
10/13Math4990 : Inclusion -Exclusion c
Reminders' . - should get HW#2 back soon

if not already - - i

- Midterm # I is due today !

Fe've already seen that to count some
objects satisfying constraints , it's often

easier to count objects violating the
constraints , and then subtract.

EI . , how many anagrams of
BANANAS start with a letter

other than A ?

The principle of Inclusion - Exclusion is

a for on + extensions of this idea ,

which allows for multiple constraints .



Problems't : 13 students in a class play
busvetball

,
7 play soccer , 4 play both.

How many play either
?

Answer : 13
'
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Easiest to visualize with a Venn diagram:
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Probkm 13 basketball
,
7 softer

,
B tennis

,

4 play Bts , 2 play B -IT ,
2 play Stt, I PITY§ .

How many play any of these sports ?dbl - counting ←ytreated
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Same idea of subtracting (excluding) when
we're double - counted , but then adding
back (including) whenwe've subtracted
too much will work for any # of sports .

But it's helpful to state general result formally . - .

Thin (principle of Inclusion- Exclusion)
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NOIE : Commonly A , ,
Az

,
.
.
.

, Ak represent
"bad" properties you're trying to avoid

-

So the following version most used :
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Eiampleofpe : Derangements

A permutation ptsn is called a

derangement if it has no fixed points :
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How many derangement in Sn?

Thin # derangement in Sn =
k
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Hat check problem
-
-

: (imagine it's old times . . .)

100 peoplego a play and check
their hats

at the lobby . But thelobby guy forgets to

tag the hats , so at end of night gives hats

back to people at random .

Question : what's the probability that

no one gets their own hat back ?



Easy to see that this is asking :

what's Prob . a random Pfsn is a derangement ?
So by our thin , hatcheck prob .

=

i-E.tn" ← Iii:
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is

×v. finite approx.
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⇒ hatcheck
prob . I I = 0.3678

.
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w/ n 100 , approx
.
is very good .

(even n--lo)
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2nd Example of PIE
-

:

We can use PIE to get a pretty good
formula for Stink) , 2nd kind Stirling #

's

(the ones counting set partitions
)



Think! .su,H= oui the - jin .

It : Recall that k ! . Shik)

= # surjectionS f : en] → Ek]

= # ways of placing n distinct balls
into K distinct boxes ,

where

every box has atleast one
ball

e.siege OF
By PIE ,
= # ball placements
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Now let 's fare a break !

And when we come back ,

do more PIE problems

on the worksheet

in break out groups .
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