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BINARY LOGIC ANDGATES

sa\e
* Binary variables 81%;& Qﬁ@?{g (aé’fatwo values.

» Logical Mt S 0(5@2%3@3 binary values and binary
va¥idbtes. Pa

 Basic logical operators are the logic functions AND, OR and
NOT.

» Logic gates implement logic functions.




—
LOGICAL OPERATIONS

a\eCO’
* The three basic logic ijé@aqflons are:
- AND, grom el ol
\J\E ge
V" pal
— NOT
 AND i1s denoted by a dot ().

 ORis denoted by a plus (+).

e NOT is denoted by an overbar ( ), a single quote mark (')
after, or (~) before the variable.




y
vory ¢ o N ¢ T o
PR TCLANC = € A @
Lamp-0ON="1

0 ! 0 Lamp-0FF="0"
1 0 0 Switch A- Open =0, Closed =T

1 1 0 Switch B-Open ="0", Closed="1

amplitude * Output value 1s the complemented output

from an “OR” function.

JEIE
JLIECIE
|
0 0|1 1 A:D—I—I>o—m
X(t) B |

OR Gate | MOT Gate

out(t)= x(t) nor y(t)
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XOR (EXCLUS

0.
\e-©
X y out=X®D yNQ‘.e“Sga,(

e
SIVE OR)

0 0 - \|\|0“e el’LO y

0 J(S J PO y

1 0 1

1 0

amplitude * The number of inputs that are 1 matter.
ol1lol1 *More than two values can be “xor-ed”
Y(®) together.
0 0|1 1 “ *General rule: the outputis equal to 1 i1f an
0 odd number of input values are 1 and 0 if an

o1 1|0 even number of input values are 1.

out(t)= x(t) xor y(t)
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TRUTH TABLES

 Used to evaluate any lgg@\ﬁ f
« Consider

pre éwszaqe
X

F=XY+YZ

<
<
N

PP OO0 |O|O|0O i

RRIR|IRPOOIO|O
(RO, |IO|O
R IO, IO|IFR|IO|IFR|IO| N
OO |FRIO|IO|F |- —<|
O|OoRr|IO|O|OR|O
Rk, |O|O|O|F
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REALIZATION USING NAND

* NOT GATE

All %Wﬁ@%

ALAY=A’ v

\e.C
eS9
mNOﬁ@

NS C@@e&jo 96 input signal A gives an output A’.

One NAND input pin 1s connected to the input signal A while all other input
pins are connected to logic 1. The output will be A’.

[ . p—
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DEMORGAN’S \TI@I@@ REMS
S\
» DeMorgan s {h@(ffé%ggb@ﬂie mathematical
\% elg'ﬁe}ﬁgn Ogﬁage

— the equivalency of the NAND and negative-OR gates

" A"FB':
A— (AB) A (ABY'
o >
B —] B

— the equivalency of the NOR and negative-AND gates.

. A'B'=
A :DO o A—C (A+BY
-
B B —{]
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DEMORGAN'S Tﬁ@a@ﬂﬁm

o’tesa\
* The complemel‘t(qu(ﬁ

“NAND \\

mor@@ %rg f h ’I R V2 Va
equivalent to th the : ® '
complements of the \ X Y ! X + Y
individual variables. e Lt

= ==

 The complementoftwoor -~ =< -
more ORed variables is Negatlve AND

equivalent to the AND of the X +Y = X ® Y |

complements of the
individual variables.

~N——-
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BOOLEAN OPERATOR PRECEDENCE

. caeL
= The order of evah@ %’l
. }H J“Om ?)6 ()‘ 9
1\?(@3@ Q;%@e
2. NOT
3. AND
4. OR

" Consequence: Parentheses appear
around OR expressions

= Example: F = A(B + C)(C + D)
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EXPRESSION SIMPLIKICATION
o \e.CO
* An application of R@k&ﬁ@'eﬁgebra

o Simpli?g\w %‘%\i%@l@gl%gllest number of literals
(\E&ﬁt\fg es tﬁé@&ay or may not be complemented)

AB+ACD+ABD+ACD+ABCD
-AB+ABCD+ ACD+ACD+ABD
—AB+AB(CD)+ACD+D)+ABD
-~-AB+AC+ABD-=B(A + AD) +AC
=B (A + D) + A C (has only 5 literals)
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* A Simplification Example: "4
8
F(A,B,C) = %élaél\@ 87)
. ertmg the minte E\W %
g\@q@ﬁ)c B ABC + ABC
. Sﬁl{)? 1fying: Pa
F_éEC+A(EC_+BC+B§+BC)
F=ABC+AB(C+C) +B(C+(Q)
F =EEC + A (B + B)
F=ABC+A
F=BC+A
e Simplified F contains 3 literals
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FOUR-VARIABL

e We can do four-variable ex

Y\

LE, KeMAPS

— The 1nter i ?(t@m"}l détﬁu&:(columns and n the third and fourth

— ggam this ens res at adjacent squares have common literals.

Y Y
wxy'z | wxyz | wxyz | wxyz mo | m | m3 | mp
wxy'z | wxy'z | wxyz | wxyz X ms | ms [ my | mg

W wx'y"z" wx'y'lz wx'yz wx'yz" W Mz | M1z | Mis | Mg
WXy Z WXYZ | WXYZ | WXYZ Mg Mo | M1 | Mio
y4

« Grouping minterms 1s similar to the three-variable case, but:

— You can have rectangular groups of 1, 2, 4, 8 or 16 mintermes.
— You can wrap around a// foursides.
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— EXAMPLE: SIMPLIFY -

M©+M2+M5)+Mé$M?O¢M13

S
. Noe- - ,
* The expression 1s a{s@@ﬁh moé‘ﬂ@ rms, so here’s the K-map:
‘\'l'\‘e\N AC 80 Y
P(Q 0] @a—g Mo mi ms mp
O|l1]10710 X M4 ms mz Me X
W 011010 W Miz | M3 | M5 | Mg
1101011 Ms Mo [ Mu | Mio
z z
| Y| | yl
Laflololla] wxyz |lwxyz |
OJ1)]O0|O0 X wW'Xyz wxyz' X
olltllofo W wxyz | wxyz
Wl o (o[ wxyz || wxyz
Z

* We can make the following groups, resulting in the MSP x’z’ + xy’z.
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K-MAPS CAN BE TRICKY?

a\e-C
* There may not neces a@l@'&@? 1que MSP. The K-map below
e

yields two é@@dﬁ q%iry_a@&lt SPs, because there are two
pos@ib&%ays D pidfade minterm m,.
Y
0 1 0 1
X[ 0 1 1 1
e Z N\
| y | y
o [+ o 1] 2
x| o 1 [ [ 1 x| o 1 |1 Jf 1
Z Z
y'z+yz +xy Yz +yzZ +xz

« Remember that overlapping groups is possible, as shown
above.




MAXTERM EXAMPLE

O’(_GS X+B) (A+B") (A"+B") (A" +B)

oM
P(e\r\e\N ;Vage a5 of Ya'B [A'B |AB  |AB
c 0o o o
C [C 0 0

A, B,C) =11M1,2,4,6,7)
=(A+B+C)A+B +CO)A'+B+OC) A +B ' +C) (A*+B ' +C")

Note that the complements are (0,3,5) which are the minterms of the
previous example
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- FOUR VARIABLE EXAMPLE .

(&) MINTERM FORM. (B) M%M FORM.

f(a,h,Q,G) = Zm(%%@ﬁ %‘1‘1,@1}3 14,15) = [IM(L,2,4,6,8,9)

e
P(e\'\ age a
ab 00 01 11 10 ab["gg 01 11 10 |
DG'D 17 5 QG 4 12 ]
00 1 1 00 4] 0
1 17 3 z K g
01 1 1 01 0 0
3 15 11 7 15 11
11 1 1 1 1 11
QR4 Ik i i Q « Z 3 T
10 1 1 10 0 D
A g N
b b

e (a) (b) H
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