12082CH13

(WTFEreRaT Probability)

** The Theory of probabilities is simply the science of logic
quantitatively treated — C.S. PEIRCE %

13.1 95T (Introduction)

Teo! &1 He B g Wifashal i fhdt agfess qdem

1 TS ok Hfed B i STHf=adl &1 °19 o 9 | Ygl

oIl B ®EH TGS T, siedmE (1903-1987) g

wierartea eAffedia sfteshion st SuEn fohan o @i Wi

1 TAETU o gRomd R gRWifia wem o ®9 ° fEfud

for om T TEEOen URomE S+t S W OWiaehdr ok

srfumfedi gfteshion IR sefase fagid (classical theory)

T Treherdr ot Tenfud o) off| 39 TRl o STHR W g9

3T Hfaeel TAMS 1 SIS ST Wfashal Jd 1 ot g9

wiferar o 4n frem w1 off st foren €1 39 stea o Picrre de Fermat

R TRt =2 st wufaae wifdehdl (conditional probability) (1601-1665)

o 91 ¥ fo=R 3, Fafdh o o= =2 o Hfed 8 &1 Yo AR 99 1, 991 36
TRVl STEHRU i HEEd ¥ dI91-THT (Bayes' theorem), FTshdl 1 0 1 qen
Loy TSI oF R W WS §9 Agfeveh =) (random variable) 3R gHeh WIidehdl g
T ATVl TALUROT 1 o THHT qN el Wfehdl S o AIeA (mean) 9 TEROT o
AR H off TGN e o SAfqH STIHN H W T HewqUl STEdd Wiehdl s (discrete
probability distribution) o SR ¥ T&7 T5& fgug e el w1 1 36 3eA9 § g9 T
Theror o foer IRo™ SHEEe i €, S d% TR eI 7 el T gl

13.2 aufasier urtaerar (Conditional Probability)

1eft 7ok T FRE e T WiTshdl [ B R ==t w1 1 AT 7 foret yfaeet T
FI Y AN T e, @ F R T e o ufed e T e R g gEd e
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1 WITFehal T ISdl 82 ST 36 U3 o ST o [0 Ueh F1gieseh wier W foa=m &t
fSEer aftom waEeT B
MY T i = (fair) Tl F1 3BT o T W faur w39 qdero
WWWFQ%:
S = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}

&ﬁxﬁﬁ%?WH%@H%E%ﬁﬁﬁﬁ%ﬁﬁ?$uﬁmiﬁﬁﬁﬁgaﬁqﬁﬁmi%ﬁﬁ%

FX Gehd &1 T AT E s “=gad 3 fod gehe 17 SR F e ‘et faaes W
2 yefyid g1 o el e 2

GE| E = {HHH, HHT, HTH, THH}
R F = {THH, THT, TTH, TTT}
ESIlY P(E) =P ({HHH}) + P ({HHT}) + P ({HTH}) + P ({THH})
111 1 1 .
"3ty Y
R P(F) =P ({THH}) + P ({THT}) + P ({TTH}) + P ({TTT})
_11 11X
8 8 8 8 2
LI E N F = {THH}

W@ P(E N F) = P({THH}) = %

31a 7 Sifer & fean man @ foF vt faesh W U2 ke e € stefq MeAF
Hfed g€ €, d 51 E 1 Wigehdl 1 22 F o ¥fed g &1 gur1 W 7 ffyed € 6
E &1 Wifehal 910 & o foe 39 gfasel fogsti W fomr ==t foan smom 59 weat
foereh W 2 &l 1 ¥ E ok foIu 58 gee 9§ ufaeel g S 9 sl 39l STaqe
F o1 791 81 37 vidl W, 39 otfafied ger 3 e arqd o 7@ o @ R g w6
T UF U Agfeseh Tderv] oF &9 § TueHl afet frgent ufaest aafte shae 37 afomm
%1 Tg=d & S foF S F ok ST e @1

37 F %1 9% wfagel fog <t E & ot 3rfehed &; THH ©1 37d:
F o1 9fqeel 9afte AMd U o1 E &1 Wifoshdl =

1
4
R FmaﬁamﬁmwﬁﬁmEﬁmﬁw=%

2021-22



wifeRar 549

T E &1 39 WIFehdl o) Sufde Wiibed #ed &, Sk 91 & {6 =ed F sfed
& T €, 3R 9 P (E[F) g1 <9I B

1
S P(EJF) =
e HISTT 5 F o o ofga St 921 E o off e9ehel &, E 991 F & 918 o7aga
e €, S E N F o wiagel fag 2|
31d: H W E 1 Hufaay Fiiehdl, Siefh 1 € b 521 F "fed € g1 € &
51 TR @ @ L Gahd &

_ (ENF) ok a1 wieeel feigeti 1 gern
PEIF) = F & o1 gfaeet fagati =i we

~n(EnkF)

~ n(p)

319 319 9 T HI Ufaeet Tmle & sagel &t Fa gen ¥ fawfad F | ' @
& T P (E|F) &1 7 yoR 9 foran =1 @k 2:

n(ENF)
S)  P(ENF
P(E[F) = ZEF; - (P(?)) (D
n(S)

A Hifew &6 (1) aft a1 & S P(F) = 0 31&qF = ¢ (F12)

Id: BH WYiaaY WTehal o1 751 FhR § IRwIfE o gehd €

uftarer 1 9% Eqen F et afeos we & giaeyl gafe 9 gefd & g2 @
dl e wfed 89 &1 goA1 W, E &1 Wifasha fefefad 99 9§ 9 e 2:

P(ENF)

P(F) , Stafeh P(F) # 0

P(E[F) =

13.2.1 @WAfdasr Qifiahar & T (Properties of conditional probability)
o o fF Eqon F fendht wfeeef wafie S &1 < weand €
ToT 1 P (S|F) =P (F|F) =1

P(SNF)_P(F) _,
P(F) PF)

& 7@ ¢ f& P(S|F) =
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P(ENF) _P(F) _,

P(F)  P(F)
1d: P(S|F) = P(F|F) = 1
0T 2 % A 3R B Wfaee gEfe S 1 HE S 7 3R F T T el 3W TER
2 5 P(F) 20, @9
P[(A U B)[F)] =P(A|F) + P(B|F) — P[(A N B)|F]
foio &9 9, € A IR B WER S(9ers g2 8,

P[(AUB)[F)] = P(A[F) + P(B|F)

LS| P(FF) =

& Wd ® T
P[(AUB)NF]

PIAUBIF)] - —— &

_ P[(AnF) U (BNF)]
- P(F)
(==l o WS W Hiwer o s fEm gu)
_ PAANE)*P(BNF)-P(AnB N F)
- P (F)

3 P(AmF)+P(BmF) P[(AnB) N F]
~ P(F) P(F) P(F)
=P(AJF) + P(BJF) — P(ANBJF)

TE A dOT B TRER TUSSt @ at
P[(A N B)[F)] =0
= P[(A U B)[F)] = P(AF) + P(B|F)
3: W9 A qUT B WER STqast HeAW 8 af P(A U B) = P(A|F) + P(BJF)
T 3 P (E'[F) =1 - P(E|F)
T ] Wl A e T P (S|F)= 1

= P(EUE)F)]=1 FifF S=E U E'
= P(EF)+P(E[F)=1  =Aifh Ea E' WER {esi w1l &
31 P (E'|F) =1 -P (E|F)

BT 379 HF I |
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4

9
?szUMaﬁP(A)=%,P(B)=EaﬁTP(AmB)=13,a“tP(A|B)amﬁm|
4
. _P(ANB)_13_4
&1 B9 W4 € T P(A|B) @B "9 9

—_
W

IETETOT 2 U YRR | & o=df &1 IE F8 70 B o o=ell § @ W ¥ HY ThH =
AgHT B, Al A S o TG B HT A Wi B2
T WM AT peTgeh 1 9 g Igeh! i &M Hd &1 TH& &1 gfaeyl Fafe 2

S={(b.b), (g.h), (b.g), (g.2)}
M S E den F shawr: frfafaa seae i e 8:

E:'SH o= @igoh ¢
F:'a=ai § 9§ %9 4 &4 0% o ¢’

@ E = {(bb)} R F = {(b,b), (g.b), (b,2)}
I EnF={(b,b)}
_3 1
o7 P(F)—ZaﬁTP(EﬂF)—4
1
_PENF) _4_1
EiI PER = 5H "33
4

SETET0T 3 Uh 990 H @ HE 1 § 10 q% qUish for@ Y T T 3R SR el e
et T 39 T O T IS Agssa ekl T A 78 [ g fw e T
W He 3 9 e 8, O 59 G % U BN %] o Yiiaekdr 872

T TH ST T A T FahTel T FIE W 99 9@ ©' IR B Tl e T we
W HeM 3 9 981 8 &l fefua w3 21 gH P(A|B) I ST B

3H e w1 yidey wEie 2:S={1,2,3,4,5,6,7,8,9, 10}

LiE| A=1{2,4,6,8,10}, B=1{4,5,6,7,8,9,10}

R ANB=1{4,638, 10}
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5 7 4
. = 3R -
39 P(A) 1O,P(B) 10 P(ANB) 10
4
P(ANB) 109 4
ad P(AIB) = P(B) =170=7

10
IETETUT 4 T TEen § 1000 faaneff €, f | 430 wiefral €1 7€ 3@ 2 % 430
o W 10% Teihal e XILH Yl &1 o wiiiehd € foh Tk agesan g1 e feenedt
el XIIH Tgdl € 4% 98 = ¢ T g1 e famnef deht 82
& M ST B o2 argesen 51 e fonedt wmen XI1H ued 8 SR F e ‘ages
<1 T fernedi gt B, %l oA wd &1 W P (EIF) T T 2
430 43

I P(F) = —— =043 3R P(ENF) =——=0.043 (A7)
1000 1000
P(ENF) 0.043
as = = =0.1
PEIF) P(F) 043

IETET0T 5 Tk U9 i diF 9R SSMeH & Y00 § ¥ A 941 B & = TR 9
Rt feman T 2

A 'TE0 3B W G 4 YR AT
B :'Tedll S8 W TEA 6 I TE{ S8 | §@l 5 Yehe el
Ifz B &1 wfed g1 & o €, @ e A 1 WifdeRar T it

o Wiaesl wafe | 216 9Rom €
3, B = {(6,5,1),(6.,5.2),(6,5,3), (6,5.4), (6,5.5), (6,5.,6)}
(1,14) (1,2,4)..(1,6,4) (2,1,4) (2,2,4) ... (2,6,4)
A= {3,14) (3.2,4)..(3,6,4) (4,1,4) (4,2,4) ... (4,6,4)
(5,1,4) (5.2,4)...(5,6,4) (6,1,4) (6,2,4) ... (6,6,4)

3R AN B={(654))
6 1
CE] P(B):R@'ﬁ'{P(AmB):R
R
e pAB) = ANB) 216 _1

PB) 6 6
216
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SETETUT 6 Tk T 1 & IR ST 41 3R Tehe g8 WSt 1 A0 6 U T S
4 o =[Iq9 T&h IR Yehe B i FUfaa TIehal F1d it

&l WM WAL E S ‘& 4 1 Ad9 Tk SR Yehe §F1 SR F 51 ‘S g W
Wehe W& 1 AN 6 BH' I W

el E = {(4,1),(4.2),(4,3),(4,4),(4,5),(4,6),(1,4),(2,4), (3,4),(54), (6,4)}
R F={(15),(2,4),(3,3),(4,2), (5,1}
%ﬂ@m%ﬁp(E)—— P(F) = 3 i
qeq ENF={24),42)
3@ P(ENF)= 3—26
3d: Fifsd ATiaehdl
2
P(E NF 2
P(EF) = (P(;) ) —%—g
36

it o B8 3 qherl W faer T € s gt aitom wmEe 9 g e
o o wae gufqse oifaerar 1 aRwifua fan 21 qenfy wufdey wifshar =1 =€t
TR, ST9e w9 W, 39 feafg § ot w6 w1 S wehdl 8, Sa Wifes e aage
T Bil WifEkd@ett P(E N F) @2 P (F) 1 IRehe agq@R fepan s 2
3MET FfafEad ST § 39 |9e |
IETET0T 7 Uk fogeh i S8eH o qie W faar &) afs faass w faa uwe @t
@ s &1 I: I8Te R I geh W 92 The B @ T q° il Hoh| IS = ' &wH
¥ FH TH U Yhe B K1 Hfed B W ® @ (H,H)

T U W 4§ 9] T@ ke B T qufae ﬁa(H)

pieex isicicaisiy (HsT)

ol qheror o uRomm 1 e 13,1 9 e fean wn (g)

Tl 21 38 AR & o9 I Jam@ FEd B =T §T3;

wher 1 yfaesl gafte € g g
S = {(H.H), (HLT), (T.1), (T.2), (T.3), (T4), (T.5), (T.6)}  smepfa131 (1O
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el (H,H) =witar & & 39 Somll W fad wee g1 8, aen
(T, i) <1l & foh Tgell SoTel W e Yehe g3 3R U™
I Hehd T GEAT | The T

@ § Wifess =ewst (H,H), (H,T), (T,1), (T,2),

111 1

(T,3) (T.,4), (T,5), (T,6) 1 HATT: FRRTREE
1111
E,E,E,Emﬁﬁ?ﬂﬁﬂfﬁﬁﬁmﬂﬁﬁﬁ%,ﬁmﬁ

fos 13.2 9 == 2
A & F 51 ‘=8 T 92 Yohe BT’ 3R E ST
‘U8 W 4 ¥ €1 @A ke B’ i 9 2

LiE| F = {(H,T),(T.1),(T.2), (T.3), (T.4), (T.5), (T.6)}
E = {(T,5), T,6)} 3 ENF={(T,5), (T,6)}
S P(F) = PQH,D}) + P (AT D)) + P ((T.2);) + P (((T.3)}) +

P(U(TA)5) + PA(T5);) + P((T.0)})
1 1 1 1 1 1 1 3

dPEAF =PI FPUTO) = b=
2126
!
4
[ worarett 13.1]

1. af€ B 3t F 3@ YR &I =g & % P (E) = 0.6, P (F) = 0.3 3R
P(ENF)=02, @ P (E[F) 3 P (F|E) 9 sifsr)
2. P(A|B) 9 &IfST, aIfg P(B) = 0.5 3R P (A N B)=0.32
3. AR P(A)=0.8, P(B)=0.5 3 P (B|A) = 0.4 T HIfY
(i) P(A N B) (i) P(A[B) (i) P(A U B)
2

4. P(A U B) 3@ ife afg 2P(A)=P(B)=% R P(A|B)=g
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I P(A) = %,P(B)= % EFﬁ'{P(AuB)=% @ A IS
(i) P(ANB) (i) P(A[B) (i) P(BJA)

frafafad w99 6 ¥ 9 9% P(E|F) 1 shifs)

6.

10.

11.

12.

13.

T ek 1 diF 9N ST T e
(i) E: e o1 W fad F: 9gelt gH So1e W) faa
(i) E: = < f=a F : etfaehan s foa
(iii) E : eifersrag <1 72 F: =9 3 9
T Toepl &l TH R SO T R:
(i) E: U fqeeh W 72 Yoe el € F : Uk fagen W fod yehe eiar ©
(i) E: 1 92 yehe 7T&f g1 & F 18 foa wehe = &ran @
T U I A SR I TR
E : T 381 W G 4 ke el
F : 9gclt < 3Bl W A 6 a1 5 The B
e Ui o o wma, fuar o ¢ agesa wE €
E: 9 @ il @ @ @ F:foa 99 ¥ w2 @
T Tl 3R T el G I SSel T R

(a) Il W YT F@AST H1 AR 9 B Hi HUfaeH ARl A Hie AR T8
A & foF el T R 5 Wehe R B
(b) Ul W U F@AST HT AN § BH i HUfAEH WFhdl A HiteC AR T8
J@ 81 foF el U9 W Yehe HET 4 § %Y 2
Teh I U I S9Tell TR @1 Hest B= {1,3,5), F=1{2,3}, 3G = {2,3,4,5)
éﬁfmﬁmﬁf@ﬁmﬁm:
(i) P (E[F) 3R P (F|E) (i) P (E/G) 3R P (G|E)
(i) P (E U F|G) 3R P (E N F|G)
T of foh S oH oTel ST= T iSR! A1 TTSeh! BiFT TG €| A% ferdt aier
o g o= B, d S o=l o gl B Wi Hyfde Wifehdl #9 €, 9 ¥ fea
T R (i) TSI Sea Sl (i) FAd9 Tk ool Agat
T UiIeTh oF U 300 I/3H YR oF 3T Y99 200 /38 YHR
e 99, 500 Tg-Tashedid FehR o STEM ¥ 3R 400 Tg-Taswedid YR o
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e T 1 HUE B AR I o WIE W U U A Al I Sl €, A Th
3T U9 i ag-Toshedia BH 1 Wifdehdl =1 81N 2

14. = fen o ® T < ol ol thepd W qra WeArd fae-fae €1 S weme W
AN 4 T H WFTRT TG HifSQ)

15. TH 99 &l %ehdl o T R fo=R HifWU) 9 99 | Yhe T&A 3 HT [0
2 @ U A T $oh SR A g o W Yehe ¥l Uk THeeh &l 3o |
AT AT T T W AT 3 e BT’ R T ® | o  faeeh W 9 wehe
BH' 1 gufasy wifehdr I i)

frefefe o 5§ g § wE T

16. af€ P (A)= %,P(B)=O?W P (AB) ®:

(A) 0 (B) % (C) uftenfya ==&t (D) 1

17. af€ A 3R B w2 39 YR € T P (A|B) =P (BJA) = 0 7@
(A) AcB (B) A=B (C) AnB=¢
(D) P (A)=P(B)

13.3 QTfrehdl oAl RIE =\ (Multiplication Theorem on Probability)

M oS fF E don F sk wiagel wafie S &1 < SeAd §1 wedd wqeed
ENF S seisii E 9 F o sfed e i <eiiar 21 374 sl § ENF seetl Eqen
F o T9q §fed 8 ol <00dl 81 921 E A F 1 EF ot feran s 21

W BH TG ST EF 1 WfAehdl 10 i 1 SAaeaehdl gidl 81 SI0 o forg,
T o 9% T U1 FeRTe o e ¥ ' fag ueT ‘T eene o Th T R
Wkl T1d Y | gogeh € Tehd 81 AT EF 1 WTaehal Fd hid oh foq ex aufas
Wifrehdl 1 ST Y € St T e f@mEn e R

T M © T e Fopr foU SM W uedl E &1 gufqad Wikl ol
P(E[F) 511 <91id & 2R 20 fefefed 9 9 o 3 2l
P(E NF)

P(F)
I qRomE 9 &Y forg wehd € T

P(E N F) = P (F) . P (E|F) (1)

P(E|F) = ,P(F)=0
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9 9% off 94 € T

P(F|E) = %,P(E)io
gl P(F|E)=% (Fifs ENF=F UE)
31 P(E N F) =P(E) . P(F|E) (2

(1) 3R (2) # e ¥ &4 W< 2§ fF

P(E N F) = P(E) P(F|E) = P(F). P(E|F) Si& % P(E) = 0 3R P(F) = 0
ST qROME Rl Wil 1 UM FrEm’ wed € TR U SR |
SETET0T 8 Uk %ol H 10 el iR 5 G 78 €1 7 1% Tk o «1% Tk Fehrell St

€ 3R veell e SR o Fher | Yee a1vd TE W@ Sl &1 6 ity o shere |
T gk S 1 b1 gagered 7, df <M il 1% Feher 1 & wifdshdr 272

%ol A fF E ‘Teelt whieft g o fsher’ 6t e @ IR F 'l el g % e
%1 5T 21 89 P(ENF) &P (EF) 96 T @1

31 P(E) = P (Yeeit 71l & ahreft Tig ﬁf*lﬂdl)=%

w1l & fean T ® o veelt el o sl 11 fehelt @ ereiq e E wfed € €,
319 Feel H 9 el 7T SR 5 WS g W@ T 1 WA, TEA S Fel B BT Afashd
S o et 73 1 e B TH A €, $S IR TEl had F k1 Gufdeel wifashar 7
& E 1 Sfed 8 9 2

A9l P(F|E)=%
31a qIfashel o UM I gRT e we B €
P(E~F) = P(E) P(F|E) = P(E) . P(F[E) . P(G[EF)

10 9 3

15714 7
3 & 3iferen g2 o feTq ekl @1 U FEw Al E, F 31k G % wfase gafe
1 A 7

P(ENFNG) = P(E) P(FIE) P(GIENF) = P(E) P(F|E) P(G[EF)

T YR WIfehdl ok O I 1 foar =R =1 sifies sreietl o foarg off fohan s wehan
2| frefetiiaa Seret diF seieli o fore wiftrenar o UM Fem o1 geid Wed e €|
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TETET0T 9 52 Tl 1 T85! WE Hel TS TSl | ¥ Th o 9% Tah o4 I fo1 wfaeenfua
forT feTel U TBel € TN W1 ISR S AT T SRt B Shi SR WITHehdl B2

T HH o foh K 512 ehTen T o1 SE9E ©' W ST A S ¢ fHehTen T U SeknT
2’ ol o B ¢ Tl g6 P (KKA) T e 2

4
3 P(K) = 5

a1 EP(KIK) 98 91 eF W for ‘Teet T T e Seee @ W W) T
AEINE BH T WTehal 1 S9iar 81 o1 TS § (52 — 1) =51 T & 5 & aewme @
ey PKIK) = =

3fdqd: P(A|KK) SR F7ehTel TTT Txi %1 SoRRT B 1 Wfdsel Wikl € ST foh e
T & o <1 S1eemE ved € feeel ST g €1 ot TEEl § 50 T4 W@ T ®
e PIAKK) = PAIKK) ==
Wigehdr & o e N W U gl © fR

P(KKA) = P(K) P(KK) P(A[KK)
4 3 4 2

" 52751750 5525
134 W‘aﬁl‘i (Independent Events)
52 Wl w1 et § W U ww FeRler % wdiern W faeR ity fed yoiw difes
T ] GEGHSA WA T 21 A E a4l F Al weAst femten wen ww fae) @6
2" 3 ‘FeRTen T TN Uk SRR B 1 o i ©,
1

13 1 4
P(E) = —=— T P(F)=—=—
®=573 B=5=13

Y € ‘E R F' e fehten T uw (A€l 1 Seeh €7 %1 oFe Rl €, ST

1
P(ENF) = o

1
. _PENF_35
a7 POEIF) = 51

1 13
«‘:PﬁﬁP(E)=Z=P(E|F),WWW%%WF¢H&H@%@@#W
E &1 Wifehal W HIE 996 e Sl 2
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74 ug off o © foR

1

P(FIE) = P(E(E)F)z%:
4

T P(F):%:P(FlE)w%ﬁmEéaaﬁaaﬁaﬁxﬁm%m F

TIiehdl TR I FHE e e 2

37d: E d91 F30 R 1 5 € & fordlt T =1 o wifed e 1 g=e1 Sodt s
1 Wl W 1S 99 &l Srerdl 2

T YR H! TS F @A geAE FEd 2

Tftarer 2 9 "R E 9 F ol Tas S %hed € A
P(FI E) = P(F) S&i%! P(E) #0
P(El F) = P(E) &1 P(F) #0

37d: 39 R H P(E) IR P(F) 1 Y=RK 81 a9a 2l

LS
13

=PF)

319 WIfaehal o o M 9

P(E N F) = P(E) . P(FIE) . (D)
IfE E iR Feads e e f (1) 9 &9 9 e @ o6

P(E N F) = P(E). P(F) )

3d: (2) o SYAN 9 TH T HSARA i Waadl i (EfatEd we 9 o gt
F A B
aftarer 3 AWM of E iR F et agfess qdiemn o faeel gmfe &t 91 s §,
E 3R F @3 Ted gt & afg
P(E NF) =P(E) P(F)
feugoit

1. < WA EQeNF ! WIfdd (dependent) ed €, 9% o o= 7 & ereifq af
P(ENF)=P(E).PF)

2. wHfi-sedi T e SN TR erest seAe % diw 9w ey 8 W gl
‘Tors SIS T AR SIS 1 Wiehdl’ o 9 H & TE § 5a T I
FTuas HeEl w1 IR ‘e’ o w9 W H TE T IHeh SR, WER
et sreet § g off aRomm @rd sy & € g © g s e |
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oftomg wré off 8 TR §, 9% Toe He e 1 ToRdd s HeAn 3R
e STgerst s wEEe 7§
TR vl H, A < U e s sed € et g IR €, @ 98 wWER
aTTerstt T8 & wehdl €1 foetma: afk < Y WiHshdr Al WER Tvest gt
Al €, dl 98 w@as T8l 8 Hehdl B
3. < afess e w@ds wEdn €, 9% Yoish ¥ I E 3R F o faw, i E
e THEU @ g F g Ter 9 Heiferd €, sesti E a1 F o U |1y "t
B 1 Wk, ST S TIe0T GO TRy S, WireRan P(E) 3R P(F) o ToH%e
o R Bl ®, TSRt afteher S T0e0N o SR W STer-3TeT fhan Sl
21 @19 P(ENF) = P(E) . P(F)
4. 9 =meAeh A, B 3R C &1 Was &8l 9@ ¢ 9 SR shed A
P(AnB) = P(A) P(B)
P(ANC) = P(A) P(C)
P(BNC) = P(B) P(C)
3R P(ANBNC) = P(A) P(B) P(C)
I I § § #9 9 H9 TF ff 9d T T8l B ¢ q 9 T s ) wan
& el S B

IEMETOT 10 ek U 1 Teh aR ISl ST 21 52 I8 T YIed &A1 3 1 799
2, %! E 9 3R ‘U9 W 9w &A1 59 87, 1 F 9 fsfua feren Sedi «ard s s
E 3R F @67 87

1 B9 S ® o6 3@ wderon o1 wiaesl w|fe €: S={1,2,3,4,5, 6}

I E=1{3,6},F={2,4,6! IR ENF= {6}

21 301 1
T P(E) = £=3, P(F)=c=7 SR P(EN =
T P(E N F) = P(E). P(F)

3/: E 3R F @dd 91 ¢

IETET0T 11 Teh MM (unbiased) 99 ohi T SR ST &1 HH & A 2T Ugall
IS W favm e g g’ 3R B we ‘fedt sem R foavm e g g <9
21 TeTE A 3R B & WA &1 qhe0 S

Tl afg |t 36 Hifers s w) GEST TE o df
18 1 18 1

PA=3673 i PB=3732
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g & P(A N B) =P (3 3o § faug @@ yra g
91
36 4
11 1
A P(A) . P(B)_EE:Z
peslroe] P(A N B) = P(A) . P(B)

31d: A 3B a5 Al B
IEETOT 12 A Toeepl =61 I8Tel T 21 WE o E s CdH fad @ dF 92 wrw g
IR F ¥ =Aag < Fod 9 B SR G e ¢ sifushan <1 e W e Rl fefua
#W €1 FH (EF), (E,G) 3R (F,G) W HhiA-shi1 | w6 €2 SH-5H ¥ TiHa &7
T T w1 yiaeyl T ® .

S= {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}

T E = {HHH, TTT}, F= {HHH, HHT, HTH, THH}
3R G = {HHT, HTH, THH, HTT, THT, TTH, TTT}
el & EnF={HHH}, EnG={TTT}, FnG={HHT, HTH, THH}
2 1 4 1 7
ey P(E)= ==—,P(F)=—=—, P(G)=—
(E) s 2 (F) 8= 2 Q) 2

1 1 3
PENF) =2 PENG) =, PFNG) ==

T P(E) . D) = x = PE) PG)=p o =-Laie P PG = x =L
37d: P(E ~F) =P(E) . P(F)

P(E N G) = P(E) . P(G)
R P(F N G) # P(F) . P(G)

TEfAY, SeATd (E 31 F) s & St w2 (F 3R G) 317 (B 81R G) TiEd 2
SaTetuT 13 g #ifSe ff 9 EiRF < s e @ df B iR F' o wdst gi

T Hife Ed F @as 8, gafau
P(E N F) = P(E) . P(F) ()
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562 T

o1 13.3, % 99-31@ § 98 W= ¢ T ENF $IRE N F oW 31vesi € Ik @y &
E=(ENFUENF) Er) S
Fifh ENF 3RE N F 1R et ¢, B oF
Bl PE)=PENF)+PENF)
R P(E N F) =P(E) - P(E N F)
=P(E) ~P(E).PE) (DF | (ENF) — X5~ (E'NF)

=P(E) [1 — P(F] meRfa 13.3
=P(E) . P(F)

37d: E 3R F a3 ¥ 2

| fomit | 56t R e vt o T @ R A

(a) E @1 F @dd &
(b) E de F T&ds 2l

SETET0T 14 A% A 3R B s WG € df A9 BH @ <[qH Tk o € 1 Wikl
= 1- P(A") P(B")
T P(ATBH ¥ =q9 TH T &) = P(A U B)

=P(A) + P(B) - P(A N B)

=P(A) + P(B) — P(A) P(B)

=P(A) + P(B) [1-P(A)]

=P(A) + P(B).P(A)

=1- P(A") + P(B) P(A")

=1-P(A") [1-P(B)]

=1-P(A") P (B")

[ wererett 13.2]

1. 4 P(A) =§,P(B) =§aﬁ1AamBWwﬁ%’a‘f P(A N B) I &ifsm
2. 52 W4 1 U TSt § W AgusAn T gfawenfud few e St o feker T S
Tl o I T T B hi Wiehdl Ad hiftad|

3. R & Us fesd 1 e 399 9 9 Gad i agesan famr gfaeenfia few
B FeTet e fopan Stran 81 afg =i Fieprel 7T o 318 @ di fesd w1 famt &
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10.

11.

12.

13.

wfRar 563

foTu Teftepa fohan ST @ oFre Sreliohd Y °d €1 U fosa e 15 W €
59 9 12 o3 9 3 TUE R €, o fohl o foIu iiehd 8 w1 Aifehar =
it

T = Tept 3R U AT I8 ) STl T "E o A S faees W faa
Tehe BT ©' 3R B WA ‘U W GEA 3 e Bl © ol TErd S § e
FIfST fF Tt A i B @ds & o1 7eE1?

TH T W 1,2, 3 ¥ SR 4,5,68 0§ for@ T €| 39 I9 H ol
T A W A CHEN 99 2 SR B HeT CHe o U1 9 forel T 2, @
frefua w3 g1 A 3R B @as 872

AA o EQeIF< 5210 396 WK © o P(E) =§,P(F)=% ﬁIP(EmF)=§ﬂH
FE de F&&as 22

A 3R B UE el § W € sl P(A)=%,P(AUB)=§H%‘H P(B) = p.
p 1 WM FE SIS 4 (i) TN WER et g1 (i) St s B
UM & A 3B ®@as 5l © 9¢1P(A) = 0.3 XP(B) = 0.4. a9

(i) P(ANB) (i) P (A UB)
(i) P(AIB) (iv) P(BIA) = =hifsq
ﬁTﬁWﬁAﬁTBQ@%,GﬁP(A)=i,P(B)=%3ﬁ'{P(AmB)=%?|EI

P(A-TEl 3R B-&Y) T sifsm)
mﬁAamba‘srawﬁ%aﬁw(A):%amP(B):%afﬁt P (A-7&1 iR
B-&l) =%.w A 3R B Tdd w87
A 3R B a3 el & T SEl P(A)=0.3, P(B) = 0.6

(i) P(A 3R B) (i) P(A 3R B-T&Y)

(iii) P(A =1 B) (iv) P(A 3R BH &g o 7&Y) 1 wF 71 sifsu
T U ] 919 91 STl Sl ® 9l 9 G FH TH 91 a9 G@&H g 8 hi
ifehal Ad it
3 e T dfeq 9 fo gfeeenfud foru freprelt St 21 afd § 10 et 3R 8
oA TS 7 WAkl F1a FIC (i) A S AA B (i) FH FTeA T S A
2l (iii) TH el a0 O @A
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14.

15.

16.

17.

18.

Tfora

T o THE 1 A SR B g W@as €9 § g F H GIFSAT w9 %@ﬁ?

%%lw&ﬁ,wﬁm@,wwaﬂ#aﬂmaﬂﬁ%,aﬁmﬁwm
Hifse R
(i) THE g € W @
(i) STH § TLIq: HIE Th THEN A HL ol
AT ok 52 Ol 1 T G TEEl @ Tk W Ages Al HehTe St 81 et
¥ 9 for geneti § wead E @R F w@as 22
(i) E: “Frepren e o= gpW w1
F : “fehten T oo geen
(i) E: “Fehren T 9e1 et 1 6 @
F : “Fieptell T <1 U a1RRTE 2
(iii) E : “FrerTel 71 Io1 Ush 9G9Te A1 Ueh 9H 2
F : “FieTel T U1 U AH A T [ B
Tk IEEE | 60% femned &t &1, 40% 7S 1 3R 20% Al STEER Ted B
T BE1 I AG=SA I Sl 2
(a) WIfrehal S HIfSTY fom o =1 df &t ik = & it o1 er@eR et
(b) =fE o€ &t 1 STEeR ugdl € df SUeh s i Sf@ar f Ygd arel B
1 TIfehdl A1d HITST|
(c) A o€ AUSH 1 SEeR Tgdl € df 3Tk &l &1 er@ear ff ggd ol gH
1 WIfehdl A1d HITST
e UGl 1 T ST STl Sl Al Yeh U W EH 9T WAl WK i
1 Wi frefefad § 9 & 272

1 1 1
(A) 0 B) 3 © (D) 3¢
T weAsl A 3R B & WER @A #ed 7, AR
(A) A 3R B TEHR {qesh & (B) P(A'B') = [1-P(A)][1-P(B)]

(C) P(A) = P(B) (D) P(A) +P(B) =1
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13.5 S7-YHT (Bayes' Theorem)

M e fF & 9 13RI U €1 gen [H 2 9% 3R] 3 o 12 g1 SR Sen
¥ 4 T 3R 5 o 7S 21 forelt w9t o 9 W 7% Arg=sa kel St €1 g

forlh T S0 g A e - T o e fd et (e e )

H 9w faeie @1 (9 o §%) e w1 Fepter 1 wifierar off 919 9 EWehd B 3=
yieal o g forelt gt 1 1 g Frepter w1 WifeRal 9 o Fehd €, I & e fao
T Bl TR TR -0 O W Feprelt T ©1 Wi 9 €9 TH 91 i Wifdshal T e
Tehd & fop 1ig forelt T gt (A & Sen-11) 9 Teprelt 7 € af 29 fepmedt T8 g
1 W1 741 B2 TRl BH Se-11eh T 1 Aiaeliid (reverse )Wkl Fd Al 8 Safeh
THH 1K T el S 1 B I 71 g TR Wi o A gfac Wi 9w
FT I HT GUHE Yfasy WAwar o ST g AT €1 Sk gRI SR T g
‘S-EE o T W ST S € S ST GAad 1763 § ki g ol SN ee
o HOF o YA U Ud SMET Uk qREm 3R $w g qioml @ feer st

13.5.1 Tk gfaeyt qufie &1 faursT (Partition of a sample space)
e E L E, ... E & e &1 vfaeet T S o faursm & fefi s € ok
(@) E,NE=¢,i#),i,j=1,2,3,..n
(b) E,UE,Lu..UE=S73dud
(¢) P(E)>0,%% i=1,2,..,n% foq

T o H, ¥ E L E,, ... E Ufoeel wAfe S5 faume w1 frefi s 2 af
o T SEYH €, THU § AT STh! AIhal IR 2

SSEUE: B9 3Ed € fF HIE USE IR SURI T ¥ E' Ufdsel gHfe S %
fauqrs © ifs ENE' =¢ 3R EUE =S.

-3 o 13.3, @ &9 SIEH @ Yeru 9% Gahd € T A B iR F ot wfeeed
Tufte S, o W i & TN €, @ {ENF ENF'} 9994 E &1 T fa9mse 2

wg==d {E'"F,ENF,ENF} ¥9=s9 E U F & T fa9mse € iR aq=d
{(ENF,ENF,E NFE NF} g9l gfee S &1 & fausH 2

9 TH HYUl WReRdl 1 WA H s

13.5.2 W'Q\'Uf UTfaekar @t 999 (Theorem of Total Probability)
o9 & {E, E,...E } ufaeef wmfe s, %1 ww fawed 2 ot Am o R gow

n

SeAE L E, ,...,.E ®T JIfasal Y™ 81 79 e A gfasei wafe & 91 T

n
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el ©, 94,
P(A) = P(E) P(AE)+ P(E) P(AIE) + ... + P(E) P(AIE, )

= Y P(E,)P(A|E))
Jj=1

suufs f&an 0 @ 76 EE,, ..., E, 9foeel "t S &1 weh fawse @ (ot 13.4) 3afem,
S=E VEU..UE ..(1)

R ENE=0Vi#jij=12 ..n
e T ¢ fop forelt meA, o forg
A=ANS E, E
=AN(E, UE ..E) ——

=(ANE)UANE)U..UANE)

WA TANE, IRANE, FA: T B, iR E, % Suaqe € Sl i # j, = fog
IR € T i), ij=1,2...n% T A NE 3R ANE, TR €
zafa P(A)=P[(ANE)U(ANE)U...U(ANE)]

=PANE)+PAANE)+..+P(ANE)
S P(ANE)=P(E) P(AIE) Fif% P (E) # OVi = 1,2,..., n

Wigehdr & oM e 5 gn S § R
ESISIY P(A) = P(E)) P(AIE)) + P(E,)) P(AIE,)) + ... + P(E,) P(AIE)
Bl P(A) = )} P(E))P(A|E))

=1
mwwsqﬁ%#@ﬁﬂfmwr&wémm%mﬁﬁﬁg@w
0.65 1 TSAIel 7 B 1 a1 ggaret gH &1 fefaa o fafo & o geamar qof
B 1 WIfFehard sHeT: 0.80 T2 0.32 €1 Fafor % & gwarger quf g1 1 i
BIGRCAISI
Tl oM ofifse f& ‘fmfor e & geagar gof 89 6t s 1 A SR Cegaret g
%1 T i B g Fefud e S €1 86 P(A) 91 T 81 89 o ¢ TR
P(B) = 0.65, P (ggarad 7&l) = P(B’) = 1 — P(B) = 1 — 0.65 = 0.35
P(A | B) =0.32, P(A | B") = 0.80
ifer A B 3R B’ WAfte W= o fawsH & gafee §qul gifsehal w6 g
=P(B).P(A | B) + P(B") P(A | B')
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=0.65%x0.32+0.35x0.8

=0.208 +0.28 =0.488
37d: fmfor e gHaEr qof eF T wifaskdr 0.488 R
379 T IF-UHT H YHYH HUT qo1 30 fag FH
IT-UHT (Bayes' Theorem) af€ E.E, ... E 3 e & S T ufaeel gafe S
% fassr 1 0 St & S E L E, . E, T SEIH € SR EUE,U ., U
E, =S 3R A®E Tt s € fowet miawa yam 2, @

P(E)PAJE)

P(EJA) = ,i=1,2,3, .0
> P(E;)P(A|E))
j=1
suuf & 3@ €
P(ANE))
P(E|A) = W
P(E,)P(A[E)
= T)' (IRt o TUH fEE &)
_ _PEIPAIE) (Hqol wifereRan & e 9)

D P(E;)P(AE,)
j=1
C gew e s i e v S e
ElEﬂTSﬁEI, E, ...Enaﬁ YReheqm e (hypotheses )ed &
P(E)) 1 YRehed1 E &1 JaIeid (a priori) WAl #ed €1 QUfqes Wi
P(EiA)Elﬁ RIECTSE | El_"ﬁ IAHTEAM (a posteriori) ek Fad gl
o YU 1 HRON T WA BT g o e S €1 iR E, viaest wmfe S
% Tk faurse w1 T wd € sHfee seet E ¥ ¥ U 99§ U SR dhed
T € fed et © (SFQE, § ¥ A U € HeA Hedl € 3R UF W A T ue
Tl ©) 3T: ST I TH RGN ORI B, (3147 Tk HROT) T Wiashar < € Sefh
T A W1 Hfed B e T R
51794 *1 fafay aitferfal & swafm 21 e @ 59 = Frefafaa sseon §
e T T R
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SEETOT 16 g [ 11 By €1 9 19 3 ol 3R 4 sreft 1 € 59 foF 9 11
T 5 el 3 6 et e 21 fordl Th e | 9 agesd T 1 et 7 € S T
e T 1 21 3H 9 i A Wiiehdr € T T g O 11 9 fehrelt T8 €2

T 9 151 997 e B E, ¥ SR 9 115 =9 ®1 B, A wifs) W e fw
e 1 1 g ke 1 HeT w A9 e w3 2

N | —

GE P(E,) = P(E,) =
WA & PAE) =PERIH § @t 0 &1 = feprer) = %

R P(AlEZ):P(%IIﬁ@Wwﬁﬁ?W):%

3@ SR T § W5 e &1 gIfawal, 59 & 98 91d & % a8 o O
&1 € = P(EJA), 39-T99 51

1.5
PEJA) = P(E,)P(AIE,) _ %0 35
»7 T PEDP(AIED+PE)PAIE,) 1 3 1 5 68

277 211

SETET0T 17 o etfi= fes I I eIk 11 XU e € el geie o < foeen € fosd 16
A Toeer |F o 2, fesa 110 <Ml feer =fel o € 3R fesd W T 9F 3R ©h
7<) o1 Teept 1 U AT Agesdl U fesa Ia1 § iR Sud 9 A U e
fshrerar 21 afs faeht @R 1 2, @ 59 S1d ST F Wigekar € fo fesd | qo faaen
off G 1 & 22

&AM A E, B, 3R B, %A fead | 13 11 % == &1 frefog & 2

1
GE] P(E) =P(E) =PE,) = ,
e & IH o A T FekTen T faeer 9 @1 2 W <l B

LiE| P(A|E1)=P(%®1@@ﬁwfaaaﬂﬁwm):%=1
P(AIE) = P(fessl 11 ¥ &M o1 Tk Toeeht feher) = 0

P(AIE,) = P(fesd 11 ¥ ¥ 1 fasrht ke = ;
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319 fesd o goU faem o 9 &1 B9 *T Wik

= ferTen T 9 1 faeent fess 19 8F &1 Wi
=P(E,|A)
9 I9-T9T g
P(E|)P(AJE))
P(E,)PA[E,)+P(E,) P(A[E,)+P(E;)P(AIE;)

P(E |A) =

l><1

1><1+1><0+1><l
3 32

IEET0T 18 AH o foh Uk T qdieqor &) favemiean fefafeaa ger 9 ffde
F1 T 2

T g L. USiifea sfaal & forg wdieror 90% war o H 3R 10% Tar | e
o gyH g1 TE.ITE.Al. § wds sAfad o fou whaon, 99% Tel udl orlal § A T,
.ol “ifea aaran © Stefew 1% Tfad safeal o fog T=. e al. grsiifes odmar 81 T
e SEE, fSEH 0.1% At el UK ¢, W 9§ Uk oAfad Agesdl g1 S @
AN 39 1 The R MW AR TS, i Sutkfd adrn g1 o TR
2 fr 9 =afe o § wELaEA. (dishfea) 82

&1 UM o B9 T Afed o arkdd W TE.STE . uisiied e i Sl 3R A St ok
TE.IE AL T § Wsiifea 8 1 T 1 g9 &1 88 P(EJA) I HE B
e G E T T Al o TELSTE A, Wsiied 7 8 w1 S i <uin
Ty {E, B} SHEen § weft st o iaest wafte &1 wew fodse 21 e o @
P(E) = 0.1% =15-=0.001
P(E’) = 1 — P (E) = 0.999
P(A|E)=P (=afert =1 qermr o T, o, disiifed <1 st f&an wn € fr =@

TEE § TE.STE AL dSifed §) = 90% = % 09

o=
3R P(A|E) =P (=afe =1 wlieror ® Lo et ursiifea <9 st fom feem e @ fm
9% AE T TELSTE AL Uisfed 78 §) = 1% = 0.01
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9 -9 g

P(E)P(A|E)
P(E)P(A|E)+P(E")P(A | E')

P(E|A) =

0.001x0.9 90
0.001x0.9+0.999x0.01 1089

3T: Tk A=A T ¢ Al o areqd | TSR, shifed gF i wifehar s
o T & T ST =LAl we usites 7, 0.083 1
SETETUT 19 T diee oM o HR@H | 7 (F39) A, B 3R C el SIS 1 a9
25%, 35% 3T 40% diee st &1 39 "1 o Scured 1 A 5, 4, 3R 2 yfawd
i TR (Ffeqel) € dicet & Pl SR H ¥ T sliee A=Al e S € SR
o€ W I Sl €| SHRT 9 Wiidehal @ TR ¥ siee Wi B g SR T @2

& 7 fen & wed B, B, B, 1 w2
BI:WWAWWW%
BZ:WWBWWW%
B3:WWCWWW%

T g foF wed B, B,, B, WER {9asi iR qRqul €1 o fern f e E f=
TR : Edice @ 2l
e E, Ses B, A B, A B, % W wfeq Bt g1 e 2

P(B,) =25% =0.25, P (B,) = 0.35 3fR P(B,) = 0.40

o ; P(E|B,) = dice & @& 81 %! Wifaehal @ fo < 81 fof o w=fA B g1
ffHa

=0.083 (TT19)

=5%=0.05
¥dl ¥R P(E[B,) = 0.04, P(E[B,) =0.02
499999 5N g9 9. €

P(B,)P(E[B,)
P(B))P(EB,)+P(B,) P(E[B,)+P(B;) P(E+[B;)

P(B,|E)

0.35x0.04 0.0140 28
0.25x0.05+0.35%0.04 +0.40x0.02  0.0345 69
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SETET0T 20 Teh Sl i Tk UM 1 @ A1 €| T8l o el § 98 7 € %

I A, 99, TheX A1 fRE T aeA ¥ S H1 Wiushdnd sy 11 1 % %
1
2

5’

o 7 3, 7 T S T T R T A s o -
2, Wq Rt o aed ¥ o W SH R T Bl B A 9% | E o, A sueh A
Y AN &I Wikl A wifaw)

Tl O oifee fF ‘el & Tl o 7T R F ' HY T BRI AR Sl ok A,
W,E@Imfﬂﬂmaﬁmmaﬁmﬁm T,T, T, 3R T, @

P =1 : P(T) P(T)— a'jﬁTP(T)—— (femm )

P(E|T1)=W¢éﬂmmmawu§aﬁﬁmﬁqw:%

3l ¥R, P(E|T,) = l ,P(E[T,) = i , P(E|T,) = 0, Fifs 7= 9+ g &+ T 3d
U
e dF-YHI g
P(T |E) = ST BRI <X ¥ TH W 31 51 &M 1 Wiaehar
_ P(T,)P(E[T)
P(T,) P (E[T))+P(T,) P(E[T,) +P(T;) P(E[T;)+ P (T, )P (E|T,)

1
0”4 3 020 1
112 40 18 2
X —+

SEETOT 21 Th Al o aR H A € T o8 4 § ¥ 3 9N GcF dieidl 21 o8 T I8
F IBTIA 7 SR TqA ¢ Toh 3T T 3T ol G 6 &1 T9 1 TIiehal 1d it
5 99 W M STl gew ard | 6 2
7o O ofifeT f E, ‘=afad g1 99 i 39T T I8 Fd i foh $9 W A el
T 6 3’ H1 A Bl HH WA & S, UH W HEA 6 A FT WA R S, UMW W
@& 6 TET A HI w21 qd

P(S,) =& 6 3 1 = Sl Hifehell =

1
6
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P(S2)=H@T6Hﬁaﬂﬁﬁmﬁuﬁw=%

P(E[S,) ==af 51 ¥ 9aM W fF W fF Hem 6 o € Sk T8 W S aeft
T add 6 ®, i Wik

=wﬁﬁ§mwaﬁaﬁﬁuﬁw:%

P(E|S,) = =Afod 510 78 oM W fF T8 T T&AT 6 3T € elfth I8 W T ATl
e ard § 6 TRl €, i AR

s g e T AT #) W <12
39 IT-THT g
P(S |E) = =Aft R T8 A i WAl fF Tl 6 Whe gE ¥, 5 awad ¥ Hew 6 ¢
1 3
_ P(S))P(E[S,) 64 1 243
P(S)P(E[S)+P(S,)P(E[S,) 1 3 5 1 8
6 46 4

m:wﬂ&mﬁwgél

[ womraett 13.3 |

1. Uh Holel | 5 Wl 3 5 el 7S &1 Agesal T 118 feprell Sl 8, $&eh! T
Al X ok 9% A FHorw § W@ S )G PR T Y 2 st i1
Fs § W@ € S # e Herwt § ¥ Tk 1S Pt St 21 gEd 1S 6y o
B 1 WIfeRal 1 ©2

2. TH U 4 e SR 4 Hredt e 2 AN T 3 Ol § 2 ol S 6wt 1o
1T Sl § U T R AgesA I W @ AR SHE U e el S @ S
foF e ©1 39 o1 1 921 Wiidehar @ foh g 9eel 91 © fepredt TE €2

3. 9% 9 © T T el & ol § 9 60% SEe § @ © SR 40% SHEE
¥ 7 T €1 gdord! o % qftom gfed #7d € T sEeE ¥ W e e o
T 30% R BEEE § 7 @ ol BEi § " 20% B 4 A-U femn ad o a1
o HeTfearer & Tk B 1 Agesdl I T 3R T8 9 T4 6 56 AU fien
21 TH 91 1 1 WTFRl € foF o% o sEed 9 @ 9wl 82
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wifRar 573

Teh Sgfahedl Y W1 SR 34 | U fownefl = @ wed 1 SR SHar § A1 9%
Wm%mﬁﬁmwaﬁﬁﬁmﬁw%%aﬁimwﬁﬁ

mﬁwi%mﬁﬁm%m&wwmwﬁmaﬁwﬁaﬁ

ElREX] i 2 @ TH 91 HT A WITHHAT § T IS B Y T IR S § A
TE T ¢ foF E wE SR femn B2

forelt fagiy O o @&l feM o fou o 1 St 99% STHER ©, S« arkd o
i 9 U o 7 B 21 g 0.5% SR FREt et safa 6t e S B R
e e Raie < & @ sAfem b1 A0 @ U oo g1 9 fre e
T 0.1% &I 39 AT Y T& 2 o 1 Aehal 2 o IS Ageoan 971 T Al
3G U1 9 T B AR IHF R H1 Sra H T8 e S § R 39 gw A 22

= fiyereh faw U €1 U foeer & S oI foa & €1 guw faeen st © fomd
fad 75% 9 Yehe BT © SR A9 eEfude faen 81 dF § @ T faees @l
=3l A1 T SR 3T ST T 7| AR faaeh R fad yehe 7, @ = wifashdn
2 T o < faq eren fasm 22

Tk ST ST 2000 TheX HCThT, 4000 TR Ahi 3 6000 Th =TeTehi 1 =1
Tl 81 gHTSH ®1 WfFshdrd ®wEeT: 0.01, 0.03 3R 0.15 B siHeha At
(Sreteht) H | U AN B ST €1 39 A o Wl ATk B i WAkl
1 7?2

Toh HREH H A 3R B3 w3+ aft € qdf foenor @ e weran @ o ol S
HT 60% T A 3R 40% T B gRT fohan STt 21 s sifafiea Aei AT 2%
3R T B T 1% STUEH B 1 A Fol SRH H1 Toh & o1 ferdl Sdr ©
3R 39 R W gl el T oarg @e B, @ 39 o9 o (weia A g o
B 1 Wifaehar & gni?

T 3 T i & FReek Aed o T M w1 wfaeet o €) veet qen T <o
o Sfta T Wfshdrd HHET: 0.6 AT 0.4 €1 TEeh SMfafied AfE Teel o1 il
% d T 7T SR o YRR B ki WifdeRdr 0.7 ® R A SE e Shaar €
T 1A 1 G WIeRdT 0.3 &1 ST Wfehdl 1d shiferg foh a1 Scre TR <
BN Y foRam TR o

M A foh h1E cTgen! Toh I SSIed! 81 A SH 5 A1 6 i HEA W el
2 9% TF faeer FI 9 aR SO § IR fed’ @ gen e s gl A
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11.

12.

13.

14.

Tfora

U 1,2,3 TN 4 F G YW Bl @ 9l 98 T e &l T a7 oo § 3R
TE e Hl € T 56 W fea’ @ fue’ wiw g3 At S§ S Uk fed Wi g
2, dl SHeh §N SO ML U™ W 1, 2, 3 A 4 WK B 1 Wihdl 1 €2
T eI Al o e A, B 91 C WY et §1 9ed SRe A 1% @d
Gl SeIed ShYdr & qe ST B 3R C T 5% 3R 7% @ Wl Seamfed
FX 81 B W A FA THT T 50% Rl €, B bl THI 1 30% 1 C el
T T 20% TFIE1 21 97 Teh ©d |l Saifed @ df 36 A g Scaifed (T
I FT IR w8

52Tl Y TS @ U U Wl Wl €1 99 U6 @ % o epel S @ S €2 ok
A 1 e e -l e ) 1 T e |

A SN 9 died &1 wifRdl %%I@WWW%HWAW%%
foa wsfefa gem ardfas &9 & foq gwe eF &1 a2

4 1 1 2
(A) 3 B) 3 © 5 (D) 3
IfE A 3R BUH wed € fF Ac Ba™ P(B) =0 o =1 & & &4 3% ¢
_P(B)
(A) P(AIB)——P A) (B) P(A[B) < P(A)
(C) P(AB) 2 P(A) (D) ST § IE &l

13.6 Ggfeseh = 3R Tk UTfaehar sies (Random Variables and its Probability
Distribution)

=7, TaferT W o T i fEt % AR § ves @ ghe 9% § 3 v
" 9 ofysX ® wH foviy ufomm o s=g& © o fohg =9 ofooma @
Hafya fordt g&n o =g 9

AT Fo T R 4ok IROH R Forr |

(i) = 9TEl I TR oh TOEU § BH IHI U W Yehe HEAIST o AN H g @l

Hhd B

(i) T Toeer i 50 9R SV § AN TfE Todl s @@ § € wehdl 2
(i) 20 =&t & TH R W, F5oH 6 @ €, 4 TG H (TH & 98 Th) Feprer

o T | AN 9 4 S%qel oh Ufaeyl ¥ @UE oRqsll i 9 H Bl Fehdl
2 7 # WE iR Sk aegetl & Rt faew ey H
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Swfe § U Yoeh e § gER U Uk W € S Yodsh Ui o ETd U
ardfas e e s 21 wheo & g 9o & fau T ardfas gen
AT Bl Fehll | SEfTY € Teh =1 €| W1l & 3Hep1 0 Tordll Agfesen wdem
o RO W R Y € TEfaT 38 Agfese S hed ¢ U Aiess = ol HE:
X9 = W B

IfE 9 Th o HT IR BT TR FKifSC @ T F as § u AR
=R X, ®er gl 8 T5Eeht Wid (domain) e THer0T oh TROMET &1 G (7
gfieel wafte) g 81 U arfes =X w1 f oo 9 o el ¢, THIT SHE
el (codomain) ST @3t o1 T==A a1 €1 37d: T Agroseh = hl e
YR © GRH H Fehd

T 4 Uk Agfee W 98 o eidl © et 9 et angfemes wlerr w1 gt
Tufte g 2
IR0 o foTu, 37eT U ek 1 & IR 3FH | 3976 S o T | fo=r Hifsu)
T8 e 1 Giaeel g 2

S = {HH, HT, TH, TT}

Ife X, 9w Tordi w1 S i oo il ® dl X U Agresesh =R ¢ 3R Yl IRom

% foau THe 99 9 ToR 9 e T R

X (HH) =2, X (HT) = 1, X (TH) = 1, X (TT) = 0.

T € eyl Tl W w9 i Agfese =R uReid oy s wehd €1 S

& fou 9@ o foe Y, gfaeyl wufe S o g aftom & fow fodil &t 9 9 vl &t
T o S I oHE Il B ad

Y (HH) =2, Y (HT) =0, Y (TH) = 0, Y (TT) = — 2.
I T Hiey gafe § # X IR Y ¥ f9=1 agfess =) uftwfua feu g €)
IEETOT 22 T Al Tk THp 1 d19 a1 IDeM 61 Wl Bordl 81 @l & AR
g SH MK 1 Y% T9d o fIq Rs 2 21 € 3R Ycdsh 92 o fou a8 =i
TSt i Rs 1.50 a1 81 AF & X oferd gRI it ¢ =1 B T T ol o7er shdal
21 Uil fo X o agfess =) ? @R 3@ qder o gfagel gufe & wed & &9
T yfyfa sifsmu)
o X UH Hen © e am e aefess wdieron o giommi w aitfia 21 gafa
X T Agess =N B

379 TR T WAyt T 2
S = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT)
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X (HHH) =Rs 2x 3) = Rs 6
X (HHT) = X (HTH) = X (THH) = Rs 2x 2 — 1 x 1.50) = Rs 2.50
X (HTT) = X (THT) = X (TTH)= Rs (Ix2—-2x 1.50)= —Re 1
3R X (TTT) =—Rs (3 x 1.50) = — Rs 4.50
el =01 Tog, faene! 1 e =i g9 @1 1 o7: yiaeyl it & qoieh o1agd o

fore X =1 w sifgdta oF 7, safan X ufaeel gufie W & wer © oo ofiEr 7
-1, 2.50, —4.50, 6}

SETET0T 23 U O H 2 e 3R | o 113 &) Agssa Tk 1% Fhrell T iR STkt
T A wE ok % SH G O | Sl T 39 Uik & g R e Ak X |
frenTell ® HheTal 1 HE&A i <Al @ dl, X o1 ool €, STel b el g a1 feper
el 9 T @

T TR o o O | el W F: ow, w, - W R FW E
a9 yfeeel gufie 2:
S={w, w, w W, w, w, W, w, W r, W I, T W, W, F T}
3@ X = Q] ® & = Fhadl &l GEAl
T X (fw, w1 = X (bw, w,) = X (w, w,}) =X (D w, 1) =0
X (fwy, )= X (tw, 1) = X (L rw 1) = X (frw}) = 18I X ({rr) = 2
Ia: X U AFeseh S e S 0, 191 2 9 o Hehell B

13.6.1 Teh W T &I GIRIhdar de+ (Probability distribution of a random
variable)
MY W UREAR £, f, ... f,, ¥ TF URER 1 T8 TR T o6 e W o= X {6
Heish URER 1 A FHEAed Bl 0 o {6 aReEw £, £ f " FE: 3,4,3,2, 5,
4,3,6,4,5 95 |
3T Teh YNGR &l I 9 3Tk USH 1 T Fl Al &Y, X ¥ S SIS0 Tqeadl
X T agfessd =) & 5@ e yebr 9 uftenfia feren mn @
X(f) =3, X(f}) =4, X(f)) =3, X()) = 2, X(f) = 5,
X(f) =4, X(f) =3, X(fp) = 6, X(f,)) =4, X(f,) =5
dA:2,3,4,5, 60 W XHE W UF A Gehal @
79 X 1 A 2 B el GRER £, 1 G T E X H A 3T Rl 8 S5 S
fiof, ™ 9§ Torell 9fem =l 91 MW 3 ¥R
X =4, 9R&ER £, £ A0 f, 1 I STCW
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X =5, %@ URER £, A f, 1 T ST
3R X = 6, 519 URER f, 1 A SO
<feh A T 2 foF Yok 9RaR 1 g ST SREeed 2, Sefee ufiEr £, % 9 S
A W - #
37d: X 1 UM 2 BF 1 Wi %%I

WW%P(X=2)=%
WA E £, f, A [, fRE ot T uRER g R i

3
PQ&@AD:E%I

m:xmnﬁ3%ﬁﬁﬁqﬁw=i

10
znfwaﬁ%mx:s):%
= YRR BH UM © T

3 2
PX'=4) =P}, fo ;) =15 PX =3 =P D) =14

1
A P(X =6) = P({,) =75
TH YR 1 foeror o agfess =X o 91 SUh! §d Wiaeharsti i fo@n S
2, &1 FEfesd =R X &1 Wifaehdl 927 FEd 2
SAqehd: Teh AgTeseh B X 1 Wifaehdl s i F= gohr o qRwnfa feman sman 2
uftarar 5 fret aRfess =R X 1 Wifshar s genst &1 ffatad yomet ()
g €

X : X, X, X,
P(X) P, p,
et p>0.Y pi=1,i=1,2,...n

i1
SIfo W@ x , x,, ... x AGFE0H =R X F W 7F (FeA) € W p (i=1,2,...n)
Aoz WX HT AH x B F1 WAFA & QP (X=x) = p,

| oot | =if x =mgfomar =R X, 1 Tl e & A HoA X = x, ¥ Wi
% @ fag (3i) o foT & T B §1 31: X1 x FTF @ H Wiashal Had YR
Bt B 21 P(X = x) # 01
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Y & X o |l derfod A ok fau gfasel wEfe o gt fogen @1 guew @
a1 81 TAfTT foRrelt feRar ded o o et WifreRdied &1 A9 T g =iE)

IETET0T 24 TRT o6 52 T4l &1 Th AHd TSt ¥ T T0 IR J(wq=T o e
fepTel ST E1 TRR1 Bl T 1 WITHHA §eT T1d HITSATU
T SoRI 1 W Th Agreseh =1 ¢ THeh! BH X ¥ el s 8| Sqeeaal X &1 4
0, 1,12 B i Tl 1 GIqeema o @1l fepten T @ iU ST o w1 feprer
Torest e B
W P(X = 0) = PSR &l IR 3ophT T2

= P(EFH1 &) x P (3901 TEN)

48 48 144

T 52 52 169
R P(X = 1) = P(3%hT ST SRT 78T ¥l SoFhT T8l A gohn)

= P(3FT) . P(3FRT &) + P (351 &) . P (35h0)

4 48 48 4 24

52 52 52 52 169

R P(X = 2) = P(3%hT 3 ShT) = P(IFHT) X P(3FHI)
_ 4 41
52 52 169
31d: aAvfe Wil e 7
X 0 1 2
NI
gy 169 169 169

IETEI0T 25 UG oF U WS i diF 9R IBT@H W fgai (doublets) &1 T&A
ifehal | 1 hifeid|

T WM ofifey foh X fgehi ot "o fefia s 2

(1,1),(2,2), (3,3), (4,4), (5,5), 3R (6,6) F¥a 5 I

we ? fF X®THE 0,1,2,31 332
w fi W E A W ==
T fgo 9 7 B F WiiEeRar =1-

1
6
1
6

Bl
6
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3Ad
55 5 125
P(X =0) = P(TH 4t = SX=xX—=——
(X=0) = P(TH 1 T o) = oxox=7 0
P(X = 1) = P(T% f5& 3 T fg= &)
15353 03,531 41
6 6 6 6 6 666 6 |6
P(X=2)=P (I fg& 3R w= f5= )
_rtrs5 1515101
666666 666
:3(Lxéj:1_5
6> 6/ 216
P(X=3)=P (d7 fg= LIV
( )=P( ) =676 % 216
3/d: X &1 ST WifgeRar sieq frefafed
X 0 1 2 3
prx 125 | 75 | 15 1
X1 216 | 216 | 216 | 216
TS iR 1 A
. 125 75 15 1
ZP,-= + + +
216 216 216 216
B 125+75+15+1_216_1
a 216 216

3T : ST UIRIehal §ed &l 2

52 75
—_X— e —
6> ) 216

579

SETE0T 26 M o Tl agfess g+ U faemeret fom o wer & =i &1 X 9 39
ST €1 X o WM x @ 1 Akl freAfatad @@ 9 €, SEl k Tw i e @

0.1 IfT x =0
ke AT x=1412
k(5-x)afgx=341 4
0 ST

P(X=x)=

(a) k1 UM A HINT
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580 o
(b) 39 9@ %I 1 WAl © ok e

SAH Qe T €7 ded: q S Yed €7 SIferhad & He ued ©72
T X &1 Uil s A= fen wn e

X | o 1| 2 3
PX) | 0.1 k| 2k | 2k | &k

(a) =5 9 & &5 D pi=]
i1

safT 0.1 +k+2k+2k+k=1
= k=0.15
(b) P(3MT =Jad & 5 ed &) =P (X >2)
=P(X=2)+P(X=3)+P(X=4)
=2k+2k+k=5k=5x%0.15=0.75
P(3TT9 GeFd: = S ed §) =P (X =2)
=2k=2x0.15=0.3
P(3T9 3ffuehad &1 5 Ugd 8) =P (X <2)
=P(X=0)+PX=1)+P(X=2)
=0.1+k+2k=0.1+3k=0.1+3x0.15=0.55
13.6.2 Fgleeh =¥ &T AT (Mean of a random variable)
gd o gEenet W fRdl IR =R & fRd A & thd §en ° 9 asead
Bl €, fSr =X 1 wifehar sicd @ A Y Tehd € WS € o GEAd wied, wemsh |
g% B §1 TH hel W W WieA W= il Hied rafefd @ shEE wgfa i A/
o ool o @ o gg forel agfess =R o "HerdH A1 Sied W Wi g e @)

aftreT 6 W o X T Agfees WX 2 fh Wl AE x x, x,, ., x D AR

1,72 7y
TETH p o poy py oo p, &1 X1 A, o 1, W o1 4 €, W& QNP Bl R

eﬁmxaﬂmw,atx,éwfmﬁlﬁﬁammﬁﬁsﬁwm%,mu@;%ﬁaﬁwaﬁ
Td wifsRd | iRa TR T =

qgfess =X X o WA &l X 1 G (Expectation) i #ed €, 5@
E(X)¥ = %% 21 31a:

EX)=p :zxipi =xptxp, t..txp
i=1
T W H
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TEfessd aX X 1 WA A1 YARN X o Gt Gorfaa Ol o1 SRt Gd Wifshaneti
o U T I B 2

SETEI0T 27 A W T T % T WIS i ISt Wil € 3R Agfese = X, U W
Yo e 1 AN forEn S 71 X S HIed A YA [ i)

T 39 T %1 yiagyl gafe 36 Hifers seen o fafifa gen 2, i< i g
(x, y) % &9 | foran <1 wehar € SET x = 1,2,3,4,5,6 3 y =1,2,3,4,5,6.

Agfeeh =R X o A STeiq Il W I HeAed & A 2,3, 4,5,6,7,8,9,
10, 11 &1 12 & Tl ©

1
S PX=2)=P{(. D} =75¢
P(X =3) = P(((1,2), 2, D)}) =—

P(X =4)=P({(1,3),(2,2), (3, DH}) :3—36
P(X =5)=P({(1,4), (2,3), 3,2), 4, 1)})=%

P(X =6)=P({(1,5), (2,4), (3,3), (4, 2), (5, 1)})=%
P(X=7)=P({(1,6),(2,5), (3,4), (4, 3),(5,2), (6, 1)})=%
P(X =8)=P({(2,6), (3,5), 4, 4), (5,3),(6,2)}) =%
P(X=9)=P({(3, 6), (4, 5), (5, 4), (6, 3)})=3i6

P(X = 10) =P({(4, 6), (5. 5), (6, 4)}):3_36

2
PX=11)=P({(5,6). (6. 5H =7

1
P(X =12) =P({(6, 6) =%
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X T UTfaehdl ded 2:
X'*Tlxi 2 3 4 5 6 7 8 9 10 | 11 12

1 23|14 ([S5S|[6 [543 ]2 1

a2 |3 (A5 |s|4a|3|2]L
PO™P,| 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 | 36

n 1 .2 3 _ 4
gqfy =EX)= ) X;p; =2X—+3xX—+4x—+5x—
h=EX) z‘ P e T 56T 36 36

+6><i+7><£+8><i +9><i+10><i+11><i+12><i
36 36 36 36 36 36 36
246+12+20+30+42+40+36+30+22+12 _7

36
31d: < UGl oF $ehd W Uehe TS & AN &1 WET 7 Bl

13.6.3 Iglesh =X kT GWRUT  (Variance of a random variable)

e =X 1 WIeT 56 =W o A 4 foeror & AR o I guA T 2 21 W &
faf=1 wifterdr e oot agfessh =R/ o HeA WWH B Hehd ®, S TR X IR YR
frfafed seat § faamn mr 2

X | 1] 2] 3 | a
T2z 2
X1 3| 8|3 |3
Y | 1] o] 4 5] 6
MR R
Ml 3] 38| 3| 3|3
1 .2 .3 22
Tl EX)=1x—42x—+3x—4+4x—=—=2.75
(O =Dgrdrgt I g g=3
12 4 1 12
E(Y)=-1x=40x=43x—=45x—+ 6x—=—=2.75
R (V)= = DegrOxgadxgadxgt Oxg=3

T X 3R Y ST-3T6 © Tt 396 H1eT 99 § 9% o7 99 & TeueTe e §
off s | Uferd R ST war © (SR 13.5)1
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P(X) P(Y)
Ys1 Ys
2/s T 2/8
Sl H H " |
X<% 1 2 3 4 X X -1 OI 1 2 3 4 s
(@ (ii)
aTIEEﬁI 13.5

X Y ¥ e & oF foau g6 Agfess =) o AF H foea & 9 a9 o |19 &
AEYTHd €1 T Wifeash! o a1 € T sfihel o fomror =1 famwa =t @9 €y

21 3 YR gfessh R % odi | foawa ol gl § 91 S gl

aftarr 7 WA ST X Tk agfee W € fSwes weifad ged x, x, Lx, W

Wi p(x,), p(x,), .., p(x ) & T foemm )

qH & p=E (X), X %1 717 81 X 1 TR var (X) A 0,2 g1 Fefua, 1 fm=

YR G qRwiya fean s 2
O'x2 = Var(X)ZZ(xi _/”)2 p(x;)
i=1
G 0 = EX-w’
R e o = \Var (X)=JZ (%, —14)° p(x;)
i=1

%1 Aok WX X 1 A fa=ie (standard deviation) e&d 2l
Tgfeseh =X T WEXUT JTd i T 37 GF
g9 S © T

Var(X) = z (xi _lvl)z p(xi)
i=1
= Z(xiz +p? - 2ux;) p(x;)

i=1

= z ('xiz p(x)+ z |,l2 p('xi)_z 2p; p(x;)
i-1 i=1 i=1
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584 I
= Z(xiz p(xl-)+|,l2 Zp(xi)_zuzxip(xi)
-1 i=1 i=1
= Zn:xiz p(x)+u’ _ZHZ{EPﬁ[%F Zn:p (xi)zle’ﬁTli: Zn:xi P(xi):|
i=1 i=1 i=1

= > (57 p(x)—p’
i1

n

(& \?
a1 Var(X) = Y (x p(xi))—kzxi p(x))
in1

i=1

el Var(X) = E(X?)-[E(X)]*, STeT E(X?) =ix,-2 p(x;)

i=1

JEENUT 28 Ueh HYAd I I Thehd W W T&ATS 1 FEOT A1 hifad|

o Ther &1 gfaeyl wAfte @ S=1{1,2,3,4,5, 6}

A o X, T8 T Yehe WA 1 oo il ¢| a9 X U q5iessh =X 8 W 1,2, 3,
4,59 6 HE & Hehdl Bl
W & P(1)=P(2)=P(3)=P(4)=P(5)=P(6)=%
Tafert X o1 giferdr ded @

X 1 2 3 4 5 6

pool LI L 1L L]
XIS 16| 6|6 ]| 6|6
CE E(X)= 2% P(x)
i=1
= 1><l+2><l+3><l+4><l+5><l+6><l=2
6 6 6 6 6 6
e g E(X?) = VLN VL ICILEY LI LI L
6 6 6 6 6 6 6

3. Var(X) = E (X?) — (E(X))?

6

6

91 [21)2_91 441 35
- 6 36 12
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IETET0T 29 RN o 52 TN 1 Uk Hell-9id %l T el B ¥ I U SWRR fa
YRTETTHT o (A1 Tk 1) FehTel S &1 aeeie) shi S R Hied, W] & HiHeh- o
A HifTg|

Tl WA ST T < o9 fehe o SRl %1 gen w X 9 e % Bl X Th
Tgfezeh TR S 0, 1 3 2 0F o Fehal &

48!
®c, _2(48-2)! _48x47 188
3 P(X=0)=P =W ) = -
(X =0) =PFE ) 21 5ax51 221
21(52-2)!
4C48C
. 1 1
P(X = 1) = P(T& dE3ME 3R TFH aE3e 7al) = Gy
2
| 4x48x2_ 32
52x51 221

72e 4%3 1
R P(X =2) = P (31 9189IE) =55 —= =

C, 52x51 221
37d: X &1 WIFIehdl ded :

X 0 1 2
b | 188 [ 32 [ 1
X 201 | 221 | 221
o7 T X = EX)= 3% p(x;)
i=1
- Ox@+lx£+2x#:ﬁ
221 221 221 221
e & E(XZ)—ZX POy =P x 38 2y 32 o 136
221 21 221
oG Var(X) = E(X?) - [E(X)]?
36 (34 )2_ 6800
221 \221) (21
6800
g = JVar(X) = =0.37 (eme)

(221)
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| wwaraett 134 |

1. =arey fo Fefataa otresa sl § % ° TF Jgfss =) & fag gag T&f
21 ST I HROT FWiga faram)

i [ xTJo [1 [2

PX)| 04 | 0402

i) [ x [o [1 |2 | 3|4
Px)| 01 | 05] 02 [-0.1] 03

i) [ Y -1 To [1
P(Y)| 06| 01| 02
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