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of Inclusion and Exclusion
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Jenoted
as||P|andAsweknow

thecardinalityofthe set P isthe number of unique elements in set P. It is
1

read as cardinality of set P.

FIRST PRINCIPLE

IrP and Q aredisjoint sets, then

|PUQI=|P|+ |Q1.

tPand Q be anytwo non-disjointsets. ThenTheorem
Let

|PuQl=|P|+|Q|-|PoQ.
Proof.Draw Venn diagram for the above as shown in

ig. 1.

Erom figure, we seethatPUQ can be seen to be the

mion three disjoint setsP-Q,Q-P and Po9 P

So PUQ|=|P-Q|+|Q-P| +|PoQ ..a)

Also, |P|=|P-Q|+||PoQ| ...(ü) PoO
nd |Q1-|Q-P|+|PoQI ...(iii)

Combining (iü)and (iii) Fig. 1

|P|+|Q|= |P-Q|+|Q-P| +2|PoQI
|P|+|Q|=|PuQ|+|PoQ|

(As|PuQ|=|P-Q|+|Q-P|+|PoQ)|PuQ|=|P|+|Q|-|PoQ|
Hence proved.

Theorem II.Let P, Q andRarethree finitesets. Then

|PUQUR|=|P|+|Q|+|R|-|PoQ|
Proof.Using theorem I,we have

-|PoR|-1QnR|+|PoQnR|.
|PuQUR)|=|P|+1Q0R|-|PoQUR)|

As |P|+|Q|+|R|-|QR|-|PnQUR)|Po(QUR) =(PoQ)UPoR)
..)

So |Po(QUR)|= PoQl+|PoR|-|(PoQnPoR|
-|PoQ|+|PoR|-| PoQR| .i@)
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Putting (iü) in (),we get

IPUQUR||P|+ |Q1+|R|-|PoQ|-|PoR|
-|Q0R|+|Pog.

Hence proved.

INCLUSION-EXCLUSION
PRINCIPLEIN GENERAL

Let P,,P,, .,.P, are finite sets.Then|PO,.,2PI-1si<jsn

E |P,oP,nP, ....+1yn= | P,o P,o
1sisi<k Sn

n

SOLVEDPROBLEMS

Problem 1.In a survey of 200 musicians, it was found that 40 wore gloveson the

hand and39 wore gloveson theright hand. If 160wore noglovesatall, how many mor he

ononly theright hand
?Only the left hand ?On both hands ?

Sol.Total numberof musicians wore
gloves on left, right or both hands Le

|LUR|=200- 160=40

Musicians woregloves on left hand| L|=40

Musicians wore gloveson right hand |R=39
Musicianswho wore gloves onboth hands|LoR|=|L|+|R|-|LUR| = 40 + 39–40=39

Musicianswhowore gloves only on right hand

=40-39=1
Musicians who wore gloves only on left hand

=39-39=0.

Problem 2.Outof1200 students ata college

582took Economics

627took English

543took Mathematics

217took both Economics and English

307took both Economics and Mathematics

250took both Mathematics and English

222took all three courses.

Howmany took none ofthe three ?

Sol. Suppose |A|=582 |B|=627
|C|=543 |AnB|=217

|AnC|= 307 |BoC|=250|AnBnC|= 222

The total numberof studentswho tookanyof three subjects

|AUBUC|582+627 +543 -217-307- 250+222=1200
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Students
whe toolk none ofthree

(totalstudents
inthecollege)-(total students who took any of three sobjeets)

1900 1200-0.

Problem
3. 40eomputer programmers interviewed for a job. 25kneu JAVA,28kne

ORACLE
and 7 kne neither language. How many knew both languages

Sol.Now
|J|25
|O|=28

|JU01 40-7 33

Computer
programmers

who knew bothlanguages are

|Jo0| 25+28-33=20.

Problem
4. Among 100 students, 32 study Mathematics, 20study Physics, 45 study

Bialacy,
16 study

Mathematicsand Biology, 7study Mathematics and Physics, 10study Physics

and Biology
and30do not study any of three subjects.

la)Find the number of students studying allthreesubjects.

End the number of students studying exactlyone of the three subjects.

Sol. |M|=32 |P|=20 |B|=45
|MoB|=15 |MoP|=7 |PoB|=10|MuPUB|= 100-30=70.

(a) Number of students studying all three subjects

IMoPoB|=70- 32-20-45 + 15 +7 + 10 =5.

(b)5study all three subjects.

16-5=10study Mathematicsand Biology but not all thethree.

7-5=2 studyMathematics and Bioto but nnot all the three.

10-5=5 studyPhysics and Biology but not all the three.

32-10-2-5= 15 study only Mathematics.

20-2-5-5 =8 study only Physics.

45-10-5-5= 25 study only Biology.

Number of studentsstudying exactly oneof three subjects
=15+8+25=48.

Problem 5.A survey of 550television watchersproduced thefollowing information :
285watch footballgames
195 watch hockey games
115watch baseballgames
45watch footballand baseball games
70watch footballand hockey games
50watch hockey and baseball games
100donot wateh anyofthethree games.a)How many people in thesurvey watch allthreegames(6)How

many people wateh exactlyone of thethree games ?Sol.

1P|286; H|-195;| B 115
|PoB|=45;|FoH|=70;|HoB|=50
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Sol. LetAisthenumber ofintegersdivisible by 5

Bisthenumber of integersdivisible by 7

Cis thenumber of integersdivisible by 9.

1000 -200; |B|So 5 =142

1ei--un; |AnB|= 5x7
1000

-28

|Anc|=
10007=22; 1000
5x9 l7x9

=15

IAnBAC|--3
(a)Thenumberof integers divisible by 5, 7 and9
|AUBUC|=200 + 142 +111 - 28-22-15 +3

-391.

The number of integersnot divisible by 5,nor by 7,nor by 9
=Total number of integers-integers divisible by 5,7and 9= 1000 -391=609.

(6)The integersdivisible by all the three integers=3
28-3 =25integers divisibleby5and 7but not by all the three

22-3=19integers divisibleby 5and9but not by all thethree.200-25-19-3=153 integers divisibleby 5but not by 7,not by 9.


