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Course Objectives:

1. To Learn Boolean algebra, logic simplification techniques, and combinational circuit design

2. To analyze combinational circuits like adders, subtractors, and code converters.

3. To explore combinational logic circuits and their applications in digital design.

4. To understand sequential logic circuits, including latches, flip-flops, counters, and shift registers.
5. To gain knowledge about programmable logic devices and digital IC's.

Course Outcomes:
At the end of the course, the student will be able to

Learn Boolean algebra, logic simplification techniques, and combinational circuit design. L1
Analyze combinational circuits like adders, subtractors, and code converters. L2

Explore combinational logic circuits and their applications in digital design. L3

Understand sequential logic circuits, including latches, flip-flops, counters, and shift registers. L1
Gain knowledge about programmable logic devices and digital IC’s. L3

ukhwnNE

Unit 1 Logic Simplification and Combinational Logic Design: 9

Review of Boolean Algebra and De Morgan‘s Theorem, SOP & POS forms, Canonical forms, Introduction to Logic
Gates, Ex-OR, Ex-NOR operations, Minimization of Switching Functions: Karnaugh map method, Logic function
realization: AND-OR, ORAND and NAND/NOR realizations.

Unit 2 Introduction to Combinational Design 1: 9

Binary Adders, Subtractors and BCD adder, Code converters -Binary to Gray, Gray to Binary, BCD to excess3, BCD
to Seven Segment display.
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Unit 3 Combinational Logic Design 2: 9

Decoders, Encoders, Priority Encoder, Multiplexers, Demultiplexers, Comparators, Implementations of Logic
Functions using Decoders and Multiplexers.

Unit 4 Sequential Logic Design: 9

Latches, Flip-flops, S-R, D, T, JK and Master-Slave JK FF, Edge triggered FF, set up and hold times, Ripple counters,
Shift registers.

Unit 5 Programmable Logic Devices & Digital IC’s: 9

Programmable Logic Devices: ROM, Programmable Logic Devices (PLA and PAL).

Digital IC’s: Decoder (74x138), Priority Encoder (74x148), multiplexer (74x151) and de-multiplexer (74x155),
comparator (74x85)

Prescribed Textbooks:

1. Digital Design, M.Morris Mano & Michel D. Ciletti, 5th Edition, Pearson Education, 1999
2. Switching theory and Finite Automata Theory, Zvi Kohavi and Nirah K.Jha, 2nd Edition, Tata
3. McGraw Hill, 2005.

Reference Books:

1. Fundamentals of Logic Design, Charles H Roth,Jr., 5th Edition, Brooks/cole Cengage Learning, 2004.
Online Learning Resources:

1. https://onlinecourses.nptel.ac.in/noc21 ee75/preview
2. https://www.nesoacademy.org/ee/05-digital-electronics
CO-PO Mapping:
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OVERVIEW
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» Philosophy of number systems
** Applications

* Decimal Number System

.0

\/

0

g

\/

* Binary Number System
* Octal Number System
* Hexadecimal Number System

* &

\/

¢ &

\/

®




Number System

5
‘ = 1 e | 4 e | e | — 4
21 13

73 T3

L X )
o TS Chicks =3

la s _la ! s 28 G

< Number system is a basic for counting various items.

% The familiar decimal number system contains 10 unique symbols or values. i.e. (0 to 9).




Applications

1. Security

2. Computers

3. Military , Navy, Air force




Number System

As a computer programmer or an IT professional, you should understand the following number systems
which are frequently used in computers.

% Number systems are divided into 4 types.

S.N. Number Systems

Decimal Number System
Binary Number System
Octal Number System

Hexa Decimal Number System




Decimal 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 represents units, tens,
hundreds, thousands and so on. 0 2 3456789

Each position represents a specific power of the base (10)

For example
The decimal number is 1234 > 1x10+2x1 02+3X 1 Ol +4x10°

The digit 4 in the units position 1x1000+2x100 +3x10 +4x10

The digit 3 in the tens position 1000 +200 +30) +4()
The digit 2 in the hundred iti
e digit 2 in the hundreds position 1234

And 1 in the thousands position




Decimal Number System

% The Decimal number system contains 10 unique symbols. Since counting in decimal denotes
10 symbols. We can say that its base or radix is 10.

In Decimal number system we can express any decimal number in units, tens, hundreds....

Each symbol in the number is called a digit.

(Integer) €——— 1846.334 —> (Fractional Part)

Most significant bit or digit (MSB). Least significant bit or digit (LSB).

Decimal Point

The position of the digit with reference to decimal point determines its value or weight.
The sum of all the digits multiplied by their weights gives the total number.

The figure shows decimal digit and its weights expressed as a power of 10.  pacimal Point

MSB > o4 ] I LSB




Decimal Number System

< In a Decimal number system weight is expressed as a power of 10 as shown in figure.

10* 10° 10* 10" 10° 10" 1072107 107*107
MSB 5/6/7|8|e|9 LSB

Decimal Point

Example: (5678.9),,
mm) 5x10%6x10%4+7x10" +8x10°+9x10™

! L (5678.9), = (56789), |
) 5x1000+6x 100+7x10 +8x1 + 9XE

mmmm) 5000+ 600+70 + 8 + 0.9
) (5678.9),, = (5678.9),,




Binary Number System

% It contains 2 unique symbols. The 2 binary digits(bits) are 0 and 1. It is a base 2 system.
(Base or radix =2)

% The digits computers understand only binary number system.

(Integer) €——— 1101.101 ———> (Fractional Part)

Most significant bit or digit (MSB). Least significant bit or digit (LSB).

Binary Point

< The position of the bit with reference to binary point determines its value or weight.

% The sum of all the digits multiplied by their weights gives the total number.




Binary Number System
000000000000 0000000000 0000000000000 0C0CVKCGVC
< In a binary number system weight is expressed as a power of 2 as shown in figure.
2t 20 22 2 2P 271 27 27 27 27
MSB 111/0/1|e] 101 LSB

Binary Point

Example: (1101.101),

) 1x2°+1x2%24+0x2' +1x2° + 1x27'+0x2 7 +1x2°7

Doy Loy L 010L10D,= (13.625),,
mmmm) 1x8 +1x4 +0x2 +1x1 + 1x§+0x?+1x?

mem) 8 +4 +0 +1 4+ 05+0 +0.125
mm) (13.625),, = (1101.101),




Octal Number System

000000 00000 000000000000 00000000000000990
% It uses first 8 digits of decimal number system i.e. (0 to 7). 0,1,2,3,4,5,6,7

% It uses 8 digits so its base or radix is 8.

(Integer) €——— 1762.471 ———> (Fractional Part)

Most significant bit or digit (MSB). Least significant bit or digit (LSB).
Octal Point

“* The position of the bit with reference to Octal point determines its value or weight.

% The sum of all the digits multiplied by their weights gives the total number.




Octal Number System

% In a Octal number system weight is expressed as a power of 8 as shown in figure.

g* 8 g8 g g 8! 8% 87 8* §°
MSB 5 6|7 e LSB

Octal Point
Example: (567)8

) 5x8°+6x8'4+7x8’

) 5364 46x8 +7x1 01011002 (13625), |

mmm) 320+48 + 7
mm)  (375), = (567),




Hexadecimal Number System

% The hexadecimal number system has a base of 16 having 16 digits i.e.
(0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F). A=10 B=11 D=13 E=14 F=15

% It uses 16 digits so its base or radix is 16.

(Integer) €——— 17BE.491———> (Fractional Part)

Most significant bit or digit (MSB). Least significant bit or digit (LSB).

Hexadecimal Point

“* The position of the bit with reference to hexadecimal point determines its value or weight.

% The sum of all the digits multiplied by their weights gives the total number.




Hexadecimal Number System

% In a Hexadecimal number system weight is expressed as a power of 16 as shown in figure.

16* 16° 16> 16" 16° 1616216716716
MSB 3 FD|e LSB

Hexadecimal Point

Example: (3FD),,

ms) 3x16°+Fx16'+Dx16"
) 3x256.4+15x16+13x1 .. BFD),¢ = (1021),,

mmms) 768+ 240+ 13
m=) (1021),, = (3FD),




Number Systems

Number Systems Radix Description
Decimal Number System Base 10 Digits used: 0to 9 (0, 1,2,3,4,5,6,7,8,9)

Binary Number System Base 2 Digits used: 0,1

Octal Number System Base 8 Digits used: 0to 7 (0,1,2,3,4,5,6,7)
Hexa Decimal Number System  Base16 Digits used: 0 to 9, Letters used: A-F

0,123,456,7,89 A ,B ,C ,D ,E ,F

A=10, B=11, C=12, D=13,E=14, F=15




OVERVIEW

¢ Format of Binary Numbers
¢ Counting in radix or base
“* Decimal Number System to any base or radix conversion

% Binary Number System to any base or radix conversion

“* Octal Number System to any base or radix conversion
¢ Hexadecimal Number System to any base or radix conversion




Format of Binary Numbers

Nibble 4 bits 7* Distinct values 16

Bytes 8 bits 28 Distinct values 256

Word 16 bits 1% Distinct values 65536

Double word 32 bits 0 e 4294967292




Counting in Radix or Base
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

Number Systems Base or Radix Characters or Symbols

Decimal Number System Base 10 Digits used: 0 to 9 (0, 1,2,3,4,5,6,7,8,9)
Binary Number System Base 2 Digits used: 0, 1

Octal Number System Base 8 Digits used: 0 to 7 (0,1,2,3,4,5,6,7)
Hexa Decimal Number System Base 16 Digits used: 0 to 9, Letters used: A-F

0,123,456,7,89 A ,B ,C ,D ,E ,F

A=10, B=11, C=12, D=13,E=14, F=15




Number Base Conversion
N N N N NN N NN NNNNNNNENNNNNNNNNNNNNNNNNNNNNDNN,

The digital circuits and systems work strictly in binary form. We are using octal and hexadecimal only
as a convenience for the operation of the systems

)y g

1. Conversion of Decimal numbers into any radix number To

>

>




Number Base Conversion
N N N N NN N NN NNNNNNNENNNNNNNNNNNNNNNNNNNNNDNN,

The digital circuits and systems work strictly in binary form. We are using octal and hexadecimal only
as a convenience for the operation of the systems

()

To




Conversion of Decimal numbers into any radix number

Steps in Successive Division Method:

1. Divide the integral part of decimal number by desired base number.
( store quotient and remainder ).

2. Consider the quotient as a new decimal number and repeat step1 until quotient becomes
zero.

3. List the remainders in reverse order. (From bottom to Top)

Example: 19=2
/Dividend Diviso r— , 19l/DlVldend
Divisor—> 2 D 19 ([ 9€—Quotient 9 — |

-18_ ™

Quotient Remainder
1 R

Remainder




Conversion of Decimal numbers into any radix number

Steps in Successive Multiplication Method:

1. Multiply the fractional part of decimal number by desired base number.

2. Record the integer part of product as a carry and fractional part as new fractional.

3. Repeat stepl and step2 until fractional part of number becomes zero (or) until we have

many digits as necessary for your application.

4. Read carry downwards to get desired base number.
Example: 1896.456
Integer = 1896

Fractional Part = .456




Conversion of Decimal numbers into Binary number

0000000000000 0000000000000000O0OCOCGOGOCGOOOOOOTOY
Convert decimal number 37.95 into binary equivalent.

- (3795)10 — ( ? )2 In Fractional Part : By Successive Multiplication method
Integer Part = 37/ 095 x2=190= 09 —1
Fractional Part = ().95 09 x ) 1.8 0.8 —

In Integer Part: By Successive division method 08 x 2 1.6 0.6

37 06 x2=12=02
198:(1)‘ 02 X 2= 04 =04
04 x 2= 08= 08
50 08 x2=16= 06
1—0 (0.95),,=(1111001),

(37),, = (100101), . (37.95),=(100101.1111001)




Conversion of Decimal numbers into Binary number

0000000000000 0000000000000000O0OCOCGOGOCGOOOOOOTOY
Convert 12.125 decimal number into binary equivalent.

[Selutioni] (12.125),, = ( ?),

Integer Part= |?
Fractional Part = ().125

In Integer Part: By Successive division method

2 12
2| 6 —0%
21 3—0

1 —1

—

12), = (100),

In Fractional Part : By Successive Multiplication method

0.125x 2 = 0.25=0.25 —0
025 x 2 =05 =
05 x2=10 =
00 x 2 =100 =

(0.125),, = (0010),

.. (12.125),, = (1100.0010),




Conversion of Decimal numbers into Octal number

0000000000000 0000000000000000O0OCOCGOGOCGOOOOOOTOY
Convert decimal number 658.825 into Octal equivalent.

- (658825)10 = (? )8 In Fractional Part : By Successive Multiplication method

Integer Part = H5§ 0.825x § 6.6 0.6 —6
Fractional Part = ().825 06 X 8 4 8 0.8

In Integer Part: By Successive division method 0.8 x 8 6.4 0.6

8 | 658 04 x 8 3.2 =02

8| 82—2 — =

8 o= 5 02 x 8 1.6 - 0.6
| — 9 0.6 = 48 = (.8
0.8 6.4 = 0.6

(0.825),, = (646314 ),

(658),,= (1222 ), .*.(638.825), = (1222.646314),




Conversion of Decimal numbers into Hexa decimal number

0000000000000 0000000000000000O0OCOCGODODOOOOOOOOOY
Convert 5386.345 decimal number into Hexadecimal equivalent.

-(53863 45)1(): ( ? )16 In Fractional Part : By Successive Multiplication method
Integer Part = 5386 0345 x16= 5.52=0.52 —5
Fractional Part = (),345 052 x16= 832 =032 —8

In Integer Part: By Successive division method 032 x16=5.12=0.12 —5

1615386 0.12 x16=192=092 —1 |
16[236—10(A) t

16 211: <5) (0.345),, = (5851),,
. (5386.345), =(150A.5851),,

(5386),,= (150 A),




THANK YOU
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OVERVIEW

¢ Format of Binary Numbers
¢ Counting in radix or base
“* Decimal Number System to any base or radix conversion

% Binary Number System to any base or radix conversion

“* Octal Number System to any base or radix conversion
¢ Hexadecimal Number System to any base or radix conversion




Format of Binary Numbers

Nibble 4 bits 7* Distinct values 16

Bytes 8 bits 28 Distinct values 256

Word 16 bits 1% Distinct values 65536

Double word 32 bits 0 e 4294967292




Counting in Radix or Base
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

Number Systems Base or Radix Characters or Symbols

Decimal Number System Base 10 Digits used: 0 to 9 (0, 1,2,3,4,5,6,7,8,9)
Binary Number System Base 2 Digits used: 0, 1

Octal Number System Base 8 Digits used: 0 to 7 (0,1,2,3,4,5,6,7)
Hexa Decimal Number System Base 16 Digits used: 0 to 9, Letters used: A-F

0,123,456,7,89 A ,B ,C ,D ,E ,F

A=10, B=11, C=12, D=13,E=14, F=15




Number Base Conversion
N N N N NN N NN NNNNNNNENNNNNNNNNNNNNNNNNNNNNDNN,

The digital circuits and systems work strictly in binary form. We are using octal and hexadecimal only
as a convenience for the operation of the systems

)y g

1. Conversion of Decimal numbers into any radix number To

>

>




Number Base Conversion
N N N N NN N NN NNNNNNNENNNNNNNNNNNNNNNNNNNNNDNN,

The digital circuits and systems work strictly in binary form. We are using octal and hexadecimal only
as a convenience for the operation of the systems

()

To




Conversion of Decimal numbers into any radix number

Steps in Successive Division Method:

1. Divide the integral part of decimal number by desired base number.
( store quotient and remainder ).

2. Consider the quotient as a new decimal number and repeat step1 until quotient becomes
zero.

3. List the remainders in reverse order. (From bottom to Top)

Example: 19=2
/Dividend Diviso r— , 19l/DlVldend
Divisor—> 2 D 19 ([ 9€—Quotient 9 — |

-18_ ™

Quotient Remainder
1 R

Remainder




Conversion of Decimal numbers into any radix number

Steps in Successive Multiplication Method:

1. Multiply the fractional part of decimal number by desired base number.

2. Record the integer part of product as a carry and fractional part as new fractional.

3. Repeat stepl and step2 until fractional part of number becomes zero (or) until we have

many digits as necessary for your application.

4. Read carry downwards to get desired base number.
Example: 1896.456
Integer = 1896

Fractional Part = .456




Conversion of Decimal numbers into Binary number

0000000000000 0000000000000000O0OCOCGOGOCGOOOOOOTOY
Convert decimal number 37.95 into binary equivalent.

- (3795)10 — ( ? )2 In Fractional Part : By Successive Multiplication method
Integer Part = 37/ 095 x2=190= 09 —1
Fractional Part = ().95 09 x ) 1.8 0.8 —

In Integer Part: By Successive division method 08 x 2 1.6 0.6

37 06 x2=12=02
198:(1)‘ 02 X 2= 04 =04
04 x 2= 08= 08
50 08 x2=16= 06
1—0 (0.95),,=(1111001),

(37),, = (100101), . (37.95),=(100101.1111001)




Conversion of Decimal numbers into Binary number

0000000000000 0000000000000000O0OCOCGOGOCGOOOOOOTOY
Convert 12.125 decimal number into binary equivalent.

[Selutioni] (12.125),, = ( ?),

Integer Part= |?
Fractional Part = ().125

In Integer Part: By Successive division method

2 12
2| 6 —0%
21 3—0

1 —1

—

12), = (100),

In Fractional Part : By Successive Multiplication method

0.125x 2 = 0.25=0.25 —0
025 x 2 =05 =
05 x2=10 =
00 x 2 =100 =

(0.125),, = (0010),

.. (12.125),, = (1100.0010),




Conversion of Decimal numbers into Octal number

0000000000000 0000000000000000O0OCOCGOGOCGOOOOOOTOY
Convert decimal number 658.825 into Octal equivalent.

- (658825)10 = (? )8 In Fractional Part : By Successive Multiplication method

Integer Part = H5§ 0.825x § 6.6
Fractional Part = ().825 06 X 8 4.8 0.8

In Integer Part: By Successive division method 0.8 x 8 6.4 0.4

8 | 658 04 x 8 3.2 =02

8| 82—2 — =

8 o= 5 02 x 8 1.6 - 0.6
| — 9 0.6 = 48 = (.8
0.8 6.4 = 0.6

(0.825),, = (646314 ),

(658),,= (1222 ), .*.(638.825), = (1222.646314),




Conversion of Decimal numbers into Hexa decimal number

0000000000000 0000000000000000O0OCOCGODODOOOOOOOOOY
Convert 5386.345 decimal number into Hexadecimal equivalent.

-(53863 45)1(): ( ? )16 In Fractional Part : By Successive Multiplication method
Integer Part = 5386 0345 x16= 5.52=0.52 —5
Fractional Part = (),345 052 x16= 832 =032 —8

In Integer Part: By Successive division method 032 x16=5.12=0.12 —5

1615386 0.12 x16=192=092 —1 |
16[236—10(A) t

16 211: <5) (0.345),, = (5851),,
. (5386.345), =(150A.5851),,

(5386),,= (150 A),




Conversion of Decimal numbers into any radix number

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Convert decimal number into Hexa decimal equivalent.

Convert decimal number into Hexa decimal equivalent.

Convert decimal number into Binary equivalent.

Convert decimal number into Octal equivalent.




Conversion of Binary numbers into any radix number

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Convert 100101.1111001 Binary number into decimal equivalent.

Solution: | (100101.1111001), = ( ? )10

2524232%2! 20 27272022
(1 101.1111001),

) 1x2°4+0x2° +0x2° +1x2240x2] + 1x27 '+ 1x2 24 1x2 7+ 1x2744+0X2 7 +0x2 4 1x2
1 .1 1 11

2°2
00

—> 1x32+0x16+0x8 +1x4 +0x2 +1x1 + 1X%+1X?+1X ?+1X?+OX§+OX 26+1X 57
mmmm) 1x32+0x16+0x8 +1x4 +0x2 +1x1 + 1x0.5+1x0.25+1x0.125+1x0.0625+0x0.03125

+0x0.015625 +1x0.0078125
mem) 32 +0 +0 +4 +0 +1 + 05 +025 +0.125 +0.0625 +0 +0

) (37.9453125),, = (100101.1111001), +0.0078125




Conversion of Binary numbers into Octal number

Procedure for Binary to Octal Conversion:

1. Base or Radix for binary number is 2 and octal is 8.

2. The base for octal number is the third power of the base for binary number.

Base for octal number is 8 — 23

3. Make a group of 3 bits starting from binary point towards MSB, add zero’s at MSB side
if required and starting from binary point towards LSB, add zero’s at LSB side if required.

Example: (1100101.1111001), 001 10%101‘1 1 1‘1()0|]()O

4. By grouping 3 digits of binary number and then convert each group bits to its octal
equivalent.




Conversion of Binary numbers into Octal number

000000000000 000000000000000O0C0O0CCGOCOCOCROCFOCPOCIONCIOTS
Convert 1010110.0111011 Binary number into Octal equivalent.

[Solution:| (1010110.0111011), = ( ? ), 42 1 421
22 ot 20 922l 0
MSB-—>‘001‘O 1 0‘1 10‘ o 1 1|1 0 1|10 0/«—LSB

1 2 6 . 3 5 4

Convert 111101100 Binary number into Octal equivalent.

[Selution:| (111101100),= ( ? ), ‘1 i 1‘1 o111 0 0‘




Conversion of Binary numbers into Hexadecimal number

Procedure for Binary to Hexa Decimal Conversion:

1. Base or Radix for binary number is 2 and Hexa decimal is 16.

2. The base for Hexadecimal number is the fourth power of the base for binary number.

Base for Hexadecimal number is 16 = 24

3. Make a group of 4 bits starting from binary point towards MSB, add zero’s at MSB side
if required and starting from binary point towards LSB, add zero’s at LSB side if required.

Example:(1100101.1111001), 01 11()1()1‘1 11 1F01(1

4. By grouping 4 digits of binary number and then convert each group bits to its
hexadecimal equivalent.




Conversion of Binary numbers into Hexa Decimal number

000000000000 000000000000000O0C0O0CCGOCOCOCROCFOCPOCIONCIOTS
Convert 1011110.0111011 Binary number into Hexa decimal equivalent.

[Solution: | (1011110.0111011),=( ?), g 4 2 1
2% 222" 2°
MSB —> 0101‘1110‘0111‘0110‘(——LSB

5 14(E) . 7 6

Convert 111101100 Binary number into Hexa decimal equivalent.

[Selution:’ (111101100),= ( ?),, ‘0001 1110110 0‘

1 14 (E) 12 (C)




Conversion of Binary numbers into any radix number

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Seinplle Convert 1101100010011011 Binary number into Hexa decimal equivalent.

Seinplles Convert 10010001011.00101110 Binary number into Hexa decimal equivalent.

Sty Convert 1010110.0111011 Binary number into Decimal equivalent.

Seini s Convert 11110110.0111011011 Binary number into Octal equivalent.




Conversion of Octal numbers into any radix number

0000000000000 0000000000000000O0OCOCGOGOCGOOOOOOTOY
Convert 7456.732 Octal number into decimal equivalent.

Solution: (7456.732), = (7? )10

0

8% 8°8' 8
(7456

37878~
73 2),
mmmm) 7x8° +4x8%+5x8' +6x8° + 7x87' +3x872+2x8™

1 1 1
mmm) 7x512 +4x64 +5x8 +6x1 + 7x§+3x 8_2+2X8_3

mmms) 3584 +256 +40 + 6 + 7x0.125 +3x0.015625 +2x0.001953

mmmm) 3584+ 256+40 +6 + 0.875 +0.046875 + 0.003906

(3886.92578),, = (7456.732),




Conversion of Octal numbers into Binary number

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Each digit of octal number is converted into its binary equivalent.

Procedure for Octal to Binary Conversion:

Convert octal number 634 into its Binary equivalent.

[Sefationd| (634),= ( ?),

write equivalent 3 bits binary number for each octal digit.
6 3 4

Vv

110,011} 100
Remove any leading or tailing zeros. .. (634), = (110011100),
(110011100), = (634),




Conversion of Octal numbers into Binary number

0000000000000 00000000000000OCOCGOCGOGOCGOOOOOOVOYS
Convert octal number 725.63 into its Binary equivalent.

[Selution: (725.63),= ( ? ),

write equivalent 3 bits binary number for each octal digit.

7 2 5 ¢ 6
\ ¥ ¥ ¥
1 1

11010 | 101} 1

3
v
1

1

01011

Remove any leading or tailing zeros.
(111010101.110011), = (725.63),

. .(725.63), = (111010101.110011),




Conversion of Octal numbers into Hexa Decimal number

Getal mumber: R vy number: SR Fcvs Decimal umber

Procedure for Octal to Hexa Decimal Conversion:

Convert octal number 634.56 into its Hexa decimal equivalent.

- (634.56)=( ? ),

Write equivalent 3 bits binary number for each octal digit.
Make a group of 4 bits starting from

6 + % LSB for integer part and MSB for
‘1’ ‘1’ ‘1’ fractional part by adding zero’s at
1

110 1 00el 01 ends if required.




Conversion of Octal numbers into Hexa Decimal number

Getal mumber: SO 51y umber, SR (1o, Dccimal mumber,

Procedure for Octal to Hexa Decimal Conversion:

Convert octal number 634.56 into its Hexa decimal equivalent.

-(634'56)8 = (2 )

Write equivalent 3 bits binary number for each octal digit.

3 4 5 NP IPRENII ¢ 4 bits starting from
5> 1or mteger part and MSB for

‘1': ‘1’ ‘1’ :‘1’ fractional part by adding zero’s at
10 0410 1]1F1 0/00] ms) EERFTIY

! ! :

i 12©p 11(B), el Hiexadecimal Number

(19C.B8),, = (634.56), .. (634.56), = (19C.B8);




Conversion of Octal numbers into Hexa Decimal number

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Convert octal number 615.25 into its Hexa decimal equivalent.

- (615.25); = ( ? )

Write equivalent 3 bits binary number for each octal digit.

-
-
-
ek
—_ € O\
-

0

[
o0

1
v
0

(18D.54),,

. (615.25),

ek

5 ¢ 2

y

10 1601 0

13(D)i

(615.25),
(18D.54),,

|
|1:

5

V

01

4

[ > Octal Number

i
00} )
|:> Hexadecimal Number

Make a group of 4 bits starting
from LSB for integer part and MSB

for fractional part by adding zero’s
at ends if required.




Conversion of Octal numbers into Hexa Decimal number

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Convert octal number 615.25 into its Hexa decimal equivalent.

- (615.25); = ( ? )

Write equivalent 3 bits binary number for each octal digit.

-
-
-
ek
—_ € O\
-

0

[
o0

1
v
0

(18D.54),,

. (615.25),

ek

5 ¢ 2

y

10 1601 0

13(D)i

(615.25),
(18D.54),,

|
|1:

5

V

01

4

[ > Octal Number

i
00} )
|:> Hexadecimal Number

Make a group of 4 bits starting
from LSB for integer part and MSB

for fractional part by adding zero’s
at ends if required.




Conversion of Octal numbers into any radix number

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
eI A Convert Octal numbers into Hexa decimal equivalent.

ennd VA Convert Octal numbers into Hexa decimal equivalent.

eI N Convert Octal numbers into Decimal equivalent.

RN 8 Convert Octal numbers into Octal equivalent.




Conversion of Hexadecimal numbers into any radix number

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Convert 8A9.B4 Hexadecimal number into decimal equivalent.

Solution: (8A9.B4),, =(7?), ,
16’16'16° 16716°
(8A9.B4),
) 8x16%Ax1649x16° + Bx16 +4x16
1 1
mms) 8x256+10x16+9x1 +11XE+4XF

mmmm) 2048 +160 + 9 + 11x0.0625+4x0.00390625

mmmm) 2048+ 160 +9 4+ 0.6875+ 0.015625

(2217.70313),, = (8A9.B4);;




Conversion of Hexadecimal number into Binary number

0000000000000 00000000000000OC0CGOCGOCGOCGOCGOOOOOOOY
Convert Hexadecimal number 7CA.F3 into its Binary equivalent.

Wi Each digit of hexadecimal number is individually converted
GG 1CAF3) = (7), WSS eh d y

to its binary equivalent using 4 binary bits per digit.
write equivalent 4 bits binary number for each Hexadecimal digit.

7

v

0111

C

v

1100

A

v

F

v

3

v

1010r1111

Remove any leading or tailing zeros.
(011111001010.11110011),= (11111001010.11110011),= (7CA.F3),,

.. (1CAF3), = (11111001010.11110011),




Conversion of Hexadecimal number into Binary number

0000000000000 00000000000000OC0CGOCGOCGOCGOCGOOOOOOOY
Convert Hexadecimal number 3FD into its Binary equivalent.

[Soliiions]| (3FD),, = ( 7)),

write equivalent 4 bits binary number for each Hexadecimal digit.
3 F D

VI ovo|

0011 1111{1101

Remove any leading or tailing zeros.
(00111111101, = (A11111101), = (3FD),,

. (3FD), = (111111101),




Conversion of Hexadecimal number into Octal number

Procedure for Hexadecimal to Octal Conversion:
1. Convert hexadecimal to its binary equivalent and then convert binary to its octal
equivalent

2. Write equivalent 4 bit binary number of each hexadecimal digit.

3. Make a group of 3 bits starting from binary point towards MSB, add zero’s at MSB side
if required and starting from binary point towards LSB, add zero’s at LSB side if required.

Make a group of 3 bits starting from LSB for integer part and MSB for fractional part by

adding zeros at ends if required.
0110110101004101000010
313|2]445]0 2‘

Example: (6D4.Al) | ¢ | D | 4 t A ‘ 1 ‘
01101101'010081010% 0001

4. By grouping 3 digits of binary number and then convert each group bits to its octal

equivalent.




Conversion of Hexadecimal number into Octal number

Hexa Decimal number: | > I > Octal number:

Procedure for Octal to Hexa Decimal Conversion:

Convert Hexa decimal number 25B.DC into its octal equivalent.

[Selution:| (25B.DC),= ( ? ),

o
SN EEE Write equivalent 4 bits binary number for each Hexa digit.
<1588 Make a group of 4 bits starting from

B l D LSB for integer part and MSB for

‘1’ ‘1’ fractional part by adding zero’s at
1011} 1101 ends if required.




Conversion of Hexadecimal number into Octal number

Hexa Decimal number: | > I > Octal number:

Procedure for Octal to Hexa Decimal Conversion:

Convert Hexa decimal number 25B.DC into its octal equivalent.

[Selution:'| (25B.DC), = ( ? ),
Write equivalent 4 bits binary number for each Hexa digit.
Gte - : f 3 bits starting from
Hexadecimal Numb 5
5 B oD C |EARES o1 Bkt At part and MSB for

‘b :‘1’ ‘1’: ‘1’ fractional part by adding zero’s at
§01141101| 1100 I:>ired.

! !

7 | )

(1133.37),=(25B.DC),, . .(25B.DC), = (2633.67)




Conversion of Hexadecimal number into Octal number

Fewa Decimal number: [N birory mumber: R

Procedure for Octal to Hexa Decimal Conversion:

Convert Hexa decimal number 3F6.56 into its octal equivalent.

[Seltiont| (3F6.56) .= ( ? ),

Write equivalent 4 bits binary number for each hexadecimal digit.

S e ts starting from

F 6 5 6 SE(e ocr part and MSB for

‘L :‘1' ‘1’: ‘L fractional part by adding zero’s at
1111|0110 0101 O]J:IO |:> Binary Number [JeB

i I !
7 i 6 i 6 i 2 i 5 i ' |:> Octal Number

(1766.254),= (3F6.56),, .. (3F6.50),, = (1766.254),

[——y

S <« u

QR ——
ek




Conversion of Hexadecimal number into Octal number

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
st HE Convert Hexa decimal number into Octal numbers equivalent.
BC66.AF

s A Convert Hexa decimal number into Octal numbers equivalent.

el Convert Hexa decimal number into Decimal equivalent.

et Convert Hexa decimal number into Binary equivalent.




Relation between Decimal ,Binary ,Octal and Hexadecimal number

S.No  Decimal number Binary number Octal number Hexadecimal number

0000 00
0001 01
0010 02
0011 03
0100 04
0101 05
0110 06
0111 07
1000 10
1001 11
1010 12
1011 13
1100 14
1101 15
1110 16
1111 17

=)

0
1
2
3
4
5
6
7
8
9

S N = Wy ey
B W N =S
Sl Sl e ol -- B TR - TR =Y B R S

[
wn




Conversion of any radix number into Decimal numbers

Where N=no.in decimal
A =digit,
r =radix or base of a number
n = no.of digits in integer portion.
m = no.of digits in fractional portion.

. n—1 n—2 n-3 0 -1 -2
N=A 1 +A r "+A r ... +Ar +A 1 +A r°+




Conversion of any radix number into Decimal numbers

000000 0000000000000 00000000000000000000
Convert (3102.12), into decimal equivalent.

Solution: |  (3102.12), = ( ?),

43 42 41 40 4—14—2
B3102.12),

=) 3x47 40x4' +2x4° + 1x47'42x47

_ 1 1
) +1x16 +0x4 + IXZ+2X?

=) +1x16+0x4 +2x1 + 1x0.25+2x0.0625
199 16 40 £ 4 +0.125

(210.375),, = (3102.12),




Conversion of any radix number into Decimal numbers

000000000000 000000000000 00000000OCOCDOCGOCGOOCGIOGNINTS
Convert (11010010), into base 4 number .

inary number: [ESE ccimal number: [SEN Any adix number

27262°24232%2'2°
[Seliiionill (11010010), = () (17010010),

41210

. W
|:> 1X27 +1X26+OX25 +1X24 +OX23+OX22 +1X21 +OX20 j- 52 2

13 —O0
m)] x 128+ 1x64+0x32+1x16 +0x8 +0x4 +1x2 +0x1 3 —1

mem) 128 +64 +0 +16 +0 +0 +2 +0 (3102),= (210),,
) (210),,= (11010010), .. (210),,= (3102),

. (11010010), = (210),, = (3102),




Conversion of any radix number into Decimal numbers

000000 00000 000000000000 00000000000000990
Given that (16),, = (100), find the base “b”.

Solution: | (16),, = (100), (1?11600) _(119281 l())‘;
10~ b

mem) 1x10'+6x10° = 1xb*+0xb'+0xb’
mem) 1x10 +6x1 = 1xb”+0xb +0x1

mmm) 10 +6




Conversion of any radix number into Decimal numbers

00000000000 000000000000000000O0OGCGOGOCGIOGIOIOGIOGNOGS
Determine the value of base x if (193) = (623), .

Solution: | (193) = (623),  x’x'x" g2 gl g0 x*+9x-400 = 0
(193),=(623)| x+25x-16x-400= 0
= 6x8242x8' +3x8°? | X(x+25)—16(x+25) =0

6x64 +2x8 +3x1 (x—16)(x+25)=0
(x—16)=0,; (x+25)=0
6x64 +2x8 +3x1

: x=-25
384 +16 43 7

403 V. X =16
403 -3
400




Conversion of any radix number into Decimal numbers

000000 0000000000000 00000000000000000000
Convert (475.25), to its decimal number .

Given that (64),= (100), find the base “b”.

Determine the value of base ‘a” for the following .
(225) = (341),
(211),= (152),




Conversion of Hexadecimal number into Octal number

00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS
1. Convert the following to decimal and then binary

) (2311, Qi) (5446),  iii) (7444),  iv) (158); V) (7667)

2. Convert the following numbers

1) (6753); =(7),, 1) (95.75),,=(?), iii)) (111101.0101), =(?), & (?),
3. Convert (225.225),,to binary , Octal and hexadecimal

4. Convert the following numbers

i) (1776),, =(?), i) (3.1415),=(D), ii) (1023222), =(?),

iv) (220012112021.102), = (?),
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Binary addition

Binary addition:- Digital computers perform various arithmetic operations the most basic operation is
addition of two binary bits.

0+ 0 =0
0+ 1 =1
1+ 0 =1
1 + 1 =10 withcarryl

Add binary number (1101), and (1101), (1101.101);+(111.011),

11
110
110
10 1

1




Binary Subtraction
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

Binary Subtraction:- The following are the rules for binary subtractions.
0 -0 =20

= ] with borrow of 1

0 - 1
1 -0 =1

1 - 1 =0
subtract (11}, 111), from (1010.01), (1011.101), = (101.01),
011011 &10 10 10

Yoxroowxrey
-0 1 1T 1111

0010011

‘ (1010.01), - (111.111), = (0010.01 1)2\ .. (1011.101),- (101.01), = (0110.011),




Binary Multiplication

Binary Multiplication:- The rules for binary multiplication are

0x 0 =0 Multiply (1011.101) py(101.01),

0x1 =20 01 1101x10101
1 x0 =0

I x 1 =1
Multiply (1101), by (110),

01
0

1
1
0
1
0
1

1
0
0
|
0
0
]

ol—oo—m < —— |

00001
..(1011.101),x (101.01),=(111101.00001),




Binary Division
00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS
Binary Division: O + 0 = 0 Meaningless
0 -1 =20
1 + 0 = I Meaningless
I -1 =1

Divide (101101), by (110),
10
110 Jo1101 (1111

110),




Complements

Complements are used in digital computers for simplifying the subtraction operation and for logical
manipulation.

i r's complement (or )Radix complement ii (r-1) complement (or )Diminished radix complement
Binary = 2’S Complement (2-1)=1"S Complement
Decimal =10’S Complement (10-1)=9’S Complement
Octal = 8’S Complement (8-1)=7"S Complement

Hexa Decimal =16’S Complement (16-1)=15’S Complement



1’s complement representation
000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY

n 1’s complement representation:-

The 1’s complement of a binary number is the number that results when we change 1’s to 0’s and 0’s to 1’s.

Find the 1’s complement of 11010100.

[Selaions| (110010100, (1 1001010 0),

001101011

1’s complement of a binary number (1 1001()1()()) s (OO] 10101 1) )
Find the 1’s complement of 110111101

JBiEeR (10111100, (10111101,
001000010

1’s complement of a binary number (110111101) 1 (001000010) )




2’s complement representation
000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY

n 2’s complement representation:

The 2’s complement of the binary number is when we add 1 to the one’s complement of the binary
number for least significant bit.

2’s complement = 1’s complement + 1 (at LSB)

Find the 2’s complement of (11000100),

- Given that (1 1000 100)2

1100
1’s complement of (1 1000100)2 is 1(010 1 1

Tscomplementis () ) 1 1 1 0 1 1
+ |
2’scomplementis 0 O 1 1 11 00

0100),
101 1)

2

Wit The 1's & 2’s complement form
is used to represent negative

", 2's complement of (1 100010())2 is (111100) N numbers.




9’s complement representation

m 9’s complement representation:-

9’s complement of a decimal number is obtained by subtracting each digit from 9.

Find the 9’s complement of decimal number 546700.

[Solution:| (546700),, 999999

546700
453299

., 9’s complement of (546700)10 is (453299)10
Find the 9’s complement of decimal number 25.639.

SeiEeRl (25.639),

", 9’s complement of (25639)10 is (74360)10




10’s complement representation
000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY

10’s complement representation:

The 10’s complement of the decimal number is when we add 1 to the LSB of 9's complement of the
given decimal number.

10’s complement = 9’s complement + 1 (at LSB)

Find the 10’s complement of (012398)10

-Giventhat (012398)10 99

-0 1
9’s complement of (012398)10 is (9_8

9’s complement is 9 8 7 6 () 1
—~ |

10’s complement is 9 8 7 6 () 2

°. 10s complement of (012398)10 is (987602)10

9
2
Ji




Workout Problems

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Find 2’s complement of (01.001 1)2

Find 9's compliment of (0.3267)10

Find the 2’s complement of (0.01 10)2

Find 1’s complement of (0.0110),




Subtraction with (r-1) complement

Procedure for Subtraction with (r-1) complement:

1. The subtraction of 2 positive numbers M and N is (M-N), both of base r system is as
follows.

Minuend ——> \[ -]\ €——Subtrahend
2. Stepl: Add the minuend M to the (r-1)’s complement of the subtrahend N.

3. Inspect the result obtain in step1 for an end carry
a) If an end carry occurs add 1 to LSB. (End around carry).

b) If an end around carry does not occurs take the (r-1) complement of the number
obtain in stepl and place a negative sign in front of it.




9’s complement representation

00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS
Using subtract 72532 - 03250

Solution: M = (72532)10 N = (03250)10 Step1: Add M+ 9'81C0m}1)1ement of N

_ M=72532
M=72532 +N=196749

N=03250 CarryE69281

(M-N) 69282

Step 2: | If carry is generated add carry to the LSB

9’s complement of N is of result
69281 End around Carry

- ) O

692 82
", 9’s complement of (03250)10 is (96749)10 - (72532)10— (03250)1():(69282)10




9’s complement representation

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
b) Using subtract 03250 - 72532

Solution: | M = (()325())10 N = (72532)10 Step1: Add M+ 19’5 colmplement of N

M=03250
+N= 27467

30717
Step 2: |If carry is not generated (r-1) = 10-1=9’s

M=03250

N=72532
M-N) 69282

complement of obtained result and place
-ve sign to number .

99999
B =307 17

- 69282
. (72532),, = (03250),, = - (69282),,

9’s complement of N is

"9 complement of (72532)10 1S (27467)10




1’s complement representation

00000000000 000000000 000 000000OC0OCBOCGVKCOIKCNOGNIINIGINTS
a) Using 1's complement subtract(1010100),~ (1000100),

Solution:: M = (1010100),N = (1000100), | [Step: Add M+ %’slcomplement of N

M=1010100 M= 101

N=1000100
M-N) 0010000

Step 2: | If carry is generated add carry to the LSB

of result
1111
0001111 End around Carry

+ D

0010000
.*.(1010100),-(1000100), = (0010000),

1’s complement of N is

", 1’s complement of (1000100)2 is (011 101 1)2




1’s complement representation

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
b) Using 1’s complement subtract (1000100)2—(1010100)2

Solution: | M = (1000100), N = (1010100),

M=1000100

N=1010100
M-N) 0010000

1
1’s complement of N is ()

", 1’s complement of (1010100)215 (0101011)2

Step 1: | Add M+ 1’s complement of N

M= 1000100
1101111

Step 23| If carry is not generated (r-1) =2-1=1's
complement of obtained result and place
-ve sign to number .

result is

1’s complement resultis = ()

.*.(1000100),=(1010100), = = (0010000),




Workout Problems

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Perform (28)10— (15)10using 6 bit 1’s complement representation.

Perform (15)10— (28)10using 6 bit 1's complement representation.




Subtraction with r's complement

Procedure for Subtraction with r's complement:

1. The subtraction of 2 positive numbers M and N is (M-N), both of base r system is as
follows.

Minuend ——> \[ -]\ €——Subtrahend
2. Stepl: Add the minuend M to the r’s complement of the subtrahend N.

3. Inspect the result obtain in step1 for an end carry
a) If an end carry occurs discard it.

b) If an end around carry does not occurs take the r's complement of the number
obtain in stepl and place a negative sign in front of it.




2’s complement representation

00000000000 000000000000000000O0OGCGOGOCGIOGIOIOGIOGNOGS
a) Using 2’s complement subtract (1010100)2— (1000100)2

Solution: M = (1010100)2N — (1000100)2 Step 1: Add M+ %’Slcolmlilement of N

- M= 1010100
M=1010100 #N=10111100

=1000100
(M—Nl;I 0010000 End Carry-— (1000 100 0 0
Step 2: | If carry is generated , then discard the

1000100 carry.

e complementof Nis 0111011 | DiscardtheCarry —>D0 010000
; | ©010000),
2’s complement of N is () 111100

.*.(1010100),= (1000100), = (0010000),

", 2’s complement of (1000100) )18 (Ol 11 100)2




2’s complement representation
000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
b) Using 1’s complement subtract (1 000100)2— (1010100)2

Solution: M = (1000100)2N = (1010100)2 Step1:| Add M+ 2’s CO{n}ilement of N

M= 1000100
1110000

Step 2: If carry is not generated , r's complement

M=1000100

N=1010100
M-N) 0010000

1010100 of obtained result and place -ve sign to

1 1 number'resul is 1 110000
T'scomplementof Nis ) 1 01 01 1 t 1111

+ 1 1’s complementresultis () 0 0 1 11 1
2’s complement of N is () 101100 +

. 2’s complement resultis = () () 10000
. 2’s complement of (1010100)218 (0101 100)2 - (1000100)2_ (1010100)2 — - (0010000)2




10’s complement representation

00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS
Using subtract 72532 - 03250

Solution: M = (72532)10 N = (03250)10 Step1: Add M+ 10’15 complement of N

- M=72532
M=72532 +N=196750

N=03250 CarryE69282

(M-N) 69282
Step 2: | If carry is generated , then discard the
9’s complement is 9 9 Q Q 0 carry

-03250 Discard the Carry

9’s complement of Nis 9 ¢ 7 é]l 0
+ ]
10’s complementof Nis 9 6§ 7 5§ ()

. 10’s complement of (03250)10 is (96750)10

. (72532),, = (03250),, = (69282),,




10’s complement representation

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Using subtract 03250 - 72532

Solution: M = (03250)10 N = (72532)10 Step1: Add M+ 110’5 Clomple_ment of N

M=03250
+N:27468
30718

Step 2: | If carry is not generated , r's complement |¢f
obtained result and place -ve sign to numb

M=03250

N=72532
M-N) 69282

9’s complement is 9 9 9  Q

_ 9’s complement is 9 9 9  Q
125372 -30718

9’s complementof Nis 2 7 4 6 7 9’s complementof Nis § 9 2 8 |
+ ] +. l
10’s complement of Nis 2 7 4 6 § 10’s complement of Nis =6 9 2 & 2

", 10’s complement of (72532)10 is (27468)10 . (03250)10- (72532)1(): —(69282)10




Workout Problems

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Perform subtraction operation using 9’s complement.

a) (2928.54),~ (416.73),  b) (416.73),,~ (2928.54),,

Perform subtraction operation using 10’s complement.

2) (2928.54), - (416.73),,  b) (416.73),,~ (2928.54),,

Perform subtraction operation using 1’s & 2’s complement.

2 (11010), = (10000),  b) (10000), = (11010),

Perform subtraction operation using 1’s & 2’s complement.

2 (11010), = (1101), b (1101), = (11010), <o (1100), = (1100),




Comparison between 1’s complement and 2’s complement:

% The 1's complement as the advantage of being easier to implement by digital components.
since the only thing that must be done is to change 0’s into 1’s and 1’s into 0’s.

The implementation of 2’s complements may obtained in two ways.
By adding 1 to the LSB of the 1’s complement.

By leaving all leading zeros in the LSB position and the and only then
changeinall1’sto0’sand all 0’s to 1’s .

During subtraction of two numbers by complements the 2’s complement is advantageous in
that only one arithmetic operation is required. But the 1’s complement requires two
arithmetic additions when an end around carry occurs.

The 1’s complement has additional disadvantages of possessing 2 arithmetic zeros. One with
all 0’s and one with all 1’s.
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OVERVIEW

“* Signed magnitude representation
** Signed binary numbers
“* Octal Arithmetic




Signed magnitude representation

00000000000 0000000000000 0000000O0OCOCGOCGOGIOGIOGININITS
Signed binary numbers:

1. We can use positive sign to represent positive numbers and negative sign to represent
negative numbers in decimal system.

2. However because hardware limitations in computer both positive and negative numbers
are represented with only binary digits.

3. The MSB (Left most bit) of the number represents sign of the number.

4. The sign bit is 0 for positive numbers and sign bit is 1 for negative numbers.

The signed binary numbers are represented by using
a) Signed magnitude representation.
b) 1’s complement representation.

c) 2's complement representation.




Signed binary numbers

Signed magnitude representation:

1. The signed magnitude representation of binary numbers, the MSB is reserved for the
sign of the numbers.

Normally MSB =0 stands for positive numbers

MSB =1 stands for negative numbers

2. The disadvantage of the system is the size of the number that can be represented with a
given length of register is reduced.

B, B, B, B, B, B, B, B,

1 3

MSB

Sign Bit Magnitude
The above figure shows 8 bit register.

MSB=0 —»+ve MSB=1 — -ve




Signed magnitude representation

000000000000 000000000000000O0C0O0CCGOCOCOCROCFOCPOCIONCIOTS
1. +6 2.-14 3. +24 4.-64 represent in 8 bit sign magnitude form

Solution: +6 00000110
10001110

00011000
11000000




1’s complement representation and 2’s complement representation

000000000000 000000000000000O0C0O0CCGOCOCOCROCFOCPOCIONCIOTS
1. +9 2.-9 represent in 8 bit sign magnitude form

00001001
10001001

. -9 represent in 8 bit 1’s complement form

00001001
11110110

. -9 represent in 8 bit 2’s complement form

00001001
11110111




1’s complement representation and 2’s complement representation

Note: In case of positive numbers signed 1’s and 2’s complement of the number is same as it
is of true form of the number.

Note: = The maximum positive and minimum negative numbers for a n bit binary numbers
which can be represented in sign magnitude form + (271-1) to - (2™1-1).

if n=3 the maximum and minimum number represented is + (23-1-1) to - (2%1-1)
+ (27 -1 to - (27 -1)
+(2°=1)to - (2°-1)
+(4-1)to - (4-1)
+3 to -3




Subtraction of signed numbers:

0000000000000 000000000 000 00000O0OCOCOCOCIOGNOGNIINGIYS
2’s complement of 7 bit register for following numbers.

Solution: +6=0000110

9 =0001001
+15=0001 111

2’s complement of 7 bit register for following numbers.

6 =1000110 -6=1000110

£9=0001001 1
Tscomplement | 1 1 10 0]

2’s complement + 1

2scomplement | 111 0 10

Solution:




Comparison between Signed Magnitude , 1’s and 2’s Complement

To illustrate the effect of these 3 representations, we consider 4-bit binary representation
and draw the below table. Carefully cbserve the differences in three methods.

Decimal Signed I's complement 2’s complement
Magnitude

+i
+1

H RS Qo o D
= QR D DD
kR Rl Rl Qe
=R o o 2
e = T e T = T S R e B e
[ N R e T Y e R e |

0
0
0
0
0
0
0
0

I
T e o T S S Y S P e T e e O e S e e T
e e B - T == R e R e T Y N T e e Y o Y
EHEQ QBB QO Q2 QQ@ @R Q@ Q
[ = = = R = R R == T = Y

e e e e i e e
= =R QO O 2
[ e B == = T I R e R e
= N S e R R e Y i

Different signed representation




Subtraction of signed numbers:

00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS
Add -17 to +30 in 1’s and 2’s complement form using 8 bit.

Add -20 to +26 using 5 bit 1’s and 2’s complement representation.

Subtract 14 from 46 using 8 bit 2’s complement Arithmetic

Add -75 to +26 using 8 bit 2’'s complement arithmetic.

Add -45.75 to +87.5 using 12 bit 2’s complement arithmetic.




Representation of signed numbers using 2’s and 1’s complement method

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Add -17 to +30 in 1’s and 2’s complement form using 8 bit.




Octal arithmetic

00 00 0000 000000 000000 00000000000000000009 0
Octal addition:-

Procedure:

1. The sum of 2 octal digits is same as their provided that the sum is less
than 8.

2. If the octal sum is 8 or greater than 8 then subtract 8 to obtained octal digit. A carry is
when the octal sum is corrected in this way.

Perform the octal addition for the following

Solution: (4), + (6), =10 - 8 =(2), Withcarry1

(2)8 + (6)8 = 8 -8 =(O)8 With carry 1




Octal addition

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Perform the octal addition (167)8 + (325)8

Solution: (167)8 + (325)8 = (7 )8
1 1
1 6 7
3 2 5
5 (9-8) (2-3)
5 1 4

o adeT), + (325), = (514),

Note: If the octal sum of octal digit is 16 or >16 then
subtract 16 from each digit and set carry=2.




Octal Subtraction

00000000000 000000000000000000O0OGCGOGOCGIOGIOIOGIOGNOGS
Find the 8's of (346)8

Solution: (346) g

8’s complement =7’s complement + 1 (at LSB)

7’s complement is 7 7 7
-346
7's complement is 4 3 ]
+ 1

8’s complement is

", 8s complement of (346)8 is (432)8




Octal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Subtract (3 16)8 - (413)8 using 8’s complement method.

Solution: (5 16)8 - (413)8 = (7 )8 Step1: Add M+ ?’s colmplement of N

M = (516), N = (413) M= 5 1 6
) . + N = 1 3 6 5
7’s complement is ] 7 7/ Carry CD (9—868_8)(1 1—8)

413 I 1 0 3
7's complement of Nis 3 6 4 Step 2: | If carry is generated add carry to the LSB
+ | of result

8’s complement of Nis 3 6 5 Carry @ 1(1 (())3)3
8

", 8's complement of (413)8 is (365)8

. (316)g = (413), = (103),




Octal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Subtract (413)8 - (5 16)8 using 8’s complement method.

Solution: (413)8 - (5 16)8 = (? )8 Step1: Add M+ 8’s complement of N

M= 4 1 3
M= (413), N = (516), +N= 2 6 2

7’s complement is ] 7 7/ 6 7 5

— 5 1 6 Step 2. If carry is not generated, then ta.ke 8’s complement
7’s complement of N is 276 1 of obtained result and place -ve sign to number .

Result is -6715
8’s complement of Nis 2 6 2

7's complement of resultis 1 () 2
+ |

", 8s complement of (3 16)8 is (262)8

8’s complement of result is =] () 3

L (413)g = (516), = = (103),




Workout Problems Octal arithmetic

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Perform the octal addition (27.5)8+ (74.4)8

Subtract (66)8 - (45)8 using 8’s complement method.

Subtract (73)8 - (25)8 using 8’s complement method.

Subtract (25)8 - (73)8 using 8’s complement method.




Hexadecimal arithmetic

Hexadecimal addition:-
Procedure:

1. The sum of 2 Hexadecimal digits is same as their provided that the sum
is less than 16.

2. If the Hexadecimal sum is 16 or greater than 16 then subtract 16 to obtained
Hexadecimal digit. A carry is when the Hexadecimal sum is corrected in
this way.

Perform the Hexadecimal addition for the following

Solution: (B)16+ (9)16 =20 -16 =(4)16 With carry 1

(Dig+ (9),, = 16 -16=(0),, With carry 1




Hexadecimal addition

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Perform the octal addition (6E)16 + (C5)16

Solution: (6E)16 + (C5)16 = (7? )16
|

6 E
1 C 5

19 —-16)(19-16)
13 3

L (6E)s + (C5), = (133)4

Note: If the hexadecimal sum of hexadecimal digit is 32 or >32
then subtract 32 from each digit and set carry=2.




Hexadecimal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Find the 16s of (14A)16

Solution: (14A)1 6

16’s complement= 15’s complement + 1 (at LSB)

15’s complement is 151515
-1 4 A
15’s complement is E B §
+ 1
16’s complement is E B 6

*. 16’s complement of (14A)16is (EB6)16




Hexadecimal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Subtract (C4)16 - (7B)16 using 16’s complement method.

Solution:  (C4),, - (7B),, = (?) Step1: Add M+ 16’s complement of N

M= (C4),, N= (7B), M= €

| + N = | 8 5

15’s complement is |5 15 Carry @ (20 —16) 9
1

=/ B 4 9

15’s complement of N is § 4 Step 2: | If carry is generated, add carry to the LSB
+ | of result

Discard the Carry @’ 49
(4 9),

16’s complement of N is & 5

", 16’s complement of (7B),q is (85),6

.. (C4)16 = (7B)16 = (49)16




Hexadecimal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Subtract (7B)16 - (C4)16 using 16’s complement method.

Solution: (7B)16 - ((34)1 0 = (? )1 ] Step1: Add M+ 116’5 complement of N

M= (7B), N=(C4), M=—7 B
+ N = 3 C
15’s complement is 15 15 B (23-16)

—C 4 B 7

5’s complement of N is 3 B Step 2: If carry is not generated, then take 16’s complement
of obtained result and place -ve sign to number .

+ 1 15 15
6’s complement of N is 3 C Result is -B 7

15’s complement of resultis 4

8
*. 16’s complement of (C4)16 is (3C)16 N .
.. (7B)16 = (C4)16 16’s complement of resultis =4 0




Workout Problems Hexadecimal arithmetic

000000000000 0000000000 0000000000000 0C0CVKCGVC
Perform the Hexadecimal addition (4A6),,+ (1B3),,

Subtract (3 A)1 .= (SD)1 ; using 16’s complement method.

Subtract (SD)1 . = (3 A)1 , using 16’s complement method.

Subtract (4A6) o= (1B3) using 16’s complement method.

Subtract (]B3) .= (4A6) | 6usimg 16’s complement method.




Representation of signed numbers using 2’s and 1’s complement method

“ If the number is positive the magnitude is represented in its true binary form and a
sign bit 0 is placed in front of MSB.

% If the number is negative the magnitude is represented in 2’s or 1’s complement form
and sign bit 1 is placed in front of MSB.
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OVERVIEW

¢ Binary codes
¢ Classification of binary codes
“** BCD code or (Natural BCD code)or (8421)




Binary Codes

The digital data is represented, stored and as a group of binary bits.

The known as binary codes. Represent both numbers and letters of the
alphabets as well as many special characters and control functions.

To represent a group of 2" distinct elements in a binary code requires a minimum of
n bits. i.e., it is possible to arrange n bits in 2" distinct ways.




Classification of binary codes

Mainly binary codes are classified into 6 types

1. Weighted codes.

2. Non-weighted codes

. Reflective codes.

. Sequential codes.

. Alpha numeric codes.

. Error detecting and error correcting codes.




Classification of binary codes

codes.

P T T T

Weighted Non-weighted Reflective Sequential Alpha numeric Error detecting and
codes. codes codes. codes. codes. error correcting codes.

Excess-3 2421 8421 ASCII t Parity

Gray Code 5211 Excess 3 EBCDIC
5 Bit BCD Code Excess-3 Hollerith Code

Hamming Code

ASCII :: American Standard Code for Information Interchange

EBCDIC :: Extended Binary Coded Decimal Interchange Code




Classification of binary codes

“ In weighted codes each digit position of the number represents a specific weight.

% In weighted code each bit has a weight 8, 4, 2 or 1 and each decimal digit is represented
by a group of 4 bits.

(93)10 9 Decimal Number

3421 84121 5421 5421
1001 0011 BCDForm<—1 1 00 001 1




Classification of binary codes

“* Non weighted codes are which are not assigned with any weight to each digit position
i.e. each digit position within the number is not assigned a fixed value.

“* Excess-3, gray code and 5-bit BCD codes are non weighted codes.

% A code is said to be reflective when the code for 9 is the complement for code 0, 8 for 1,

s Excess-3, 2421, 5211 codes are reflective codes.

5211
9 1 111

Complement Complement

0 0000 1

“* Reflective is desirable in a code when the 1’s complement must be form.




Classification of binary codes

% In this code each succeeding code is 1 binary number greater than its preceding code.

+» 8421 and excess-3 are

% The codes which consist of both numbers and alphabetic characters are called alpha
numeric codes.

“* ASCII- American Standard code for Information Interchange.

“* EBCDIC- Extended binary code decimal interchange code




Classification of binary codes

“* When the digital information is in binary form. It transmitted from one system to another
system an error may occur. i.e. a signal corresponding to 0 may change to 1 or vice versa.

“* Due to presence of noise.

% To maintain the data integrity between transmitter and receiver, extra bit or more than 1
bit are added in data.

% The data along the extra bit/bits forms the code.

% Codes which allow only error detection called error detecting codes.

% Codes which allow error detection and error correction called error detecting and
correcting codes.

Eg:- parity and hamming codes.




BCD code or (Natural BCD code)or (8421)

“* The most common BCD code is 8421. BCD in which each decimal digit is represented
by a 4 bit binary number. This code is also called natural binary code.

% BCD is an abbreviation for Binary Coded Decimal.

Example Represent 14 in BCD form

- L
8421 8 4
01

14inBCDform (0 0 O 1

2 1
00

(14)10 in BCD formis = (001 0100




0000
0001
0010
0011
0100
0101
0110

0111
1000

1001

BCD code or (Natural BCD code)or (8421)

0000
0001

0010
0011
0100
0101
0110
0111
1110
1111

This is valid for 0 to 9 and invalid for (10-15).




Binary addition :- (BCD)

000000000000 0000000000 0000000O0OCOCOCGOCGVNOGIIOGINONNGTS
Binary addition :- (BCD)

Procedure:

1. Add 2 BCD numbers using ordinary binary addition.

2. If 4 bit sum is greater than equal to or less than 9 no correction is needed. The sum is in
proper BCD form.

3. If the 4 bit sum is greater than 9 or if a carry is generated from the 4 bit sum the sum is
invalid.

4. To correct the invalid sum add (0110)2 to the 4 bit sum.

5. Ifa from this add it to the next higher order BCD digit.




Binary addition :- (BCD)

0000000000000 00000000000000OCOCQOCOCOOIONOONONONOOTS
1. Sum=9 or less with carry 0

1. Sum=9 or less with carry 0

Add +6 imi:l +3

Solution:  +6 = 0 1 1
+3 = 0

19 = 1

0
|
|

01
00 BCD for 9 “valid number”




Binary addition :- (BCD)

0000000000000 000000000000000000O0OCOCOCCDCGCGDCCY
2. Sum >9 with carry 0

2. Sum>9 with carry 0

Add +6 and +8

Solution: +6 = 01 1 0 BCD form for6
+8 = 1000 BCDformfor8

+14 = 11 1 (0 BCD for 14 is “invalid number”
Carry 0

Add +6 for the BCDlsulm because the BCD sum obtained is invalid.

+14= 1110 \O 00 1}(\) 1 0 O, 14 in BCD form

+6=10110 { 11 f
Carry S:)O 1 O O ... (6)10+ (8)1():(14)10: 0001 0100




Binary addition :- (BCD)

00 000 0 0 000 00 0 00000000 000 0000000002000009 9
3. Sum > 9 or less with carry 0
3. Sum equals 9 or less with carry 1
Let us consider addition of +8 and +9 in BCD

Solution: | +8 = 1 0 0 0 BCD form for 8
49 =11 0 0 1 BCD form for9

c +'17 g 100 0 1 BCD for17 is “invalid number”
arry

In this case , Result (0001 0001) valid BCD number. But it is incorrect. To get the correct BCD
result . Correction factor 6 has to be added to the least significant digit as shown.

00010001 Result 17 in BCD form
110 6 /‘
B

S ®)t (9),=(017),,= 0001 0111

]
1

0
00010
\  \




Binary addition :- (BCD)

00000000000 000000000000 000000000OCDCOCVKOCCFIGNND
(24),, + (18),, Perform the addition in 8421 BCD.

Solution:

(24)10 = 00100100 BCDformfor?24

(18),= 0001 1000 BCDform for24
42),= 00 11 1100 “invalid BCD number”

Add 6to12

42 in BCD form

/

L (24),5+(18),,=(42),,= 0100 0010




Workout Problems BCD Addition

000000000000 000000000000000O0C0O0CCGOCKOCGROCROCFOCPOIONCNOTS
Perform the following addition in 8421 BCD

Cl) (48)10 + (58)10
b) (175),,+ (326),,

C) (589)10+ (199)10
d)(679.6),+(536.8),,




BCD Subtraction

BCD subtraction

Procedure:
1. Itis performed by subtracting the digits of each 4 bit group of the subtrahend from the

corresponding 4 bit group of the minuend.

If there is no borrow from the next higher group then no correction is required.

If there is a borrow from next group then (0110) is subtracted from the difference term

of this group




BCD Subtraction

0000000000000000000000000000000000000000
(38),, = (15),, Perform the BCD Subtraction in 8421 Code.

Solution: 011 10
(38)10 = 0011 X448 BCDform for 38

_(15)10 = 0001 0101 BCDformforil5
(23),,= 001 00011 “valid BCD number”

2 3

23 in BCD form

/

. (38),~(15),=(23),,= 0010 0011




BCD Subtraction

00 0000 0000000000000 000000000 00000000000
(206.7)10— (147 8)10 Perform the BCD Subtractlon in 8421 Code.

Solution: 011111 1@“@'1 10
206)= 00X OO0 X X9 .11 1 BCDform for 206.7

-(1478) 00010100 0111.1000 BCDformfor147.8
089)=00001011 1110.11T11

010
0000 &¥

11T 1110.111
110 0110 011
101}\1000}1\00

“invalid BCD number”

v v v
5 8 9

.(206.7),7(147.8);7 (058.9),7 0000 0101 1000.1001




BCD subtraction using 9’s and 10’s complement method:

BCD subtraction 9’s complement method

Procedure:

1. Find the 9’s complement of a subtrahend.

2. Add 2 numbers using BCD addition (minuhend+9’s complement of subtrahend).
3. If carry is generated, add it to the LSB of result.

4. If carry is not generated, takes 9’s complement of result and result is negative .




BCD subtraction using 9’s and 10’s complement method:

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Perform Subtract (46)10 - (22)10 in BCD using 9’s complement method.

Solution: (46) 0 - (22)10 = ( ? )BCD Here the result is Invalid, for correction add 6 for
1011 & 1101
M= (46), N = (22),

Invalid
9’s complement is 0 9O
- 2 Carry

9’s complement of Nis 7/ ] Step 2: | If carry is generated add carry to the LSB

", 9’s complement of (22)10 is (77)10 of result 0010 0 (1) % 1 ggi;round
+

Step 1: Add 1\iI+ 9’s comf)lelment of N
M=46=01000110 BCDform 00100100

11 0111 BCDform
111

1 0 1 Invalid (46)10_ (22)10= (24)10 = (0010 0100




BCD subtraction using 9’s and 10’s complement method:

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Perform Subtract (22)10 - (46)10 in BCD using 9’s complement method.

Solution: (22)1 0 = (46)10 =( ? )BCD Here the result is valid, then no correction is
16 required
M= (22), N= (30) ValidscD 01110101
\ ] |\ J
9’s complement is 0 9 ! !

16 7 d

, , Step 2: If carry is not generated, then take 9’s
9’s complement of N is SGHE complement and place -Ve sign

", 10’s complement of (46)10 is (53)10 909

Step1: Add M+ 9’s complelment of N Resultis = 7 §

M=22=00100010 BCD form 9’s complement of 75 is = 2 4

+N=33=01010011 BCDform| —
01110101 valid L (22),,= (46),, == (24),,==0010 0100




Workout Problems BCD Addition

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Perform decimal Subtract in BCD using 9's complement method.

a) (305.5),, - (168.8),,
b) (679.6),, - (885.9),,

C) (46)10 - (58)10
d) (86), = (38),




BCD subtraction using 9’s and 10’s complement method:

BCD subtraction 10’s complement method

Procedure:

1. Find the 10’s complement of a subtrahend.

2. Add 2 numbers using BCD addition (minuhend+10’s complement of subtrahend).
3. If carry is generated, discard the carry.

4. If carry is not generated then the result is negative and takes 10’s complement of result
and place negative sign in front of result.




BCD subtraction using 9’s and 10’s complement method:

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Perform Subtract (46)10 - (22)10 in BCD using 10’s complement method.

Solution: M = (46)10 N = (22)10 Here the result is Invalid, for correction add 6 for
9’s complement is 0 9O 1011 & 1110 1111
- 29 Invalid 1011

9’s complement of Nis ] 7/ Addinge 10110

] Carry —> (D 00 1 0
10’s complement of Nis ] & Step 2: | If carry is generated, then discard the

". 10’s complement of (22)10 is (78)10 Discard é::;,y. @() 0100100

00100100 Result

1

1110
0110
0100

Step1: Add 1\iI+ 10’s complement of N

M=46=0100 0110 BCDform

11 1000 BCDform| .-
111110 Invalid | k= (46~ (22),,=(24),,= 0010 0100




= (46),,

- M = (22),

9’s complement is 0 9

- 46
5 3

+ ]
S 4

10’s complement of (46) is (54)10
- Add M+ 10’s complement of N

M=22=00100010 BCDform

+N=54=01010100 BCDform
01110110 wvalid

9’s complement of N is

10’s complement of N is

BCD subtraction using 9’s and 10’s complement method:

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Perform Subtract (22)10— (46)10 in BCD using 10’s complement method.

Here the result is valid, then no correction is
required
ValidBCD 0 1 11 0110
\ ] |\ )
| |
7 6
-If carry is not generated, then take 10’s
complement and place -Ve sign

99

Result is = 7 6

9’s complement of Nis 2 3
]

10’s complement of Nis = 2 4

. (22),,~ (46),,==(24),==0010 0100




Workout Problems BCD Addition

00000000000 000000000 000 000000OC0OCBOCGVKCOIKCNOGNIINIGINTS
Perform (24) 0= (56) " Subtract in BCD using 10’s complement method.

Perform decimal Subtract in BCD using 10’s complement method.

a) (305.5),, - (168.8),,

b) (679.6),, - (885.9),,
c) (46),, - (38),
d) (86), - (58),




BCD subtraction using 9’s and 10’s complement method:

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Perform Subtract (22)10 - (46)10 in BCD using 9’s complement method.

Solution:  (22),, — (46),, =(? )aep Here the result is valid, for no correction is
16 required
M= (22), N= (0 vatiascp 0111010 1
\ ]\ J
9’s complement is 0 9 ! !

16 7 d

, , Step 2: If carry is not generated, then take 9’s
9’s complement of N is SGHE complement and place -Ve sign

", 10’s complement of (46)10 is (53)10 909

Step1: Add M+ 9’s complelment of N Resultis = 7 §

M=22=00100010 BCD form 9’s complement of 75 is = 2 4

+N=33=01010011 BCDform| —
01110101 valid L (22),,= (46),, == (24),,==0010 0100




BCD Subtraction

0000000000000000000000000000000000000000
(38), + (15),, Perform the BCD Subtraction in 8421 Code.

Solution:

(38)10 = 00100100 BCDformfor?24

(15),= 0001 1000 BCDform for24
42),= 00 11 1100 “invalid BCD number”

Add 6to12

42 in BCD form

/

L (24),5+(18),,=(42),,= 0100 0010




1’s complement representation and 2’s complement representation

Note: In case of positive numbers signed 1’s and 2’s complement of the number is same as it
is of true form of the number.

Note: = The maximum positive and minimum negative numbers for a n bit binary numbers
which can be represented in sign magnitude form + (271-1) to - (2™1-1).

if n=3 the maximum and minimum number represented is + (23-1-1) to - (2%1-1)
+ (27 -1 to - (27 -1)
+(2°=1)to - (2°-1)
+(4-1)to - (4-1)
+3 to -3




Subtraction of signed numbers:

0000000000000 000000000 000 00000O0OCOCOCOCIOGNOGNIINGIYS
2’s complement of 7 bit register for following numbers.

Solution: +6=0000110

9 =0001001
+15=0001 111

2’s complement of 7 bit register for following numbers.

6 =1000110 -6=1000110

£9=0001001 1
Tscomplement | 1 1 10 0]

2’s complement + 1

2scomplement | 111 0 10

Solution:




Comparison between Signed Magnitude , 1’s and 2’s Complement

To illustrate the effect of these 3 representations, we consider 4-bit binary representation
and draw the below table. Carefully cbserve the differences in three methods.

Decimal Signed I's complement 2’s complement
Magnitude

+i
+1

H RS Qo o D
= QR D DD
kR Rl Rl Qe
=R o o 2
e = T e T = T S R e B e
[ N R e T Y e R e |

0
0
0
0
0
0
0
0

I
T e o T S S Y S P e T e e O e S e e T
e e B - T == R e R e T Y N T e e Y o Y
EHEQ QBB QO Q2 QQ@ @R Q@ Q
[ = = = R = R R == T = Y

e e e e i e e
= =R QO O 2
[ e B == = T I R e R e
= N S e R R e Y i

Different signed representation




Subtraction of signed numbers:

00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS
Add -17 to +30 in 1’s and 2’s complement form using 8 bit.

Add -20 to +26 using 5 bit 1’s and 2’s complement representation.

Subtract 14 from 46 using 8 bit 2’s complement Arithmetic

Add -75 to +26 using 8 bit 2’'s complement arithmetic.

Add -45.75 to +87.5 using 12 bit 2’s complement arithmetic.




Octal arithmetic

00 00 0000 000000 000000 00000000000000000009 0
Octal addition:-

Procedure:

1. The sum of 2 octal digits is same as their provided that the sum is less
than 8.

2. If the octal sum is 8 or greater than 8 then subtract 8 to obtained octal digit. A carry is
when the octal sum is corrected in this way.

Perform the octal addition for the following

Solution: (4), + (6), =10 - 8 =(2), Withcarry1

(2)8 + (6)8 = 8 -8 =(O)8 With carry 1




Octal addition

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Perform the octal addition (167)8 + (325)8

Solution: (167)8 + (325)8 = (7 )8
1 1
1 6 7
3 2 5
5 (9-8) (2-3)
5 1 4

o adeT), + (325), = (514),

Note: If the octal sum of octal digit is 16 or >16 then
subtract 16 from each digit and set carry=2.




Octal Subtraction

00000000000 000000000000000000O0OGCGOGOCGIOGIOIOGIOGNOGS
Find the 8's of (346)8

Solution: (346) g

8’s complement =7’s complement + 1 (at LSB)

7’s complement is 7 7 7
-346
7's complement is 4 3 ]
+ 1

8’s complement is

", 8s complement of (346)8 is (432)8




Octal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Subtract (3 16)8 - (413)8 using 8’s complement method.

Solution: (5 16)8 - (413)8 = (7 )8 Step1: Add M+ ?’s colmplement of N

M = (516), N = (413) M= 5 1 6
) . + N = 1 3 6 5
7’s complement is ] 7 7/ Carry CD (9—868_8)(1 1—8)

-413 I 1 0 3

7's complement of Nis 3 6 4 Step 2:  If carry is generated add carry to the LSB
+ | of result

8’s complementof Nis 3 6 5

", 8's complement of (413)8 is (365)8

. (316)g = (413), = (103),




Octal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Subtract (413)8 - (5 16)8 using 8’s complement method.

Solution: (413)8 - (5 16)8 = (? )8 Step1: Add M+ 8’s complement of N

M= 4 1 3
M= (413), N = (516), +N= 2 6 2

7’s complement is ] 7 7/ 6 7 5

— 5 1 6 Step 2. If carry is not generated, then ta.ke 8’s complement
7’s complement of N is 276 1 of obtained result and place -ve sign to number .

Result is -6715
8’s complement of Nis 2 6 2

7's complement of resultis 1 () 2
+ |

", 8s complement of (3 16)8 is (262)8

8’s complement of result is =] () 3

L (413)g = (516), = = (103),




Workout Problems Octal arithmetic

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Perform the octal addition (27.5)8+ (74.4)8

Subtract (66)8 - (45)8 using 8’s complement method.

Subtract (73)8 - (25)8 using 8’s complement method.

Subtract (25)8 - (73)8 using 8’s complement method.




Hexadecimal arithmetic

Hexadecimal addition:-
Procedure:

1. The sum of 2 Hexadecimal digits is same as their provided that the sum
is less than 16.

2. If the Hexadecimal sum is 16 or greater than 16 then subtract 16 to obtained
Hexadecimal digit. A carry is when the Hexadecimal sum is corrected in
this way.

Perform the Hexadecimal addition for the following

Solution: (B)16+ (9)16 =20 -16 =(4)16 With carry 1

(Dig+ (9),, = 16 -16=(0),, With carry 1




Hexadecimal addition

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Perform the octal addition (6E)16 + (C5)16

Solution: (6E)16 + (C5)16 = (7? )16

L (6E), + (C5);s = (O14)

Note: If the octal sum of octal digit is 32 or >32 then
subtract 32 from each digit and set carry=2.




Hexadecimal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Find the 16s of (14A)16

Solution: (14A)1 6

16’s complement= 15’s complement + 1 (at LSB)

15’s complement is 151515
-1 4 A
15’s complement is E B §
+ 1
16’s complement is E B 6

*. 16’s complement of (14A)16is (EB6)16




Hexadecimal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Subtract (C4)16 - (7B)16 using 16’s complement method.

Solution:  (C4),, - (7B),, = (?) Step1: Add M+ 16’s complement of N

M= (C4),, N= (7B), M= €

| + N = | 8 5

15’s complement is |5 15 Carry @ (20 —16) 9
1

=/ B 4 9

15’s complement of N is § 4 Step 2: | If carry is generated, add carry to the LSB
+ | of result

Discard the Carry @’ 49
(4 9),

16’s complement of N is & 5

", 16’s complement of (7B),q is (85),6

.. (C4)16 = (7B)16 = (49)16




Hexadecimal Subtraction

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Subtract (7B)16 - (C4)16 using 16’s complement method.

Solution: (7B)16 - ((34)1 0 = (? )8 Step1: Add M+ 116’5 complement of N

M= (7B), N=(C4), M=—7 B
+ N = 3 C
15’s complement is 15 15 B (23-16)

—C 4 B 7

5’s complement of N is 3 B Step 2: If carry is not generated, then take 8's complement
of obtained result and place -ve sign to number .

+ 1 15 15
6’s complement of N is 3 C Result is -B 7

15’s complement of resultis 4

8
*. 16’s complement of (C4)16 is (3C)16 N |
.. (C4)16 = (7B)16 16’s complement of resultis =4 0




THANK YOU
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Excess-3 code

Excess-3 code is a modified form of a BCD number.

The excess-3 code can be derived from the natural BCD code by adding 3 to each coded
number.

. Itis a non weighted code.

. In excess-3 code we get 9’s complement of a number by just complementing each bit due
to this excess-3 code is called self complementing code.




Excess-3 code
0000000000 0000000000000 00000000C00CCVCVCVNCVNCNNNY

Decimal digit | BCD Form | Excess-3(Xs-3)

Valid numbers are 3 to 12 and invalid numbers are 0-2 and 13-15

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

0011
0100
0101
0110
0111
1000
1001
1010

1011
1101




Excess-3 code

0000000000000 0000000000000000O0OCOCGOGOCGOOOOOOTOY
Find Excess-3 code and its 9’s complement for the (592)10decimal numbers

SOIEORI (592),, = ( ? s 9’s complement of (592) ,

9909
5 0 7 Decimal Number =599

3 3 3 Adding 3 9’s complement is 4 () 7

8§ 12 5  Excess-3 4 0 7  9’s complement
1000 1100 0101 3 3 3  Adding3

.".(592),, = (1000 1100 O101)yq, 7 3 10 Excess-3
complement of XS-3 01110011 1010

1’s complement of(IO()() 1100 O]Ol)XS_3 9’s complement of (592)1(): (0111 0011 1010))(8-3
is(0111 0011 1010),

Note: 1’s complement of Xs-3 code = 9’s complement.




Excess-3 code

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Find Excess-3 code and its 9’s complement for the (403)10decima1 numbers

SOIMEORI (403),,= (? )y 9’s complement of (403),,

9909
4 0 3  Decimal Number -4 (03

3 3 3 Adding 3 9’s complement is 5906

7 3 6  Excess-3 5 0 6 9's complement
01110011 0110 3 3 3  Adding3

.".(403),, = (0111 0011 O110 )y, 8 12 9  Excess-3
complement of XS-3 1000 1100 1001

1’s complement of (0111 0011 0110), | 9’s complement of (403), = (1000 1100 1001),..,
is (1000 1100 1001),

Note: 1’s complement of Xs-3 code = 9’s complement.




Excess-3 addition
0 0 000 00 000 0 00000 00000 0000200 02000000009 0

Excsee-3 addition

Procedure:

1. Add XS-3 numbers (binary form)

2. If carry occurs add 3 (0011), (in binary form) to the sum of 2 numbers (4 bit number).

3. If no carry occurs subtract 3 (001 1), from the sum of 2 numbers (4 bit number)




Excsee-3 addition

00000 000000000 000000 00000000000000000 9
Add 8 and 6 in Xs-3 code.

Solution: | (8), + (6),, =(7? )xs3 Resultis ()
Adding3 ()
0

8—>8 +3 =11 Excess-3form
6—>6 +3 =9 Excess-3 form

o (Bt (6), =475 = (0100 0111)y4

If carry occurs add 3(0011) ,to the result of
each group




Excess-3 addition

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Add 1 and 2 in Xs-3 code. 0110

Solution: | (1), + (2),, =(7? )xs3 Resultis A 44 1
Subtracting3 (0 0 1 1

]1—=>1+3 =4 Excess-3form 01 1 (@

2=>2 + 3 = 5 Excess-3 form 6¥

|
(4))(3-3 = 0100
+ O3 = 0101 o Dy + (2 = 0)yss= (0110 )y

(D). 1001
No Carry

If no carry occurs subtract 3 (001 1)2 to the
result of each group




Workout Problems Excess-3 Addition

000000000000 000000000000000O0C0O0CCGOCKOCGROCROCFOCPOIONCNOTS
Perform the following addition in in Xs-3

Cl) (2)10 + (3)10
b) (37 + (28),

¢) (16), + (29),,
d)(247.6) i+ (359.4)




Excess-3 Subtraction
0 0 000 00 000 0 00000 00000 0000200 02000000009 0

Excsee-3 addition

Procedure:

1. To subtract in excess-3 by subtract each 4 bit group of subtrahend from the
corresponding 4 bit group of minuend starting from LSB.

2. If there is no borrow add (001 1)2 to the difference term of such group.

3. If there is a borrow subtract (0011) ,from the difference term.




Excess-3 Subtraction

(267)10— (175)10 Perform the XS-3 Subtraction. 10

0 &110
Solution: | (267),,— (175),, = ( ? )xs3 260y = 0104 YoH1 1010

) 6 7  Decimal Number —(175)10 = 0100 1010 1000

. |
+ 3 3 3 Adding3 0000 1111 0010
5 0 10 Excess -3

0101 1001 1010 Excess -3 in binary t0011-0011+40011
0011 1100 0101

1 7 5 Decimal Number
+ 3 3 3 Adding3

4 10 g Excess-3 T67) =(175) =
0100 1010 1000 Excess -3 in binary - ( )10 ( )10 (3125 )XS-3

v v v
3 12 5




Excess 3 Subtraction using 9's complement method

Excess 3 subtraction 9’s complement method

Procedure:

1. Find the 9’s complement of a subtrahend.

2. Add 2 numbers using Excess addition (minuhend+9’s complement of subtrahend).

3. If carry is generated from 4 bit sum, then add it to the next bits and consider this bits as
Invalid. Add 3 for Invalid bits and subtract 3 for others

4. In final result, if carry is occurred then add it to the LSB remaining result.

5. If carry is not generated, takes 9’s complement of result and result is negative .




Excess 3 Subtraction using 's complement method

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Perform Subtract (983)10— (1 87)loin Excess -3 using 9’s complement method.

Solution: (983)10— (187)10 =( ? )XS-3 9’s complement is 9 Q Q
M = (983), N =(I87), et -
9’s complementof Nis 8§ 1 2
Excess3codefor|87=4 11 10=01 00 10111010
9’s complementof187inXs-3is=1 0 11 0100 010 1
Step 1: | Add M+ 9’s complement of N 0
Excess 3 code for)] :983=(12 11 6)XS-3= 1100 1011 0110
Excess 3code forN = 812= (114 5,31 011 0100 0101 +
nd Carr 1 1
e Carry Addition: 10111 1111 1011
If carry generated, add 3 otherwise subtract3:_+0 011-0011 -00T11
Result:(1)] 010 1100 1000

End Carry




Excess 3 Subtraction using 9's complement method

Step 2:| If carry is generated add carry to the LSB of result
Result: 1010 1100 1000 End.around Carry

0=

1019 100G joo!

Excess-3value: () 12 5

... (983)1(3- (1 87)1(): (796)10= (10129 )XS-3




Excess 3 Subtraction using 10's complement method

Excess 3 subtraction 10’s complement method

Procedure:

1. Find the 10’s complement of a subtrahend.

2. Add 2 numbers using Excess addition (minuhend+10’s complement of subtrahend).

3. If carry is generated from 4 bit sum, then add it to the next bits and consider this bits as
Invalid. Add 3 for Invalid bits and subtract 3 for others

4. In final result, if carry is occured then discard the carry.

5. If carry is not generated, takes 10’s complement of result and result is negative .




Excess 3 Subtraction using 10's complement method

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Perform Subtract (983)10— (1 87)10in Excess-3 using 10’s complement method.

Solution: (983)10— (187)10 =(7? )XS-3 9’s complement is Q Q Q

- (983), N = (187), 187

9’s complementof Nis 8§ 1 2

Excess3codefor]87=4 11 10 =01 00 1011 1010 +

9’s complementof 187inXs-3is=]1 0 1 1 0 1 00 0101 10’s complementof Nis & | 3

Step1: | Add M+ 10’s complement of N 11

Excess 3 code for)] :983=(12 11 6)XS-3= 1100 1011 0110
Excess3codeforN = 813= (114 6),.. D1 011 0100 0110
End Carry 1 11 0 110
Addition: |0 1 11 1111 14x6¢
If carry generated, add 3 otherwisesubtract3: +0 0 1 1 -0 0 1 1 - 0011
010 1100 1001




Excess 3 Subtraction using 10's complement method

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Step 2:| If carry is generated, then discard the carry.

Result: (D1 010 1100 1001

Discard the Carry
10 1 0 |1 0 0 1001

Excess-3 value: | () 1 2 é

. (983),5 (187),=(796),,= (10129 )y




Gray code

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Gray code

1. Gray code is a non weighted code.

2 Gray code is a special case of unit distance code i.e. Bit pattern for 2 conjugate numbers
differ only 1 bit position.

3. These codes are also called cyclic code and reflective codes.




Binary to Gray conversion
00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS

Binary to Gray conversion:-

Procedure:

Step1: Record the MSB of the binary as the MSB of the gray code.

Step2: Add MSB of the binary to the next bit in binary record the sum and ignore the carry.
The sum is the next bit of Gray code.

Step3: Add second bit of binary number to the 3¢ bit of binary. 3t bit to 4t bit and so on

Step4: Record the successive sums as the successive bits of gray codes. Until all the bits of
binary number are completed.




Binary to Gray conversion
00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS

1001 convert to gray code
[Solution:| (1001), = ( ? )y

Binary number | (¥)( (%)
v
1

Gray code |

1)
0 1

(1001), = (1101),,,
- If carry is generated discord it.

110101 convert to gray code
(Sofutiont] (110101), = (7 )y

Binary number { @1@() @1
! 4 {
|

Graycode | ()

®0®

0 @1
v
il

(110101),=(101111)

gray




Gray to Binary conversion
00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS

Gray to Binary conversion:-

Procedure:

Stepl: The MSB of the binary number is same as the MSB of gray code number.

Step2: Add MSB of binary number to the next significant bit of gray code. Record the sum
and ignore the carry.

Step3: Add 27 bit of binary to the 3™ bit of the gray code, 3¢ bit of binary to the 4t bit of
gray code.

Step4: Continue this till Gray bits are exhausted. Then the sequence of bits written is
binary which are equivalent of Gray code.




Gray Code

1101 connect gray to binary
JEBEsR (1100),..,= (?);

Gray c:ode_iﬁr),} J.@’p m

Binary Number

(1101)g,= (1001),
- If carry is generated discord it.

101111 connect gray code to binary

Seiagional 101111),= ( ?),

T lelslslelel

Binary Number

(101111).= (110101),




Gray code

Write down the Gray codes for (0-9) decimal numbers.

Decimal digit | BCD Form

0000
0001
0010
0011
0100
0101
0110

0111
1000

1001

0000
0001
0011
0010
0110
0111
0101
0100

1100
1101




Gray code

0000000000000 000000000000000000000000O0OCKFF
Write down the Gray codes for Excess Code.

Decimal digit | 8421 Form| Excess-3(Xs-3)

0000
0001
0010
0011
0100
0101
0110

0111
1000

1001

0011
0100
0101
0110
0111
1000
1001
1010

1011
1100

0010
0110
0111
0101
0100
1100
1101
1111

1110
1010




Workout Problems Gray Code

000000 0000000000000 00000000000000000000
Convert the 1()]10]1]1 Gray code into Binary.

Convert the 1()]110010 Gray code into Hexadecimal, octal and Decimal.

Convert the following into Gray code.

a) 3AT7),  b) (527), ©) (652),

Convert the 10111010 Gray code into .

a)Hexadecimal b) Octal  ¢) Decimal
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Error detecting and correcting codes
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

“* When the digital information is in binary form. It transmitted from one system to another
system an error may occur. i.e. a signal corresponding to 0 may change to 1 or vice versa.

“* Due to presence of noise.

% To maintain the data integrity between transmitter and receiver, extra bit or more than 1
bit are added in data.

% The data along the extra bit/bits forms the code.

% Codes which allow only error detection called error detecting codes.

% Codes which allow error detection and error correction called error detecting and
correcting codes.

Eg:- parity and hamming codes.




Error detecting and correcting codes

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Parity bit

1. A parity bit is used for the purpose of detecting error during the transmission of
binary information.

A parity bit is an extra bit included with a binary message to make the number of 1’s
either even or odd.

The circuit that generated parity bit in the transmitter is called parity generator.
. The circuit that checks the parity in the receiver is called parity checker.

In even parity the added parity bit will move the total number of 1’s an even.

In odd parity the added parity bit will move the total number of 1’s an odd.

It detects only bits error present.




Error detecting and correcting codes

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Example:-odd parity

Message Odd parity
000 1
001
010
011
100
101
110
111

_ O = O R o R o N

A B
0 O
0 O
0 1
0 1
1 0
1 0
1 1
1 1




Error detecting and correcting codes

0000000000000 0000000000000OCCGOCGOCGOCGOCGOOOOOOOYS
Example:-Even parity

Message Even parity
000 0
001
010
011
100
101

110
111

_ O e O o R o N

A B
0 O
0 0
0 1
0 1
1 0
1 0
1 1
1 1




Error detecting and correcting codes

00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS
In even parity scheme which of the following words contain error.

seiEeR @) (10101010),—> (1 01010 1 0),
1’s— 4 Even Parity

No error

b) (11110110), d1110110),
1’s— 6 Even Parity

No error

¢) (1011101), 1011101,
1’s— 5 Odd Parity
It has an error to correct it 1 is added

10111071 1),




Error detecting and correcting codes

00000000000 0000000000000 0000000O0C0CGOCVKOCGVFIGIOGIIGINNGIS
In Odd parity scheme which of the following words contain error.

Solution: | a) (11101010), 1 11010T10),
1’'s— 5 Odd Parity

No error

b) (10110111), 1011011 1),

1’s— 6 Even Parity
It has an error to correctitlisadded (1 O 1 1 0 1 1 1 1),

¢) (10011010), 10011010),

1’s— 4 Even Parity
It has an error to correct it 1 is added

100110101,




Hamming code
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

Hamming code

1. Hamming code not only provide detection of a error, but also identifies which bit or
digit is in error. So that it can correct the error.

2. Thus the hamming code is called error detecting and correcting code.

3. The code uses a number of parity bits (depends upon the no.of information bits)
located at certain positions in the code group.




Hamming code

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Number of parity bits:-

P = no.of parity bits

X = information
2> P+X+1

If the no.of information bits is X then the no.of parity bits P can be determined by the
following relationship.

2" >P+X+1




Hamming code
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

For example X=4 information bits then P is found by trial and error by using equation

Solution: | Let P= 0> 2" >P+X+1 Let P=30—) 2" >P+X+1
2> 0+ 4+1 2’ > 8+ 4+1
1 '2/5 §>8 (satisfied)

Let P= 1 |:> W>SPLX+] . 3 Parity bit are sufficient

N> 14+ 4+1 » 3 parity bits are required to provide single
error correction for 4 information bits.

2Z6 > Hence the total number of bits in

Let P= 2|:> 2P >P+X+1 transmission code is X+P .
2> 2+ 4+1 X+P=4+3=7

447




Hamming code
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

Location of parity bits in the code

1. To each group of M information bits (D,, D,, D3,
are added to form (M+N) information code.

2. The parity bits are located in the position that are numbered corresponding to ascending
powers of 2. (1,2,4,8,16,.......).

3. In above example for 7 bit codes location for parity bits and information bits are shown
in below.
Information bits = X+P=4+3=7
7 6 5 4 3 2 1
D; Dy D; P, D; P, Py

Here P,,P, P, are parity bits D;,D,, D5, D, are information bits.

P, represents parity bits, D, represents information bits. And n represents location number.




Hamming code

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Assigning values to parity bits

In hamming code each parity bit provides a check on certain other bits in the total code.

Bit designation D, D, D, P, D3 P, P
Bit location 7 6 5 4 3 2 1

Bit location number 111 110 101 100 011 010 001
Information bits(D_)
Parity bits(D,)

P 1,3,5,7
P—>2,3,6,7
P,—>4,5,6,7




Hamming code
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

P; — checks bit location 1,3,5,7 and assigns P, according of parity bit P; has a 1 for its right most
bit. This parity bit checks all the bit location including itself that have 1 in the same
location in the binary location number. For even or odd parity

P, — checks bit location 2,3,6,7 and assign P, according to even or odd parity.

P, — checks bit location 4,5,6,7 and assign P, according to even or odd parity.




Hamming code

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Encode the binary word 1011 into 7 bit even parity hamming code.

Solution: X — 4 information

P= 7?7  no.of parity bits

2" >P+X+1

2P >3+4+1

828
. No.of parity bits=3 ie, P}, P, P,

Total no.of information bits = Information bits +Parity bits




Hamming code Cont.....

00000000 000000000000 0000000000000000000
Bit designation D, D, D, P, D3 P, P
Bit location 7 6 5 4 3 2 1
Bit location number 111 110 101 100 011 010 001
Information bits(D,,) 1 0 1 1
Parity bits(D,)

For P, — checks bit location 1,3,5,7 and assign P, according to even parity

1 3 57
P, 1 1 1 P, =1 For Even Parity

For P, — checks bit location 2,3,6,7 and assign P, according to even parity

2 3 6 7
P, 1 0 1 P, =0 For Even Parity




Hamming code Cont.....

000000000000 00000000000000000000O0O0C0OCOCOCGVCGVTCY
Bit designation D, D, D, P, D3 P, P
Bit location 7 6 5 4 3 2 1
Bit location number 111 110 101 100 011 010 001
Information bits(D_) 1 0 1 1
Parity bits(D,) 0 0 1
Hamming Code 1 0 1 0 1 0 1

For P, — checks bit location 4,5,6,7 and assign P, according to even or odd parity

45 6 7
P, 1 0 1 P, =0 For Even Parity

. The resultant hamming code is (1010101)




Hamming code

Determine the single error correcting code for the information code 10111 for odd parity.
Solution: X = 5 information

P= 7?7  no.of parity bits

2" >P+X+1

2*>4+5+1

16 210
. No.of parity bits=4 i.e, P,, P,, P, P

Total no.of information bits = Information bits +Parity bits
=X+P
5+4
9




Hamming code Cont.....

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Bit designation b, 3 D, D, D P, D; P, P
Bit location 9 8 7 6 5 4 3 2 1
Bit location number 1001 1000 0111 0110 0101 0100 0011 0010 0001
Information bits(D_) 1 0 1 1 1
Parity bits(D,)

For P, — checks bit location 1,3,5,7,9 and assign P, according to Odd parity

1 3 579
P, 1 1 0 1 P, =0 For Odd Parity

For P, — checks bit location 2,3,6,7 and assign P, according to Odd parity

2 3 6 7
P, 1 1 0 P, =1 For Odd Parity




Hamming code Cont.....

000000000000 0000000000000000000OCOCOCGOCGCGOCGOGOGYS
Bit designation b, 3 D, D, D P, D; P, P
Bit location 9 8 7 6 5 4 3 2 1
Bit location number 1001 1000 0111 0110 0101 0100 0011 0010 0001
Information bits(D_,) 1 0 1 1 1
Parity bits(D,) 0 1 1 0
Hamming Code 1 0 0 1 1 1 1 1 0

For P, — checks bit location 4,5,6,7 and assign P, according to odd parity

4 5 6 7
P, 1 1 0 P, =1 For Odd Parity

For Py — checks bit location 8,9 and assign Pg according to odd parity

8 9
P, 1 Pg=0 For Odd Parity

", The resultant hamming code is (100111110)




Hamming code
00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS

Detecting and Correcting an error

1. For correct of individual parity check is marked by 0 ,whereas wrong result is marked by 1.

2. After all parity bit checks, Binary word is formed taking resulting bit for P, as LSB.

3. This what gives bit location where error has occurred.




Hamming code

Assume that the even parity hamming code is transmitted and that is 0100011
received. The receiver does not know what was transmitted. Determine bit locations
where has error occurred using received code.

SOIHON:T  The ojven hamming code is 0100011

The given hamming code has 7 bits. So it contains three parity bits.

No.of parity bits=3 i.e, P, P, P,




Hamming code Cont.....

00000000 000000000000 0000000000000000000
Bit designation D, D, D, P, D3 P, P
Bit location 7 6 5 4 3 2 1

Bit location number 111 110 101 100 011 010 001
Hamming Code 0 1 0 0 0 1

Check for error bit location

ForP,— 1 3 5 7 Odd Parity = Parity bits are:
1 0 0 X

0
ForP,—-2 3 6 7 Even Parity The resultant is P, P,,P; = 101. It gives
0

1 1 0~ bit location 5.

_ In location 5 there is a bit error. Itis 0,
ForP,— 4 5 6 7 Odd Parity then it should be 1.
0 0 1 0X

. The corrected code is (0110011)




Hamming code

The hamming code 101101101 is received. Correct it , if any error occurs. There are
4 parity bits and odd parity is used.

Solution: . The given hamming code is 101101101
The given hamming code has 9 bits. So it contains 4 parity bits.

No.of parity bits=4 i.e, P,, P, P, P

Bit designation D, », D, Db D P, D; P, P
Bit location 9 8 7 6 5 4 3 2 1
Bit location number 1001 1000 0111 0110 0101 0100 0011 0010 0001

Hamming Code 1 o 1 1 0 1 1 0 1

Check for error bit location

ForP,—- 1 3 §5 7 9 Even Parity
11 0 1 1 X




Hamming code Cont.....

00000000 000000000000 0000000000000000000
Bit designation b, 3 D, D, D P, D; P, P
Bit location 9 8 7 6 5 4 3 2 1
Bit location number 1001 1000 0111 0110 0101 0100 0011 0010 0001

Hamming Code 1 0 1 1 0 1 1 0 1
Check for error bit location P, P, P,
lO 0 0

Py
1

Parity bits are: )

ForP,— 2 3 6 7 Odd Parity P,=0
1 1V 1

6 7 Odd Parity p, = 0 | The resultant is Pg,P,P,,P; = 0001. It

1 gives bit location 1.

In location 1 there is a bit error. Itis 1,
then it should be 0.

. The corrected code is (101101100)

Odd Parity P;=0




Hamming code

The message below code in the 7 bit hamming code is transmitted through a noisy
channel. Decode the message assuming that at most a single error occurred in the each
word in even parity.

a) 1001001

b) 0111001

¢) 1110110
d) 0011011




THANK YOU
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¢ Boolean Algebra
¢ Fundamental Postulates/Law of Boolean Algebra
¢ Error detecting and correcting codes




Boolean Algebra
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Fundamental Postulates/Law of Boolean Algebra:-
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Digital Logic Gates
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Digital Logic Gates
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Properties of XOR Gate
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V) X6R ac a ™odulo g adder:

The exclusive-OR gate can be used as a modulo 2 adder because its truth table is same as the
truth table of modulo 2 adder.

Modulo 2 adder Exclusive-OR gate







A®B = C, then
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The three input EX-OR, output is logic 1 only for odd number of logic 1 inputs.




No similar terms for EX-NOR gate.
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Universal Gates
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Universal Gates
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Workout Problems
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Workout Problems
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Workout Problems
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Duality Theorem
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Expression Dual
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OVERVIEW

¢ Canonical and Standard forms
% Converting expression to Standard SOP and POS forms
*** Minterms and MaXterms Notation (M Notations)




Canonical and Standard forms
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1. Boolean functions are constructed by connecting in the Boolean constants and
variables with the Boolean operations. (AND & OR)

2. We use Boolean expressions to describe Boolean functions.

3. In Boolean functions the literals (variables) are appeared either in a Complemented or
uncomplemented form .

4. The variables and terms ( sum terms or product terms) are arranged in one of the two forms.

1. Sum of products form (SOP)
2. Products of sum form (POS)




Sum of products form (SOP):- Normal form

e com, of iproducks’ g q  qoop of ‘BN’ product terms
or’ ed toge ther » |
€= Funckon_ ©,8.¢  F(p,8,c)= ABC + ABC
FL 9,8.¢)= BBCc+ACE +ACB.
F(pP® Rs)= PR+ORERS.

Products of Sum form (POS):- Normal form

A Pmduct— of Som ic erd qroups oF,'OQasopo terms 'OnpD ed

i AL Sy~ Flee,c) = (A+)H+0)
rio,ec) = B+s+c) te+c) (B4

Flp RS = @+@)L@+R) R+




Canonical form ( standard SOP and POS form) :-

canonical fmsg are’ special tages of sop and pPos foims -

Standard SOP form (or) Min term canonical form :-

indivodual terms Ao not+ 1ovdve

X To gop o Al +the

all  lLterals (oag varakles

f o _

' -the likrak
sop fors  Containe  all th

clandard  Of canonical SOP

¥ 1T eadbh’ temn ' oF
-iheo SOP oo 16 called o4
ﬁf(’f).

% o cachiindivadual A o . Standard cop e 4% calted

Mo termo .




Flepc) « Pa+ A8C +pc  (Nomal Sop form)

F18,6.0)= paBc 4 AT +PBC lstandard foim)

\,YJ
0 L.




Standard POS form (or) Max term canonical form :-

* I0 each tero In pos foro oo kains mall the i terals

“+hen poc form S catled Standard ©0) camo ical BaTa

—form.
% cach indivodual term o io dhe ctandard pog o i

called Mar term.

EXi- FELR,8,0) = (B+2) ( p+B+c) [ Normdl Pos form)

Ftr8.0 = (p18+c) ( B+e+e) [ standard pos fom)

Y

Mar térro




Converting expression to Standard SOP and POS forms:-
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Standard SOP forms:-

skeP\:f— Hod -he m@s}mi literals or varableg 1o each
product term jf 0.

Step2 '~ AND  each producl- term hav'mcd I'teralk O
teims foo By oRing the  likerals and  ike complemont

5[(’()3‘.’ éxpond the termne \QLJ Oppln“mca d\‘ghibume-

taO . and Yeorder o !'»lcral's Or vo«?ob\eg, 0
product  termg.




Step &1~ Reduce the  eipreccion by Oroibng  Tepealted

product - terms Af any - (ere+p=0)

Convert -be expreccion 1o Standard  Sop four 4
N be1E,0) e PCEBB-CR |

Solution: L—ﬁveo fonction g Fp,3,¢)= pc+pr+BC.

Find ‘Y??SS\'WQ Wterale ©f wvarablee o each prodock

tewm .
FLO.B,c) = pc +Re+Re

o4
B ) a)




Fte,BC)= BC-1+pB.| +BC|
By, Complements tad O+H =)

Fiee.d = peole+B)tpe lete) +ec LotB)
Btd disksibutive 'lan  Algic)= PB +acC,

F(0,8,0)= ACE+ ABC +PBC +PBC +ABC+PHBC -

Redvce -the expregdionc b‘f Omiwoca e peated Product termng,

F(OBL) = ACB +RABc + RBT +HBC




Convert dhe eapreccion v Standard
Fte,B,0 = AH+Bch

Solution: FILD,B8,C)= B+BEC

B.c
F LB8,8,¢) =8/ +pRC

B4R =1, C4+C=|
= ple4s)(Cc+T +PBC
= (PB+8B ) L(+4D) +pBC

F(p,8,C) = BBc +ART +BBC + PRC

QOP




Standard POS forms:-

stepl 1= frad  Ahe  MOISSING
QnNy-

Slepo |- oR’ each cum tem: how‘noca migsir)ﬂ
Lterals and itg

Lierals in each som term if

literQls LA

1he terme’ Ao bLJ \9;\10’ imcd ‘e

Com P|EmeOE

QL)

Step3 .~ €xpand the tero lo({ QPP’L‘N)% D;Shnbuhve

and e order -he Wkeale 16 Son térmng.




Skp 41— Redovce -the expregg‘\oo btj O EHOQ (epeai'ad

Som terms IF any- Lexgzg)

Convect the Ca‘n/er) eupress‘noo 10 Standard Pos formmn 1~
Et0,8,0) = (m+8) (B+) ( A+

Selution: ' (7ive0  foNction e FtH,B,0) = (048D (B+c) ( A+
Step: 1 a1 V) m‘\sg‘sr:c% Itterals In the foochon-

F1e,8,0) = (8 (etc) (o+)

J 4, A
sy 2 ge!
M g_do(a termng.




Fle 8= tate+o) (B+c+0) (P4c+o)
(—)Ccordt\r)ca to Comp\emeoFs' \awn C-.c=0
= (@+2+c.Z) le+c+ AB) (PIC+R.B)

EEE pickibubve a0 pig.c = (P+8) [ B+C)

FLR/B,0) = (A+e+e)lotB+D) ( grcr »)( B1ciB) L B+C+8) [ B+Cc+B)

EfARedoce -the expff’SQ‘OO b(d Dm‘;tHOCﬁ epeCted SO0 temme

Fte,8,0) = (AMetd) (MBI T) LeictB) (O+c+B)




Convert the qven exaprescsiod 10 ctandard pos form —
F(0,8,c) = A(P+B40)

Solution: F(H,B,¢c) = 9(9‘}84-()
J,
BJC m‘lQQ\vO(a

FLRYBC) =

Btoto) ta, B4c)

(o3 2B+cT) pHB+d)
= (Pt BBic) Lo BB+ (e+atc)
- (pic+ BB ) PIT+EBB) tAtr+c)
e (e4c+B) ([ B+ct+B) (o+T4+B8) (PHCHB) Lote4c)
HOB80)= (p+B+c) ( a+c+B) (H+C+B) ( p+6+0C)




Minterms and MaXterms Notation (M Notations)

©000000000000000000000000000000000000000
% cach indivedal term io  Standard  sp  formo TS called

Lo ko and 0 standard pos  frn ie | Hax tem.
¥ “Thic congept  allod vs o Inkoduce A cor)v?miem:_show—

hond notation to e'xpr‘eg_g lOﬂ?col “nctions:

* In qeceal o©r QAN n variable loca;caq fonction there are

o minterme  and AN equal No- oF Mo terms.

¥ Miotime ace (epreseobzd ‘e v’ and am termsg  WitH

t 7
M A d




Variables Mar term
Mi

B+ 4+C= My

B
O
O

A4+t C = MY,
6+ B3 +C = Mg

Q+E+EZ’M\5

0 + 3 +C .?’HL'_
B+ B4T = M
B+B +Cc - Mg
BLB 4E = Mg




- -

F(p,p,c)= PBC+ PBC+ BB+ PRE Comvert inb Mo

Lered Dotabon. |
Solution: |- (Q,B,C) = ._ﬂ'éa +’§FBC -+ '—F% C + F‘)BE
= ooo ool oU U0

=

——

F (Q)B;C)




Convert into Maxterm notation

FteB,c) = (P LR4AT) (94'—8-42:) ( B+B4+0)
SRl T to,8,c) = (A4+B4T) (H+B+S) ( B+B+c)
= (ovon ) (o+ri) Lrei+e
==t B el o
="AT RS MEMED
FI8,8,c) = TV (1,3,6)

Note 1= ideﬁolmtes corn OF prodocts |0 T denotes Prodtrts

Of GCoumMms -




I _ -*'The locifca\ RYpregsion a)uespood”m b Q (ﬂ‘weo both

fode (a0 be it D& eondarg Dp from by

wﬁuhn% e poduct km for gk inpot Comlaination

ot podoces A0 pojpok oF 1.

y T loqml Q1PIESS) Coffespor)dn‘ocz ha qive ot

table an-be Witko 10 Gandarg POS FD“"‘)W

W9ibg  tne  Sun ki for each O0kpok OF 10




% The locin‘cai eAPre SSion Oonespood‘ma o @ qweo both

table Can be waitkn 10 A  clandard Sop  (om 'otz/
WA HG% One PdeUCt tery for each ‘mPOt comls nakon
Ha PTOdUC—QS an ovkpok of V.

x The logical expression COff@SPOOdt\OC? to @ given oty
table  can -be | Lten 10 Standard  POS forms b‘d

Wwaibng  one  Som  term for each oOvkpoL O0F O




Tyolb  Table

Hioteeng ! ~
FEta,e c)ol ! OLOTERon) «+ 15 iy
= BBT + Bpe +08T + BRe,

Floed= €™ (4,3,¢3)
i (@ 5 {G!mstr
F1880) = (0to+0){ 840+ (1eodLo) L I-+0%1)

< (B4840) Loseir) Ladpee) (RHBLC)
— o H My e
(9,8, C) > ﬂ-mto;‘)"h@_)




Troth Table

o
O
D
0
O

Hio terangy o~
Fte,8,0) = 0600 +oc01 Hoto+1ot

-—

= G 7 Lomiere oey BE -

——
—_—

im L’0)‘) L"}5)

ELO,8, 0 ="S wo,1,4%,5).
Hav terme

F18,8,c) = (0+140) (o+1+‘)(1+\+§) QERER)

= 1840 ) (B4842) (545 40) (B4% +2)

-
-—

F ey



Conversion between Canonical forms

0 0 000 00 000 0 00000 00000 0000200 02000000009 0
Coo.verSion bln - canonical “tormc —

¥ TO. - Convert Yo . 0ne to another Canonical form

0 N
tﬁfchaoc%mc‘ the Cymbols § Kb  and those nombers

are oo the  Original  Hforny. ( Missing terms).

EooppralinDosofs - oD E!‘Uﬂfls or mMan kermg = 9"
LIRerem=m s ~the 05 oF varigbles:

€ FOny,)= 1Hlo,1,3,5) )
FCuYy ) = 2m( 2,4 6) —> s term




S“mpﬁﬁd 1lbe 2 vardable ewpiession USiota Boolean

Olﬂ@brq and convert Into  Canonical 6'“3'%"2'”3("3)5}?)
Selution: ' 1ve fonction ig 2 i Zm(\,%‘)’)?)

- anli8, 5,%)

=00 F ek g

= 00140t +to1+4 1)

= ABC +PHRe + PBC +PRC
1=¢ =

= BCLH+D) + PBc +PBC

= BC+ Bl pthH)°

=~ Be B L lp¥e) =C




Liz SN)'('Ig) G;q')
Ldz THbEL, U,6) = man termng

Yy = L@+B+c) QQ-\\—B—H:) (9+e+c)(e+e+c)

In POS form
‘q tg/B,C) =+,

J
0,8 m?ss‘n(@

Ld CQIB/CJZ C+O+O
=c +o PHBE
- Lcht-Sf% +3 )(C—H%-';; 48 )




= (C+epres) (C+B)in5)
= (Gr8+e) Lerer®) ( ciB4m) Levetd)
LPI8/A = (ptetc) (Brerd) (aiBic) (BHE+d

s‘\mpliﬁd be 3 vardable ewpression USIOQ  Boolean

F yyz)= Tw(o,2,6,3)




Alternate Gate Representation

“the five basic loqic qates NOND, NoR, NOT, 0R, OND qey
thety a glandard Symbols Qre  vsed to represent -then
On [Dcpc Ne twork dI\QC?YO‘Y) v Lo Sore NnetbtworKg an

QIR'OQL’\I\/Q SeEEEaf QL]\'Dbds ;S Og@d 10 OddeDD '!D"thQ
Standard loca?c Syokele . Thesce alterdabive  Symlools  Qle

equivalent 45 4pe  Standard QLdrr)\ooLf; ond their Q|-

€nte  canyil\ss Proved lqi Ug‘nﬂ Demor(aomc +heorenD -




OR Late: -~

&
s




NOND Late: -

NDR  qate: -

0 — —
; D Y= 0418

NOT ke

Re—Pe—gps =

Note ~.— “The eqo‘\vqlents of

and alttrmate

a VVa\l\id ;
Sy O bol S re ! oo -OF  IDpoks-




Conversion of AND/ OR/ NOT logic to NAND/NOR logic:-

00000000000 0000000000000 0000000O0OCOCDOCGOGIOCGIINITS
Steps for Converting to NAND or NOR logic:-

Drad OND |oe| NoT Locd‘zc-

TE NPND harduare tac beeo chooceo adal bobbles

oD% She = o0tpOE"0F ~each ¥AND Cdate ard lbobbles oo
iopot  cide ' of - OR qates: o
If nbR hadware has been Choosen add bobbles 00

ovtput cide of OR qate amd iopot cide of excD AND

caate :




pdd Or Svbstact an inverter 00  each lice -that

veceive A lLoblble in Step & O SEGPGD'

Reploce  bubbled 0R. by NeND and  bobbled AND by

NoR loca\‘c-

Eliminate dovble nversions and replace Dok qates bcd

NenD | Noe logic-




_er) Plemer)i: booleao €1P TGSS?DD Q’—)—FB')C, D Of)\\d NOND
Clﬂd nNoR L’lal:es .

gle P Bx:
-ije() fonictio®s 1S Q:)'\“B.)‘C . D

DAl OND or 0R Latkes

m ® @J(G) €

rl/ 1(9+B) c




Pdd bubbles o olp to eachb @AND and ilp of
each  €oOR gates.

e




Replace bobbled qat. wh NOND qdlz

R ‘
D

Ghn’jinqte

O\OOb\ed ioverg}’o(j CaQ te S




€ach NoT Qe eprecent \ndbhe foim DF NOND %ojz

—"———

58.C

-




\ 0 . ) o e % ~
SaEl i veo  ONCtion e (BYE)c . o
Orawy O6ND or 0R LKates

e ik
) e

{

&

B
c ' '
D | j




— D=




1%
eplace Ly el OND  Qate Yotermne of Nep Qate

e
8

e e

eﬁnr)inq&e

—

et

i

B

<l
b







Workout Problems

Troplement Boolean  expreccion « for enclutsee OR gatc

\ N)
¥
S10q NOND and Npp qates: | (xor Late).

Implement the following Boolean function using only NAND gates
_  / - \ - |
E = B+ D+ RE

ol e \ ™ [ = S iy
= BR +¢b +CBR+TS)

Implement Boolean expression for XNOR gate using only NAND & NOR gates




Implementation of logic functions using gates

0000000000000000000000000OCOCGOCQOCOOOOOOOOOOYTS
SOP form (AND-OR)

Solution:




POS form (OR-AND)

F= ®+e) (B+c) C'C—+D+e)

Solution:

!
l
" i, -
T;j\ ®+8 )
I

OND

>

!
r
l
-+




NAND-NAND Implementation:-

Siﬂ)PHﬁd -lhe Cﬂ\\v@() Boolean funcltion and enprecs ik io

PTisE - of | Bbrse oF .« prodogts - (Sop) and implement

Ug‘mca MNOND-0RrR \O(ﬂ?C .

Oad & NOND qate for each product  term of Ihe

fnction  +that hoe o or more literals. The inpute bo
‘the Eerem,

each NenND Caate are 1he \iterals Of




TThe Bolean fOnckion oclodes any g‘mcdle \terql or

literals  drawy nenp qate for each  single likeral and
ciail'

connect Cmc@gpond‘ma literale as Q@ oput to NOND

level With

Dav o Q\,(Yale NS Q.]a[f. '\n e Second
oputs corolq  fiomy Ovkpoks oF firck level qates:
iml)lem ent the ’ﬁblloo‘\rxa Boolean functiong wWith NOrD _
NeaD loca?co]:-: PC +PBC ¥ BBC+BB84+D

Solution: L’ﬁ\/@() ﬁ)ﬂCl:iO() ?Q,F:_— PC + 6BC + -5% BC' 4+ A +D

s‘m)P\FFﬂ the qiven fonction

F=3iPc +iPBC B BC +pB+D




6C +-60Bc +H.c +HeE D
HC +(B+p ) e +36 4D

QM:4—B(:+4582¥D.
irr)ple«)ent bL{y ULQ‘N)CB OND-0R \ocaic

f—)——ﬁ"\ PCy

C____

B-—————\ BC ‘ PC +BC +PB+D

=
i pa N ==
=

QR

D —




Terpement OND-0R qak o NpND - NAND  qdle .







NOR-NOR Implementation:-

No R — NoR Tmoplem entation 12" Whe duoals of ™NAND NeND

Iroplementation.

e‘1mp\§ﬁd the qen Boolean fnckwy and express tEin

poc foren and draw OR - AND lOCﬂFC-

Orald A pjppe qate B¢ each Som termn OF +the funchon

that hag 40 o more lterals. The opst to each

NoR qate are literals of -the term.




'€ Boolean fonction inclodes ki Single  Iiteral or

literale. pran  NpR qate for €ach gingle literal ard

Cowecponding  literal hoe @n iepot o the Nop otz -

Drawy Q G'mcale ~NoR caate D e Secod leve]l it Hee
]Opukg Com‘\qca o Ou kpul:é; of firct level Rkes.
-TmPLemer)t' the 6\\01,3"0(% Boolean fonction with nNoR Nep

logic. Y= e + B¢ + 0B 4D
Solution: L’]‘V@O fonctiom:- s L&‘f—'— AC +Cc 4+ 4D

Livers Boolean expression Y& o tbhe foreo of Sop form

Convert Sop —owrn 1D pos formo e C By {QK\'OCW Corople-

™Meot )-




AC +BC+op+D

= AC-BC OB D
h = (Bac ) (842) BH4B). O
(.Imp\efoe\')t toe R’DCHOO 0 the formm oFf OQ-—QND_lOCi\tC‘

i 4C |
|
' —
B+& (BITHB+T) (BHRILD):
'
®\ | ‘ Y -

-

W@j[
|
|
Y |
G -

H
E
B
.
=S
B

A




sifva

3 .
¢
5
B




q

= (B (B+0) + (348 Y+ b

——

= (P+3) ( B+t ) (e+®4+p







Workout Problems

000000000000000000000000000000000000000
f\fm\Flem ent -the ﬁlloo‘mq] Boolean  functions wWith NOND _

Neno  logic: FUPB,0) = Sm(o,i,3, 5)

jjmplenoeﬂk the folloing  Boolean funchon ith ~Nor NoR
logic- Y = (p+e)-c

iﬂnplemen’c' Og‘mq NoR ~NoR  totes

\ UQ\'Dca NGND"NQND CaQteS
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MINIMIZATION: K-MAP METHODS




OVERVIEW

“* Minimization: K-Map methods
“* Minimal SOP and POS forms
“* Prime implicants, don’t care combinations

¢ Tabular Method, Prime-Implicant chart, simplification rules.




Map Method (K-Map)

1. Simplification of Boolean function is very important as it saves the hardware require
and the cost for design of Specific Boolean function.

2. Map method gives us a systematic approach for simplifying Boolean expression.

3. It was first proposed by veitch and modified by Karnaugh. Hence it is known as veitch
diagram or karn diagram or map.

4. The basics of this method is a graphical chart known as K-map. It contains boxes called Cells.}

5. Each Cell can represents one of the 2" possible products that can be formed from n variables.

A one variable map Contains 2! = 2 cells

A two variable map contains 22 = 4 Cells.

25 =8 cells (3 variable) 24 =16 cells (4 variable)




el . )

t vanable mnap 2 vaviable rap 3 varnakle map
s cells) (4 cells) ¢ 2 celle).

)

Y vanable AP
(t6'celle




D ED
o0 O

OO0OOD | 600 | OO I}

o) \ £)
L | Olbo fotlol [ O]
gc Bc 4 5} : = b
0 O . D

) \ 3 ‘2.'_ l3 S A 55 [!s”_s

ol [ Tt Lo | looo| ool | 101 '

« Product teams are assigned to the cells of the K-map by labelling each row and column of the
map with a variable, with its Complement (or) with a combination of variables and
complements.

% It is important to note that when we move from one cell to the next cell along any row or
column, one and only one variable changes in the product term.

% Irrespective of no. of variables the labels along any row or column must confirm to the single
change rule.




% The Gray code is used to label the rows and column of K-map

Representation of K - Map in SOP form:- (Minterms)

o Q\‘—sa
\ Xe

e
OO0 Ol

\\[“‘“‘” 1) “"n;é
oooloo|

X cD
ABN\_00

DB 00

AB 0!

0000
PRED
_mMp

Olo0
ABTD
Oy

\ \OO__
PR D
EADYT)

1000
ABTD

Mg




Representation of K-Map in POS form:- (Maxterms)

—

B
l

%

i

gg>\\-' 00

DlC

00

cD
O |

TP
[ 1

Odoioto

PRICE€T
Mo

O+0-4041
PtB+ciD
M,

O+ 14tp+to

P+R4HD
-y
1010

A B1cin

Ho-olo
A BHCID

O] +O4 |
A1 etcip

|14 O+
A+BycrD

i,

|_Ma

Ot+o+1+)
A+ CHD

O+l +14)
P4 B+C1D




Plotting a K Map:-
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Plotting a K Map:-

The logical functions can be represented in various forms such as

1. Truth Table

2. SOP Boolean expression

3. POS Boolean expression 9 vanaple - 4 e

&L
1. Truth Table | -, ,_ e &) o B | B

‘00 =0

0= |




(0!

3 -vanable ¥-nap

q

—

0= 0
\

ol =0
oL

o =R

Ul:‘: \
B

1ol < |




Y+ vanable Kk -Map

CH™

® |

S o I T
10006 | soo|

O

OO0

0

]
o Olol

L O]

~F@ogil b Lials g

o
o
O .
e
o

o
&)
O
)
=3
(

‘,
{

|

o~
—
et

—oar
D il




Standard SOP in. K - map:-

Boolean expression in SOP form can be plotted on the K map by a placing in each cell
corresponding to a minterm in SOP expression. Remaining cells are filled with zeros.

plot  Beolean  expreccion (= PBC+ OBC thec

[BolioR \\veo Y- PET +pBC + BBC
| | (bQ BT

No:of vanablee =3 OO 0.0

Heocé ‘|k Cag" be 'lo&eal b 0"@‘107 3 Vrigble k"hp. =

3) ”l

1 forr)
The. ﬂweo flpfecgm ic Skaodard Gop ToMD.

\ﬂ 2"0“ :m




Plot Roolean e pr@gsiqr)
y= PBTD + PBCD + Bec + PBCD+ BBTED

Selutionsll LveD . BETD +PGCD +HBCD +PECD+AEED
R CD

co G0 BoO
Hence ik-Can e P[otkcd 93\r 21 LS O\ )

. © e
OCin 4 vanable K mape - OO0 *

DRTD
The c“jveo Roolean €apre- D e

Ccion - j¢ 10, Stabdard ot
" O

Q)P forn .
4= Emce 60,000




A Boolean expression in Standard POS form can be plotted on the k map by placing a 0 in
each cell Corresponding to a maxterm in the expression. Remaining cells are filled with one's.

plot Eoé\eafj Expreccion Y= (DB B+ BHT) BB+ P+ 24T

B Wieo Yo (4B +c) (p4@TD) L B+B40) ( Bro+d)

Noof varables <3 \BC B BT BAT

O Ve deyl \ ]

Hence tit cao be plobted by ! . ]
2 ; Ld 0 (@) : Q’*B"}C
Ucn’)ci 2, Varvigble K mP GESEEO o 2gi

—

B

[Ld? Tl—H ( \rg-)B,Q')] ‘ s > 5

(1“’ Sm(o) L, 5,3 —9 Sop forro:




Grouping cells for simplification:-
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Grouping cells for simplification:-

% Once the Boolean function is plotted on the K map. We have to use grouping
techniques to simplify the Boolean function.

% The grouping is nothing but Combining terms in adjacent cells.

% The simplification is achieved by grouping adjacent one's or zeros in a group of 2!

wherei=1,2,3,4,...n where is the no of variables

Pair
WO agjacent cells  are quouped . 4sgether s @mued pair:

& ina ron or colomn) in A W wap -
* 4t Conceleii o0e Variable g g k.aap’ Gimplificabon,




a) Horizontal Grouping:-

g\ecoo o

p— =

0 ol &)

"ﬁa'

b) Vertical Grouping:-

- borizontal C}rOUP'\DCf
" y= BB +RBC

iR

to l[Wroop L5

2|

. G-“

Vo Slen e
9§C — %,

4= BBC 4pBC

-
—

F@l%:@c’




c) TR 'K-w%af" the Co(regPof)d"Dca cells  in -he teft
ool Colomé Qang a‘,qht oSt colomn Qre Cm@ndﬁred

b be adjacent ; . eC
! O NGO 00 11" o

'y
—

O

.. y 3
t ||

— — p—

t
’ L3
4l sl 5 \[Q_-

d) Io a K-map  +he top Yoo and bottoro 1orde Qre

CODS\o{ered to -




e) 'D Q KmaP "H’\Ol bag +LQO OV@( LQPP\()? mﬂ_s Oﬁ Oﬂpg

s d)oog that e CaAO gave One R em Ho
‘ : -|}E

o pais

A" .
: \4"-— o i 11

d\a|




’ At
’ ‘3 .
3

nRE _¢.
PDBC — 3
C—3

e
Bo

C

B O




Y= ®c4acaoB
= PC B4BR) +Bc +pB

- o g-—-)\:)moo(a
= NERC +ABC 4 RBC 1B

= BC + ecth4h) +hPB.
= BC +PBC +PBC +PAB = BC +PBLCH4ADBEC

= BCHPB4BBC= Fc (B+)+PB
[Ld = Bc 4—987,

1o a K—ﬂ’jap ubhere 3 Liroops of PO‘\( can be tormed.

Bot OO(LJ +oo  pawrs are er)oo(ab o oclode all omneg
N0 a KTT)OP :rd soch cacea ‘!Btﬂd PQ,‘( ‘e ™ML req(o?rcd,

tz“d qrouF) .




Quad (4 adjacent ones):

Io a Kmap W2 Cn prove 4 adjacent 00Nes  the resuttant

Aroop S called Quad.

Q) ®ovad is 'POSS\'ble 0 2 variabde and Y% variable ka.










NOTE:| Quad ¢ q qfoop oF 4 odjacent celle in a K-map ik

Cancete 4 variablee o a KkK-map  Sim Plfﬁ‘catf‘oo.




‘ Octat (8 adjacent ones): \

T ' ' .
2o A Kmap We ca_r) qroop Q OO{JQCGQI:MODE,Q e recult-

goop 18 called ac  octek -

= e




pclet 1 a cdroop of Ag dea@@m cells 10 a K-map.

1¢ cao  Cancel 3 \varables 10 |<-map siro plifcation,




‘ 1. Prime Implicants \

X €ach’ qoop 00 dhe K-map reprecents | Prime roplicant

No. of Prime Implicants = 3
Ex:- Qbtain the Primne TN)PHCans for Q q‘tver) boolean
ewpreseion “weing k maps. F 19,8,0) = (0,43,5,%4)
Solution: | 4iven exprescion ¢ a 3 vanable. Hence it @an be

leprecent ' by LSING 3 Vo alle k—Map.




F 10,8,0) = (D,\,g)'S,':L)
B ' |

g\i 00 o (]

3 i-i\o 1 2

n l 1

L W

g




» \ \ b L
AT T A LB T Primme Tﬂ)Ph‘Cans SIS bl

expression “vcing Kk maps. FULO, B,0) = (1,3.7,6)

Solution: | 11}y en Qx‘gregg\‘oo s a 3 vanable. Hence it can be

leprecent ' by VSN 3 Vartabe V—MQP.

B\ic woveW
=00 01 1l fe
/t

4 5’@1

[

o/L |G 43

The pPriMe i plicants for Ca?ver) boolean X prescion Qre




2. Essential Prime Implicants

The

m;()‘m ’ . < &
Lo 2 ook phime  Tmplicants  requires o nclude
all ones. P‘CSQDE

D —he km_p Qe  called essenhal
prime  implicaots .

NOTE: | Essential prime implicants(EPI) are those prime implicants which always appear in final
solution. P

. . SO e
“’] TR R s
A

"'-tﬁao‘ T St il ’

Lo

-

q ;

No. of Essential Prime Implicants = 2




3. Redundant Prime Implicants

The prime implicants for which are not essential prime implicant are redundant prime implicants
(RPI). This prime implicant never appears in final solution.

#

)1

No. of Redundant Prime Implicants = 1

4. Selective Prime Implicants )

The prime implicants for which are neither essential nor GASr o
redundant prime implicants are called selective prime il m
implicants(SPI). These are also known as non-essential k 1 jﬁ J
prime implicants. They may appear in some solution or ]
may not appear in some solution.

No. of Selective Prime Implicants = 2




Given F =) m(1, 5, 6,7, 11, 12, 13, 15), find number of implicant, PI, EPI, RPI and SPI.

'I =3
Solution:

No. of Implicants = 8
Pl=(1,2,3,4,9)
EPI =(1,2,3,4)

No. of Implicants = 8 1/ RPI = (5)
No. of Prime Implicants(PI) =5 G

No. of Essential Prime Implicants(EPI) = 4
No. of Redundant Prime Implicants(RPI) =1
No. of Selective Prime Implicants(SPI) = 0




Given F =) m(0, 1, 5, 8, 12, 13), find number of implicant, PI, EPI, RPI and SPIL.

P W T
~ b
Begdt

Solution:

No. of Implicants = 6

No. of Implicants = 6 S = : e
Qs S——— . Pl =(1,2,3,4,5,6)
SPI =(1,2,3,4,5,6)

No. of Prime Implicants(PI) = 6

No. of Essential Prime Implicants(EPI) =0 ¥l

No. of Redundant Prime Implicants(RPI) =0

No. of Selective Prime Implicants(SPI) = 6




GivenF=)>(0,1,5,7, 15, 14, 10), find number of implicant, PI, EPI, RPI and SPI.

[

T

- -
g -

e
L a2 ]

Solution:

No. of Implicants = 7

No. of Implicants =7 e ]

K1 1) = (1,2,3,4,5,6)

No. of Prime Implicants(PI) = 6 - | i | Pl =(1,2,3,4,5,6)
EPI =(1,4)

SPI =(2,3,5,6)

-'. s
£ Y e
L2

No. of Essential Prime Implicants(EPI) = 2

No. of Redundant Prime Implicants(RPI) = 2

No. of Selective Prime Implicants(SPI) = 4




Karnaugh Maps - Rules of Simplification

The Karnaugh map uses the following rules for the simplification of expressions
by grouping together adjacent cells containing ones

1. Groups may not include any cell containing a zero




2. Groups may be horizontal or vertical, but not diagonal.

(0

-

-'.-.i-
A
I.J_.d'

-
-

WEOMNG

1 b

SR L

RIGHT -/

3. Groups may be horizontal or vertical, but not diagonal.

J




4. Groups must contain 1, 2, 4, 8, or in general 2n cells.

Thatis if n=1, a group will contain two 1's since 2! = 2.
If n =2, a group will contain four 1's since 22 = 4.

| Group of 2 [yl Oroupof3

/ X

: roup of 3
—3roup of 4

J [ Kk

RIGHT




5. Each cell containing a one must be in at least one group.

E
oo 0l

0 0 -__1_1_5 E:mup I
I

2 | prezent in at least one group.

[roup 11

: ——Toups overlapping,

J

i (Jroups not overlapping.




7. Groups may wrap around the table. The leftmost cell in a row may be grouped with the
rightmost cell and the top cell in a column may be grouped with the bottom cell.

Top cell

(o1 11

1] 1 °
I_.Eﬂ:rﬂlc:nsté6 : : \Righﬂnﬂst cell

1

Bottom cell

8. There should be as few groups as possible, as long as this does not contradict any of the
previous rules.

J

‘ RIGHT WRONG %

1]

[




Note:1
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Note: 2
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Summmary:

1. No zeros allowed.

2. No diagonals.
3. Only power of 2 number of cells in each group.

4. Groups should be as large as possible.

5. Every one must be in at least one group.

6. Overlapping allowed.

7. Wrap around allowed.

8. Fewest number of groups possible




Hin) m1se lhe ewpressioo os‘mc? K-map
Y= PBLFRBC A ABc + ABC +HBT
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dard Sop forrn or Dok |
The qiven  _ewpession 1S 0. standard ™ sop —forro and
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Mmoimiz2e  Booleap ﬁlPYQSS 1sYp OS\IDca K*-W)QP
Y= BBTD 4+ B5eCD+ PRED +BBCD + BRED +0OBTP
Sotionl Liveo  fonction  ig
{= PBTD +B5eCD+ pRED+BBCDH + ARED +OBTP

“The C‘\IVGQ Q\PfQSS(\\OD l‘g q, VVQYI‘leQ @Dd tE S tO

Standard Sop form . Hence ‘E can be Solve bn{

UC\IO% 4 variable |(-qu,
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m§r>‘|m“rze Boolean filpress 100 OSing K-W)QP
Ld: QBCD +98CD+ SBCD—‘:— PBCD +OCCDh+ ARTD —\—ggcovt%
Solution: L’]\V@O fonction ic

1= 8¢t +08CD PBCD+ ABCD +PBTD+ HERED -+ BECD+ BB

The Crveo enpression 1S . Y \anabkle  and. 1S

~

o ctandard cop form.  Hence it reqoifes: . wQanqHe

W ‘map o affiy pl?ﬁ‘ Cd‘nfeo bLoolcanN eEX preccioN.
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Workout Problems

0000000000000000000000000000OCCGROCGOCOOCOOCOOCTOT
) ‘ ithe B \ ‘ 2
S:rophﬁd e Boolean eNpression Usmcﬁ K P

Y= BBCD 4+ pecB -+ PBCE +PBLD +HEED + PRTE+HECO+ HBED
Misiriige USing  K-map
tdz F(Q)QIC)D) = 2 CO?‘)”’)8>Q) ‘DD
AC-, F (8,8, Gp) = BZDHPBD+BE

Sien Pl tbe Booleap eprescet usin K- :
P F:j pression ! (3 P
F®B806)=1TM(0,2.,3.2,9,12,13,|8)

ADS: — -F(C),B,C,D) =[8+c ) 1B5+B84+D) (9}»34—2)(%@@3.




Workout Problems

Example:4 Use a Earnaugh map to simplify each of the following logic expressions as much
as possible.

@) F=A'B'CD+AB'C'D'+ A'B'CD)' + ABC'D + ABCD
Solution. F = ABD + ABD + B'C

b) G=A'C+B'C+AB'C'+ A'B

Solation. G =AB'+ A’'B+ A'C or AB'+ A'B+B'C

icd) H=B'CD+ CD'+ A'B'C'D'+ A'B'C

Solution. H=B'CD+ CD' + A’'B’'C'D’' + A’'B’C

id) F=(A’+B+C){(A+B+C)(A+B+0C")

Solution. F=8 + AC’

Simplify the following logic expressions using K-maps
@) F(A, B, C)=A'C + B'C+AB'CC
) GIA, B, C,D)=B'CD + CD + AB'C'D + A'B'C




Workout Problems

o
b
L
)
ol
o
X

[
L]

T R e N == Y = T = NN e e - |

[ N R o T N == [ e R e [ e |
o o S == T =R T === [

L = B I e S " o Y Y
- D e DD O D -

= == =D O QO 2
== o T == R I == I
e =T ST S

= |

Transfer the input-output specifications for ¥, and F, given above to 3 variable
Karnaugh maps.

simplify the following using Boolean Algebra

@) z=wx+wxy

) z=i{x+v).(x+¥)

(c) Xy +uLy +wr+xyu

(x+ yhix+w)ly(x+w)+ ¥]




Workout Problems

0000 0000000000000 000000000000O0OCCFOCCGOCKOCGPOFTCGNG
1DEN ) 38 Obtain the simplified expression in s-of-p for the following Boolean functions:

-[ﬂ'l ].:"ﬁ-' e Ir:!rl.lg.l 1 .1'-.:!.-'2’

(b) ABD + A'C'D" + A'B + ACD + AB'D
c) xz+wxy'+twx'y+xy)
d) Fix, y,2)=Z(2 3,6, T

e} F(A,B,C,D)=ZX(7,13 14, 15)

eI N Write the logic expression and simplify it as much as possible and draw a logic
diagram that implements the simplified expression|

) > |

A

.




Reduvc e %\Pom\ma -fOnchon Qg}ma K- technigpe,

i - \ : v pliGed  booleq
L m(\lt‘n‘\(‘n{ DC.mra Raave O(\Oll(‘_C, lbe Sl P[l 0
cApre celon

FiPB.0P) = BBD+ 0685+ 5eb % AECD

Solution: L'] ‘ veo fonc oS 1L

FI(D,B.CD) o &5 - e o

- T PBhb+0Rcp+ HRDA ABCD
The given Boolean function is in normal SOP from, it is necessary to convert standard
canonical SOP form for simplifying using K-Map.

Fip,e,0p) = |

D+ 08D+ BRDA APRCD

S
V
C

Missing Literals C




F(D\g\("h\ e

BBD + R4 BRDX PBCD
‘BDBLCH)+ 9ReD +BDB (C4T)
= PBCH +BRCO +'§Bl"éD —+ B BC D+E§€D
FLe,8.0 = nect +Breo +BBe0 + BBCOHBBED
= = 5 Wroop @1~ & QP @i 1,385

= Group 2
BARCD




Implementation the simplified Boolean function Using basic gates

Y=08CcD +HD

' —




Reduvc e %\Pom\ma -fOnchon Qg}ma K- technigpe,

i \ 1 6 d Loole
—'m(\lt‘n‘\(‘n{ DC.?ﬁra Raave O(\Oll(‘_C, he SImM P[lﬁé’ Q)

expreceion,
Lt: Lp +84C) (p+B4AT) Bratc) (B+B+C)

Solution: L'ﬁve() ﬁ)ﬂCtiOO 1<
y = (A +84C) (p+BHC) (BPratc) (B+B+C)

The given Boolean function is in standard canonical POS form.

“the Caiveg Enpiescion: is 3 Variable - Hence e can
‘Solve It b(i Us\r)_ca’ 2 \ariable K—mp.

~N




Y= P +R4T) (p+B4AT) (Biastc) (B+B+C)

A
Bc%g BC A BEoirBC
r_ o Il 10 Lroop O 1—
_6’ :
tl=—"3] .| ,i)_'\'B—\-C.
otBiC
<1 3 ¢ B4C
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5\'“3[)\‘\&([ the C&\\VG‘O foockioo U\Q.‘\r)(a \fur"rn_().

—(0,8,0,2) = ™ (0,2,4) +dtl,n)
Solution: L’ﬁVPO ﬁ)ﬂCUOO \e

—(0,8,0,2) = ™ (0,24 +dll,n)
The ﬂ;\/é’ﬂ ‘ODO[(DQQ 1S \")QVI"Ya 3 variable . Heoce LDe

oequre 3 varigble K-moap

BC Be BT
D1 = | L_-__{__.,.J._O

1 l

X |
4 ik ) ORI ™ 1
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Fle.R,e)

Solution:

Fle.R,e)

=02 (1,3,5) +d(6,®
Liveo: fonction g

THIS ‘ﬂ\“’e” boolean - enprecson 1S 'bav‘ma B \arablec .
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Limitations of K Map
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Workout Problems

find  ~the reduce QOP form for tbe E)[\OL:)N')C? fonckHoNA.

\)Fm,e Eiph &0 (13, 3,0115) 45 (6,2,4)

“) F(9,8,0,D) = Eno (h,6,F,12,8) +<d (494,15

T Fte80 = S (6,1,3,3) +3a,5)
W) FUOYR) = Seype,3,9,2,10,12) +€d (2,6,13)
v) F(0B,0) = T8 (2, 5,3) + TTd ( 1,3)
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Minimization using Quine-Mccluskey (Tabular) Method)
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Minimization using Quine-Mccluskey (Tabular) Method)

Arrange all minterms in groups, such that all terms in the same group have same number
of 1’s in their binary representation. Start with the least number of 1's and continue with
grouping of increasing number of 1’s, the number of 1’s in each term is called the index of
that term i.e., all the minterms of same index are placed in a same group. The lowest value
of index is zero. Separate each group by a thick line. This constitutes the I stage

Compare every term of the lowest index (say i) group with each term in the successive
group of index (say, i + 1). If two minterms differ in only one variable, that variable should
be removed and a dash (-) is placed at the position, thus a new term with one less literal is
formed. If such a situation occurs, a check mark (/) is placed next to both minterms. After
all pairs of terms with indices i and (i + 1) have been considered, a thick line is drawn
under the last terms.

When the above process has been repeated for all the groups of I stage, one stage of
elimination have been completed. This constitutes the II stage.




18N The [II stage of elimination should be repeated of the newly formed groups of second

stage. In this stage, two terms can be compared only when they have dashes in same
positions.

The process continues to next higher stages until no further comparisons are possible.
(i.e., no further elimination of literals).

1058 All terms which remain unchecked (No ¢ sign) during the process are considered to be
prime implicants (PIs). Thus, a set of all PIs of the function is obtained.

From the set of all prime implicates, a set of essential prime implicants (EPIs) must be

determined by preparing prime implicant chart as follow.

(a) The PIs should be represented in rows and each minterm of the function in a column.
(b) Crosses should be placed in each row corresponding to minterms that makes the PIs.
(c) A complete PIs chart should be inspected for columns containing only a single cross.

PIs that cover minterms with a single cross in their column are called EPIs

The minterms which are not covered by the EPIs are taken into consideration and a
minimum cover is obtained form the remaining PIs.




Simplify the given function using tabular method.
F(A, B, CD)=>m(,23,6,7,38,10,12,13)

Solution: The given functionis F (A, B, C, D) => m(0, 2, 3, 6,7, 8, 10, 12, 13)

The minterms of the function are represened in binary form. The binary represented are
grouped into a number of sections interms of the number of 1’s index as shown in Table

Minterms  Binary No. Minterms | Index Binary
ABCD of I's Group ABCD

0000 m 0000
0010 0010
0011 1000
0110 0011
0111 0110
1000 1010
1010 1100
1100 0111
1101 1101

O N N = LW N N == O




Compare each binary term with every term in the adjacent next higher category. If they
differ only by one position put a check mark and copy the term into the next column with
(-) in the place where the variable is unmatched, which is shown in next Table

Minterms Binary No. Minterms | Index Binary Minterm Binary
ABCD of I's Group ABCD Group A B C

0000 0000 0, 2
0010 0010V 0,8
0011 1000V 2,3
0110 0011¢ %6

2,10
0111 0110v

8, 10
1000 1010 515
1010 1100 37
1100 0111 6.7
1101

1101w

O BN N = W NN = O




Apply same process to the resultant column of above Table and continue until no
further elimination of literals. This is shown in below Table.

Minterm Binary Minterm Binary
Group 8 Group B C
gz 2, 8, 10 0 - PI

" 8, 2, 10 0 - PI eliminated
2,6 3, 6, 7 3 | PI1
2,10 6, 3, T 1 PI eliminated.
8, 10
8, 12
3,7
6,7 1 - v
12,13 1 ~ PI

All terms which remain unchecked are the Pls. However note that the minterms
combination (0, 2) and (8, 10) form the same combination (0, 2, 8, 10) as the combination
(0, 8) and (2. 10). The order in which these combinations are placed does not prove any
effect. Moreover, as we know that x + x = x, thus, we can eliminate one of these

combinations.

?

?

The same occur with combination (2, 3) and (6, 7).




Now we prepare a PI chart to determine EPIs as follows shown in below Table

Minterms

Prime Implicants 6 7 8 10
(8, 12) %
(12, 13)

(0. 2,.8.10)
(2, 3, b, 7) x . x
v v |V v v v

(a) All the PIs are represented in rows and each minterm of the function in a column.

(b) Crosses are placed in each row to show the composition of minterms that make PIs.

(c) The column that contains just a single cross, the PI corresponding to the row in which
the cross appear is essential. Prime implicant. A tick mark is part against each column

which has only one cross mark. A star (*) mark is placed against each. EPIL




All the minterms have been covered by EPIs.
Finally, the sum of all the EPIs gives the function in its minimal SOP form

EPIs. Binary representation Variable Representation
A B C D
12, 13 1 1 0 - ABC’
0, 2, 8, 10 - 0 - 0 B'D’
2, 3,6, 7 0 - 1 - A'C

Therefore, F = ABC'+ B'D' + A'C.

If don't care conditions are given, they are also used to find the prime implicating, but it
is not compulsory to include them in the final simplified expression.




Binary
ABCD

Minterms

Minterms
Group

Minterm

Group

Minterm

Group

0000
0010
0011
0110
0111
1000
1010
1100
Mg 1101

O B0 bBO = L0 B B = O

0,2
0,8

2, 8 10
8, 2, 10

2,3
2, 6
2,10
8, 10
8, 12

3, 6, 7
6, 3, 7

PI chart to determine EPIs

3,7
Q9,7

Prime Implicants

Minterms

I

EPIs,

Binary representation

A B

C

D

Variable Representation

(8, 12)

(12, 13)

(0, 2, 8, 10)
(2, 3, 6, 7)

12,13
0,2,8 10
23,61

1
=
0 =

0

-

1

-

0

-

AB('
BD’
AC

Therefore, F = ABC' + B'D' + A'C.




Simplify the given function using tabular method.
F(A,B,C,D)=2m (0, 2, 3, 6,7)+d (5, 8, 10, 11, 15)

Solution: The given function is F(A, B, C, D) =2m (0, 2, 3, 6,7)+d (5, 8, 10, 11, 15)

The minterms of the function are represened in binary form. The binary represented are
grouped into a number of sections interms of the number of 1’s index as shown in Table

Minterms Binary No. Minterms Index Binary
ABCD of I's Group ABCD

0000 mg 0000
0010 m, 0010
0031 mg 1000
0101 vul1l
0110 0101
210K | 0110
1000 1010
1010 0111
1011 1011
1111 00 M |

b = O

S O

bo = LD

e Lo




Compare each binary term with every term in the adjacent next higher category. If they
differ only by one position put a check mark and copy the term into the next column with
(-) in the place where the variable is unmatched, which is shown in next Table

Minterms Binary No Minterms Index Binary Minterm Binary

ABCD of 1I’s Group ABCD i it
0000 0000V ’
0010 0010
0011 1000
0101 00TV
0110 0101
0111 0110
1000 101 Ov
1010 0111
1011 1011
=113 1111y

i N T

bS BO

- U R =

i T T e

=

=]

e L2
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=
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Apply same process to the resultant column of above Table and continue until no further
elimination of literals. This is shown in below Table.

Minterm RBinary Minterm Binary
A B C D Group B CD
0, 2, 8, 10 0 - 0 PI

0, 8 2, 10 0 0 PI Eliminated
2, 3, 8, 1 FI

2, 310,11 PI

2.6, 3, T PI Eliminated
2,

3,

0

10, 3, 11 PI Eliminated
7- 1315 PI
3.3 7, 15 PI Eliminated

- 1 1
1 - 1

LU O U - U O . T T . W T

S8 All the terms which remain unchecked are PIs. Moreover, one of two same combinations
is eliminated.




Now we prepare a PI chart to determine EPIs as follows shown in below Table

Prime Implicants Minterms

2 3 6

(5, 7)

(0, 2, 8, 10)
(2, 3,67
(2, 3, 10, 11)
(3, 7, 11, 15)

v

The minterms have been covered by EPIs

EPIs. Binary representation Variable Representation
A B C D

0, 2, 8§ 10 = 0 - 0. BD’
2, 3,6, 7 0 — 1 — AC

Therefore, F=B' D'+ A'C.




Simplify the given function using tabular method:
F(A,B,C D, E F G)=2m(20, 28, 38, 39, 52, 60, 102, 103, 127)

Solution: = The given functionis F (A, B, C, D, E, F, G) = X m(20, 28, 38, 39, 52, 60, 102, 103, 127)

Minterms Binary No. Minterms | Index Binary Minterms Binary
ABCDEFG of Is Group ABCDEFG

Myq 0010100
ng 0011100
mgq 0100110
Maq 0100111
Mg 0110100
0111100
1100110
1100111
1111l

>

Group B
Moq 0010100 v 20. 28 0
Mg 0011100 ¢ 20, 52
Mg : 0100110 v 28, 60
Mg 0110100 ¢ 38, 39
Mgq 0100111 v 38,

s 0111100 v 60
1100110 ¢ 39,

1100111 ¢

Eittitid Pl

bo

m

Mo

E
Ll
1
1
1
1
1
1
Ll

= =S = = ol o

o D= o D = =T

-1 U s WO W W




Minterms

Binary

ABCDEFG

No.

Minterms
Group

Binary
ABCDEFG

102
M 103
My97

0010100
0011100
0100110
0100111
0110100
0111100
1100110
1100111
Tl

[ )

=1 O = e QD e 2 Q2

My,

0010100 v

Mog

Mag

Mgo

0011100¥
0100110v
0110100 ¢

?]‘!-39
Mg
102
M 103
!?1127

m

0100111 ¢
0111100 ¢
1100110 ¢
1100111 v
Lit11ti Pl

Minterms
Group

Mintesms

Group

20,
20,

28

52

28,
38,
38,
52,

60
39

60

20, 28, 52, 60
20, 52, 28, 60

38, 39 102, 103
38,102, 39, 103

39,

102,

= O o D e = =T

e T e e o T BT T |

(ST =] [ s P G e W o i e 1 [~

NN NN SNISS

Now we prepare a PI chart to determine EPIs

All the minterms have been covered by EPIs

Prime Implicants

Minterms

38 | 39

52

60 | 102 | 103

127

(20, 28, 52, 60)

(38, 39, 102, 103) *

v

EPIs.

Binary representation
ABCDETFSG

Variable Representation

127

20, 28, 52, 60
38, 39 102, 103

[ e s R [
0 -1-1200
-10011 -

ABCDEFG
ACEF'G’
BC'D'EF

Therefore, F (A, B, C, D, E, F, G) = ABCDEFG + A'CEF'G' + BC'D'EF




THANK YOU
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