History of Computer:

Since the evolution of humans, devices have been used for calculations for
thousands of years. One of the earliest and most well-known devices was an
abacus. Then in 1822, the father of computers, Charles Babbage began
developing what would be the first mechanical computer. And then in 1833 he
actually designed an Analytical Engine which was a general-purpose computer.
It contained an ALU, some basic flow chart principles and the concept of
integrated memory.

Then more than a century later in the history of computers, we got our first
electronic computer for general purpose. It was the ENIAC, which stands for
Electronic Numerical Integrator and Computer. The inventors of this computer
were John W. Mauchly and J.Presper Eckert.

And with times the technology developed and the computers got smaller and
the processing got faster. We got our first laptop in 1981 and it was introduced
by Adam Osborne and EPSON.



First Generation (1940-1956)

The first generation computers had the following features and components −

Hardware

The hardware used in the first generation of computers was: Vacuum Tubes and Punch Cards. 

Features

Following are the features of first generation computers −

• It supported machine language.

• It had slow performance

• It occupied large size due to the use of vacuum tubes.

• It had a poor storage capacity.

• It consumed a lot of electricity and generated a lot of heat.

Memory

The memory was of 4000 bits.

Data Input

The input was only provided through hard-wired programs in the computer, mostly through punched cards 

and paper tapes.

Historical perspective
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Examples

The examples of first-generation computers are −

• ENIAC

• UNIVACTBM 701

Second Generation (1956-1963)

Several advancements in the first-gen computers led to the development of second-generation computers. 

Following are various changes in features and components of second-generation computers −

Hardware

The hardware used in the second generation of computers were −

• Transistors

• Magnetic Tapes

Features

It had features like −

• Batch operating system

• Faster and smaller in size

• Reliable and energy efficient than the previous generation

• Less costly than the previous generation
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Memory

The capacity of the memory was 32,000 bits. Data Input

The input was provided through punched cards.

Examples

The examples of second generation computers are −

• Honeywell 400

• CDC 1604

• IBM 7030

Third Generation (1964-1971)

Following are the various components and features of the third generation computers −

Hardware

The hardware used in the third generation of computers were −

• Integrated Circuits made from semi-conductor materials

• Large capacity disks and magnetic tapes
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Features

The features of the third generation computers are −

• Supports time-sharing OS

• Faster, smaller, more reliable and cheaper than the previous generations

• Easy to access

Memory

The capacity of the memory was 128,000 bits. Data Input

The input was provided through keyboards and monitors.

Examples

The examples of third generation computers are −

• IBM 360/370

• CDC 6600

• PDP 8/11
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Fourth Generation (1972-2010)

Fourth generation computers have the following components and features −

Hardware

The Hardware used in the fourth generation of computers were −

• ICs with Very Large Scale Integration (VLSI) technology

• Semiconductor memory

• Magnetic tapes and Floppy

Features

It supports features like −

• Multiprocessing & distributed OS

• Object-oriented high level programs supported

• Small & easy to use; hand-held computers have evolved

• No external cooling required & affordable

• This generation saw the development of networks and the internet

• It saw the development of new trends in GUIs and mouse
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Memory

The capacity of the memory was 100 million bits.

Data Input

The input was provided through improved hand held devices, keyboard and mouse.

Examples

The examples of fourth generation computers are −

• Apple II

• VAX 9000

• CRAY 1 (super computers)

Fifth Generation (2010-Present)

These are the modern and advanced computers. Significant changes in the components and operations

have made fifth generation computers handy and more reliable than the previous generations.

Hardware

The Hardware used in the fifth generation of computers are −

• Integrated Circuits with VLSI and Nano technology

• Large capacity hard disk with RAID support

• Powerful servers, Internet, Cluster computing
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Features

It supports features like −

• Powerful, cheap, reliable and easy to use.

• Portable and faster due to use of parallel processors and Super Large Scale Integrated Circuits.

• Rapid software development is possible.

Memory

The capacity of the memory is unlimited. Data

Input

The input is provided through CDROM, Optical Disk and other touch and voice sensitive input 
devices.

Examples

The examples of fifth generation computers are −

• IBM

• Pentium

• PARAM
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WHAT IS NUMBER SYSTEM…?

➢The number system that we use in our day-to-day life is the decimal 

number system. Decimal number system has base 10 as it uses 10 digits 

from 0 to 9. In  decimal number system, the successive positions to  the left 

of the decimal point represent units, tens, hundreds, thousands and so on.

➢Many number systems are in use in digital technology. The most common

are :

4Dr.  Bapi Debnath @ Dept .  of ECE

Decimal  

Binary 

Octal

(Base 10)

(Base 2)

(Base 8)

Hexadecimal (Base 16)

➢The decimal system is the number system that we use everyday
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➢Decimal system uses symbols (digits) for the ten values 0, 1, 2, 3, 4, 5, 6, 

7, 8, 9

➢Binary System uses digits for the two values 0, and 1

➢Octal System uses digits for the eight values 0, 1, 2, 3, 4, 5, 6, 7

➢Hexadecimal System uses digits for the sixteen values 0, 1, 2, 3, 4, 5, 6,

7, 8, 9, A, B, C, D, E, F

to represent any number, no matter how large or how small.

➢The decimal system is composed of 10 numerals or symbols. These 10 

symbols are 0,1,2,3,4,5,6,7,8,9; using these symbols as digits of a number, 

we can express any quantity.

Example : 3501.51

3 5 0 1 . 5 1

Most Significant

Digit

digit

decimal point
Least

Significant

Digit
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Binary System
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Decimal Number Quantity
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MLRITM

CONVERSION AMONG B A S E S
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Decimal to Other Base System
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Steps

❑Step 1 − Divide the decimal number to be converted by the
value of the new base.
❑Step 2 − Get the remainder from Step 1 as the rightmost digit
(least significant digit) of new base number.
❑Step 3 − Divide the quotient of the previous divide by the new
base.
❑Step 4 − Record the remainder from Step 3 as the next digit
(to the left) of the new base number.

Repeat Steps 3 and 4, getting remainders from right to 
left, until the quotient becomes zero in Step 3.

The last remainder thus obtained will be the Most
Significant Digit (MSD) of the new base number.
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Other Base System to Decimal System
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Steps

Step 1 − Determine the column (positional) value of each
digit (this depends on the position of the digit and the base
of the number system).

Step 2 − Multiply the obtained column values (in Step 1) by 
the digits in the corresponding columns.

Step 3 − S u m  the products calculated in Step 2. The total is
the equivalent value in decimal.
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BINARY TO DECIMAL
❑ Technique

➢Multiply each bit by 2n, where n is the “weight” of the bit

➢The weight is the position of the bit, starting from 0 on

the right

➢Add the results
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E X AMPL E
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❑Technique

➢ Multiply each bit by 8n , where n is the “weight” of the bit

➢ The weight is the position of the bit, starting from 0 on the 
right

➢ Add the results

O CTAL TO DECIMAL
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EXAMPLE
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HEXADECIMAL TO DECIMAL

❑Technique

➢Multiply each bit by 16n, where n is the “weight” of the 
bit

➢The weight is the position of the bit, starting from 0 on

the right

➢Add the results
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EXAMPLE
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1 4096

15+192+2560+4096= 6863

6863
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fractional number

Binary-to-Decimal Conversion
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Octal-to-Decimal Conversion

Hexadecimal-to-Decimal Conversion
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5X 0.015625 = 0.07812
0.25+0.07812=0.328125

0.328125 
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Decimal to Other Base System
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Steps
❑Step 1 − Divide the decimal number to be converted by the
value of the new base.
❑Step 2 − Get the remainder from Step 1 as the rightmost
digit (least significant digit) of new base number.
❑Step 3 − Divide the quotient of the previous divide by the
new base.
❑Step 4 − Record the remainder from Step 3 as the next digit
(to the left) of the new base number.
Repeat Steps 3 and 4, getting remainders from right to left, 
until the quotient becomes zero in Step 3.
The last remainder thus obtained will be the Most Significant 
Digit (MSD) of the new base number.
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DECIMAL TO BINARY
• Technique

• Divide by two, keep track of the remainder

• First remainder is bit 0 (LSB, least- significant bit)

• Second remainder is bit 1

• Etc.
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Decimal-to-Octal Conversion

Decimal-to-Hexadecimal Conversion

Dr.  Bapi Debnath @ Dept .  of ECE 20



DLD & CO– Unit IMLRITM

Decimal-to-Binary Conversion 

(fractional number)

Decimal-to-Octal Conversion
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Decimal-to-Hexadecimal Conversion

Decimal-to-Binary Conversion (Estimation)
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HEXADECIMAL TO BINARY

OCTAL TO BINARY
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OCTAL TO HEXADECIMAL
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Decimal
(base=10)

Binary 
(base=2) 

8 4 2 1

Octal
(base=8)

Hex-Dec
(base=16)

0 0000 0 0

1 0001 1 1

2 0010 2 2

3 0011 3 3

4 0100 4 4

5 0101 5 5

6 0110 6 6

7 0111 7 7

3Dr.  Bapi Debnath @ Dept .  of ECE

Decima  l 
(base=10)

Binary 
(base=2)  

8 4 2 1

Octal
(base=8)

Hex-Dec
(base=16)

8 1000 10 8

9 1001 11 9

10 1010 12 A

11 1011 13 B

12 1100 14 C

13 1101 15 D

14 1110 16 E

15 1111 17 F

Table for Number System Conversion
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BINARY ADDITION
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Base-2 Addition:

(1010)2+(0011)2

1

1 0 1 0

0 0 1 1

1 1 0 1

Base-10 Addition:

(10)10+(3)10

10

3

13

ADDITION
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BINARY SUBSTRACTION

6Dr.  Bapi Debnath @ Dept .  of ECE

DL D&CO Unit -I



MLRITM

2-bit 3-bit 4-bit 5-bit binary 6-bit

2 1 4 2 1 8 4 2 1 16 8 4 2 1 32 16 8 4 2 1

7Dr.  Bapi Debnath @ Dept .  of ECE

26 25 24 23 22 21 20

64 32 16 8 4 2 1
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❑ Example: an 8-bit number can have 1-bit sign and 
7-bits magnitude.

Sign-and-Magnitude
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Complements (General)
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1’s complement :

The 1’s complement of a binary number is defined as the 

value obtained by inverting all the bits in the binary 

representation of the number .

(basically known as swapping 0 with 1 and vice versa)

Examples:

1's complement of "0111" is "1000"

1's complement of "1100" is "0011"

Complements of Binary Numbers
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Example:
❑With an 8-bit number 00001100, its negative value, expressed 
in 1s complement, is obtained as follows:

-(00001100)2 = - (12)10

= (28 - 12 - 1)10

= (243)10

= (11110011)2

00001100

11110011

1s Complement

11Dr.  Bapi Debnath @ Dept .  of ECE



DL D&CO Unit -I MLRITM

1s Complement
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2’s Complements of Numbers
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2s Complement
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2s Complement

16Dr.  Bapi Debnath @ Dept .  of ECE



DL D&CO Unit -I MLRITM

Complements of Octal (7’s & 8’s)
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Complements of Octal (7’s & 8’s)
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Complements of Hex Decimal (15’s & 16’s)
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Complements of Hex Decimal (15’s & 16’s)
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Subtraction by Complements
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Subtraction by Complements
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BCD code (8421 code)
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Logic Gate

A gate is an digital circuit which
operates on one or more signals and
produce single output.

Gates are digital circuits because the
input and output signals are denoted by
either 1(high voltage) or 0(low voltage).

There are three basic gates and are:

1. AND gate 2. OR gate

3. NOT gate

MLRITM
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AND gate

•The AND gate is an electronic circuit that gives
a high output (1) only if all its inputs are high.

•AND gate takes two or more input signals and
produce only one output signal.

Input 
A

Input
B

Output
AB

0 0 0

0 1 0

1 0 0

1 1 1
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OR gate

•The OR gate is an electronic circuit that gives a
high output (1) if one or more of its inputs are
high.

•OR gate also takes two or more input signals
and produce only one output signal.

Input  
A

Input 
B

Output 
A+B

0 0 0

0 1 1

1 0 1

1 1 1
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NOT gate

•The NOT gate is an electronic circuit that gives
a high output (1) if its input is low .

•NOT gate takes only one input signal and
produce only one output signal.

•The output of NOT gate is complement of its
input.

• It is also called inverter.

Input A Output A

0 1

1 0
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NAND Gate
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NAND Gate

X

X

F = (X•X)’ 
= X’+X’ 
= X’

X

Y

Y

F = ((X•Y)’)’ 
= (X’+Y’)’ 
= X’’•Y’’
= X•Y

F = (X’•Y’)’ 
= X’’+Y’’
= X+Y

X

X

F = X’

X

Y

Y

F X•Y

F = X+Y

MLRITM
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Known as a “universal” gate because ANY digital circuit
can be implemented with NAND gates alone.

NOT

AND

OR



NOR Gate

Also known as a “universal” gate 
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NOR Gate

Also known as a “universal” gate 
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Boolean Algebra
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Boolean Algebra
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Boolean Algebra
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Boolean Algebra
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Boolean Algebra



DL D&CO Unit -IMLRITM

19Dr.  Bapi Debnath @ Dept .  of ECE

Boolean Algebra
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Boolean Algebra
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Boolean Algebra
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Minimization Using Karnaugh Map (K-map) Method
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Description of K Maps and 
Terminology
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Description of K Maps and 
Terminology
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Karnaugh maps
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Two-Variable K-Map
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Example
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Now let us map a Boolean function Y = A + B.
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Four Variable K-Map
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Four-Variable K-Map
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Simplify the following Boolean function into
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Simplify the following Boolean function into
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25

1. Above, three of the cells form into

groups of two cells.

2. A fourth cell cannot be combined

with anything, which often happens

in “real world” problems.

3. In this case, the Boolean p-

term ABCD is unchanged in the

simplification process. Result:

Out= B’C’D’+A’B’D’+ABCD

Four-Variable K-Map



MLRITM

Dr. Bapi Debnath @ Dept. of ECE 26



MLRITM

Dr. Bapi Debnath @ Dept. of ECE 27



MLRITM

Dr. Bapi Debnath @ Dept. of ECE 28



MLRITM

Dr. Bapi Debnath @ Dept. of ECE 29



5 Variable K-Map
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E = 0

How many k-map is needed?
• If you have 5 variables, you’ll need 2 k-map…

• Let’s say the variables are A, B, C, D and E.

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0                  1                 3                2

4                 5                  7               6

12               13               15              14

8                  9                11              10
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How many k-map is needed?

E = 1

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0                  1                 3                2

4                 5                  7               6

12               13               15              14

8                  9                11              10
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Try this out…

• Simplify the Boolean function F(A,B,C,D,E) = 
(0,1,4,5,16,17,21,25,29)

Soln: F(A,B,C,D,E) = A’B’D’+AD’E+B’C’D’

MLRITM
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1st step – convert the minterm
into Boolean equation

• F(A,B,C,D,E) = (0,1,4,5,16,17,21,25,29)

• How to convert … ??

• 0 = 00000 ➔

• 1 = 00001 ➔

EDCBA

EDCBA
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1st step – convert the minterm into 
Boolean equation
• F(A,B,C,D,E) = (0,1,4,5,16,17,21,25,29)

EDABCEDCABEDCBA

EDCBAEDCBAEDCBA

EDCBAEDCBAEDCBAF

++

+++

+++=

MLRITM
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2nd – prepare 2 k-map

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

E = 0 E = 1

MLRITM
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3rd- plug in the Boolean 
term/minterm into k-map

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

E = 0 E = 1

1 1

1

1

1

1

1

1

1

MLRITM
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4th- look for similar grouping that 
can be done in both k-map

DBA

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

E = 0 E = 1

1 1

1

1

1

1

1

1

1

That will give us 
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4th- look for similar grouping that 
can be done in both k-map

DCB

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

E = 0 E = 1

1 1

1

1

1

1

1

1

1

That will give us 

MLRITM
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The combination will look like 
this…

DCBDBA +

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

E = 0 E = 1

1 1

1

1

1

1

1

1

1

That will give us 
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5th- look for the remaining 1’s that 
has not been included yet

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

E = 0 E = 1

1 1

1

1

1

1

1

1

1
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6th- group the remaining 1’s

EDA

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

E = 0 E = 1

1 1

1

1

1

1

1

1

That new grouping will give us 

Note that this time, E need to be 

included in the term, since the grouping 

is in the E = 1 k-map only.

1
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6th- group the remaining 1’s

EDADCBDBAF ++=

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

0 0

0 1

1 1 

1 0

0 0      0 1       1  1    1 0 A B 

C D

E = 0 E = 1

1 1

1

1

1

1

1

1

Full expression will be,

1
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