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UNIT-1

INTRODUCTION -For Video

e DIGITAL : Computeralizing something is called digitalization.

e LOGIC : Useful to work something.

e DESIGN : Design means structure. In design phase we are going to pictorially draw the actual
representation of the requirement.
Examples :
1. In any kind of software industry, first the client give requirements then we are going to analyse
them and moves to design phase accordingly.

2. In olden days, for 64 GB of memory the size of chip was large (10cmx10cm) and computer size is
also very vast. Now a days size of the same 64 GB of memory is lemxlcm.

3. In olden days, there are two switches for ON and OFF. But now a days there is only one switch for
ON/OFF this is the advantage of design.

4. For calculator we require any programming language like Java, C etc along with a hardware
component (Mother board). Motherboard is responsible for processing of the data. Internally the

hardware process the data and stores it in the form of Os and 1s [Binary language].

1.1 NUMBER SYSTEMS -For Video

e The way in which information is going to be stored or processed in the system is called Number system.
e As human beings we are following decimal number system in our daily life.

e There are various types of number systems. The four most common number system types are :
1. Binary number system (Base- 2)
2. Decimal number system (Base- 10)
3. Octal number system (Base-8)
4. Hexadecimal number system (Base-16)

1. Binary Number System (Base 2 Number System)

e The base 2 number system is also known as the Binary number system in which only two binary digits
exist, i.e., 0 and 1. Specifically, the usual base-2 is a radix of 2.
For example : (1010)9, Obl1 are binary numbers.

e Here the values inside the brackets must be less than the radix i.e., 2.
For example : (1023); is not a binary number.

2. Decimal Number System (Base 10 Number System)
e The decimal number system has a base of 10 because it uses ten digits from 0 to 9.

e In the decimal number system, the positions successive to the left of the decimal point represent units,
tens, hundreds, thousands and so on.
For Example : (905);¢ is a decimal number.

3. Octal Number System (Base 8 Number System)

e In the octal number system, the base is 8 and it uses numbers from 0 to 7 to represent numbers.
For Example : (765)s, 011 are octal numbers.

e Here the values inside the brackets must be less than 8.
For Example : (795)g is not an octal number.
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4. Hexadecimal Number System (Base 16 Number System)
e In the hexadecimal system, numbers are written or represented with base 16.

e In the hexadecimal system, the numbers are first represented just like in the decimal system, i.e. from
0 to 9 and 10 to 15.

e To avoid ambiguity we represent 10 as 'A’, 11 as 'B’, 12 as ’C’, 13 as 'D’, 14 as 'E’, 15 as 'F".

e Here the values inside the brackets must be less than 16.
For Example : (1F7);6, 0X11 are Hexadecimal numbers.

1.2 CONVERSION OF NUMBER SYSTEMS -For Video

1. Converting any number system into Decimal number system :

e General form to convert any number system into decimal number system is (xyz),, => (x*n?+y*n'+z*n"),

e Examples :

L (11)2 =>  (1*2'41%2%);, =>  (3)10 [converting binary to decimal number system]
2. (1) =>  (1*8'41%8Y%);5 =>  (9)10 [converting octal to decimal number system]
3. (1) =>  (11)10

4. (11)16 =>  (1*16'+1*%16%);9 => (17)10 [converting hexadecimal to decimal system|

e Note :

General form to convert fractional number into decimal number system is (xy.z),, => (x*n'4+y*n°+z*n=1),
Example : (11.11)y => (1*¥2141%2041%27141%272), 5 => (3.75)19

2. Converting Decimal number system into any other number system :

e To convert decimal number system into any other number systems we need to divide the decimal
number with respective base value and we need to write all the remainders from bottom to top.

e Decimal to Binary Number :

Suppose if we have to convert decimal to binary, then divide the decimal number by 2
Example : (25)10 = (11001)s

OPERATION | OUTPUT | REMAINDER
25+ 2 12 1
12 + 2 6 0
6+ 2 3 0
3+2 1 1
1+2 0 1

e Decimal to hexa decimal Number :
To convert decimal to hexadecimal number we have to divide the given decimal number by 16 such
that base 10 changes to base 16.
EXample : (128)19 = (80)1¢

OPERATION | OUTPUT | REMAINDER
128 + 16 8 0
8+ 16 0 8
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e Decimal to Octal Number :

To convert decimal to octal number we have to divide the given decimal number by 8 such that base
10 changes to base 8.

Example : (128);9 = (200)s
OPERATION | OUTPUT | REMAINDER
128 + 8 16 0
16 + 8 2 0
2 =8 0 2
e Note : Conversion of Fractional number into binary :

= > To convert fraction to binary, multiply it by 2 keeping notice of the resulting integer and fractional
part. Continue multiplying by 2 until you get a resulting fractional part equal to zero. Then just write

out the integer parts from the results of each multiplication.

Example :

For integer part, the answer is 101 and fractional part is to be calculated as follows :

converting the fraction (5.28);¢ into binary.

OPERATION | OUTPUT | REMAINDER
5+ 2 2 1
22 1 0
1+2 1 1

OPERATION | OUTPUT | VALUE
0.28 * 2 0.56 0
0.56 * 2 1.12 1
0.12 %2 0.24 0
0.24 * 2 0.48 0

Now, we need to write all the values in the table from top to bottom

Therefore the binary number for (5.28)1¢ is (101.0100)2

3. Converting Octal number system into Binary number system :

Method-1 :

e We can convert the octal number into decimal and then convert the decimal number into its equivalent
binary number.

Example : Converting (756)g to decimal first then into binary.
(756)s => (7*8245*814+6%8%);p => (494)10
OPERATION | OUTPUT | REMAINDER

494 = 2 247 0
247 + 2 123 1
123 + 2 61 1
61 + 2 30 1
30 = 2 15 0
15+ 2 7 1
7T+ 2 3 1
3+2 1 1
1+2 0 1

Therefore (756)s = (111101110)4

Method-2 :

e We can also use the octal number table to convert a number with base 8 to a number with base 2.
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e Using this table we can also convert a binary number to an octal number.

OCTAL NUMBER | BINARY NUMBER (22 27 27)
0 000

001

010

011

100

101

110

111

N O ULk W=

e Example :
1. Convert (756)g into a binary number.
Now with the help of the table, we can write as follows :

For 7 Binary number is 111
For 5 Binary number is 101
For 6 Binary number is 110
Therefore (756)s = (111101110),
2. Convert (111110)5 into octal number.
Separate the given number with 3 digits each as follows :
[111]110
As we know that octal number for 111 is 7 and for 110 is 6.
Therfore (111110) = (76)s

4. Converting Hexadecimal number system into Binary number system :
Method-1 :

e We can convert the Hexadecimal number into decimal and then convert the decimal number into its
equivalent binary number.
Example : Converting (756)16 to decimal first then into binary.
(756)16 => (7*162+5*161+6*16%);0 => (1878)10

OPERATION | OUTPUT | REMAINDER
1878 = 2 939 0
939 +~ 2 469 1
469 = 2 234 1
234 + 2 117 0
117 = 2 58 1
58 + 2 29 0
29 = 2 14 1
14 =2 7 0

7T+ 2 3 1
3+2 1 1
1+2 0 1

Therefore (756)16 = (11101010110)5
Method-2 :

e We can also use the Hexadecimal number table to convert a number with base 16 to a number with
base 2.

e Using this table we can also convert a binary number to a hexadecimal number.
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HEXA DECIMAL | BINARY NUMBER
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0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

e Examples :
1. Convert FDAG6 to an equivalent binary number.

Now with the help of the table, we can write as follows :

For F Binary number is 1111

For D Binary number is 1101

For A Binary number is 1010

For 6 Binary number is 0110

Therefore (FDA6)16 = (1111110110100110),
2. Convert (101000101011)2 into hexadecimal number.

Separate the given number with 4 digits each as follows :

110100010]1011

As we know that hexa decimal number for 1010 is A(10) and for 0010 is 2 and for 1011 is B(11).

Therfore (101000101011), = (A2B);¢

5. Converting Hexa decimal to octal and vice versa
Examples :
1. Convert (1BC)y6 into an octal number.

1 — 0001, B — 1011, C —1100

Now group them from right to left, each having 3 digits.

000, 110, 111, 100
000—0, 110 —6, 1117, 100—4
Hence, (1BC)16 = (674)8

2. Convert (15432)g into hexa decimal decimal.
First convert (15432)g into binary.
1 — 001, 5 — 101, 4 —100, 3 — 011, 2 — 010

Now group them from right to left, each having 3 digits.

Now separate 001101100011010 with 4 digits each
001/1011]0001|1010

001—1, 1011 —B, 0001—1, 1010—A

Hence, (15432)s = (1B1A)¢
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1.3 PROBLEM SOLVING -For Video

1. What is the value of (11)2+(22)3+(33)4 in base-6 format ?
Solution :
First of all, we need to convert (11)2+(22)5+(33)4 into decimal number system.

(11)y => (1*2141%2%) => (3)10
(22); => (2*3142%3%)0 => (8)10
(33)s => (3*414+3%4%), => (1510
(3)10 + (8)10 +(15)10 => (26)10
Now converting (26)1¢ into base-6 format.

That implies,

OPERATION | OUTPUT | REMAINDER
26 =6 4 2
4=+6 0 4

Therefore, (11)2+4(22)3+(33)4 = (42)6

2. Suppose (123); = (x8),, what are the possible values of x and y ?

Solution :
Given that, (123)5 = (x8),

=>  (I*5242%5143%50) = (x*yl+8%y0)
=> (25+1043) = (xy+8)
=> 38 = (xy+8)
=> 30=xy
Let us see the possible values for x and y that holds the condition xy=30.

XY | XY
1130 ] 30
2 |15 ] 30
3 10| 30
5 | 6 30
6 | 5 30

10 | 3 30
151 2 30

30| 1 30

But we know that, In y-number system the values must be less than y in it.
Also that if x=5 ,y=6 then (58)¢ is not possible [Since 8 >6].

So we can remove the values from the table in which x greater than y as shown below.

XY | XY
1130 30
2 15| 30
3 10| 30

Therefore the above table shows the possible values for x and y where (xy=30).
Thus the possible conversions for (123)s5 in (x8),,, format are as follows :

(123)5 =(18)30
(123)5 =(28)15
(123)5 =(38)10

(=)
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. If 38+43 = 80 then find out the number system in which it is correct ?

Solution :
Let us assume that given is in some b-number system.

Now convert it in to decimal number system.
=> (3*b'+8*b%) + (4*b!+3*b%) = (8*b!4+0*b?)
=> (3b+8)+(4b+3) = 8b
The number system, b=11

4. If v/22 = 6 then find out the number system in which it is correct ?

Solution :
Let us assume that given is in some k-number system.

Given that v22 =6 => 22=6> => 22=6x6
Now convert it in to decimal number system.
=>  (2%k'4+2*%k0) = (6*Kk°)(6*k")
=> (2k+2) = (6)(6)
=> (2k+2) =36
=> 2k=234
The number system, k=17

5. Suppose (42)9 = (x3),, what are the possible values of x and y ?

Solution :
Given that, (42)9 = (x3),

=> (4*91+2*90> — (X*y1+3*y0)
=> (36+2) = (xy+3)
=> 38 = (xy+3)

=> 35 =Xy
Let us see the possible values for x and y that holds the condition xy=35.

X |Y | XY
1135 35
5 7 35
7|15 35

35| 1 35

But we know that, In y-number system the values must be less than y in it.

So we can remove the values from the table in which x greater than y as shown below.

X|Y | XY
1135 ] 35
5 | 7 35

Therefore the above table shows the possible values for x and y where (xy=35).
Thus the possible conversions for (42)9 in (x3), format are as follows :
(42)9 :(13)35
(42)9 =(53)7
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6. Solve (2.3)4 +(1.2)4s =(y)4
Solution :
First of all we need to convert (2.3)4 +(1.2)4 =(y)4 into decimal number system.

=>  (2x4043%4~ 1)+ (174042547 1) = (2.75)10 + (1.5)10= (4.25)10
Now, converting (4.25)1¢ in to base-4 system.
=> Integer part (4)10 = (10)4 and fractional part is (0.25)19 = (10)4

OPERATION | OUTPUT | VALUE
0.25 * 4 1.00 1
0.00 * 4 0 0

(2.3)2 +(1.2)4 =(y)a = (10.10)4

7. If (11X1Y)g = (12C9);5 then what are the values of X and Y ?
Solution :
Consider RHS and binary numbers for 1 is 0001, for 2 is 0010, for C is 1100 & for 9 is 1001.

=> (12C9);4 = (0001001011001001)
Now separate (0001001011001001) with 3 digits as 0/001|001|011|001|001
Octal values : 001 -> 1, 011 ->3
=>  (1209);6 = (11311)s
=> (11X1Y)s = (11311)g
X=3, Y=1

8. Find the minimum number of bits required to represent (6728);¢ in binary?
NOTE :
In base-x system the values in it are less than x.

=> (e (xD)(x1)(x1)(x1))e = ((x=1)* "L (1) 524 (x-1) Fx o+ (x-1) *x0))
= (x-1)E""4x" 2. xt4+x0)
= (x-1)((x"-1)/x-1) [since it is in GP]
= x"-1

Solution :
=> (2™1) >=6728
=> (2") >= 6729
=> 1 >= logs 6729
=> n>=13

9. Find the minimum decimal equivalent value of (21C), ?
Solution :
The possible x value is x>=13 [Since (x™-1) >=21C]
=>  (2*1324+1*131+12%13°%) = (363)1,

.. The minimum decimal equivalent value of (21C), is (363)10

10. Find the minimum of digits are required to represent (32 digit);o in binary system ?
Solution :
The maximum possible number for (32 digit)1¢ is (9 9 9.....9 9)1¢ [32 times of 9]

Let us assume 32-digit number as k-digit number and decimal number system as b-number system.
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=> x"1>=Dbk1
=> x">=bF
=> 1 >= klog;b
Substituting k and b values
=> 1n >= 32logy10
The minimum of digits required to represent (32 digit);o in binary system, n >=107

11. Find the minimum number of bits required to represent (516); in base-4 system ?
Solution
Converting (516)7 into decimal number system

=> (5*T2H1¥7146%7%) = (5%49)-+(7)+6 = (258)10
Now x" -1 >= 258

=> x" >= 259
=>n >= logy259
S.n>=9H

12. In a number system, there is a range of numbers from -3 to 3 and they can be represented
as C,B,A,0,1,2,3. Express (102),o in the given number system ?
Solution
In given number system there are 7 values from -3 to 3 which are represented as C,B,A,0,1,2,3.

Now convert (102)19 to get the values from range -3 to 3 only as follows :

OPERATION | OUTPUT | REMAINDER
102 + 7 15 -3
15 =7 2 1
27 0
We get (21-3) ie., (21C)7 [since c=-3]

.. (102)1¢ is represented in given number system as (21C)7.

1.4 CLASSIFICATION OF NUMBERS -For Video

e The numbers are classified into two :
i. Unsigned Numbers
ii. Signed Numbers

1. Unsigned Numbers :

e All Positive numbers and zero are Unsigned numbers because we don’t mention sign(+) before positive
numbers every time.

e All the unsigned numbers are to be stored directly in the system.

2. Signed Numbers :

e A Signed number has both positive and negative numbers along with the value zero.
Ex: -5-7, 45,0

e All the negative signed numbers are to be stored in the form of their complements in the system.

e We have different type of approaches to represent the signed data in the system.
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REPRESENTATION OF SIGNED DATA :

e To represent signed data the following approaches and will be used :
1. Sign Magnitude Representation
2. Complementary of system.

1. SIGN MAGNITUDE REPRESENTATION -For Video

Signed Magnitude Representation uses the Most Significant Bit (MSB) as the sign bit.

The MSB is the leftmost bit in a binary number, so in the binary number 101101, 1 is the MSB.

In Signed Magnitude Representation, the sign of the number is interpreted as follows :
0 means Positive(+)
1 means Negative(-)

We can determine whether a given number is negative or non negative simply by testing the most
significant bit(MSB).
Example : 5 = 101 ; 0101 = +5 and 1101 = -5

Drawbacks :

1. They are two representations of 0
00000000 = + (0)1¢
10000000 = - (0)1¢
To test if a number is 0 or not, the CPU will need to see whether it is 00000000 or 10000000.

2. It is not convenient for the system to perform arithmetic operations like addition and subtraction.
Example : Adding the numbers (-4) and (+2)
1100 -> (-4) First Number

+ 0010 ->(+42) Second Number

1110 -> (-2) Sum

Here, system has given wrong answer of -6 = 1110, instead of giving correct answer of -2 = 1010.

3. Thus, there is a need of designing the different kind of circuits for performing the arithmetic operations.

2. COMPLEMENTARY OF A SYSTEM -For Video

e Complements are used in the digital computers in order to simplify the subtraction operation and for
the logical manipulations.

e To reduce designing of more circuits to perform arithmetic operations complements are introduced.

e Examples :
1. We know in probability, the complement of 0.2 is 1 - 0.2 = 0.8
2. (84)19 i.e., the maximum possible number is 102-1 = 99.
So complement of (84)19 is 99 - 84 = 15

3. For (1234)g i.e, the maximum possible number is 7777.
So complement of (1234)s is 7777 - 1234 = 6543

e We can able to represent the complements in two forms :
i. b-1’s complement
ii. b’s complement

e i. The general form for b-1’s complement is b"-1-x. That means Substracting the given number from
the maximum possible number of given number system.

ii. The general form of b’s complement is b™-x. That means Substracting the given number from the
maximum possible number of given number system and adding 1 to it..
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e As the binary system has base r = 2. So the two types of complements for the binary system are 2’s
complement and 1’s complement.

Binary system complements :

1’s complement :

— The 1’s complement of a number is found by changing all 1’s to 0’s and all 0’s to 1’s.

— This is called as taking complement or 1’s complement.
Example of 1’s Complement is as follows.
10101 => 01010

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.

— 2’s complement = 1’s complement + 1
Example of 2’s Complement is as follows.
10101 => 01010 +1 => 01011

Examples for complements :

1. (45)10 :
Max possible number - given number (99 - 45 = 54)
9’s complement : (54)1¢
10’s complement : 9’s complement +1 => (55)10

2. (121); :
Max possible number - given number (222 - 121 = 101)
2’s complement : (101)3
3’s complement : 2’s complement +1 => (102)3

3. (1234)5 :
Max possible number - given number (7777 - 1234 = 6543)
7’s complement : (6543)s
8’s complement : 7’s complement +1  => (6544)s

Steps for b-1’s complement procedure :

1. Find out the b-1’s complement of the number which contains negative sign.
2. Add the complement of second number to the given first number.
3. If the result(x-y) generates a carry then add it to the result directly.

4. If the result(x-y) doesn’t generates a carry then find the complement of result and add negative symbol
to the result.

Examples :

1. Subtract (6);¢ from (84)9.

Given First number be (84)19 and second number be (6)1¢.

As (84)10 contains two bits modify (6)10 as (06)10

Now finding 9’s complement of (06)1¢
=> 99 - 06 =93

Adding the complement of second number to the given first number.
=> 84 + 93 =177

Here we got an extra bit (carry) as 1 so we need to add it to 77
=>T77+1=78
2 (84)10 - (6)10 = (78)10.
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2. Subtract (84)1¢ from (6)1o.
Given First number be (6)109 and second number be (84)1¢.

As (84)10 contains two bits modify (6)10 as (06)10
Now finding 9’s complement of (84)1¢
=>99-84=15
Adding the complement of second number to the given first number.
=> 06 + 15 =21
Here we didn’t get an extra bit (carry) so we need to find complement of (21);¢ and add negative
number to the result.
=> 99 - 21 =78
2 (84)10 - (6)10 = -(78)10-

3. Subtract (76)1¢ from (43)1¢.
Now finding 9’s complement of (76)1¢

=>99 - 76 = 23

=> 43 + 23 = 66
Here we didn’t get an extra bit (carry) so we need to find complement of (66)1¢ and add negative
number to the result.

=> 99 - 66 = 33

2 (43)10 - (76)10 = -(33)10-

4. Substract (43)10 from (76)10
Now finding 9’s complement of (43)1¢

=> 99 - 43 = 56
=> 76 4 56 = 132
Here we got an extra bit (carry) as 1 so we need to add it to 32

(76)10 - (43)10 = (33)10.

5. Find the value of (121)3 - (110)s.
Let us change the given numbers in to decimal numbers.

(121)3 = (16)10 and (110)3 = (12)10

Now finding 2’s complement of (12)1¢
=>99-12 =287

Adding the complement of second number to the given first number.
=> 16 + 87 = 103

Here we got an extra bit (carry) as 1 so we need to add it to 03
=>03-1=04
=> (4)10 = (011)3.
o (121)3 - (110)3 = (011)3.

Draw Backs of b-1’s complement :

e We know that x + =0 and T = b"-1-x
=>x + b"1-z =0 =>b"1 =0

For example, b=2 and n=4 =>241=0 => 15=1111 =0

And also 0000 is represented as 0
Thus in b-1’s complement we will get many patterns which are redirected to a same value.
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b’s complement procedure :

1. Find out the b’s complement of the number hich contains negative sign.
2. Add the complement of second number to the given first number.

3. If the result(x-y) generates a carry then discard it completely.
4

. If the result(x-y) doesn’t generates a carry then find the complement of result and add negative symbol
to the result.

Examples :
1. Find the value of (84)1¢ - (6)10.

Given First number be (84)19 and second number be (6)1¢.

As (84)10 contains two bits modify (6)1¢ as (06)1

Now finding 10’s complement of (06)10
=>99-06 =93+1 =94

Adding the complement of second number to the given first number.
=> 84 + 94 =178

Here we got an extra bit (carry) as 1 so discard it.
o (84)10 - (6)10 = (78)10-

2. Find the value of (6)10 - (84)10.
Given First number be (6)19 and second number be (84)1¢.

As (84)10 contains two bits modify (6)10 as (06)10
Now finding 10’s complement of (84)1
=>99 -84 =15+1 =16
Adding the complement of second number to the given first number.
=> 06 + 16 =22
Here we didn’t get an extra bit (carry) so we need to find complement of (22);¢ and add negative
number to the result.
=>099-22="77+4+1=78
2 (84)10 - (6)10 = -(78)10-

3. Find the value of (76)10 - (43)10.
Now finding 10’s complement of (43)1¢

=> 99 -43 = 56 +1= 57
=> 76 + 57 = 133

Here we got an extra bit (carry) as 1 so discard it.
- (76)10 - (43)10 = (33)10.

4. Find the value of (43)10 - (76)10.
Now finding 10’s complement of (76)1¢

=>99-76 =23
=>23+1=24
=> 43 + 24 = 67

Here we didn’t get carry so we need to find 10’s complement of (67)1¢
=>99-67 =32 +1 =33
(43)10 - (76)10 = —(33)10.
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BINARY WITH MSB | UNSIGNED | SIGNED | 1’s COMPLEMENT | 2’s COMPLEMENT
000 0 000 (0) 0 0
001 1 001 (1) 1 1
010 2 010 (2) 2 2
011 3 011 (3) 3 3
100 4 100 (-0) 3 A
101 5 101(-1) -2 -3
110 6 110(-2) -1 -2
111 7 111(-3) 0 -1

Note :
1. The maximum possible numbers for 3-bit Unsigned number system is 2™-1.
2. The range of 3-bit Unsigned number system is 0 to 2"-1.

3. The range of 3-bit Signed number system in sign magnitude representation is 0 to 2"~ !-1 and 0 to
-(2n11).

4. The range of 3-bit Signed number system in 1’s complement is -(2"~1-1) to 27~ 1-1

5. The range of 3-bit Signed number system in 2’s complement is -27~! to 27~ 1-1

1.5 PROBLEM SOLVING :

1. How many number of minimum bits are required to represent (-3);( in 2’s complement ?
Solution :
Since (-3)1¢ in 2’s complement = 101

.. The minimum no.of bits are required to represent (-3)1¢ in 2’s complement is 3 bits.

2. How many number of minimum bits are required to represent (15)¢ in 2’s complement ?
Solution :
As we know that the range of Signed number system in 2’s complement is -2"~! and 2"~ 1-1

As (15)10 > 0 and < 2"~ 1-1
=>2""1.1>15
=>2""1>16
=>n>=95
.. The minimum no.of bits are required to represent (-15)10 in 2’s complement is greater than or

equal to 5 bits.

3. How many number of minimum bits are required to represent (-15);( in 2’s complement.
Solution :
As we know that the range of Signed number system in 2’s complement is -2"~! and 2" ~1-1

As (-15)19 < 0 and > -2"~1
=>-15 >=-2n"!
=>2""1 >=15
Letn=25
=>25"1>=15
=> 24 >=15

.. The minimum no.of bits are required to represent (-15)1¢ in 2’s complement is 5 bits.

14 M VEDAVYAS




1. When we are trying to add two negative numbers, if a carry generates then there exists an overflow
[needs space for extra bits to store data].
Example : Adding -62 and -45
2’s complement of (-62) is 1000010 and 2’s complement of (-45) is 1010011[1010010 + 1]
By adding 1000010(7 bits) and 1010011(7 bits) we will get 10010101 (8 bits) i.e., carry generated.
=> 10010101 = 1%(-2)7 +0%(2)® + 0%(2)% +1%(2)* + 0%(2)% + 1%(2)% + 0%(2)! + 1*(2)°
=> 128 4 16 + 4 +1
=> -(107)

Note : -For Video

2. When we are trying to add one positive and one negative numbers, if a carry generates then when
don’t consider the overflow [needs space for extra bits to store data].
Example : Adding +62 and -45
2’s complement of (+62) is 0111110 and 2’s complement of (-45) is 1010011[1010010 + 1]

By adding 1000010(7 bits) and 1010011(7 bits) we will get 10010001 (8 bits) i.e., carry generated.
Here we don’t consider left most 1(carry) in 10010001. We will treat it as 0010001.

=> 0010001 = 0%(-2)5 + 0%(2)° +1%(2)* + 0%(2)® + 1*(2)? + 0%(2)* + 1%(2)°

=>16+1

=> +(17)

3. When we are trying to add two positive numbers, we will consider the overflow whether the carry
generates or not.
Example : Adding +62 and +45
2’s complement of (+62) is 0111110 and 2’s complement of (+45) is 0101101

By adding 1000010(7 bits) and 1010011(7 bits) we will get 1101011 (8 bits) i.e., carry generated.
=> 1101011 = 1%(-2)% + 1%(2)5 +0%(2)* + 1%(2)3 + 0%(2)%+ 1%(2)* + 1*(2)°

Since we are getting result as -(21) we need to add a carry (0) before 1101011 to get correct result
=> 1101011 = 0%(-2)7 +1%(2)5 + 1%(2)° +0%(2)* 4+ 1*(2)® + 0%(2)? + 1%(2)! + 1%(2)°
=>644+32+8+2+1

=> +(107)

4. Consider two 2’s complement numbers and add them as follows :
nl = asagagasay
nl = bsbybsbsby
=> If a carry generates while adding a4 and b4 then it is called C;,
=> If a carry generates while adding a5 and b5 then it is called C,;.
If C;,, = C,,: then there will be no overflow.
If C;,, # C,yut then there will be an overflow.

1.6 BINARY CODES -For Video

e In the coding, when numbers, letters or words are represented by a specific group of symbols, it is said
that the number, letter or word is being encoded.The group of symbols is called as a code.

e The digital data is represented, stored and transmitted as group of binary bits. This group is also
called as binary code.

e The binary code is represented by the number as well as alphanumeric letter.
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CLASSIFICATION OF BINARY CODES :

BINARY CODES

ALPHA NUMERIC

|

|

1. WEIGHTED CODE :

o Weighted binary codes are those binary codes which obey the positional weight principle.

|

NUMERIC CODE

|

l

Ascll UNICODE WEIGHTED CODE NON-WEIGHTED
CODE
¥ L
l Y r A A
8421 CODE 3321 CODE 631-1 CODE Exgggé.s GRAY CODE

e Each position of the number represents a specific weight. Several systems of the codes are used to
express the decimal digits 0 to 9.

e In these codes each decimal digit is represented by a group of four bits.

8421 Code :

e This is also called as Binary Coded Decimal (BCD) code.

e In this code each decimal digit is represented by a 4-bit binary number.

e BCD is a way to express each of the decimal digits with a binary code.

code only first ten of these are used (0000 to 1001).

e The remaining six code combinations i.e. 1010 to 1111 are invalid in BCD.

-For Video

Generally, In the BCD, with four bits we can represent sixteen numbers (0000 to 1111). But in BCD

e BCD is a sequential code because if we add 1 to existing value then we will get the next value.

DECIMAL

BCD VALUE

o

0000

0001

0010

0011

0100

0101

0110

0111

1000

OO || U | W N~

1001

e We represent 10 in BCD as 0001 0000, 11 as 0001 0001, 12 as 0001 0010 and so on...

16
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3321 code :

e It is a weighted code and also a sequential code.

DECIMAL | 3321 Code

0

0000

0001

0010

0011

0101

1010

1100

1101

1110

O 00| | O U x| W| DN —

1111

2. NON WEIGHTED CODE :

e In this type of binary codes, the positional weights are not assigned.

e The examples of non-weighted codes are Excess-3 code and Gray code.

EXCESS-3 Code :

e The Excess-3 code is also called as XS-3 code.

e It is non-weighted code used to express decimal numbers.

-For Video

-For Video

e The Excess-3 code words are derived from the 8421 BCD code words by adding (0011)5 or (3)1¢ to

each code word in 8421.

e It is also a sequential code because if we add 1 to existing value then we will get next value.

e Excess - 3 - code is also known as self-complementing code which means 1’s complement of an
excess - 3 number is the excess - 3 code for the 9’s complement of the corresponding decimal number.

e The excess-3 codes are obtained as follows :

Add
Decimal Number = 8421 BCD =+ Excess-3
0011
DECIMAL | BCD VALUE | EXCESS-3

0 0000 0011

1 0001 0100

2 0010 0101

3 0011 0110

4 0100 0111

5 0101 1000

6 0110 1001

7 0111 1010

3 1000 1011

9 1001 1100

17
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Gray Code : -For Video
e It is the non-weighted code. That means there are no specific weights assigned to the bit position.
e The gray code is Non sequential code.

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

e As only one bit changes at a time, the gray code is called as a unit distance code.

e The gray code is a cyclic code and it is a Reflexive code.

DECIMAL | Gray Code
0 000

001

011

010

101

111

101

100

N O U W N

BINARY CODE TO GRAY CODE CONVERSION : -For Video

e The Binary to Gray code converter is a logical circuit that is used to convert the binary code into its
equivalent Gray code.

Procedure :
1. In the Gray code, the MSB will always be the same as the 1’st bit of the given binary number.

2. In order to perform the 2nd bit of the gray code, we perform the exclusive-or (XOR) of the 1’st and
2nd bit of the binary number. It means that if both the bits are different, the result will be one else
the result will be 0.

3. In order to get the 3rd bit of the gray code, we need to perform the exclusive-or (XOR) of the 2nd and
3rd bit of the binary number. The process remains the same for the 4th bit of the Gray code. Let’s
take an example to understand these steps.

A Gy

b(1)  b(2) b(3) b4 b5 B Wﬁa
1@ ™1 " @*1 " g*0 @™ 1 binary /
O >
1 0 0 1 1 gray 1

a(1) a(2) a(3) a(4) a(s) 5 WQ
b1 o1} xor b{2) B2} xor b3} b{3pxorid) bi4)xor b5 Logic Circuit for Binary to Gray Code Converter

Note : The generalized formula to find n*” gray code for given binary code is b, = a, 11 ® a,

GRAY CODE TO BINARY CODE CONVERSION : -For Vidy

e The Gray to Binary code converter is a logical circuit that is used to convert the gray code into its
equivalent binary code. There is the following circuit used to convert the Gray code to binary number.
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1. Just like binary to gray, in gray to binary, the 1st bit of the binary number is similar to the MSB of
the Gray code.

Procedure :

2. The 2nd bit of the binary number is the same as the 1st bit of the binary number when the 2nd bit of
the Gray code is 0; otherwise, the 2nd bit is altered bit of the 1st bit of binary number. It means if
the 1st bit of the binary is 1, then the 2nd bit is 0, and if it is 0, then the 2nd bit be 1.

3. The 2nd step continues for all the bits of the binary number.

a(1) 92 93 g4 g5 " .
1 0 0 1 1 gray g,
S A AV AYve B

L
1 1 1 0 1 binary ¢ y g

b(1) b2 b3 b)) b5 . ) B

ail (1) xor g2} Bi2) oor (3} BCID xor gid) B(4) xor gis)

Logic Circuit for Gray to Binary Code Converter

1.7 ADDITION & SUBTRACTION ON BCD AND EXCESS-3
BCD ADDITION : -For Video

1. If the result or sum is a 4-bit binary number which is less than or equal to 9, then the sum is a valid
BCD number.

2. If the sum is a 4-bit number that is greater than 9 or if a carry is generated, then it is an invalid sum.

3. To obtain the corrected result/sum, add 6 (0110) to the 4-bit invalid sum. If a carry is generated when
6 is added, then propagate and add this carry to the next 4-bit group. This step is done to skip the
six illegal BCD codes (i.e. 1010, 1011, 1100, 1101, 1110, and 1111).

Examples :

1. Perform addition 7 + 4 in Binary Coded Decimal.

Solution :
Given decimal numbers and their BCD representation is,
(7)10 = 0111
(4)10 = 0100

—> 0111 + 0100 = 1011 [[nvalid]

Now, adding (6) i.e., 0110 to 1011
=> 1011 + 0110= 0001 0001 [Valid]
7+ 4 = 00010001 ie., 11.

2. Perform addition 243 + 467 in Binary Coded Decimal.
Solution :

Given decimal numbers and their BCD representation is,
(243)10 = 0010 0100 0011
(467)10 = 0110 0110 0111
=> 0010 0100 0011 4+ 0100 0110 0111 = 0111 1011 1010 [Invalid]
Now, adding (6) i.e., 0110 to 1011 and 1010
. 243 4+ 467 = 0111 0001 0000 i.e., 710.
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1. We have to convert the numbers (which are to be added) into excess 3 forms by adding 0011 with each
of the four bit groups them or simply increasing them by 3.

EXCESS-3 ADDITION -For Video

2. Now the two numbers are added using the basic laws of binary addition, there is no exception for this
method.

3. Now which of the four groups have produced a carry we have to add 0011 with them and subtract
0011 from the groups which have not produced a carry during the addition.

4. The result which we have obtained after this operation is in Excess 3 form and this is our desired
result.

Examples :

1. Perform addition 984 + 599 in Excess-3.
Solution :
Excess 3 code for 984 : 1100 1011 0111

Excess 3 code for 599 : 1000 1100 1100

Addition : 10100 10111 10011

Remaining bits except carry : 10100 0111 0011

Carry : 11

Addition : 10101 1000 0011

If carry generated then add 3 otherwise subtract 3 : +0011 +0011 +0011
Result : 10010 1011 0110

Excess 3 value : 18 11 6

Decimal value : 15 8 3

.. So final answer of Excess 3 addition is 1583

Problems :

1. Represent (756)19 in BCD, 3321, EXCESS-3 and Normal Binary systems ?

Solution :
BCD : 0111 0101 0110
3321 : 1101 1010 1100

EXCESS-3 : 1010 1000 1001
BINARY  :101 111 0100

2. Which of the following is not possible in EXCESS-3 code representation ?
0111, 1011, 1110, 1010

Solution :
Since 0111 = 4, 1011 = 6 and 1010 = 7

. 1110 is invalid in EXCESS-3 code.

OPERATIONS ON BINARY NUMBERS : -For Video

e We can do operations like Addition, Subtraction, Multiplication and Division on Binary numbers.

a| b | at+b | Carry | a-b | Borrow | ab a/b
010 0 0 0 0 0 | Undefined
0|1 1 0 1 1 0 0
110 1 0 1 0 0 | Undefined
1)1 0 1 0 0 1 1
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BCD SUBTRACTION -For Video
e We can do BCD subtraction by using both 9’s and 10’s complements.
By Using 9’s Complement :

e In 9’s Complement subtraction when 9’s Complement of smaller number is added to the larger number
carry is generated.

e It is necessary to add this carry to the result. (this is called an end-around carry).

e When larger number is subtracted from smaller one, there is no carry, and the result is in 9’s Comple-
ment form and negative.

e Procedure is as follows :

1. Find the 9’s complement of a negative number.
2. Add two numbers using BCD addition.

3. If carry is generated add carry to the result otherwise find the 9’s complement of the result and
add negative sign to it.

Regular Subtraction 9's Complement Subtraction
(a) 8 B8
2 + 7 9'scomplementof 2
6 @ s

+ 1 Add carry to result

6
(b) 28 28
-13 + 86 9 complementof 13

15 @ 14
L.

+ 1  Add carry to the result

15
(c) 18 18
-24 + 75 9 complement of 24
-6 83 9scomplement of result

i (No carry indicates that the
answer is negative and in
— 06 complement form)

By Using 10’s Complement :

e The BCD Subtraction using 10’s Complement can be used to perform subtraction by adding the minu-
end[First number] to the 10’s Complement of the subtrahend[Second number| and dropping[discarding]
the carry.

e Procedure is as follows :

1. Find the 10’s complement of a negative number.
2. Add two numbers using BCD addition.
3. If carry is not generated find the 10’s Complement of the result.
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e Let us see the following examples.

Reqular Subtraction

10's Complement Subtractior

{a)

hy oo

{b) 28
-13

15

(c) 18
-24

-6

EXCESS-3 SUBTRACTION :

8
+ 8 10's complement of 2
A6  Dropcarry
28
+ 87 10's complement of 13

A15 Drop carry

18
+ 76

10's complement of 24

94 10's complement of resuit
l {No carry indicates that the
answer is negative and in

-06 the 10's complement form)

-For Video

e Follow the below steps to perform excess-3 subtraction.

Add A and complement of B.

Al e

Add the carry with the next higher bit.

e Let us look at some of the examples here.

If carry is not generated, subtract 0011 [3

While subtracting A-B, take the complement[either 9’s or 10’s complement] of B.

If carry is generated, add 0011[3] to the sum result.

] from the sum result.

Example 1 : Substract (98)10 — (81)10 in excess-3 code by using 9’s complement.

9’s complement of 81 is
99 - 81 =18
Add 98 and 18 using Excess 3 addition

Excess 3 code for 98 : 1100 1011
Excess 3 code for 18 : 0100 1011

Addition : 10000 10110
Remaining bits except carry : 10000 0110

Carry : 1

Addition : 10001 0110
if carry, add 3 else substract 3 : +0011 40011
Result : 0100 1010

Decimal value : 4 9

Excess 3 value : 1 6

The left most bit of the result is 1, called carry and This will be added to 16 i.e., 16+1=17

So final answer of Excess 3 Subtraction is 17

Example 2 : Substract (33)19 — (62)10 in excess-3 code by using 9’s complement.
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9’s complement of 62 is
99 - 62 = 37
Add 33 and 37 using Excess 3 addition
Excess 3 code for 33 : 0110 0110
Excess 3 code for 37 : 0110 1010
Addition : 1100 10000
Remaining bits except carry : 1100 0000
Carry : 1
Addition : 0111 0000
if carry, add 3 else substract 3 : -0011 +0011
Result : 1010 0011
Decimal value : 10 3

Excess 3 value : 70

9’s complement of 70 is 99 -70 = 29 and add negative sign to it i.e., -29

So final answer of Excess 3 Subtraction is -29.

Example 3 : Substract (98)19 — (81)1¢ in excess-3 code by using 10’s complement.

10’s complement of 81 is
99-81 =18 +1 =19
Add 98 and 19 using Excess 3 addition
Excess 3 code for 98 : 1100 1011
Excess 3 code for 19 : 0100 1100
Addition : 10000 10111
Remaining bits except carry : 10000 0111
Carry : 1
Addition : 0001 0111
if carry, add 3 else substract 3 : 40011 +0011
Result : 0100 1010
Decimal value : 4 10
Excess 3 value : 17
So final answer of Excess 3 Subtraction is 17

Example 4 : Substract (33)19 — (62)10 in excess-3 code by using 10’s complement.

9’s complement of 62 is
99 - 62 =37 +1 = 38
Add 33 and 38 using Excess 3 addition

Excess 3 code for 33 :
Excess 3 code for 38 :
Addition :

Remaining bits except carry :

0110 0110
0110 1011
1100 10001
1100 0001

Carry : 1

Addition :

1101 0001

if carry, add 3 else substract 3 : -0011 40011

Result :

Decimal value :

1010 0100
10 4

Excess 3 value : 71

10’s complement of 71 is 99 -71 = 29(28+1) and add negative sign to it i.e., -29
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1.8 ERROR DETECTION AND ERROR CORRECTION -For Video

Error :

e Error is a condition when the receiver’s information does not match the sender’s information. That
means a 0 bit may change to 1 or a 1 bit may change to 0.

Types of Errors :

1. Single-Bit Error :
A single-bit error refers to a type of data transmission error that occurs when one bit (i.e., a single

binary digit) of a transmitted data unit is altered during transmission, resulting in an incorrect or
corrupted data unit.

Transmission

‘1|0‘1|1‘0|1‘1‘1‘

2. Multiple-Bit Error :
A multiple-bit error is an error type that arises when more than one bit in a data transmission is

affected. Although multiple-bit errors are relatively rare when compared to single-bit errors, they can
still occur, particularly in high-noise or high-interference digital environments.

Transmission

HEDDD N

3. Burst Error :
When several consecutive bits are flipped mistakenly in digital transmission, it creates a burst error.

This error causes a sequence of consecutive incorrect values.

Transmission

[ [efefo o] [ ]
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e To detect errors, a common technique is to introduce redundancy bits that provide additional infor-
mation. Various techniques for error detection include:
1. Single Parity Check
2. Two-dimensional Parity Check
3. Checksum
4. Cyclic Redundancy Check (CRC)

Error Detection Methods :

1. Parity Bit : -For Video

e [t is a simple error detection method that involves adding an extra bit to a data transmission.

e It works as:
1 is added to the block if it contains an odd number of 1’s, and
0 is added if it contains an even number of 1’s.

e One extra bit is sent along with the original bits to make number of 1’s either even in case of even
parity, or odd in case of odd parity.
e The sender while creating a frame counts the number of 1’s in it. For example, if even parity

is used and number of 1’s is even then one bit with value 0 is added. This way number of 1’s
remains even.If the number of 1’s is odd, to make it even a bit with value 1 is added.

SENDER RECEIVER
N Y
100011 [Feeet Dol o [rcceptoms |
Compute %
parity bit p:::tsut;

Transmission

DrawBack :

e When more than one bits are erroneous, then it is very hard for the receiver to detect the error.

e So it won’t be work for more than 1 bit.
2. Two-dimensional Parity Check :

e Two-dimensional Parity check bits are calculated for each row, which is equivalent to a simple
parity check bit. Parity check bits are also calculated for all columns, then both are sent along
with the data. At the receiving end, these are compared with the parity bits calculated on the
received data.

Original Data

10011001 | 11100010| 00100100| 10000100

Row parities
100110010
11100010

00100100

10000100

Column 111011011
parities

olo o ©

100110010|111000100|001001000 100001000|110110110

Data to be sent
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e Checksum error detection is a method used to identify errors in transmitted data. The process
involves dividing the data into equally sized segments and using a 1’s complement to calculate
the sum of these segments.

3. Checksum :

e The calculated sum is then sent along with the data to the receiver. At the receiver’s end, the
same process is repeated and if all zeroes are obtained in the sum, it means that the data is

correct.
Original Data
[ 10011001 [ 11100010] 00100100] 10000100 |
1 2 -
k=4, m=8 _
1 10011001
1 10011001 2 TAEOn0E0.
1) 11100010 @()1111011
(Do1111011 S 3
1 01111100
01111100 ; 00100100
00100100 10100000
10100000 10000100
10000100 (100100100
00100100 s 1
. 3 00100101

11011010
Sum: 11111111
Complement:00000000

Conclusion: Accept Data

Sum: 00100101
CheckSum:11011010

DrawBack :

e If one or more bits of a segment are damaged and the corresponding bit or bits of opposite value
in a second segment are also damaged.

Error Correction :

e For correcting the errors, one has to know the exact position of the error. For example, If we
want to calculate a single-bit error, the error correction code will determine which one of seven
bits is in error. To achieve this, we have to add some additional redundant bits.

e For Example, In 4-bits binary number system there will be 16 possible patterns as follows :

Decimal value | Binary value
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111

e If we observe the table properly, Here we need 1 bit of distance between 2 single bit errors i.e.,
0000 and 0001. So, we need 2 bits of distance between 2 valid patterns of 1 bit errors i.e., 0000
and 0001.
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e As well as we need 3 bits of distance between 2 valid patterns of 2 bit errors i.e., 0000 and 0011.

e As well as we need (t+1) bits of distance between 2 valid patterns of t bit errors.

1.9 HAMMING CODES -For Video

Hamming code is a set of error-correction codes that can be used to detect and correct the errors that
can occur when the data is moved or stored from the sender to the receiver.

It is a technique developed by R.W. Hamming for error correction.

Redundant bits — Redundant bits are extra binary bits that are generated and added to the information-
carrying bits of data transfer to ensure that no bits were lost during the data transfer.

The number of redundant bits can be calculated using the following formula:
2" >=m+r+1
or
2P >=m+p+1
where, p (or) r = redundant bit, m = data bit.

Suppose the number of data bits is 7, then the number of redundant bits can be calculated using: =
24 >= 7 + 4 + 1 Thus, the number of redundant bits= 4 Parity bits.

Algorithm of Hamming code :

1.
2.

Write the bit positions starting from 1 in binary form (1, 10, 11, 100, etc).

All the bit positions that are a power of 2 are marked as parity bits (1, 2, 4, 8, etc).

. All the other bit positions are marked as data bits.

. Position 1 - Check 1 bit, then skip 1 bit, check 1 bit and then skip 1 bit and so on..

(Ex - 1,3,5,7,11, etc.)

Position 2 - Check 2 bits, then skip 2 bits, check 2 bits, then skip 2 bits.
(Ex - 2,3,6,7,10,11,14,15, etc.)

Position 4 - Check 4 bits, then skip 4 bits, check 4 bits, then skip 4 bits.
(Ex-4,5,6,7, 12, 13, 14, 15, etc.)

Position 8 - Check 8 bits, then skip 8 bits, check 8 bits, then skip 8 bits.
(Ex - 8,9, 10, 11, 12, 13, 14, 15, 24, 25, 26, 27, 28, 29, 30, 31).

. Since we check for even parity set a parity bit to 1 if the total number of ones in the positions it checks

is odd.

. Set a parity bit to 0 if the total number of ones in the positions it checks is even.

Examples :

1.

Encode a binary word 11001 into the even parity hamming code.
Given, number of data bits, n =5.

To find the number of redundant bits,
Let us try P=4.
28 >=5+4+1
The equation is satisfied and so 4 redundant bits are selected.
So, total code bit = n+P =9
The redundant bits are placed at bit positions 1, 2, 4 and 8.

Now Construct the bit location table.
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Bit Location 9 8 7 6 5 4 3 2 1
Bit designation D9 P8 D7 D6 D5 P4 D3 P2 P1
Binary representation | 1001 | 1000 | 0111 | 0110 | 0101 | 0100 | 0011 | 0010 | 0001
Information bits 1 1 0 0 1
Parity bits 1 1 0 1

Now determine the parity bits
For P1: Bit locations 3, 5, 7 and 9 have three 1s. To have even parity, P1 must be 1.

For P2: Bit locations 3, 6, 7 have two 1s. To have even parity, P2 must be 0.

For P4: Bit locations 5, 6, 7 have one 1s. To have even parity, P3 must be 1.

For P8&: Bit locations 8, 9 have one 1s. To have even parity, P2 must be 1.
Thus the encoded 9-bit hamming code is 111001101.

2. Let us assume the even parity hamming code from the above example (111001101) is
transmitted and the received code is (110001101). Now from the received code, let us

detect and correct the error.

To detect the error, let us construct the bit location table.

Bit Location 9 8 7 6 5 4 3 2 1
Bit designation D9 P8 D7 D6 D5 P4 D3 P2 P1
Binary representation | 1001 | 1000 | 0111 | 0110 | 0101 | 0100 | 0011 | 0010 | 0001
Received code 1 1 0 0 0 1 1 0 1

Now Checking the parity bits

For P1 : In locations 1, 3, 5, 7, 9. There is three 1s in this group, which is wrong for even parity.
Hence the bit value for P1 is 1.

For P2 : In locations 2, 3, 6, 7. There is one 1 in this group, which is wrong for even parity. Hence

the bit value for P2

is 1.

For P4 : In locations 4, 5, 6, 7. There is one 1 in this group, which is wrong for even parity. Hence

the bit value for P3

is 1.

For P8 : In 8, 9. There are two 1s in this group, which is correct for even parity. Hence the bit

value for P4 is 0.

The resultant binary word is 0111. It corresponds to the bit location 7 in the above table.
The error is detected in the data bit D7.
The error is 0 and it should be changed to 1.
Thus the corrected code is 111001101.

1.10 LOGIC GATES

-For Video

e A logic gate is a simple switching circuit that determines whether an input pulse can pass through to

the output in digital circuits.

e The building blocks of a digital circuit are logic gates, which execute numerous logical operations that
are required by any digital circuit. These can take two or more inputs but only produce one output.

e The mix of inputs applied across a logic gate determines its output. Logic gates use Boolean algebra

to execute logical processes.

e Logic gates are found in nearly every digital gadget we use on a regular basis. Logic gates are used in
the architecture of our telephones, laptops, tablets, and memory devices.

e The way in which you are arranging the logic gates to get the efficient output is called Logic Design.
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Types of Logic Gates :

e The following types of logic gates are commonly used :
1. Basic gates [AND, OR, NOT, BUFFER]
2. Universal gates [NAND, NOR]
3. Special gates [XOR, XNOR]

1. BASIC GATES :
1. AND :

e An AND gate has a single output and two or more inputs.

When all of the inputs are 1, the output of this gate is 1.
e The AND gate’s Boolean logic is Y=A.B if there are two inputs A and B.
¢ An AND gate’s symbol and truth table are as follows:

A —]
AB
B ——

Truth Table
A|B|Y=AB
010 0
0|1 0
110 0
111 1

2. OR :

e Two or more inputs and one output can be used in an OR gate.
e The logic of this gate is that if at least one of the inputs is 1, the output will be 1.

e The OR gate’s output will be given by the following mathematical procedure if there are two
inputs A and B: Y=A+B

A Z=A+B
=A+
B
Truth Table

A|B|Y=A+B
0] 0 0
01 1
110 1
1 1 1

3. NOT :

e The NOT gate is a basic one-input, one-output gate.

e When the input is 1, the output is 0, and vice versa. A NOT gate is sometimes called an inverter
because of its feature.

e If there is only one input A, the output may be calculated using the Boolean equation Y=A.
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A Z=A
Truth Table
A A
0 1
1 0

UNIVERSAL GATES
1. NOR :
e A NOR gate, sometimes known as a “NOT-OR” gate, consists of an OR gate followed by a NOT
gate.

e This gate’s output is 1 only when all of its inputs are 0. Alternatively, when all of the inputs are
low, the output is high.

e The Boolean statement for the NOR gate is Y=(A+B)’ if there are two inputs A and B.

A
C
B
Truth Table
BA | B | Y=(A+B)
0 0 1
0 1 0
1 0 0
1 1 0

2. NAND :

e A NAND gate, sometimes known as a ‘NOT-AND’ gate, is essentially a Not gate followed by an
AND gate.

e This gate’s output is 0 only if none of the inputs is 0. Alternatively, when all of the inputs are
not high and at least one is low, the output is high.

e If there are two inputs A and B, the Boolean expression for the NAND gate is Y=(A.B)’

; >07D

[==]

Truth Table
A | B | Y=(A.B)
010 1
011 1
1]0 1
1|1 0
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SPECIAL GATES
1. XOR :
e The Exclusive-OR or ‘Ex-OR’ gate is a digital logic gate that accepts more than two inputs but

gives only one output.

e If any of the inputs is ‘High’, the output of the XOR Gate is ‘High’. If both inputs are ‘High’,
the output is ‘Low’. If both inputs are ‘Low’, the output is ‘Low’.

e The Boolean equation for the XOR gate is Y=A’.B+A.B’ if there are two inputs A and B.

A
Z
B
Truth Table
A | B | Y=APDB
010 0
011 1
110 1
1 1 0

2. XNOR :

e The Exclusive-NOR or ‘EX-NOR’ gate is a digital logic gate that accepts more than two inputs
but only one output.

e If both inputs are ‘High’, the output of the XNOR, Gate is ‘High’. If both inputs are ‘Low’, the
output is ‘High’. If one of the inputs is ‘Low’, the output is ‘Low’. If there are two inputs A and
B, then the XNOR gate’s Boolean equation is: Y=A.B+A’B’.

A
Y
B
Truth Table
A|B|Y=A(®B
010 1
011 0
110 0
1 1 1
BOOLEAN ALGEBRA : -For Video

e Boolean algebra is a type of logical algebra in which symbols represent logic levels.
e Used to analyze and simplify the circuit diagrams.

e The digits(or symbols) 1 and 0 are related to the logic levels in this algebra.

At any time, a digital device will be in one of these two binary situations[1 or 0].
e 1, ¥ are called Boolean Literals.

e +, -, . are called boolean operators.
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1.11 ALGEBRAIC PROPERTIES -For Video

1.

10.

11.

Annulment law - When the variable is AND with 0, it will give the result 0, and when the variable
is OR with 1, it will give the result 1, i.e.,

A0=0

A+1=1

Identity law — When the variable is in AND with 1 and OR with 0, the variable remains the same,
ie.,

Al=A

A+0=A

Idempotent law — When the variable is AND and OR with itself, the variable remains same or
unchanged, i.e.,

A A=A

A+A=A

Complement Law - When the variable is AND and OR with its complement, it will give the result
0 and 1 respectively.

AA=0

A+A’=1

Double Negation Law - This law states that, when the variable comes with two negations, the
symbol gets removed and the original variable is obtained.

((A)) = A

Commutative Law - This law states that no matter in which order we use the variables. It means
that the order of variables doesn’t matter in this law.

AB=B.A

A+B = B+A

Associative Law- This law states that the operation can be performed in any order when the variables
priority is of same as * and ’/’.

(A.B).C = A.(B.C)

(A+B)+C = A+(B+C)

Distributive Law - This law allows us to open up of brackets. Simply, we can open the brackets in
the Boolean expressions.

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

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

Absorption Law - This law allows us for absorbing the similar variables.
B+(B.A) =B
B.(B+A) =B

De Morgan’s Law - The operation of an OR and AND logic circuit will remain same if we invert all
the inputs, change operators from AND to OR and OR to AND, and invert the output.

(AB) = A'+B’
(A+B) = A’B’
Consesus -
Xy + 2z + yz = xy + 7z
proof :

=>xy + Tz + yz (x+I)
=> Xy +2z +Xyz + Tyz
=> xy(L+2)+az(1+y)
=> Xy + 7z
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Designing Logic circuit :

f(A,B,C)= AB+BC+CA
A
AND1A
B
E 7408N OR1A
AND2A 7432N
OR2A

T408N

Switching Expressions :

e Literal : variable or its complement

¢ 7408N :D LED1
7432N %
[1] %‘

AND3A =

¢ Redundant literal : If value of switching expression is independent of literal x; then x; is said to be

redundant.
Example : Simplify T(x,y,z) = X'y'z + yz + xz
Xy'z +yz + xz = z(Xy +y + x)

=z(x +y+x)

=z(y+1)

= z(1)
=z

Thus, literals x and y are redundant in T(x,y,2)

¢ Examples for simplification :
Simplify T(x,y,2) = (x + Y)[X'(y’ + 2)]’ + X'y’ + X2’
x+ VY +2) +xy +x72 = (x+y)(x +yz) + Xy +x7
=(X+xyz +yx+yz) + Xy +x'z
X+ yz + Xy + x'7’
X+yz+y +2
X4+z+y +2
x+y +1
=1

)

Simplify T(x,y,z) = X’y + yz’+ yz + xy’z’
Xy +yz'+ yz + xy'z’ = Xy + y(z+2')+ 2'(y+xy’)
=xy +y.1 + 2[(y+x)(y+y)]
=Xy +y+2(y+x)
= y(x'+1)+2'(y+x)
=y + 2y +2’x
=y(142") + z’x
=y +2z’x
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1.12 CANONICAL REPRESENTATION FOR SWITCHING OF
EXPRESSIONS -For Video

e In Boolean algebra,Boolean function can be expressed as Canonical Disjunctive Normal Form known
as minterm and some are expressed as Canonical Conjunctive Normal Form known as maxterm .

e In Minterm, we look for the functions where the output results in “1” while in Maxterm we look for
function where the output results in “0”.

e We perform Sum of minterm also known as Sum of products (SOP) .
e We perform Product of Maxterm also known as Product of sum (POS).

e Boolean functions expressed as a sum of minterms or product of maxterms are said to be in canonical
form.

Standard Form :

e A Boolean variable can be expressed in either true form or complemented form. In standard form
Boolean function will contain all the variables in either true form or complemented form while in
canonical number of variables depends on the output of SOP or POS.

e A Boolean function can be expressed algebraically from a given truth table by forming a :
i. minterm for each combination of the variables that produces a 1 in the function and then taking the
OR of all those terms.
ii. maxterm for each combination of the variables that produces a 0 in the function and then taking
the AND of all those terms.

Minterms Maxterms
X|\Y| Z Product Terms Sum Terms
0ol oo m, =X ?.E:mm(iif) M,=X+Y +Z =max(X.Y,Z)
0|0|1 m,=X-Y-Z-min(X.Y.Z) M,=X+Y+Z=max(X,Y.Z)
0| 1(0| |m=XY -Z-min(XY.Z) M,=X+Y +Z-max(X.Y,Z)
0|11 m,=X-Y-Z =min(X.,Y,Z) M,=X+Y+Z-max(X.Y,Z)
1/10|0| | m=X-Y-Z-min(X.Y.Z) M, =X+Y+Z-max(X.Y.Z)
1101 m;=X-Y-Z=min(X,Y.Z) M, =X+Y+Z-max(X.Y,Z)
1|1|0| | m=XY-Z-min(XY.Z) M,=X+Y+Z-max(X,Y,Z)
.0l m, =X-Y-Z=min(X.Y,Z) M,=X+Y +Z=max(X,Y,Z)

e From the above table it is clear that minterm is expressed in product format and maxterm is expressed
in sum format.
Sum of minterms — The minterms whose sum defines the Boolean function are those which give the
1’s of the function in a truth table. Since the function can be either 1 or 0 for each minterm, and since
there are 2™ minterms, one can calculate all the functions that can be formed with n variables to be
(22)).

Note :
e Complementary for x’.y’ = (Z.§) = + y = x+y

e Duality of .y = T4y

34 M VEDAVYAS



https://youtu.be/a-HoCtXI0sM?si=llQjAF-rjyoxbuma

Examples :

1. Express the Boolean function F = xy 4 x’z as a product of maxterms.
Solution :
F=xy+xz=(xy+x)xy+z)=x+x)(y+x)x+2(y+2)=x+y)x+2)(y+2
X+ty=x'+y+z=+y+2)xX +y+72)
x+z=x+z+yy=x+y+z)x+y + 2
ytz=y4+z+xx'=x+y+2)E +y+72)
F=x+y+z)x+y +2)& +y+2)x +y+72)
= MO*M2*M4*M5
= 7M(0,2,4,5)

2. F(A,B,C) =>m(1,4,5,6,7)
F'(A, B, C) = > m(0, 2, 3) = m0 + m2 + m3
Now, if we take the complement of F’ by DeMorgan’s theorem, we obtain F in a different form :
F = (m0 + m2 4+ m3)’
= m0’'m2’'m3’
= MO*M2*M3
= 7M(0, 2, 3)

3. Convert Boolean expression in standard form F=y’+xz’+xyz
F = (x+x")y’(z42")+x(y+y’)2" +xyz

Iyl ?

F = xy'z+ xy'2’+xX'y'2+xX'y'2’ + xy2’+Xy'7 +Xyz

4. Convert Boolean expression in standard form F=AB + AC’ + BC
F = AB(C+C’) + A(B+B’)C’ + (A+A")BC
F = ABC + ABC’ + ABC + ABC’ + ABC + A'BC
F = ABC + ABC’ + AB’C’ + A’BC

5. Convert Boolean expression in standard form F= (A+B)(A+4C’)(B+C’)
F = (A+B+C.C")(A+B.B’+C")(A.A’+B+C’)
F = (A+B+C)(A+B+C’)(A+B’+C’)(A’+B+C’)
F= 7M(0,1,3,5)

CONVERSION OF STANDARD SUM OF PRODUCTS INTO STANDARD PRODUCT OF
SUMS :
Examples :

1. f(x,y,2) = > - m(0,1,3,4,7)
=> (2y2) + (Tyz) + (Zyz) + (xp2) + (xyz)
=> (T + y+2z)(T+y+2)(x+y+2)
=> 7M(2,5,6)

2. f(x,y =x(x+y)

> (x+yy) (x+y)

> (x4y) (x+y’) (x+y)
=> (x+y)(x+y’)

=> 7M(0,1)

=> >"m(2,3)

=>xy’ + xy
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1.13 REALIZATION OF LOGIC GATES USING UNIVERSAL

GATES

-For Video

e In Boolean Algebra, the NAND and NOR gates are called universal gates because any digital circuit
can be implemented by using any one of these two i.e. any logic gate can be created using NAND or

NOR gates only.

1. Implementation of AND Gate using Universal gates.

1. Using NAND Gates : The AND gate can be implemented by using two NAND gates in the below

fashion :

X
. . F
y

X y F
0 0 0
0 1 0
1 0 0
1 1 1

2. Using NOR Gates : The AND gate can be implemented by

fashion :

2. Implementation of OR Gate using Universal gates.

using two NOR gates in the below

ol =] == =

=l =l=2]l=ol=

o|l-=|=]l=pm

1. Using NAND Gates : The OR gate can be implemented using the NAND gate as below:

hil

=l =] eo|e=

=lo|=|ol=
al =« =]l

2. Using NOR Gates : The OR gate can be implemented using the NOR, gate as below:
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- (=] o >
ol ~| o=
|l =lal=

X , ,
F
y

3. Implementation of NOT Gate using Universal gates.

1. Using NAND Gate : The NOT gate can be implemented using the NAND gate as below:

X 7
X F 0 1
1 0

2. Using NOR Gate : The NOT gate can be implemented using the NOR gate as below:

X 7
X F

0 1

1 0

4. Implementation of XOR Gate using Universal gates.

1. Using NAND Gate : The XOR gate can be implemented using the NAND gate as below:
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X y [F

0 0 0
E

0 1 1

1 i} 1

1 1 0

2. Using NOR Gate : The XOR gate can be implemented using the NOR gate as below:

X ¥ F

0 0 0
F

0 1 1

1 0 1

1 1 0

5. Implementation of XNOR Gate using Universal gates.
1. Using NAND Gate : The XNOR gate can be implemented using the NAND gate as below:

%
x y F
0 0 1
E
0 1 0
1 0 0
1 1 1

2. Using NOR Gate : The XNOR gate can be implemented using the NOR gate as below:
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1. NAND Gate using NOR : The NAND gate can be implemented using the NOR gate as below:

X X y F
0 0 1
F
0 1 1
1 0 1
y I) 1 1 0

2. NOR Gate using NAND : The NOR gate can be implemented using the NAND gate as below:

X X Yy F
0 0 1
y .

F

Note :
1. For XNOR 5 NAND gates are required to represent through NAND gates.
2. For XNOR 4 NOR gates are required to represent through NOR gates.
3. For XOR 4 NAND gates are required to represent through NAND gates.

4. For XOR 5 NOR gates are required to represent through NOR gates.
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NAND-NAND REALIZATION -For Video
e NAND NAND realization is a concept under which we draw a logic circuit by using only NAND gates.
e The basic logic gates include — NAND gate, NOR gate, OR gate, XOR gate, AND gate and NOT gate.

e Among these NAND gate and NOR gate are universal gates, it means we can make an other logic gate
using these two gates.

e In NAND NAND realization the input, output and the truth table of the logical expression remains
same, just the circuit gets changed. The changed circuit contains only NAND gate.

Procedure for NAND NAND Realization :
1. Simplify the given logical expression and then convert it in the SOP form.
2. Draw the circuit for the expression using basic logic gates.
3. Now replace every normal gates by the gates we made using only NAND gate.
4. Draw the final circuit using only NAND gates.

Example for NAND-NAND and NOR-NOR realization : {(x,y,z) = x +yz
NAND-NAND

40 M VEDAVYAS



https://youtu.be/F0r6YpK0I9I?si=kJ002pEKU6RufN2L

XOR USING UNIVERSAL GATES
XOR using NAND gate :

e An EXOR gate circuit can be made from four NAND gates.

e The output of the XOR gate is the modulo sum of its inputs, i.e.,
Y=APB=AB+AB
Where, A and B are two input variables to the XOR gate, Y is output variable of the XOR gate.

NI
“le|l-=]| ==
=)

e The output of the first NAND gate is,

Y1 =AB

The outputs of the secondary and third NAND gates are,
Y2 = A.AB
Y3 = B.AB

Finally, these two outputs (Y2 and Y3) are connected to the fourth NAND gate. This NAND gate
will produce an output which is,

Y = A AB.B.AB
Y = A AB.B.AB
Y = A(A4+B) + B(A+DB)
Y=AA+AB+ AB+ B.B
Y=AB+ AB
Y = ABB
This is the output of the XOR gate. Hence, in this way, we can implement the XOR gate from NAND

gates only.

XOR using NOR gate only :

e To design the circuit diagram of an XOR gate using only NOR gates, a minimum of five NOR gates
are required.
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e Derivation :

F=AB+ A B+ AA +BB
F=(A+B)A+B)

Taking complement on both sides, we get:
F = (A+B)(A+ B)

Using de Morgan’s Law, we get:

F=(A+B)+ (A+B)

Once again taking complement on both sides, we get:

F=(A+B)+(A+B)
Hence, this Boolean expression is equivalent to the output of the XOR gate and it can be

implemented using NOR gates only.
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UNIT-2

2.1 SYNTHESIS OF LOGIC GATES -For Video

TWO LEVEL SYNTHESIS :

e The term “two-level logic” refers to a logic design that uses no more than two logic gates between
input and output. This does not mean that the entire design will only have two logic gates, but it does
mean that the single path from input to output will only have two logic gates.

e We explore four logic gates in two-level logic implementation: AND Gate, OR Gate, NAND Gate, and
NOR Gate.

e There are a total of 16 two-level logic combinations if we choose one of these four gates at the first
level and one at the second level.

e Each two-level combination implements a separate logic function. These 16 combinations are divided
into two categories.
1. Degenerative form of logic gate Combination
2. Non-Degenerative form of logic gate Combination.

e The 16 possibilities are shown below:

Degenarative Forms | Non-Degenerative Forms
AND-AND AND-OR
OR-OR OR-AND
AND-NAND NAND-NAND
OR-NOR NOR-NOR
NAND-NOR AND-NOR
NOR-NAND NAND-AND
NAND-OR OR-NAND
NOR-AND NOR-OR
1. Degenerative form of logic gate Combination -For Video

e Degenerative form occurs when the output of a two-level logic realization can be achieved with only
one logic gate.

1. AND-AND implementation :

e Because the entire function results in an AND function of all the inputs, this AND-AND gate
combination is a degenerate form.

43 M VEDAVYAS



https://youtu.be/XrUxpXM9nbs?si=xwk7nKFF-M-YHgOT
https://youtu.be/2ARLrLdeSwY?si=oTX6d1aJGFyqxC-2

e The outputs of first-level logic gates: F1=AB and F2=CD. These outputs are applied as inputs
of the second level, so the output of the second level is F=F1F2, which means F=ABCD.

2. OR-OR implementation :

e The outputs of first-level logic gates: F1=A+B and F2=C+D. These outputs are applied as inputs
of the second level, so the output of the second level is F=(F1+F2) which means F=(A+B+C+D).

3. AND-NAND implementation :

e AND gates are present in the first level of this logic implementation, while NAND gates are
present in the second level.

e The outputs of first-level logic gates: F1=AB and F2=CD. These outputs are applied as inputs
of the second level, so the output of the second level is F= (F1F2)’ which means F=(ABCD)’.

4. OR-NOR implementation :

e OR-NOR combination of gates results in NOR logic function. And this degenerate form can be
used for the NOR function with multiple inputs.

—

e The outputs of first-level logic gates: F1=A+B and F2=C+D. These outputs are applied as inputs
of the second level, so the output of the second level is F=(F1+4F2)’ which means F=(A+B+C+D)’.

5. NAND-NOR implementation :

e The outputs of first level logic gates: F1=(AB) ¢ and F2=(CD)’. These outputs are applied
as inputs of the second level, so the output of the second level is F=(F1+F2)’ which means
F=((AB)’+(CD)’)".
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6. NOR-NAND implementation :

e The outputs of first level logic gates: F1=(A+B)‘ and F2=(C+D)’. These outputs are applied

as inputs of the second level, so the output of the second level is F=(F1.F2)’ which means
F=((A+B)’(C+D)’)".

F1

[ —

>

B
>
D F2

7. NAND-OR implementation :

e The outputs of first level logic gates: F1=(AB)‘ and F2=(CD)’. These outputs are applied

as inputs of the second level, so the output of the second level is F=(F1+F2) which means
F=((AB)’+(CD)")=(ABCD)".

b=

F1

D

m
-

(]

L=}

8. NOR-AND implementation :

e The outputs of first level logic gates: F1=(A+B)‘ and F2=(C+D)’. These outputs are applied

as inputs of the second level, so the output of the second level is F=(F1.F2) which means
F=((A+B)’(C+D)")=(A+B+C+D)".

D=
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e A non-degenerative form occurs when the output of a two-level logic realization cannot be achieved
using a single logic gate.

2. Non-Degenerative Forms : -For Video

e Non-degenerate forms are two-level logic combinations that implement the Sum of Product form or
the Product of Sum form.

1. AND-OR implementation :

e The first level gate in a While-OR combination is an AND gate, and the second level gate is
an OR gate. As shown in the diagram below, this combination implements the Sum of Product

(SOP) form.

: 37
F2

e The outputs of first-level logic gates: F1=AB and F2=CD. These outputs are applied as inputs
of the second level, so the output of the second level is F=(F1+F2) which means F=(AB+CD).

2. OR-AND implementation :

e The first level gate in an OR-AND combination is an OR gate, and the second level gate is an
AND gate. The Product of Sum form is implemented with an OR-AND combination.

}

e The outputs of first-level logic gates: F1=(A+B) and F2=(C+D). These outputs are applied
as inputs of the second level, so the output of the second level is F=(F1.F2) which means
F=(A+B)(C+D).

3. NAND-NAND implementation :

e NAND is a universal gate, and its NAND-NAND combination, like the AND-OR combination, is
used to produce the Sum of Product form.

A
F1

B

:}7
=B

=]

e The outputs of first-level logic gates: F1=(AB)’ and F2=(CD)’. These outputs are applied
as inputs of the second level, so the output of the second level is F=(F1.F2)’ which means
F=(AB)+(CD).
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e NOR is also a universal gate and its NOR-NOR combination can be used to implement the
Product of Sum form.

4. NOR-NOR implementation :

e The outputs of first-level logic gates: F1=(A+B)’ and F2=(C+D)’. These outputs are applied
as inputs of the second level, so the output of the second level is F=(F1+F2)’ which means

F=((A+B)+(C+D)’)=(A+B)(C+D).
5. AND-NOR implementation :

e The outputs of first-level logic gates: F1=(AB) and F2=(CD). These outputs are applied as inputs
of the second level, so the output of the second level is F=(F1+F2)’ which means F=(AB+CD)’.

F1
B
C
:DT
D

6. NAND-AND implementation :

e The outputs of first-level logic gates: F1=(AB)’ and F2=(CD)’. These outputs are applied
as inputs of the second level, so the output of the second level is F=(F1F2) which means
F=(AB)’(CD)’=(AB+CD)’.

7. OR-NAND implementation :

e The outputs of first-level logic gates: F1=(A+B) and F2=(C+D). These outputs are applied as in-
puts of the second level, so the output of the second level isF=(F1F2)’ which means F=[(A+B)(C+D)]’.
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8. NOR-OR implementation :

e The outputs of first-level logic gates: F1=(A+B)’ and F2=(C+D)’. These outputs are applied
as inputs of the second level, so the output of the second level is F=(F1+F2), which means

F=(A+B)'+(C+D)’=[(A+B)(C+D)]".

MULTILEVEL SYNTHESIS

e It is not in the form of Sum of products and product of sums.

e Example-1 : f=A(B+CD) + CD

A
En

NOTA

OR2A

LED1
¢
X

-For Video

e Example-2 : Solve and design the circuit for the function f(a,b,c,d) = abed + abed + abed +
abcd + abcd + abced + abced.

Solution :
=>

abe(d+d) + abed + acd(b+b) + acd(b+ b)

ab¢ + abed + acd + acd

abg + abed + ac
a(be + ¢) + abed

a(b+c)(c+e)

+abed

ac + ab + abed

ac + a(b + bed )

ac + a (b+b)(b+ed)
ac + a(b+b)(b+cd)
ac + ab 4 acd

ac + acd + ab

a(c +¢d )+ ab

a(c+d)(c+e)
a(ct+d) + ab

+ ab

ab +ac +ad
Thus the given function requires three 2-input AND gates and two 2-input OR, gates.
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Circuit Diagram

OR2A
LED1

Ky

AND3A

o =

2.2 K-MAPS(Karnaugh Map) -For Video

e We can solve boolean functions
i. By using boolean theorems
ii. By using K-Maps.

e K-Maps is used to minimize the boolean expressions without using boolean theorems.
e [t is a diagramatic representation of truth tables.

e K-map can take two forms like Sum of Product (SOP) and Product of Sum (POS) according to the
need of problem.

e For a boolean expression consisting of n-variables, number of cells required in K Map = 2" cells.
2- Variable K-Map : -For Video
e Two variable K Map is drawn for a boolean expression consisting of two variables.
e The number of cells present in two variable K Map = 22 = 4 cells.
e So, for a boolean function consisting of two variables, we draw a 2 x 2 K Map.

B B
A B E A

OR

Two Variable K Map

e Here, A and B are the two variables of the given boolean function.

3- Variable K-Map : -For Video
e Three variable K Map is drawn for a boolean expression consisting of three variables.
e The number of cells present in three variable K Map = 23 = 8 cells.

e So, for a boolean function consisting of three variables, we draw a 2 x 4 K Map.
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BC
A BT BC BC BC
A 0 1 k| 2
A
4 5 T 6
OR
BC
A 00 01 1" 10
0 0 1 3 2
1
4 5 T 6

4- Variable K-Map :

e Four variable K Map is drawn for a boolean expression consisting of four variables.

e The number of cells present in four variable K Map = 2* = 16 cells.

e So, for a boolean function consisting of four variables, we draw a 4 x 4 K Map.

cD

AB cD cb

ol
ol
(%]
[ ]

AE

AB

OR

cD

AB 00 o 1" 10

00

01

11

10

e Here, A, B, C and D are the four variables of the given boolean function.

50

-For Video
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Karnaugh Map Simplification Rules :
e To minimize the given boolean function,

1. Draw a K Map according to the number of variables it contains.

2. Identify minterms or maxterms as given in problem and fill the K Map with 0’s and 1’s according
to its function.

3. Then, minimize the function in accordance with the following rules.
Rule-1 :
e We can either group 0’s with 0’s or 1’s with 1’s but we can not group 0’s and 1’s together.
e X representing don’t care can be grouped with 0’s as well as 1’s.
Rule-2 :
e Groups may overlap each other.
Rule-3 :
e We can only create a group whose number of cells can be represented in the power of 2.

e In other words, a group can only contain 2™ i.e. 1, 2, 4, 8, 16 and so on number of cells.

Iin Bin
1]

Incorrect Correct

X v

Rule-4 :
e Groups can be only either horizontal or vertical.

e We can not create groups of diagonal or any other shape.

Incorrect Correct

X v

Rule-5 :
e Each group should be as large as possible.

e These groups are called as sub cubes.
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[
]

Incorrect

el

Correct
X v
Rule-6 :

e Opposite grouping and corner grouping are allowed.

e The example of opposite grouping is shown illustrated in Rule-05

e The example of corner grouping is shown below.

O O)

Incorrect Correct

X v
Rule-7 :

e There should be as few groups as possible.

NOTE :

1. The number of minterms is equal to number of sub cubes.

2. Each and every size of minterm is depends on size of sub cube i.e., 2" cells -> m-n literals.
PROBLEMS :

1. Minimize the following boolean function

F(A,B,C,D) =Y m(0, 1, 2,5,7,8,9, 10, 13, 15)
Solution :

Since the given boolean expression has 4 variables, so we draw a 4 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

cD

AB €D ¢Cb ¢D ch
B 1| |[ 1] 1
AB 1 1
AB 1 1
AB| 1| [f 1 1
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Now, F(A, B, C, D) = (A’B + AB)(C’D + CD) + (A’B’ + A'B + AB + AB’)C'D + (A’B’ + AB)(C'D’
+ CDY)
= BD + CD + BD’

2. Minimize the following boolean function
F(A,B,C) = >m(0, 1, 6,7) + >.d(3, 5)

Solution :
Since the given boolean expression has 3 variables, so we draw a 2 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

Jmm

Now, F(A, B, C) = A’(B’'C’ + B’C) + A(BC + B(C)
= A'B’ + AB
Thus, minimized boolean expression is F(A, B, C) = AB + A'B’

3. Minimize the following boolean function
F(A, B, C) = > m(1, 2,5, 7) + >.d(0, 4, 6)

Solution :
Since the given boolean expression has 3 variables, so we draw a 2 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

F(A, B, C) = (A + A)(B'C’ + B'C) + A(BC’ + BC + BC + BC’) + (A + A)(B'C +
BC)
=B +A+C
Thus, minimized boolean expression is F(A, B, C) = A + B’ + C’

Note :

e The “Don’t Care” conditions allow us to replace the empty cell of a K-Map to form a grouping
of the variables which is larger than that of forming groups without don’t care.

e While forming groups of cells, we can consider a “Don’t Care” cell as 1 or 0 or we can also ignore
that cell.
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4. Minimize the following boolean function
F(A, B, C) = Zm(()? 1,6,7) + Zd(37 4, 5)
Solution :
Since the given boolean expression has 3 variables, so we draw a 2 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

BC

A BT BC BC BT
. | | X
5
A X X 1 1

F(A,B,C)=(A+ A)B'C + BC) + A(B'C’ + BC + BC + BC’)
=B +A
Thus, minimized boolean expression is F(A, B, C) = A + B’

5. Minimize the following boolean function
F(A,B,C,D) =Y m(0, 1, 3,5,7, 8,9, 11, 13, 15)
Solution :
Since the given boolean expression has 4 variables, so we draw a 4 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

Then, we form the groups in accordance with the above rules.

cD
AB €D Tb, ¢p cD
AB 1 1 1
AB 1 1
AB 1} 1
AB [ |1 || 1 1

F(A, B, C) = (A'B’ + A’B + AB + AB’)(C'D + CD) + (A’B’ + AB)(C’'D’ + C'D)
=D + BC’

Thus, minimized boolean expression is F(A, B, C, D) = B’C’ + D
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6. Minimize the following boolean function
F(A, B, C, D) = > m(1, 3, 4, 6, 8,9, 11, 13, 15) + > .d(0, 2, 14)

Solution :
Since the given boolean expression has 4 variables, so we draw a 4 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

cD
AB €D ,Cb; oD cD
AB || x 1 1 X
AB 1 1
AB Rk 1 X
AB 1 1 1

F(A, B, C) = (AB + AB’)(C’'D + CD) + (A’'B’ + AB’)(C'D + CD) + (A’'B’ + AB")(C'D’ +
CD) + (A’'B’ + A’B)(C’D’ + CD”)
=AD + B'D + B'C’ + A’D’
Thus, minimized boolean expression is F(A, B, C, D) = AD + B’'D + B'C’ + A’D’

7. Minimize the following boolean function
F(A, B, C, D) = > m(0, 2, 8, 10, 14) + > d(5, 15)

Solution :
Since the given boolean expression has 4 variables, so we draw a 4 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

cD
AB €D, T€pb cp ,CD
A B 1 1
AB X
AB x |[1]
AB 14, ‘_ ; L

F(A, B, C) = (AB + AB)CD’ + (A'B’ + AB')(C’D’ + CD’)
— ACD’ + B'D’

Thus, minimized boolean expression is F(A, B, C, D) = ACD’ + B'D’
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8. Minimize the following boolean function

F(A,B,C,D) = > m(3, 4,5, 7,9, 13, 14, 15)
Solution :

Since the given boolean expression has 4 variables, so we draw a 4 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

F(A, B, C) = A’B(C'D’ + C'D) + (A'B’ + A'B)(CD) + (AB + AB)(C’D) + AB(CD +
CD’)

= A’'BC’ + A’CD + AC’D + ABC
Thus, minimized boolean expression is F(A, B, C, D) = A’'BC’ + A’CD + AC’D + ABC

Minimize the following boolean function

FW,X,Y,Z) =>m(,3,4,6,9, 11, 12, 14)
Solution :

Since the given boolean expression has 4 variables, so we draw a 4 x 4 K Map.

We fill the cells of K Map in accordance with the given boolean function.

Yz
WX YZ Yz vz YZ
WYX ) 1 11
i 3 2
wx | 1 i
A T
wx | 1 1
12 13 I 14
WX 7 7
8 G 1 )

F(W, X, Y, Z) = (WX + WX)(Y'Z + YZ') + (WX + WX)(Y'Z + YZ)
= X7’ + XZ

=XP7Z

Thus, minimized boolean expression is F(W, X, Y, Z) =X @ Z
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2.3 VARIOUS IMPLICANTS IN K-MAPS -For Video

Implicant :

e Implicant is a product/minterm term in Sum of Products (SOP) or sum/maxterm term in Product of
Sums (POS) of a Boolean function.
Ex : consider a boolean function, F = AB + ABC + BC.
Implicants are AB, ABC, and BC.

Prime Implicants :

e A group of squares or rectangles made up of a bunch of adjacent minterms which is allowed by the
definition of K-Map are called prime implicants(PI) i.e. all possible groups formed in K-Map.

e Simply, it is an implicant which is not a sub part of other implicant.

No. of Prime Implicants = 3

Essential Prime Implicants :

e These are those subcubes(groups) that cover at least one minterm that can’t be covered by any other
prime implicant. Essential prime implicants(EPI) are those prime implicants that always appear in
the final solution.

anl
b

No. of Essential Prime Implicants = 2

Redundant Prime Implicants :

e The prime implicants for which each of its minterm is covered by some essential prime implicant are
redundant prime implicants(RPI). This prime implicant never appears in the final solution.

1

0

-

VAR

No. of Redundant Prime Implicants = 1

—_
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e The prime implicants for which are neither essential nor redundant prime implicants are called selective
prime implicants(SPI). These are also known as non-essential prime implicants. They may appear in
some solution or may not appear in some solution.

Selective Prime Implicants :

QLD T

No. of Selective Prime Implicants = 2

Examples :

1. F=>(1, 5,6, 7,11, 12, 13, 15), find number of implicant, PI, EPI, RPI and SPI.

[N No. of Implicants = 8
VTt () PI=(1,2345)
(2o 1LY N EPI=(1,23,4)
\ 1) RPI = (5)
®

Expression : BD + A’C’'D + A’BC+ ACD+ABC’
No. of Implicants = 8

No. of Prime Implicants(PI) = 5

No. of Essential Prime Implicants(EPI) = 4

No. of Redundant Prime Implicants(RPI) = 1
No. of Selective Prime Implicants(SPI) = 0

2. F =Y m(0, 1, 5, 8, 12, 13), find number of implicant, PI, EPI, RPI and SPI.
Expression : A’'B’C’+ C’'DB + C'D’A

(1) 1 ; No. of Implicants = 6
o [ L@ Pi=(123458)
ONNT 1 SPI=(1,2,3,4,5.6)
1)
T
F=0+®+()
OR
F=@+®+®
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No. of Implicants = 6

No. of Prime Implicants(PI) = 6

No. of Essential Prime Implicants(EPI) = 3
No. of Redundant Prime Implicants(RPI) = 3
No. of Selective Prime Implicants(SPI) = 6

3. F =Y m(0, 1, 5, 7, 15, 14, 10), find number of implicant, PI, EPI, RPI and SPI.

11y _ sy No.of Implicants =7
Sar= Pl =(1,2,3,4,5,6)
(&) 90 (#)  EPI=(14)
= SPI = (2,3,5,6)
F=(D+2)+@) +()
OR
F=0+®+() +(0)

No. of Implicants = 7

No. of Prime Implicants(PI) = 6

No. of Essential Prime Implicants(EPI) = 2
No. of Redundant Prime Implicants(RPI) = 2
No. of Selective Prime Implicants(SPI) = 4

2.4 VARIABLE ENTRANT MAP -For Video

e K-map is the best manual technique to solve Boolean equations, but it becomes difficult to manage
when number of variables exceed 5 or 6. So, a technique called Variable Entrant Map (VEM) is used
to increase the effective size of k-map.

e It allows a smaller map to handle large number of variables. This is done by writing output in terms
of input.

e A VEM can be used to plot more than ‘n’ variables using an ‘n’ variable K-map.

e Consider a function F(A,B,C) = (0,1,2,5)

HH)—‘!—‘OOOO>
— o o~ ~lo oW
— o= ol o~ o
O Ol OO |~ M

(SN
Ne)
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If we define F in terms of ‘C’; then this function can be written as:

A B |C | F | Finterms of c
0 0|01 1

0 o011

0 101 C’

0 1 (110

1 0010 C

1 0|11

1 11010 0

1 1]1/0

I E=Ik=]
—lol~lolt
—_

The Variable entrant map for this is as follows :

Minimization procedure for VEM :

e Write all the variables(original and complimented forms are treated as two different variables) in the
map as 0, leave 0’s, minterms and don’t cares as it is and obtain the SOP expression.

e (a) Select one variable and make all occurrences of that variable as 1, write minterms (1’s) as don’t
cares, leave 0’s and don’t cares as it is. Now, obtain the SOP expression.
(b) Multiply the obtained SOP expression with the concerned variable.

e Repeat step 2 for all the variables in the k-map.
e SOP of VEM is obtained by ORing all the obtained SOP expressions.
Example :

e Let’s apply the above procedure on a sample VEM (X is used to represent don’t care)
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e Step 1 : Write all the variables as 0 (D and D’ are considered as two different variables), leave
minterms, 0’s and don’t cares as it is and obtain the SOP expression.

SOP expression: AC

e Step-2 : (a) Replace all occurrences of D with 1, all occurrences of D’ with 0 and all 1’s with don’t
care. Leave 0’s and don'’t cares as it is.

SOP expression: AC’

(b)Multiply the obtained SOP with the concerned variable.
SOP obtained: AC’D

e Step-3 :Repeat step 2 for D’

(a) Replace all occurrences of D’ with 1, all occurrences of D with 0 and all 1’s with don’t care. Leave
0’s and don’t cares as it is.

AB
& 00 01 11 10
0] O 0 0 0
|777 7777777777 e
| E T T
R I | I | E—

SOP expression: C

(b)Multiply the obtained SOP with the concerned variable.
SOP obtained: CD’

e Step 4 : SOP of VEM is obtained by ORing all the obtained SOP expressions. Therefore, the SOP
expression for the given VEM is:A’C 4+ AC’D 4 CD’
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2.5 COMBINATIONAL AND SEQUENTIAL CIRCUITS -For Video

e There are two types of Digital circuits depending on their output and memory used:
(i) Combinational circuit
(ii) Sequential circuit

1. Combinational Circuits :

e A combinational circuit consists of input variables and output variables. Since these circuits are not
dependent upon previous input to generate any output, so they are combinational logic circuits. A
combinational circuit can have an n number of inputs and m number of outputs.

e In combinational circuits, the output at any time is a direct function of the applied external inputs.

e These circuits are developed using AND, OR, NOT, NAND and NOR logic gates. These logic gates
are building blocks of combinational circuits.

e E—

n Inputs —!—h- Combinational Circuit —!—h-

Variables L, ! 3
m outputs

Figure - Block diagram of Combinational circuit

e Examples :
1. Arithmetic circuit
2. Converting one code to another code
3. Encoders & Decoders
4. Multiplexers and Demultiplexers

2. Sequential circuits

e A sequential circuit is specified by a time sequence of inputs, outputs and internal states. The output
of a sequential circuit depends not only on the combination of present inputs but also on the previous
outputs.

e Unlike combinational circuits, sequential circuits include memory elements with combinational circuits.
External Inputs External Qutputs

—> E—
— Combinational Circuit —

Current Mext
State State

Memaory Element [«
Internal Output Internal Inputs

Figure - Sequential Circuit

e Examples :1. Shift registers 2. Flip-Flops 3. Counters
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2.6 ARITHMETIC CIRCUITS
ADDERS :

e Addition is one of the most basic operations performed by different electronic devices like computers,
calculators, etc.

e The electronic circuit that performs the addition of two or more numbers, more specifically binary
numbers, is called as adder.

1.Half Adder : -For Video
e A combinational logic circuit which is designed to add two binary digits is called as a half adder.
e The half adder provides the output along with a carry value.

e The half adder circuit is designed by connecting an EX-OR, gate and one AND gate. It has two input
terminals and two output terminals for sum and carry.

e The block diagram and circuit diagram of a half adder are shown below :

A—y

S
B

A— —S

Half
Adder

H—
B ¢ .

Block Diagram
Circuit Diagram

Figure 1 - Half Adder

e From the logic circuit diagram of half adder, it is clear that A and B are the two input bits, S is the
output i.e., sum and C is the output i.e., carry bit.

e In the case of a half adder, the output of the EX-OR gate is the sum of two bits and the output of the
AND gate is the carry.

e Although, the carry obtained in one addition will not be forwarded in the next addition because of
this it is known as half adder.

e Truth Table :

A | B | Sum | Carry
0] 0 0 0
011 1 0
110 1 0
1 1 0 1
e K-Map :
For Sum (S) For Carry (C)
B B
A 0 1 A 0 1
of o 1) of 0 0
0 ] 0 1
1 {'”1 0 I 9 (1)
S=AB +AB' C=AB

Figure 2 - K-Map for Half Adder
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e The characteristic equations of half adder, i.e., equations of sum (S) and carry (C) are obtained
according to the rules of binary addition.

Characteristic Equations of Half-Adder :

e The sum (S) of the half-adder is the XOR of A and B. Thus, Sum, S = A@B = AB’+ A’B
e The carry (C) of the half-adder is the AND of A and B. Therefore, Carry, C = AB.
2. Full Adder : -For Video

e A Combinational circuit which is designed to add three binary digits and produces two outputs (sum
and carry) is known as a full adder.

e Thus, a full adder circuit adds three binary digits, where two are the inputs and one is the carry
forwarded from the previous addition.

e The block diagram and circuit diagram of the full adder are shown in Figure-1.

i .
C =2

A S

Full
B Adder

ci— —*C

out C
“out

Block Diagram

Circuit Diagram
Figurel - Full Adder

Hence, the circuit of the full adder consists of one EX-OR gate, three AND gates and one OR gate

Full adder takes three inputs namely A, B, and C;,,. Where, A and B are the two binary digits, and
C;n is the carry bit from the previous stage of binary addition.

The sum output of the full adder is obtained by XOR-ing the bits A, B, and C,;,,. While the carry
output bit (C,y¢) is obtained using AND and OR operations.

e TruthTable :
A|B|C,, | Sum | C,,;
010 0 0 0
010 1 1 0
011 0 1 0
011 1 0 1
110 0 1 0
110 1 0 1
1 1 0 0 1
1 1 1 1 1
e K-Map :
For Sum (S) For Output Carry (C,,,)
BC,, BC;,
00 01 110 00 01 110
ol o o |1 0
0 1 3 2
1 o 1 i1 I
; 4| gt g
S =A'B'C;, + ABC,+AB'C’, +ABC,, Cou=AB +AC, + BC,

Figure 2 - K Map for Full Adder
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e The characteristic equations of the full adder, i.e. equations of sum (S) and carry output (C,,¢) are
obtained according to the rules of binary addition.

Characteristic Equations of Full-Adder :

e The sum (S) of the full-adder is the XOR of A, B and C;,.
Thus, Sum, S = AGBPHC = A’B’C,,, + A’BC’;,, + AB’C,;,, + ABC;,

e The carry (C) of the full-adder is C = AB 4+ AC;,, +BC,,, .
3.Binary Adder or Ripple Carry Adder or Parallel Adder : -For Video

e A Binary Adder is a digital circuit that implements the arithmetic sum of two binary numbers supported
with any length is known as a binary adder.

e It is generated using full-adder circuits connected in sequence.
e The output carries from one full-adder linked to the input carry of the next full-adder.

e The following block diagram demonstrates the interconnections of four full-adder circuits to support a
4-bit binary adder.

B: As B: A B: A B Aa

imlF%lmlF%lFAI| b
cl‘_{ J l l | I l I

S: S Se

4.Bit Binary Adder

e The input carry to the binary adder is Cy and the output carry is C4. The S outputs of the full-adders
create the needed sum bits.

e An n-bit binary adder is needed n full-adders. The output carries from each full-adder is linked to the
input carry of the next-high-order full-adder.

Draw Backs :
e In Ripple Carry Adder, Each full adder has to wait for its carry-in from its previous stage full adder.
e Thus, nth full adder has to wait until all (n-1) full adders have completed their operations.
e This causes a delay and makes ripple carry adder extremely slow.
e The situation becomes worst when the value of n becomes very large.
e To overcome this disadvantage, Carry Look Ahead Adder comes into play.

4. Carry Look Ahead Adder : -For Video

e Carry Look Ahead Adder is an improved version of the ripple carry adder.
e It generates the carry-in of each full adder simultaneously without causing any delay.
e The time complexity of carry look ahead adder = 6 (logn).

e The working of carry look ahead adder is based on the principle that the carry-in of any stage full
adder is independent of the carry bits generated during intermediate stages.

e Advantages :
1. It generates the carry-in for each full adder simultaneously.
2. Tt reduces the propagation delay.
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e Circuit diagram :

W 11

11,

1

O

Ll

L

Full Adder Full Adder Full Adder Full Adder
Vo Vo ! Vo
Cs Sa Cs 82 C2 &1 C1 So

e The carry-in of any stage full adder depends only on the following two parameters :
1. Bits being added in the previous stages
2. Carry-in provided in the beginning

e Example :
Consider two 4-bit binary numbers A3A2A1A0 and B3B2B1B0 are to be added.
Mathematically, the two numbers will be added as-

©loele)

© e

i\ A2 A1 A
= B3 2 B1 E
~—83 ~— 82 “—81 —©So
e From here, we have
C1 = Co (Ao @ Bo) + ApBo
Co =Cy (A1 @ B1) + A1B;
C3 =Cy (Ay @ Bs) + AsB,
Cy = C3 (A3 @ Bs) + A3B3

e For simplicity, Let-
G; = A;B; where G is called carry generator

P; = A; @@ B; where P is called carry propagator

e Then, re-writing the above equations, we have-

Ci=CoPo+Go.ovvvvinnnnnn (1)
Co=CiP1 +Gy oo (2)
C3=CoPy +Ga.ooiiviiins (3)
Cy=C3P3+Gg.ooovvviiinn (4)
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e Now, Clearly, C;, C; and Cg are intermediate carry bits.
So, let’s remove Cp, Cy and Cs from RHS of every equation.
Substituting (1) in (2), we get Cs in terms of Cy.
Then, substituting (2) in (3), we get Cs in terms of Cy and so on.

¢ Finally, we have the following equations-
Ci1= CoPo + Go
Cy =CoPoP1 + GoP1+ Gy
Cz= CoPoP 1Py + GoP P2 + G1P3 + Gy
Cy =CoPoP1P2P3 + GoP1P2P3 + G1P2P3 + GoP3 + Gs

e These equations show that the carry-in of any stage full adder depends only on
1. Bits being added in the previous stages
2. Carry bit which was provided in the beginning

Note :

1. The following formula is used to calculate number of gates required for evaluating all carry bits :
For a n-bit carry look ahead adder to evaluate all the carry bits, it requires,
Number of AND gates = n(n+1)/2
Number of OR gates = n

Disadvantages :

1. It involves complex hardware.

2. Tt is costlier since it involves complex hardware.

3. It gets more complicated as the number of bits increases.

SUBTRACTORS : -For Video

e A Subtractor is a combinational logic circuit that can perform the subtraction of two number (binary
numbers) and produce the difference between them.

1. Half Subtractor :

e It is a combinational logic circuit that have two inputs and two outputs (i.e. difference and borrow).

e The half subtractor produces the difference between the two binary bits at the input and also produces
a borrow output.

In the subtraction (A-B), A is called as Minuend bit and B is called as Subtrahend bit.

The block diagram and logic circuit diagram of the half subtractor is shown in Figure-1.

D
A—> —d B 7.

Half
Subtractor

T

Block Diagram

Circuit Diagram

Figurel - Half Subtractor

e Hence, from the logic circuit diagram, it is clear that a half subtractor can be realized using an XOR
gate together with a NOT gate and an AND gate.

e In the half subtractor as shown in figure-1, A and B are the inputs, d and b are the outputs. Where,
d indicates the difference and b indicates the borrow output.

e The borrow output(b) is the signal that tells the next stage that a 1 has been borrowed.
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e Truth Table :

A | B | difference(d) | Borrow(b)
010 0 0
0 1 1 1
1 0 1 0
1 1 0 0
e K-Map :
For Difference (d) For Borrow (b)
M I 28 9 I
o 0 1) of © (1)
0 1 0 1
1 1 5 0 3 1 0 4 0 3
d=A'B+AB' b=AB

Figure 2 - K Map for Half Subtractor

Characteristic Equations of Half-Subtractor :

e The characteristic equations of the half subtractor, i.e. equations of the difference bit (d) and the
output borrow bit(b) are obtained by following the rules of binary subtraction.

e The difference bit(d) of the half subtractor is given by XORing the two inputs A and B. Therefore,
Difference, D = A@GB = A’B + AB’

e The borrow (b) of the half subtractor is the AND of A’ (complement of A) and B. Therefore, Borrow
b = A’B.

2. Full Subtractor :

e A full-subtractor is a combinational circuit that has three inputs A, B, b;,, and two outputs d and b.
Where, A is the minuend, B is subtrahend, b;, is borrow produced by the previous stage, d is the
difference output and b is the borrow output.

e The block diagram and logic circuit diagram of the half subtractor is shown in Figure-1.

A_
DD
7.
A d bm
Full
B *| Subtractor
b b b
Block Diagram

Circuit Diagram
Figure 1 - Full Subtractor

e Therefore, we can realize the full-subtractor using two XOR gates, two NOT gates, two AND gates,
and one OR gate.
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e Truth Table :

A | B | b;,, | Difference | borrow
010 0 0 0
010 1 1 1
0|1 0 1 1
0|1 1 0 1
110 0 1 0
110 1 0 0
1 1 0 0 0
1 1 1 1 1
¢ K-Map :
For Difference (d) For Borrow (b)
Bb,,
00 01 11 10
of 0 |1 || o1
0 1 3 2
. Lk o) s 0 5 L 1 do 0 "
d=A'Bb,, + A'Bb, +AB'b; +ABb;, b=A'b, +A'B+ Bb,,

Figure 2 - K Map for Full Subtractor

Characteristic Equations of Half-Substractor :

e The characteristic equations of the full substractor, i.e. equations of the difference (d) and borrow
output (b) are obtained by following the rules of binary subtraction.

e The difference(d) of the full subtractor is the XOR of A, B, and b;,,.
Thus, Difference, S = A@BPb;,, = A’B’b;,, + A’'Bb’;, + AB’b;,, + ABb;,

e The borrow(b) of the full subtractor is given by,
From the logic circuit diagram and k-map Borrow, b = A’B +(A@B)’b;,,

4-Bit Binary Adder-Subtractor :

e A Binary Adder-Subtractor is capable of both the addition and subtraction of binary numbers in one
circuit itself.

e Let’s consider two 4-bit binary numbers A and B as inputs to the Digital Circuit for the operation
with digits
A0 A1 A2 A3 for A
B0 B1 B2 B3 for B

B3 A3 B2 Az B1 A1 B0 Ao

Full Adder

£2 c1
|—{ FuHAdderI I FuIIAdderI IFuIIAdder

Cout 53 52 51 50
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e There is a control line K that holds a binary value of either 0 or 1 which determines that the operation
is carried out is addition or subtraction.

e The circuit consists of 4 full adders since we are performing operations on 4-bit numbers.

e Assume that we have two 3-bit numbers, i.e., X=100 and Y=011, and feed them in Full-Adder as an
input.
Xo=1 X3=0 Xp=0

Yo=0 Y;=1 Yo=1
For K=0:
YO0 @K :Y() and Cln:KZO

So, from first Full-Adder

So= 0+1+40

So=1

Co=0
Similarly,

S1=X14+Y:1+Co

S1 = 0+1+4+0

Si1=1 and C;=0
Similarly,

Sy = Xo+Y2+Cy

Se = 1+0+4+0

So=1 and Co=0
Thus,

X= 100 =4

Y=011=3

Sum = 0111 =7
For K=1

YoPK=Y, and C;,=k=1
So,

So = Xo+Yo'+Cin,

So = 04+0+1

So=1 and C0=0
Similarly,

S1 = X1+Y:'+Cy

S1 = 0+0+0

S1=0 and C;=0
Similarly,

So = Xo+Y2'+Cy

So = 14+1+0

So=0 and Co=0
Thus,

X=010=4

Y=011=3

Difference = 001 = 1
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MULTIPLIER -For Video
e A binary multiplier is used to multiply two binary numbers.
e The binary multiplier is also called an add-shift adder.

e Consider two binary numbers numl and num?2
numl=12 -> which equivalent to binary value as 1100 -> multiplier
num2=13 -> which equivalent to binary value as 1101 -> multiplicand
1100

1101

1100
0000
1100
1100

10011100

REGISTER SHIFT METHOD :

e Consider two binary numbers 1010 and 1011
Here 1010 is Multiplicand (M)

Here 1011 is Multiplier(Q)
Now, Consider a 8-bit register
[0]o]oJoJoJofofoO]

1010 [Addition]
10100000 [Right Shift]
01010000 [Right Shift]
1010 [Addition]
11110000 [Right Shift]
01111000

0000

01111000 [Addition]
00111100 [Right Shift]
1010 [Addition]
11011100

01101110 [Right Shift]
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2.7 BOOTH’S ALGORITHM -For Video

e The booth algorithm is a multiplication algorithm that allows us to multiply the two signed binary
integers in 2’s complement, respectively.

e It is also used to speed up the performance of the multiplication process.

e It works on the string bits 0’s in the multiplier that requires no additional bit only shift the right-most
string bits and a string of 1’s in a multiplier bit weight 2k to weight 2m that can be considered as 2k+
1-2m.

AC+— 0
n+1+— Q
SC+ n

BR. Multiplicand, QR-Multiplier

AC +—AC+BR+1 AC «— AC +BR

ashr (AC & QR)
SC+5C-1

e In the above flowchart, initially, AC and Qn + 1 bits are set to 0, and the SC is a sequence counter
that represents the total bits set n, which is equal to the number of bits in the multiplier. There are
BR that represent the multiplicand bits, and QR represents the multiplier bits.

e After that, we encountered two bits of the multiplier as Qn and Qn + 1, where Qn represents the last
bit of QR, and Qn + 1 represents the incremented bit of Qn by 1.

e Suppose two bits of the multiplier is equal to 10; it means that we have to subtract the multiplier from
the partial product in the accumulator AC and then perform the arithmetic shift operation (ashr).

e If the two of the multipliers equal to 01, it means we need to perform the addition of the multiplicand
to the partial product in accumulator AC and then perform the arithmetic shift operation (ashr),
including Qn + 1.

e The arithmetic shift operation is used in Booth’s algorithm to shift AC and QR bits to the right by
one and remains the sign bit in AC unchanged. And the sequence counter is continuously decremented
till the computational loop is repeated, equal to the number of bits (n).
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e A numerical example of booth’s algorithm is shown below for n = 4. It shows the step by step multi-
plication of -5 and -7.
BR = -5 = 1011,
BR’ = 0100, <—1’s Complement (change the values 0 to 1 and 1 to 0)

Example :

BR’+1=0101  <—2’s Complement (add 1 to the Binary value obtained after 1’s complement)
QR = -7 =1001 <~- 2’s Complement of 0111 (7 = 0111 in Binary)
The explanation of first step is as follows: Qn+1
AC = 0000, QR = 1001, Qn+1 =0, SC =4
Qn Qn+1 =10
So, we do AC + (BR)’+1, which gives AC = 0101

On right shifting AC and QR, we get
AC = 0010, QR = 1100 and Qn+1 =1

Operation AC | QR | Qn+1 | SC
0000 | 1001 0 4
AC + BR’+ 1 | 0101 | 1001 0
ASHR 0010 | 1100 1 3
AC + BR 1101 | 1100 1
ASHR 1110 | 1110 0 2
ASHR 1111 | 0111 0 1
AC +BR’ +1 | 0100 | 0111 0
ASHR 0010 | 0011 1 0
Product is calculated as follows:
Product = AC QR
Product = 0010 0011 = 35
BCD Adder : -For Video

e A BCD adder is a circuit that adds two BCD digits in parallel and makes a sum digit also in BCD.
e A BCD adder should contain the correction logic in its internal construction.
e To implement BCD Adder Circuit we require :

1. 4-bit binary adder for initial addition
2. Logic circuit to detect sum greater than 9 and

3. One more 4-bit adder to add 0110 in the sum if sum is greater than 9 or carry is 1.

5,8,
S38;\, 00 01 11 10

ocy o 0 010

L ] 0 0ol 0

A HEERIEEE

0] 0 0 111
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e The logic circuit to detect sum greater than 9 can be determined by simplifying the boolean expression

of given BCD Adder Truth Table.

Inputs Qutput
S, 5, S, 8o Y
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 0
0 1 0 0 0
0 1 0 1 0
0 1 1 '] 0
0 1 1 1 0
1 0 0 0 0
1 0 0 1 0
1 0 1 0 1
1 0 1 1 1
1 1 0 0 1
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1
Table 3.10

e The block diagram of BCD adder is as follows :

By By By By Ay Ay Ay

LT TTIT

i CIn
Cout 4-bit Binary Adder
S35, 545y
Qutput
Carry PR |
TW:F%T
Cyyp =+ 4-bit Binary Adder
‘out =
{ Ignored } __L_Clr: ¢
338,518

Fig. 3.32 Block diagram of BCD adder

e As shown in the Fig. 3.32 , the two BCD numbers, together with input carry, are first added in the
top 4-bit binary adder to produce a binary sum.

e When the output carry is equal to zero (i.e. when sum <= 9 and Cout = 0) nothing (zero) is added
to the binary sum. When it is equal to one (i.e. when sum > 9 or Cout = 1), binary 0110 is added to
the binary sum through the bottom 4-bit binary adder.

e The output carry generated from the bottom binary adder can be ignored, since it supplies information
already available at the output-carry terminal.
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Converting BCD(8421) to Excess-3 : -For Video

e A BCD digit can be converted to its corresponding Excess-3 code by simply adding 3 to it. Since we

have only 10 digits(0 to 9) in decimal, we don’t care about the rest & marked them with a cross( X ).

e Let A,B,C,and D be the bits representing the binary numbers, where D is the LSB and A is the MSB.

e Let w, x, y, and z be the bits representing the excess-3 code of the binary numbers, where z is the LSB

and w is the MSB.

e The truth table for the conversion is given below. The X’s mark is don’t care condition(term).

BCD(8421) || Excessd
j.-'-'t.|F3--f.ﬂ'_-|]_w]?c]}']:r._
ofoJofofJoJof1]1
ololo[1]ol1]o]o0O
olol1fofol1]o]1
olol1[1]ol1]1]0O
flol1]lolollolr]1]1]
o101l 1lololo]
o1 /1lol1lolo]1
o111 1lol1]o0
1{olofoll1lol1]1
1jolol1tl1]1lol0
Lol 1o [ X XXX
Lol 1 [T X XXX
1170l X[X[X[X
11 ol 1 X/ X/X[|X
T[1 710X/ XXX
T[T 111X/ XXX

e To find the corresponding digital circuit, we will use the K-Map technique for each of the Excess-3

code bits as output with all of the bits of the BCD number as input.

e Corresponding minimized Boolean expressions for Excess-3 code bits are

w=A + BC + BD

x= B’C + B'D + BC’D’
y=CD + C'D’

z= D’

cD Cc cD P
AB w 0 11 10 ABN=L 01 11 10
oof 1 il w| 1 1
o 1 1 al 1 1
af X [x [x |x af x [x [ x [|x
A A
1w0] 1 X | X 1| 1 X || x
oy D y=cp+cD
cD — cD
ABN_ 01 A0 ;é\ 00 o111 10
00 1 | 1 o
ME o 1 1
uf x [x [x | x u| X | x [XOfX
A A
10 11X | X 1] 1 8 ]
) D
x=B'C+B’'D+BC’D’ w=A+BC+BD
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e The corresponding digital circuit is as follows :

D CcD

\ 4
x

Converting Excess-3 to BCD(8421) : -For Video

e Let A, B, C, and D be the bits representing the binary numbers, where D is the LSB and A is the

MSB.

e Let w, x, y, and z be the bits representing the excess code of the binary numbers, where z is the LSB

and w is the MSB.

e The truth table for the conversion is given below. The X’s mark is don’t care condition.

Trcess-3 | B
iwjxlj.'.-'.r._.-‘-\-li-.{-,'-_]}.
0 lofo N X XX
o001 XX XX
o lo[1lo XX XX
olo[1/1]olo o0]o
po1lololo 0o 01|
gl 1joltlolo 1ol
ol 1(1lololo 11|
of1{rlfol1 o]0
tlolololol1]lol1]
1 olol1lol1 10
1 ol1lolo0 1|1
L ol1l1l1lololo
(1 ofap 1 001
11|01 X X X X
11110 X X X X
11111 X X X |X

e K-Map for D, C, B, A are as follows respectively :

vz yz vz vz
i 00 01 11 10 =i 00 01 11 10 = 00 01 11 10 = B 0L Al 10
WX WX WX WX
00 ] X X 0 X 00 ] X X 0 X 00 lJ X 0 X 00| X X 0 X
ot | 1/f oo || 0o |1]]of1 0o [o 7|0 01{o [o]o]fo
| o] x| x|[|x 1o [|x|| x| x 1o | X |[x| x ufr [X[x | x]
| 1/fofo]l wfo |al]o]a w ([T o] 0fofo |t ]o
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e Corresponding minimized boolean expressions for Excess-3 code bits are
A = wx 4+ wyz
B =x"y + x'2" + xyz
C=yz+yz
D=2

e The corresponding digital circuit —

A A A

E3
i
E2
—
E1
EO
]

A

BO [
¢

e Here E3, Es, Eq, and Eq correspond to w, x, y, and z and B3, B, Bj,and By correspond to A, B, C,
and D.

2.8 COMPARATOR -For Video

e Comparator is a combinational circuit that compares two digital or binary numbers in order to find
out whether one binary number is equal, less than, or greater than the other binary number.

e We logically design a circuit for which we will have two inputs one for A and the other for B and
have three output terminals, one for A > B condition, one for A = B condition, and one for A < B

condition.
A>B
A N - bit
Comparator A=B
B A<B

e There are different ways to implement a magnitude comparator, such as using a combination of XOR,
AND and OR gates, or by using a cascaded arrangement of full adders.

1-Bit Comparator :

e A comparator used to compare two bits is called a single-bit comparator.

e It consists of two inputs each for two single-bit numbers and three outputs to generate less than, equal
to, and greater than between two binary numbers.

e The truth table for a 1-bit comparator is given below.

A | B|A<B | A=B | A>B
0] 0 0 1 0
01 1 0 0
110 0 0 1
1|1 0 1 0
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e From the above truth table logical expressions for each output can be expressed as follows.
A>B: AB’

A<B:A’B
A=B: A'B’+ AB

e From the above expressions, we can derive the following formula.
=>A<B + A>B=A'B + AB’

Taking complements on both sides

> (A<B + A>B)’ = (A’'B + AB’)’
> (A<B + A>B) = (A’B)’(AB’)’
=> (A<B + A>B)’ = (A+B’)(A’+B)
=> (A<B + A>B)’ = (AA’ + AB + A’'B’+ BB’)
=> (A<B + A>B) = (AB + A’B’)
=> (A<B + A>B)’ = (A=B)

e By using these Boolean expressions, we can implement a logic circuit for this comparator as given
below.

A > A>B

2-Bit Comparator :

e A comparator used to compare two binary numbers each of two bits is called a 2-bit Magnitude
comparator.

e It consists of four inputs and three outputs to generate less than, equal to, and greater than between
two binary numbers.

e The truth table for a 2-bit comparator is given below.

A | Ay | B | Bp | AkB | A=B | A>B
0 0 0 0 0 1 0
0 0 0 1 1 0 0
0 0 1 0 1 0 0
0 0 1 1 1 0 0
0 1 0 0 0 0 1
0 1 0 1 0 1 0
0 1 1 0 1 0 0
0 1 1 1 1 0 0
1 0 0 0 0 0 1
1 0 0 1 0 0 1
1 0 1 0 0 1 0
1 0 1 1 1 0 0
1 1 0 0 0 0 1
1 1 0 1 0 0 1
1 1 1 0 0 0 1
1 1 1 1 0 1 0
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e From the above K-maps logical expressions for each output can be expressed as follows.
A>B:A1By" + AgB1'By’ + A1AgBy’
A=B: A;’A¢’B1’'By’ + A1’AgB1'Bg + A1AoB1Bo + A1Ag’B1By’
: A1’By’ (Ao'Bo” 4 AoBo) + A1B1 (AoBo + Ao’Bo’)
: (AoBo + Ao'Bo’) (A1B1 + A1'By)
: (Ao € Bo) (A1 @ By)
A<B: Ay'By + Ag’B1Bg + A1’Ap’Bg

e By using these Boolean expressions, we can implement a logic circuit for this comparator as given
below.

Al A0 Bl BO

1
&R ' i T A<B
= t
__—. A=B
- I
L — A
)

4-Bit Comparator :

e A comparator used to compare two binary numbers each of four bits is called a 4-bit magnitude
comparator.

It consists of eight inputs each for two four-bit numbers and three outputs to generate less than, equal
to, and greater than between two binary numbers.

In a 4-bit comparator, the condition of A>B can be possible in the following four cases.
1. If A3 =1and B3 =0

2. IfA3:B3andA2:1andB2:O

3. IfA3:B3,A2:B2andA1:landBle

4. IfA3:B3,A2:B2,A1:B1andAozlandBoz()

Similarly, the condition for A<B can be possible in the following four cases.
1. IfA3 :OaHng =1

2. If A3z =Bz and A, =0and By =1

3. IfA3 =B3,A2 =B2 andA1 :OandB1 =1

4. IfA3 :B3,A2 :B27A1 :Bl andAo :0andB0 =1

The condition of A=B is possible only when all the individual bits of one number exactly coincide with
the corresponding bits of another number.

o = . AB

"TT

A<B
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e Comparator performing the comparison operation to more than four bits by cascading two or more
4-bit comparators is called a cascading comparator.

Cascading Comparator :

e When two comparators are to be cascaded, the outputs of the lower-order comparator are connected
to the corresponding inputs of the higher-order comparator.

— A3
A2
Al -
A3 Aa A=B
A2 —
A1
AD BB o A<B [—

TTRII
[

Convertion of Binary to Gray code :

e Let by, by, by, by be the bits representing the binary numbers, where by is the LSB and bg is the MSB
and Let gg, g1, g2, g3 be the bits representing the gray code of the binary numbers, where gy is the
LSB and g3 is the MSB.

e The truth table for the conversion is as follows :

Binary Graycode
bz | ba | by | bo | 83| g2 | g1 | g0
ojofojo|jo0jO0floO0]|oO0
oOolo0o|0]1]0]O0]|0]|1
ofo|1jo0jo0]0]|1]|1
010 |1 1700 11]0
of1|j0o0j0}j0|1T]1]|O0
oj10}1]0]1|1]1
0] 1 110]0 | 1]0]1
0] 1 1 170 1]01]O0
1700|011 ]01]0O0
1700|111 |1]0]1
170|101 |1]1]1
1 0 1 1 1 1 1 0
1/1}(0]0]1]0]11]0
1 (10| 1]1|0]1]1
1 1 1101, 0]0]1
1 1 1 1 1 0 0 0

e To find the corresponding digital circuit, we will use the K-Map technique for each of the gray code
bits as output with all of the binary bits as input.

e K-map for qop, q1, q2 and g3 are as follows respectively :
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b1,b0
0
b3,b2

01

10

00| 0

01| 0

1] 0

10| 0

b1,b0

b3,b2
00

01
11

10

00 01 11 10

TR
0|0

00

b1,b0

b3,b2
00

01

11

10

00 01 11 10

00 0 0

0 0 0 0

b1,b0

b3,b2
00

01

11

10

e Corresponding minimized boolean expressions for gray code bits are as follows :
do = bob1” + bo’b1 = by P by
q1 = baby” + bi’by = by P b
d2 = babz’ + bz’by = b3 P b

q3 = bs

e The corresponding digital circuit is

bs

by

by

bo

Convertion of Gray code to Binary code :

K]

92

g1

o

01 11 10

o Let go, g1, g2, g3 be the bits representing the gray code of the binary numbers, where g, is the LSB
and gs is the MSB and Let by, by, ba, bg be the bits representing the binary numbers, where bg is the
LSB and bz is the MSB.

e The truth table for the conversion is as follows :

Gray Code Binary
bs | ba [ b1 | bo | g3 |82 | 81 | 8o
0Oj]o0|jO0O|O]O|O]O]O
0 0 0 1 0 0 0 1
01]0 1 110|010
01]0 1 0Oo|l0 /0] 1]1
0 1 1 OO0 1]o0]0O
0 1 1 1 0 1 0 1
0 1] 0 110|110
0 1 OO0 |01 |1]1
1 1 0 0 1 0 0 0
1 1 0 1 1 0 0 1
1 1 1 1 1 0 1 0
1 1 1 0 1 0 1 1
1 0 1 0|1 11010
1 0 1 1 1 1 0 1
1 0 0 1 1 1 1 0
1 0 0 0 1 1 1 1

(o]
—_
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e To find the corresponding digital circuit, we will use the K-Map technique for each of the binary code
bits as output with all of the gray bits as input.

e K-map for by, by, bo and bg are as follows respectively :

o()

el
1.0 g gl,20 o 00 01 11 10
- 0 o 11 10 B 01 11 10 p 0 01 11 10 g3a2

o oo |@ o @ 00|00 - wlolololo 0| o0jojo]o
or @ o @ o o (| o | o o | G 00| o|ofo]|o0
n|o (@ o|@ 11|00 11
w|@ o|@ o 10 - 00 10 “ 10

o
=

e Corresponding minimized boolean expressions for gray code bits are as follows :

bo = g0 D g1 D 22 D g3
b1 =go D g1 D g2

by = go P &1

by = g3

e The corresponding digital circuit is

Convertion of BcD to 7 Segment code :

¢ In Binary Coded Decimal (BCD) encoding scheme each of the decimal numbers(0-9) is represented by
its equivalent binary pattern(which is generally of 4-bits).

e Whereas, Seven segment display is an electronic device which consists of seven Light Emitting Diodes
(LED’s) arranged in a some definite pattern (common cathode or common anode type), which is used
to display Hexadecimal numerals(in this case decimal numbers,as input is BCD i.e., 0-9).

e The truth table for the conversion is as follows :

BCD 7-Segment
A|B|C|D|a|blc|d|el|f]|g
ojofo0jo0|1j1}j1f1j1]17]0
0ojo0ojo0of1]0]1|1]0l0]|0O]|O
ojof1jo0|1j1}j011]0]1]|1
ojo|1|1|{1{1|1}1]0]0/|1
oj{1(0l0O]jO0O|1T]|]1j0|l0O]|1]|1
oO|j1/0j1|1]0|1|1]0]1]|1
oj1|(1(0j1]O0|1|1|1]1]|1
o111 1]1}1(0]0]0]O0
110]0]O0 |11 |1|1]1]1]1
1(10j0|1|1}j1]1|1]0]1]1

e To find the corresponding digital circuit, we will use the K-Map technique for each of the 7-segment’s
bits as output with all of the bed bits as input.
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e K-map for a, b, ¢, d, e, f and g are as follows respectively :

Aag\ep00 01 11 10 Ae\c000 01 11 10 Asvep00 01 11 10 Ag\c000 01 11 10
0011011} oof1]1[a)[1]| oo[1a[1]o] oof1]of1]1]
0MOT V[l oqlqTolillol ol a a7 o1/ 0]1]fo]1
11 X |IX X X 110xx IxTx T 1)x dx Ex x| 17X |IX)| X | X
1011xx10l1Lx1011xx1011|xx
F(A?Cg;: EERALAE F(A?CE;= B+ CD F(Aéfﬁ;= -C +D F(fngé; -B-D *‘“fc
ae\co00 01 11 10 Ae\co00 01 11 10 ag\e000 01 11 10
oo[1 oo 1] ©°L11O1010F oofofof1]1
o1lololol1 01 1)) 1 0|1_ 0111101
IEA A K I BV S ES 9 ) PR Y P
107 To Ix Il "oV IXIX]  1o[laf1]x]|X
— REED)E < < e F(ABCD)=  -BC B-C
F(ABCD)= -B-D  + C-D + B-D

+ A

e Corresponding minimized boolean expressions for 7-segment code bits are as follows :

a=A+C+BD+BD

a
]
@
=]
ke
=]
ok
w
ol
w]
+
]
0
i
>

e The corresponding digital circuit is

M VEDAVYAS




2.9 NOISE MARGINS -For Video
e The circuit’s ability to tolerate noise signals is referred to as the noise immunity, a quantitative measure

of which is called noise margin.

e The noise margins defined above are referred to as dc noise margins. Strictly speaking, the noise is
generally thought of as an a.c. signal with amplitude and pulse width.

e VNH = HIGH-state noise margin
VNL = LOW-state noise margin
VIL = LOW-state input voltage
VIH = HIGH-state input voltage
VOL = LOW-state output voltage
VOH = HIGh-state output voltage
Where,

VNH = VOH -VIH
VNL = VIL - VOL

e See below Figure to calculate noise margin

Logic Logic
1
— = Wy (min)

Vi (Min) s————

Disallowed range Indeterminate
range
vy (maxr————
Vo (max) ]
Logic Logic
! 0
Qutput voltage Input voltage

e Manufacturers specify voltage limits to represent the logical 0 or 1. These limits are not the same at
the input and output sides.

e For example, a particular gate A may output a voltage of 4.8V when it is supposed to output a HIGH
but, at its input side, it can take a voltage of 3V as HIGH.

e In this way, if any noise should corrupt the signal, there is some margin for error.
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UNIT-3

3.1 MULTIPLEXER -For Video

e Multiplexer is a combinational circuit that has maximum of 2" data inputs, ‘n’ selection lines and

single output line.

e One of these data inputs will be connected to the output based on the values of selection lines.

e Since there are ‘n’ selection lines, there will be 2™ possible combinations of zeros and ones. So, each

combination will select only one data input.

e Multiplexer is also called as MUX.

2x1 Multiplexer :

e In 2x1 multiplexer, there are only two inputs, i.e., Ag and Ay, 1 selection line, i.e., S and single outputs,

ie., Y.

e On the basis of the combination of inputs which are present at the selection line S, one of these 2

inputs will be connected to the output.

e The block diagram of 2x1 multiplexer is given below.

Enable
(E)
¥
A
2_)(1 —— Output
Multiplexer ()
Ag——»
Select (S)

e Truth table of 2x1 Multiplexer is shown below.

Input | Output
S Y
0 Iy
1 Iy

e From Truth table, The logical expression of the term Y is as follows: Y=SAq+SA;

e The circuit diagram of 2x1 multiplexer is shown in the following figure.

T

A; )

>Y—AJ S+ S

Selectinput S
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e 4x1 Multiplexer has four data inputs I3, I, I; & Iy, two selection lines S; & Sy and one output Y.

4x1 Multiplexer :

e The block diagram of 4x1 Multiplexer is shown in the following figure.

Ip — 4x1 >

I, —>»| Multiplexer

I

S1 =)

e One of these 4 inputs will be connected to the output based on the combination of inputs present at
these two selection lines.

e Truth table of 4x1 Multiplexer is shown below.

Select lines | Output
S1 So Y

0 0 Io

0 1 I;

1 0 Iy

1 1 I3

e From Truth table, we can directly write the Boolean function for output, Y as Y = S1 Solg + S1Soly
+ S1S0ls + S1S213

e The circuit diagram of 4x1 multiplexer is shown in the following figure.

I h_j

Y
-/

e Three 2 x 1 MUX are required to implement 4 x 1 MUX.

Inputs,

50/(LsB)

$1(MsB)

$0/(L58)
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e In the 8 to 1 multiplexer, there are total eight inputs, i.e., Iy, Iy, I, I3, 14, I5, I, and I7, 3 selection
lines, i.e., Sg, S; and Ss and single output, i.e., Y.

8x1 Multiplexer :

e On the basis of the combination of inputs that are present at the selection lines Sy, S; and Ss one of
these 8 inputs are connected to the output.

e The block diagram of the 8x1 multiplexer is given below.

1
1
_12
Input[A]ql_I3 8x1 ¥i—f
— {1, MUX
I
_Iﬁ
—/ 5L 5 5 5
g

e Truth table of 8x1 Multiplexer is shown below.

Inputs Output
St Y
Io
I
I
I3
Iy
Is
Is
I7

wn
]

mFom oo~ o

il = i e B e B en B an}

_—_ o OOk~ OO

e The logical expression of the term Y is as follows : B B
Y=50515210450515211 45051 521245051 5213 +50515214+50.51S215+5051S2 Is+S051 5217

e Logical circuit of the above expression is as follows :
s2 sl So
’___'—__‘jjﬂ/

s2's1s0 I

5 _
S2S1S0 I,

L

g s2s1s0L;
— 13

I3 $25150 L Output vy

I

; $2'S1S0 I,
—7) =0 |
L _
. S2 SIS0 I,
’—TFj 6 ) —— ° |
I

6
‘ s2s1s0 I,
—) 2uh |

L

(E)
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8 X1 multiplexer using 4X1 and 2Xx1 multiplexer :

e For getting 8 data inputs, we need two 4x1 multiplexers. The 4x1 multiplexer produces one output.
So, in order to get the final output, we need a 2x1 multiplexer.

e The block diagram of 8x1 multiplexer using 4x1 and 2x1 multiplexer is given below.

Iz

Is

Iy

I3
Iz
I

Io

16x1 Multiplexer :

4x1
Multiplexer

S1

A

2x1
Multiplexer

A\

S0

S

s2

4x1

Multiplexer

e In 16 x 1 multiplexer, Input lines = 16 and Selection lines = 4.

e Input lines will be Iy to I;5 and Selection lines will be Sy to S3

e The block diagram 16x1 multiplexer is as follows.

lex 1

Sg 51 5z Ss3
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e Truth table of 16x1 Multiplexer is shown below.

Inputs Output
Se | S| S1 | So Y
0 0 0 0 Ip
0 0 0 1 I
0 0 1 0 I,
0 0 1 1 I3
0 1 0 0 1
0 1 0 1 I5
0 1 1 0 Is
0 1 1 1 17
1 0 0 0 Ig
1 0 0 1 Ig
1 0 1 0 Lo
1 0 1 1 I4
1 1 0 0 Iio
1 1 0 1 Iis
1 1 1 0 T4
1 1 1 1 Iyis

e We can implement 16x1 Multiplexer using 8x1 Multiplexers and 2x1 Multiplexer.

e We require two 8x1 Multiplexers in first stage in order to get the 16 data inputs. Since, each 8x1
Multiplexer produces one output, we require a 2x1 Multiplexer in second stage by considering the
outputs of first stage as inputs and to produce the final output.

Iis —>»
Ii4 ——>
113 ———
115 > 8x1

1;; —> Multiplexer

Iig —>
Ig —>
Ig ——>
A A A
S — > 2x1
s1 | Multiplexer > Y
So
Y V. ¥ T
7 — &
Ig —»
Is —>»

9 > 8x1

I3 ——p» Multiplexer
I, —>
Iy —»
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e Multiplexer can act as universal combinational circuit. All the standard logic gates can be implemented
with multiplexers.

Functionally Completeness :

1. Implementation of NOT gate using 2x1 Mux :

Truth Table
: 5 o i
Inputs Output o 1
o ® - :
X

2. Implementation of AND gate using 2x1 Mux :

Truth Table
0
X Y f >y
Inputs Output 0 f=0
® 0
Y
0 =y
1
x

3. Implementation of OR gate using 2x1 Mux :

Truth Table
v x ¥y f >y
Inputs Output 0 0 0 f=y
M 0 1 1
! 1 0 1 f=1
1 1 1
x

4. Implementation of NAND gate using 2x1 Mux :

mlm|o|lo
wlo|rlo

NOT gate

1 1
Qutput
Inputs (%J
0
X
Y

5. Implementation of NOR gate using 2x1 Mux :

Output
0 U]
X

90 M VEDAVYAS

NOT gate

=

Inputs




6. Implementation of EX-OR gate using 2x1 Mux :

NOT gate

Output

Inputs o)

7. Implementation of EX-NOR gate using 2x1 Mux :

NOT gate

Output
U]

HALF ADDER : -For Video

Using 4 x 1 Multiplexer :

e The Boolean functions of sum and carry outputs are
S(X,Y)=>m(1,2)
C(X,Y)=>m@)

e Here, X and Y represent the two inputs and S and C represents the two outputs of the Half Adder.

e Truth table for sum & carry as follows :

S\ [ S, [ Z S [ Sy | Z
0010 0010
011 0ol1]o0
1101 100
11110 1|11

e Logic diagram of a Half Adder :

Half Adder Using 4 X 1 Multiplexer

MUX
o —|i,
11— |
11, >
0 —1
35, S
MUX
o —1,
0—n -
0o—I, ¢
1—
'S, S
y— |
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e To implement the logic diagram of a Half Adder we need two multiplexers the first multiplexer produces
sum output and the second MUX generates the carry output of the Half Adder. X and Y are the two
selection inputs to both multiplexers to select a particular input.

Using 2 x 1 Multiplexer :

e Here we will implement the logic diagram of a Half Adder using two 2 x 1 multiplexers. The first
multiplexer will be used to find the S output while the second multiplexer will be used to generate the
C output of Half Adder.

e The general output equation of a 2 x 1 multiplexer is as follows:
7 = I()S()7 + 1180

e Truth table for sum & carry as follows :

Sl SO Z Sl SO Z
0 0|0 0 0|0
0| 1|15 0|10l
1 0|1 , 1 010
1|1 0] 11 1|
e Logic diagram of a Half Adder :
X
Half Adder Using 2 ¥ 1 Multiplexer
HOT,
MUx
— Iy
— s
I s,
MUX
0o—I,
—c
— IJ. 50
|
FULL ADDER :
Using 8 x 1 Multiplexer :
e The Boolean functions of sum and carry outputs are
S(X,Y,2)=>m(1,2,4,7)
C(X,Y,Z)=>m(3,5,6,7)
e Truth table for sum & carry as follows :
S S1 Sg | Sum | Carry
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
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e Logic diagram of a Full Adder :

o (e
1 i
| — .Y
o (=1 -
[ — ¥ =
8] Is
=] 5
[
o 54 En
I I |
o— T
0—
0o——1io
1 — 3
n—|f b T ot
1 — )
e
1T
=3 =1 Eo

5

|

Using 4 x 1 Multiplexer :

e Truth table for sum & carry as follows :

Sg Sl SO Sum Carry
0 0 0 0 0
0 0 1 1 So 0 0
0 1 0 1 , 0
0 1 1 o | S 1 So
1 0 0 1 , 0
1 0 1 0 | 1 So
1 1 0 0 1
1 1 1 1 So 1 !
e Logic diagram of a Full Adder :

So

5

Sy’ SUM

So

S; §

0

So

ilu CARRY

SUBTRACTORS : -For Video

HALF SUBTRACTOR
USING 4x1 MUX :

e The Boolean functions of sub and borrow outputs are
S (X,Y)=>m(1,2)
B (X,Y) =>m(1)

e Truth table for Sub & Borrow as follows :

93 M VEDAVYAS
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»n
<]

HI—‘OOE\I)

= O = O

o~ = ON

e Logic diagram :

Using 2 x 1 Multiplexer :

00
01
10
11|

00
01
10
11

51 S

S: S| Z
01010
01 |1
100
11110

SUB

BORROW

o Here we will implement the logic diagram of a Half Substractor using two 2 X 1 multiplexers.

e The Boolean functions of sub and borrow outputs are

S(X,Y)=>m(,2)

B (X, Y) = > m(1)

e Truth table for sub & borrow as follows :

x|y |Z
000
o117
T1o]1].,
tl1]ol”Y

e Logic diagram for Sub :

e Logic diagram for Borrow :

2x1
MUX b

2x1
MUX B

94
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FULL SUBTRACTOR :
Using 8 x 1 Multiplexer :

e The Boolean functions of sum and carry outputs are
S(X,Y,Z)=>m(1,2,4,7)
B(X,Y,Z)=>m(1,2,3,7)

e Truth table for sub & borrow as follows :

Ss S1 Sy | Sum | Carry
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1
e Logic diagram :
—
Lo
Using 4 x 1 Multiplexer :
e Truth table for sub & borrow as follows :
S S;i Sp | Sub Borrow
0 0 0 0 0
0 0 1 1| 1 So
0 1 0| 1 , 1
0 1 1] 0 | 1 1
1 0 0 1 , 0
1 0 1 o | 0 0
1 1 0 0 0
1 1 1 1| S 1 So
e Logic diagram :
o p—
SD: ] 4x1 SUB
So MUX
So —

So

i— ax1

0 MUX — BORROW
So

95
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1. Implement the boolean expression F(A, B, C) = > m(2, 3, 6, 7) using a multiplexer.
Solution :
There are 3 variables in the given expression, hence 2" = 23 = 8 : 1 multiplexer. So, the mux

Problems :

has 8 input lines, 3 selection lines and one output.
The inputs, corresponding to the minterms (2, 3, 6, 7) are connected to logic 1 and the remaining

terms to logic 0(grounded). The given input variables are connected as three selection lines.

8:1 ——F
Mux

N e » A W om e 0

A B C

2. Implement the boolean expression F(A, B, C) = >> m(0, 1, 3, 5, 7) using a multiplexer.
Solution :
There are 3 variables and hence 8 : 1 multiplexr is used to solve the expression. The three input
variables(A, B, C) are connected as three selection lines.
The inputs, corresponding to the minterms (0, 1, 3, 5, 7) are connected to logic 1 and the

remaining terms to the logic 0(grounded).

N e ot A owom

3. Implement the boolean expression F(A, B, C) = >> m(0, 2, 5, 6) using 4 : 1 multiplexer.
Solution :
In the given boolean expression, there are 3 variables. We should use 23 : 1 = 8 : 1 multiplexer.
But as per the question, it is to be implemented with 4 : 1 mux.
For 4 : 1 multiplexer, there should be 2 selection lines. So from the given 3 variables, the 2

least significant variables(B, C) are used as selection line inputs.

J
o]
J

L)

)
A w

Row

2|

Row A

o
A |
(o) | (r)

Bl |(9)
2 |©)

.

Q

The minterms given in the boolean expression is circled and analyzed. After analyzing, the

input values of 4 : 1 mux is obtained as 4, A, 1, 0.
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Thus the circuit can be drawn as follows.

A——1IDo
A D1
4:1 ——F
1 Dz Mux
4] D3
B C

4. Implement F(A, B, C, D) = Y m(0, 1, 5, 6, 8 10, 12, 15) using 8 : 1 multiplexer.
Solution :
In the given boolean expression, there are 4 variables. We should use 24 : 1 = 16 : 1 multiplexer.
But as per the question, it is to be implemented with 8 : 1 mux.
For 8 : 1 multiplexer, there should be 3 selection lines. So from the given 4 variables, the 3
least significant variables(B, C, D) are used as selection line inputs.
The 8 inputs are derived using the implementation table shown below

o
o
o
i) mU
=
(=}

P
s

15)

.
G,
pl| e |(=)] 2
GID
o|H e |
> & (@)
= 5 (@)

From the derived input, 8 : 1 multiplexer can be drawn as below

A

1 Do

|[_

Note : -For Video

1. The no.of Nx1 mux required to convert Mx1 mux is >_;_, [M/N*] where z = [logyM]
Example : If M=32 and N=4 then
=> 7 = [log432] =3
=> Y0 [32/4F] = 32/4 + 32/ 42 4 32/ 43
=8+2+1
= 11 [4x1 Mux are required|

o
@ B e
oo

2. The no.of levels required to convert Nx1 mux into Mx1 mux is k > [logyM]
Example : 8x1 Mux to 2x1 Mux
=> k > [logyM]
=>k > |_10g28-‘
=> 3 [loga2] = 3 levels
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3.2 DE-MULTIPLEXERS : -For Video

De-Multiplexer is a combinational circuit that performs the reverse operation of Multiplexer.

It has single input, ‘n’ selection lines and maximum of 2™ outputs.

The input will be connected to one of these outputs based on the values of selection lines.

Since there are ‘n’ selection lines, there will be 2™ possible combinations of zeros and ones. So, each
combination can select only one output.

De-Multiplexer is also called as De-Mux.

1-to-2 Demultiplexer :

e A 1-to-2 demultiplexer consists of one input line, two output lines and one select line.

E —I
Outputs

Tnput 1:2
P— DpEMUX

Select §

The truth table of a 1x2 demultiplexer is shown below :

S|1Y:| Yo
0 D
1] D 0

Therefore, the expression for output Yo is Yo =S’ D

The expression for output Y; is Y; =S D

Circuit Diagram :

vz u1
> >—yo

tor AND2

u3

AND2

1x4 De-Multiplexer : -For Video

e 1x4 De-Multiplexer has one input I, two selection lines, s1 & s0 and four outputs Y3, Yo, Y1 & Y.

—> Y3
1x4
I — pe-Multiplexer

I

St so

—> Y2
—> Y1

> Yo
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e The Truth table of 1x4 De-Multiplexer is shown below.

S1 So Ys | Yo | YV, Yo
0 0 0 0 0 I
0 1 0 0 I 0
1 0 0 I 0 0
1 1 I 0 0 0

e From the above Truth table, we can directly write the Boolean functions for each output as

Y3=5;S,1

Y2=8,S,’1
Y1=S;’Sol
Y0=5;"Sy’

e The circuit diagram of 1x4 De-Multiplexer is as follows

1
s1
o —]

YIIY

1x8 De-Multiplexer :

PP

]

o

B

e we require two 1x4 De-Multiplexers in second stage in order to get the final eight outputs.

e Since, the number of inputs in second stage is two, we require 1x2 DeMultiplexer in first stage so that
the outputs of first stage will be the inputs of second stage.

e The Truth table of 1x8 De-Multiplexer is shown below.

e The block diagram of 1x8 De-Multiplexer is as follows :

l_l

. 1x2 st
De-Multiplexer s

0
T 1x4
s2

De-Multiplexer

——vs
—> v

— v

—— v,

99

s2 [ s1|so | Yr | Ye | Ys | Ya| Y3 |Yy|Y:| Yo
0 0 0 0 0 0 0 0 0 0 I
0 0 1 0 0 0 0 0 0 I 0
0 1 0 0 0 0 0 0 I 0 0
0 1 1 0 0 0 0 I 0 0 0
1 0 0 0 0 0 1 0 0 0 0
1 0 1 0 0 I 0 0 0 0 0
1 1 0 0 I 0 0 0 0 0 0
1 1 1 I 0 0 0 0 0 0 0
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ADDERS
Half Adder : -For Video

e The Boolean functions of sum and carry outputs are
S(X,Y)=>m(1,2)
C(X,Y)=>m@)

e Truth table for sum & carry as follows :

S11So | Z S1|So | Z
0 0|0 0] 01O
0 1 |1 0 110
1 0|1 1 010
1 110 1 111
e Block Diagram :
s
c
FULL ADDER :
e The Boolean functions of sum and carry outputs are
S(X,Y,Z2)=>m(1,2,4,7)
C(X,Y,Z)=>m(3,5,6,7)
e Truth table for sum & carry as follows :
SQ Sl S() Sum Carry
0O 0 O 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 o0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

e Logic diagram of a Full Adder :

CRERE

;;

E
PRI
R
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SUBSTRACTORS
Half Substractor :

e The Boolean functions of sub and borrow outputs are
S (X,Y)=>m(1,2)
B (X, Y)=>m(1)

e Truth table for sub & borrow as follows :

Si|So | Z Si | So | Z
0 010 0 010
0 1|1 0 1|1
1 0|1 1 010
1 110 1 110

e Block Diagram :

FULL SUBTRACTOR

e The Boolean functions of sub and Borrow outputs are
S(X,Y,Z)=>m(1,2,4,7)
B(X,Y,Z)=3m(1,2,3,7)

e Truth table for sub & borrow as follows :

S Si Sy | Sub | Borrow
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

e Logic diagram :

)

Input
1-to-8 Y3
Bn=" opmvux gy

bt
Y6 B,
Y7

JFi

82 81 S0

out

Full Subtractor using 1-to-8 Demultiplexer
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3.3 DECODERS -For Video

e Decoder is a combinational circuit that has ‘n’ input lines and maximum of 2™ output lines.

e One of these outputs will be active High based on the combination of inputs present, when the decoder
is enabled.

e That means decoder detects a particular code. The outputs of the decoder are nothing but the min
terms of ‘n’ input variables lines, when it is enabled.

2 to 4 DECODER : -For Video
e 2 to 4 Decoder has two inputs A; & Ag and four outputs Y3, Yo, Y1 & Y.

e The block diagram of 2 to 4 decoder is as follows :

> Y3
AL Ltog v
Ao —>  Dpecoder :
—> Y;
E — —> Yo
e The truth table is as follows :
Enable | Inputs Outputs
E Ay | Ao | Ys | Y2 | Y1 | Yy
0 X X 0 0 0 0
1 0 0 0 0 0 1
1 0 1 0 0 1 0
1 1 0 0 1 0 0
1 1 1 1 0 0 0
e From Truth table, we can write the Boolean functions for each output as
YgZE.Al.AO
Y2:E.1A1.AA07
Y1=E.A1’. Ag
YOZE.Al’.Ao’

e The circuit diagram of 2 to 4 decoder is shown below :

I T

<
&

=

<
S

S[ejoje

3 to 8 Decoder : -For Video
e The 3 to 8 line decoder is also known as Binary to Octal Decoder.

e In a 3 to 8 line decoder, there is a total of eight outputs, i.e., Yo, Y1, Yo, Y3, Y4, Y5, Yg, and Y7 and
three outputs, i.e., Ag, A1, and As. This circuit has an enable input "E’.
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https://youtu.be/DZfpb2ZkWr4?si=XvvT_7BDVhzvwbn6
https://youtu.be/4qsGt6iKBB8?si=5XM3m3fWeGgxrO0Z
https://youtu.be/q00oFX_bfgQ?si=HPaSHhNWJc4QkeB9

e Just like 2 to 4 line decoder, when enable 'E’ is set to 1, one of these four outputs will be 1.

e The block diagram and the truth table of the 3 to 8 line encoder are given below.

A 3to8 4>:§
T Decoder | — v,
e The truth table is as follows :
Enable Inputs Outputs
E As | Ay Ay | Yo | Y1 | Yy | Y3 | Y, | Y5 | Ys | Yy
0 X X X 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 0 0 0 0
1 0 0 1 0 1 0 0 0 0 0 0
1 0 1 0 0 0 1 0 0 0 0 0
1 0 1 1 0 0 0 1 0 0 0 0
1 1 0 0 0 0 0 0 1 0 0 0
1 1 0 1 0 0 0 0 0 1 0 0
1 1 1 0 0 0 0 0 0 0 1 0
1 1 1 1 0 0 0 0 0 0 0 1
e The logical expressions of the terms Yo, Y1, Yo, Y3, Y4, Y5, Yg, and Y7 are as follows :

Y0:A07.A17.A2’

leAo.Al’.A27

Yo=Ay . A1 Ay’

Y3:A0.A1.A2,

Y4:A0.A1.A2

Y5:A0.A1’.A2

Y6:A07.A1.A2

Y7=Ag.A1.As

e Logical circuit of the above expressions is as follows :

Az A Ao

Yy
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4 to

In the 4 to 16 line decoder, there is a total of 16 outputs, i.e., Yo, Y1, Yo,...... , Y15 and four inputs,
i.e., Ao, 1&17 A27 and A3.

16 Decoder : -For Video

The 4 to 16 line decoder can be constructed using either 2 to 4 decoder or 3 to 8 decoder.

Required number of lower order decoders=m2/ml
ml =8
m2 = 16

Required number of 3 to 8 decoders= 16/8 =2

The block diagram and the truth table of the 3 to 8 line decoder are given below.

——¥
Vs
3to8 |y,
Decoder |——»v,,
——
v,
E
!! |
A ——,
——
' 3t08 v
Decoder A
>
]
.
E Y,
The truth table is as follows :
INPUTS OUTPUTS
As [Az| Ay |Ag|Yis | Yia|Yis | Yoz Y| Yio | Ya|Ya| Y7 |Ys|¥s|Ya|Ys|Y2[Yy|Yo
0[of[o]ofofof[of[ofof[ofofo]ofofofofo]o]o0]1
ofofo[zt|ofofof[o|of[ofofo]ofofofofofo|1]0
ofofzf[ofofofofolofofofofofofofofo]1]0]0
ofo[z][z|ofofofofof[ofofo]ofofofo[zt]o]0]0
o|[z][ofofofofof[ofof[ofofo][ofofofz1|o]o]0]0
of[z[of[zt|ofofofofof[ofofo]ofo[t|ofo]o]|0O]0
o|t[2]ofofofof[o|of[ofofo][of2|ofofo]o]0]0
of[ztf2f[z|ofofofolofofofof[2fofofofo]o]o]0
1 (ofofo]lofofofofofofo[1]o]o]o]o]ofofo]o
1 (oflof[1]ofofofo]ofo[1]ofo]o]o]o]ofofo]o
1 (ofl1fo]ofofofofo[1]ofofo]ofo]o]ofofo]o
1(of1[1]ofofofo|zt[ofofofo]o]o]o]ofofo]0
1 [1fofofofofols]ofofofofofofo]ofofofo]o
1 [1fof[1]ofof1|o]ofofofofo]ofo]o]ofofo]o
1 [1f2fo]of2fofo]ofofofofofo]o]o]ofofo]o
1 (1111 ]ofofo]ofofofofo]ofo]o]ofofo]o

The logical expression of the term Ay, A1, As,..., A5 are as follows:
Yo=Ap A1 Ay’ Ay
Yi1=A¢ A1 Ay’ Ag
Yo=Ap A" As A3’
Ys3=Ap A" Az.As
Y4=Ap A1.A5’ Ay
Ys5=A¢ . Ai1.Ay’ As
YeAg.A1.As. A3’
Y7=A¢ . Ai1.As. A3
Ys=Ag.A1". Ay’ A3’
Yo=Ag.A1". A5’ As
Yi0=Ag.A1".As. A3’
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https://youtu.be/7_18hydWCfg?si=rkccXKBh0XGMS2ue

Yi1=Ag.Ay Ay Ag
Yio=Ag.A1. Ay Ay’
Y13=Ag.A1. Ay Ag
Yia=Ag. A1 Az Ay
Yi5=Ag.A1.Ag.As

e Logical circuit of the above expressions is as follows :

E A

vy

vy

c

B

=

<
~

<
w

=<
&

=<
@

B

<
@

&

=
3

=

=
=

=
@

=
H

ALLAALLA LA

=
=

ADDERS USING DECODERS
Half Adder :

e The Boolean functions of sum and carry outputs are

S (X,Y)=Ym(,2)
C X, Y)=2m@)

e Truth table for sum & carry as follows :

S1 | Sy | Z
0 0 0
0 1 1
1 0 1
1 1 0
e Block Diagram :
my|
A ——{MSBE

B ——{L8B

my

2:4 Decoder

my

n
i

= -0 O

HOHOé’J

— o O OIN

Full Adder :

e The Boolean functions of sum and carry outputs are
S(X,Y,2)=>m(1,2,4,7)
C(X,Y,Z)=>m(3,5,6,7)
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https://youtu.be/q_BZjKcq5uw?si=-4NERAyXS-yjCOof

e Truth table for sum & carry as follows :

S Si Sy | Sum | Carry
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 o0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
e Logic diagram of a Full Adder :
:_: 3-to-8 z

Decoder a1

SUBTRACTORS
Half Subtractor :

e The Boolean functions of sub and borrow outputs are
S (X, Y) = Ym(1, 2)
B (X,Y) =>"m(1)

e Truth table for sub & borrow as follows :

S\ S, | Z S1 Sy | Z
0010 01010
011 |1 01 |1
1101 1100
11110 11110

e Block Diagram :

2x4

Decoder

Full Subtractor :

e The Boolean functions of sub and Borrow outputs are
S(X,Y,Z2)=>m(1, 2,4, 7) and,
C((X,Y,Z)=>m(1,2,3,7)
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e Truth table for sub & borrow as follows :

S Si Sp | Sub | Borrow
0o 0 O 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 O 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1
e Logic diagram :
o ¥ D i
4 | D Borw Oul
Advantages of Decoders : -For Video

1. Logic circuit implementation.

2. Conversions

w

. Parity Checker
4. ROM matrix
5. Address Decoding
Parity Checker :
e A parity decoder or parity generator is used to add an extra bit at the end of the signal or single byte.

e For example, you are transferring 3 bits of data so one more bit is added to the data making it 4 bits.
The extra bit that is added is used for error checking. When data is received at the receiver end then
the parity bit is checked for error detection.

e Two main types of parity decoder are explained below:-

1. Even parity decoder

3-bit message Even parity bit generator (P)
A B C Y
0 0 0 0
0 0 1 1
0 1 0 1
0 1 il ]
1 0 0 1
it 1] 1 0
1 1 0 4]
ik 1 al il
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https://youtu.be/2uW4TUrJlIg?si=gyvVpBnhp7n7aLB9

2. 0Odd parity decoder

3-bit message

0dd parity bit generator (P)

=<

= |k == |0 0|0 OB
= = |0 |0 |k |k oo
= |o |k ok |o |k |o|n

O = = |0 |k |0 |0 (k=

ROM Matrix :

1. Implement F(x,y,z)= > m(0,1,6,7) by using ROM matrix ?

@ Yo

X — o — Y1
 ——— Y>

Y — Ys
— Y

Z —— Y-
[ ] —Ys

3.4 ENCODERS

-For Video

-For Video

e An Encoder is a combinational circuit that performs the reverse operation of Decoder. It has maximum

of 2™ input lines and ‘n’ output lines.

e It will produce a binary code equivalent to the input, which is active High. Therefore, the encoder

encodes 2™ input lines with ‘n’ bits.

e [t is optional to represent the enable signal in

4 to 2 Encoder :

encoders.

e 4 to 2 Encoder has four inputs Y3, Y2, Y1 & Yy and two outputs Ay & Ayp.

e The block diagram of 4 to 2 Encoder is as follows :

Y3 —>

Yy —>

Yo —>|

4to2 [—> A

Encoder | — 5 a4

e The Truth table of 4 to 2 encoder is shown below.

Inputs Outputs

Y3 | Yo | Y1 | Yy | A | Ag
0 0 0 1 0 0
0 0 1 0 0 1
0 1 0 0 1 0
1 0 0 0 1 1
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https://youtu.be/UOhUxg6KIKE?si=ZRaIAnxr3hlgC4-S
https://youtu.be/6cZWJG7925U?si=bepbGajn7FbfwZme

e From Truth table, we can write the Boolean functions for each output as
A=Y3+Y,
Ap=Y3+Y,

e The circuit diagram of 4 to 2 encoder is shown below.

Y3 —
At
Y, —1

Octal to Binary Encoder :

e Octal to binary Encoder has eight inputs, Y7 to Yo and three outputs Az, A; & Ag
encoder is nothing but 8 to 3 encoder.

e The block diagram of octal to binary Encoder is as follows :

Y7 ——

Yot ——¥ Octal —> Az

Y5 ——>

v to L A

- Binary 2o

Y, —>{ Encoder

Yy —>

Yo —>

e The Truth table is shown below.

Inputs Outputs
Y: | Y| Ys | Yu | Y3 | Yy | Y| Yy | Ay | Ay | Ay
0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 1 0 0 0 1 0
0 0 0 0 1 0 0 0 0 1 1
0 0 0 1 0 0 0 0 1 0 0
0 0 1 0 0 0 0 0 1 0 1
0 1 0 0 0 0 0 0 1 1 0
1 0 0 0 0 0 0 0 1 1 1

e From Truth table, we can write the Boolean functions for each output as
Ao=Y7+Ys+Y5+Yy
A=Y +Y6+Y3+Y5
Ao=Y7+Y5+Ys3+Y;0

e The circuit diagram of octal to binary encoder is as follows :

kg

k4

Gt

Yi

. Octal to binary
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Decimal to BCD Encoder :

e The Octal to Binary Encoder is also known as 10 to 4 line Encoder.

e In 10 to 4 line encoder, there are total of ten inputs, i.e., Yo, Y1, Yo, Y3, Y4, Y5, Yg, Y7, Yg, and Yy

and four outputs, i.e., Ay,

Al, AQ, and Ag.

e In 10-input lines, one input-line is set to true at a time to get the respective BCD code in the output

side.

e The block diagram decimal to BCD encoder is given below.

V6 ————p i
e gggmal to [y

% > Encoder >4
— o
Y0 ———]

e The Truth table of decimal to bed to 2 encoder is shown below.

Inputs Outputs
Yo | Ys | Y7 | Ye | Y5 | Yy | Y5 | Yo | Y| Yo |As|Ax| A1 | A
0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 1
0 0 0 0 0 0 0 1 0 0 0 0 1 0
0 0 0 0 0 0 1 0 0 0 0 0 1 1
0 0 0 0 0 1 0 0 0 0 0 1 0 0
0 0 0 0 1 0 0 0 0 0 0 1 0 1
0 0 0 1 0 0 0 0 0 0 0 1 1 0
0 0 1 0 0 0 0 0 0 0 0 1 1 1
0 1 0 0 0 0 0 0 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0 1 1 1 1

e The logical expression of the term Ag, Ay, Ao, and Ag is as follows :

Ao =Y74+ Ye+ Y5 +Yy4
Ay =Y7 + Y6+ Y3 +Y2
Ay=Yg+ Y7 +Y5 +Y3 + Y,

e The circuit diagram of octal to binary encoder is as follows :

B¥ HL¥Y, BY%Y, oY
— S
) A
1 2
) A
] 1

:\ A

110

M VEDAVYAS




3.5 PRIORITY ENCODER

-For Video

e A 4 to 2 priority encoder has four inputs Y3, Yo, Y1 & Yo and two outputs A; & Ag.

e Here, the input, Y3 has the highest priority, whereas the input, Yy has the lowest priority.

e In this case, even if more than one input is ‘1’ at the same time, the output will be the binary code

corresponding to the input, which is having higher priority.

e We considered one more output, V in order to know, whether the code available at outputs is valid or

not.

e Note :

1. If at least one input of the encoder is ‘1’, then the code available at outputs is a valid one. In this

case, the output, V will be equal to 1.

2. If all the inputs of encoder are ‘0’, then the code available at outputs is not a valid one. In this

case, the output, V will be equal to 0.

e The Truth table of 4 to 2 priority encoder is shown below.

Inputs Outputs | V

Y3 Y2 Y1 Y[) A1 AO \%
0 0 0 0 0 0 0
0 0 0 1 0 0 1
0 0 1 X 0 1 1
0 1 X X 1 0 1
1 X X X 1 1 1

e Use 4 variable K-maps for getting simplified expressions for each output.

K-Map for Ay K-Map for Ag
Y1Yo YiYo
Y5Y2™\_00 01 11 10 Yoy, 00 0t Ji1 10
00 00 1 1
011 1 1 1 Yy 01

11 ||j1 111101 111 111

1wt |1 ]1]1 Y3 1001 |1 |1

e The simplified Boolean functions are
A=Y3+Y,
Ap=Y3+Y2'Y,

e Similarly, we will get the Boolean function of output, V as
V=Y3+Y2+Y1+Yg

e The circuit diagram of 4 to 2 priority encoder is shown below.

Y3

Y2

Y1

b

Yo

111

Ao

Y2 Y1

Y3
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https://youtu.be/coI1gp1nURw?si=SWHmibzW-hll2vwB

3.6 IC 74X148

and outputs are active low.

Tdxids

T 7T

-For Video

The 74x148 is a commercially available, MSI 8-input priority encoder.

Logic symbol for the 74x148 8-input priority encoder and its Truth Table :

Inputs Ounputs
/el ne Mm mz N3 N4 fs N6 N7 A2 /A1 fAD iGS [EQ
1 X x x x X x X x 1 1 1 1 1
0 = x x  x x X  x 1] [} 0 0 0 1
0 ¥ X ™ T x = 0 1 L] 0 1 0 15
0 x = E X x 0 1 1 0 ¥ 0 0 1
0 = x x x 0 1 1 1 0 1 1 0 1
0 x X = 0 1 1 1 1 1 0 0 0 1
0 3 X 0 1 1 1 1 1 1 0 1 0 1
0 - 4 0 1 1 1 1 1 1 1 1 ] 0 1
0 0 1 1 1 1 1 1 1 1 1 1 1} 1
0 1 1 1 1 1 1 1 1 1 1 1 1 0

The main difference between this IC and the “generic” priority encoder of Figure 5 is that its inputs

It has an enable input, EI_L, that must be asserted for any of its outputs to be asserted.

e Logic diagram for the 74x148 8-input priority encoder, including pin numbers for a standard 16-pin

dual in-line package

2L 1

Bl L—

VARV,

112

" EoL

AD_L
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https://youtu.be/bTjO7sU85es?si=7ZfZfBooBcdcmYWX

