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Properties of Boolean Algebra

I S

a(b + c) = ab + ac Distributive (for AND) Same as multiplication in regular algebra

Clearly one of a, 8 must be 1
a+a =1 Complement 1+0=1
0+1=1

Result of a - 115 always a's value
a-1=-a dentity 0:-1=0
1-1=1
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Properties of Boolean Algebra

ab = ba Commutative (for AND) Same as multiplication for regular algebra

a+b=Db+a Commutative (for OR) Same as addition for regular algebra

OR only needs one 1 to evaluate to 1

a+l1=1 Null elements a=0 0+1=1
az=1l 1+1=1
a+a=a 0+0=0 1+1=1
|dempotent

aa 0-0=0 1.-1=1
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De Morgan's Law

S S

(a+b)'=ab DeMorgan's Law (for OR) Each literal complemented, ORs become ANDs.

(ab)' =a'+ b’ DeMorgan's Law (for AND) Each literal complemented, ANDs become ORs.

« Can change an OR to and AND and change an AND to an OR
« Useful when minimizing circuits -> Less gates, less transistors, less complexity,
cost, and power
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The Duality Principle

m What is a dual?
m Given two expressions E1 and E2:

Fl= E2 « dual (E1)=dual (E2)

Change OR to AND and AND to OR, however, no
compliment (inversion)

However, if there are 1s and Os (true or false),
these are inverted

Another way to change an expression to minimizes
it

If E1=E2, then dual E1 = dual E2 as shown
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Duality Principle Example

A'(B+C')+BD=(A"+D)(A'C’'+B) < (A'+BC')(B+D)=A'D+((A’+C")B)

« Assume expressions are equivalent
« ANDs become ORs, ORs become ANDs
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Consnsus Theorem

XY+ XZ+YZ=XY+ X2

Must have

« Xand X

« XANDY

« X’AND Z

* Last term minimizes out
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Use of Consensus Theorem

(A+ B)(A +C)=AA +AC+AB + BC
= AC+ A B+ BC
= A.C+ A'B

« Compliment->AANDA =0
« Consensus
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Equation to Circuit Example

z=a(b+c)d +b

» Take care of parenthesis

11
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Equation to Circuit Example

z=a(b+c)d +b

B « Can use circle to invert on input of
B ) Following gate

12
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Equation to Circuit Example

z=a(b+c)d +b

D;

« Once you've taken care of parenthesis
and compliments, go left to right

2
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Equation to Circuit Example

z=a(b+c)d +b
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Equation to Circuit Example

« Duplicate labels are better than running wires and creating nodes

z=a(b+c)d +b

N

&l
.

}

) >

15



& Washington University in St.Louis

Engineering

Types of Circuits

m Combinational

m Up to now and first exam, all combinatorial
circuits

m Output based on inputs

m Delay based on propagation through gates

m Can think of it as zero delay, but it really is not

m Do some degree, we abstract away from this, but
the tools take timing into account...more on this
later. Timing closure is a big challenge in digital
circuits

16
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Types of Circuits

m Sequential
m Based on inputs
m Also based on previous state/values of the circuit
m Sequence of states determines output

m Synchronous sequential logic
m Uses a clock

17
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Sum of Products

z=a(b+c)d +b

How do I know if one form is
equivalent to another?

One way to do this is to transform it

into sum of products or product of
sums.

19
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Sum of Products

z=(ab+ac)d +b

20
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Sum of Products

z = abd' + acd' + b
Three terms

Each term is a product (AND'd)
Terms are summed together (OR'd)
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