
 1 Admin Exam means funnydeadline Professor Hamlin
includes up to day to DayottSol n released for HW 4 on Sunday

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

3 Permutations
4 Counting strageties

partition
complement
simplification

Review
Pigeonhole principle pile w at least TNT items
Counting product rule and't cartesian

sum rule or't product

principle inclusion exclusion

Exercise Can wear pants shirt nor dress

4 pants 3shirtsfdressesShow many
outfits

I pant I I shirts 4.3 12

12 2



Permutations Corder matters

Vaccum salesman 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
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 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

5.4 s4

Formalty a permutation is a way of

ordering k objects from total of h

n permutek n K n r

P n k

III nak

of 3 cities 2 of cities

113,3 Pis



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

Pls 5

2 How many ways ofordering 6 out of 20

people for photo n 20 k 6

1120 6 28
20 19 18 1716

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

Reference s

10 I 3 106 1017 seconds since

20 2 1018 bigbang
11080 atoms in universe
10100 googol

On Hw Exams please leave as factorial
e g of



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 ns.t A
not last

U All orderings of 5
U

people
L

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
L

U L 0 L Only works if disjoint
141 order all 5 people

P S 5
S1 96

s
L A is last

_myP 4,4
K 4



Partition splitting something larger into subsets

u

no overlap between subsetscg Sons

So US US US US U all elements
included in subsets

Careful all elements are included
no element is included in more than
one subset



Count bypartitic
How many ways to order people it A
hot last Aisfirstror A issecond or Aisthird

or Ais 4th

1k P 4,4 4
or

P 454 4
or

P 474 4I
worn

I P 4 4 4

4.416 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



extension ofpartition
courgjii.im i i aerpeopess.t.a

not last
P 4,4

ways to order
4 people not A

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
treat as same 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

length 1 26 26 262 2637266562 262
3 263
4 26
5 265 reuse options reuse

order matters nk Pln K

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

partition but be careful

starts w a ends w b
9262616 263 b 263

1263 263267
stay

enow
b

azi



2

UI all passwords of length 10
261

III things that start w qwerty
8 kerty 264

101 II 26102641

3

S 8 7 3

1410,3
19 017,3 7

ᵗ



4
me arene complement partition

I I I
valid invalid

Kul III 14 n 7 4 5

P 7,5
2 i

21 4 P 5,3
21
21

P 7 5 4 P 5,3

Parent Baby approach tricky Because
we can exclude folks thus can't
treat 2 1 as same person


