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L.ecture Contents

* George Boole and Boolean Algebra

* Logic Gates
— NOT, AND, OR, XOR
— NAND, NOR, XNOR
* Algebraic Properties
— Associative, Commutative, Distributive

* De Morgan’s Law

* Bitwise Operators
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George Boole (1815—1864)

* Largely self-taught son of a shoemaker

e Professor of Mathematics, Queen’s College, Cork, Ireland

* Founder of the system of binary algebra called
Boolean algebra or Boolean logic

— Elementary algebra describes numerical operations;
Boolean algebra describes logical operations

— Relevant works:

® * The Mathematical Analysis of Logic (1847)
I . * An Investigation of the Laws of Thought (1854)
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Boolean Algebra

* Fundamental in the development of digital electronics
— Operations provided for in all modern prbgramming languages

e Used in set theory and statistics

h.
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Exclusive Disjunction: XOR jD—

* Example English statement

— Pick either heads or tails

— I will watch the movie on Monday or Tuesday

* Symbols:
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Truth Table for IMPLY Truth Table for EQUIV

Implication and Equivalehce

a b A=D ' a b A<D
0 0 1 - 0 0 1
0 1 1 0 1 0
1 0 0 1 0 0
1 1 1 1 1 1
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Properties of Elementary Algebra

* Associative Property

(a+b)+¢ = a+ (b+c)

(a'b) - c

 Commutative Property

|

Q
T

)

a+b = b+a a-b = b-a
* Distributive Property

2 a(b+c)=(ab)+(a-c) |
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AAB | (AAB)AC | BAC | AA(BAC)

Associative Property ~ (a-b)-c = a-(bc)

GO

R R FRFRPOOO O
R O O|IFRIOIFR OO

R, OO kKK OO




Associative Property  (a:b)-c = a-(b-c)
A | B | C | AAB | (AAB)AC | BAC | AA(BAC)
O] 00 0 0 0 0
0| 0|1 0 0 0 0
O|1 0 0 0 0 0
0|1 |1 0 0 1 0
1 ({00 0 0 0 0
1 (0|1 0 0 0 0
1 ({10 1 0 0 0
1|11 |1 1 1 1 1
(AAB)AC = AA(BAC)
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Associative Property (a+b)+c = a+(b+c) -
AvB [ (AvB)vC | BvC | Av(BvC)
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Associative Property ~ (a+b)+c = a+(b+c) -

Al B | C|AvB|(AvB)vC | BvC [ Av(BvC)
0|00 0 0 0 0
0|01 0 1 1 1
0|10 1 1 1 1
0|11 1 1 1 1
1{0]0 1 1 0 1
110 |1 1 1 1 1
1110 1 1 1 1
1 (1|1 1 1 1 1

(AVB)VC = AV(BVC)
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Distributive Rule  a(b+c) = (a-b)+(a-c) -

A | B | C|BvC [AABVC)| AAB | AAC [(AAB)V(AAC)
0|0 |0

0|0 1

0|1 |0

0|11
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1101
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AA(BVC) = (AAB)V(AAC)
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De Morgan’s Laws
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De Morgan’s Laws

A B |-A | -B | -AAr-B

O/ 0|11 1 0

O/ 1 1|0 0 1

1, 0/0|1 0 1
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De Morgan’s Laws

A B -A | =B | -AA-B

O 0|11 1 0

O 1 1 0 0 1

1001 0 1

11/0 0 0 1

:1:}_ -(-AA-B) = AVB
AAB = AVB
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A | B AAB
0O/0/ 1|1 1 0 0
O0/1 1]0 1 0 0
110/ 01 1 0 0
1112,0/0] O 1 1




De Morgan’s Laws

e [t also works with sets
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Symbols
| Java, C
Operation | Sets |Logic| Alternate | Bitwise |Logical
negation NOT Y s ~ !
conjunction AND N - (SR - & &&
Inclusive -
disjunction OR % e > | |
exclusive
disjunction XOR Y & 4
&
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