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1.4 VENN DIAGRAMS

A Venn diagram is a pictorial representation of sets by sets of points in the plane. The
universal set U is represented by the interior of a rectangle. And the other sets are be
entirely within the disk representing B as in Fig 1-1(a) If A and B are disjoint, i.e. have
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no elements in common, then the disk representing A will be separated from the disk
representing B as in Fig 1-1(b).

However, if A and B are tow arbitrary sets, it is possible that some objects are in A but
not B, some are in B but not A, some are in both A and B, and some are in neither A
nor B ; hence in general we represent A and B as in Fig 1-1(c).

U u U
B O ;

(a)AcB (b)A and B are disjoin )

(Fig1-1)
1.5 SET OPERATIONS

The union of two sets A and B, denoted By A U B, is the set of all elements which
belong to AortoB: AUB={x:x€Aorx € B}

Here "or" is used in the sense of and/or.

The intersection of two sets A and B, denoted by A N B, is the set of elements which
belongtobothAandB: ANB={x:x€ Aand x € B}

If AN B = @, thatis, if A and B do not have any elements in common, then A and B are
said to be disjoint or nonintersecting.

The relative complement of a set B with respect to a set A of, simply, the difference of
A and B, denoted A\B, is the set of elements which belong to A but which do not belong
toB: A\B ={x:x € A,x & B}

The set A\Bis read " A minus B" . many texts denote A\B or A-B.

As noted before, all sets under consideration at a particular time are subsets of a fixed
universal set U. The absolute complement of , simply , complement of a set A, denoted
by A€, is the set of elements which belong to U but which do not belong to A:

Ac={x:x€U,x & A}
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AU B is shaded - | ‘ @ AN B is shaded

I

A\B is shaded

I

A€ is shaded

(Fig1-2)

That is, A€ is the difference of the universal set U and A . Some texts denote this set by
A'. We illustrate the above operations by shading, respectively, the sets AUB ,A N
B ,A\B and A€ in the venn diagrams in Fig 1-2.

Example 1.3 : Let A={1,2,3,4} and B={3,4,5,6}, where U={1,2,3,4,...} , the set of positive
integers Then: AU B = {1,2,3,4,5,6} ,ANnB ={3,4} ,A\B ={1,2} A ={5,6,7,...}

Our next theorem is shows the relationship between set inclusion and operations pf
union and intersection .

Theorem 1.2: The following are equivalent:Ac B,ANB=A,AUB =B

(Note : this theorem is proved in problem 1,21. Other conditions equivalentto A C B
are given in problem 1.31)

1.6 ALGEBRA OF SETS, DUALITY

Sets under the above operations satisfy various laws or identities which are listed in
table 1.1 In fact we formally state:

Theorem 1.3: sets satisfy the laws in table 1.1

Table 1.1 laws of the algebra of sets

Idempotent Laws
la.AUA=A4 1b.ANA=A
Associative Laws
2a.(AUB)UC =AU (BUC(C) 2b.(ANB)NC=ANn(BNC)
Commutative Laws
3. AUB=BUA 3b.ANB=BnNA
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Distributive Laws
4. AU(BNC)=(AUB)N(AuUC) 4b.AN(BUC)=(ANB)U(ANC)
Identity Laws
52AUQ=A 5b.ANU=A
5cAuU=U 5d.AnNP=0
Involution Law
7(A) =A
Complement Law
Ba.AUA“=U 8b.ANA =0
9a.Uc =0 9b.0¢ =U
Demorgan's Law
10a. (AUB)¢ = A°n B¢ 10b.(ANB)¢ = A° U B¢

We discuss two methods of proving equations involving set operations . The first is to
break down what it means for an object x to be an element of each side, and the second
is to use venn diagrams, For example, consider the first of DeMorgan's Laws

(AUB) = A°n B¢

Method1: We first show that (A U B)¢ c A N B€.ifx € (AU B)¢ thenx ¢ A U B thus
x ¢ Aandx € B andso x € A and x € B¢ .Hence x € A° N B¢

Next we show that A° N B¢ € (AU B)“. Letx € A° N B€ then x € A° and x € B€
Sox ¢ Aandx €& B Hencex & AUB soifx € (AU B)“.

We have proven that every element of (A U B)¢ belongs to A° N B¢ and that every
element of A° N B€ belonge to(A U B)¢ . Together these inclusions prove that the sets
have the same elements,i.e tat (A U B)¢ = A° n B¢

Method2: From the venn diagram for A U B in Fig 1-2 ,we see that (A U

B)¢ is represented by shaded area in Fig 1-3(a). To find A° N B¢, the area in both
A¢and B°we shade A€ with strokes in one direction and B¢ with another direction as in
Fig 1-3(b) . then A€ N B¢ is represented by the cross-hatched area which shaded in
Fig1-3(c)

since(A U B)®and A° N B¢ are represented by the sane area ,they are equal

7
{

(@) (b) ©
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Fig1-3

The reader may have wondered why the identities in table 1.1 area arranged in pairs,
as, for example, 2a and 2b . we now consider the principle behind this arrangement .

Suppose E us Equation of set algebra . the dual E* of E is the equation obtained by

replacing each occurrence of U,N, U and @ in E by N,U, @, and U respectively. For
example ,thedualof (UNA)U(BNA)=A4 is (QUANBUA)=A

Observe that the pairs of laws un table 1.1 are duals of each other. It is fact of set
algebra, called the principle of duality, that if any equation E is an identity then its dual
E* is also an identity .
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