2.1 INTRODUCTION

Logic simplification means the way of Feducing
the equation which involves many variables. A
variable is a symbol used to represent the logic

quantity. For example, ‘A’ is a variable which can
take either ‘1’ or ‘0’ value. In order to simplify
anv equations which is represented by many
variables the following methods are used:

~ * By Boolean algebra
* By K-map (Karnaugh Map)
l * By Quine-Mc clusky (Tabular)

= The first method, i.e. Boolean Algebra deals
with various Boolean rules or laws to

reduce the number of variables.

v — K-map is the graphical representation of
the equation which is to be solved.

Quine-McClusky Method is more systematic

reduction technique and used for solving large
number of variables.

The merit of using these methods are:

[ The circuit is going to be reduced means
less number of gates are required to design

the circuit means reducing hardware
' required.

'+ Time saving is also a merit of

.~ simplification techniques.
2 The cost of circuit is reduced.

using logic

2.2 FORMATION OF TRUTH TABLE
AND BOOLEAN EQUATION
FOR SIMPLE PROBLEM

In order to find the truth

table, we first need
Boolean equation. So in order to find the B{?@I;:r? -

88

®m Introduction
® Formation of Truth table &
Boolean equation for
simple Problem

B Standard Representation
of Boolean Function

® Sum of Product form
(SOP)
® Product of Sum form
(POS)
Minterm/Maxterms
Simplification of of
Boolean Expressions with
the Help of Rules & Laws |
of Boolean Algebra
K-maps |
Simplification of Boolean
Function using K-maps




Logic Simplification - 8

equation or expression for any logic circuit or problem following steps gy,
required:
(1) Start from the left most side of the logic circuit.

(ii) Then from the left most side, write the Boolean expressions and they
may be input to any other circuit and do the operation until the fina)
output 1s reached.

Statement: Start with left most side, i.e., input signals and develop the

Boolean equation until the output is reached for finding Boolean equation.

Let us take an example:

Fig. 2.1.
Let us represent each gate by certain symbol, i.e., T}, Ty, T,, T,and T},

Start from left most side, so inputs A and B is fed to AND gate T, so the
output is AB. Then this output AB acts as the input of NOT gate 1.e., T,. The

output generated at 7, is AB.

Then at AND gate T, inputs are C and D so, the output 18 CD which is
further acts as the input to OR gate T, the another input to OR gate T, 1s E.The
output which is generated at OR gate T, is CD + E. This output at T acts as

input to OR gate T, and the another input at OR gate T 1s AB . So the final
output, i.e., Y is given as AB +CD +E.

Formulation of Truth Table for Boolean Expression

In order to find the truth table, the first requirement is the Boolean

expressions, then truth table is build Truth Table shows the output for all possible
values of input variables. If 4 variables are involved in the Boolean expression
or equation, then 16 (2¢) combinations are used starting from 0000 to 1111.

Let us take the previous example i.e.,
Y= AB +CD+E ‘

Here five variables are present, so we make 32 (2°%) combinations of inputs
starting from 00000 to 11111.

To evaluate the expression Y = AB +CD+ E, we find the va]ﬁﬁg of variables
that make the expression equal to 1 using the rules of Boolean addition and

multiplication. In this case the output 'Y’ is ‘1’ when AB =0,CD=10r0,E=1
or 0.
When AB =0, the values of A and B are

A=0, B=1
A=1, B=0
A=B=0
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C=0 and D=1

=0

1 and D

C=D=0
So, using these values, we can construct the truth Table as

(=

follows:
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tﬂKMPLE 2.1. Find the truth Table of the logic circuit

| J C‘
B

C

Fig. 2.2.
Solution: Steps for finding the truth Table:
(1) First step 1s to find the Boolean equation of the logic circuit. .
(2) Then applying certain Boolean addition and multiplication rules to find

out the truth Table.
In order to make the truth Table, label the gates by T}, 15, Le.,
A AR

Fig. 2.3}
Here T is the AND gate and the inputs of this T,isAand B and the output

isAB aqd this output acts as the input to OR gate T,. The another input the OR
gate T, is C. Hence, the result of this OR gate is AB + C which is equal to Y.

Fig. 2.4.

Formulation of Truth Table

To find the truth Tablg, the output term contain ‘3’ variables ie., A, Band C,
so 8 (23 = 8) combinations are formed from “000 to 111”.

To evaluate this logic equation, 1.e.
Y=AB+C(C
The output is ‘1’ when either AB=1orC=1orboth AB=C=1
ABis‘l’whenA=B=1
So, using these values, we can construct the truth Table, i.e.

A B 5 @ X TN
0 0 0 0

0 0 1 1 — *

0 1 0 0

0 1 1 1 s *

1 0 0 0

1 0 1 1 — *

1 1 0 1 — *

1 1 1 1 — *
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‘1’at A=B=
Here according to the rules of Boolean algebra we place 1 a 1 op
L=
orAB=C=1. | |
As shown by (*) and in rest of the terms, 1.e. when
A B C
0 0 0 |
0 1 0 b Combinations
1 0 0 |

ace Zero's. | )
PLE 2.2. Find the truth Table of the given logic circul

Fig. 2.5.

Solution: In order to make the truth Table first step is to find the Booleay
equation of the logic circuit.

Label all gates by I,T,and T,
418

c—-—— —

D_——

Fig. 2.6.
gate the output is (4 + B), This (A +
er input is C, so the output
e e put of AND gate 7

For gate T, i.e., OR
of AND gate T, and oth

B) acts as the input |
218 givenas(4 |
utis D and the |

put acts as the input to OR
givenas Y=(A+B)C+Da

A+B

final output is gate T3 and other Inp

8 shown in diagram.

o O m>»

i apply Boolean addition and




utput 1s 1 r
2::54 fB)C=1.C=‘1'andA+B= 1
+ B =1, when either A=0and B=1
’ | A=1and B=0
A=1=B

h Table as follows:

es, we can construct the trut

<0 using these valu

rAJBTC:ﬁDI?I ]

0 *

ot ek ek D = = = O = = = O = O

1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

—_ = = = O O O 0O = O O O
O O O = EO OO o O O = = O

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

generated by using the Boolean addition and multiplication

ioe? ‘
values are
ro’s in rest of the terms, 1.€.

rules and place zé

A B C D
0 0 0 0
0 0 1 0
0 1 0 0
1 0 0 0
1 1 0 0
EXAMPLE 2.3. Write the Boolean equation for the logic diagrams.
Fy Ty
B
Y

Fig. 2.8.




igital Logi '
04 = Digl 0gIC ang

Fig. 2.9.

(3)

O @ >» @ >»

Fig. 2.10.
(4)

Fig. 2.11.
Solution: Let us take (1) problem, 1.e.

'Aﬂ
3 - B _'-. e m
. C .

Fig. 2.12.
Label the logic circuit with 7', 7, and T.,.

For AND gate T
Inputs are A, B
Output = AB

For NOT gate T, Input = AB
Output = AR

For OR gate T, Inputs= 4B and C
Output= AB +C
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So, the final output is equal to the output of T, gate, ie. | AB +C=Y
(2) A

. Y

C

D

Fig. 2.14.
1evel the logic circuit with T, T, and T, 1.€.

)

2 D Y:A.B-I'CD
o™

D CD

Fig. 2.15.

For AND gate T
Inputs=A & B

Qutput = AB
For AND gate T,
Inputs=C & D
Qutput = CD
For OR gate T, Inputs = AB & CD
Output = AB +CD i .
Qo the final output ‘Y’ equal to the output of OR gate T, 1.e. AB+CD |

(3)

A
" G s
A
B
C
Fig. 2.16.
Level the logic circuit with T, Ty, Tss T,and T, 1.e.
A _AB
. A+AB+BC
A
B
C
Fig. 2.17
For AND gate T}
Inputs=A & B
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For NOT gate 1,
Inputs = AB

| ——

Output = AB

For OR gate T,
Inputs=B & C
Output=B+C

For NOT gate T,
Input=B+C
' | Output= B+C
' For OR gate / A

Inputs= AB,A& B+C

Output= AB +A+ B+C
The final output ‘Y equal to OR gate T, and it is given as:

AB + A+ B+C
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For NOT gate T,
Input=(A +B) (C+D)
Output = (A +B)(C + D)
The output ‘Y is equal to NOT gate T, and it is given as:

———

(A +B)(C +D)

ION WITH GATES

2.3 IMPLEMENTATION OF BOOLEAN (LOGIC) EQUAT

In order to convert Boolean equation to gates following technique 18 used:
Start with the output and work towards the input. .g., In order to

realize this Boolean equation 1.e., ABC + BC+ A+C.

Here the final outputis ABC + BC+ A+C- Gince it has three terms, i.e.

ABC ., BC & A +C and all are sum together an
gate is used and it is of ‘3" Input OR gate (because

It is represented as:
ARG E > ABC + BC + A+C
BC
A+C

Fig. 2.20.

d hence for sum expression OR
three output terms are there).

Then in order to realize ABC + BC + B+ C following gates are required.

The ABC is the output of the inverter whose 1nput is ABC.

BC is the output of the AND gate with inputs Band C A +C is the output
of the inverter where input is A + C. So, the gate representation is shown as

follows:

Fig. 2.21.
erated by three input AND gate with 1np

uts A, B and

Now, ABC must be gen
+ C. So the gate

C. (A + C) is the output of OR gate whose inputs are A
representation is shown as follows:
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A ABC ,_ABC
B
C

D

Fig. 2.22.

I\ ¥ . . "*\
.\)}EXAMPLE 2.4. Implement the following Boolean equation with gates ( 4 +B
(AB) (C + D)

Solution: Inorder to implement the Boolean equation with gate start wit}, the

output, here three inputs are (4 + B), (AB) and (C + D). They required threg,
input AND gate. It is represented as:

mﬁiﬂ(ﬁﬂ}@ivm | ¢
AB !
C+D

Fig. 2.23.

.AB] ou
of AND gate with inputs A and B. (C + D) i 1th i ~y
and D. The realization is given as:

Fig. 2.24
_ (A+B)i3theuut ut of 4
18 given ag follows: PHROTOR gate With inp UtAand B The gate representation
A ’ A+B } A+B
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-. The given equation is AB+ CD . Herel
uts are AB and CD ., i.e.

oyt s
CD

Fig. 2.26.

Solutio t requires two-input OR gate

whose 1np

Then AB is the output of the two input AND gate with inputs A and B CD

ut of inverter with input CD, 1.e.

.=
B | ———
AB +CD
CD
CD

- the outp

Fig. 2.27.
Then CD is the output of two-input AND gate with inputs C and D, 1.e.
A AB
B —
AB + CD

A
B CD CD

Fig. 2.28.

with logic gate, 1.e. (A)

‘'XAMPLE 2.6. Implement the Boolean equation

(B+C) (CD).
Solution: Since the output expression requires three-input AND gate with

d CD. 1t is given as:

_A (A) (B+C) (CD)
B+
C

Fig. 2.29.

of inverter with inputA - B+C i the output of
CD is the output of AND gate with inputs C and D,

inputs A, B+C an

QO

Then A is the output
inverter with input (B + O
1.e.

(A) (B +C) (CD)

Fig. 2.30.
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Then B + Cis the output of OR gate with inputs Band C. The gate l‘ea],b
1S given as: ﬁ
I

A |

. (A) (B +C) (CD)

g |

o—)

D

Fig. 2.31.

EXAMPLE 2.7. Write the Boolean expression for the logic circuits shu

Figs:
® L
B

Y
Fig. 2.32.
(i) "
B
Y
C
D
Fig. 2.33.
LR A
(ii1) B j ::
Y
C
D
Fig. 2.34
Solution:
(®)
Fig. 2.35.
The output at T =AB
Output at T = AB
Then the fing] output Y= AB +
(i) A L
1
B
) Y
D
TE
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The output at T.= A+B

Outputat 7,= C + D

Then the final output Y= A + B +C+D

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

(1i1) A T

B | ;
)
C
D T
Fig. 2.36 (b).
Output at T, = AB
Output at T,= CD
Then the final output Y= AB @ CD

=35 - 0D + 4B - 0D
=AB(CD)+ AB (CD)

2.4 STANDARD REPRESENTATION OF BOOLEAN FUNCTION

Boolean function consist of Boolean variables (i.e., A, B, ...). Each variable have
only two value either it is zero or it is one. The Boolean function can be
represented into two standard forms as

(1) Sum of Product (SOP)
L(ir) Product of Sum (POS)

2.4.1. Need of Standards

It makes the Boolean function or expression in more systematic and easier
form by doing evaluation, simplification and implementation using these

standards.

2.5 SUM OF PRODUCT FORM (SOP)

In sum of product form it requires two gates i.e., for sum ‘OR’ gate 1s required
and for product ‘AND’ gate is required. In this form all variables (i.e., 4, B, (i)
are combined to form various product (Boolean multiplication) which are known

as __nl:gj:ﬂms and then sum of all minterms or product terms wﬁ.@f&z&

Let us take an example
ABC + ABC + ABC + ABC

T

Product Product Product Product
term term term term




102 o — e ——

These product terms combined (means sum med)
So this expression is realized using AND-OR logic
term and ‘OR’ is used for sum term. ) A

The implementation of SOP expression using gate:

together to form SQp
‘AND' 18 used for Prog

Product term
——— il
‘ l
=0 -
C |
|
A . : Ir“‘A‘:
|
E I : -, Y-m*m—*&*m
A |
C ; -
A |
§— )
C I
S
Fig. 2.37.
T?e SOP expression can be implemented using NAND gates (Uni
gates
Y=ABC + ABC + ABC + ABC
Applying DeMorgan Theorem
- -—___—_"_—-_———-=—
Y = ABC + ABC + ABC + ABC
Y = ABC . ABC . ABC . ABC | A.B
| . . A —
Applying again DeMorgan Theorem gadail
= _-_'_. —_—— e
- Y"Y"AB:LC.ABC.AHJ.ZR
F‘l 2
- RAC ABCiBt.heoutputofANDand

- i"ﬂ:"e"'“"lllltMNAN])
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The product term (1e. ABC or ABC) or minterm consist of product of g])

variable 1n complemented form or in true form.

Mingerm is defined as the product term in SOP form.

_They are represented by ‘I’ in any truth table in SOP form.

Let us take an €.g. o
| A B Minterm

0 0 1
| & 1 &
0 1 AB
| 19 - .
1 1 AB
alue then it comes in it complemented

Here in table if the variable have zerov
form i.e. if A =0, then it is represented as A
then it comes in its true form ie.IfA=1,then it
AB, AB and AB are known as minterms.

SOP expression is given as:

_y< ABC+ ABC + ABC
l I l
Minterm Minterm Minterm

Or

or if the variable have one value,

Minterm Minterm Minterm
In numerical SOP representation, minterms can take the decimal notation

rather than variable, 1.e.
YA, B, O =5 (3,45,
I |

Minterm Minterm
symbol
Or
y=2m (3,4,5,7),
Or T — Minterm
Y= 3457
All the above equations have the same meaning and have minterms. In

minterms, i.e. 3, 4, © and 7 we have to put ‘1’ in these decimal numbers.
and design it

EXAMPLE 2.8. Convert the following expression in SOP form
by using gates.

() A+BD(C* C)
(i) (A+B) (C + D)
(iii) AB +C (D + EF)

Mc+(A+E)(B+D)
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Solution: (j) A +BD(C+C) .
: kets by multip]y;
In DI'dEI' to ¢ UEI‘t lntO SOP fﬂrm, remove the bl"ﬂC e p mng t}h
variables, i.e., |

- A+BDC+BDC

Gate Implementation:

Pa— - -

— D
[ )=
=

Fig. 2.39.

O O

Qo @

(i1) (A+B)(C+D)
Remove the brackets by applying Boolean multiplication

A(C+D)+ B(C+D)
= | AC+AD+BC +BD
Gate Implementation:
A
C

A
D AD

__D_BC $i+m+m+an
J— T

BD

Fig. 2.40.
(li)) AB +C (D +EF)

Remove the brackets by applying Boolean mul

_— tiplication, j.e.

AB +CD + CEF
Gate Implementation:
A AB
B
C cD :} >
g AB + CD CEF
C
E CEF
F
Fig. 2.41.

QP—
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(iv) ABC+A+C)B+D)

Remove the brackets by applying Boolean multiplication
= ABC+A(B+D)+CB+D

- ABC+AB+AD+(CB+CD

Gate Implementation :
ABC

AD ' _
. A'EC+AB+AD+GB+ED

Fig. 2.42.

2.5.2. Standard SOP Form
§1:§_1_1da£d SOP form_contain all the variables ?J_llll:h are included in the
expression. ... : ———
" Let us take a SOP form 1.e.,

AB+ABC

Here in this form, the Ist term i.e. term i.e. AB does not include the 3rd
variable ‘C’ and hence this is not a standard SOP form. If it has to be standard

SOP form, then it must have ‘C’ term (variable).

25.3. Need of Standard SOP Form
Used in determining truth tables

r.

—/U <ed in K-map simplification which 1s a eraphical method for reducing
the number of gates.

2.5.4. Conversion SOP form into Standard SOP Form

M order to convert SOP to standard SOP form multiply the product term
by the sum of a missing variable and its complement. This produces tWO

product term. e.g., if ‘C* variable is missed, then the product term 18
Uyn]%ﬂtiplied by (C+ C) which is equal to ‘1’ by Boolean law.
i repeat (i) to obtain all the product terms containing all variables.
@}’ﬁi:lme product term 1s common, then it is written once.
AB + ABC + AC

| | |
Here Ist term 2nd term 3rd term
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™

: %
9nd term A B C contain all the variable so no need Ef doing any Opey i
3rd term AC, the missed term 18 B and hence (B+ B)1s multipliﬁd. &t’

The It term i.c.. AB, the missing variable is C and multiply it b,

So, |
- AB(C+§)+A§C+AC(B+§)
[AsB+B =1,C+C =1] |
= ABC +ABC +ABC+ABC+ABC
Here ABC and A B C repeats, so it is written once.
S0,
= ABC+ABC +ABC
Sthndatd SOP output |
EXAMPLE 2.9. Convert the following SOP form into standarq SOpy,
D ABC+AB +B b
(ii) A+ BC

@) ABED + ABC+ BOT
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" AB+B)(C+T)+BC@A+ A)
= (AB+AB)(C+C)+ABC + ABC
= ABC+5J_BE +ABC+ABC +ABC + ABC

[ABE repeats 8O taken once]

=ABC+ABE +AEC+A§E +zBE

4 ABCD+ABC+BCD
Standard SOP form 1s given as:

=5 ABCD+ABC (D + D)+BCD A+ A)
= ABCD+ABCD+ABCD +BCDA+BCD A
.y ABCD+ABCD+A.BCD +ABCD

[ABC D repeats so it is taken once]

AC +BA+ ABC
Standard SOP form is given as :

= AC +BA+ABC
— AC(B+B)+ AB(C+ C)+ABC
- ABC +ABC + ABC+ ABC + ABC

2.5.5. Binary Representation of Standard SOP Form

A standard product term or ‘minterm is filled Wlth ‘1 SO the blnary
representation is given as if B

A B CD is the minterm, then its value is ‘1’ and it is only possible when the

product of A4, B, Cand D are ‘1’

Means if A is present, then it is taken as ‘', if B is present then it is taken
as ‘0, if C 1s present, then it is taken as ‘1’, if D is present, then it is taken as ‘1.

ABCD=1.0.1.1=1.1.1.1=1
So the binary representation is given as 1 0 1 1 (decimal 11)

EXAMPLE 2.10. Determine the binary value for the following standard
SOP form:

(i) ABCD +ABCD+ ABCD
(ii) ABCD +ABCD
Memﬁé + ABC

Solution: (i) ABC D +ABCD+ ABCD
ABC Dis‘'whenA=1 B=0,C =0, D =0
ABCDis‘I’whenA=1, B=0,C=1,D=1
ABCDm‘lwhenA =0, B=0,C =0, D=0
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So, ABCD=1000
11 i there then it is taken as A(true form)

ABCD=1011
and if ‘0’ is there: taken as A )|
ABCD=0000
(i) ABCD+ABCD
ABCDis'I'whenA=B=C=D=1
AEEDis‘l'whenA=l. B =0, C =0and D=1
So, ABCD=1111
ABCD=1001
(i) ABC+ABC + ABC
ABCis ‘1’ when A =B=0=1
ABC Is'l'whend=1, B =0, ¢ =0
ABCis ‘1", when A=0,B=1C=1

- — -

POStermcanbe B+C)(A+B+0
A Implementeq using OR-AND gates as shown below
8 A+B+C
=p
A
g ' A+B4+T
" ¥ = (A+B4() (A+B+C
E ' A+B, C | (A+B+C)(A+M}
I -
B ' A+B. C
C

Fig.2.43
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The POS form can be implemented using NOR gate (Universal gates).
ie., Y=(A+B+C0)(A+B+C)A+ B +0O (A +B +0)
Applying DeMorgan’s Theorem :

Y = (A+B+C)(A+B+C)(A+ B+C)(A+B+C)
[As A.B = A + B]

A+B+C + A+B+C + A+B+C + E+§_+C
! ' l l
Output of Output of Output of Output of

NOR gate ~ NORgate  NOR gate I‘_T(;R_ gate
with inputs  with inputs with Elputs WI_E IEputa
A B, C A B C A B,C A, B,C

Again applying DeMorgan’s Theorem

j - Y"A+B+C+A+B+C+A+B+C+A+B+C

So, designing is as follows:

ASA'*‘B:Z.E] ( “'Eif;"r[.;(f)""t.)'
[ . A

—_D__Yihﬂm (A+B+C) (A+B+C)(A+B+C)

Owi» Ol >» Om>»
}
}.i.
| m
+
Ol

O | >
2|
+
!
+
I O

Fig. 2.44.

2.6.1. Maxterm

he summed term is known as maxterm : [t may be in true form or
e

com:-‘lement form let us take an e.g., "
A | B Maxterm l
-' 0 0 A+B
"/J 0 ‘ 1 A+ B
T | o | A+B
i 1 1 | A+ _Bik |
In maxterms, if if variable _ have zero value, then it comes u;l :I:il: :;zl:: ;]:e
here A = 0 and B = 0, then it is represented as A + BAIf :)h:n?;B P thenit s
value then it comes 1n complemented form i.e. wl::; plement,ed s

represented as A + B (as B value is ‘1’, so it 18 n
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Maxterm is represented by zeros in truth table. The representatiq

| n
€Quation is as follows .

y=(A+B+C)(A+B+(_f}(A+§ +Q(Z+‘§
Or '

Y(A'B‘ C)z(A+B+Q(A+B+E)(A+E +—C-)(.Z +§ .
The numerical POS form is given as :
Y: ]tM (0. l, 21 6)
1 |
Symbol Maxterm

for POS form
Or
~YA B O=nM(0,1,2,6)
Or
Y=n(0,1, 2, 6)
Or

Y=(A+B+C)(B+C+D)(A + D)

Solution: For sum terms, it requi
tion : quire three OR gates and for prody
require single AND gate. So the gate implemen 4 vy

tation is given as follows:
A
“ A+B+C
C

B

g ' B+C+D) ) Y = (A+B+C) (B+C+D)(A+D)
A (A+D)

D

lﬁiwmm

In this standard POS form it
m 1t includes al] . " e
€8 A+B+C)(A+B) »#1the variable in the sum expressio®
Here in the | ’

Fig. 2.45,
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eg.(A+B+C)(A+ B) here Cor C term is missing in 2nd term, gq we

canapplyrule‘l’'as (A+ B +C(C)
!

Adding product of complement and missed term as CC and by Boolean,
law

CC =0 means no change in the expression.
(2) Then applying the rule, i.e. Boolean law, i.e., (A + CD) =(A + 0 (A + D)
(3) Repeat step 1 until all resulting sum terms contain all variables in the
expression whether in true or complemented form.

e.g., convert it into standard POS form
A+B)(A+B +C)

Solution: Here the Ist term variable C or C and term applying rule 2’, i.e.

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

In 2nd term i.e., (A + B + C) no variable is missing.
So the standard POS form is given as

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

(A+ B + C) repeats twice, so written once

(A+ B +C)(A+ B +C). Ans.

EXAMPLE 2.12. Convert the following expressions into standard POS
form.

O@A+B+C) (A+C+D)

(i) (A+B +C)(A+B)
(iii) (A+B) (A+B+C) (A + B)
Solution: (i) (A+ B +C)(A+C+ D)

In Ist term, i.e. (A + B +C), the Dor D term is missing, so add D D and
applying rule ‘2’ of standard POS conversion method, 1.e.

= (A+B+C+DD)
=3 (A+B +C+D)(A+ B +C+ D)
For2ndterm(A+C+_ﬁ ,
1t is given as -
= (A+BB +C+ D)
= (A+B+C+D)(A+ B +C+ D)
S0, final standard POS form 18 given as

= (@A+B+C+D) (A+B +C+E)(A+B+C+B)(A+§ +C+ D)
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(A + B +C+ D) repeats 80 taken once

=  (A+B cc+D)A+B +C+D)A+B+C*+ D)

(i) (A+B +C)A+B) |
The standard POS term 1s given as:

- (A+B+C)(A+B+CC)
)
Missed Term
= (Z+E+E)(A+B+C)(A+B+E)

(ii) A+B)(A+B+C)(A + B)

Applying rules of conversion of standard POS

= (A+B+CC) A+B+(C) (A+B +CC)
T T T
missed  no missing missed
term term term
—

(A+B+Q(A+B+E)(A+B+C)('j+§

+C) (A + B 4
The (A + B + C) term repeats twice, so written once

E'g'i(z + E + E +D)

HEI‘E Als thEI‘E, 80 ‘0’ value 1S used f =
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(A+B +C)(A+B +C)
| to zero, 1.e.
A+B+C=0
l
0+1+0=0

Solution: (7) |
Sum term value 18 equa

So A + B +C'i5givenas“010"
A+ B +C
l

Here A is there so1ts value is ‘1’
B is there so its value 1s ‘1’
C is there so its value 18 ‘1’
So, A+B+C="11"
(ii) (A+ B +C +D) (A+B+C+ﬁ) .

A+B+C +Disequaltozer00nlyif
1)
1+1+1+40 = “1110

A + B+ C + D is equal to zero only if
|
0+0+0+1 ie “00071
(iii) (A + B)(A+B) (A +B)
X-l-_éisequaltﬂzeronnlyifz + B iszeroie., “11”A+Bisequalto0
onlyif A=B=0,1e.°0 0”
Z+Bisequaltozeruonlyifz=landB=0,i.e.“10“

12 60 20

27 DIFFERENCE BETWEEN MINTERMS AND MAXTERM

— It is denoted by Zm — It 1s denoted by ntM

— Here the output is represented into — Here the output is represented 1nto
Sum of Product form (SOP form) and Product of Sum form (POS form) and
realized by AND-OR gate. realized by OR-AND gate.

— In this form ‘1’ is used for representing|— In this form ‘0’ represent the maxterm.
the minterm.

—, Mintermes expression is given as — Maxterms expression is given as
eg.Im (0,1, 2, 3) e.g., tM (1, 3, 4)
Here 0, 1, 2, 3 minterms are put with Here 1, 3 and 4 maxterms are put with 0
1" value while solving the k-map. value while solving the k-map.

— The output expression of minterms is |— The output expression is given as ‘
given as e.g., (A+ E) (B+C+D)

| eg,f=AB+BCD B
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2.8  SIMPLIFICATION OF BOOLEAN EXPRESSIO::A WITH THE
HELP OF RULES LAWS OF BOOLEAN ALGE

Simplification means reducing the expression. The dn}f Ejﬂ:fhim?phf_icatiqn
lean expression is to reduce the number of gates ana ne Circuit p,
Stmple and easy to implement. '
%implificaiiun 18 f:lﬂne using various Boolean Laws and ruleg whicl-, |

discussed earlier. Let us take an example.

AB+B(C+D)+A(A+D)

Here following rules are applied : * _

Step 1: Apply distributive law to second and third terms, i.e.
AB+BC+BD+A.A+AD

Step 2: Then apply this rule i.e., A. A = A to the fourth term le,
AB+BC+BD+A+AD

Step 3: Then apply this rule 4 +AD=A[A[1+ D]

AB+BC +BD+A
Step 4 : Then apply this rulei.e., A + AB = A to first and la
A+ BC+BD

B termi i.e_
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Solution: Step 1: Applying distributive law to inside bracket term, j.e.
A+B(CD+BD+ C D)
Step 2: Applying distributive law to outside bracket, 1.e.

A+BCD+B.BD+BCD
Step 3: Applying this rule B. B = B to the third term and is given as

A+BCD+BD+BCD
Step 4: Take the BD common to 3rd and 4th term

A+BCD+BD(1+(C)

Step 5: Apply the rule 1 + C =1, to the 3rd term
A+ BCD + BD

Step 6 : Take BD common to 2nd and 3rd term, i.e.
A+BD(1+ 0O

Step 7 : Apply this rule (1 + ) =1, to 2nd term

A+ BD

Gate Implementation

A + BD is the simplified expression, it require ‘2’ gates i.e., OR and AND
gate.

A

A+BD
B BD

D

Fig. 2.48.

EXAMPLE 2.15. Simplify the given expression using Boolean law and
rules

(B+BC) (B+ BC) (A + D)

Solution: Step 1: Applying distributive law to first and second term of the
expression:

(B+BC)(B+ BC) (A + D)

= B(B+ BC)+BC(B+BC) (A+D)

= (B.B+B. BC+B.BC+BC.BC) (A +D)

Step 2: Applying thisrule B.B=B, B. B =0, 1e.,
(B+0+ BC +0) (A + D)

(B+BC)(A+D)
Step 3: Applying this rule B+ BC =B, i.e.
B+ (A +D)
Step 4: Again applying distributive law to the expression:
B (A+D)




Digital Logic ang , ‘

1168 o o :
BD
- AB; '
Simplified expression T
l ' ! N : . tons
AB + BD is the required reduced expression and hence it require ‘3 gar. | ™
L.e., ‘2 AND gate and ‘1" OR gate.
A AB
8 AB + BD
B 8D
0 ce
Fig. 2.49.

2.9 ‘K’ MAP (KARNAUGH MAPING TECHNIQUE)

Karnaugh map is a graphical representation of the Boolean variables, i.e. A%

A B C .. or (A + B) and used to simplify the Boolean expressions. Earlier g,

discussed Boolean laws and rules for simplification, but they are limited to fowl
variables and if variables are more we can use ‘K’ mapping technique. "

2.9.1. Features of K-maps
— It is graphical representation of variables either in POS form or SOp

form.
— It is arranged in cells rather than rows or column in truth table.

— Here each cell represent a binary value of the variable.

— Gray coding 1s used in ‘K’ map because gray code has the property of one
bit changing between previous and next decimal notation, so the pairing
i1s easily possible i.e., if Gray code for decimal ‘1’is 001 and decimal ‘2’ has! (&
gray code of 011 then only 2nd place it is differ and hence (0 and 1 combine)
pairing forms and reduced the variable re

— Cells depends upon the number of variable in the expression and used
this value 2" where n is the number of variable. e.g.if A, Band C variables
are there, then n = 3 and hence cells are 27 =3 lLe., 23=§

So eight cells are formed. | !
For *4’ variables, cells are 2¢4= 16 |
For "2’ variable, cells are 22 = 4

— 'K’ map is suitable to solve n < 6 variables.

2.9.2. Types of K-map
According to number of variable, it is divi
(1) "2 vaniable K-map
(i1) '3’ variable K-map
(142) "4’ variable K-map
(¢v) 6’ variable K-map
(v) "6’ variable K-map

ded into following types :

—
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(1) Two Variable K-map

In two variable, the value of ‘n’ ig ‘2, so 2" = 4 cells are formed. ¢ s
represented as :

)ro ;]
e 107
-t.?”hl “-')'s.

Here m,, m,, m,, m, represents minterms. Maxterms can be placed in these
cells and is represented as M, M;, M, and M,

Here for first cell i.e., m,, the value of the minterm is read as first column
and then row value i.e.,

m,="“0 0”
[0 0’ is equal to decimal zero, so“m,,” is used]
T T
column Row
value value
(A) (B)
m,=“01"
m,="“10"
m,="“11"

(2) Three Variable K-map
In three variable, the value of ‘n’ is ‘3, so 23 = 8, cells are formed. It is

represented as :

O ot 1y tof |
Here on the top “00, 01, 11, 10” coding are used. They are gray code for 0,
‘1. ‘2’ and ‘3". This order of notation is fixed because it is useful in making pairing.
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"= = decimal zero 0007

Similarly for other minterms:

(3) Four Variable K-map
In four variable, ‘n’ valu

e is ‘4, so cells are g4 = 16. It 1s given as .

+ _ R s i
Here M, value in terms of binary notation 18 given a

M, is given as

-

B
0
Similarly for other minterms. Th
format is given as

(4) Five Variable K-map

) Il] ﬁ?E variab] e
[ 18 the number,

) =32 [2" = no. of cells &
It 18 r&preEentEd as .

A
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Logic Simplification
Here A is most significant bit. The first block of 16 cells include A =1,
If we have to read my, value then it is given ABCDE=1 1000
T

A BCDE

(Value) (Value)
s ‘1’ and BCDE value

Here, A is ‘1’ because m,, lie in second block where A1l

is 1000. So ABCDE is 11000.
The Maxterm representation o

f five variable 18 given as

(5) Six Variable K-map

In six variable K-map, 64. It is represented as

the number of cells are 26 =
1

2.9.3. Variable Notation (Standard Product Notation) in K-maps

‘2’ Variable K-map

In this ‘2’ variable if the minterm is “0 0” or m,, then it is represented as
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For y 5 Variable Notation (Product term)
m, 0
m, |0
m, 1
m, ] -

(i) '3’ Variable K-map

In this K-map if m;=“0 00", then it is represented as A B C . The
notation 1s given as ;
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The K-map 1s given as :

}EV‘2' Variable K-map
Here maxterms are used instead of minterms. It is denoted by ‘M

(il '3’ Variable K-map

// The sum notation is given as :

lii) 4’ Variable K-map
. The sum notation is given as follows :
AB
GN 00 01 11 10
0| A* B+C+D|A+B+C+D |A+B+C+ D |A+B+C+D
|
b Mo M, M;2 Mg

" A+B+C+D [A+B+C+D |A+B+C+D|A+B+C+D

M, M
A+ B+E+I—JIA+§+E+E
21 I W,

2.10 SIMPLIFICATION OF BOOLEAN FUNCTION USING K-MAP

Following steps are required :
(1) Fill all the minterms/maxterms in desired K-map.

(1) Pairing of one’s/zero’s are to be made keeping in mind that pair always
occurs in 2" i.e., 20, 2 22 23 and 24,
~ (uit) Write down, the value of prime implicant which are desired due to
vmj{affective pair of one’s (or zero’s).
In, SO]? form the variable where value is changed in a pair (i.e., 1 toOor
0 to 1) 1s neglected and write the value of variable which is not changed

In pair (i.e.,_. if AB=00 and AB =01, then B s neglected and A is taken)
and write 1ts complemented form of variable if its value is zero and
write its value in true form if its value is one.
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is chang® . egl
. hose value 18 CH&% t changed in %'Qd
S form, the variable ¥ Jue 18 NO% “FETET Pajy,
M PO .for ¢ yariable whﬂﬂﬁ:iie otherwise 1t 1s Written&'?d
n

18 One.
3+ ig SOP form and product g]) bri

write its true I'ormil
wmplemontﬂd form |

(vi)’ Sum all of the prime i

I
- teant if it is POS form- - tes if it i

(Qu) ;ﬂpllii‘;ll;tli:;:? Fhe given function using NAND ga 18 SOp fn’“fn

Qi) Now

£ 3¢ i POS form.
or implement by NOR gates if 1 18 PO

Pairing of one's / zero's
(i) Pairing of adjacent
such as if we have ‘4
then 2° = 8 one's pair and t

and then 2° = 1 ones individual.
(ii) Grouping of two ones : Two 0
to each other and resulting terms

than the original terms. |
(iii) Grouping of four ones : Four adjacent ones can be grouped togethe,

if two of variables associated with maxterms/minterms are same ang
other two variable are different resulting terms have only two variabje

in true or in complementary form.

Don't Care Condition
It is represented as cross mark (x). They are used in minimizing the equatiop
pairing with some minterms because these value is considered as ‘1’, It i§
always comes with maxterms or minterms. It never comes alone.

eg., Y=Im(0,1,2,3)+d (3, 4, 8)

T
don’t care terms
Y=nM(1,2,5,8) +d (3, 4, 8)

T

don’t care terms

L

one’s always start with the largest numbey N

variable then we make 24_= 16 One’lﬂ pair firgt ,
hen 22 = 4 one’s pairs and 2 = 2 one’y Daiy

ne's can be paired if they are adjacey,
due to their pair have one less Varigp),

Me Implicangg, Minimum eover is obtain

-




