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Pigemholepniinciple
If place ntt ( or more ) objects in n boxes

,

then at least one box has 2 or more objects .

mmm
Claim : Every integer n has a multiple

that contains only 1 's & 0 's In decimal
.

e. s , 2 → 10

4 → Loo
Pf : Consider the following #

'

s :

- see.IE#!iTn*e.s.3⇒ there are only n unique modn values

I
( 0,1 , a

, .
- ,

nt )

y{
11 mid}I21 ⇒ by PHP

,
some mod name occurs at least the .

111 mrd ) = 0 9 & b
← w

1111 mud 3=1 a=q
,

.n+r b = Eaintr
1111 = 370.3+1IE a- b = ( a ,

- Ea ) . n → a multiple of n
.

1110 = 370 . }



Generalized PHP : Put n objects into k boxes
,

then

at least ate by has atleast Talk ) objects .

Fx7 =

"
ceiling

" of X eig .

25 objects in LO boxes
,

= smallest  integer ⇒ Tasha = Tail =3
at least as largeasx.nm.at✓

Thin : Let Xi ,×n - Xk be k integers where n - xitxat . . + Xk

and I = nz= xitxattxk is their avenagei .

k
then atleast one x ,

must be at least as large

as I ; i.e.
, Xizx .

P± Assume for the sake of contradiction that he Xizx .

Then all Xi < I
.

X
,

< 5 xitxat - the < k . F
k < E

⇒
I > ×'t*I×k

;
⇒ k *

Xk < I



Gambians
Traveling salesman Problem : 10 cities to visit

,
how many Ways ?

"

10 ! = 10 ° 9 - 8 . 7 . 6. . - 3.2 . )
" 10 factorial

in t
9 for

10 chorus second = 3,628 , 800
for first city

25 !  z 1.55×1025 1080 atoms in universe

⇒ Examine 37,6 mill ,m
4112×1017 seconds since

beginning of
Possibilities end second

- Universe
since beginning of trine

mmmm

. A- ways to order n objects D n !

. each ordering is referred to as a permutation
.

# permutations = n !



How many ways to visit 3 out of 10 cities ?

load = Y÷=h÷n
.

Diet : Permutations : # permutation of nobsects
'

is

N !  = vi.( un ) . ( n -2 ) -  - 3. 2. 1

Def : r - Permutations : # r - permutations of n objects is

npr = Pln
,

r ) =

@÷y=
nine -rt ' )

rmnmmE×anple_10 Packages to deliver

. how many ways ? 10 ! = 3,628,800
. 7  out of 10 ?

hogg
,

= 10¥ = 10¥14 = 604,800
. 6 on north side - together

4 on south side - together 2 ' 4 ! . 6 !

n

South or

north first



Combinations : an Idled subset of r out of n objects .

# combinations = ncr = Car ,r)= ( 2) = m¥@
P± Pcn ,r)= Ccn ,r ) . r !

T T

÷r:/Solve Cln ,r)=


