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The Basic Properties of Boolean 
Algebra

Postulates

Theorems

A, B, etc. are 
Literals; 0 and 
1 are 
constants.

Principle of duality: The 
dual of a Boolean 
function is gotten by 
replacing AND with OR 
and OR with AND, 
constant 1s by 0s, and 
0s by 1s
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DeMorgan’s Theorem

Discuss: Applying DeMorgan’s theorem by “pushing the bubbles,” 
and “bubble tricks.”
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The Sum-of-Products (SOP) Form

• Transform the function into a two-level AND-OR equation

• Implement the function with an arrangement of logic gates 
from the set {AND, OR, NOT}

• F is true when A=0, B=1, and C=1, or when A=1, B=0, and C=1, 
and so on for the remaining cases.

• Represent logic equations by using the sum-of-products (SOP) 
form

Fig. A.15—Truth 
Table for The 
Majority Function
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The SOP Form of the Majority Gate

• The SOP form for the 3-input majority gate is:

• M = ABC + ABC + ABC + ABC   = m3 + m5 +m6 +m7  =   Σ (3, 5, 6, 7)

• Each of the 2n terms are called minterms, running from 0 to 2n - 1

• Note the relationship between minterm number and boolean value.

• Discuss: common-sense interpretation of equation.



A-7 Appendix A - Digital Logic

Principles of Computer Architecture by M. Murdocca and V. Heuring                  © 1999 M. Murdocca and V. Heuring

A 2-Level AND-OR Circuit that 
Implements the Majority Function

Discuss: What is the Gate Count?
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Notation Used at Circuit Intersections
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A 2-Level OR-AND Circuit that 
Implements the Majority Function
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Positive vs. Negative Logic
•Positive logic: truth, or assertion is represented by logic 1, higher voltage; 
falsity, de- or unassertion, logic 0, is represented by lower voltage.
•Negative logic: truth, or assertion is represented by logic 0 , lower voltage; 
falsity, de- or unassertion, logic 1, is represented by lower voltage
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Positive and Negative Logic (Cont’d.)
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Bubble Matching

• Active low signals are signified by a prime or overbar or /.

• Active high: enable

• Active low: enable’, enable, enable/ 

• Discuss microwave oven control:

• Active high: Heat = DoorClosed • Start

• Active low: ? (hint: begin with AND gate as before.)
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Bubble Matching (Cont’d.)
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Digital Components

• High level digital circuit designs are normally made using 
collections of logic gates referred to as components, rather 
than using individual logic gates. The majority function can be 
viewed as a component.

• Levels of integration (numbers of gates) in an integrated circuit 
(IC):

• Small scale integration (SSI): 10-100 gates. 

• Medium scale integration (MSI): 100 to 1000 gates.

• Large scale integration (LSI): 1000-10,000 logic gates.

• Very large scale integration (VLSI): 10,000-upward.

• These levels are approximate, but the distinctions are useful in 
comparing the relative complexity of circuits.

• Let us consider several useful MSI components:
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