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OBJECTIVES

After studying this chapter, you should be able to understand :
L Basic, deriyed properties of Boolean: functions.
® Boolean multiplication and addition.
@ Electrical switching systems and circuits with composite operations.

30 INTRODUCTION

Boolean Algebra is a two-valued algebra, applied earlier to statements
and sets which were either true or false and now to switches which are
either closed or open, i.e., ON or OFF respectively. George Boole deve-
loped this branch of mathematics in his book “An Investigation of the
Laws ot Thought” now known as symbolic logic. This provided the basic
logic for operations on binary numbers (1 and 0). Since modern business
machines are bascd on binary system, the symbolic logic of George Boole
was found extremely useful and is being considered as the base of Modern
Mathematics.

However, while symbolic logic was invented in the 19th century, it
was used much later when ia the 20th century Claude Shannon discovered
be similarity of structures bet veen it and telephone switching circuits. His
paper “A Symbolic Analysis of Relay and Switching Circuits’ made an
!mportant contribution to the use of Boolean Algebra towards the design-
ing of modern business machines based on binary numbers.
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There are three basic operations in the Boolean Algebra AND, OR
and NOT. These were symbolised by/\,and V and ~ respectively in the
case of logical statements and by M, U and [ |° respectively in case of the
theory of sets. In this chapter, the more common symbolic plus+, dot
£ and prime (') would be used for the three operations respectively. The
similarity would become obvious in the way the present chapter would
synthesise and generalise what we have studied earlier and apply it to the
end purpose of the designing of the electric circuits. Given below is a
table showing the operations of symbolic logic to the three more or less
corresponding systems.

Logical I Theory of Electric
statements l _sets | circuits

1. | Elements g, sl | ixp } {x, ¥, ...}

] {l: 2: 3)"': n} {a. b, CI"'}
2. | Tautology T l U i
3. | Fallacy £ i & 0
4. | Operator ‘AND’ A l N
5. | Operator ‘OR’ v/ [ U +
6. | Operator ‘NOT’, ~ i L | a
7. | Implication P—q I mapping i a' -+b
8. | Equivalence perq b one-to-one | a'd’+ba

s | _mapping |

3'1. BASIC PROPERTIES

A set of elements in the Boolean system indicated by B={a, b, ¢, ...}
has two binary operations AND (. ), OR (+) and one unary operator
NOT ('). The four basic properties of the system are :

1. Both the operations are commutative,
(i) atb=>b+a
(iia.b=b.a
I1. Identity elements are there in both the operations,
(i) a+0=a
(ifa. l=
111, Each operation is distributive with respect to the other.
(i) a+(b.c)=(a+b).(a+c)
(i) a.(b+c)=(a.b)+(a. c)
1V. There exists a’ for each a& B such that
(i) a+a =1
(5i) a. a'=0
Example 1. Given the set {0, I} of two elements, where the elemnts
have been denoted by the symbols 0 and 1 as is customary and they have no
relation with the numbers 0 and Il used in arithmetic. Let the twobienary
operations be denoied by -+ known as logical addition and (.) known as

logical multiplication which have no relation to the operations of addition
and multiplication used in arithmetic. In tables 1 and 2 are given the
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logical sums and logical products, i.e., the results of the above operations on
the elements of the set.

Table 1 Table 2

% s~y (ate 1
S

0lo 1 olo o

il g 1o 1

Prove that the ser (0, 1) with the operations defined in the_ tables is
Boolean.

Solution. Both the operations are Boolean because of the following
properties : ¢

1. Closure. Tables 1 and 2 ensure the closure property for both
the operations -+ and {i s )

2. Commutative. Since there is symmetry about the leading diago-
nals, both the operations+and ( . ) are commutative. Also,
() 0+1=140=1

(i) 0.1=1,0=0
3. Associative. These opcrations are associative, e.g.,
(I+0)+1=1+1=1and | +(0+1)=1+1=1
So that
(14+0)+1=1+4(0+41)and (1.0).1=0.1=0
and 1.(0.1)=1.0=0
So that
(1.0).1=1.(0.1)
The reader is advised to verify this property in the remaining cases.

4. Distributive. Each operation is distributive with respect to the
other. For example

(D 14+0.1)=01+0). (141)=1
so that 4 is distributive with respect to ( . ) in this caser
(i) 1.04+1)=(1.0)4+( . 1)=1
so that “.” is distributive with respect to - in this case.
The reader is advised to verify this property in the remaining cases.
5. Idempotent. ‘
0+0=0, 14+1=1,0,0=0,1. =1
G.  Identity elements. We have
(i) 04+0=0, 140=1
so that 0 is the identity element for +.
() 0.1=0,1. 1=1
8o that 1 is the identity element for o &
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7. Complementation. We note that
0'=1 and ["=0
Since 04+0"=0+1=1
I+1'=140=1
and 0;0=0.1=0
1. 1"=li, D=0

8. [Involution. In view of property (1)
(0'Y'=(1)"=0 and (1')' =(0) = 1

9. De Morgan's Laws. We have

(0+41Y=1"==0and 0" . 1"=1.0=0
{ 0.1))=0=1land0'+1'=14+0=1
{ (04+0) =0"=1and 0’ . 0"=] , | =1
(0.0Y=0"=1and 0'+0 =] 41 -1
(I+1)==1"=0and 1", 1'=0, 0=20
{ (1.1Y=1"=0and 1"--1'=04-0=0

;0 that De-Morgan’s laws hold,

10.  Absorption Laws. These laws hold good, el
0-+(0 . )=0+40=0, 1--(I .0)=140=]
0.041)=0.1=0,1.(140)=1. =

The reader is advised to verify these laws for the remaining cases.

11. We have

(041 ) 40+ 1) =(140) 4-(1+1) = 1"+ I'=04+0=0. etc,

In view of these properties of

the set {0, 1} and the definition of -4-
and ' * as given by the tables [ and

2, we conclude that it is Boolean.

Example 2. State if the set {a, b, ¢, d} with the operations defined
in the tables is Boolean :
() (ii)
4+ 1tabecd abced
alabced
blbbdd
elede d
dldddd

Solution. Identity clement in (i) is ‘a® such that
ata=a, b+a=b, ct+a=c, d4-a=d
[see first row and first column of tuble ().
(ii) ‘d’ is the identity element in (ii) such that
a.d=a b.d=bc.d=c d.d=d



78 BUSINESS MATHEMATICS

Commutative : in (i) a+b=>b+a ete. and
(i) a.b=b. aete.
Inverse : in (i) b-te=d
| (i) b.ec=a [where ¢=b" or the inverse of b)

Distributive : Each operatign distributes over the other.
b¥(c.d)=d=(b+c). (b+d)
b.(c+d)=b=(b.c)+(b.d)

3'2. DERIVED PROPERTIES

As a result of the properties given above we find that the laws
applicable to the algebra of sets are also valid here. These are restated
here in the context of Boolean expressions :

1. Complement Law :  a+a'=1
a.a=0
Also (a') =a
0'=1
1"=0
Let us prove that (a') =a, foraEB
(@')Y=1.()
=(ata'). (@)
=a.(@) +a .(@)
=a.(a')' 40
=a.(a")' +a. a
=a.[(a') +a’]
=g.l
=g
IX. Identity Law : a+0=a
at1=1
1..1=1 or a..0'=a
a.0=0 or a.1'=0
111, Idempotent law : a+ a=a
a.a=a

This can be proved by the application of the above laws. Let there
by any a€ B, suppose we want to show that

(i) ata=a
Let'us have g=a+0
=a-taa’
= (a+ a)(a+a') [distributive law]
=(a+a) .l
=a+ta
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Now, we want to show
(iia.a=a
Let us have a=a.l
=a(a-}a’)
=aa-+aa’ [distributive law]
=aa-+40
=aa
=a.a
IV.  Associativity : (i) (a4+b)+ec=a-+(b +c)
(i) (@a.b) .c=a.(b.c)
V. Comnudativity : Stated with the property I,
VL. Distributivity : Stated with the property II.
YI1.De Morgan's law :
(i) (a4b) =a . b’
(ii) (a . b)Y =a'+4-b’
(1) a(b+c¢) =(ab’) . (ac’)
(v} a(b . ¢)' =(ab’)+(ac’)
VIIX. Duality : The dual of
a.(b+=(a.b)+@.c)isa+(b.c)=(a+b). (at+c)
and that of (a . 0)4(1 ., @) =ais (a+1). (0O+a)=a

Let us take a few examples with the old symbols to reveal the
identity of structure :

Example 3. Let xE B, prove that
() xijxe=x and (i) =Miw=x
Solution. We prove these by taking the L.H.S. of the identity.
(i) Since xUx=(xUx)N 1 Identity
=xUx)N(xUx"). Complement
=xU(xMNx"), distributive
=xU0 Complement
=X
(i) Since xNx=(xNx)UO
=(xNx)UxNx")
=X ({xl)x")
=xMN1
=x
Example 4. Lety € B, prove that
(i) yN0=0
(i) yul=1
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Solution. (i) yN0=(yN0)0
=(yN0OuyNy’)
=yN(0Uy")
=Ly}
=0

(ii) Left to the reader as an exercise.

Example 5. Lef x, y& 5B, prove that

(i) xU(xNy)=x

(i) XN{xUy)=x

Solution. (i) Since xUMNY)=(xNLDUENY)=xN{Uy)
=xM1
=X

(i) Left to the reader as an exercise.
Example 6. Prove that a' is a unique element.

_ Solntion. Lcrt us suppose that g is not a unique element ; there
exist two elements ' and a” such that

a . a=0; ata =1

a” . a=0, a-t+a"=1
Consider a'=1 .d' =(a+a") . a'=a .a' +d" .d
=04a" . a’

=q.a'+a" .a
=q".aqta" .a
=a". (a+a’)
=a¥ . l=qg"
Hence a’ is a unique clement,
Example 7. Prove that
(i) (a.b)y.c=a'(b. c)
(i) (a+b)+c=a4-(b+c).
Solution. (i) Let
(a.b).c=xand a.(b.c)=y
atx=a+[(a.b). cj
=[a+(a.b)]. (atc)
=(a+a.b).(a+c)
=la.(14+b)].(a+c)=[a.(d'+b+D)]. (a+¢)
=[ag.(b'+b)].(a+e)=[a.1]. (a+¢)
=ag.{(a+c)=a.a+a.c
=ata.c=a.(l+c)=a. (c'+c+c)
=g.(c'"tc)=a.lea
atx=a
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Similarly aty=a
Now a+x=da+4[(a.b).cl=la" +(a.b)].(ad+c)
=a'+a).(@+b)].(a+c)=[l.(a +b)]. (@ +c
=(a"+b).(a' +e)=a +b.c
=1.{(@ tb.c)=(@+a).(a +b. c)
=ag'+a.(b.c)
=a' 4y
Thus (a+x) . (@ +x)=(a+y). (@ +y)
aa’' +x=a.a +y
04-x=0+y
Xy
(a.b) .e=a.b.c)
(if) Students are advised to do the proof independently on the same
lines as shown in the first case.
Example 8. Prove that (a . b)’ =a +b’
Solution. To prove this, we have to show that
(a.b)+(@'+b')=1and (@a.a). (a+b')=0
Consider
(a.b)+(a"+b)={a+(a" +d')}{b+(a'+b")}
={(at+a)+b'H(b+a")+b')
==(14-b"){(a’+b)+b'}
=(1+b"){a 14 (b+b)}
=(1+b)d+1)=1.1=1
and (a.b)(a +b)=(a .b)a -+ (ab)b’
=(ba)a’ + a(bb")
=blaa')4-a.0
=b.0+4+a.0
=0+40=0
(a.b)=a+b
Example 9. Define Boolean Algebra and establish the following
results ;
(i)-a.(a+b)=a
(i) (@.b).c=a.(b.c)=a.b.c
Solution, (i) a.(a+b)=(at+b).a
=(a+b) . (a+0)
=a+b .0
=a+0
=q
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& a.(at+b)=a
(ii) Let (@a.b).c=p,a.(b.c)=qanda.b.c=r
Then a+tp=a+[(a. b).cl=[a. (a. b)la+tcl]

=(ata.b).(@¥c)=la.(1+b)]. (atc)
=[a. " +b+b)]. (a+c)=la. (b'+b)). (a+c)
=(a.1). (atc)=a.ata.c
=ag+4a.c=a.(l4c)=a. (¢'+¢+c)
=q.(c'+c)=a.l=a

a+tp=a
Similarly a+qg=aand a-tr=a
Also a'+tp=a+{a.bd).cl=[a+(a.b)].[a+c]

=[(a'+a) .(@+b)].(a +c)
=[1.(a'+b)]. (a+c)=(a'"+b).(a'+¢)
=a' +b.c=1.(@+b.c)=(a’"+a).(@+b. c)
=a'+[a.(b.c)]l=a+q
Thus (a+p) . (@' +p)=(a+q) . (a'+q)
a.a4+p=a.a+q
0+p=0+gq
p=q (1)
a+g=a+la.(b.c)]=(@"+a).[a+b.c]
=(a'+4a).(@+b.c)
=g +a.b.c=a+r
bk a'+q=a'+r
Thus (a+p) . (@' +p)=(a+r). (a'+r)
a.a+p=a.a+r
0+4p=0+r
p=r «(2)
From (1) and (2), we have
p=g=r
(@a.b).c=a.(b.c)=a.b.c
Example 10. Show that in a Boolean Algebra, B,
(a')'= afor allaeB (C.A. Entrance June 1984)
Solution. We have
L.H.S.=(a")’
=1".(@a'y
=(a+d).(a)
=q . (a') +a' . (@)
=a.(a') +0 [~ a.a'=0]



BOOLEAN ALGEBRA 83

=a.(a') ta.(a)
=a . [(a') +(a")]
=a.l [ ata' =1]
=q
=R.H.S.
i . (a') =a for all a€ B.
Example 11. Prove that :
ata.b==a.
(C.A. Entrance December 1983)
Solution. We have
LHS.=a+a.b
=a.l+a.b
=a. (14+b)

=a . 1

=R.H.S.
at+a. b=a.
Example 12. Show that : a'+ab=a"+b.
(C.A. Intermediate November 1982)
Solution; We have
R.HS.=a'+b
=a .14b.1
=a’' . (a+1)+b. (a+a)
=a" .a+a .1+b.a+b.a
=0+a’ 14a .b+a .b
=a .14a .b+a.b
=a .(l4+b)+a.b
=a .l14+a.b
=a' +ab
=L.H.S.
& a'+ab=a’+b.
Example 13. Show that
par+pgr’ +pq'r+p'qr=pg+qr+rp.
Solution. We have
L.H.S.=pgr+pgr'+pq'r+p'qgr
=(pgr+pqr') +(pq'r+p'qr)
=pq(r+r')+p'qr)
=pq . 1+pq'r+p'gr [V ata'=1]
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pq+pq r+p'qr ( a.l=d]
=(pg+pq'r)+p'qr
=p(q-tq'r)+p'qr
=p (@+r)-+p'qr [ a+a .b=a+b]
=pq+prvp'qr
=(pg-+p'qr)+pr

=q(p+p .r) tpr

=q (p+r)+pr (*r a-+a . b=a+b]
=pgtqr+rp [@a.b=b.al
=R HS:

: par-rpqr' +pa’r ¥ p'qr =pg+qr+rp.

3'3. BOOLEAN FUNCTIONS

A. variable x which takes two distinct values symbolically denoted
by 0 and | and for which the two binary operations (+) and (.) are
defined by tables | and 2 of example 1, is called a binary Boolean vari-
able. In Boolean functions we have D and 1 as the constants and a, b, ¢
or x, y, z as some arbitrary variables. Sometimes the initial variables a, b,
¢ etc., are used to express group relations with x, y, z. The Boolean
functions are the relations, expressed in the above constants and variables
with + for U and (.)for N and (') attached to any variable for
‘not’.

We now take a Boolean function and show how it is verified.

Example 14. Verify that (xNy)Ul(xUy )Ny =1

Solution. Let us verify this by the old method of truth table tak-
ing xNy==a and [(xUy)Nyl'=b".

Truth Table : (xNy) Ul(xUy )Ny} =1

x |y |a=x0yi y (xUy | b=(xUy)Qy i b | aub _
0| e | @[5 ® _ _|To ] ®
i 1 I 0 | 1 o I
1 0 0 1 i 0 b1 1
0 1 0 | 0 0 0 |1 1
0 0 0 1 1 0 | 1 ‘1

By means of simplification we can prove the cquality as follows :
xNP)UxNY)INY) =(xNpUNIxUy) Uy
=(xNIVUx'NyIUY]
=(xNy)Ulex’ Uy )N (U]
=(xNyUl(x"Uy)INI]
=(xNy)U(x'Uy")
=}
Example 14. Simplify {{a'Nb")Y UclN(aUc)Y
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Solution. {[a'Nd) UclN(aUac)}Y ==[(a'Nd) Uc) UlaUc)
=[(@Nb)Nelula’Ne’)
=@ NdNc)U@nc’)
=g'M¢c’
This is because {a'Ne'} D{a’'Nb Ne'}
Example 16. Simplify the following and show as a union of inter-
sections and intersection of unions.
[(xuUy)NxNy' Nz)'Y
Solution. [(xUy)N{xNy N2)' ) =(xUy) UixNy N2)
=(x'"Ny)UxNy'Nz) (i)
Now, we proceed further for having intersection of unions :
=(x'Ux) N (yUx)N(x Uy IN(pUY)INKE' Nz)N(yUz)
=1N(yUx)N(x" Uy )N N Uz)N(yNz)

=(yUx)N (=" Uy )IN(x' Uz)N(yUz) - (if)

The two expressions could be written as
ytxy'z (0
(y+x)(x"+ ¥ )x'+p)(y+2) (i)

) It may be noted that expression (i) is shorter than (ii) therefore for
saving the time of machine the former is sometimes preferred.

3'4. CANONICAL FORM

In this all the f:lcments are expressed as x or x', y or y' and z or z
as union of intersections or intersection of unjons. A complete canonical
form with three variables will take the following form :

1 1 1 x 'y oz 4

1 10 x y z

I &1 x y z Now, a complete canonical form has a
1 00 x y oz union of all the 8 (i.e.. 23) intersections :

0 1 1 x 'y z | (xyz)+ (xyz')+(xy'z)+(xy'z") +

01 0 x y 2 (x'yz)+{x'yz')+(x"y'z) +(x'y'z’

g U P

000! ¥ y 7z

. But a canonical form may be preferred in even few alternative forms
having all elements. For example

(x'NUENY N2)= (x'NyNDUKENY N2)
=[x'"Ny)N(zuz)NU(xNy N2z)
=(x'"NyNz)U(x' NyNnz)U(xNy Nz)

It should be noted that all the expressions are in the form of union
of intersections having all the three elements x, y, and z.

Example 17. Convert the following expression in canonical form as
intersection of unions and not as the union of intersections shown above.

(xUy)N(yNz)N(x"Uz)N(x' Uy’)
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Solution

=[(xUy)UNZ)IN[(yU2) UxNx)N(x" Uz)U
(NN LY )IUENZ))]
=[(x Uy) Uz)N(xUyUz )N (xUyUuz)N(x' UyUz')]
NI(x' Uy Uz)N(x' Uy Uz)N(x' Uy uz) N Uy U2)]
By eliminating the repeated unions, we have
(xUyU2N(xUyUZ )N UyUz)N (> Uy Uz)N(x" Uy Uz')
It is also possible to shorten the canonical form into a shorter but
non-canonical form. Let the Boolean function be

F(x, y, D=(xNyNz)UENY N2)UE Ny N2)UE'NY NZ')
=(xNz)U(x'0y’).
The dual of the above can be :
F(x, y, 2)=(x'Uy' Uz’ )N(x' UyUz)N(xUyUz )N (xUyUz)
=(x"Uz")N{xVy)

3'5. ELECTRICAL SWITCHING SYSTEM

It has a network of electrical switches which is an example of the
practical application of Boolean algebra. Let us take the switches r, s, ¢,
q, etc. The value of a closed switch or when it is ON is equal to 1 and
when it is is open or OFF is equal to 0.

An open switch r is indicated in the diagram as follows :

Sy - Sz

r

A closed switch r is indicated in the diagram as follows :

——5;

51 - —

3'6. BOOLEAN MULTIPLICATIONS

The two switches r and s in the series will preform the operation of
Boolean multiplication. See the circuit.

S &y o ey

Obviously the current will not pass from point S, to S; when either
or both are open, it will pass only when both are closed. Please recollect
the btrluth table given in the first chapter reproduced here with new
symbols :
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Truth Table: r. §

r 5 Fs§
1 1 1
1 0 0
0 1 0
0 0 0

The operation is true in only one of the four cases, ie., when both
the switches are closed.

37. BOOLEAN ADDITION

In the case of an operation of addition the two switches will be in
the parallel series, and not in the same series. See the circuit below :

r
Sy ‘—i ‘ 52
e

The circuit shows that the current will pass when either or both the
switches are closed. It will not pass only when both are open. Please
recollect the turth table for this operation given in the first chapter which
is reproduced here with the new symbols :

Truth Table : 745

r 5 1 r4-s

1 1 1

1 0 1

0 | 1

0 0 0 0

The operation is not true only in one of the four situations when
both r and s are open.

3'8. CIRCUITS WITH COMPOSITE OPERATIONS
(i) Circuit showing : r(s+q)=rs+rg

Lo
S, -7 T
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(it) Circuit showing : r+ (s .q)

——t-
Tl b

(iif) A corresponding circuit simplifying (ii) above into g rq is :

() A circuit for (r+5)g(u+v +w) is -

LT

So far we have seen that all the switches are closed or open indepen-
dently of one another and both the states were shown by one letter
symbol. But now we want to show the closed state by the letter say r, s
and open state by r’, s’ (both with prime).

Therefore the function :

F=(r.s".q)+(g-+s)r')
will be shown by the circuit as follows :

The closed properties of the above function are nicely shown by the
following truth table :

Tru_th Table : (r. 5" . q)+ [(g+s)r']

| S5 |9 |8 [r.5.q9) i [(gts)|(g+s)r |col. SFools
D Q) 3 |@ ERGIND) ®) )

1 1 1 0 0 0 1 0 0

1 1 0 0 0 0 1 0 0

1 0 ] 1 1 0 ] 0 :

1 0 0 1 0 0| o 0 0

0 1 1 0 0 | 1 1 1

0 1 0 0 0 A 1 I

0 0 | 1 I 0 1|1 1 |

0 0 /o 1 0 1 | o 0 0
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) The closed propertics of the function, therefore, are (i) rs” g (if) r'se
(#if) r'sq’ and (iv) r's ¢ For these see the row numbers 3, 4, 6 and 7.

) However, the above function can be simplified and presented by a
simple network :

_ First, we show the process of simplification and then the simplified
circuit.

E=(r.s" . q)+(g+35)']
=(r.s" .+l . QO+ . 9]
We transform the latter part in canonical form as follows :

=(r.o .4 .q. S+ .4.5)+(' 5.9
+(r'.s.q")

=(r.5.q9)+(" .5. @+’ .5.9V+(" .5 . q)
=(r".5)+(s' . ¢) The circuit for this is also given.

S ———— 53
s e
s T q
EXERCISES

1. Define Boolean algebra.

2. Indicate whether the following subsets S, S, of the set N of
natural numbers are Boolean for the operations indicated

$v={1,2,3,6,7, 21, 42,} for least common multiple.
§,={1, 2, 3, 4, 6, 8 12) for greater common divisor,
3. Prove that for every a, bEB
() aN(aub)=aU(aNb)
(i) aU(@ Nb)=aUbd
(i) (a+b)'=a'b’
(iv) {a. b)Y =a' +b
4. Simplify :
() [xNyY UzlN(xUy)’
(i) (aUb)N(@" UbYN(a Ub')
(iii) [aWUb)N(cubMNUbN(@ Uc)]
5. Simplify :
(i) (aLb)N(@'NY')
(if) (@aNbNec)U(a’Lb' Uc').
6. Express the following in canonical form :
(i) x"Uy'
(i) (xNyHUx"Ny)
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7. Rewrite the expressions in canonical form :
(i) x=y=1, w=2z=0
(i) X =0 y=z=]
8. Give the switches r, s, t in different forms.
9. Indicate the network, simplify and give a simpler network.

: {/ ) s
S
'/l' 5 3
10. Give the circuits *

() UYINEE UYIN(x' Uy
(i) (xNy)uzn(x'Uy’)
11. Give simple circuits for those in Q. No. 10.

ANSWERS

1. Seethe text. Give also the main properties.

2. S, is Boolean, 42 is the least common multiple for all elements
in the set.

Sy is not a Boolean, 3 is not a common divisor of 8

4. () x'Ny (i) a'N b’ (i) ab
5. o (i) 1
6. () (xUyuN(x' Uy Uz
(i) (xﬂy'ﬂz}U(xﬁy'ﬂz’)U(x'ﬂyﬁzJU(x’ﬁyﬂz'}
(@) (xUyUz)N(xUyuz )N (x' Uy’ Uz)N(x"Uy'Uz’)
7. () xNyNw'Nz’
(i) x’NyNwNz
8.

s,———-———ﬁ.’v——-—-’s'.-—-o/'r——— SZ

(ii)
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(i)

S e

52

9. (rNNULsN(s" UNN{r"U(sN )} after simplification (ruUs) witb
a simpler network as follows :

S et

10. @)

A

(i)
S
i)
51 ‘=t/"— = y’ Sz
(ii)
W S _—
Sy S,
R NORP———




