
 Agenda Professor Hamlin
1 Admin Daylow

Practice exam

Exam instructions
Leave answers in factorial form Hw

2 Review
3 Combinations order doesn't matter

left over principle
4 Balls Bins

Review can reuse cantreuse
options e.g options e.gpasswords

people inphoto

Permutations n Plnik IIIorder matters

Counting stragettes count by partition count by
complement simplification

Exercise 1 How many orders can I pct 5 cats

at a cat caterit I can pet a cat more
than once with 10 cats total

n 10 K 5 165W
2 Same question but now I can't pet a cat more
than once P 10 5



Combination order does not matter

w̅ Grab a fist of two candiesB
from the halloween candy bowl

JollyRancher Reeses Cup
Milky way

R

How many different combinations
JR JM RM

RJ MJ MR

In ordered pairs this is P 3 2 6

But I'm grabbing a fistful at a time
it doesn't matter what order I grab
them in

this
angdon J R J M RM 3 ways

Transform
J M J M R unordered

We've overcounted we have 2x the count
OR there are 2 2 ways of ordering
2 candies



Informally combinations are

Ways ofordering
Ways of 2 from

Choosing
2 from
ordernot 2

matter lematters

Formally choosing k from n items order doesn't

can my

fqqfff ffifff

n choosek

can reuse cantreuse
options e.g
passwords options e.g

people inphoto

AWEE n II

Combinations 1 in K
orderdoesn't comeback to
matter this



Exercise 1 Howmany ways can 8 manokart racers

form the top 3 The order of 1st2nd 3rd
matters order matters no repeats

TOAD

EHFYE.FI P 8 3

2 We now have 4 teams in manokart with
3members each Howmany different team

orderings can we have for 1st 2nd 3rd
order matters yesrepeats

Red 43

MEET
3 Howmany unique hands of 5 cards can be made
from standard 52 card deck Hands are unordered

order doesn't matter no repeats
n 52 K 5
s

5 2.5

4 How many ways can one select the remaining
47 cards from the problem above

n 52 4 47

4452 47 7



Leftoverrinciple
How many ways can I choose all but 10

Students to take out for ice cream in class
of size n

cnn.T.CI

How about the n to to take out for ice
cream

1 0 1 10 In 10

6 1 7 n 10
cnn.TO

10

It doesn't matter who we choose to induce
or exclude it is the same of combinations

Can reuse cantreuse
pastor ftp h'photo

Permutations n IIordhatters

Combinations
K

order comebackto

doffraffer this



countingpartitionsofidenticalobjec.tt
Balls Bins or Stars Bars

How many ways can two people split k slices of pizza

Et t.it 0 ftp.ior
will eat pizza

box µ
everything will eat every
to leftofbox thing toright

of box

1 Pizza slices are identical so they
can be in any order

7 What varies is the number of pizza
each eats i e where we put the
barrier

T.it fiTi t.ro om pm

8
3 slices 4 locations

K 4 slices S locations

3 1 3

I boundary

ks ways
pizza



Three people I

Et 0 010 0 from
pizzabox µwill eat

pizzaboxy.TT
everything will eat every
to leftofbox thing toright

will eatanything I be
between boundary

K1 ways

of boundaries

people pizza slices
if we have n piles and k items

oesn't matter Bins Balls
can repeat Bars stars

starsebars A
Group Group2 Group Groups

Group4

balls
wins w www.W

Need n 1 boundaries for n piles

Kth 1
ways

n t



Putting it can reuse cantreusetogethI options e.g
passwords options e.g

people inphoto

Permutations nk Plnikin sorder matters

combinations II E inCorderdoesn't
matter

Example 1 0 10pieces ofcandy
How many ways splitcandy eg 9 1 0

balls K 10
bins n 3

10

Warning twoefvalent formulas for balls
bins

K Hem th K item ti
N groups G N groups

K N 1

m NE
what we used

Equivalent due to leftoverprinciple



Counting in summary
Sum rule an morn of options

if disjoint AUB Alt B
if not use PIE HUB Alt B AMB

Product rule an wands of options
1A B 1A IBI

Counting strageties
Count by partition break into disjoint
subsets combine using sum rule

Count by complement count items
not of interest of 14 I Ul If

Count by simplification look for
simplier equivalentproblems

clearly document approach
easier to find mistakes

7 If stuck review counting rules stragettes

trysolvingsimplier sub problem
determine if order matters

are repeats allowed



i
AEIOU 10

order matters can repeat
1111110 1050

2 a
125 students order doesn't matter each

n 125 can't repeat
K 10

E É
3

order matters no repeats n 10 KZ
7110 3

4

order doesn't matter I terrorized a NEU
can repeat Building for an hour

Balls K 14
Bins n 3

17 419
I



6
i e won't wear pant Aw shirt B and panta w hate

complement partition
I 5 F U all possible outfits

I shirtB w part A nor pantaw

4 3 32 30 141 111 240
hate

II Apw B Apw Ca 1 6

If I Intersection

1

7
partition

AuffMananda
Valid

rd r

I 3 111 I I
B A 4

PCS 3 BE A 4

5.4 5 4 5.04
3 5.4



8 as 88

No nation repeated 2 repeated 3 times

in a I 5

5 5 3.46


