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. Symbolically we write

i .
a \_, Cla,a)

HA

}—> S(al, a))

7

.' W.E. 4 (Full-adder). Leta kI 8 be three one-digit binary numbers. With i
\. and/ as inputs we obtain outpuls s,(a,, ) and ¢ (a,. 4,) using a half-adder

The oulput 5(a,, a ) together with a forms lnputs ‘of a second half-adder

whose outputs are s(a a,a,) and ¢ (a s(a,, a )2 Hence s(a g, a,, a)) is the

final sum. ¢ (a, a )and c (a s,(a,, J)) ylclds c(a a,a). Hencc a full-addu

is composed of half—addcr of lhc form

g(a,. a,a)

al
5,(2, 3,) HA

a, a1 3, .
a HA cl(az,aj) ,Q > ciia az,ax)

So its circuit is

a —
2, ) 'i(a' 13y 4)
—— . :

Figure 48. R
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5
The gives furction © =
3 f('t, 2 t?) : (x' x 1:)) X,
b =fs 2 x by
\ (s, X, ‘:“";
% = ; 2 v 3
\ Y' 5 !"E‘G + !'Q,!:
— ‘ = £ - ey —
At;- 'v‘;‘: as ‘t" 0
= x ;
L

Figure 30

The Teble 1 will be beipfil when it i requited to use oaly NMAND gatet (or
only NOR gates).

| W E? Forthe formuds (P A Q)Y (1 R A VP) drew a’corresponding circult

using .

(i) NAND gotes only.



A symbolic full\Aaddcr is

a K‘ - >-5(a,a,2)
a, T— ADD
a —>

3 \ ¢(a,a,a)

»

W.E5: A .v'oting-machine. for three voters has three YES-NO switches.
C.urrcn{ is in the circuit precisely when YES has a majority. Draw a contact .
diagram and the symbolic representation by gates and simplify it.
Solution ’
Lettoeachi= 1,2, 3, x= 1 ."if i votes YES,

) _ 0 if i votes NO. .
Thenf{a, a, a,) = 1 only when'(a , a, a ) differs in zero place or in one place
with (1, 1, 1). |

//

» ' ‘\“l._::'
a a a fa,a,a) C 'L EN,
sl 1T 1T Tlar o aH e A
i 1 1 0 1 =t A IZ)%/'\?B -
1 0 1 v
0 1 1 lag 0%
8.0 A y ) - -
Asr, AT 0 0 "1 0 ' G
0 1 0 0 R
)| - 0 0 0 . t[ Y o L/ ) C
0 0 0 0 Ay e X

= — " L N

. | o N . ~
So f(al’ a'z' as) \?lazal alaza_s +‘ala2a_3 ¥ alazas' l / o A 'QO G
To simplify we use the Karnaugh map. . \ . QYo e
— - A n ok T .
. ,' &\ (C\,Dl(ﬂqi'?>w! .))(-"_\{ 2 . L ‘ q
AT co AR ! LD b D
ooy Y R
0\\ o p . ‘\ &G— el
- & "\ * LN
o -5 I B, e
. Voo
nBe' (C =¥ & !
Cn ‘m(“) {JC\ \D‘l"x
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Figure 39,

\ N «
semicond:gt\(\)?cl?zz.lenfsl.e c'tlfllfei:e e:;::ltecxl:t?qr: rlt‘ ‘of less‘ im.porlnmfc uli}n
Ol are types of clectronic blocks which
are prec_lommant in the logical design of digital building components of
eleclrf)mc computers. -So the switches are represented by~ so-called gates, or
combination of gates. The representation using gates is known as the symbolic

representation.

s, Definition of some special gafes :

Some Special Gates Polynomial
(1) a a identity gate X
2) a a' NOT-gate x'
X AND Koio8
: H -pate X .',....‘“
(3) 1, aa, 8y & 2
a
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From this we can derive the disjunction normai form for the switching circun
p as '
= w v oy 4w o 'y e LT S
PR EX X XXX RO R RK
The symbolic representation of p is given in Figure 45.

—————¢ 9o ¢ ————

.kI)R C

x pa.a,a)

Figure 435.

y;.f':"’. E.3. (Half-adders) Describe the addition of two one-digit  binary
/  numbers. -
Solution

In order to add two single digit binary numbers a and a_ we have to consider a
carry C(a,, a,). C(a, a,)=lifandonlyifa =a = 1. We have the following

table for the sum s(a ;- 3,) and c(a,a,).

s@,a)  cla,a)

aZ
1

0

1

0

O = =0
SO O —

al
1
1
0
0




7,

a fat...ta OR-gate S TR

a, | }’_’ (aa) NAND-gate (xx)
@ %) alaz' xuxz'
4 — . N

n

(7) a

a, Q—-r (al' + az) Subjunction gate x". X,
(8) a,
31 (al + az): NOR-gate (xl + xz)v

‘Examples

I.  The symbolic representation of p = (x,"%,)" + x, i< given in Figure 40.

e | D)

= '.‘*". \ .
a, —- : A (2,00 = (@2 F +

Fignre 4l

-

2 The symbelic representadion of ihe cireuir given by

= 4'-o.‘--" o’+- y _‘\o’ 'r’+o
p=ix +x .\;)(,\I .\])(.\:X| X, \:)(\2 . X,)
is given o Figure 41,



" Figure 41.

3. The symbolic répresentation'of p=(x +x,+ x,X.") (xx, %)) is given in
. Figure 42. ‘

N
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.~‘"
Then fa , a,a ) aa +aa + a,a, The symbolic rcprcscntatloh 18 given jy
Figure 49.

: 4
l’J
W
&
o
|

i
N

_Figure 49.
/'/)
/ W.E.6. Conscder the Boolean ﬁmct:on
fx, x,, X,) = ((x +x )+ X, HX)). X X,
Simplify thls functxon and draw the circuit gate dtagram Jor it.
- (Apr‘99 B.E., MK.U)

Solution.
Use Karnaugh map to sunphfy the given ﬁmctxon




§ 8. SWITCHING CIRCUITS

.

o .Electncal switches or contacts can be symbolized in a switching or a
circuit diagram or contact sketch :

Suc.'h a switch can be bi-stable, either ‘open’ or ‘ciosed’. Open and closed
swiiches are symbolized as

respectively. The basic assumption is that for current to flow through a switch
it is necessary that the switch be closed. .
If S appears in two separate places in a circuit it means that there are

two separate switches linked so as to ensure that they are always either both
open or both closed.
S/ indicates a switch which is the complement of S . The switch S '

is closed if and only if S, is open. The diagram

ra IS
1S, — 15—

is called _serieé connection and we have current if and only if either or both of _
S, and S, are closed. The diagram

___

S —




P
g

Only NAND Gates

Only NOR Gates

a b > a' 4 ‘:-I zi : . o

a

b

atb - a+b
g )
b1 . ‘a
ab - a.b

a— . -
b o
ab+cd (See Exercises)
. * - }
d—1 ' A

(See Exercises)




4. The Boolean polynomial p for the symbolic representation of the circuit
given in Figure 43 is PEXNX, e

Figure 43.

“Worked Examples

T W.EI. A hall light is controlled by two switches, one upstairs and one down
stairs. Design a circuit so that the light can be switched on or off from the
upstairs or the downstairs.

Solution .

A hall light is controlled by two switches x, and x,. They take the value 0

when they are up and 1| when they are down. Let f be the function that
determines whether the light is on or off. Suppose f= 0 when the light is off
and the light is off when both the switches are up. The function value table is

given below :

X

gl
~a

—_—— OO
O == O e,
>

0
1
0
1

So fix, X,) = XX, +x X" The circuit is given in Figure 44,

- W.E.2. In alarge room there are electrical switches next to the three doors to
// operate the central lighting. Each switch has two positions : either on or off-
Each switch can switch on or switch off the lights. Determine the sthchmg
circuit p, and its symbolic representation.
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is called parallel connection and we have current if and only if either or hoth
of § and S, arc closed. ' A

These properties of clectrical switches allow. the usc of Boolean
algebras in modeling and simplifying switching circuits. We write x + y and
xy for x V y and x A y respectively.

a/ Definitions

Let X = (X Xp womn xn}. The elements X, X,, ..., X_are called
switches. Let P_be the set of all Boolean polynomials-over X , X . ..., X .
Each element of P _is called switching circuit.
Toeachx, X' is called the complementation switch of X..
XX is called the series connection of X, and X
X+ X, is called the parallel connection of x, and X

Toeachp € P, the correspdnding function p : B — B is called the switching

function of p. |

Each switching circuit can be represented by a contact diagram. (We'
use X, for the switch Si.) For example, the circuit XX, + xJ(xl + xz) can be

represented by the contact diagram given in Figure 38.

X X

1 2

td

3

Figure 35, Contact Diagram for x x, +x (x + X,)

Izach contact diagram can be represented by a polynomial in P. For example
{he contact diagram given in Figure 39 can be represented by the polynomial

(XX, 4 xox XKD
>..(x:>~l K%, X, J)



- f(a,a,)
=3a'a + !
al az alaz

- Figure 44.

Solulmn
We denote the switches by X Xy X, and two possxble states .of the switches x,

" by a € {0, 1}. The light sntuatlon in the room is given by the value
Pla.a,a) =0 ifthelightisoff and
) =1 if the light is onm.

We choose p(l,', 1) =1.
If we operate one or all the three switches then the light goes off. ie.,

p(a ,a ) =0 Lf(a a,a ) differs in one or in three places from (1, 1, l)

If we operate two swnches, thelight stay on. So p(al, a,a)=1 if (a,a,;a)
differs in zero place or in two places from (1, 1, 1). :

Table
a, a, a, Minterms 5( a,a, 83)
1 1 1 XX X; 1 .
‘C;/ 1 -1 -4 XXXy . /
4/ 1 0 | ‘)\ X, x 0—""
1 ' 0 0 XX xs - o
0 I 1 X, xzx3 0 \//
i 0 1 0 xl'xz)‘(s’ |
) 0 0 1 x,'%,'%, 1
<—0 |0 0 XXX 0"
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So § and C lmvc th
¢ disjunctive no
rmal forms xx + x'
XX, and X X,

respectively,
The corrcspondmg“mrcui!'is given in Figure 46,

a —tg
a
2 C(al,az)
S(a'. a.)
-
". ..—;f \ —\ '_ll
Figure 46. Lo *2
- \( x/ C_A\)/

By modifying S we can obtain a simplex circuit: :
S=xx, +X/', ™ -
= }l/d;é‘:‘

~(x +A)'+(X +x )" using xAY) =x'VY \
~((x'+x)(x 4x )) using x\(y=(x'/\y')’ ,( —}-79

~(x)\+xx+xx'Fxx) ‘ -
— _n=- T2
~(xx, X, xz) as xlx"—xzxz'—o !
~ (x %) (%) raf‘””'
~C'(x +X) L -}’ :‘A“ P
v e
. = .

the circuit given in Figure 47.

This leads to

Figure 47.



