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Looking ahead

Class plan
1. PA5 due Monday, 4/26.
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Combinational vs. sequential logic

Combinational logic Sequential logic

. > Has int 1 stat
» No internal state nor memory as internal state (memory)

» Output depends on the inputs and

> rel . .
Output depends entirely on input also internal state

» Examples: NOT, AND, NAND, OR,
NOR, XOR, XNOR gates, decoders,
multiplexers.

» Examples: latches, flip-flops, Mealy
and Moore machines, registers,
pipelines, SRAMs.
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More-than-2-input AND gate

A B C|ABC
0 0 0|0
3} 0 0 10
0 1 0|0
0 1 1|0
1 0 00
A AB 1 0 110
B 1 1 00
ABC 1 1 11
C

Table: Truth table for three-input AND gate
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More-than-2-input OR gate

A B C|A+B+C
0 0 0[]0
— > 00 11
01 01
01 1|1
10 0|1
4 A+B 10 1)1
B 1 1 01
A+B+C L1 1)1
C

Table: Truth table for three-input AND gate
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The set of logic gates {NOT, AND, OR} is universal

And Or Not
a — a
b | — out bD out a—[>o-out
out=a &«& b out=a || b out='a

Figure: Source: CS:APP
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The set of logic gates {NOT, AND, OR} is universal

>

Any truth table can
be expressed as
sum of products Logical Completeness
orm. Or’ing logical clauses consisting of and’s
Write each row Can implement ANY truth table with AND, OR, NOT.
with output1as a
A B C
product (minterm). ABCID |
Sum the products 0 0070 - AND combinations
(minterm). 0 0 1|0 that yield a "1" in the
01 01 truth table.
Forms a
.. . 01 1]0
disjunctive normal
1 0 0]0
formﬁDNF). _ 0 2. OR the results
> D — ABC + ABC 1 1)1 of the AND gates.
11 0]0
Always only needs
NOT, AND, OR 1110
gates. Sum of products D
OR of AND clauses 16
Supplementary
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The NAND gate is universal

NOT gate as a single NAND gate

A A A[DA

A|A|AA AA

0|1 10 1
110 |1 0
Table: A = AA

AND gate as two NAND gates

A
D
B =

A AB AB
B
A B|AB|AB 4B
0 0/0 [T 0
0 1/0 |1 0
1 0/0 |1 o0
1 1/1 |0 1

TaBle:- AR — AR 1115



The NAND gate is universal

OR gate as three NAND gates
De Morgan’s Law

N R =1
—_ o = oW
O O~ =Ny
o~ O |
oo o rln
coorln

Table: AB=A+B
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The NOR gate is universal

NOT gate as a single NOR gate

A|A|A+A A+A
0|1 10 1
110 |1 0

Table: A=A+ A

OR gate as two NOR gates

A B|A+B|A¥B A+B
0 0]0 1 0
0 1)1 0 1
1 0|1 0 1
1 1)1 0 1

—T
Talle: AR — AR YP° 1315
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The NOR gate is universal

AND gate as three NOR gates

De Morgan’s Law
D
B =
A B|A B A+B|AB AB A
0O 0|1 1 1 0 1
0O 1|1 0 1 0 1
1 0|0 1 1 0 1 A+ B=AB
1 1/]0 0 O 1 0
B /[
Table: A + B = AB B
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