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How many passwords of length n are there
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Good password has at least one upper case a¥ one lower case
=

and one digit
=
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Badpasswort
No upper

No lower
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Lazy Professor
mutton

many permutations of (1) 2,3, _ . _ , n) are there

if every number i does not occur in position i

" Derangement "

This is an "AND
" logic.

Initial attempt:(Fails)
#wap_

i. choose a position for 1 - - - - - @- 1)
2. choose a position for 2 - - - ? /

&-2) ?

X-D ?

can't tell !

Depends on choice
for 1



Bad permutation :
I is in the first position 101
2 is in the second position , 01

3 is a
c.
third position , 01
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n is in the nth position .
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# derangement :

A-derangement = 1. n = 1m¥ ) n≥ I

I. 0 = I

1. I = 0

1. 2 = I

13 = 2

14 = 9

1. 5 = 44

:
0



Pigenholeprinciplinnnn.cn
hoose 51 numbers from { 1,2, - - - ,

too} .
Prove that

two of them are consecutive .

•

Place 10 points inside a 3×3 square . Prove that

two of them will be within a distance of V2

• Place numbers 1,2, --- , to in 3 bins
.

Prove that

sum in one bin is at least 19 .

Freedom in doing something , Guaranteed Consequence

Pigeonholes



Pigeonhole Given n -11 objects and n boxes
, if

we place all objects in boxes
,
at least one

box will contain at least 2 objects .

[ Basic form]

proof : (By contradiction)
mm

Each boxes has at most one objects
Let xi be # objects in box é

,
then Xi≤ 1

Total number of objects = {✗ i = × , -1×2-1 . _ . +Xn
E- I

≤ I + I + - - - - + I = n

a contradiction
, twice we have n-11 objects .



BEET
↑

③ |#◦]%Tn°

0

C- 3→ •

Prove two points will be within a distance V2

to objects

q boxes /⇒ Pigeonhole = 2 objects will be
in the same box

↓
2 points are in the same 1×1 square

☒ longest distance inside square
By Pythagoras , it's tf



Choose 51 numbers in { 112 , - - - , too}

Prove 2 of them will be consecutive

Avoid
"melanistic" arguments ✗
if Ft

. . . _
-99 100

can't do it : only 50
Pigeonhole argument :

ITE I 1T€ - - - - 17¥

To choose a number
, place a token in its box

51 tokens, 50 boxes 1 done ! One box must

contain at least 2 tokens ⇒ we have 2 consecutive
numbers .



Abitmoregeneraln

Pigeonhole : If we have n boxes
,
and m objects

a-

and we place all objects in boxes , then at

least one box will have at least

1m¥] + 1 objects .

proof: similar to previous proof -( by contradiction)

If him c- Al
, 1m¥ ) + I = (E)

" some box must contain at least the average
"



Place numbers 1,2 , - - r , 10 in 3 bins
.

- Prove at least one bin has 4 numbers .

m= 10 , n=3

Pigeonhole : [7-7 = 9%7--4

-

Prove at least one bin will have a sum of at
least 19 .

m = 1+2-13-1 - - . -110--55

n=3

Pigeonhole : f≈1= %-) = 19


