
Fall 2020 9/8

Math4990 : UMTYMP AdvancedTopics
- -

combinatorics !
-

Instructor :

samtto.pk#RknIoeEodmay:

• Logistics -

• Introductions -

• Overview of course

• Two basic techniques :
- Induction
- Pigeonhole principle

• Try some group work



Class logistics :
-
-
-

-

Elyse.IEpm CDT Tuesdays, onZoom
- Youshould all be part of the
course on Eans

.

- Main webpage for the class :
wmn.edu/nshopkins/dasses/UMTYMP.html

-text: Borna's
"

walk through;warns
"

- Assignments (all take-hovel :
5 HW 'S

,
2 Midterms

,
I final

- Try to divide 2 her class
time

into lecture t group
work

-wemdevelop-sk.tl#prof-writing



Introductions !

-

Say why you are .

- Say where you are .

-

.

- Say one thing you've

Cg:: :::*:::::.



Overview ortse:

Combinatorics is study of Structures.

Discrete → Continuous
•

: :
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I
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algebra ( ish)
Calculus

classical94mpITFicsb.sn/ physics
computer

science I



Specifically
,

we'll discuss . .
.

- enumeration-
a.k.a counting :
• how many orderings of n thing

?

• how many sub collections? etc
.

-

Gr@pktheI.grapns-giagprIem.a:E¥¥n.§f
8

look for structure
t.tn/

.

in such a network

Maybe . - -
- algorithms e officiations



y
u

today . .
. we'll go over

0his H2 of Borna

which review 2 important techniques

Ifr provingthings in the disorder world.
¥1: Induction (Chapter 2)

Context:

Haveastatementpcnldepehd.my#-a (nonnegative integer) parameter n .

-

If you can :
- Prove pcnol for basidiase no th

"

TAJ
(inductive

- Prove Pln) implies Pfn t t ) , step )

than yoke proved P Cny
for all n Z no !



Examples :
-

D Prove that

142434 .
.
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ti-i.at?.ebraicvnanvpwlatioTg=CktlllKt2) (2K -13)

•
6-

Case he I of statement.

Sobey induction, we're
done . ME



2) If we drawn lines in the

plane in "generic position
"

(no parallel lines , no 3 intersect int point
howmany regions do we get

?

C -9's 1¥ 3 lines ⇒7- regions

Ipo
- * X ⇒ *
nel

n=z h=3
i. 2. regions 4 regions 7- regions

¢ .
n - O

' region /
Pattern ;

htnlinenoirdedgsrons



So # regions =

It lt2t3e -
- the fan D

know

Base case , n=o ✓

Inductive step ;
} .

"
i
n

,
← adding

/ i hth line
I i

ginkgos,
y i

r

'

.

'

since
It

,
i

- i passes thru
÷
.

n regions ,

and cuts them into 2g
which gives n new regions. Ba



#2 Pigeonhole Principle
-

Context:
( Chapter )

Putting balls for pigeons)o¥into boxes . OO
-

n
:3

Proposition
*=3

If we put n balls into Kboxes,
where n> K , then atleast one

box has 22 balls in it .

PS Assume not. Then every
box has 0 or L pigeons in it.

Then the most balls we couldhave is k,
be v t n> K

,
a contradiction . PB



EID Ten cows are in a 30×30
ft square pen . Show that there

must be 2 cows within 15ft . ofeachother .
~

PEH :

30

a.⇒ iii.in!¥i÷" *es!...
Furthest distance they could he

is at diagonals

⇒ E 10¥? C 15ft . pg



2) Some number inthe sequence
9

,
99

,
999

,
9999

,
. .

.

is divisible by 2019 .

Pf: 999999g Ek mod 2019
- H.int so
•

:
- ggg

s⇐÷÷÷÷÷::when we divide by 2019 ,
two of Hk # s in ours.

@g. have
same remainder.

7=9999×183 is divisible by 2019 .

*



But god (2019 , lo
" I ⇒ fthe.JP?ime!

So if 9 ' - - 9 x 10K is divisible by 2019,

means ¥9is divisibleby 2019 r
- Br

Now let's takea break! . . .

and then come back and work

in groups on some problems
related to induction

and the pigeonhole principle.


