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1. Introduction

De-Morgan’s law is named after Augustus De Morgan, a 19th century British mathematician, who introduced a formal ver-
sion of the laws to classical propositional logic. De-Morgan’s Law is used both in set theory as well as in Boolean algebra. The
objective of the current study is to verify the working of De-Morgan's Laws and explore the scope of the law in various di-

mensions.

Journal of Applied Science and Education t'ﬂf'\‘
L

. @
ISSN (Online) :2583-1372 1 (JASE) N\ #
AZZJournaIs%\Z—:l


https://jase.a2zjournals.com/index.php/ase/article/view/10
https://jase.a2zjournals.com/index.php/ase/article/view/10
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

R. Saha, A. Pandey

1.1 De-Morgan's Laws

Boolean algebra has postulates and identities. We can frequently utilize these regulations to decrease articulation into a

more helpful structure. One of these regulations is the De-Morgan’s Law. De-Morgan's law has two conditions or laws:

First Condition or First Law

It states that the compliment of the product of two variables is equal to sum of the compliment of each variable.

(AB) = A' + B’

Second Condition or Second Law

It states that the compliment of the sum of two variables is equal to the product of the compliment of each variable.
(A+B) = A'".B

2. Logic Diagram

The Logic Diagram used for the First Law of De-Morgan’s law are as follows:

AY |
1

Figure 1. NAND Gate

ﬂ:} Tai
I

Figure 2. Negative-OR Gate

Table 1. Truth Table of first law

Input
X Y 0.0}
0 0 1
0 1 1
1 0 1
1 1 0

Output

X+Y)
1

1
1
0

The Logic Diagram used for the Second Law of De-Morgan’s law are as follows:

X4}
)

Figure 3. NOR GATE

T

Figure 4. Negative-AND
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Table 2.

Input

P P, O O X

2.1. Equivalent gates of De-Morgan's Theorem

Truth Table of Second Law
Output
Y x+7y (XY’
0 1 1
1 0 0
0 0 0
1 0 0

Based on De-Morgan's first and second theorems, it is observed that all the AND operators in a logical expression can be re-

placed with OR operators and vice versa and then inverts every term in the expression which means logic ‘0’ to logic ‘1’ and

logic ‘1’ to logic ‘0’. So, to get De-Morgan's equivalent gates for AND, OR, and NOT gates, inverters are to be added for all the

inputs and outputs and alter AND to OR gate and OR to AND gate. The equivalent gates of De-Morgan's law are shown below

by comparing with fundamental logical gates as shown in figures 5-12.

Fundamental Logic Gates

Figure 5. AND Gate

S }.(X\‘n'

Figure 7. NAND Gate

» > > Xy

£

Figure 9. OR Gate

De-Morgan’s Logic Gates

Figure 6. Negative NOR Gate

Figure 8. Negative OR Gate

I y
9 [\‘; Ilﬁ1 ) .

Figure 10. Negative NAND Gate
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Figure 11. NOR Gate Figure 12. Negative AND Gate

3. Applications

The applications of De-Morgan's Theorem are crucially observed in multiple domains of engineering and mathematics.
a. Inthe domain of engineering, using De-Morgan's laws, Boolean expressions can be built easily only through one gate
which is usually NAND or NOR gates. This results in hardware design at a cheaper cost.
Used in the verification of SAS code.
Implemented in computer and electrical engineering domain.
De-Morgan's laws are also employed in java programming.
The De-Morgan’s theorem is mostly used in digital programming and for making digital circuit diagrams.

m oo o

De-Morgan’s Law in Java Programming
I(A&&B)==!A|| !B
! ( raining && cold) ==! raining | |! cold

I(let>="A’&&let<="2’) == let< ‘A’ | | let > ‘2’

I(A]IB)==1A&& !B
! (Tuesday | | JAVA) ==! Tuesday && JAVA

(ans==‘y’ ||ans == ‘Y’) == ans !=‘y’ && ans !=‘y’

3.1 Use of De-Morgan's law in other fields.

De-Morgan's law in Statistics -In the domain of statistics, it also needs set theory. The statement from the De-Morgan’s the-
orem defines interactions between several set theory functions. The laws are

Xny)=X" uY

And
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Xuy)=XnY

De-Morgan's in physics-When two or more input variables are first AND and then negated giving a NAND gate, they are
equivalent to the OR of the complement of the individual variables. Thus , the equivalent NAND function will be negative OR

function, providing that

A.B=A+B

De-Morgan’s Law

Proving (AUB)' = A’ n B’

Proof- LHS (A UB)'

U

Figure 13. AUB Figure 14. (AU B)’

RHS A'n B’

b L

Figure 15. A’ Figure 16. B’ Figure17. A'n B’
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4. Examples
1)LetU={1,2,3,4,5,6},A={2,3}and B={3, 4, 5}.
Show that (A U B)'=A' N B
Solution

U=1{1,2,3,4,5,6}
A={2,3}
B={3,4,5}
A U B={2,3} U {3,45}={2,3,4,5}
S (A U B)'={1,6}
AlsoA'={1,4,5, 6}
B'={1,2,6}

. A" N B'={1,4,5,6} N {1,2,6}

={1, 6}

Hence (AU B)'=A' N B

2) If ¢ ={a,b,c,d,e}, A={a,b,d} and B = {b,d,e}. Prove De Morgan's law of intersection.

Solution

§={a,b,c,d,e}

A={a,b,d}

B ={b,d,e}
(AnB)={ab,d}n{b,de}
(AN B)=1{b,d}

~(AnB) ={a,ce}---- >(1)

A'={c,e}and B' ={a,c}

~A" U B'={ce} U {ac}
A' U B'={a,ce}---- >(2)

From (1) and (2)

(A N B)'=A" U B'(whichis a De Morgan's law of intersection.
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5. Importance of De-Morgan's Law

The theorems of De-Morgan's law have been proved to be very useful for simplifying Boolean logic expressions due to
the way they can ‘break’ an inversion, which could be the complement of a complex Boolean expression.

The theorems of De-Morgan's can also be used to express logic expressions that do not originally contain inversion
terms differently. Also, this can again prove to be useful while simplifying the Boolean equations. When used in this
way it must be taken care of to not to forget the final inversion, which can be easily avoided by complementing both
the sides of the expression to be simplified before applying De-Morgan's theorem and then again complementing after
simplification.

Lastly, the students must note that one way of interpretating De-Morgan's theorem is that any AND/OR operation can
be considered as an OR/AND operation as long as NOT gates are used as well in the equation for ease of calculations.
De-Morgan's law states that the complement of the union of two sets is the intersection of their complement, and also
the complement of intersection of two sets is the union of their complements.

The main usage of De-Morgan's law is in designing digital circuits. These laws related to the union and intersection of
sets using complements. It explains that the complement of the sum of all input variables equals the product of the
complement of every term.

The fundamental operations like the union of sets, the intersection of sets and the complement of sets are used in
De-Morgan's law.

De-Morgan's law is used for a better understanding of the multiple set operations and their inter-relationships in set
theory.

The De-Morgan's theorems are used for mathematical verification of the equivalency of the NOR and negative- AND
gates and the negative-OR and NAND gates. These theorems play an important role in solving various Boolean algebra
expressions.

Complementation bars are proposed to operate as grouping symbols. Hence, when a bar is broken, then expression
beneath it should remain grouped. Parentheses may be positioned around these grouped expressions as assistance to

give a miss to changing precedence.

The main application of De-Morgan’s at the present time is the usage in designing digital circuits. The law can help to sim-

plify the code to make it more readable. In game theory usage of this law is analyzes. De-Morgan’s law is used for better un-

derstanding of multiple set operations and their inter-relationship in set theory.

6. Conclusion

De-Morgan’s Law describes how mathematical statements and concepts are related through their opposites. De-Morgan'’s

law is used in both set theory and Boolean algebra. In set theory, De-Morgan’s law relates the intersection and union of sets

through complements. It is used for better understanding of the multiple set operations and their inter-relationship in set

theory. And in Boolean algebra, De-Morgan’s law explains that the complement of the product of all the terms is equal to the

sum of the complement of each term. Thus, there are a lot of possibilities in the future to work on the above discussed ‘Ap-

plications of De-Morgan’s.
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