Intro clucl'or)' Pro bab.‘(zty

Chapter 2 Axioms of t)v*obo»lotlkv

1. Introduction
Probability s o math area dealiig with vandem behaviors,
It ha o hrmr] of move than Joo Yewrs ik the shudy

It came *Frawr 3.am|olfh8 in the ear\ly s'l'qae) and
8aml}\gs vf‘ Chance.

2. Random exFev{ments) wajcomesl Sam')le Srace, events

Rondom exrevimev\’rs /ouj‘(:omes,

Exavn':[e: ®  Toss a coin to et a head or a tail
@ Roll a dice to see the number of ths '%o‘) Face

® Measurve the ﬂe:‘jh'& a‘S: o Yancem Lj Choseh
student | th CamPuS.

Possible
Def. (S’am')le Sl>ace)' The set oj: all outcomes of an exPe.,{me,‘f

(s Called the Scmele SECLLQ Of the Q’(fe“\me“f'.



uSum“y , We use S to denote the samr& Srﬁ&.

Example @ Toss 6 Coin once.
S=1H, T}
Toss a Cotn twice,
S= i HH, HT, TH, 7T}
@ Roll a dice once
S=11,23456}
Rell & dice 3 times
S= (i bikefurasagl
® height of a randomly Chosen Sfuden’t<‘\n meters)
S = §o< x<Uo};(o,oo)

Def (event) Let S be the SamP& spac of- an exren‘menf_
EVev:y subset £ of S i called W.

If' an outcome oftke, exlwxmevd‘ 14 Contaimed h

the event £ then we say " E has occured
W



Basic O,xJQV‘mtlons on eVe"tS.
Uunion : E UF

Intersection .~ ENF

Com‘>levnen1,' E¢ = S\E

¢ Null event

We sy two events E, l: e qudeexclusiue

' ENF= & -
Venn c!/ba%mw\ .
S ~ S
a5 // %
= 177

EOF £

_ S

2 F
5 \




Laws.
() EUF=fue, Enf=FnE

en(Fua) = (EoF) L (Eqg)

Eu(Fue) = (EuF) UG
En(Fn&) = (EoF)n &

(ll) De Movﬁau’s Lq,»us
6o d So -
UE) = N &
n=|

(V) c o
(&)=

Commutafive [aw
cltsbvbutive. faw

Cusso cative laws



Axioms o? PY‘D bob; (,;‘i‘j '

(@: How can we c{egtm the f)mlo. OJC oh €uent ?

An l‘hfu,ijcive_ Q Y‘oacJ/,;

ret)ea/’c the rondowm ex,)eh‘menf n timeg
LB',,‘ T\(E) be 't",\y. tl;YIE_S ‘tkat Q.h e\/eht E.

DCculrs

(e — hm "(E)'
2 P(E) - 5{-)00 N




mebowks . ) wkj does ‘L"ruz ".W‘I‘t ex'ts‘f‘?
® Even fg- the mit exist, wkj s 1t
indap endat f the expertmants

T]/LQ. o | ematic af\)v\oach to Pv\ob. <‘°j KO(Moarov)

Def, (Prblo. of an event )
et S be the samPle space of o randem extxey.‘m.f
A FFobabiu’rJ P on § 13 o fundl;h
thet  Qssigns o value to eady event L
Such thal the ]Ooaowc;\g 3 AXioms hold :

AXiom 1: 0$P(E) 5[} V event E
Axl\bm 2 P(S):l

AXfom3 . If E,) Elj e AR @ Se7m&



o)C oVents Whody are V&VMM
thon 0 R
P( UEn = nZl P(E.)

( Countable ouclol,t,ﬁuitj/ Og_ PY‘Olo\ )

Some t)voPeva‘es Df F‘Pobwbiw’j,

PVOPI. P(¢) =

PF Let E,=SJ ond  Ep = & fov n=2,3 ..

Tl\% En, E).) v 0 'mu‘l‘uo\,“j ex C(MTUQ.

BJ/ Axiom Sy

p(0ey= Z P(&)
= P(E\)+ PCEL)+--

= P(S) + P(F)+p(&)+

LHS <1 RHS <1 only accurs whon P(g)=0



PFOF 2. (]Df"“[e add&f}ui?)

let Ei, Ei, -, En be mujcuaivl] exclusive events
Then -

P< lgu ER) = E) P (Ee)

P{D DQ]CMQ E:) = ¢ ‘For \‘\: ntl, hta .-

5}/ Axiom 3
oo _ § -
P( ¥ Ee) = k:\P( k)
! >
= 2 (e E
h=|| (Ee) + = P (&)
= Rz:-l P (Eg) QR
:P(Enﬂ):“':o
"y Pep )
Noew the l)roljosfHon Q)“DMM ?vom
n 0o
gl S T %{l i

(1



onP3, P( EC) =1 - P(E)

P? ND'H(Q ‘t]rmt
S=FEuveudud - -
Bj Axfom } ond PYDP 1/

AXiovv\ 2

1= P(S) = P(EY) +P(e).

2

ProEl,. let E, F be two events Then
P(EUF) = P(E)+P(F) - P(EnF)

o EUFE= E U (F\E)
Sin® E O(F\E):‘ SZ{, So by AXI\OM 3)
P(EuF) = P(EY+ P(F\E). D



Now we cons;der P(F\E).

Notice that
F=(F\&) v (EaF)

ey
(0|

red & EQf
blur. © F\E

Usfna Ax,\omb a50ih,
P(F) = P(F\E) + P(ENF)
henw
P(F\e) = P(F) -P(enF) ®
le}%ﬂ% @ o (1) yl\eULs The desived
idwhty. @



PmP- 5. guIDPose FC = T}‘eh
P(F) < P(E).

PF gl‘nu (: c E, ..‘

/ E
E= F u (E\F) @
(ch‘sjo\m“[)‘ —

87 onl) 2,
PCEY= P(F)+ PCEVF).
Siva PCEF) >0 by Auon 1, it follows that

(B) = P(F)
peer > p =



Pro|> 6. Llet E, By, be o SQ']UM\GLﬂF QUents
Thon

p( UEM s = Pl&).

<Couv\+oubla Sub—adcbtﬁvl‘fj of- (Drob.)

G
onog, First e wnte VHEV‘ as the
(nron D% Some C,!&U\ouﬁf e \euls. TO olo So,

Wnte
L = E,
F)__ = E)_\El



Thcn the €°(lowt\r\g t}‘ro‘)mﬁf's ho'd;

) F,\ C Eh) h=1, -

Yy

) Fl) F)./

oLre mwmuj ex clunive

(I and (2) @re ea,;j fo e . Belom we On]:y Pr‘o\le (&)
Tha proof of (3) i< similar.

To Show (4) recall That F; CE;

SO




B be the smallest lfnJ[eaew Swch that
X € Efo

j | =
(o] d;l

0 °

It {'af?“ows tkat
GE; C %‘Jl = 7
1= )
Whedn P\Foves (%)
Go
Now wsirg  fxiom 3 e PC UF)
We kau\/Q
B Go
P< Vgl Fy‘) - vglP(l‘“)

(bs]
’ -
N ﬁzl P(bn)}

ond wWe ole olone Sin &
0

PCS U ) =p( &f[g“). 7



