Stotishicol Inde e ndence.
Definition:

Given CS, s P>, assume that A,B €y
then the events A and B are statistically
independent 1f and only ' f P (A ﬁB)‘; P() P@)

1r A srmplerc notion, we can S0y that
Two events ovte ?nofependen} 1 P(ADB)T— P(APE)
= P(AR)=P®P(B)

PﬁopmHQS .

Given thot, A and B one nsfaﬁéﬁca”y
inolepeno’enjt9 then

A ond B ane Independent
A and B +:ote fnd’ep@nclenf
X and-£B | Toute fnofgpendefbf

Pooofs “Ac AR Ove s’ra'l—'lsﬁcally nd ependent
P(ANG) = P(AB) = P(A) P(®)
we have 1o show HQO&?P' P(Aﬂ@) - P(A-) P(é_J
lhets write A as the oPisjunc/Hm’) of two
motually exclusive sefts. 14 A_
A =.(A08) U (ANEB)

we uvsed B P B
iy PO e )

o of = P(A) = PA)PE) + P(AB)
frtrovla S PA) —p(a)P(B) = P(ANB)
= P |1- P(B)J\: P(ANB) = P(#) P(B)

X PRy




Again, ve con wwite B as a disyunetion of

tvo seds i (Ane) u (An B) .=%
= P(B)= P(anNB) + P(Ane) ’ nm
S r@E)= PEYPE) + P(ROG)
=  p(E) -P®)P(B) = P(AnB)

= P@E)[1-P@)]= P(AneE)

="l Fe PCE)_, S P(AOR)
shows thodt HuLL/ e .sfaﬁchaHy

fndep@.ndenf—
il Considore thot we foss a coln -hvice
Assome., p(H)=a, p(H=0b and

ot b= P+ P(T)=1

lets considec
£,= §H of fivst foss

E,= 5H of second bss]
Shot thof the events orce statisticall
"mdepeno?ervfl. /
Sample space for +wo consecutive
Ligiore = S=5HH,HT, TH,TT}

Se, E= gHH,HTj , E,)= %HH,THF
P(E,)) = P(HH)+ P(HT) P(Ez)= P(HH)+ P(TH)
-~ o+ ab . Gy = B,
= et Ca+b> o QCO‘-!_ b)
o) L

Noty, U
Ol P(E'IOEQ e P(E) P(EQ = oL
Also, ENE, = 5 HHY onA P(HH) = o

Answerc ¢
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Independence of thrwee events

The t+hreee cuents Apr Ay Ag VT Sfaﬁ-‘:ﬁmny
Independent

if they oare ?ndependenf‘ N pours
P(A1OA2> = P(A4) P(Az)
P (As N As) = P(Az) P(A3)
P(AznAy) = P(A3)0 P (44)

PCA;N Ay, 0 As) = P(A)) P(A) P(Az)

anol

Also, we can wwite

P(A;O A20A3> = P() P(A) P(As)

== (DA P(A,A2)
so,  any éfm\gle ovent s ?ndepenafen)r of Hhe
¢ toresechion of the othet two.
Q, N}’LOJ. abOU{ P(A1 N A?—m X3> ?
AA, = A A AU A A, Ay
= PA1AL) = P(rieie) + P(AMsz)
= P (A1As) P(A5) + P (A1, Ay)

= Plskte ) & (Amz) — P(AjAL)P(As)

So, '_—aﬂepla,cin\g A = P(A Ai) J:.’L‘" P(AZDJ
b\/ A ~vesuvlfs thal s
bhe evenks ciw e P(AVA‘Z? i ( AB)

Answert



We can go_nmal:'ze ovrt obsoctvation on

eraHchaHy fnda,pcmd’en} events, For Instance,
lels considec thot we have “n” evenfs, and

we hove been able fo define oma/e,po,r)d’ence_
of Kk events for everwy possible kK<n,

Then, e  Couns SOu/ Hf)_a)fz Q\/Qf)/P'S
Afy, Ag,y vee one A oe Tnofepend@ﬁi o any K<
of thern Ute independent. o,

et ArD = P(A)) P(Ay) +.- P(An)



Cormbined Expenfmehf—s
Considert o expertiments

ORolanﬂ o folvr die
S(= Sample space = 2450535 s 5,6}
p (any Jace of the die) = réﬂ

s Flipping o coin
o e pan=re=

Fov f’n\s‘l‘ance, Wwe Pej‘cfo‘rm bOH') QXPQJU'W)QHB

ond we wo\n}:h}%’r‘obabib‘w Hhotf  we 8@{0' Hwo
o He die ond “H' on Hre. coin.

He—de—we—phieve -t — ¢
b :

We con. combine Hhe expo)v';me,rvp ond| form

oL NeW samplQ space.

Suppose, |, have two pandom pr@u'muxaos
(B 5 ) ol (/R R)

To combine Fhem, o 1,k cantesian

prodved hoftoeen sample
Houe, elemends of space ond form a

S ove ordeted Pafmcs neto sample spoce
Ca),@eg wiH S = S$1% 5,
0\6 81 (Mwé be 52_

Bosed on the two prenfmenipe of volling
o die onol flippmg o coin, Wwe can Jorm
o combined expoument .



56, D= o= {CH)Q,CH,@,CH,B)(H,@,@,G)

@’6) &) (0D), (19), CBLD,(T,S} ,(T,s)}

Ed_]o An everd n the bhew combined expertiment
Wil be o suvbset of the sarmple space

Now, 9f Acs; ond BCS, , then
oo ST e sub_%ef(c> oS
ond. will be on ownt In hhe new
event space -

Foy> 1n stoance, AL {H} 3223,6}' e
AKD = {(H,@,CH,E;] which cenfainly

s In the new QVUVTE Space -, as

£(H,%) - )] CESi

Howevarr, not all cvends can be whitfen os The

¢ ovcfesion p}fooaﬂucfs.

Q How will we then form the. ovend
. Hwe combined eexp@ﬁmenf.?

Answere would be, 4y fopm the 6-fleld
ge,nmo/{‘eo@ by all corttesian
cyrodoueds.

G(§AxD ¢ YAET, ool VBG'FZD
This 18 30]:*»3 to be Hhe
event spoce for e corn bined expau'rmn{



In1'Qrces+:'h3|y,
the closvrie pyopertties of 6-field

foKes corte of the cvents Hrot cannol be
wriflen ow the cactesion produef of the

overds JSrom ¥, ond ¥,

Foy instanee, 5 = {1,2,9,%6’,6}
o= ST
Define aniavent: i e= SHTH {2,5‘3:{(&!,2},(;{5)’}
ansthare evenl b = g7 J % {2]={ (125
Let’s define ey ovent E of Hwe form
E=cub=4§H2),H, 5'); Ui(H,é),CBz)’;

== {(H,QQ, CH)’;),CT;Q)}

[ Cosclesion Prooduct of two ouzb?Jrnmy ._Sds

liefrs assume tvo seds A= g \<’)<Q,Ff :

A S, B= §Y Y <Y ]

h 7 As we &ee, -
Y A AX[3 IS5
Y, B(OT % AX.B Hhe "Y’ed{"an3|e, and
B - if forms from the
x, %y o t\@lo{).
Al ¢ Verhieal strip
5,xB i Horizonfal strip

Generally, Covtlesion [D':’a@o(uc)( of arw “fwo anbprmny
sets as a gmdizaoﬁ Techangl@.




hef{e consider 51 cma( S, arte two expenfmen{é
ond we Jorm o new experu‘mo,rvfz S=5.X5,.

The. events from prefdman} s atwe all cartesian
pyoducls of the form ! AR

wheote, A is an event of 5,
3 is on event of e

So, How do we assign p*pobabili‘ry to a combined
sel ?

Probobilities of the overnts AxS, ond S, % B
O:;Zf\gﬁov‘:;\q PCAXSZ) e FECA) ASSum]ﬂﬁ z}ﬂ-f;!
ol :
st p (54 % B) = P (@) S 1s a comoine
o° e i expe)nmen/f
From the 'Y*e,dangularc wepveser»{la;fﬂ?m We. COuL-
504 Hof .
Everd AxS, oteurcs if A iIn expe)u'mm} S
oeeurcs no matter whot Hhe oufeorne in
Sy 18,
Event 51 KB oeeulTs IJC B in expe)‘uormr)/fl

S, oeevrts  No mottert whot Hre osufeome

T Sy 15,

wWithe all Hese ?nfvhmw@;m,/ Cmﬂt‘ﬁ%w
How oo we define P() forr othar events

e B
(9' evend space for combined event



A few known Information :)CD_F?. Pl
pPe) must saJHSf\/ the axioms oj
probab)li%f

p(c) ‘musf 5@H5fy the c:o*ns:'shncy

conduations

Gen@na“y,

The pwobabilih'es of everds of the
form AxB and of therv vnions
' orsechions  con not be expressed in

tertms of B and B .

g we need additonal 'n for mation

obovt & and S,

Inafgpa,nofq,n/{‘ Expvﬁmeﬂ%
Often. in Moy expcz)v:merups, the evenfs

Axs, and S1xB of the combined
expertirnent S orte independent  for

oy A Bk S0,

cons]defuing Hhe Tndepmof’mu]/,

p(axng) = P(AxS) 0 P(5x8)
= P(AxS,) JETR B)
= HAYE (&)

To sUMMaAYize,
A)(SQ_ .__I_L‘S1X8 VAejz‘ —ﬂq’e’na
YB e ):Z

(51,"F,,P1> ond Céz,?z,PQ e fhdepmJM



So, as btoun, ;

O% BT for two mdependem&
premmerufs E e St e e
we. hove o combined oxp Q)—u'me,n/f (5')'):) p)
with £ S e

F= & ({AxB| YAEF, and VBeY, ()

P(axB)= R(4). L(B)
Whow., .

AXIOMNS OJC p’Y’Obab!'H’y ﬁ” ;n FHhe
probabilities  of events that ‘can not ke
wyilten og  cortesian P’}OCD’&{U('J'S

)

But Hhoze euc.n}\s con be
wwitten e o vrdon of

disjoint carctesion Pwoduops,
We can genemaﬂze ol - M & ‘}hd’ependem?

expeﬂimen/

consiclor (ST P) v (S, 70 B) oo (SnoTnsR)
be N yondor exp@umuvfs

Lets form Hoe cornbined QXPQILLFMVF—

& S = Sixsz&égx ...... x Sn
F :6<{A1X A.Q_X voe AR VA,GF; ) VALEFL aos
&-$ield VALE jin]>
Ther,
B(AK Ay e oo RAR) = PAC) P P(As) o
g P(An>

anol  oxioms of pvaobab':l'ﬂry faKe care of
the, west.



