- 3
(uTférehat Probability)

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

13.1 ‘J{&IT:HI' (Introduction)

TS i &S H gHA WAkl i fhet agfess qiem

1 TS ok Hfed g i STHfv=dar 1 919 o6 ®9 1 q&1

ol BHY B MM TUA hiedmE (1903-1987) BRI

Hhatea effedia sfteshion et Sum e o SR wifeh

i qlteror o qRomE W URIYa we o w9 § e

fear em T Togare URomd & S¥n W WifeRdn o

srfvfedi gfteshivn 3R senfieshel fHsia (classical theory)

o Taeherdr off Tenfud &t ol $9 TEeReTT o STUR W g

31gaq yfaeet Tafte &t wemsti w1 wfaska 7 & o T

Wifehdl o A TR o steEA T 71 3E s o brerre de Ferma

7 forelt =121 i wufasyr WifeRdl (conditional probability) (1601-1665)

& IR H faum &3, Jafer fF o7 ge & "fed g9 1 goe TUR U™ @, q1 39
YUl STAURN T FEFdl ¥ 99-T5T (Bayes' theorem), Wl &1 0 7= qen
Wmﬁ‘%‘aﬁﬁwﬁl@Wﬂ'{(randomvariable)SﬁTE'HﬁEEITﬁWW
T HEUl STALROT 1 o TH qeN fhEl Wiaehal Sie o 1A (mean) & YEROT o
IR H o IS ST o S STIHN H B9 Uk HeweqUl SHad Uiehdl ded (discrete
probability distribution) & =R H &7 9 fgug = el w1 81 39 1A | eH
wierr off forer URome HGEeT B €, e qeh foh ST | el T Bl

13.2 |ufdael witeRar (Conditional Probability)

s1oft I T forel we ) wifdeRdT 9 G W Tl 1 21 9 B fed ufaedl wmfe
FI Y A T e, @ F R U e o ufed e i ge 1 g e e
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HT FIfshdl R TSl 82 S 39 JIH o S ok oAy Tk Agfems R | foar wi
fSrereh aRtomH wEEHe 2|
3T 376 T =AA (fair) Faa=hl H1 IV o e W =R STl 39 e
=1 wiagel wafe ?:
S = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}

WWW%,WHWWQEWW%I@@W%W

FX Gehd B1 M AT E o “=aq < fod gehe g1 @i Foe ‘et faaeh W
T2 geikia BM1” o1 fefd w5 2

LE] E = {HHH, HHT, HTH, THH}
3R F = {THH, THT, TTH, TTT}
ESIGlY P(E) =P ({HHH}) + P ({HHT}) + P ({HTH}) + P ({THH})
111 11 _.
EERENAE R
R P(F) =P ({THH}) + P ({THT}) + P ({TTH}) + P ({TTT})
1 11 11
888 8 2
e & E NF= {THH}

|aw  P(En F)=P({THH}):%

e UM ST e o e @ fF veet faseh W 92 wehe Bl © Srufq MeATF
wfed g8 ®, 99 51 E 1 Wifdehal 1 82 F o6 sfed 89 &1 g1 W I¢ ffy=a 2 &
E &1 Wifashdl 9 & o fau 39 gfaset foget ® foemr ==t feen smom 9 vga
foeeh W 92 &l €1 S E & fou 39 gu 9 ufieyl Tafe S 9 el 3ushl Suaqe
F o1 T 21 37 viil W, 39 ifafiad g 3 e arqa o e o @ fF g &6
T U U A5feae q0ev & ®9 § GHeH =fe fge gfaeel gmfte shae 3+ afommi
#1 Tg=ad & S foF W F ok a2l

CE] F o1 = faeet f5g S E & ot e/eret ®; THH 81 ora:
Faﬁqﬁ?ﬁﬂv&m@m]aﬁuﬁw=l

|

el quﬁa%ﬁmﬁ’mwgﬁmEEﬁrmﬁw=i
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el E &1 39 WiUehdl o1 9ufde™ WIiehdl Fed &, Siafh 91d ¢ T oo F Hfed
& &1 8, 3R 39 P (E|F)§N <¥Iid |

31iq P(E|F) = %

e ST fF F o a1 319@d St e E o ff 3/ 9hel &, E 991 F o 98 o7aga
e €, S E N F o wiaeel fag 2|

31d: €9 T E w1 Gufdse Wiidehdl, Siefsh 1 € foh el Fosifed e g € i
7 JHR ¥ 919 HT FHA T

(ENMF) o 3T3ehal IRisel fagatl i gt
F o 3T35ha fasel fagetl 1 HeA
n(ENF)
n(F)
3 Y 9 &R I Ufasyl gl & el F) pod qewm ¥ faqfed FH W eH <@
g fF P (E[F) = 1 y&R ¥ foran s @k 2

P(E[F) =

nENF)
S P(ENnF
P(EJF) - Zﬁ =(Q%) (D)

(S)
e it for (1) @t 71 @ 9 P(F) = 0 31U F = ¢ (F1?)
I BN GUfdee WIiehdl i 7 YR ¥ qRwite w Tohd 2:
uftemer 1 A Eqen F et agfess e & giagef gafiec 9 gefd 31 semd €,
dl F o sfed €9 &1 god1 W, E &1 Wifasa fefafed 99 @ 9 et 2:
P(E NF)

PEF) = —p 5

, Stafeh P(F)# 0

13.2.1 @Yfdas Qifyemar o T (Properties of conditional probability)
oM o fR Eqen F R faeet wufe S & @ send @
TuT1 P (SIF)=P (FIF) =1

P(SOF) _P(F)
P(F)  P(F)

& 7@ ¢ fw P(S|F) =
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550 TTfurd

P(FAF) P
e P(F|F) = (P(?) ):szl
o7 P(S|F) = P(F|F) = 1

70T 2 A% A iR B gfaeel gufie S w1 I q T € 3R F T 1 TS 76 THR
g f® P(F) 20,7
P[(A U B)[F)] =P(A|F) + P(BJF) — P[(A N B)[F]
faem &9 9, 9k A @R B WER argest s &,
P[(AUB)|F)] = P(AJF) + P(BJF)
T S © R
P[(AUB)NF]

PUABIR] = =5

~ P[(AnF) U (BNF)]
B P(F)
(Fg==1 o FefTe W FiHed & ded =M gr)

_PAANF)+PBNF)-P(AnB NF)
v P(F)

_ P(AnF) P(BNF) P[(AnB) nF]
P(F) P(F) P(F)
=P(AJF) + P(BJF) — P(AnBJF)

& A T B WER 39St @ ar
P[(A N B)[F)] =0
= P[(A U B)[F)] = P(A[F) + P(BJF)
3C: S A T B TRER TS w1 & @ P(A U B) = P(AF) + P(B|F)
T 3 P (E'|F) =1 — P(E|F)
T 1 9 EH T e P (S|F) = 1

= P[(EU E)F)]=1 FifF S=EU F
- P(EF)+P(E|F)=1 il EqeN E' W&R STqersii semd 8
31 P (E'|F)=1-P (E[F)

3L 319 FHH I3 |
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ISR 1 AR P(A)=%,P(B)=%3ﬁTP(AmB)=%,Fﬁ P (AB) 9@ wifSu)

4
& 89 94 & % P(A|B)= P(:‘(;)B) =§=%
13

SETETOT 2 Uk UReR | < wed €1 9f€ 98 o 81 o o § 9 %9 9 Y Tw o=
AgHT B, dl <l S=el o WG] BIH HI T WISl B2
T M AT b Geh 1 o g AGH! shi I Hid &1 TIE S Fiaayl Fafe 2

S={(,b), (g)h), (0,2, (g2}
TH ifSIT E qen F 99l Trefafad seet & 39 8

E‘ﬁ*ﬁﬁm%’
F:'o=di § ¥ %9 9§ % TF ASH 2’
@ E = {(bb)} 3R E= {(bb), (g.), (b9}
G| ENF={(b,b)}
_3 1
a7 P(F)—ZaﬁTP(EmF)—4
1
_PENFH) _4_1
Fgfem PEF) = —pp "33
4

SETET0T 3 Uh o 1§ <9 € | W 10 dF qUlTeh for@ Y T T 3R S% el e
et T 3 S O T IS Agssa ehen T A 78 @ g fe e T e
W HEN 3 9 e §, a1 59 WO o §H B I 1 iehd 872

o WA ST foR A 5o frehTel T e W9 He @ R B se ke T e
W HE 3 ¥ 9gl ¢ %l Feiud s g1 8 P(A|B) I HET @

39 wiero w1 iagyl wAie 2:S={1,2,3,4,5,6,7,8,9, 10}

[iC] A=1{2,4,6,8,10}, B=1{4,5,6,7,8,9,10}

R AN B=1{4,6,8,10}
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552 TTfurd

5 7 4
o P(A) = 75 P(B) = - S P(ANB) =
4
P(AnB) 4
LiE| P(A|B) = (P(B) ) _ 70 ==
10

SETETUT 4 T qBAre § 1000 feenedf €, 51 | 430 wrsferai €1 7€ 7@ € T 430
o W 10% Tetral wer XIIW ugdt €| 91 qiidehal © foh b argesan g1 e fowmeff
el XIIH Tgdl € 3% 78 9 2 fom g1 mn famnef agwt @2

T WM WS E 521 argesen 51 e fernedt wmen XI1W vear €' 3R F e ‘ages
<1 T ferenedf ergent B, il o4 ®%d 21 ¥4 P (E|F) I T2

e P(F) = B0 43 ok P(E N F)=£=0.043 ()
1000 1000

P(ENF) 0043 4
P(F) 043
IETEI0T 5 Ueh U™ i diF 9R SSEH & GO0 § 52 A 991 B &l 7 YR 9
qftefa fwan T R
A ‘e IV W H=AT 4 YR BT
B :'Uecll S8 W TEAT 6 N T IV W H&A 5 THS AT
Ife B &1 ufed 21 & w1 ®, @ SeW A &1 WifdRd 9 sife
Tot gfaeet wufte § 216 aftomm 7
¥, B = {(6,5,1),(6,5.2), (6,5,3), (6,5,4), (6,5,5), (6,5,6)}
(1,14) (1,2,4)..(1,64) 2,1,4) (2,2,4) ... (2,6,4)
A= 13,14) 3.24)...(3,64) (4,14) (42.,4) ...(4,6,4)
(5,14) (52,4)...(5,64) (6,1,4) (62.,4) ...(6,6,4)

L P(E[F) =

AR ANB={(654))
6 1
e P(B)=R3ﬁTP(AmB)=E
1
P(ANB) 216 _

1
iEl PAB) = =5 % 7%

216
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SETETUT 6 Teh U i < o) SSell T4 3R Yehe g8 T@mstl &1 N 6 e | WeA
4 o AqH T 9N Tehe B 1 Hofdael WfFhdl A il

&1 HH ST E e ‘H& 4 1 Ad9 T o) Yhe el SR F e (S aEl W
Yehe GO 1 AN 6 ' I T B

ad E=1{41),42),(4.3),(4,4),4)5),(4,6),(1,4),(2,4),(3,4),(5,4),(6,4)}
Sy F={(15),(24),(3.3).(4.2),(5,1)}
B9 S ® 6 P(E) = % P(F) = %
L ENF={24),(4.2)}
19 P(ENF) = 326
37d; dIfsd AIfehdl
2
P(E NnF y )
P(EF) = (PG?) )=35—6=§
36

Al qoh T S T W TR fohen @ Toer weft uftoms worea 41 3 g
o o g+ gufqse witehar &1 aRwifua fean 21 qenfy gufdey wifeehar 1 =&t
i, U w9 9, 39 fufd B ot w6 w1 s gehdl ©, 59 Hifce e gadere
7 il WifFshaeti P(E N F) @@ P (F) &1 Ufehel ae3aR fomen S 21
3meT Frefafad 3TE 9 39 9hE|

IETEI0T 7 Ueh Tk i 3B o qe W faar sifsw) afs faess w= faa yee =
@ fgaer =1 7 3Bl R 9k fager W e yohe & @ T U & ek | Afg e (wm
Y % Th U Yehe B’ 1 Hfed BT e Tl (H,H)

T ‘U W 4 ¥ FE U@ Y 1 i Uiy fa—cr(H)

I ehdl AT Hiterg (H,T)
ol TAeTo oF giomdt ot fad 13.1 9 =aea fRer W gg
Tohdl 31 39 YRR o o 1 gER@ Hed T %= (T) (T.3)
e 1 giaeel gafte @ gg

S = {(H,H), (. T), (T.1),(T.2), (T.3), (T4), (T.5), (T.6)}  smpfar1z.a (1O
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(T, i) 9ial & fo Ugell S8Te W 2 Yehe g3l &Ik
I Thehd W T | Tohe Tl
3d: 8 Hifelw = (HH), (H,T), (T,1), (T2), A
111 1

STl (H,H) <eriar @ for < Sorel W fod gehe 837 §, aen
o (H) <
& Va

(T,3) (T,4), (T.5), (T,6) 1 THHI: FATUTITE Tz (T)
111

EEEEQ ekl T 1 ST Skl ©, ST TR

fot 132 @ T @) et 13.2

A o F 5121 *=a9 T 92 Yehe BT 3R E Tl
‘U W 4 9 < @ ek B’ i <9 2

Gl F = {(H,T), (T,1), (T,2), (T,3), (T.4), (T,5), (T,6)!
E = {(T,5), T,6)} 3% E N F ={(T,5),(T,6)}
SE| P(F) = P({(H,T)}) + P ({(T,1}) + P ({(T,2)}) + P ({(T.3)}) +

P ({(T.4)}) + P(T.S)) + P({(T.6)})

412 12 1212 12 124
I 1 1
R PENF)=PUTHNFP((TO) = S+—==

212 6
1
o P(EJF) = %=§=§
4
[ wvamaet 13.1]

1. af€ B &It F 38 %R &1 wead ¢ f& P (E) = 0.6, P (F) = 0.3 31X
P(ENF)=02, d@ P (E[F) R P (F|E) 9@ shiferg
2. P(A|B) 3@ ®ifs@, af€ P(B) = 0.5 3R P (A N B)=0.32
3. A€ P(A)=0.8, P(B)=0.5 3R P (BJA)= 0.4 T SHifsT
(i) P(A N B) (i) P(A[B) (i) P(A U B)

4. P(AUB) T FT AR 2 P(A) = P(B) = = 3 p(aB)-2

2015-16



5.

wifeRdr 555

G P(A) = 1—61,P(B)=% @RP(AuBF% q F@ iy
(i) P(AMB) (ii) P(A[B) (ii)) P(BJA)

frfafed w99 6 @ 9 % P(E|F) 91d it

6.

10.

11.

12.

13.

T fHees &I 6 IR I TR

() E:dEd 8@ R foa F: 9ect SM 31 W fod
(i) E:=Fam & faa F : stfueran w foa

(iii) E : eforshag gt 9 F: =faH 3 9

. < foge! & T IR IS T

(i) E: U fHeeh W 92 Yohe el 8 F : U s W fod wehe B ©
(i) E: g 92 Yohe &l 21 8F g faq wehe &l e @

. TH U & d R IS8Tl T e

E : T80 39 W & 4 Yahe 8T
F : 98l 3 39Tl W HH: 6 qU1 5 Gehe Bl

. T TRenr fo | 9, faar 9 g agesa we @

E: T T% il W @er ? F: fya 7o o @2 &
T el 3N T el I 1 ISTell T B
(a) I W U @A HT1 AN 9 BH I AUfdee WiTHAr A wifse Ak ag
A B foF el T R 5 Yehe g B
(b) Il W U HEART I AN 8 T I WUdee] Wiehal A HifeC A% I8
@ 2 o ol 98 W Yehe "E@A 4§ %9 2
Teh =24 U o S9Tell T @1 Meet E= {1,3,5), F={2,3}, 3RG = {2,3,4,5}
& fau f=fafea @ i
(i) P (E[F) 3R P (F|E) (i) P (E|G) 3R P (G[E)
(i) P (E U F|G) R P (E N F|G)
M o foh S ©H dTel S0l 1 IS 1 dgh! BFl THE9eT 21 g fordl ufer
o g1 o €, Al ST Sreel o Tkl B Wi Aufase wifdshar 1 ®, At 7%
T R (i) I B T Al ® (i) FAaH Th aed ageh! B

Teh Uf¥Tereh oF 99 300 To/3THT Yoh oF ST 999 200 /319 YR oh
Hfa 991, 500 SE-faheda YR & M e 3R 400 Tg-foehedia YR ok
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o gl 1 HWUE B1 A U oF WIS © U WY AGesAN A 5@l 7, A Th
ST Y9 i ag-fashed™ g 1 Wik 1 grit?

14. =g T T ® fo6 < 9l Wl B W 9T g fe-fae 71 A Seme o
T 4 BF HT WiIeRal A HIfST

15. T 9 &l Hhehd oh &0 W =R SiNw Ik 99 | Jehe 9@ 3 &1 o
T W U W G Hoh IR AR I S HEN ke B o Uk [k il Sl
HST AAH T T W T@A 3 YR B A e ® o T ‘fadeh W e ke
BH' &I gufady wfaeRdr I sifsa)

ﬁwﬁ@aqﬁﬁﬁmﬁuﬁwaﬂ

16. P (A) = 5, P(B)= 0d P (AB) ®:

(A) 0 (B) % (C). uReqfya ==&t (D) 1
17. af% A 3R BT w2 59 R 8 % P(AB)=P (BJA)# 0 &

(A) AcB (B) A=B (C) AnB=¢

(D) P (A)=P(B)

13.3 wrf¥rehar st o = (Multiplication Theorem on Probability)

M ofifSe ff E don F U wiacel wufie S &1 @ e @1 wreda gqeed
ENF S sreistl Eden Foh \fed H %1 S9idr €1 379 W&l § ENF S E den
F o T9q §fed H ol Sidl €1 el E  F %! EF +f feran s 21

W €9 W 51 EF i WIfehdl 10 i i STeeeehdl Bidl €1 SS8iul & fa,
T o 9% IO I e % e ¥ 79 fag ve (U Seee ok T T R
Wikl T1d S W 3o 81 Hehd 81 A EF %1 WIiehdl T i oh foTq ed wufase
TRl 1 STAM Fd ® S foh A fe@mEn w2

T WA € T e For fu WM W wed E &1 S9fqed ifehar @i
P(E|F) 511 <¥iid & 3R 38 ffafad whR o o i 2|
P(E NF)

P(F)
I qfomH 9 &9 fog wehd € T
P(EN F)=P (F). P (E[F) . (D)

P(EJF) = ,P(F)=0
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T U8 off 9 a ® TR

P(F|E) = P(;(—Q)E),P(E)io
Rl P(F|E)=P(§—0;F) (Fifh ENF=F U E)
374 P(E N F) =P(E) . P(F|E) (2

(1) 3R (2) = foemd 9 ed 9 g € R

P(E N F) = P(E) P(FE) = P(F). P(E|F) 58l & P(E) = 0 3R P(F) = 0
ST IR i WifFsRar 1 UM FEE’ wEd €1 STET USSR o
IETET0T 8 Uk Heawl § 10 Hlell 31X 5 IR 718 € I 71 U o 9% TH Fehrel S

& R weell e SR o ke | Ygel oo Tl 1@ Sl 81 6 ofifTe T shorer o
Y Y T o1 eherT GuEered 8, @ SFl el TS oo i & Wifdehdr 272

&l I % E ‘Ieeft Fieft 1 o feher’ &1 512 @ oI F ‘gl el 7% & Feher’
&1 S B 85 P(ENF) & P (EF) I1d e 2

EC) P(E) = P (Weelt fahta | et Tig Fiohlcd-il)z%

a1 & fean T © R veell frehra ® et i fehelt ® stefq we E ufed € €,
S FHere H 9 FHell AT X5 TR 13 W T T 3, T WS Hied e HI wfashd
& foh Ugelt % H1 wlel B eH T €, TS IR e hadd F 1 Gufase wifaskar @
wd E 1 sfed g 9 2

7Mq P(FIE) = %

N

3 WIfgehal & oM a9 g0 9 U g @
P(E~F) = P(E) P(FIE) = P(E) . P(F|E) . P(G|EF)
10 9 3

157147
3 & 1frek Tere o fTq YTfdehar w1 U /=8 A E, F 31k G T wfasel gufie
T Al §

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

T YhR Wfehal ok U 7o &1 faar =9R = tfies weeti o fore off fhan s wehan
2| freferfiaa et diF seeti o forg wiftrenar o o 198 &1 g5 W e B
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SETET0T 9 52 T i 3T a6 el T TSE! | ¥ Th oh 9% Ueh 4 I forT wfaeenfua
fohT feTel T TEel S TNl T ISR SR A ST SRR B T SR UiTdehdl €7

el O o foh K =2 fHehTell 7o o= 9eeie ©' i SR A S ¢ ekt T e geen
2 Wl e HW &1 T 'Y P (KKA) TG H3 2

4
A P(K) = —
&) 52

@1 € P(KIK) e 91 8 R Tk ‘ugel el T T a9 @ W S N
TEIME B 1 FIfshal i ST 21 31d Teel § (52 — 1) =517« & o i aeeme @

safery PKIK) = =
afad: P(A[KK) €TeR fehTel TTT U= o1 SRl B o1 Wufasie] Wifrehar € < foh &d
T ? for < aRemE U & el ST g €)1 o1 TEE! 6150 TN @ Y ®

4
ey P(AJKK) = P(A|KK)=§)
wifgehal & UM e 5 e e g € fw

P(KKA) = P(K) P(K|K) P(AJKK)
4 3 4 2

= X — X —_————

52 51 50 5525
13.4 Tda ¥2-TU (Independent Events)

52 9l i TSl H | Tk I fhler oF 9enn R fo=ur wifse e g@s wifcss
T i FHEHE WA A €1 A€ E 9 F e weed Cfenren wn wwn faE
2" 3 ‘FepTell T U U THRT &' I ¥ G ©,

P(E) = =7 T PE)-
52 4 52 13
Y € 'E R F' s fehten T uw o€l 61 g9en ©7 Rl e il €, SEie
1
PENF) -
1
P(ENF) 357 1

13
WP(E)f—fP(EE)me%ﬁmFéﬁaﬁﬁﬁﬁﬁwﬁm

Eﬁuﬁwmaﬁéumﬁw%
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Y 9% off o © T
1
PEENF) 52 1
PE 1 13

P(FE) = = P(F)

4
gﬁ:P(F)=%=P(F|E)W%%mE&a&a%ﬁaﬁwﬁm F &t
¥Rl T I YA AL STl B

3Td: E o1 F 39 YR &1 9A1E & fof forelt Tk e o oifed e 6t g ol e
1 Wigehdl W I g9 T e 2

T YR HT TS H  TAT geAW Fed T

uftarsr 2 J Hewst E 9o F &1 ds et &ed @ A
P(F| E) = P(F) @t P(E) # 0
P(E| F) = P(E) Sl P(F) # 0

I7d: 39 IR H P(E) @R P(F) %1 YRR A a9 2l

319 WIfaehal o oA M 9

P(E N F)=P(E) . P(FE) . (1)
If% E 3R F Tods =g & df (1) @ &6 9 g € f&%

P(E N F) = P(E). P(F) . (2)

d: (2) F SYAN § B | HSART i Taadl &l (Aefaied a@ 9 ot afnfia
FL GHd B
aftwrr 3 WM W E @R F e agfess wdiemn o ufaeel gafe &1 S seAd ®,
P(En F)=P(E) P(F)
fewuit

1. < St E 99 F i WIfHd (dependent) e&d €, af% o wds 7 @ stefq af
P(E N F )% P(E) . P(F)

2. HM-FW AT T R WER et HeAsl o a9 99 Ug1 8 S 2
‘T IS T GRS SIS R Wil % &9 H w1 TE 2 S« fop CIeR
oSt SIS’ R GRATS ‘RS’ % ®Y H w1 TS 81 SHoh SN, T
arqarstt sl ® wig ot aftomm @ iy € 8 wehan € fohq wds s o
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oftomy wre off 8 TFd §, A% Toe el HARed 71 TRl wEdd g @]
“RER aTuEsl HeAd! waref TE &
TR I o, A < Tl T T sedt € ekl gfehdr g ®, df 9 T
et &l & Fehdt €1 foetioa: af <1 YR Wifehdr el TReR sTqest! et
Al €, A 98 Tad TEl 8l Gehdl 2l
3. ¥ e THer Wad HEdn B, A Yk ¥ I E IR F o fau, sl E
e T W qe F g e ¥ Heifd €, see E qen F o U Wi wfed
B T Hfeehar, STl <A adiero Ho= oy S, Wifsehar P(E) 3R P(F) o o
o a2l ©, TSR afteher SH1 TH&o o STHN T STerT-3Ter fRa S
21 319iq P(ENF) = P(E) . P(F)
4. 9 "weAsh A, B 3R C o1 @ad %8l 9 ¢ AfE 3R shael afg
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)
e I § 9 FH W HH T A 9 G T8l Bl © @ € 0 st i w@an
TE el S 2l

IEETOT 10 TH G ] Tk aR ISTEll STl 21 52 I8 0 Y S 3 1 S99
2 F E 9 3R ‘U8 W T §eA 96 8, %1 F 9 fFefud e Se di gard s wed
E 3R F w&as 272

1 B9 S © foh 39 qderor o1 wiaesl wmfe 8: S={1,2,3,4,5,6}

I E={3,6},F={2,4,6} 3R En F = {6}

21 301 1
LG P(E) = ==7. P(F)—E—E R P(EN F)_g
T P(E N F) = P(E). P(F)

31d: E 3R F T&ds =2 g
IETEI0T 11 Teh AT (unbiased) 99 ohi S IR IS T A & A 21 ggeil

IS W Toom S U B’ SR B we fgdt see W fawe gen urw g <wid
21 Tl A 3R B & W@dsd HT1 ShE Sifeu)

Tol It |t 36 Hifcie TN ® 99EIS E o df
1

18 1 18
(A) 36 2 S P(B) 36 2
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e g P(AN B) =P (3 o1& § fauq & g g )
9 1
" 36 4
I P(A) . P(B)-ll:l
22 4
Tl P(A N B)=P(A) . P(B)

A A 3R B 6 el 2l
SATETOT 12 A fodenl 1S9l T 1 9 | Eue (i faa @ i we e g
3R F ¥ ' Aae 1 Fod o g1 SR G e ¢ eifurshdad <1 9e g B i i
%W &1 T (E,F), (E,G) 3R (EG) § - § s 8?2 hH-hH o Wid &2
T e w1 giaest whhe €

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

TRl E = {HHH, TTT}, F= {HHH, HHT, HTH, THH}
Sy G = {HHT, HTH, THH, HTT, THT, TTH, TTT}
e &l ENF={HHH}, ENG={TTT}, F nG= { HHT, HTH, THH}
2 1 4 1 7
BTG P(E)= == —,P(F)=—=—,P(G) =—
(E) " (F) -t P(G) "

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

@ & PE) . P(F) = lx% L ). P(G)_-xgz—aﬁz P(F)- P(G)_—x%%
G P(E F) = P(E) . P(F)

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

TEfeT S (B 3R F) s & St 5 (F 31 G) 31 (B 3R G) wisa 21

3207 13 Tag i f6 I B SIRF S ey w2 © o E IR F o s g
T FTF EdA F @dd ¢, sarau
P(E F) = P(E) . P(F) (1)
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o 13.3,% 99-31@ 4 98 W2 ? fF E NF 3RE N F TR 3{9ast & 3 @ &
E=EnNnFUENF)

(E'NE") S
FiifF E A F 3RE N F TWER 3Tt 2, Eq o F
ESINIY P(E) =P(E " F) +P(E N F")
el P(EN F')=P(E) — P(E N F)
=P(E) - P(E).P(F) (1) ¥ (ENF) “(EAF)  (E'NF)
=P(E) [1 — P(F] TR 13.3
=P(E) . P(F")
31d: E IR P’ T 52 2|
T R I WA S Wl © T AR

(a) E' @ F Toad €
(b) E’ @en F' s 2

SETETT 14 I AR B T e § Al AT BH ¥ <[AdH Tk ok 8 1 Wifaehar
= 1-P(A") P(B')
Tl PATBH § =[Aa9 T& &I 3M) = 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") [I- P(B)]

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

| w132

1. Hﬁ{P(A)=%,P(B) =%aﬁIAamB¢aa‘aawri%a’r P (A NB) 9@ HifT)

2. 52 W 1 U ML B W Agssan fon gfawenfud R T St o fekel T S
Tl o ShIel T T BF i WITIehdl AG hifad)

3. 9@ o U fes @1 Fe0 3EH ¥ 1 9a @ Agesan foaer gfaeenfya few
BU Fretet % fohan ST 21 af i el T ek ores B di fesd i faant ok
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10.

11.

12.

13.

wifeRdr 563

fou Tl feren San @ aTen aTeeliehd Y 2 & U fesan fo@d 15 Gy &
5 o 12 o= 9 3 e R €, o fash! o T ek gH w1 WifeRan o
iUl

. T = TeeRT 3R U AT T8 ) STl T "E o A se faees W fa

Yehe BT &' 3R B W ‘U W G@A 3 U il ¢ ! i e § e
FIfST fF gt A @R B w@as & a1 &2

. TH UM W 1,2,37 W H SR 4,568 T 9 foa@ MU R 39 9™ ) Suren

TN HE W AT ' G@ 6 2 3R B ueA (ged o @ 9§ foret @)
frefud w3 21 0 A 3R B @dd 27

. FM W EWANF I A 39 YR € R P(E) =§,P(F)=i aﬁTP(EmF):%?—W

10
FIE qe F @07 ©°2

. A 3B UH el & T E wel P(A):%,P(AUB):gﬁﬂT P(B) = p.

p 1 AE @ HINC A (1) FAd R yaestt g1 (i) T was B

. A W A SIRB S S € qMP(A)=0.3 RP(B)=04. T«

(i) P(A N B) (i) P(A U B)
(iii) P(A|B) (iv) P(B|A) Ja wifs|
. ﬁT@W@AaﬁIBQ@%,TﬂﬁP(A)=i, P(B)=%3ﬁ'{P(AmB)=éﬂa

P(A-TE @R B-7&l) = shifery
e o A dYl B @@l weAd ® 3R P(A)=%H9«ﬂ P(B):% #r
P(A-T&f 3R B-&T) =i.WAﬁRBmmﬁ%?
A ¥R BT weAd §t T € S'l P(A)=0.3, P(B) = 0.67

(i) P(A 3R B) (i) P(A 3R B-7&)

(iii) P(A =1 B) (iv) P(A 3R B g ot &) %1 71 Fa Sifey)
T I8 1 d9 9R ISTC STl @l 9 9 HH Uh 9N faud §©a ured 29 i
IRl 1A ShifsTul
T 7T ww sy O o wfqeenfua fery fermet St @1 sfed | 10 el 37 8
e TS T IR T1d IS (i) <A S AT B (i) FT hiel T O A
Bl (iii) TH el a0 T oA B
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14.

15.

16.

17.

18.

Tfora

Tk ooy GHE 1 A 3R B g Todsl ®9 U 8 H bl HIIehard sl %ﬁ?

%%lw&ﬁ,wﬁw@,wwwwmm%,aﬁuﬁwm
wifse fo
(i) THE & 8 9 @
(i) ST ¥ q2Iq: HIE TH G BA BT oAl B
AT o 52 T R T G TeEl @ U W Agesd et Sl 81 et
o @ fopd gometil & s E 3R F %o 29
(i) E: “Fehten = o= gpH w1
F : “ffehTett T o= SeRhT @
(i) E : “Freptenn 1 W= Tt A1 6
F : “Fieptell T2 U1 U AE9E 2
(iii) E : “FehTer = U= U 1G9TE 1 Th ST 2
F ; “FiepTetl 791 U1 Tk SN AT T T 2
T BEEE | 60% Ternedt & w1, 40% st 1 S 20% <A SR Ugd 2
T ST I AT I Sl 2
(a) Wiforehel S RifSq foh o 9 df &6t &Ik 7 € s &1 SR ved 2|
(b) IfE o &t 1 @R Tedl € A STk FUSH 1 @R i e aredt gH
1 WIfIehdl 1A HIFST)
(c) 9% o8 3fUSH 1 @ER Tgdl € O SHeh (&4l i T@aR ot Y&+ arell e
1 WIfIehdl 1A HIFST)
A Gl 1 T SIS STl W1 €l Toeh U8 W GH AT & W Hid
F1 wifaerar Frefafead § 9 = 22

1 1 1
(A) 0 (B) 3 ©) T (D) 36

T weAs A 3R B % WER WA Fed ©, A

(A) A 3R B TER TS & (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 S97-UBg (Bayes' Theorem)

oH o R € 991 18R 11fRT U 21 9 19 2 9oe 3R 3 o 12 81 3R Sen
¥ 4 ¥ 3R 5 @l 712 21 et wh 9t o § U 7% agesan et St 21 8w

w@a@aﬁwﬁmﬁw%mmm%mwwa@umﬁmn
49w e @1 (9 o 99%) T i FrehTer ®1 wifiehdar W T 1 Hehd ©1 3=
vl | g9 Tl fasiv w1 o6 7% ferter @ wiftehdr 9 S EWehd ©, 9% 8 g8 fea
T B TR TR -0 Ol W FepTelt T 1 Wik o W TH W1 i WiiHshdl T Y
Tehd & fop T forelt foriw St (W o Sen-11) @ Treprelt € € A & fepredt T g
1 W I 22 TR 7H Se-11 Wﬁm(reverse)maﬁmém
Tk 9% B STl AT 1 eH T {1 g e S S A giacets WiEehdr [ S
1 THS T YU GUids Wikl o STAT R fan €1 S9eh g1 SR T g
‘SRR o T W S S @SS Gadd 1763 H YR g3 ol S-gHa
o HYA 9 FH Y qd MY Teh YR SR F YRS IRomEl W faer wifs)
13.5.1 T+ gfaest qufie &7 fa9TsT, (Partition of a sample space)
weet ELE, ... E & W= &I ufaast white S o fause i fefia s @ Ak
(a) EimEj=(|),i¢j,i,j=1,2,3,...n
(b) E,VE L..UE=S 3=
(¢) P(E)>0,%% i=1,2,..,n% fag

TR ¥R |, T B, E,, ... E, Wfaeel gHfte S o faum & frefug &t € afk
d T YK €, TAY 7 AT SART ARl TIAR 2

IR BH @A § fF IS FSAE IR SHH ek w1 B ufaeel gufie S &
fqureH ® #FifF ENE'=¢ 3R EUE =8,

IT-3m@ o 13.3, W &0 T @ Yeror IR Gehd € T A E IR F ot wfeaed
Tufte S, o W i & Sl €, d@ {(ENF, E F} 9999 E & T fa9ee 2|

wqesd {(E' "\FEENFENF} @es9 E U F &% Tk fa99eH € @R 9q==d
{(ENF,ENFEE NFEE NF} 9 gfaeel St faasm 2
e BH WU WIRIeRdT i T 1 fag w
13.5.2 'H'QWC QIfehar & 99T (Theorem of Total Probability)

TH & {E,, E,...E } ufacel gafic S, %1 wF fauqee @ ok 9m o fF uaw
®EE,, E, ,....E, F1 Wifadar g2 g1 ° <fifau A gfasel gafe & 9@ &

n
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el 7, T4,
P(A) =P(E,) P(A[E)+ P(E) P(AJE) + ... + P(E) P(AE)

= > P(E)P(A[E))
j=1

suufa fo w0 € 4 E L E,, ..., B, Wfaeel i S uw faurem & (o 13.4) s6fer,
S=EVEU..UE ..()

R ENE=¢Vi#jij=12 ..n
e T ¢ fop frelt wem A, & fog
A=ANS E, B | -
=ANnE VE ... E) ST 13.4

=(AmEl)u(AmEz)u...u(AmEn)
'\ClT%TE"TAmEl,Sfﬁ'{AmEj,W:WEiaﬁT%a?W%ﬁ i#j, %k
fou erege © gHieT i -, i,j:1,2...,nés1%mAmEiaﬁtAmEjaﬁam’?gaﬁéw
ESIGlY P(A) =P[(ANE)U(ANE)U..U(ANE)]
=PAANE)+PAANE)+..+P(ANE)
3| P(A NE)=P(E) P(A[E)®if% P (E)=#0Vi=12,.,n

wifirehal o UM FEE g B9 WA © TR
zafe P(A) =P(E,) P(AE) + P(E,)) P(AIE) + ... + P(E ) P(AIE)
Rl P(A) = D> P(E,)P(A |E))

Jj=1

SEET0T 15 fRdt safed 7 ww fmior &1 1 31 forn 21 gede e 1 witeRd
0.65 21 TEATel 7 B HT qA TSI =A 1 feerfaar & fmfor o & goar{Er qof
B T WfFehard sHer: 0.80 der 0.32 &1 Ffor % & gwarar qof g9 1 wifaswa

RIGRCAISE]
Tl OM offse f ‘fmfor e & geegar gof 897 &6t se A IR ‘e g
%1 S i B g Frefud feman Smar 21 ed P(A) 1 T €1 ed o € T
P(B) = 0.65, P(g<drad 7&l) = P(B') =1 — P(B) =1 —0.65 = 0.35
P(A | B) = 0.32, P(A | B) = 0.80
Hifer w2 B R B’ wufte gq==d & fausd € gafee gyol wifyerar w949 gr
=P(B) . P(A | B) + P(B') P(A | B')
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=0.65 % 0.32+0.35 x 0.8
=0.208+0.28 =0.488
31 fmfor e gHaEr gof eF S wifassdr 0.488 1
319 T I99-YHT 1 YhYH w1 991 38 fag w3
ST-YUT (Bayes' Theorem) a<E ,E,,...E S e & S T ufaeel gufie S
% faurem &1 fmin w3 ® 1efd E L E, ..., B, 370d: 39 € 3R E,UE,U,..., U
E =S 3R A%E Teft e 2 fouet whrekar y=m €, @
P(E|A) = nP(E")P(A|E") ,i=1,2,3,..,n
.Z;‘P(Ef)P(A| E))
B

Suufa e 7@ € T
P(ANE,)
P(EZ|A) = W
~ PE)PAIE)
= P (wfrehar = UM fem /)
_ _PE)PAIE) (et W e )

D P(E,)P(A[E))
j=1

femuit S-y9a o an § frefafad ssseelt #1 ST F7d ©
SEASHE , E,, ... E &1 IR&ea M (hypotheses)Fed
P(E,) %! TR&eu 1 E, &1 qehteli (a priori) Wfashdl ®ed 1 Tufdse wifahal
P(E, A) ! 9RehedmT E %1 ST (a posteriori) skl shed 2l

S THA H HRON HY WiAwD 1 GA S FE S €1 ;ifw E ufasst whfe S
& T faqer w1 fmio #wd € gafen sewet E, ¥ ¥ TF 9 § T iR ohad
TF B Afed Bt ¢ (SFAE, H W Fee T € He vedt § ok U ¥ st T e
el ©) o7d: ST G =W Fordt faew B, (31eiq Uk Ron) ST qifashdr a1 & Seifn
TS A 1 Hfed g T e 2

a51-wee i fafay afifeafel & swifa 21 o 9 9 = fefated saeor o
Ty TR T 2l
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SETETOT 16 T 91 [ 3R 11 Ry 21 9t 16 3 ol 3iR 4 ieft 718 € & fof 91 11
T 5 ol 3R 6 el S B fRet wh Ot W 9 Agesa U 1] el 7 € W
e T 1 81 6 o1 1 1 Wifdshar @ foh 98 g Ot 11 9 fehrelt T8 €2

Tl 90 [ 1 = B N E, W SR 9 1% = I E, WH el 7 et fw
e 1 1 g e &1 e 1 A Y e & 2

GiC P(E) =P(E,) = %

g d PAJE) =PEAIH ¥ ol 1 T g ﬁm)=%

R P(A|E2)=P(%Hﬁ@wamﬁﬁ?ﬁwm=%

3@ o9 [1H © W2 frete &1 gifasdr, 59 fF 98 91 © f% 98 ara o
F1 T = PE,A), I9-T9 FR

1 5
P(E,)P(A | E,) T
3
><—

P(EIA) = 1 11 5 63

277
SarETor 17 @9 aifi= fesd 1 118 11 fRu o & sef vos o < foeeh 21 fesd 19
I fogeh @9 o 7, fess [[W S faaeh =id & € oIt fesd 11H © 9H @R ©
<7el o1 ToeepT B1 Ush ot Arg=sdl U fesa Ial & 3N SEH § A1g=sd T &l
faehrerar @1 afs faeeht @F 1 €, @ 59 §1d 1 1 Wiiehar @ T fesd o g faent
off 99 %1 & 22

% WF o E, E, 3R E, %A fesd [ 1R 115 w29 #1 e & €

P(E)P (A|E))+P(E,)P(A | E;)

1
ad P(E1):P(E2):P(E3): g
e & A o A e FerTen e faeert 9 w1 2 W <widr 2

LE| P(A|El)=P(1%@1©@ﬁmfawﬁm=§=1
P(AIE) =P(fesd 19 | 1 Tk foeept o) =0

P(A[E,) =P(fessl III & &M o1 foerent feher) = %
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319 fes o U foaent off 9 &1 g 1 gifaeRd

= Tt T 9 w1 fagen fesd 19 B 1 wifgehan
=P(E,|A)
A9 IF-THT g

PE)PAE)
P(E,)PAJE|)+P(E,)P(AIE, ) +P(E;) P(A|E;)

P(E,|A) =

IEE0T 18 AF o T U U=, qderor &) foweaHiaan fr=fafeaa yr 9 ffds
H1 T B
LA, UISiifea sAfEl o fora wieror 90% udt T | 3R 10% dr | @
o Ham 81 TLTE . § Tords sAferal ok for odiefon, 99% Hel wal ol © A .
E. S ATfee S € Sefeh 1% Wiferd safaadi o foe =, emg e, qrsiifes s g1 Th
S SEE, fSEH 0.1% =i e, U 2, § ¥ U i Agesdl g Sl @
AR 39 o1 Thero foman S W Wi TELeTE A, i Syttt st g1 S withehdn
2 for o' =af ora § waER A (Usifea) @2
T UM o B9 U ARt o arkiel § TELSTE. Al UIsiites g i Sl 3R A SAfeR o
TS A, ThemT § uisifed §F T TS o <uid 21 86 P(E|A) T T
el B E T T Al o WELSE A disiites 7 8 w1 SeAl &l guiin 8
e {E, B/} SHEen § gl st o giaest wafte &1 ueh fause g1 e d o §
. 0.1
P(E) = 0.1% =755=0.001
P(E') = 1 — P (E) = 0.999
P(A|E)=P (=afe o1 wieror & T3 o, disfifes g1 stetes f&on T ¢ 6 e

Id § TE.STE Al Usifed §) = 90% = 0 0.9

==
3R P(A|E) = P (=aferd o1 wiieror o weLME A, disifea < St o fen e @ fm
9 ard § TE.eTE AL, dsifed e ¥) = 1%=0.01

2015-16



570 TTford

A9 I9-Y9T g

PE)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

3Td: Tk A=A A T Al o aredd | TSR, uisiifed g w1 Wifgehdr S
o 9 € o SEeh weLemE e, Ther disifes €, 0.083 B

SETETUT 19 Ueh siee oM o HR@M § F9i+ (7)) A, B 3R C el ScEH 1 S
25%, 35% 3R 40% siee A &1 37 A o SR HT HAA: 5, 4, 3R 2 Fiaww
i TR (Ffeqel) € Sieed & Pl SR | W U siee ages Al e S € iR
I T T Sl 1 TEHT FA ATkl © T I8 Siee A B gRT ST T @2

&el 79 forn f wed B, B, B, f19 wahR ©:
B, : dice HEM A BRI @ T T
B, : diee R B gR1 aHEN T §
B, : iee i C 51 & T 2

e € f we At B,, B,, B, &R 379asf 3R qRyqul €1 7 foran f wen E fr=
THR : Edice T T
S E, ¥eAei B, B, W B, % @Y wfd et 21 K 2

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

H: P(E[B,) = die2 o & B %1 Wifrehdl st o 5 81 fof = w9 B g
fafifa @

=0.083 (TT9M)

= 5% =0.05
gl 99T P(EB,) = 0.04, P(E[B,) =0.02
49999 gR1 e W §

_ P(B,)P(EB,)
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+035x0.04 +0.40x002 0.0345 69
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SETET0T 20 Teh Sl i Tk UM 1 2@ A1 21 T8l & ev9al § 98 9@ ¢ %

I ¢, 99, TheX A1 TRE 3T AR ¥ A T WAkt wHe: %—;%m%
? A 8 3, 99 1 WheX W 371 € ol SHoh X Y M H WiHhard el ‘1‘; %

2, T fopdll o1 o8 | oTH W S R & et B AT 9% W W @, @l SHeh oA
T 3 Ft Wiehdr I Hiftg)

&1 T ofifrg foh ‘<faet o Wt o F8f R 9 oM’ #I S E ) A Sl & 3,
W,W@Imﬁ?ﬁmaﬁmaﬁﬁwﬁm T, T, T, 3R T,

P(T) = = P(r»— P(Ty)=— 3ﬁrP<T)— (feem )
P(E|T1)=m%amaﬁmt@q§aﬁﬁmﬁw=%

T W, P(E[T,) = %,P(E|T3)= %,P(E1T4)=0,a=qﬁﬁ 3 9Ed §R 3TH W 39
0 T B

A9 IF-T9T g
P(T |E) = T/RR 3 R ¥ &TH W I 5 T HT Washe
_ P(T)P(E[T)
P(T))P(E|T))+P(T,) P(E|T,)+P(T;) P(E| T;)+P (T,)P(ET,)
301
- 072 3 120 1
EN N 4018 2
——————— x 0

10 4 5 3 10 12 5
m:wﬂwmﬁqﬁna%

SETET0T 21 Ueh AfK o 9 § 9 € T 98 4 § 9 3 9N " Sl €1 9% T I
%] IBTEAA 2 3R Iqaal & foF 39 W A aell §& 6 21 39 H1 WAehd Jd FIST
foF 98 W W STl den arE ° 6 @
7ol AM ofifey, T E, ‘=afed gR1 9 i 3IBTA L I8 9a i foh 39 W A drelt
& 6 ¢ I FA 81 HH ST FF S, T W HEA 6 S BT HA SRS U W
T 6 TET M HI A 21 e

P(S,) = F&A 6 A T A T Akl =

o
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P(S)) =F& 6 &l S &1 S 1 Wifrehal =

P(E|S,) ==af 51 I8 9dH W o ul & Gen 6 o € Sefh ad W S aeft
T add W 6 ©, i Wifehdl

Nl

=wﬁamwaﬁaﬁaﬁmﬁw=%

P(E|S,) = A §R1 98 909 W fo T W TEA 6 ¢ € fh 9 W S el
T add W 6 TEl €, 1 wifHehd

=Wﬁﬁ§quﬁaﬁaﬁﬁuﬁmzl—%=i
A9 I9-Y9T g
P(S [E) = =Af §R 98 9 &I Wfaehd fF @ 6 Wohe §E ¥, W9 anad § WeA 6 §
1.3
_ P(S)PES) 6’4 1243
P(S)P(E[S)+P(S,)P(ElS,) 1 3 5 1 8 8 8
6 46

aa:awﬂﬂwqﬁw%%

| sromrerett 13.3 |

1. U wel | 5 o 3R 5 el 78§ Agesd Th 1 Fehrell Sl ®, ST T
A HH o 9K [ HAW § W@ < S 21 G w6y 2 stfafie 1
Fsl § W@ & Sl ? 9 Hewl § 9 T g fehrelt St 81 g5l 1 w1 e
B 1 WIferehar & 872

2. Th O | 4 o 3R 4 el 1R ¥ 3R Th 3T Ot 2 et 3R 6 el WS
B S Ol § U Uk 1 AgesA I e € IR SHH T % kel St € S
for ol ©1 39 o1 T o1 Wil © T g Ted Ot § el T @2

3. 9% 9 & T U Heloener o B H ¥ 60% SEeE T B SR 40% SEE
T F& wd € gt 9§ & aftomm gfed s € o ome o ot s o
T 30% 3R BEMerd | 7 @A o s § ¥ 20% 36 1 A-U femn a9 o a1
o HeTferee™ o Tk BT 1 Agesdl I T SR T = T o 39 A fien
21 TH o1 1 1 Wkl € o o8 o6 e 9 @ o 82
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wifeRar 573

T Tgfahedl 99 1 S 34 H T famnefl 1 o v 1 S 9Ha1 § A aw
Wmélmﬁ%WwWﬁuﬁw%%ﬁimwﬁﬁ

W%%mﬁﬁw#w%wwwwﬁmaﬁwﬁaﬁ

PlIRE) % 2 T TT 91 HT I WAl T IS B Y &1 IR A © AR
I& 9 © foF 3O wE s femn B2

. et fovm I & w9 FRE % fau @ &1 S 99% STERER §, 59 ard |

Il 3| W W T 2 21 fhg 0.5% 9N fRdt Ty =t ) W S i W
e Tt fae 2ar @ A st w1 U ¥ Saara 21 At R SeeyE
T 0.1% oI 39 AT Y T& 2 o 1 Wehal 2 o IS Ag=sdn g1 T AR
3T W Y T € AR SHok T b1 S § I8 s S € foh S T A 2?2

. T fRu e € ok Toeeh o <A1 SR Toa € B e fasrnn atfia @ fores

o 75% 9R Wehe el © iR diew erta faeent €1 i § 9 ek fqeeh Wi
Jrg=3 Al FH1 T SR ST ISl T 21 IR gk W faa wehe =, d o Ak
2 fF o% <A foa aren faght 272

. e 91 O 2000 TS TR, 4000 FR MR AR 6000 T AR BT AT

Tl &1 oS 1 Wik sEeT: 0.01, 0.03 AR 0.15 B sATeha st
(Aht) H W T JHAWRA €l Sl €1 39 AT o Whed =t e i Fifashdl
F 2?2

. T HREH KA X B 3 7 ot &1 qdf foewor 9 war wewn @ foh et Seared

T 60% T A 3R 40% T B 5 fohan < €1 59 aafafer w9i A1 2%
3R TR B T 1% IRA TS 21 A% pel SIS hl Teh @ 51 foran Sfm €
AR 39 R W gl el T 9w @e €, @ 39 o9 & ‘w9 A’ gr o
B 1 WTfaehal 1 B2

. T A T A % e ded ® T U 1 wfdemet | €1 vl 9o g <o

% Sd 1 FIRIRdTd e 0.6 991 0.4 21 S9 ifafied afs ggen g1 Stad
? d U T IS o YR B R WifeRdT 0.7 ® $IR A% g8 <ot Sftaar @
TH o1 T GG WAhdT 0.3 71 SEH! ka1 A FIfeTT fof 731 Seqre g g
SR IR TR = e

M AT foh IS TTgeh! Toh Il SOl €1 IS 36 5 91 6 1 WA 9 Bt
? 9% U Toeer i diF R Sl € @R fadl’ w5t " A s g1 A
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11.

12.

13.

14.

Tfora

W 1,2,3 T4 F HSA YW Bl @ Al 98 U TG Hl T aR Soer! § 3R
T e HLdl € foh 58 W fad’ = w2’ U gen AfE 39 Sk U fua W e
?, O SHoh gNI SO T U W 1, 2, 3 A 4 UK B HI AIiehal 1 872
ek AT TeidT o 91 A, B de C HeiA et 81 9o et A 1% @a
it Seqried il B aen AR B 3R C HH: 5% 3T 7% Tle el Sarfed
T &1 HE W AhA GHI HT 50% Al &, B el THI T 30% a1 C Fed
HHT T 20% OFEl €| A Toh @ 9t Saaed © of 39 AgN Scaied fhu
S T IR w2

52 9N W1 TSt W Wk UN Wl Wil €1 99 U6l @ < 0 el S € S g2 e
T E1 @ T T HY E2 B R WifeRar = @2

Amw@aﬁﬁmﬁw%%%ﬁqﬁaﬂmw%amAm%ﬁ
o =¥l gem orafaes &9 § fod gehe BF w1 Wi €

4 1 1 2

(A) 3 (B) > ©) 3 (D) 3

I AR B UHt w2l € fF Ac Baa P(B) 0 df f= § @ &M dik 2
_P®

(A) P(AIB)—P ) (B) P(AB) < P(A)

(C) P(AB) 2 P(A) (D) ¥ | % Tl

13.6 AgTedeh =X 31T THER WITdehar sie (Random Variables and its Probability
Distribution)

T, Ao Teml 3R Sk yiagsl o o 9} o ved € @@ gon € 3 qherm
? 9 sfusx ® 7w foviw ufoma & s=g& &1 o fohg =9 wiomat @
Hafua fedt ¥&n ¥ s=g@ 9

AT F TEOl SR 7ok gRomE W o= i

(i) < Ul ! e o TUEU § TH S 96 W Yehe TS o A H sogeh Bl

Hehd B

(i) Tk Toeer i 50 9N ST o g o9 fodl &1 @ § 8 gwdl 2
(i) 20 IEG3H ok TH e W, foqd 6 @S 2, 4 TG HI (T & &% ) Faper

o T H FAN B 4 SRqetl o Wiasel § @Wa awgetl & W& ¥ 7 dehdl
2 9 # @O« IR Sk aagel o fRdt favim ergwm H)
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Sude § 9 Yoeh e § gER U U M @ S Wodsh Ui oF E A U
arEdferes He ffde wtda €1 wiem o Yoie 9o o fou U andfass §e
STORT-37e ot 81 Tehdl 31 THIAT I ek =1 &1 W1 & gHeh1 A Tl Argfessh adiemm
o RO TR e © 3Hie 3 Agfeseh =R hEd €| U Ao =X ] HHEI:
X ¥ 5 F 2

IfE 9 Tk o i IR T TR ST @ T fF g § T A
R X, ®er el € 5@ Wid (domain) Tgfesesh T0eT o GROTEl 1w (A
Hiiest wafte) Bl 81 Uk Agfeseh =) IE o arEdfaes WM o Hehdl 8, HICY SHER]
W(codomain)mmﬁwwmél m:wmmﬁﬁm
THR ¥ IR # HHhd B
RIS 4 Weh ATgfoseh =R o8 el eidl @ TSreent Wid fene agfessr wiern w1 yaest
gufte g 2l
I & AU, STeT U faess Hi IR STHH § IV A ok wWe W R wifs)
TE THeT 1 wiaesl wEie €

S = {HH, HT, TH, TT}

Ife X, 9red Tl o1 @ 1 e a1 € dl X Uk Frgfese =) 8 3R geish gionm

o o gqent W e geR @ fen T R
X (HH) =2, X (HT) = 1, X (TH) = 1, X (TT) = 0.

T € eyl TEie W U @ i Agfesd =R aRwifid fhy o Tehd 81 SR
o fou oM o f Y, ufaset wafie S & yos giomg o forg fadi o6t 9@ 9 wel &t
T o W I e H gl a9

Y (HH) =2, Y (HT)=0,Y (TH)=0,Y (TT) = - 2.
d: T Hieyl TAfE S # X R Y & fu= wgfess =1 uftfia feg g €

IEETUT 22 T ATH T 195 i 99 9% SSeH &1 O Bodl 8| Od o s
TN 39 AR 1 I&® fad o fow Rs2 21 @ 3R y&ds W2 & fou 98 =afe
ISR 1 Rs 1.50 =1 &1 6F o X SAfer g1 Sl T8 91 8R) T2 AT ki o4k hidl
21 T fF X Uk agfes® =R ¢ @R 38 wer o gfaeel gafe o wed & &9
T yefyfa s
o X U "em ® e am fadt agfess qdiern o aRtomml w gitefia 21 gafag
X TH Tl =W el

319 whe w1 yfaeyl wHfe 8

S = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}
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X (HHH) =Rs (2% 3)= Rs 6

X (HHT) = X (HTH) = X (THH) = Rs 2 x2— I x 1.50) = Rs 2.50

X (HTT) = X (THT) = X (TTH) = Rs (1x2 =2 x 1.50)= —Re 1
AR X (TTT) = - Rs (3 x 1.50) = — Rs 4.50

T2l =1 Tog, faere! #1 e =1 < @1 81 or: ufaeyl qufic o s sraad o

T X w1 T efgdia "7 ®, safey X giaesl gaite ® T wo ¢ foesh IR 2
-1, 2.50, —4.50, 6}
SETETUT 23 Th Ol | 2 W SR | ol 1% &1 A5=sa1 Tk g ehrell T 3N IEeh!
A T ok O% 3 YH: O H Sl T 39 qimAr & g e wem oAk X«
fepTell & ToheTal 1 T S T9dl € di, X 1 faen 2 el uwh e ig w1 e
Hherdl |H T R

el g9 o fop Ot & @l W R ow, wy, - W S RW L
a9 yfaeel i 2:
S={w W, W W, W W W W, W T W T W E W, T
CE] X = &l ® HA = FhAd w1 qe
sfT X {wp w =X {w, w}) =X ({w, w,}) =X ({w, w})=0
X (fw,, 1) =X (hw, 7P = X ({ 1w }) = X ({rw,}) = 1 SRX (4rr}) =2
Id: X Uk Agfessh =X € S 0, 1730 2| o Fehal B

13.6.1 Tk 277'@'7‘\%35 ST kT GIIehdr de+ (Probability distribution of a random
variable)
3B W 9REN f), f; ... f;, § T GRER &l 36 YR I o qd&o R/ foar &L &
Hedeh URER 1 YA HEEed B 7 o foh aRewi £, £, | e 3,4,3,2,5,
4,3,6,4,5 95 €
3TEU Ueh IRER &l I o IToh F&Hl bl HEAT &l AIlC Y, X § S HITSC| Tl
X T Ao w1 2 N9 = yehr @ uRtefia feen w2
X(f) =3, X(f) =4, X(f,) =3, X(f) =2, X(f) =5,
X(f) =4, X () =3, X()=6,X(f,)=4,X(f,) =5
d:2,3,4,5, 69 dXHE H AE A Fohal ©
379 X 1 T 2 BN el GRER £, 1 1 T B X H AE 3 Hhal € S S,
fio f, ® © fordll qiem =1 1 Sy gl gehn
X =4,5@ Gf@R f, £, 3 f, 1 FA ST

2015-16



wifeRar 577

X =559 URER £, A f 1 FA ST
R X =6, 5 URER £, F A ST
< &= A © R geie IRER 1 I ST GHEreT ®, gefae aieR £ ok 99 S

ﬁgﬁw%%
m:xwmz%ﬁﬁaﬁmﬁw%%\l

& foed 8 P(X=2)=—

WA G [, L, A f 9 TREl ft TR GRER Rl g R FIieRd
3

P (S fi) = 15 ©

am: Xaﬂmz,%ﬁaﬁrmﬁw %

wmﬁ%P(X=3)=—

T YR B UM © T

P(X =4)=Pf, [, /,}) === P(X O P P({ff})——

3R P(X = 6) —P({fs})— m

T YR 1 faeRor e agfes® =R o WY 39! 9d Wiiaehdieti o foman s
2, &l Fgfes® =R X 1 Wiehdl sied %ed 8
STehd: Teh A5resh =X X 1 Widehdl s shi T YehR o qRefia fepan sman 21
TfrarreT 5 forelt agfess =R X &1 Wifaehdr deq Hestl &1 fHfataa gomedt ()
g ®

X : X, X, X,
P(X) P, P,
St >0 pi=1,i=1,2,..,n

i=1
arfere W@ X, x, .. x AGeEH T XF W WA () € W p (=12, ... n)
Igfedh TR X A1 AF x, eF H1 Ffashd 7 31eiq P (X=x) =p,

afex Agfows I X, 1 HIE WG YA ¢ A FeF X = x Wfewt wAfe
% @ fag (i) o faw & T B 81 31: X BT x HEd O H Wiashal Had YR
Bt € i P(X = x) # 01
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g € X o [t derfaa ol o foe gfagst amfie o asdt foget &1 wuew
1 81 SAfAT fore WRTehal Sed o T 9t Wifekarsti &1 9T U BT =EUl

SETETOT 24 TR oK 52T 1 UH GAMHT TS ¥ I U ITUA FIRLTIAT o |t
fepTel SIId &1 SRRl 1 T HT WITehal 927 1A HITST)
T THRI AT H&A TF AR = T IHHI eH X W FEfid w1 &1 Trsed X &1 qH
0,1,712 2| Hifeh Tl ol Yfcreend=T o w2 fFehten 791 & gafauaHt I o1 fHeprer
oS T 2l
@fae  P(X = 0) = P(3oFAT &l 3R gaeh1 TE)
= P(3FRT TN * P (35R1 L)
48 48 144
TR %160
3R P(X = 1) = P(35h1 3R IR eI 1 ST Tl 3R goFhT)
= P(3hT) . P(3FRT &) + P (3FRT &) . P (3FT)
4 48 48 424

52 52 52 52 169

R P(X = 2) = P(3%h1 3R gahT) = P(3FRT) X P(3A1)
4 4 1
I BV . 2
52 52 169
1a: i wifyerar w2 2
X 0 1 2
144 | 24 | 1
P | — | = | —
169 169 169

SETETUT 25 UMl oF Us I8 i diF 9R 3T W gl (doublets) T W& &1
TIfIehdl Sied H1d hife)
T HH ooy o X fgenl &1 den fefua s 2
(1,1),(2,2), (3,3), (4,4), (5.5), 3R (6,6) &9a g €l
e g o X® a0, 1,2, 3%|
1

@%Wﬁﬁaﬁm—g=g

@quaﬁﬁmﬁqwzl—%zg
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79
55 5 125
PX=0)= P(W’ﬂfﬁah_:lﬁ)—g g EZF
P(X = 1) = P(T& 5ok iR 1 fg& =ieh)
155515551 3152_75
5767676667676 7% 6 6> 216
P(X=2)=P (& fg& iR w* fg= =)
115151511
= = X=X—+—X—X—+ X =
66 6 66 66 66
:3(ix§j:1_5
6> 6/ 216
111 1
P(X =3)=P (dF =—X=X—=
( ) (.1?;35) 6 6 6 216
3/: X &1 s1efre wifyerar sed fefatad B
X 0 1 2 3
125 | 75 | 15 1
P(X)
216 | 216 | 216 | 216
WA IIfTeharati 1 I

- 125 75 15 1
Zpi: + + +—
216 216 216 216
_125+75+15+1 216

216 216
37d: ST TRl a9 Tat 2l

SETEIT 26 U o el agfess g4 U faemerd fag o ugr & = & X § e
I 71 X & HHA x o 1 gilieRdr Frefafad @@ 9 2, STk T ardfas 9@ 2

0.1 3fgx=0
kx fg x=1341 2
k(5-x)afex=331 4
0 AT

P(X=x)=

(a) k1AM F0A HISC
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(b) 39 oI I & Wifdshar € Tk e

A Y WS U &7 qeAd: q WA Ugd &7 Afuehan " ued 77
& X1 Wikl s e fean wn e

X | o 1| 2 3 4
Px)| 01 | & | 2k | 2k

(a) =9 9@ ¢ fR Z_l',pfl

gafee 0.1 +k+2k+2k+ k=1
= k=0.15
(b) P(3MT =aH T 52 g &) =P (X >2)
=P (X=2)+P(X=3)+P(X=4)
=2k + 2k + k=5k=5x0.15=0.75
P(3M9 d27d: | 52 qgd §) =P (X =2)
= 2k=9%0,1850.3
P(3mq fershad < s Ugd €)= P (X <2)
=P(X=0)+PX=1)+P(X=2)
=0.1+k+2=0.1+3k=0.1+3x0.15=0.55
13.6.2 TIgfeder o &7 AT (Mean of a random variable)
agd o gened o fhdl agfees =R & R aev # Tha S 9 <9I arsee
Bl €, 58 =R & Wiiendl sz W 0 o Hehd € U € e SEA wied, Hieds |
g BId ¢ 3@ hel W BH Wied W wE S| Wi sratefd a1 shid yegfa i 6
7 el o ? fF 9% forelt afes® =) & HeAme A1 ofgd 5 o SR e 2

T 6 HF o XU Agfessw R 2 fEeh weafad 99 oy, x, x,, ., x B FEE

1,72 73

TIH p o pop,s oo p, B X B A, T 1, & = w0 €, HEm pr,%ﬁr%

T x 1 WIEA, 3R X, o HIed W 1 ARk AEd e €, s T
Hird gitaeRar | i R T e

qgfessh =X X o He4 1 X 1 G (Expectation) i #ed ¥, 5@
E(X)¥ o7 % 2| ¥:

EX)=pn :zxipi =xptxp, +..txp,
=)
3 vl |
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FEfes® =R X 1 WA A1 YR X oF Gt Fifad A 1 ShT SId Wiiehdret
o TUH T I B g

SEEI0T 27 HA W b Ul o T SIS i ISl Sl © 3R Agfese =X X, U W™
Yo WS w1 AN foran S 21 X T Hied A YR [ R

o1 T8 Wer %1 yiasyl wafte 36 Hiferss weAet o fafifq gon 7, 9= wfia gm
(x,y)%F &9 | foran s ot 8 56l x = 1,2,3,4,5,6 3 y =1,2,3,4,5,6.

IRfessd WX X oF A eMiq I R U §E&ASH w1 A2, 3,4,5,6,7,8,9,
10, 11 41 12 & el &

1
W PX=2)=P({(1, ) =3

P(X =3)=P({(1,2), (2, 1)}) :3_26
P(X=4)=P({(1,3),(2,2), 3, D)) 2316
P(X =5)=P({(1,4), (2,3),(3,2), (4, 1)})=3i6
P(X=6)=P({(1, 5).(2,4), (3,3), (4,2). (5. 1)}) :3_56
P(X=7)=P({(1,6),(2,5),(3,4),(4,3),(5,2), (6, D}) =3—66
P(X=8)=P({(2,6),(3,5), (4,4), (5,3).(6,2)}) :336

P(X =9)=P({(3, 6), (4,5), (5.4), (6,3)}) =3i6

P(X = 10) = P({(4, 6), (5, 5), (6, 4)}) 23_36

P(X = 11) = P({(5, 6), (6, 5)})=3£6

1
P(X =12) = P({(6,6) =7
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X ST TRl 24 T
xax [2[3[4]s5]e]7[s8]o]wofu]i

NN BN N N N N 0 N N N Y
b 36 |36 |36 |36 |36 |36 |36 |36 |36 |36 | 36

n 1 2 3 4
SHIAT =E(X)= X, p; =2X=—+43x—+4Xx—+5x—
= B Zl b 36 36 36 36

+6><i+7><£+8><i +9><i+10><i+11><£+12><—1
36 36 36 36
246+ 12+20+30+42+40+36+30+22+12 _7

36
31d: 3 Ul o $ehd W Yehe IS o AN I T 7 B

13.6.3 ?1@7%37' o okl G&UT  (Variance of.a-random variable)

Trgfeseh =R 1 WIeA SH WX o AEI W foeRo o a) § i g € a1 21 e gl
fafi=1 wifehdr e ATl Agfessh =) o WA TUE B Hehd §, Sl T X 3R Yok
frefafea sl o feam w2

X 1 2 3 4
1 2 3 2
PX) | - = = =
8 8 8 8
Y -1 0 4 5 6
o | L2 3L L
M1 3 8 8 8 8
Ty EX)=1 L) 2+3 3 pax2 22 275
=]1x-= X — X = X—==—=2.
8 8 78 8 8
3R Ew)=—1x1+0x3+3xi+5xl+6x1=2=2.75
8 8 8 8 8 8

T X 3 Y A3 & Fafd 396 T 9HH § U8 = 9% o Teeed e §
off e @ Ufera feman ST HeRar ® (SR 13.5) 1
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P(X) P(Y)
3/8 T 3'/8
2/ 1 2/
8 8
Sl H H " [ ]
X<% 1 2 3 4 X X -1 Ol T 2 3 4 5 6 X
(@ (i)
3TTeRfd 13.5

X Y T i oh faq &6 A5 =~ o AF o fo@wd &1 |1 qe o6 d19 &1
AEYTHA &1 B HWifemsh! | uel € o el o famror =1 fawwe &t 79 & geo
21 3 YR e =R % qodi | foewe il gERer 9 "o S gl

afturer 7 AW e X wF agfees = R fwes wifed qed x, v, o W
ElRETIE p(x), p(x,), ...,p(xn)éﬁ iy fermE Bl

79 o p=E (X), X &1 7A &1 X H TR var (X) AN o,° 5N Fefud, &t =
YR § Renfia feman s ;

52 = Var(X)=Y (x, - 47 p(x,)
i=1

g o = E(X-u)’
TR FE&A o, = VVar (X) :‘jz (x; —p)’ p(x;)
i=1

Eql Igfessh =X X 1 A% foI=e (standard deviation) FEd B
Trgfegeh =X 1 WEXUT J1d i &l 3T G
g9 S ¢ R

Var(X) = 2. (x;, =)’ p(x,)
i=l

= Z(xiz + Mz _2“ xi)p(xi)

i=l

= Zn:(xizp(xi)"' Zn:uz p(xi)_znlszip(xi)

i=l i=l i=l
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Ss4 o
= IZ::(x[z p(x)+ ,Z:‘p(x“)_ 2 gxip(xi)
- iZ:',xizp(xi)wz—Zu{Wﬁgp (xi)=13?f<u=iZ:‘,xl~ P(xi)}
- g(xfmx,-)—uz

L (& )’
Ell Var(X) = Z(xiz p(Xi))_LZ X; p(xi))
= i=1

el Var(X) = E(X?)—-[E(X))?, S&l E(X?) =Zn:xi2p(xi)
i=1
IEENUT 28 Teh AN 98 il Thepd T U G&stl vl TE0T 1 hifeTg|

o THe 1 giaeyl wAfe ® S={1,2,3,4,5,6}
TH & X, T8 T Fehe HE&A %1 oo Shidl 81§ X T agieseh =X & & 1,2, 3,
4,5,9 6HM o Hehdl 2

T A P(1)=P (2)=P (3)=P (4)=P (5) =P (6)
TfeTT X 1 TRl ded o
X| 1|2 3] 4 51 6

o N R

1 1 1|1 1|1
PX)| =1 =1 =|=1=1=
6 | 6 | 6| 6 6| 6
7 EX)= 2% P(x)
i=l
= 1><l+2><l+3><l +4><l+5 ><l-+—6><l=2
6 6 6 6 6
g & E(X?) = Pxiiydig el e 1
6 6 6 6 6 6

d: Var(X) = E (X?) — (E(X))

o1 @jzg_g _35

"6 L6/ 6 36 12
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TETETUT 29 AR ok 52 Ul hl Tk oAl-ifd He T Tet § W Id SR o
IO o (31 Teh T19) TiehTel S €| SIESIEl i ST o1 Hied, o0l & Heh- o=t
Ad hifeg|

T HH oiteT o 9 o ke § aeemel % §ea o X ¥ o i 81 X T
i T E S 0, 13 2 9 o Fehall 2|

48!
48 YT
o P(X = 0) = P(FTE areeme 7e) =2 2t D _28x47_188
TR T 5xs1 221
21(52-2)!
4C48C
. 1 1
P(X = 1) = (T TG S T AT )~
2
4x48x2 32
T 32x51 21

C, 0 4x3 1
2C,  52x51 221

AR P(X =2) =P (I a=&9mg) =
3d: X 1 Hiidehal ded @

X 0 1 2
by | 188 32 | 1
X 21| 21| 2=
79 WA X = E(X)= 2% P(x)
i=l
SPPLLL PN P 1
21 221 221 221
e & E(XZ)—ZX P) =2 x B8 2 32 o 136
21 221 221
el Var(X) = E(X?) — [E(X)F
_ i_[ﬁjz_ 6300
221 \221/  (221)
\/680
gqfeay = Var(X) = 37 ()

(221)
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| worarett 13.4 |

1. waEe fm frfafaa wigwa s § w0 9 % agfes = & fau g 1@
21 IO I HR Higa fafen)

M| x o [1 |2
Px)| 0.4 | 0402

i) [x Jo 1 [2 [ 34
Px)| 0.1 | 05 02 [-0.1] 0.3
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TP (E NF)=P (F) (EF),P (F)=0

If¢ E 3R F sl e ©
P(En F)=P (E) P (F)

AR P (E[F)=P (E),P (F) %0
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