
 1 Admin Exam means funnydeadline Professor Hamlin
includes up to day 10
Sol n released for Hwy on sundaybayott

good news more time to study
2 Review balnews onlymay use 1 late day on Hwy

3 Permutations
4 Counting strageties

partition
complement
simplification

Review
Pigeonhole principle a pile w at least THEitems
Counting Product rule and't

Sum rule or

principle inclusion exclusion

Exercise Can wear pantsshirt dress

4 pants 3 shirts 2 dresses how many
outfits
pants shirts 4.3

Idresses 2



Permutations Corder matters
HamlinWizard Oil
Vamsalesman visiting

Atlanta Boston Chicago
How many ways can the traveling salesman visit
the three cities

B
C A B C

c B A C B
A C B A C

B
A

Also can think
C A B C A

3 choices forfirstC
A B C A B city

ANDB A C B A 2 choices for second
City AND

choice for third

we use product rule to combine city

Firstchoice secondchoice third choice
3 2 1

Also known as 3D 3 factorial

Factorial n n n 1 n 2 _3 2 1

By convention 0 I
81 8 7 6.5 4.3 2 1



What if we have 5 cities and only
visit 2

5 choices for 1ˢᵗ city
AND

4 choices for 2ndcity
5 4 20

can also think of it as

s.FI
Formay a permutation is a way of

ordering k objects from total of h

n permute
K

Plnik
1

3 of 3 cities 2 of 5 cities
n 3 4 3 V5 K 2

PG 3 Pls 2 s

3.2.1 5 2 5 2



Exercised 1 How many ways are there to order
5 people in a line for a photo

n S K 5

PCs 5

2 How many ways ofordering 6 out of 20

people for photo
n 20 K 6

20 6 28
I Eta

Bonus How big of factorial do you need to break
your calculator

Reference s
10 3 106

1017 seconds since
20 2 1018

bigbang
11080 atoms in universe
10100 googol

On Hw Exams please leave as factorial
e g



four people
ordermatters

t replacement

length 4 in line for
photolowercase
32

264 P 4,4

Part.no
ff

when we divide larger set into
subsets

subset are disjoint overlap
S AS

union of sets is to original set
S US US U 54 S



Countingstragetic
For complex counting problems how can

we approach them

There are a few common strageties

Count byComplement
5

How many ways to order people sit A
hot last

U All orderings of 5
U

people
2

Anot
last L set of orderings where

A is last

idea if we can calculate U we can just
subtract all items we aren't interested in
t

U L 0 L Only works if disjoint
141 N 5 K s

Ng 1P S 5 s

A N 4 K 4 119

P 4 4 4



Count bypartitic
How many ways to order cople sit A
hot last

n 4 K 4
so P 4,4 4

or

P 454 4
or

I P 4 4 4
nor

I P 4 4 4

40 96

Split choices into disjoint sets e g

IA in first Ainsecond It Hain 4th

Common error is to have overlap between
sets be careful if overlap use PIE

and include all options



Count bysimplifications extension ofpartition
5

How many ways to order people ns.t A
not last P 4,4

n H K 4

A A A A__ ways to order
4 people not A

96 4 locations to

put

Recognizing that each of you disjointsets
is the same

Example How many ways to order portrait
of 5 people if person 2 is a baby and
must be on person 1 s immediate right

3 5 1 2 4 1 3 5 24
8 8

Good Bad

Can treat 1 2 as one item
n 4 K 4
P 4,4 4



Exercise
1 How many passwords can be made of
lowercase letters no longer than 5

characters partition letters canbereased

I char 6 26

2 ñar 626 262
3 Mar 263
4 Char 264
Skhar 265

265 26 263 262 26

2 How many length 4 passwords lowercase
start w a or end w b

partition but be careful
a b

startsula end w b

a 263 b 263

a b
263 26

star.tw aendwlb



Exercise
D

241 121
Nk

U passwords length10

2626 261

12 start w Qwerty

QWERTY 264

2610,264N

weave

photo of M Photo of C
N 10 K 3 N 7 K 3

1410,3 73

I



These complement then partition
5 31 4 SEE t

valid

U order Soft n 7k s P 7,5

14 2 right next to 1
21 P 5,3

521 PCS 3
21 P 15.3
21 PCS 3

P 7,5 4 PCS 3
4

Totherapproach
I included or 1 is not included

complement

I


