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UNIT 8A

Computer Organization:
Boolean Logic, Computational Circuits

15110 Principles of Computing,
Carnegie Mellon University - CORTINA

Boolean Logic & Truth Tables

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

AAB AvB -A

(A AND B) (A ORB) (NOT A)
(conjunction) (disjunction) (negation)
0 0 0 1

0
0 1 0
1
1
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0 1
0 1
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Gates

* A gate is an electronic device that implements
a |Ogica| fU nCtIOI']. (Images from Wikipedia)

Vee Vcc Vee
* Circuit F F
. a— . F
diagram: - : a—]
- = NMOS
. AbStraCt A“glgaste ONRMg?afe NOT gate
Diagram: A ArB A AvB A - A
g B :D_ “AND” B :D_ “OR” Do “NOT”
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Properties
e Commutative: aAnb=baa avb=bva
* Associative: anbac=(anb)ac=an(bac)
avbvc=(avb)vc=av(bvc)
* Distributive: an(bvc)=(aanb)v(anac
* |dentity: anl=a av0=a
* |dempotence: ana=a ava=a
* Complementation: aAn-a=0 av-a=1
* Double Negation: - -a=a
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Equivalence
A 1B _lc o

LI
1D

Q=(AAB)v ((BvC)a(CaB))
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http://www.allaboutcircuits.com/vol_4/chpt_7/6.html
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Equivalence
A 1B _lc o

C——1

Q=(AAB)v((BvC)a(CaB)

D
C Q=BA(AvC)
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http://www.allaboutcircuits.com/vol_4/chpt_7/6.html
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More gates
A8 [Anands [AnorB [Axors |

0 0 1 1 0
0 1 1 0 1
1 0 1 0 1
1 1 0 0 0

« nand (“not and”): A nand B = not (A and B) Q:Df* ~(ArB)

« nor (“not or”): A nor B = not (A or B) AT) Do -ave)

« xor (“exclusive or”):
A xor B = (A and not B) or (B and not A)
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DeMorgan’ s Law

Nand: —-(AAB)=-Av -B

if not((x > 15) and (x < 110)):
is logically equivalent to
if (x <= 15) or (x >= 110):

Nor: -(AvB)==AA-B

if not((x < 15) or (x > 110)):
is logically equivalent to
if (x >= 15) and (x <= 110):
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A Logical Function Using Gates

3-bit odd parity checker

F=(=XA=YyAZ)V("XAYA=Z)V(XA-YA-Z)V(XAYAZ)

by 2 JF
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A Logical Function Using Gates

3-bit odd parity checker

F=(=XA=YAZ)V(=XAYA=Z)V(XA-YA-Z)V(XAYAZ)

by 2 [P

e F=x®y®z

o 0 1 1

0 1 o0 1

0 1 1 0 X

1 0 o0 1 y

1 0 1 o0

1 1 0 o0 z — F
1 1 1 1
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