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A combinational circuit is one where the output of that circuit at any time

only depends on the present combination values of inputs. And the output is

never depending on any past state value of input combination as well as the

Combinational
n' Circuit 'm'

previous state output value. Now if we take any example then the logic gate is Inputs Outputs

the most basic building block of combinational logic. Now as we know logic

gates is work according the specified logic for specified gate. And those

combinational circuits which are made by logic gate maintain Boolean

>

expression. In above see the block diagram of generalized combinational circuit. In above block diagram we can see that

€699

combinational logic circuit has “n” inputs that mean it can take 2"combination of input values. The output “m” is depending on the

Boolean expression of combinational logic circuit.

HALF-ADDER: As the name suggests half-adder is an arithmetic circuit block by using this circuit block we can be used to add two

bits. As we know it can add two bit number so it has two inputs terminals (A & B) and as well as two outputs terminals, with one
producing the SUM (S) output and the other producing the CARRY OUT (Cyyr)-

TRUTH TABLE FOR HALF ADDER K-map for S
A B S C A
OUT R 0 1
0 0 0 0
00 1
0 1 1 0
1
1 0 1 0 1
1 1 0 1

K-map for Coyr

Then for S we have f(A4,B) = Y.(1,2) =[](0,3) and C,yfor we have f(A4,B) =Y.(3) =[1(0,1,2)
Then Sum (S)= AB+AB=A ®B & Carryout (Coyr) = AB

B

N
D) > e
}cow = A.B

Half adder using X-OR and AND gates

>

B

>O_$=A®B

o

NOTE THAT for
SUM f(A,B)=[]
ThenS = (4 +

0,3)

B)(A + B)

o— Cour = A.B

Half adder using NAND gates

A

B
I -

Half add

f r;Df Cour = A.B

er using basic gates

Half adder using NOR gates
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Full Adder: As we read early half adder can add only two bit of numbers so if we want to add two bit of input along with carry then
we have to add three bits. But in half adder we can add only two bits so we need some extra. A full adder circuit is an arithmetic circuit
block that can be used to add three bits to produce a SUM and a CARRY OUTPUT. By using full adder we can add large numbers
because it can add two bit number with carry. Let us recall the procedure for adding larger binary numbers. We begin with the addition
of LSBs of the forward to the next higher column bits. As a result, when we add the next adjacent higher column bits, we would be
required to add three bits if there were a carry from the previous addition. We have a similar situation for the other higher column bits
also until we reach the MSB. A full adder is therefore essential for the hardware implementation of an adder circuit capable of
adding larger binary numbers. For full adder circuit the relation between input and output expressed by the Boolean expressions for the
SUM(S) and CARRY OUTPUTS (Cyyr)

TRUTH TABLE FOR FULL ADDER K-map for S K-map for Coyr
CinA Ci,A
Civ | A B S Cour B oo 01 11 10 o0 01 11 10
0 0 0 0 0 0 1 |lo 1 F
0
0 0 1 1 0 °/0 |0 1 0
o |1 |o |1 o 111 1 110 |1 1
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

Then for S we have f(C;y, A4, B) =Y (1,2,4,7) =[1(0,3,5,6) and Cyyrfor we have f(CiyA4,B) =Y.(3,5,6,7) =1](0,1,2,4)

From truth table S=Ym(1,2,4,7) =CyAB + CyAB +CyAB + CyAB =C;y (AB+ AB)+ C,y(AB + AB)

=Cin (A®B) + Ciy (AOB)=Ciy (A®B) +Ciy(A®B)=A®B® Cpy
Again Coyr = Y m(3,5,6,7) = CyAB + CiyAB + CiyAB + AB Ciy = (AB + AB) Ciy+ AB(Cyy + Cip)= (A®B)Cjy+ AB
NOTE THAT
1. Coyr =2 m(3,56,7) = C,yAB + CiyAB + CiyAB + AB Cipy =CiyA B + CiyAB + CiyAB 4+ AB Ciy + AB Ciy + AB Cpy

=AB(Ciy + Ciy) + CiyB(A+A) + CiyA(B + B)=AB + C1yB + CpyA.

2. Coyr = AB + CyB + CiyA = (AB). (CyB). (CinA) = (A+ B)(Cy +B)(Ciy +A) = (ACy + AB+B Cy + B)(Ciy + 4)
=ACN+ACyN+ABCy+AB+BCy+BCyA+BCy+BA=AB+BCy(1+A)+ACy

=AB+ CyB+ CyA

3. Agaln (CIN + A + B)COUT + AB CIN = CINCOUT +ACOUT + BCOUT +AB CIN = CINZE +AEIN §+ BmZ+AB CIN = S

Then = (C;y + A + B)Coyr + AB Cpy.
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.;[2—\ jcm

Cour =AB + CyB + CiyA « 1 o
Coyr =AB + C;yB + CjnA
|

full adder using X-OR and AND and OR gates Full adder using basic gates

CGn A B

S =ADB®C

o )—\ COUT
> >

W Cour = AB + CiyB + CiyA

Full adder using basic gates

>~>i>}> — L
>J7
—

> S =ADB®C

(A®B)Cy+ AB

o™
UV
V

L,

Full adder using NAND gates

. [ %—D =
% F— %@B@C

-

Full adder using NOR gates Cour = AB + C;yB + CyA
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HALF-SUBTRACTOR: As the name suggests half-subtractor is an arithmetic circuit block by using this circuit block we can be used
to subtract two bits. As we know it can subtract two bit number so it has two inputs terminals (A & B) and as well as two outputs
terminals, with one producing the DIFFEENCE (D) output and the other producing the BORROW OUT (Byr).

TRUTH TABLE FOR HALF ADDER K-map for D
A B D | Boyr A
B0
0 0 0 0
0|0
0 1 1 1
1
1 0 1 0 1
1 1 0 0

K-map for Boyr
A
B0 1
o0 |0
1 ]o

Then for D we have f(4,B) = X.(1,2) =[](0,3) and B, rfor we have f(4,B) =Y. (1) =[1(0,2,3)
Then DIFFERENCE (D)= AB + AB=A ® B & BORROW OUT (B,yr) = AB

A B

N
) D e
e s

1 Boyr = A.B

Half subtractor using X-OR and NOT and AND gates

}

B

NOTE THAT for DIFFERENCE f(A,B)=]](0, 3)
Half subtractor using NAND gates

Then D= (A + B)(A + B)

_>03= A®B

— =

BOUT = Z. B

A

]

‘\D7 Boyr = A.B

Half subsector using basic gates

BOUT = Z. B

7>

Half sub tractor using NOR gates
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Full Subtractor: As we read early half subtractor can subtract only two bit of numbers so if we want to subtract two bit of input along
with borrow then we have to subtract three bits. But in half subtractor we can subtract only two bits so we need some extra.
A full subtractor circuit is an arithmetic circuit block that can be used to subtract three bits to produce a DIFFERENCE and a BORROW
OUTPUT. By using full subtractor we can subtract large numbers because it can subtract two bit number with borrow. Let us recall the
procedure for subtracting larger binary numbers. We begin with the subtraction of LSBs of the forward to the next higher column bits.
As a result, when we subtract the next adjacent higher column bits, we would be required to subtract three bits if there were a borrow
from the previous subtraction. We have a similar situation for the other higher column bits also until we reach the MSB. A full
subtractor is therefore essential for the hardware implementation of an subtractor circuit capable of subtracting larger binary numbers.
For full subtractor circuit the relation between input and output expressed by the Boolean expressions for the DIFFERENCE(D) and
BORROW OUTPUTS (Bgyr)

TRUTH TABLE FOR FULL SUBTRCTOR K-map for D K-map for Boyr
D, A D;,A

By | A B D Bour B oo 01 11 10 o0 01 11 10

0 0 0 0 0 0|l 0 1 0 1 B

0 0 1 1 1 °| 0 0 0 1

0 1 0 1 0 111 (0O |1 |O 1({1 [0 |1

0 1 1 0 0

1 0 0 1 1

1 0 1 0 1

1 1 0 0 0

1 1 1 1 1

Then for D we have f(B;y,A4,B) = X(1,2,4,7) =[](0,3,5,6) and B,y for we have f(B;yA,B) =3 (1,4,5,7) =[1(0,2,3,6)
From truth table D = ¥ m(1,2,4,7) =By AB + B;yAB + B;yAB + B;yAB =B,y (AB+ AB)+ B;y(AB + AB)

=By (A@®B) + By (A®@B)=B;y (A®B) +By(A@B)=A®B® By
Again Boyr = Y m(1,4,5,7) = Bjy AB + B;yAB + B;yAB + AB B,y = (AB + AB) Bijy+ AB(B;y + Bijy)= (A®@B)B;y+AB
NOTE THAT
1. Boyr =Y. m(1,4,5,7) = By AB + B;yAB + BjyAB + AB B;y=B;y AB + B;yAB + B;yAB + AB B,y + AB B,y + AB By

=AB( B,y + Biy) + BiyA(B + B) + BijyB(A + A)=AB + B;yA + By B.

2.Boyr = AB + BjyB + BjyA = (AB). (BiyB). (BiyA) = (A+ B)(Biy + B)(Biy +A) = (ABjy + AB+ B By + B)(Biy + 4)
=ABy+ABy+ABBy+AB+BBy+BByA+BBy+BA=AB+BBy(1+A)+ABy
=AB+ B,y B+ ABjy

3.Again (B;y + A+ B)Boyr + BijyAB = By Boyr+ ABoyr+ BBoyr + BwAB =By AB + ABjy B + BBjyA +BjyAB =D

Then = (E + A + E)BOUT + EINA E.
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B B
5. A ™A
IN ], B

> SRS

‘ D = A®B®C —] >

- L

_D/- ABBGC
- J
Boyr = AB + BiyB + B;yA ‘ \ l
our = IN N ‘_:_')7
:>_/— Boyr = AB + BiyB + BjyA
1
full sdubtractor using X-OR and AND Full subtractor using basic gates
and OR gates
A
B >
} D = ABB®C
Byyr =(A®@B)B;y+AB
Full subtractor using NAND gates
A
B ‘ —
| 3: D = A®BOC
BIN

(

Full subtrctor using NOR gates

BOUT = ZB + BINB + CINZ
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HALF-ADDER//SUBTRACTOR: As X-OR gate can be used as an inverter when one of the input is high state for positive logic.

MA B

»_ﬁ)>z,4@3
Awhen M = 0
A‘@)— {thzluw: 1
M ))

C /- Cour/Bour = A.B/ AB

Half adder(M=0)/subtractor(M=1) using X-OR and AND gates

FULL ADDER//2’s COMPLEMENT SUBTRACTOR:

g 2 B, B 43 LI? 3. 4 p, 4, g, 4o B,
I "%r "%r % "
B, B, B, B, F.A-4 F.A-3 F.A-2 F.A-1
1’s complement circuit ¢ l - ¢ ' ¢ .

C; Silp, C2 Sp, €1 51/Di Co So/Dy

Full adder(M=0) //2’s complement subtractor (M=1) circuit

DECODER : In digital electronics, a binary decoder is a combinational logic circuit that converts binary information from the n
coded inputs to a maximum of 2" unique outputs.

They are used in a wide variety of applications, including data demultiplexing, seven segment displays, and memory address
decoding.

There are several types of binary decoders, but in all cases a decoder is an electronic circuit with multiple input and multiple output
signals, which converts every unique combination of input states to a specific combination of output states. In addition to integer data
inputs, some decoders also have one or more "enable" inputs. When the enable input is negated (disabled), all decoder outputs are
forced to their inactive states.

Depending on its function, a binary decoder will convert binary information from n input signals to as many as 2" unique output
signals. Some decoders have less than 2" output lines; in such cases, at least one output pattern will be repeated for different input
values.

The simplest is the 1-to-2 line decoder. The truth table and the circuit are

The simplest is the 1-to-2 line decoder (active HIGH output). The simplest is the 1-to-2 line decoder (active LOW output).
The truth table and the circuit are The truth table and the circuit are

Alo,| o, > 0 oo o 04
olo |1 A 0 A
— 04 ol1 |o 0,



https://en.wikipedia.org/wiki/Digital_electronics
https://en.wikipedia.org/wiki/Combinational_logic
https://en.wikipedia.org/wiki/Multiplexing
https://en.wikipedia.org/wiki/Memory
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The 2-to-4 line decoder (active HIGH output).

Ela|B|oO;|0,]|0,]|0
1lolofo [0 [0 |12
1lol1flo [0 |21 |o
1l1]loflo [1 |0 |o
1112 [o |o |o
0 x|o o o |o

-~ [ 03=EA4B
~—+——[> 0,=EAB
[ 04=EAB
+——— [ 0¢ =EAB

The 2-to-4 line decoder (active LOW output).

Ela|B|0O;]|0,]|0{] 0

0|0 (1 1 1 0

o |Oo | O | O
[
o
[EEN
o
=
=

The 3-t0-8 line decoder (active HIGH output).

The 3-t0-8 line decoder (active LOW output).

INPUTS OuUTPUTS

INPUTS ouTPUTS

0
A
0
)
Q
0n
0
'Y
Q
W
0
N
N
m

N
8

Q
N
N
4]
Q
n
Q
N
Q
W
Q
N
N
n
Q
=]

Flrlr|r|O|O|O|O]DP

FIF|O|[O[R[r|O]O|@

HFIO|R|O|F|O|F|O|D
pl{o|jOofO|jOf(O|OfO

o|~|0|O|0Of0O|0O]|0O

Q|0|r|O|O|O|O]|O

o(o|ofr|OfO|OfO

Q|0|O|O|F|[O|O]|O
Q|0|0|(O|(O|r|O]|O

g|0|0O|O|O|O|F]|O

o(o|ofo|jofO|OfK

>~

OQ_IP
o

o

. > 0,=A4BC

[ D o0s=4BC

[ > 0s=4Bc

———1{ > 0,=4BC

0— —
————— 1 > o0;=4Bc

1> o,=78C

~———1{ > 0,=4Bc

—— [ > o,=4BC

Flr|r|[r|O|O|lO|O|D
FlF|O|QlRP|[FP|O|O|®R
rlolr|lofr|O|lr|O|N
O|r|R|[R[R|R|R|R
RlOlR|R[R|R|R|F
Flr|lO|R[P|RrR|R]|F
Flr|IR|[O[R|RrR|R]|F
Flr|lRr[r[O|R]|R]|Pr
Flr|[R|[r[R|O|R]|R
Rlr|IR|[Rr[R|rR|O|F
N Y G Y e




DIGITAL ELECTRONICS BY SUMAN SADHUKHAN 9830379279 Page |9

BCD to decimal decoder (active HIGH output).
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BCD to decimal decoder (active LOW output).
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CASCADING OF DECODER

3 to 8 Decoder using two 2 to 4 Decoder

INPUTS OUTPUTS
als|clo |o,|os]o, |05 |0, |0, |0, 21 3 (—>o,
212 | o0,
olo|lo|lofoflo|o]o]o]|o]1 20 8|1
£, —>0s
<
olo|l|i1|lo|Jo|jo|lo]Jo|loOo]1]oO ENE 0,
of1|]o|lo]o|lofo]Jof1]o]o0
of1|]1|o]o|lofo]1fo]o]o
C 2t >
1]ofloloflo]Jo|1|o]lofo]oO ‘_z 0;
3 - »0
B 4l |20|% 2
s |1
1]ofl1|loflo]1|lofo]lofo]o %0 0,
A _Jen| 3 0,
1]1|lolofl1]o|lofo]lofjo]o = -
1]1|l1|2|lo]o|lofo]lofo]o
4 to 16 Decoder using two 3 to 8 Decoder
INPUTS OUTPUTS
A 8 C D 0]5 0]4 0]3 0]2 011 0]0 09 DE 07 06 05 04- 03 02 0] 00
o> Oy
E—
ofofojo]ofofofo|o|o]o|ofofo)ojo|ofofo]1 250—>014
[=) )
ofofo|1]ofofofofojo]o|ofofo)ojofjofof1]o 2182 '013
12
w | 35—p
ofof1|o]ofofofofojao]o|ofofo|ojo|of1fo]fo 03 0.1
‘Zoo4—>0
ofof1]1]ofofofofojo]o|ofofo)ojo|zfofo]o 285 I010
oft1|ojo]ofofofofoja]o|ofofo|o|a]|ofofo]|o o | gl—> 9
~[EN 2> 0s
oft1fo|1]ofofofofojo]o|ofofo|2]|o]ofofo]|o
oft1|1]o]ofofofofoja]o|ofofz]o]jo]ofofo]fo
oft1|1]1]ofofofofojo]o|ofs|o)ojofofofo]fo
t|lolojofofofolojofofoflz|o]o]ofofola]a]o o O,
D' 2= |ot— o
1|loloft|ofofolojofofz|o|o]jo]ofofola]a]o w |0 6
Qlyr—» 0
t|jol1|ofofofofo]jo]1]ojojofofofofofo]o]oO c— 2182 05
w(3+—>» Y4
1lo|1]|t1|ofofololr|ofofo|o]jo]ofofolao]a]o a 0,
B\«_\zoo“-—V
tl1)ojofofofolz]ofofoflo|o]o]ofofola]a]o 205_ , 02
-
t|l1)oft|ofofls)ojofofofo|ojo]jofofola]a]o MG'—>01
A EN— 5 » 09
tl1)1]ofofzfolojofofofo|o]o]ofofola]a]o
11|21z fofolojofofofo|o]jo]ofofola]a]o
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Design combinational logic circuits for the logic function (i) F(4,B,C,D) = Y m(2,4,7,9,11)

(i) F(A,B,C,D) = ¥ m(2,4,7,9,11) (iii) F(4,B,C,D) = ¥, m(10,12, 14,15)

Z m(1,2,3,4,5,7)
E —>
EZ
=
s
P
= Z m(2,4,7,9,11)
A =
B—? D
L e —
C—» Dy Zmao, 12,14,15)
D D15
Z m(1,2,3,4,5,7)
E —»
E2
=
L
=
- Z m(2,4,7,9,11)
A _ E
B — >
C—» Zm(m, 12,14,15)
D—»

BINARY FULL ADDER USING DECODER

Truth table for full adder

Civ | A B S Cour
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

CIN

A
B

f(CivA,B) =3.(3,5,6,7) =11(0,1,2,4)

Then for S we have f(Ciy,A,B) =Y(1,2,4,7) =1](0,3,5,6) and C,yrfor we have

COUT

Using DECODER and OR gate

Using DECODER and AND gate

D, |——
—p D, O\_/‘ S
D, Pp——1H D, / S
Dy Cin — D,
b, p———- D,
Ds O— D,
—Pp D¢ lo—— 2
4
—Pp D, Cour D fo—— Cour
A — > D¢
B —» D;

Using DECODER and NAND gate

Using DECODER and NOR gate
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BCD to 7 segment display

BCD (Binary Coded Decimal) is an encoding scheme which represents each of the decimal numbers by its equivalent 4-bit binary
pattern. Seven segment displays comprise of seven individual segments formed by either Light Emitting Diodes (LEDs) or Liquid
Crystal Displays (LCDs) arranged in a definite pattern (Figure 1).

_Deczin_*lal Input lines Output lines Display
Digit I'ATB[c[Dflalblc|d]|e]]|g]| Pattern

0 ojojojogt1(1{1{1|1|1]0 a
1 |ofojo[1|o[1[1]0[0]0]0 fl 5
g
2 ojoj1jog1(1jof|1(1|0]|1
€ c
3 oloj1 1111|1001 r
4 g|1({o|o0fo(1|1]j0]0/1[1 Figure1 Seven segment display

a=F,(A B,C,D) =Y%m(0,23567809)

b =F,(A4,B,C,D)=Ym(0,1,2,3,4,7,8,9)
c=F;(4,B,C,D) =¥ m(0,1,3,4,5,6,7,8,9)
d = F,(A,B,C,D) = ¥ m(0,2,3,5,68,)

e =Fs(4,B,C,D) = %m(0,2,68,)

f =F4(A,B,C,D) = ¥m(0,4,5,6,8,9)

g =F,(A,B,C,D) =Y m(2,3,4,5,6,8,9).

o
L0000 =200 |uUN | Cwu |l U o 0D

Displaying digit ‘4’ using BCD to decimal decoder(IC 7442) Displaying digit ‘4’ using BCD to 7- segment
Decoder(IC 7447)

A Z C m—
B 3 a l
~
—c =X 7
N D &) g
~ ——
=
D —p
o
c ———P
B ——P



https://www.electrical4u.com/bcd-or-binary-coded-decimal-bcd-conversion-addition-subtraction/
https://www.electrical4u.com/seven-segment-display/
https://www.electrical4u.com/led-or-light-emitting-diode/
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ENCODER: An Encoder is a combinational circuit that performs the reverse operation of Decoder. It has maximum of 2" input
lines and ‘n’ output lines. It will produce a binary code equivalent to the input, which is active High. Therefore, the encoder encodes
2" input lines with ‘n’ bits. It is optional to represent the enable signal in encoders.

4102 Encoderl et 4 to 2 Encoder has four inputs I3, I2, 11 & lp and two outputs O1 & Oo. The block diagram of 4 to 2 Encoder is shown
in the following figure 1 .At any time, only one of these 4 inputs can be ‘1’ in order to get the respective binary code at the output.

The Truth table of 4 to 2 encoder is shown below.

| t tput fi 1
nputs Outputs 'gure From truth table we get
13 IZ Il IO 01 00 10 00211+13&01212+13
0 0 0 1 0 0 L, 3 0, Ioli 1, p,
c 0 ¢
1 w 1
0 |o |1 |0 Jo |1 /> 9 §>_01
Iy =
0 1 0 0 1 0
— 00
1 0 0 0 1 1
8to 3 Encoder:
Inputs Outputs from truth table we get Iy
0g=1+I3+I5 +1 L T — 0
I; | Ig | Is |14 | I3 | I3 | I | Ig | Oz | Oy | Op 001=112+133+16+I77 0
ofofofofolofof1]o o |0 |&a,=1+I+I+,
ojofojofofo]1 (oo [0 |1 2
10'__> 0 13 1
o(0jo0oj{o0ojoyf14({01j01{0 |1 (O 111——> of —
ofofofofzfofofofo [2 2 | " & 0,
—_—T 8 14
oO(ojoj1jo0of|o0ofo0oj0{2 |0 |0 |I,—> g Is 0
0ojojt]ofjojojojolz o 1| —> 3 v :
o0f(12(0|0j|jO0O|O}fOJO{2 |1 |O
17‘_>
11000 }|0O|O]JO|O0(21 |21 |12
BCD Encoder:
Inputs Outputs from truth table we get Io
Iy [Ig| I, [ I [ Is| I | Is | I | I1 | 1o | 03] 04] 04] 0, 000;’1121 113:15;1? @700
ofofofo [ofofofofo[r|of0|0|0 |&a0,=1+I+I+I,
o|oflofo JoJofofol1]ofo]o|0][1 |&O0z=Istls
0(0j0J0O |OfjO|O|1T]|0O]|0O|O|O]|1]|O Io—>] 0
I —» 0
0(0|{0)|J0O0 |OfO|2|0]|0O|O|O]O0O]|1 |1 I, —» 5 — 01
I; ——» -] 0,
ofofofo Joft]ofofofofofzr]ofo | 15l &8 0.
o fojofo [t]ofojofofofoft]o]L |fs—> 4
6 ——p Q
0(0j0J|1 |OfjO|O|O]O|OfO|2]|1]|O £7——>
0o[1]0 |0]0]o]o]o]o]o]T]T]L | 15 3
01200 |O|O|O|O]O|Of1]|0]|0O]|O
11000 |O]|JO|O|O|O|O|2|0]|0]|1
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PRORITY ENCODER: A priority encoder provide n bits of binary coded output representing the position of the highest order
active input of 2™ inputs. If two or more inputs are high at the same time, the input having the highest priority will take precedence.

4 to 2 priority encoder

A 4-to-2 priority encoder takes 4 input bits and produces 2 output bits. In this truth table, for all the non-explicitly defined input
combinations (i.e. inputs containing 2, 3, or 4 high bits) the lower priority bits are shown as don't cares (X). Similarly when the inputs
are 0000, the outputs are not valid and therefore they are XX. Note that we take that I3 have the highest priority and I, have
lowest priority

Truth table for 4:2 priority Then On — T+ 11 & O =T 11
encoder 11, Km:!:pforoo 0 3T 112 1 3+ 1,
I:1, 00 01 11 49
Inputs outputs o[ x[of1l1]~
0a/|0|0| o0 IoI1 I 14
I3 | I, | 1I; | Iy | O4 | Oy u [ T
0 0 0 0 X x 10/ 1 1 111 ™ L_ 0,
0O |0 |0 |1 (O 0 1,1, Kr!napforO1
I1, 00 01 11 10 ||
0 |10 |1 |x]|0 |1 oo/ x|0j0]|O
o | ITTITTI T r 0y
0 |1 |x|x|1 |0 ullIT1 11
w1111
1 X | X | x |1 1

PARITY GENERATOR AND PARITY CHECKER:

What is Parity Bit?

The parity generating technique is one of the most widely used error detection techniques for the data transmission. In digital systems,
when binary data is transmitted and processed, data may be subjected to noise so that such noise can alter 0’s (of data bits) to 1’s and
1’sto 0’s.

Hence, parity bit is added to the word containing data in order to make number of 1°s either even or odd. Thus it is used to detect
errors, during the transmission of binary data . The message containing the data bits along with parity bit is transmitted from
transmitter node to receiver node.

At the receiving end, the number of 1’s in the message is counted and if it doesn’t match with the transmitted one, then it means there
is an error in the data.

Parity generator and checker

A parity generator is a combinational logic circuit that generates the parity bit in the transmitter. On the other hand, a circuit that
checks the parity in the receiver is called parity checker. A combined circuit or devices of parity generators and parity checkers are
commonly used in digital systems to detect the single bit errors in the transmitted data word.

The sum of the data bits and parity bits can be even or odd. In even parity, the added parity bit will make the total number of 1’s an
even amount whereas in odd parity the added parity bit will make the total number of 1°s odd amount.

The basic principle involved in the implementation of parity circuits is that sum of odd number of 1°s is always 1 and sum of even
number of 1°s is always zero. Such error detecting and correction can be implemented by using Ex-OR gates (since Ex-OR gate
produce zero output when there are even number of inputs).

To produce two bits sum, one Ex-OR gate is sufficient whereas for adding three bits two Ex-OR gates are required as shown in below

figure.
Even parity generator for two inputs Odd parity generator for two inputs
A B P A B P
0 0 0 0 0 1
0 1 1 A P 0 1 0 A P
1 0 1 B 1 0 0 B
1 1 0 1 1 1
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Even parity checker for two inputs

A B P E Here F(A,B,P) = Yy m(1,2,4,7)
0 0 0 0 o o
0 0 1 1 A
0 1 0 1 B

1 1
2 P

0 0 E = 0NO ERROR
1 0 1 0 {E =1, ERROR
1 1 0 0
1 1 1 1

Odd parity checker for two inputs

A B P E Here F(4,B,P) = $m(0,3,5,6)

0 0 0 1

0o |0 [1 Jo A

0 1 0 0 B

o |1 1 J1 |p E
1 0 0 0 {E = 0 NO ERROR

1 0 1 1 E =1, ERROR

1 1 0 1

1 1 1 0

Even parity generator for three inputs

A B C P Here F(A,B,P) = ¥m(1,2,4,7)
0 0 0 0

0 0 1 1 A

0 1 0 1 B

0 1 1 0

1 0 0 1 ¢ /

1 0 1 0

1 1 0 0

1 1 1 1

Odd parity generator for three inputs

>
w
(@)
o

Here F(A,B,P) = ¥y m(0,3,5,6)

A
B

PRk |lolololo

Rl lolo|rir|lo|lo

—lo|lk|lo|r|lo|—|o

o|lr|r|lo|r|lo|lo|-
\d

Even parity checker for three inputs
A|lB PlE

{E = 0NO ERROR
E =1, ERROR

Pl ~|o|lo|lolo|o|lo|lo|o
Pl elololoo|lk|r|lklRloloo|lo
Plr|lo|lo|r|r|lololr|r|lo|o|r|r|lo|o|n
Rlo|lr|lo|lr|lo|lr|o|lr|o|lr|lo|r|olr|o

ORI ORI OO O|IO|FR|O|F|FkO
Eel @]
m

Odd parity checker for three inputs
A|B|C|PI|E

E
C
p
{E = 0NO ERROR
E =1, ERROR

Pl ke —olo|lololo|lo|lo|lo
Pl |lo|lo|lolo|r||r|r|lolo|lo|lo
Rlk|o|lolk|r|lolo|r|r|lolo|r|r|lolo
Rlo|r|olk|o|lr|lo|r|olk|lo|r|lo|lr|o
Rlo|lo|r|lo|r|r|lo|lo|lr|r|lo|r|lolo]|+

HOME TUSK (i) Even/ Odd parity generator for four inputs (ii) Even/ Odd parity checker for four inputs

Hints: (i) see Even parity checker for three inputs

i) p P

: >, e

{E = 0NO ERROR
E =1, ERROR

E =0NO ERROR
E =1, ERROR
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