
STA23 Sunday
T-algebra

Week 20 Part 1 Basic Set Theory ↑ 15-tied
,

-

· part 2 probability space ppit
tois

statespace
· part 3 Some combinatories.

Question

Give a vigorous proof of
the De Morgan's Law

For any index set I
e.g . I= 51. 2, ....my

I= 21 . 2, -... m.

--- b

CVicIAi)"= MicI (Ai)
<

EB P : FXELHS = (iczAi)
<

DALB G BIA then (EiczAi)

in other words

it
then XE MicAi" = RHS

Then . 24SIRAS

similarly.

RUS1 LHS ,
then done

E



Notations

· AUB

· Al B

· AC

· difference.
NEA. X#B

·A
↑

NEAUB. X AMB
symmetric

difference

part 2 : probability space
A special measurable spac

.

D
& 15-field /o-algebra)

· 2 EA

· If AEA .
then APEA.

↳ It Sale
, then
Vir AreA

↑

of countably infinity.

AEA
A

Algebra



Notation ↓ -, S
.

2 Greek letters
=

↓ ↓

"Sume"
" intersection"
-

ton

Examples ofo-algebra

· Borel o-algebra of IR ,
as 3

↑

the smallest o-algebra containing
all open

seta

closed.

· Finite --algebra,

A = 30 ,
23 trivial case

31. 2 ,33

A Gh. E2
Eizuch = 12

205233= 1

poSc.3) = Subs

~
10



* P : -> To , i)

↓

probability

· 4(2) =1

· co-additivity)
For EAihe,

E. pairwise disjoint
.

PctAi) = IPi).

-
C2.Aobability space

.

Question

3 professors A
: Mary Maryis awarded.

An Award
>B : Peter

* C : David

(a) only Mary AlBORC

(b) at least one of the three
.

AUBU(

(c) exactly two of them (AMB1CO) UCARBONG
u cat 1BRC)

ed) Many or Peter but not both

CAUB)( (A1B)

= CARBY) UCBRAY



p: A->To ,]
Question:

28% HK Males Cigarettes A E PLA) = 0 .28

8%~cigars B = PCB) = 0 . 08S
6%~ cigarettes & cigars AlB= PCANB) = 0 .06

·Probability of Hk makes smokes neither cigars

p(CAVB)) = p /21CAvB) nor cigarettes
= p(z)-p(t)-p()+p(1B)=

· probabity of~
smokes cigars

but not cigarette.

PCBJA) = PCB) -p(ARB) ==

Question lower
ba.

prove
that ↑

PcA1B) = PC) -

1
pe
s

# PCAUB) = PCA) + PCB)- PCANB)

=> PLANBl=B)- PLA) - AUBER

Il PLA)+PCBS - PCAUB) PCAvid) <p(r)-1

LHS (x,p(A)+PCB)-pCMn)

<) PAS+ PORD-PCAUBICPCAS +PCB) - 1

↳ PLAUB)=1
.



Question

prove the following

PCMEA) -Z 41Ai) - Ch+)

Aa

I Crpci) EPA) + P(liAi)] + P(1 ,=,Ai)
II

ZEYcAiY = /
E PCI , Aid & YAY

sub-additivityfin

①⑬
⑰ As AzlAs

As] Ai

A4)TE , Ai

⑳
BA
ASCBA) = &

↑Car
Question PCA)= E PCB) = 5 , show that

Par)
ODNDLE(=



y+)PCAUB)=p(A)+y (B)

PLArBuc)C = PCA) ++(B)+ ya)

#
=pcA(B)-p(Arc) -p(Blc)

+ p() ,
+p( ,

+pa) +panBec)

- p(A(B) -p(ex) -pa

m CIE , principle of
Inclusion and Exclusion)

Let S be a N-Set

& E,. -... Erh ES , they are not necessarily distinct

1
Example

For any
subsetMir

N2= Emk2 NCM)

N) #ESES ,
SchienEin-

Also define PCAlB) pcA10)
N [m=j x(M). PcB(0)

IS) (E. U
. . . VEr)) = N- Ni + N2-N

+ --- + GDNV



IS) CEUEcWEz)]

Dive
* are not in any of the sets

he by 1

X has no contribution to

NiN2 My

· If NES
is in K many Eps ,

then

it contribute to a)

Zo +Di (4) = <+ )k = 0 .

#

& A course in Combinatoris

by J. H . van Lint

and R. M .
Wilson



PLArBuc)C = PCA) ++(B)+ ya)

#
=pcA(B)-p(Arc) -p(Blc)

+ p() ,
+p( ,

+pa) +panBec)

- p(A(B) -pyex) -pac

Q Bonterroni's Inequality)
m=I

A = A, U-- - An
↑ PCAUBUC)

· PCA) - I* -
/ Sis

, for anyor PC+pa

· PCA)ZZm -Si ,
for anyem- m=2

PCAUBUC
where Sif pil-- isSo

-> p(A)+PCB)+px)
- PCAB)-pcAld)

-p(BrC)
-

Exercise [Button's Needle problem)
02

# vertican AD p (the
needle intersects

- Lsind. one of the Lines)

*
20 when o
I

vertical length = Lsind.

Using
For fixed 2 , p:

T



then yr (the needleintersects
=sin2a
-

Needle problem
=> Approximate


