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Discrete Mathematics
Set Operations

Definition: Let 4 and B be sets. The union of the sets A and B, denoted A U B, is the set that
contains those elements that are either in 4 or in B, or in both.

Try this one: Write the union of A and B in the set builder notation.

AUB=1x| xeA v xeBl
)

Venn diagram for AU B

Definition: Let 4 and B be sets. The intersection of the sets A and B, denoted, 4 N B, is the
set containing those elements in both A and B.
Two sets are called disjoint if their intersection is empty.

Try this one: Write the intersection of A and B in the set builder notation.

AN =4{x| xeh A xeBY

Example 1:

a. Find {5,7,19}uU{1,2,3}. = -{ W2. >, 5\, \Qg

b. Find {5,7,19}n{1,2,3}. = ¢ ({ 3)

A B

Venn diagram for A N B
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AN\DS

Definition: Let A and B be sets. The difference of A and B, denoted by A - B, is the set
containing the elements of A that are not in B. The difference of A and B is also called the
complement of B with respecf WA —

Try this one: Write the difference of A and B in the set builder notation.

A—-B—-_ﬂx\ xeA I\Xé%’k

Venn diagram for A - B

Example 2: Find {5,7,19} — {1,2,3} = { 5Q., \Q-B

12,53 - 42,53 = {3 e

Definition: Let U be the universal set. The complement of the set A, denoted by A, is the
complement of A with respect to U. Therefore, the complement of the set A is U — A.

Try this one: Write 4, in the set builder notation.

R {x [ x£AD

7
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Venn diagram for A

Example 3: Let A be the set of positive natural numbers and the universal set is the set of
natural numbers. Write A.

K={Ol Oo,\W2,.. -

The cardinality of the union of two sets

|AU B| = |A| + |B| — |A n B| Inclusion-exclusion principle

?

Example 4: Find |A U B|if A = {1,2,3,4,5}and B = {2, 3,4,5,6,7,8}.

[hoB\=B+1-4 =2

Definition: Let A and B be sets. The symmetric difference of A and B, denoted by A@®B is the

set(A—B)U (B —A).
A= (AUR)— (A

Venn diagram for symmetric difference

Try thisone: U = {x € N|x <10}, A = {1,2,3}, and B = {3, 4, 5}. Find A®B.

AR = 11,2,483%
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Set Identities
o Identitylaws: AUDP =A4; ANU=A
e Dominationlaws: AuU =U; An®o=0
e [dempotentlaws: AUA =A4; ANA=A
e Complementation law: @ =A
e Commutativelaws: AUB =BUA; ANB=BNA
e Associativelaws: AU(BUC)=(AUB)UC; An(BnC)=AnB)nC

e Distributive laws: AN (BUC) = (AN B)U (AN C);

AU(BNC)=(AUuB)N (AU ) — “x
1. AOB S
e DeMorgan’slaws: AUB=ANB;, ANB=AUB —_ -
VISR =S

e Absorptionlaws: AU(ANB)=4; ANn(AUB)=A

e Complementlaws:AUA=U; ANA=0
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Proving set identities

A=R 5§

Different ways to prove set identities A c® A B fal -\
B e Prove that each set (side of the identity) is a subset of the other. - -

'2)0 Membership Tables: Verify that elements in the same combination of sets always
either belong or do not belong to the same side of the identity. Use 1 to indicate it is
in the set and a 0 to indicate that it is not.

2> Example 5: Construct a membership table to show AU (B N C) =‘(A UB)N(AuC) \

LHS A 3

A | & | C |Bnc hu@end) AUB| AUC [RHS
ol o | o| o] 0o o | O
O O ( O 0 V) l O
o) © |l o \ V) 0
o

O
x SR fert \
x & B e

xec | |\ \ O

— OO0 |0O| -~

SGNMC
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‘) Example 6: Prove AU (BN C) = (AU B) N (AU C) by showing that RHS set and LHS set
are subsets of each other.

® Au (BN € (AN (AU
LUKS & QWS

ac) Then x€ A orxeBNC
led x € AU (B > en o \._,c-l,\\'

IC x e A Ahen x e AUR and xe AVC.
Henea- xe GQUBY QA (AUC).

TC xe BAC, 4hen xe & gnd xS
Then xe NUB and x & MU,

Nenca %X € AL O (AU D.

® GRuD A BudD € AL (BAOS
RS C LAS

Let x & (AU N (ALD, Yhen

x € AUB and x e AUS-
Then x€ N or xeband &S (or bath
T x e, Yhen xe AU (BND.
I8 x eBand xe | then x& BOC,
Henca AU (BN, AED.
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Definition: Let A and B be sets. The Cartesian product of A and B, denoted by A X B , is the set

of all ordered pairs (a, b), where a € Aand b € B. C Q b) ¢ ( B Q)

Try this: Write A X B in the set builder notation.

Ax® = Y Cadlae A A \:e\?%

Example 7: Let A = {1,2,3}and B = {a,b}. Find AX Band B X A .

AxB = Y (D, (1, (2@, G.b, (>, Lb\\bl
BX #\ = ‘\ (G\\> ) (q\2> ) CQ\Q\ QB\B ;(b\ﬁ\(b\5>l

In 5ehera\ , hxb & BxA

AxE = bX‘Pﬁ \ UJ»\e.h K=
Example 8: Find A3 if A = {a}. A2-= '{ (q \ QBB

A‘b.—;AXAXA:{(q\th}S A:-‘Q‘S
Az x A =4,y

Example 9: How many different elements does A X B have if A has m elements and B has n
elements?

M xn

Example 10: Suppose A X B = @, where A and B are sets. What can you conclude?

| Ax®\ =¢ s Yhen A=¢ o ® = & or both
A= dabed ®-= %

S, 3¢
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Cq\b) = *QIL?B

A A
axrdered set coh'\ainins > elementy
?0':“” aand b

(24> o)t

( q\\b = CB‘CD



