Truth Tables

Algebra: variables, values, operations

In Boolean algebra, the values are the symbols 0 and 1
If a logic statement is false, it has value O
If a logic statement is true, it has value 1

Operations: AND, OR, NOT

X Y X AND Y X | NOT X
0 0 0 0 1
0 1 0 1 0
1 0 0
1 1 1
X Y X ORY
0 0 0
0 1 1
1 0 1
1 1 1
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Boolean Equations

Boolean Algebra

values: 0, 1
variables: A,B,C, ..., X,Y,Z
operations: NOT, AND, OR, . ..

NOT X is written as X
X AND Y is written as X & Y, or sometimes XY
XORYiswrittenas X+Y

Deriving Boolean equations from truth tables:

SUm=AB + AB

A B |Sum Carry

OR'd together product terms
00 U for each truth table
2 é % 8 row where the function is 1
1110 1. if input variable is 0, it appears in

complemented form;

If 1, it appears uncomglemented
UMCarry =AB 29



Boolean Algebra

Another example:

cin | Sum Cout Sum=ABCin + ABCin +ABCin+ AB Cin

<\
\
\\
Cout=ABCin + ABCin +ABCin +AB Cin

RRPRRROOOO |>
RPROORRFROO |
RPORORORO
RPOORORRFRO
PR RO oo
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Boolean Algebra

Reducing the complexity of Boolean equations

Laws of Boolean algebra can be applied to full adder's carry out
function to derive the following simplified expression:

Cout=ACin + BCin + AB
Cout

Verify equivalence with the original Carry Out truth table:
place a 1 in each truth table row where the product term is true

each product term in the above equation covers exactly two rows
in the truth table; several rows are "covered" by more than one term
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Representations of Boolean Functions

Boolean Function: F @ YZ

Truth Table: Circuit Diagram:
XY Z|F
0 0 0] L
0O 0 1|
0 1 0| ”
0O 1 1 1 J ED;
1 0 0|0
1 0 110 (s oo =
1 1 0 |0 Y92 ¥ X424 XY
1 1 1|1
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Why Boolean Algebra/Logic Minimization?

Logic Minimization: reduce complexity of the gate level implementation

 reduce number of literals (gate inputs)
 reduce number of gates

 reduce number of levels of gates

fewer inputs implies faster gates in some technologies
fan-ins (number of gate inputs) are limited in some technologies
fewer levels of gates implies reduced signal propagation delays

number of gates (or gate packages) influences manufacturing costs
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Basic Boolean Identities:

X+O:x
X+1= |
X+X= X
X+X=|

x|
IS
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Basic Laws

Commutative Law:
X+Y=Y+X

Associative Law:
X+(Y+Z) = (X+Y)+Z

Distributive Law:
X(Y+Z) = XY + XZ

XY =YX

X(YZ)=(XY)Z

X+YZ = (X+Y)(X+2)
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Boolean Manipulations

Boolean Function: Fl= XYZ + XY + XYZ

~ e
Truth Table: \ ;?educe Function:

= \[C()

25

X Y Z |F f= XY2+YY txy2

0 0 0 |6 = Y(X2 Y4 XZ)

O 0 1 |o _
= 5)+% )

0 ’1 0 | 7(K(21‘7)’

01|21 | =9 (X0 )

11010 |o _ _

1 1 |6 ‘?(\(—C\C)

1 0 |!

1 1 ||
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Advanced Laws

m X+XY = X ((4y) =% ()

B XY + XY= x (949)x(0 =(©

m X+XY = X+Y

B X(X+Y)= X¢tyy = X 1¥) - &)

m (X+Y)(X+Y) = x (z49) « 9 (xt7) = (3<>y+¥y)+ & #9)=

- - XK Tr9 )
XN = g eny i
= 0O €KY > x((£9)

@) - ®
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Boolean Manipulations (cont.)

Boolean Function: F :T(YZ + XZ

Truth Table: Reduce Function:

X Y Z|F F=2( K9+ X)
0O 0 0 o

0 0 110 =z (xt19)

0 1 01°

0 1 1 |°

1 0 0 |©°

1 0 1|

1 1 0160

1 1 1 (]
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Boolean Manipulations (cont.)

Boolean Function: F = (X+_Y+X_Y)(XY+7(Z+YZ)

Reduce Function:\/ _

F2X¥Y £ x¥2 & ¥I2 K77

Truth Table:
XY Z|F
0 0 O |o
O 0 1!
0 1 0 |o
0 1 1 |o
1 0 0 (o
1 0 1 o
1 1 0 ||
1 1 1 |

292 + 9527
j g 2,
f XVXY + K7 K2ZFE7YL
> X?ﬁj{'sz %R?Z
Z ¥YeXyr €XTZ

-y (1420 FR72

= Y £ Yy

-
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DeMorgan’s Law

(X+Y) =X*Y

P O o|X
R Or o<
o or R XI
Oor Orl<]

(X*Y) = X+Y

P O olX
R OoOr o<
O O R krXI
o r oril|

DeMorgan's Law can be used to convert AND/OR expressions
to OR/AND expressions

Example:
Z=ABC + ABC+ ABC + ABC

Z=(A+B+C)*(A+B+C)*(A+B+C)*(A+B +C)
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