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UNIT- I Digital Systems and Binary Numbers
Introduction

A digitd computer stores data in terms of digits (humbers) and proceeds in discrete steps from
one state to the next. The states of a digital computer typically involve binary digits which
may take the form of the presence or absence of magnetic markers oragst medium , on

off switches or relays. In digital computers, even letters, words and whole texts are
representeddigitally.

Digital Logic is the basis of electronic systems, such as computers and cell phones. Digital Logic
is rooted in binary code, a&ges of zeroes and ones each having an opposite value. This system
facilitates the design of electronic circuits that convey information, including logic gates. Digital
Logic gate functions include and, or and not. The value system translates inpus sigoal

specific output. Digital Logic facilitates computing, robotics and other electronic applications.

Digital Logic Design is foundational to the fields of electrical engineering and computer
engineering. Digital Logic designers build complex elearominponents that use both

electrical and computational characteristics. These characteristics may involve power, current,
logical function, protocol and user input. Digital Logic Design is used to develop hardware, such
as circuit boards and microchip pessors. This hardware processes user input, system

protocol and other data in computers, navigational systems, cell phones or othetdulgh

systems

Digital Systems

2 A0K G2RlI@Qa S5A3IAGHE | 3S IdightR systehE & Ne¢cdmingvary | 3
much important.

Digital systems have such a prominent role in everyday life that we refer to the present
technological period as the digital age

Digital computers are General purposes, Many scientific, industrial and eocrah

applications. Digital systems are Telephone switching exchanges Digital camera Electronic
calculators, PDA's, Digital TV and Discrete informgtimcessing systems.

Digital systems are used in communication,

business transactions

traffic control

spacecraft guidance

medical treatment,

weather monitoring

the Internet,

and many other commercial, industrial, and scientific enterprises.

We have digital telephones,

digital televisions,




digital versatile discs,
digital cameras, handheld devices, andcofirse, digital computers.

2 A0K G2RFeQa S5A3IAGEE F3AS YR AYTF2NNXYIFGA2Y |3S>
important.
Digital computers
T General purposes
T Many scientific, industrial and commercial applications
A Digital systems
T Telephone switching exchanges
T Digital camera
T Electronic calculators, PDA's
T Digital TV
A Discrete informatiomprocessing systems
T Manipulate discrete elements of information

i C2NJ SEI YLX SSE 9mMZ HZ o0X XY |[YyR 98! .32 /X

A Analog system

T The physical quantities orignals may vary continuously over a specified range.
A Digital system

T The physical quantities or signals can assume only discrete values.

T Greater accuracy
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Binary Digital Signal
An information variable represented by physical quantity.
A For digital systems, the variable takes on discrete values.
T Two level, or binary values are the most prevalent values.
A Binary values are represented abstractly by:
I DigitsOand 1
I Words (symbols) False (F) and True (T)
I Words (symbols) Low (L) and High (H)

T And words On and Off
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NUMBER SYSTEM & BOOLEAN ALGEBRA

A digital system cannderstand positional number system only where there are a few symbols called digits and thest

symbols represent different values depending on the position they occupy in the number.

A value of each digit in a number can be determined using

1%




1 The digit
1 The psition of the digit in the number

1 The base of the number system (where base is defined as the total number of digits available in the number

system).

Decimal Number System

The number system that we use in our eayday life is the decimal numbeystem. 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 paint

represents units, tens, hundreds, thousands and so on.

Each position represents a specific powéthe base (10). For example, the decimal number 1234 consists of the digit
4 in the units position, 3 in the tens position, 2 in the hundreds position, and 1 in the thousands position, and its valye

can be written as

(1x1000) + (2x100) + (3x10) + (4xI)
(1x10) + (2x10) + (3x10) + (4xI0)
1000 + 200 + 30 + 1

1234

As a computer programmer or an IT professional, you should understand the following number systems which are

frequently used in computers.

S.N. Number System & Description
1 BinaryNumber SystenBase 2. Digits used: 0, 1

2 Octal Number SysterBase 8. Digits used: 0 to 7
3 Hexadecimal Number SysterBase 16. Digits used: O to 9, Letters used: A

Binary Number System

Characteristics
1 Uses two digits, 0 and 1.
1 Also called base Rumber system

f Each position in a binary number represents a 0 power of the base (2). Exafnple: 2




1 Last position in a binary number represents an x power of the base (2). Exafwgher x represents the last
position- 1.

Example
Binary Number: 101Q1

/1 f£OdA FGAy3d 580AYIE 9lidAGItSyid b

Step Binary Number Decimal Number

Step1l 1010k ((Ax2)+O0xP+ (1 xD+(0xD+ (1 %xDho
Step2 1010% (16 +0+ 4 +0 +13)

Step3 1010% 2110

Note: 1010% is normally written as 10101.

Octal Number System

Characteristics
1 Uses eight digits, 0,1,2,3,4,5,6,7.
1 Also called base 8 number system
f Each position in an octal number represents a 0 power of the base (8). Exafple: 8

1 Last position in an octalumber represents an x power of the base (8). Exampleh8re x represents the last
position- 1.

Example
hOGFf bdzY@SNI b MHpPTA

[ Ff£OdzA FGAy3a 5SOAYLFE 9ljdA@lIt Syl b
Step Octal Number Decimal Number

Stepl 1257G (1x8)+2x8+5BxB+(7x8+(0xho




Step2 1257G (4096 + 1024 + 320 + 56 +Q)
Step3 1257G; 549610

Note: 1257@Q is normally written as 12570.

Hexadecimal Number System

Characteristics
1 Uses 10 digits and 6 letters, 0,1,2,3,4,5,6,7,8,9,A,B,C,D,EF.
1 Lettersrepresents numbers starting from 10. A=10,B=11,C=12,D=13,E=14, F = 15.
1 Also called base 16 number system.
f Each position in a hexadecimal number represents a 0 power of the base (16). Exainple 16

1 Last position in a hexadecimal number repressean x power of the base (16). ExampléwBere x represents

the last position 1.

9EI YLX S b
Hexadecimal Number: 19FRE

/' F£0dzZ  GAy3 5SOAYIE 9ljdzA @t Syid b

Step Binary Number Decimal Number

Stepl 19FDks (A1x18)+(9x 1§+ (Fx 19+ (D x 1§ +(E x 18)10
Step2 19FDks (A x16)+ (9 x1§+ (15x 19 + (13 x 1§ + (14 x 19)10
Step3  19FDks (65536 + 36864 + 3840 + 208 +134)

Step4 19FDks 1064620

b 2 (i $9FDEis normally written as 19FDE.

There are many methods dechniques which can be used to convert numbers from one base to another. We'll
RSY2yaiG NI (GS KSNB (KS F2fft2¢Ay3 b




1 Decimal to Other Base System
1 Other Base System to Decimal
1 Other Base System to Nddecimal
9 { K2NIOdzi YSGiK2R b . AYyFENEB G2 hOGl ¢
1 { K2 NI Odzi OcvaRdimnanR L
9 {K2NIOdzi YSGiK2R b . AYIFENE (2 | SEFNRSOAYI ¢
9 { K2NIGOdzi YSGiK2R bt | SEFRSOAYLFE G2 . Ayl NE
Decimal to Other Base System

Steps
f Steplb 5APARS (GKS RSOAYIf ydzYoSNI G2 06S 02y @
f Step2b DSG GKS NBYFAYRSNI FNRY {{iSLIwm a GKS
1 Step3b 5ABARS GKS [[d20GASYd 2F GKS LINBGA 2dza
1 Stepdt wWwSO2NR (GKS NBYIFIAYRSNI FNRY {GSL) o I &

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

The last remainder thus obtained will be the Most SigaiftdDigit (MSD) of the new base number.

9EFI YL § b

Decimal Number: 29

[ 1 §£0dA FGAY3 . AYyFNEB 9ljdzA @t Syd b
Step Operation Result Remainder
Step 1 29/2 14 1
Step 2 14/2 7 0
Step 3 712 3 1
Step 4 3/2 1 1

SNI SR 0o
NA IK{Y
RAODARS
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Step 5 1/2 0 1

As mentioned in Steps&nd 4, the remainders have to be arranged in the reverse order so that the first remainder
becomes the Least Significant Digit (LSD) and the last remainder becomes the Most Significant Digit (MSD).

5850AYLFf b@EYo.SANYILNB b dzY6 SNI b MMMAM

Other Bas&ystem to Decimal System
Steps

z P

1 Steplb 5SUSNXYAYS (K O2ftdzyy o6LRaAiAlbtAz2ylrto @ltdsS 27
the base of the number system).

1 Step2b adzZ GALX @ GKS 200FAYySR 02f dzY yespdridihgdzSumnso Ay { G §LJ
1 Step3b {dz¥Y GKS LINRRdzOGa OIFfOdzZ I GSR Ay {(iSLI Hd ¢KS |G2
Example
CAYENE bdzY20SNI b MMMAM
/'Lt OdzA FGAy3 5SOAYILE 9ljdaAagdltSyid b
Step Binary Number Decimal Number
Stepl 1110% (Ax2)+@AxY+LxD+(0xY+(1xDo
Step2 1110% (16 + 8+ 4 +0 +1d)
Step3 1110% 2%0
CAYENE bdzYad SBISOANM G N dzYo SNI b H
Other Base System to N@ecimal System
Steps
 Steplb /2y @PSNI GKS 2NRAIAAYIf ydzYoSNI G2 I RSOAYIFf ydgyo
T Step2b [/ 2y @PSNI GKS RSOAYFE ydzYoSNJ a2 20Ul AySR G2 (KS
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Example
hOGlf bdgYoSNI b Hp

J L fOdgE FGAYI AYFINE 9ldAGItSYyd b

{GSLI m b /2YOSNU 02 5SOAYI ¢

Step Octal Number DecimalNumber
Stepl 25 (2% 8)+ (5% o
Step2 25 (16 + 5%

Step3 253 2110

hOGlt bdagVYoSKIOB Y HdzYoSNI L HwMm
b

{GSLI H | 2y @SNI 5SOAYIFE (G2 . Ayl NE
Step Operation Result Remainder

Stepl 21/2 10 1

Step2 10/2 5 0

Step3 5/2 2 1

Stepd 2/2 1 0

Step5 1/2 0 1

580AYLFt b@EYo.SMNYILNBI MbdzYOo SNI b MAMAM
hOGl f bdafYoSMIyth NEp bdzYo SNI b mamnam

Shortcut method Binary to Octal

Steps
f Steplb 5APARS (GKS O0AYyFNEB RAIAGA Ayid2 3IAINRdAzLJA 2F KN
 Step2b / 2y PSNIL SFOK 3INRdzL) 2F GKNBS o0AylFNEB RAIAGA 0
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Example
CAYENRE bdzY20SNI b mMaAMAM

/1 £Odzg FGAy3d hOdGlt 9ldAGItSyd b

Step Binary Number Octal Number
Stepl 1010% 010 101
Step2 1010% 25 58

Step3 1010% 258

CAYENE bdzY20 SKIOK | fn a2y do SNI b Hp

Shortcut method Octal to Binary

Steps

 Steplb [/ 2y @SNI S| OK Bitady humbeR(Eh&dctal digit® maly bedreated a3 deGimal for this

conversion).

f Step2b / 2YOAYS Fff (GKS NBadzZ GAy3 o6AylFNER 3INRdZIA o627

Example
hOdGFtf bdaYoSNI b Hp

[ F£0dzZE FGAYy3 . Ayl NB 9ljdzA @€ Syid b

Step OctalNumber Binary Number
Stepl 25 210510

Step2 25 010 10L
Step3 25 01010%

hOGlFf bdgVoSMIYH NEBp bdzYo6SNI b mMamam
Shortcut method Binary to Hexadecimal

13




Steps

1 Steplb 5APARS GKS O0OAYINE RAIAGA Ayd2 3IANRdzZIA 2F F2d
1 Step2b / 2y @SNI SIFOK INRBdzL) 2F F2dzNJ 6AYylFNE RAIAGA G2
Example
CAYENRE bdzY20SNI b mMaAMAM
/'Lt OdzA FGAy3d KSEFRSOAYIFE 9ljdaAgdltSyid b
Step Binary Number Hexadecimal Number
Step1l 1010% 0001 0101
Step2 1010% 110510
Step3 1010% 15:6
CAYLFNE bdzYad SNISIEF REDAW id bdzYoSNI b mp
Shortcut method Hexadecimal to Binary
Steps
1 Steplb /2y @SNI Sl OK KSEFRSOAYIFf RAIAG G2 F n RAIAL
decimal for this conversion).
 Step2b [/ 2Y0AYS Iff (GKS NBadzZ GAy3 oAylFNE 3INRdzLIA 627
Example

| SEF RSOAYLIfwbdzYoSNI b wmp

[ §£0dzA FGAY3 . AYyFNEB 9ljdA @t Syl b
Step Hexadecimal Number Binary Number
Stepl 155 110510
Step2 15 0001, 010%L

14
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Step3 155 0001010%
| SEF RSOA Y fi6lb dzYAO)SINME: bvdzY 0 SNI b mamam

In the coding, when numbers, letters or words are represented by a specific group of symbols, it is said that the numb
letter or word is being encoded. The group of symboils is called as a code. The digital data is represented, stored
transmitted asgroup of binary bits. This group is also calledasry code The binary code is represented by the

number as well as alphanumeric letter.

Advantages of Binary Code

Following is the list of advantages that binary code offers.
1 Binary codes arsuitable for the computer applications.
1 Binary codes are suitable for the digital communications.
1 Binary codes make the analysis and designing of digital circuits if we use the binary codes.

1 Since only 0 & 1 are being used, implementation becomes easy.

Classification of binary codes

The codes are broadly categorized into following four categories.

1 Weighted Codes

1 NonWeighted Codes

1 Binary Coded Decimal Code
1 Alphanumeric Codes

1 Error Detecting Codes

ll

Error Correcting Codes
Weighted Codes

Weighted binary codesra those binary codes which obey the positional weight principle. Each position of the number
represents a specific weight. Several systems of the codes are used to express the decimal digits 0 through 9. In th

codes each decimal digit is representedabgroup of four bits.

15
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Decimal > 2 | 4

Positional & *
weights —3> 8+4+2+1 8+4+2+1
Code > 0010 0100
NonWeighted Codes

In this type of binary codes, the positional weights are not assigned. The examplesweéigbited codes are Exce8s
code and Gray code.

Excess3 code

The ExcesS8 code is also called as-X$ode. It ismon-weighted code used to express decimal numbers. The EScess
code words are derived from the 8421 BCD code words adding (0011)2 or (3)10 to each code word in 8421. The exgess
o O2RSa INB 206i0GlIAYySR a F2fft26a b

Add
Decimal Number = 8421 BCD =— Excess-3
0011
Example
Decimal BCD Excess-3
8 4 2 1 BCD + 0011
0 00 0O 00 Al 1
1 0 0 0 1 01 00
2 Q=040 0 2 0 i
3 00 11 0 14 0
4 0100 Ot g
5 01 0 1 10 00
6 O 310 1 0 0 1
7 i IR B0 100150
8 1000 £ g
9 £ 0 0t 1+ 5% 00
Gray Code

—

It is the nonweightedcode and it is not arithmetic codes. That means there are no specific weights assigned to the b

position. It has a very special feature that, only one bit will change each time the decimal number is incremented as

16




shown in fig. As only one bit changdésadime, the gray code is called as a unit distance code. The gray code is a cycl

code. Gray code cannot be used for arithmetic operation.

Decimal BCD Gray
0 00 0O 0 0 0O
1 0 0 0 1 0 0 0 1
2 0010 0 0 11
3 0 0 1 1 00 10
4 01 00 01 10
5 0101 Q141 4
6 01 10 01 0 1
7 0 A 1: % 01 00
8 1000 1100
9 1 0 0 1 ¢ S S ¢ TR

Application of Gray code

1 Gray code is popularly used in the shaft position encoders.

1 A shaft position encoder pduces a code word which represents the angular position of the shaft.

Binary Coded Decimal (BCD) code

In this code each decimal digit is represented bykitdinary number. BCD is a way to express each of the decimal
digits with a binary code. In the BCwith four bits we can represent sixteen numbers (0000 to 1111). But in BCD codsg
only first ten of these are used (0000 to 1001). The remaining six code combinations i.e. 1010 to 1111 are invalid
BCD.

Decimal 0 1 2 3 4 5 6 7 8 9

BCD 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001

Advantages of BCD Codes

1 Itis verysimilar to decimal system.
1 We need to remember binary equivalent of decimal numbers 0 to 9 only.

Disadvantages of BCD Codes

17
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1 The addition and subtraction of BCD have different rules.
1 The BCD arithmetic is little more complicated.

1 BCD needs more number oftbithan binary to represent the decimal number. So BCD is less efficient than

binary.

Alphanumeric codes

A binary digit or bit can represent only two symbols as it has only two states '0' or '1'. But this is not enough fg
communication between two compute because there we need many more symbols for communication. These
symbols are required to represent 26 alphabets with capital and small letters, numbers from 0 to 9, punctuation mark
and other symbols.

The alphanumeric codes are the codes that represennbers and alphabetic characters. Mostly such codes also
represent other characters such as symbol and various instructions necessary for conveying information. A
alphanumeric code should at least represent 10 digits and 26 letters of alphabet ile3&atams. The following three

alphanumeric codes are very commonly used for the data representation.

1 American Standard Code for Information Interchange (ASCII).
1 Extended Binary Coded Decimal Interchange Code (EBCDIC).
1 Five bit Baudot Code.

ASCII code & 7-bit code whereas EBCDIC is anit&ode. ASCII code is more commonly used worldwide while EBCDIC
is used primarily in large IBM computers.

Error Codes

There are binary code techniques available to detect and correct data during data transmission.

There are many methods or techniques which can be used to convert code from one format to another. We'

demonstrate here the following

1 Binary to BCD Conversion
1 BCD to Binary Conversion
T BCD to Excess
T Excess3to BCD

Binary to BCD Conversion

18
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Steps
1 Step 1-- Convert the binary number to decimal.
1 Step 2-- Convert decimal number to BCD.
9EFYLX S b OR29BBBNI O6MMMAMO

{GSLI m b /2yOSNI (2 5SOAYI
CAYENRE bdzY20SNI b MMMAM

J 1 fOdA FdAy3 58OAYIE 9ldA@GIt Syl b

Step Binary Number Decimal Number

Stepl 1110% (Lx2H+1LxY+(ALxDY+(0xH+(1xYno
Step2 1110% (16 +8+4 +0 +1d)

Step3 1110% 290

CAYENE bdzY:d SBISIOANM G N dzYo SNI b H

{GSLI W b [/ 2yOSNI G2 ./ 5
5SOAYIFE b@zYoSNI b H

Calculating BCD Equivalent. Convert each idigitgroups of four binary digits equivalent.

Step Decimal Number Conversion

Stepl 2% 001G 1001

Step2 2% 0010100%cp
Result

(11101)= (0010100%Kkp

BCD to Binary Conversion

Steps

19




1 Step 1-- Convert the BCD number to decimal.
1 Step 2-- Convert decimal to binary.
9ELFYLIE S b O2 wsbBldaryonnmamanmo

Step 1- Convert to BCD

.15 bdzYoSNI dep ONnAMAMAAMO

Calculating Decimal Equivalent. Convert each four digit into a group and get deguivalent for each group.

Step BCD Number Conversion
Step1l (00101001§co 001G 1001
Step2 (00101001gco 210910
Step3  (00101001§co 290

.15 bdzYdo SNJ deol 6 S SDANM A M dZYOSNI b H D

Step 2- Convert to Binary

Used long division method falecimal to binary conversion.
5SOAYIFE b@zYoSNI b H

J L fOdAE FGAYI AYFINE 9ldAGItSYyd b

Step Operation Result Remainder
Stepl 29/2 14 1
Step2 14/2 7 0
Step3 7/2 3 1
Step4 3/2 1 1
Step5 1/2 0 1

20




As mentioned in Steps 2 and 4, tremainders have to be arranged in the reverse order so that the first remainder

becomes the least significant digit (LSD) and the last remainder becomes the most significant digit (MSD).
5SO0AYIE bdIYo.SNYILNBH b dzZYo SNI b MMMAM

Result

(00101001ycp=(11101)

BCD to ExceSs

Steps

1 Step 1-- Convert BCD to decimal.

1 Step 2-- Add (3)oto this decimal number.

1 Step 3-- Convert into binary to get exce8scode.
9EFYLIE S b QayEx&ddi omMnnamo

{GSLI M b /2yOSNI (G2 RSOAYI
(1001};032910

{ G S LAddi3 td-decimal
(9o + (3ro= (12)0

{G0SL) o b /2gOSNI G2 9EOSaa
(120 = (1100}

Result

(1001 pco= (1100ys3

Excess to BCD Conversion

Steps
1 Step 1-- Subtract (001L)from each 4 bit of exces3 digit to obtain the corresponding BCD code.

9EIFYLIE S b O2W%SBBAD. o MmanamMmMAmMA D

21




Given X8 number =10011010
Subtract (001%) =00110011

BCD=0110 0111

Result

(10011010)s3 = (0110011 %o

Complements are used in the digital computers in order to simplify the subtraction operation and for the logical
manipulations. For eaatadixr system (radix r represents base of number system) there are two types of complements

S.N Complement Description
1 Radix Complement The radix complement is referred to as the r's complemen

o ) The diminished radigkomplement is referred to as the-{)'s
2 Diminished Radix Complement
complement

Binary system complements

As the binary system has base r = 2tH&otwo types of complements for the binary system are 2's complement and

1's complement.

1's complement

The 1's complement of a number is found by changing all 1's to O's and all 0's to 1's. This is called as taking complement

or 1's complement. Exampti 1's Complement is as follows.

Given number — 1 0 1 0 1.

1's complement— g 1 0 1 0

2's complement

The 2's complement of binary number is obtained by adding 1 to the Least Significant Bit (LSB) of 1's complement of

the number.

22




2's complement = 1's complement + 1

Example of 2's Complement is as follows.

Given number — 1 0 1 0 1

1's complement— g 1 0 1 0

Add1l + 1

Binary arithmetic is essential part of all the digital computers and many other digital system.

Binary Addition

It is a key for binary subtraction, multiplication, division. There are four rules of binary addition.

Case A + B Sum Carry
1 0 + O 0 0
2 0O + 1 1 0
3 1 + 0 1 0
4 i -+ 1 0 1

In fourth case, a binargddition is creating a sum of (1 + 1 = 10) i.e. 0 is written in the given column and a carry of

over to the next column.

9EFYLIX S b ! RRAGAZY

0011010 + 001100 =00100110 11 carry
0011010 =26w
+0001100 =12

0100110 =38w

23
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Binary Subtraction

Subtraction and Borrowthese two words will be used very frequently for the binsuptraction. There are four rules

of binary subtraction.

Case A - B | Subtract |Borrow
1 0 - 0 0 0
2 ¥ — 0 1 0
3 T =i1, 0 0
4 0 =5t 0 3

9EI YLX S b {dzoiGNI OlAzy

0011010 - 001100 =00001110 44 borrow
0033010 =260
-0001100 =120

0001110 =14

Binary Multiplication
Binary multiplication is similar to decimal multiplication. It is simpler than decimal multiplication because only Os an

1s are involved. There areuorules of binary multiplication.

Case | A x B Multiplication
1 0 x O 0
2 0 x 1 0
3 1: x: 0 0
4 Jil e . 1

9EI YLX S b adzZ GALX AOFGAZY

Example:

0011010 x 001100 =100111000
0011010 =261

x0001100 =12

0000000
000000O0
0011010
0011010
0100111000 =312«

24
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Binary Division
Binary division is similar to decimal division. It is called as the long division procedure.
9EI YLX S b 5AQAAARZY
101010 /000110 = 000111
111 =710
000110 ) 401010 =42
-110 =610

1001
-110

110
-110
0

Hexadecimal Number System

Following are theharacteristics of a hexadecimal number system.
1 Uses 10 digits and 6 letters, 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F.
1 Letters represents numbers starting from 10. A=10,B=11,C=12,D=13,E =14, F = 15.
1 Also called base 16 number system.
1 Eachpositonih KSEFRSOAYIf ydzYoSNJ NBLINBaSydGa I n LI2s6SN

T [F&dG LRAaAAGAZ2Y AY | KSEFRSOAYIt ydzyo SN NBwied x Sy

represents the last positionl.

Example
| SEF RSOAYIFt hedzY6SNJ b mM@pC59
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/1 f£OdA FGAy3d 580AYIE 9lidAGItSyid b

Step Binary Number Decimal Number

Step1l 19FDks (Lx16)+(9x 1§+ (Fx 19 + (D x 18 + (E x o
Step2 19FDks (A x18)+ (9 x18§ + (15 x 1§ + (13 x 1§ + (14 x 190
Step3 19FDks (65536 +36864 + 3840 + 208 + 14)

Step4 19FDks 1064620

b 2 (i $9FDEsis normally written as 19FDE.

Hexadecimal Addition

Following hexadecimal addition table will help you greatly to handle Hexadecimal addition.
EoiE } X

10 11
10 11 12
1011 12 13
10 1112 13 14
10 11 1213 14 15
1011 12 13 14 15 16
10 1112 13 1415 16 17
10 11 1213 14 1516 17 18
10 11 12 1314 15 1617 18 19
1011 12 13 1415 16 17 18 19 1A
1112 13 14 1516 17 1819 1A 1B
1213 14 15 1617 18 19 1A 1B 1C
10 11 12 1314 15 16 1718 19 1A1B 1C 1D
10 11 12 13 141516 17 1819 1A 1B1C 1D 1E

[
N
w
B
w
()]
~J
00
w
(vs]

MmO mX> W0

mMMmoOOm>» W0
TMOoOOmm> | >

MmO N W

L. Sum

MTMOO@>WoNo~NOU & W
TMOOm@>WNNO U S
MMOOm>Wo~oWUn
MMOO@D>WN O
MTMOOmD>W 0

MTMOOm@>W0ENaumsEWN
[y
o

TMMOOmW> WO U BWwN -
[y
o
[y
[y

TMOO@POUONONSWNRO @

-<{ MMOOm>LOLNOTUNEWNROO |+

To use this table, simply follow tHe A NS QG A 2y & dzda SR Asyind GKlocate & ib the X dol8mntkhen R|R
locate the 5 in the Y column. The point in 'sum' area where these two columns intersect is the sum of two numbers.
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Aws+ Si6= Fe.
9EI YL S b
4A61s + 1B316 = 65916

|l RRAGAZ2Y
1 carry

4A6 =1190:w0

+1B3 = 435

659 =162510

Hexadecimabubtraction
er

The subtraction of hexadecimal numbers follow the same rules as the subtraction of numbers in any other numb
system. The only variation is in borrowed number. In the decimal system, you borrow a grouf. dh 1Be binary

system, you borrova group of 2o. In the hexadecimal system you borrow a group ab.16

Example Subtraction

4A616-1B316 = 2F316 16 borrow
34A6 =1190w

-1B3 = 43510

2F3 =755

Boolean Algebra is used to analyze and simplify the digital (logic) circuits. It uses only the binary numbers i.e. 0 an
It is also called aBinary Algebreor logical AlgebraBoolean algebra was invented Ggorge Boolén 1854.

Rule in Boolean Algedor

Following are the important rules used in Boolean algebra.

1 Variable used can have only two values. Binary 1 for HIGH and Binary 0 for LOW.

1 Complement of a variable is represented by an overBaiThus, complement of variable B is represented as

B ThusifB=0theB =1andB=1theB = 0.

represented as A + B + C.
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1 ORing of the variables is represented by a plus (+) sign between them. For example ORing ofsA, B,
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1 Logical ANDing of the two or more variable is represented by writing a dot between them such as A.B.C.

Sometime the dot may be omitted like ABC.

BINARY LOGIS
MQa YR nQa 2NJ hy 2N hTF 2NJ | A3IK 2N [ 2

A truthtable is a diagram that shows all possible logical inputs and their associated outputs.
Logic gates are circuits that are used to perform a logical operation in computing.

Logic gates
NOT Gate

The NOT gate is the simplest gate used in computing as it $iagla input and output that
perform the following logic: when the input is 0, the output will be 1when the input is 1, the
output will be O

The OR gate has two or more inputs
0 when ALL the inputs are 01 when ANY or ALL inputs are 1

AND Gate :The AND ate has two or more inputs and the output will be:1 when ALL the
inputs are 1, and O when ANY or ALL inputs are 0 0

BOOLEAN ALGEBRA

—

Boolean algebra, like any other deductive mathematical system, may be defined with a se
of elements, a set of operatorand a number of unproved axioms or postulates.

Aset of elements is any collection of objects, usually having a common property. If S is a sét,
and x and y are certain objects, then the notatioh S meansthat x is a member of the set
Sandy S means thaty is not an element of S.

A binary operator defined on a set S of elements is a rule that assigns, to each pair of
elements from S, a unique element from S. As an example, consider the relation

a*b=c
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AXIOMS
1. (a) The structure is closed with respect to the operator +.
(b) The structure is closed with respect to the operator * .
2. (a) The element 0 is an identity element with respect to +; thatis, x+0 =0+ Xx=X.
(b) The element 1 is an identity element with respect to * ; thatis,x*1=1*x =x.
3. (a) The structure is commutative with respect to +; that is, X + y+=xy
(b) The structure is commutative with respect to * ; that is, X *y =y * x.
4. (a) The operator *is distributive over +; thatis, x * (y + z) = (X *y) + (X * 2).
(b) The operator + is distributive over * ; thatis, x + (y *z) = (X +y) * (X + 2)

5. For every element X B, there exists an element% B (called the complemenof x) such
that (a) x + ¥= 1 and (b) x * % 0.

7

6. There exist at least two elements xNy. & dzOK GKIF 4G4 E r @

Rule in Boolean Algebra

Following are the important rulessed in Boolean algebra.
Variable used can have only two values. Binary 1 for HIGH and Binary O for LOW.

Complement of a variable is represented by an overfai fius, complement of variable B is represented
as B . ThusifB=0the B=1andB=1the B = 0.

ORing of the variables is represented by a plus (+) sign between them. For example ORing of A, B,
represented as A + B + C.

Logical ANDing of the two or more variable is represented by writing a dot between them such as A.B.C.

Sometime the dot may be omitted like ABC.
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Boolean Laws

There are six types of Boolean Laws.

Commutative law

Any binary operation which satisfies the following expression is referred to as commutative operation.

()A.B=B.A (i)A+B=B+A
Commutative law states thathanging the sequence of the variables does not have any effect on the
output of a logic circuit.

Associative law

This law states that the order in which the logic operations are performed is irrelevant as their effect
the same.

(i) (A.B).C=A.(B.C) (ii) (A+B)+ C=A+ (B+C)

Distributive law

Distiibutive law states the following condition.
A.(B+C)=AB+A.C

AND law

These laws use the AND operation. Therefore they are callédNBdaws.

()A.0=0 (ii)A1=A
(i) AA=A (iv)A.A=0
OR law

These laws use the OR operation. Therefore they are call€dRésnvs.

(JA+0=A (ii)A+1=1
(iii)A+A=A (ivVJA+A=1
INVERSION law

This law uses the NQperation. The inversion law states that double inversion of a variable results in
the original variable itself.
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=A

De Morgan theorem

@O6EBEVQ T
600 6EELQ T

EQbeéQ

Postulates and Theorems of Boolean Algab

Postulate 2

Postulate 5

Theorem 1

Theorem 2

Theorem3, involution

Postulate3, commutative

Theorem4, associative

Postulate4, distributive

Theorem5, DeMorgan

Theorem®6, absorption

Minterm or a Standard Product

(a) x+t0 =x

OFl0 EBEQ TI' W

(a) x+x =x

(@ x+l=1

OEQULQ TI' E

(@) x+y=y+x

(a) x+(y+2)=(x+y)+z

(a) x(y+z)=xy+xz

0L 0 OEBEUQ ' EQeéeQ

(a) x+xy = x

(b) x.1 =x

600 E®EQ T

(b) x.x =X

(b)x.0=0

(b) xy = yx

(b) x(yz) =¢)z

(b) x+yz = (x+y)(x+2)

6060 O0E&U0Q

(b) x(x +y) =x

n variables forming an AND term providegdssible combinations, called minterms or standard

products (denoted as m1, m2 etc.).

Variable primed if a bit is 0
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Variable unprimed if a bit is 1

Maxterm or a Standard Sum

n variables forming an OR term providgodssible combinations, called maxterms or standard sums (denoted as

M1,M2 etc.).

Variable primed if a bit is 1

Variable unprimed if a bit is 0

MINTERMS AND MAXTERMS FOR THREE BINARY VARIABLES

32

MINTERMS MAXTERMS

X y z Term Designation Term Designatipn
0 0 0 EQeé mO X+y+z MO

0 0 1 EQe@ m1 Ebéb M1

0 1 0 EQeé m2 EbéQ M2

0 1 1 EQe@ m3 EbéQ M3

1 0 0 E&Q mé4 EQbeé M4

1 0 1 E&Q m5 EQbé M5

1 1 0 E&l m6 EQbé M6

1 1 1 Xyz m7 EQbe M7




LOGIC GATES

Logic gates are the basic building blocks of any digital system. It is an electronic circuit having one or more than ¢one
input and only one output. The relationship between the input and the output is basedcentain logic Based on

this, lbgic gates are named as AND gate, OR gate, NOT gate etc.

AND Gate

A circuit which performs an AND operation is shown in figure. It has n input (n >= 2) and one output.

Y = AANDBAND C....... N
Y = AB.C..... N
b = ABC....... N

Logic diagram

A— f_ y
B—1
Truth Table
Inputs Output
A | B | AB
0|0 0
0 | =3 0
1|0 |0
11 |1

OR Gate

A circuit which performs an OR operation is shown in figure. It has n input (n >= 2) and one output.
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Y = A+B+C.... N
Logic diagram
B>
Truth Table
Inputs Output
A| B |A+B
0| 0 0
0| 1 1
1|0 1
S o S € 1
NOT Gate
NOT gate is also known kwerter. It has one input A and one output Y.
Y = NOTA
Y = A

Logic diagram

Truth Table
Inputs | Output
A B
0 1
L 0
NANDGate

A NOTAND operation is known as NAND operation. It has n input (n >= 2) and one output.
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Y = ANOTANDBNOTANDC......N
Y = A NAND B NANDC ....... N
Logic diagram
A — [ [\ A [
\l SO
Y J
B — J V g — 5 Y
Truth Table
Inputs Output
A| B | AB
0|0 |1
0 Ll
; (0 R BB
1(11]0
NOR Gate

A NOTOR operation is known as NOR operation. It has n input (n >= 2) and one output.

ANOTORBNOTORC....... N
ANORBNORC....... N

Logic diagram

A D, A
B@ [/ ! Bj//_Y

Truth Table
Inputs Output
A| B | A+B
0|0 |1
Ol =0
1|0/ o0
115 | O
XOR Gate
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XOR or E©OR gate is a special type of gate. It can be used in the half adder, full adder and subtractor. The-©&lusive
gate is abbreviated as EDR gate or sometime asOR gate. It has n input (n >= 2) and one output.

Y = AXORBXORC......N
Y = A®B®C.....N
Y = AB + AB

Logic diagram

-y
.I } /\ Y

Truth Table

Inputs Output

A| B |A(+)B

0| 0 0

0| 1 1

1[50 1

o Bl = 0
XNOR Gate

XNOR gate is a special type of gate. It can be used in the half adder, full adder and subtractor. The-BQRIgiatEe
is abbreviated as EMOR gate or sometime asNOR gate. It has n input (n >= 2) and one output.

Y = AXORBXORC......N
Y = AQOBQOC.....N
Y E "AB +AB
Logic diagra
.| \' Y
B —— A
Truth Table
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Inputs Output
A| B |A-)B
0| O 1
0|1 0
1|0 0
s ) [ | 1
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Part A Questions

. Draw the logic symbols and truth table of NAND and NOR gates
. What is the BCD equivalent of 456
. 1f 143 =%, then X is
. Minimum number of two input NAND gatesquired to implementY =A+ B C
.StateandproveBe 2 NBHI yQa GKS2NBY
. What do you understand by universal gate
® /2y @SN GKS 3IAGBSY SljdzZ GA2
® wSRdz0S !'4.4/4 b 4./ 94 b !
. Simplify the following expressiodY 6! b . 0 0!
10. Define duality property
11. Find the complement of the functions¥x'yz' + X'y'z ankE x (y'z' + yz).By applying-De
Morgan's theorem.
12. What is a Logic gate?
13. State the associative property of boolean algebra
14wSRdz0S !'. b 06!/ 04U b !.Q/ o!. b [0
15. Prove that ABC + ABC' + AB'C + ABC =AB + AC + BC
16. Convert the given expression in canonical SOP form Y = AC + AB + BC.
MT® {AYLIEATE GKS F2ft26Ay3a SELINBaarzy . I o
18. What is the Hexadeunal equivalent of 1110010120
19. Draw the logic symbols of BOR and EXR gates and its truth table.
20. Prove A(A'+B)=AB
21. Convert the following numbers with the given radix to decimal. i) (4433)5 ii) (1199)12
HH® {GF30S YR LINE dfiné éicode? NiEt buy tiedapplicktiSng ofB?Y ¢
23.What are the basic operations in Boolean algebra?
24. A computer has a word length of 9 bits including sign. If 2's complement is used to
represent negative numbers, what range of integers can beegtar computer? Express your
answer in hexadecimaDctober/November- 2018
Hpd® ClLOG2NJ GKS F2ftft26Ay3 SELINBGo@abertNgveribar- 2 6 § |
2018
26. Draw 4variable Kmap and define pair, quad and oct€ctober/November- 2018
27. Convert the following (i) (AB)16 = (__ )10 (ii) (1234)8 =(_M101019
HYy® CAYR GKS HQa O2YLX SYSWay10t9y R mQa O2YLX SY
29. Convert the followingexpression SOP into POS (AB + C) (BMAHPRL019
30What are the Universal gates? Why they called as universal ¢d#ss1019

o< 4 o0~ WNPER

y
Q. |/
b / Q0 6.4 b / Q0

31.Given that (292)10 = (1204)b, determinedxtober/November- 2019
32.List out the postulates used in Boolean algel@®atober/November- 2019
332 KIFd NP GKS R2y Qi OF NB OctojeRNovemtesf 20192 F | . 2
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Part B Questions

1. (@) Convetthe following decimal numbers into binary, octal and hexadecimal.
May 2013
(1) 255 (ii) 1023 (iii) 65,535 (iv) 4097

H® 61 0 t NP@GS dzaAy3a 5SS az2NHIFIyQa GKS2NBya K|

(b) Prove that if a and b are switchingriables then prove that a+b=a xor b xor c
3. (a) Convert the following to Decimal and then to Hexadecimal. (i) 12348 (ii) 110011112 Dec
2014
b) Find the complement of the following Boolean function and reduce into minimum number
2T ftAGSNRSA®5, Ob/ 5 0Ob!
4. (i) Convert (1126.148)10 to hexadecimdhy 2013
(i) Convert (10011.1101)2 to decimal.
(iif) Convert (11001111.01101001)2 to octal.
(iv) Convert (789.0123)8 to binary.
p® 6F0 holUl Ay GKS (NHziK GF od08 F¥2NJ 0KS Fdzy Oil
(b) Prove that the sum of all minterms of a Boolean function for three variables is 1.
cd® 0 t SNF2N)Y (KS adzodiNY OQGA2Y dzaAy3a mQa O2Y
10000 ii) 1101@ 1101 iii) 106 110000 b) How are negativeimbers represented? Represent
signed numbers from +7 & using different ways of representation. (7M)
7. a) Reduce using mapping the following expression and implement the real minimal
SELINB&&AA2Y AYy ' VADGSNAIf { 29ATNOcONOVCROY7 61X H I
8. (a) Convert the following numbers to Octal: (i) (1011.1010)2 (ii) (BABA)16
00 tSNF2NY (GKS O0AYylFNE &adzodGNI OGA2Y dzaAy3d wmQa
(1110011)2ct/Nov - 2017
9. a) Convert the given Boolean functioito standard sum of minterms form. F = X'y+y'z+xz
b) Explain the theorems and properties of Boolean alge®Br/Nov ¢ 2017
10.How are negative numbers represented? Represent signed numbers from8usong
different ways of representation. (8M)October/November- 2018

11.t SNF2N)XY (GKS &dzo 0N OGA2Yy dza AMAOOKi¥1LE01@O 2 Y LI S

1101.10 (iii)11@ 110000 (6M) October/November-2018

12. a) Simplify each of the following expressions
i) ab +a'bc' +bc
AA0O0FO0U BOO O6F BOQULO
AAAUOL 0U Obtéherdlovenibesr-RwL Q
13. Find both the Minterm expansion and Maxterm expansion for the followingitmasing
F£f3ASONIAO YI yALdzZ (A2 (PéobeF/NovemBer-204% 2 0 I -, b- Q
14.) Find the minimum swof-LINR RdzOG & SELINBaaAzy FT2NJ F O6Ez@
using kmap October/November- 2018
15. Make a Knap for he function f (x,y,z,w) =xy +xz' +z +xw +xy'z +xyz and realize the
minimized expression using NAND gates only.October/Novemberg 2018
16. The binary numbers listed have a sign bit in the leftmost position and if negative numbers
' NB AY Hedtorn® ReYidrdh tBeYarithmetic operations indicated and verify the
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answers. (i) 101011 + 111000 (ii) 001110 + 110010 (iii) 111001010 (iv) 101014 100110

May 2019

17. Convert the following to Decimal and then to octal. (i) (125F)16 (ii) (1012Xii) 1)

(4234)10May 2019

18. Convert the following numbers. i) (10101100111.0101)2 to Base 10. ii) (153.513)10 to base
8. (7TM)October/November- 201

19. Discuss the subtraction of two numbers using radix complement and diminished radix
complement formsOctober/Novemberg 2019

Simplify the following using-kap method in SOP and POS forms.

Co! 2. 3/ 53590 HONZHINZCEIPEIMMIMOIMPIMTIHMIHpPZ
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UNIT I
Gate Level Minimization:

Introduction

The Karnaugh map (orrdap) is a visual way of detecting redundancy in the SoP.

The Kmap can be easily used for circuits with 2, 3, or 4 inputs.

It consists of an array of cells, each representing a possible combination of inputs.

w ¢tKS OSftfa NP IINN}XQy3ISR G2 GKFG SI OK
adjacent cells by only a single bit.

W This is called Gray code ordering ensures that physical neighbours is the
array are logical neighbou rs as well. (In other words, neigtibgubit
patterns are nearly the same, differing by only 1 bit).

Map Method

Gatelevel minimization is the design task of finding an optimal detel

implementation of the Boolean functions describing a digital circuit.

This task is well understoodut is difficult to execute by manual methods when the
logic has more than a few inputs.

Fortunately, computebased logic synthesis tools can minimize a large set of Boolean
equations efficiently and quickly.

The truth table representation of fanction is unique, when it is expressed

algebraically it can appear in many different, but equivalent, forms.

Boolean expressions may be simplified by algebraic means.

However, this procedure of minimization is awkward because it lacks specific rules to
predict each succeeding step in the manipulative process.

The map method provides simple, straightforward procedure for minimizing Boolean
functions. This method may be regarded as a pictorial form of a truth table. The map
method is also known as the Karnaugh map-ondp .

41
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K MAP

A Kmap is a diagram made up of squares, with esghare representing one minterm
of the function that is to be minimized.

The simplified expressions produced by the map are always in one of the two standard
forms: sum of products or product of sums.

It will be assumed that the simplest algebraic exgsien is an algebraic expression
with a minimum number of terms and with the smallest possible number of literals in
each term.

This expression produces a circuit diagram with a minimum number of gates and the
minimum number of inputs to each gate.

Consider the following arrangements of cells:
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2-input 3-input
FQX @ I QX 0% 00qLQY o | FQX 6| QX o
00 01 00C 001 011 010
I ¥ § a@b l X odl ¥ o | a@b@c |l X 0
10 11 10C 101 111 110
4-input
F QX0 QX0| F0x60Qx0 Q%6Q%qd FQX0QxC
0000 0001 0011 0010
FQX0oX0Q +Qxo%0Q Qxox0y QX6X01
0100 0101 0111 0110
FX0X0Q% %6%0Qx| a@b@c@d FX0XOXT
1100 1101 1111 1110
FX0QX00Q FXoQx0Q +xoQx0Y %X06Qx0?
1000 1001 1011 1010
The cells are arranged as above, but we write them empty, like this:
2-input: )b , | 4-input:
0
cd
1 ab\ 00 01 11 10
00
-1 o 01
3-input: oy o1 11 10 N
0
10
1

Note that the numbers areot in binary order, but are arranged so that only a single bit
changes between neighbours.
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This onebit change applies at the edges, too.&tls in the same row on the left and right
edges of the array also only differ by one bit.

Note: The value of a particular cell is found by combintimgnumbers at the edges
of the row and column.

........
. =
. * * e

E . This cell\":
aR%00 01 11 10 S e Tie
0 e

Also, in general, it is easier to ordeetinputs to a Knap so that they can be read like
a binary number(Show example.)

So, we have this grid. What do w e do with it?
W We put 1's in all the cells that represent minterms in the SSoP . (In other
w ords we find the 1's in the truth table output, and put 1's in the cells
corresponding to the same inputs.)

[ $GQa R2 KA a-inpuymultidfer esiaknplef (2 GKS H

[EEN
o
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If there are tw o neigh bouringy's in the grid, it means that the input bit change between the
tw o cells has no effect on the output, and thu s there is redundancy. This leads to a basic

strategy.

Basic Strateqy:

Group adjacent 1's together in square or rectangular groups of 2,a¥, 15, such that the total
number of goups and isolated 1's is minimized, while using as large groups as possible. Groups

may overlap, so that a particular cell may be included in more than one group.

(Recall that adjacency wrap s around edges of grid.

Applying this to the multiplexer example:

. \AB
M 300 01 11 10

0
1

(1) Q00 01 11 10

: 1_. 17 oF 0 L

] 1

'v
o —

¥

]

[
Hy_a'

Option (1) 1s best since only 2 groups vs. 3

So, considering the best option above (i), notice the following:

1.

(1)

B chames but the2 dzil LJdzi R2 S &y Qant in ti8 graup (Se
comment 1, below).
A chames but the2 dzii LJdziT R2 Say Qant in &g grdup (Bee

comment 2, below).

This group

AB
SN\ 00 01 11 10 /produces the
y term S’A

i L) (LR
produces the

term SB
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So, we write out Boolean expressions for each group, leaving out the redundant elements. That
Ads F2NJ SFOK 3INRBdAzLE ¢S oNAGS 2dzi GKS Ay Llzia

¢KS YdzZf GALX SESNJ SEF YL S ¢gAGK (¢2 3IANRdzZLIAZ 3
which is thesame as what we achievedrbugh using Boolean algebra to reduce ttircuit.

So, we can summarize this process into a basic set of rules:

Rules for KMaps

1. Each cell with a 1 must be included in at least one group.

2 Try to form the largest possible groups.

3. Try to end up with as few groups as possible.

4 Groups may be in sizes that are ppwof 2: 2=1,2=2,2=4,2=8, 2= 16,

Groups may be square or rectangular only (including venaqund at the grid
edges). No diagonals or Zggs can be used to form a group.

6. The larger a group is, the more redundant inputs there are:

i. A group of 1 has no redundant inputs.

il. A group of 2 bs 1 redmdant input.

iii. A group of 4 has 2 redundant inputs.

iv. A group of 8 has 3 redundant inputs.

V. A group of 16 has 4 redundant inputs.

o

The following simple examples illustrate rule 6 above.
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BC
Eg. XNoo 01 11 10

0'~,_1_ 1 _1_ :_1_‘;._ _L ]
1 WL
Y=A+BC

Groups of 8 are similar....

BC
AN 00 0111 10

O "1 l‘l
ISR
Y=C

(Note the overlap

CD
ABN_00 01 11 10.. and wraparound)
oof 131 | 1
01| 1: 1
; , Y=D+AB
1t : 1
10/ 1. ]
Examples
2-input Example
A B Y
B
o o0 [ A ,Q__l
o 1 Q OL.“J-',--L' Y=B+A
1 0 & L (This is NAND)
1 1 0
5ANBSOG FNRY GNMHMziK GFroftSy | T
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3-input Example

= = B B O O O O[>
R B O O R B O O|wm
P O kP O L O kkr oOo|0
B =B O B B B O O [<

SANBOGO FTNRY

BC
00 01 11 10

GNMzZi K GFotSY | T

Q.
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4-input Example

QO -
. . an . @)
<- . A F\ldl'l A
m 4“ l—ﬂ—ohl. l_l m 4|\L\ 141|A oo1|\-.s_ I_|
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use a Kmap to reduce the following-thput circuit.
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