


































































3.5 COUNTING SUBSETS

HOWMANY SUBSETSOF SIZE K ARETHERE OF A SEA of SIZE R

Def y
on Clark on ace n choose k

DENIES THE OF SUBSETS THATCAN BEMADEBY CHOOSING

n n n n nm

x y.gg OE k E n

PROOF A LISTOF K ELEMENTS WITHOUT REPETITION CANBEMADE
From n elements in PlnK WAYS

SUCH A LIST CAN BE MADE IN 2 STEPS A CHOOSEOFSUBSETOF KELEMENTS FROM N ELEMENTS
2 Permute THE K ELEMENTS CHOOSEORDER

BY MULTIPLICATIONPANCIPAL WE HAVE

Pink k x k y Pink
k

n

k In k
i 12

ex


The fish section of a pet store is stocked with 8 guppies, 6 angelfish, 13 goldfish, and 9 
rainbowfish.


How many ways are there to select one of each?
1.
How many ways are there to select two of each?2.





































































ex

Note You MUST WALK 3 BLOCKS EAST 13 BLOCKS NORTH

e.g NNNENNNNENNNNNN

am i in
Proof Let U Be A Sel INI n

ForEvery Subset I e U WITH SIZE K I is a subset with size n K

feed txt k's I EU E n k's

That is
i ik

ALTProof

din a In in kit In a in d Inin ki tic

How many ways are there to walk from corner of W 44 St and 11th Ave to the corner of W 
57 St and 8th Ave, assuming you do not go out of your way (only walk north and east)? 





































































3.6 PASCAL'sTRIANGLE THE BINOMIALTAM

Tim
it e tf

Proof Combinatorial Proof Both Sides answersame COUNTINGQuestion READ 3.10

SUBSETSof size K of

112,3 n n t y
Subsetsof size k

THAT include nt
t Subsets of sizek
THATDon't include ntl

ChooseOTHER K 1

Iii i r

n n ka nAM I k Kiki n ka n ka k In k

Lep k In kti

kn th In ka n Ktn Ki
k In ktil k In Kti

nti

k Inti Kl It

no
K l ko ka K2 K3 KY 125 126

i
o o o o o o o

nai o o o o o o

n 2 O I 2 I o o o o

o 1 3 3 t o o on 3
n 4 O 1 I Nt 4 l o o

n 5 0 I 5 10 10 5 I o

n 6 0 1 6 15 to 15 6 1

BLAISEPASCAL 16231662


































































now O
now 1
Row 2
Row 3
now 4
now 5

now 7

gp8 go.mn

I
ii
iii

swimming

d x y
coefficients and

ennies n'tnow of

Palais
Tano

x

I d x t 15
8

90
6

270
4

405
2

243
3 1 33 1
4 14 64 I
5 1510105 1

BINOMIAL TAM xty Eg Y x y

Here É 1 1 3 1 3 4

https://www.cut-the-knot.org/
arithmetic/combinatorics/
PascalTriangleProperties.shtml































































3.7 THE INCLUSION EXCLUSION PRINCIPLE

A B

Let S set of ALL 4CARD HANDS ALLSAME SUIT
R e se of ALL 4CARD HANDS ALL RED

Isu rt 1st Irl IS RI

1 I i

53.8 MULTISETS

DEL A MULTISET IS COLLECTIONOF OBJECTS LIKE A SEI
WHERE ELEMENTS CAN BE REPEATED ORDER DOESN'T MATTER

NOTATION M 1 2,2 3 3,3 IS A MULTISET WITH 6 ELEMENTS
IM1 6

3 2 1 3 2,3 IS THE SAME MULTISET

1EM HAS MULTIPLICITY I
2EM HAS MULTIPLICITY 2
JEM HAS MULTIPLICITY 3



men Doesn't man Just H15
gg t

si 4s

COMBINATORIAL ARGUMENT MULTISETS IS THESAMEAS SOMETHING EASIERTOCOUNT READ 3.10

PICTURE 10 Elements AS 104s H H H H H H

INSERT 3 BARSTo SEPARATE 1s 2s 3s 4s

e.g
t t t t t t t t t 1,11,212,22,34,4

e
g

t t t t t t t t t t 1,1 1,1 3,313,313,4
4
No2s

e.g 33,313,33,313,33

no't'stool's 104
s

The 10 STARS 3 Bans YIELD 13 POSITIONS FOR SYMBOLS STARS BARS

A MULISH IS DETERMINED BY CHOOSING WHICH 3 of 13 Positions For BARS

ANSWER
13

13
3

13 2.11 286
3 10

13.12.11



3.9 DIVISION PIGEONHOLE PMNCIPLE

Floor FUNCTION X ROUND DOIN To NEAREST INTEGER MAX InEK NE X

CEILING FUNCTION TX ROUND IP To NEAREST INTEGER MIN INEZ n Z XY

e.g T 3 TT 4 15J 157 5

6.91 6 18.17 9

NOTE AVERAGE E OBJECTS PER BOX CANNOTHAVEALLBOXESWITHFEWER
CANNAHAVEALLBOXES WITH MORE

INPARTICULAR


