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ex) Flip a coin independently PC head)= -3

1 million people doing same experiments (repetitions
)

1 million

* no dependence -

getting am , doesn't- 3 mil
.
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affect next flip
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ex) sampling from a population
3 red + 7 blue

00000000000
* ways

1- get

P( RR B) =
.

3 -

.

3 -

.µ
RRB

=

ˢ;}?- .
. .

I
Irl

\# combos of 3 balls

ex ) Flip a coin (p ) independently

P( H MT THT) = p . p.CI - p
- ftp.p.d-p)

=p
'

( 1- p ) '

P(a sequence w/ k heads , n -k tails) =p
"

( I - p)
""

✗ ~ Bin (n , p)

P(X=k) = (1) ph ( 1- p)
""

# of seq - s

~

TÑah sequence w/ k heads
w/ k heads
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Binomial Formula → correspondence to

binary
tree

9=1 - p

( p + g)
^

=# ◦ (1) phqn
-
h

¥

=I p(x=k) = I
6--0

C- (X ) = [ xp (
x )

✗

= I kP(✗=w)
change notation

6--0

=
n

E k ;¥g,- pkq
"

w = 0

can = I is
"

ai
"

gwipw → a- I

= nPÉ¥.;⇒yñp
" _ '

q
"

n'= n- 1
" ="

=

ⁿPÉi
""

so f- ( X ) = np



var (x) = C- (X
'

)-f( and change he
≥

but cancellation
var (X ) = ?

- ( P
prev . proof

is not

simple

c- ( ✗ ( x - D) = I. ◦ Kk
-Dw⇒ phi

"

= &, Éj%,
!! p.ph

-

{nie
n
"

= non -Di &
. ,

,pq% .
= n (n - 1)pz¥0

f- (x2 - × ) = f- ( x2) - f (X) = ncn- i )p
"

E- (x2 ) = nln - 1) p2 + np

var (X) = C- (✗2) + C-(x)
2

= n (n - 1) p
z
th p - (np

)
2

= n
'

p
2
- n p

2

+ np
-n
-

p
'

var (X) = np.CI - p )



✗ = ¥2, Zi
Zi ~ Ber ( p )

C- ( 2 ;) =p Var (2) = pll - p )

C- (X ) =

?z
,

C- (2) = np

Var (x ) Ed { vary ;) = np.CI - p )
i = I

¥ : frequency /sample proportion

C- (E) = = In =p

var (E) =vartx-z-npcn-R-pcn-P-nas-OPCIE.pl- E) → I



Sample space ~

p
-

- ± ~ = { H , T}
"

w ER

↑

sequence

✗ ( w) = # of heads in w

E (X) = ¥ [ ✗ (w) = ÷
WER

# of
→

sequences

vary = ¥ E. (Kw )
- ⇒

P ( 1¥ - b. I < E) = lA⇒ → I

Ame = { w : ×¥ - take }

ex) sample from
a population of N people

randomly sample n people

r
= { N "

sequences}
\# of possible samples

were ✗ (w) = # red bulls



C- (X ) = ¥ £ ✗ (a) = np

p( 1¥ -pl < e) =

'

A?µ÷

ex.) Flip a coin ( p) independently
T = # of flips until 1ˢᵗ H ~ Geometric (p)

p(T= u)

it k --1 : head

it k = 2 : tail , head

if h --3 : tail,
tail
,

head

PCT - b) = P (T÷
T
,

H ) = Ctp)ʰ
"

p

• prob. Dist .

E (T ) = Z w PCT = 6) = f-
he =

1

It q = 1 - p

= %, , we
"

p

= PEI , kq
" -1

= p ¥, ad-qoi-pdq-E.fi



S = I t at a
2 + .

_
.

+ am

as
= a +

a
2 ta 3T .

.

.am
"

( 1-a) s =
I -
am
"

m
→
•

s = I;I = 0

tart %=aʰ= Ta

E (F) = { up ( F- b) = ¥
u
= I

bntinmsRV_
Uniform co, ☐

÷

U - Unit [ 0,1]

PCU c- A) = ¥, = 1^-1

PCU =
. 3) = 0 length of a point

= 0



P ( U E Cu , utsu)) = su

A

massf G) = PCU-gyu.gg#n
- probability

= Ast =\ ue Coil]

flat- I

A-
u

P(u c- Cu, utsu) ) = flu )su

basic event
statement

Idealization of discrete , large
number

✗ ~ Unit { oil , .
. _

,
M - I }

U
= ¥ c- [0,1]



linear congrvential method
→ computer

✗ o
seed carefully chosen integers

iterate /M
✗ + +

I

=@ ✗ + + b) mod M
25 0 23

'

-1

✗
◦
→ ✗

,
→ ✗2 →

. . .

Ut = ¥ int unit [0, ☐
pseudo - random

✗ ~ flx) basic event

fix) = P(×E¥s×D
sx →0

P(✗ c- Cx , ✗ tax)) = f- (x) ax

divide into small bins

←É+s ×

* recall discrete p( ✗ = × ) =p (x)

1-④ = { §
✗ PCX=×) - i. discrete

€bTns×P( ✗ c- (× , ✗ + sxD

= .gg, ✗ f.G)
DX %→ f ✗ H×)d× . . . continuous



C- ( h IX)) = 1h (x ) fix ) dx
Kx)

in (x)
=# of points

xtsx✗(w) = horizontal
coordinate ~ flx )

←
normalize

nl*¥- → fix )"

iÉ¥⇔"
P ( ✗ c-A) =

= [ fcx) DX

%¥g ✗ - nix] ⇐ S ✗¥
bins

→ J X fc⇒ ox = ECX)



ex)
r us population
W = person

✗(a) = height of w

-
N points

6ft 6ft +1 in

NH ) = # of people
n (× , ✗ tax

)

N%# -text
under random

random sampling w sampling , prob
becomes pop .
proportionp( ✗ (w) c- (×, ✗ tax) )=%" = fix

f-(X) = ¥3 xcw)


