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UNIT 8A

Computer Organization:
Boolean Logic, Computational Circuits

15110 Principles of Computing,
Carnegie Mellon University —
CORTINA/GUNA



Boolean Logic & Truth Tables

 Computer circuitry works based on Boolean
logic: operations on true (1) and false (0)
values.
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Exercise

e Write the truth table for
AABAC

-A v B

-AVBAA
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Gates

e A gate is an electronic device that implements
a |Oglca| fUﬂCtIOn. (Images from Wikipedia)

* Circuit
diagram:

e Abstract
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Exercise

« Draw the following using = s D—AME BID-AYE Ao A
AABAC

-A v B

-AVBAA
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Properties (Similar to x and +)

Commutative: aAb=DbAa avb=bva
Associative: anbac=(aAnb)ac=aAn(bAac)
avbvc=(avb)vc=av(bvc)
Distributive: an(bvc)=(aanb)v(ananc
av(bac)=(avhb)Aa(awvc)eoimetr
ldentity: anl=a av0=a
Dominance: an0=0 avl=1
ldempotence: ana=a ava=a
Complementation: an—a=0 av—a=1

Double Negation: ——a=a
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DeMorgan’s Law

Nand: —(A AB)=—Av—B

if not (x > 15 and x < 110) then

is logically equivalent to
if (not x > 15) or (not x < 110) then

Nor: —(AvB)=—AA-—B

if not (x < 15 or x > 110) then

is logically equivalent to
if (not x < 15) and (not x > 110) then
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Simplify/rewrite
c AANAANA=A

e AABA-B

- ((AVvB)ACQ)
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Equivalence
A B |c_la

& (&

AND

AND

Q=(AAB) v ((BvC)A(CAB)

R P = = O O O O
~ B O O +» B O O
_ O B O »r O = O

http://www.allaboutcircuits.com/vol_4/chpt_7/6.html
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Equivalence
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Q=(AAB)v ((BvC)A(CAB)

AND Q=B (AvC)
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http://www.allaboutcircuits.com/vol_4/chpt_7/6.html
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Show equivalence

e Q=(AAB)V((BVvC)A(CAB))
* Q=BA(A V()
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More gates

A |B__ |AnandB |AnorB |AxorB
1 1 0

-~ = O O
, O = O

1 0 1
1 0 1
0 0 0

nand (“not and”): A nand B = not (A and B) A _} ~(A A B)

nor (“not or”): A nor B = not (A or B) A:D——'(A\/B)

xor (“exclusive or”): R
A xor B = (A and not B) or (B and not A) 5 A®B
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Exercise
* (- A A-B)using a NAND gate



Gates Are Built From Transistors
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