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Counting
When all outcomes are equally likely . PLAT=

Permutations : Combinations :

P (or ) =無) !
c (nir ) = ( 2 ) =‰。 」 :

H ways to # ways tol FList r items grous r items
from n from n

CCnirJr ! = Plaor )

Permutations .
Example : # ways to form list of 4 out of 43

YS , 44 143142 〜D 454 Y43- 42
ist 2nd zod yte in the list

Observe : usine
Combinations : # ways to form
a
-

of 7 from the Us students.team

Have 71 ways to put team members in a list.

((us , 7) . 4 ! = P(us, 4) -D ((4S, 4) = A ut
I#teams 3 a Elizks per tean 3 = EFL .3KS



Example : # ways to hom team of S
out of 40 with a chosen leader.

A :(40). S= =
40 .39- 38~ 37-6

4 -32 (
스

40. 39. 38.37.36 んい - て1

3 7

Bins : A B

# ways to divry up 10 labeled marbles into these bins
A B

Aus = γ! Why ? 1 lpilld

) 2. g.

2 ,
8
,
9
,
2
,
1
,
5
,
4
.

7
.

6
.

10 D10 !

= ( : ) = Cl 1 o, 31

Write (37)
- by 3 !. 7 !

Generalize : e
. g . 3 bins : ② ' Q

"

lnwi い .
A B C

: = (3" ) = "multinomial
coefficient"



"binomial" and "multinomial"

(xty )
"

= xt 2 xyt y ㎡
(xty

)
? =13 t 3xy + 3xy

㎡

ty
3

(xtyj
"
= xt 4'y + 6xyeyxy㎥+ Y

:
~

= C (n , i )( (xty ) ” = 忘 ( ;) x" yo =

(xty l (x + y ) [x + y ) (x + y )
uis 7 ways to get <Y

6 ways xay

ㆁ out factors intoんが感 6mS

Generalize : ( + y + 2)"= (in) yiz
= n

Example : Team of 3 out of 40.

Find Prob . Cooper is on the team.

# teams w/ Couper
A : ANS :

#teams total
=) = 響!

= .

Example : Board game. 17 ppl want h teams.
sizes 4

,
7
,
4
. 3 . #ways ?

= (없, )A : mis!Mi's



ou
no F, 0 , Q

Example : VA License plates : LLL - NNNW
Observe random plate.

(a) Prod
.
the numbers are strictly increasing .

(b) Prob
.
at least one repetition of number.

3 내

A : Total Plates = 23 . 10

(a) mis no repetition ("strictly")
wa one increasing orderingfer groups of 4 distant from 10

Therefore : 23
' ( ℃)

= ...233 - 10
"

code for

(b "At least one" up not (all distinct
E = 4) repeated

PCEJ = 1 -PLE"] = 1-p[all district]

1 -
23
: 10 -

923310 :
8- 7

= O
.
496
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Repeated Trials

Bernoulli trial : outcome T
,
F (1 ,0)

Ber ( p ) P(T] = p PEF? = I - p = : q
"

0(P 1 / PETOF} = PL5] = 1( '"P[T] = P(F]"
p
= "Success prob.

"

Bernoull : Process : repeat Bernoulli trial n times
- all independen-

""Olsi01"
,

etc.Outcomes : "1001101

↓ /'y 230 ...Todes . und_ 니 3

P(ioonol] = P(1J . P(oJ · P(o] ... P(1] = P99PPqP = Pq

1 = heads

Example : Fis a biased coin n times
,
record o: tails

p = P(1] = Plheads] any single flip.

Random Variables

Binomial random variable : S = number of success inn trials
i Bernoulli process

e
. g. K

= 1
,
2, ... 7 when n = 7

write : S-Bin(n
,
p) e . g. n = 7 above S/100K01 = 4

write : P(u) : = P(S = 1]

Example : Sv Bin (7, 0 .3)
SuBim(10,.s)Ps (4 ) = p[ S = 4 ] = (1) (0. 3)

"

(o. F)
'

(씨,
( '2) p

"

qo
- k

B = q = 0. S
S



sample = R

gf seace

Lef: Random Variable is X : S-IR
n - times

Example : Ber
.
Proc
,
Xi = 30 X ; ~ Ber(p)

PMF : PX
.
( u ) = PCXi = ] = {℃ 品:

品

Set S : = X
,
+ X +... + Xn und ~ Bieln

,pl
S=success as above

xiccol ¿still function : S(101) = + xz (1011) = + = 3

筑別 す

↓ef : Probubility Mass Function, PMF, Px(k) : = P[X = h]

Def : Cumulative Distribution Function
,
CDF :

discrete case :

F
× (x ) = PCXEx ]

= .다. Py Ceil
CD F is non-decreasing always

Example : Find PMF from this CDF :

Solution :

3/g ℃

Yg

I

, ,i



Example : Roll 2 dice
,
one red one green.

Xp = red number
, Xo =

green number

S = XRT X0

Find : (a) PMF of XR
,
X&, S.

(6) CDF of S (c) P[S = 8]

S: Sample Space = Elics) is i = 1
,
2, . . ., 03

XR((i,, i)) = i XG((i, i)) = j
Svalues :

1 2 3 4 56 Solution :

\ 2 3 내 S 6 7

2 3 4 5 6 78 @)Par( u ) =P( XR= K ] = = 話
3 이 5 6 7 5 9

= "constant function" 比 = 1,2, . -

Y S 6 7 8 9 10

Pxa(k)= also n = 12.. 6

567891011

6 F 8 9 10 11 に PsCu ) : e. g. Ps (2 ) = 36
Ps (6 )

= 9136

R23436789101112

)Fs( x)= Psl) 황 . . 옳 끓 옳 청한 청 청

ㅇ x [ 2

1Y36 てと x く 3

/3 G 3 ≤ xCy

6136 4 ≤ 3( aS

Ps(r)
10136

<

IS/36
<

21136
26136 : h
30136

33136

35/36 11 E くに C ) p[S =83 = 1Ps(8 ) =
36136 12 ≤ x


