
 

Lecture 17 Cch Io Cc

Last 3 lectures

Image Pre image
Surjective Injective Bijective
Function composition
Left right inverse inverse invertible

Recall f Y is a bijection
means f is surjective and injective

Quiz

b

Which ones are

bijections
c



X Y
not injective

I
not bijective

injective
K Y

surjective
a z

bijective
r

b

not surjective

not bijective
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Theorem f is invertible

f is bijective
This will be a homework problem
I will write down the proof and
ask you to justify each step

Today Counting Cheo 11

Example There are

3 people here

214,73 There are 3
elements in

this set

What do these statements

really mean

What is counting



Definition
INN 112,3 in

E g Nz 2423

Ny Eliz 314156,73

Definition lo c I Let be a set
or

we
say

X has u elements'd
1

if there exists a bijection
f INN X

Let's work out some examples to

see why this foamal definition
matches our intuition of counting

Example Drove that 222,1473 has

3 elements using
the definition



NProoff Need to show there is

a bijection lNz 944,33

Picture

73

f is a bijection t

This example shows that the Def't
is matching with our intuition



In fact

every
time

you count aloud

you are implicitly defining a

bijection
f a 1Nn the things are

counting

Example
µ

f



Every time
you

count with

fingers

0

2

implicitly
defining a bijection

f Fingers the set



Examples Here are some common

mistakes that
everyone makes

when counting
a

Es As 8

There are 3 houses

what went wrong

The function I have implicity
defined is not surjective

so not bijective
b

He
There are 5 houses

What went wrong
The function I have implicity
defined is not injecting

so not bijecti e



Ambiguity

We proved that 2,475 has

3 elements

But we need to make sure its

unambiguous

what if 24473 also has

4 elements

F e what if there was a

bijection t.IN Ezi4c73

I e a 2

2 e 4
3 7

4



Lesson For the definition to be good
we need

Theorem if f Num X and

g lNn X are bejections

then n m

Proof Hw

Summary
When making a definition

Explain why it is a useful

definition

Make sure its acenambiguous

Question Is there a bijection
f 0

Yes f E



Eg fCx3 x2 f 1122112

Ll l CZK C 2
y

f 3 is surjective
and

injective

Sf Hxye Y8xexfG

sffjective Hge08xe0fG
off

Vacuody true



Definition

1 1 is the number of
elements in X

Theorem Pigeonhole principle

if laid 181 then

there are ne injective
functions A B

Example A B

O
O

8

tsf3
Akg LAISIBI no injective tunes



Applications of PHP

Suppose you a drawer with

red and blue socks

Prove
that if you pull out 3

socks
you are guaranteed

to have a matching pain

intend'Y
jdB

g
Proof

Lef f Eyes red blue

flat the color of the iith
Sock

since El 331 3

Bred blue31 2 and 3 2

f cannot be injective by PHP



f cannot be injective
so there is itj Eyes

such fli fCj

so

the color of ith sook the color of jlfh sod

ME

Next time more applications for PHP



f IR Rx IR

Rx IR Ca b a c IR belk

1132

f US Citizens

If l o l 2 2 3 7 3

B
stateful 776 NY
state off 4777 NY




