12082CH13

(UTFEeRaT Probability)

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

13.1 95T (Introduction)

TEe 1 Henel B gHA Wifaehal i ol agfess qlreon

1 TS oF Hfed 8F &1 AMY=dal 1 7Y & €9 § gl

ol BN WEH MG A hicdmE (1903-1987) N

Hhearfea erfmfedia gfteshior o1 STanT fepan o 3R wifdear

1 eI o YROTH W YRfid %o o ®9 H fefia

forr em T wEEaen il &1 < | wifaear &

srfvfeda gfteshion R Fenfaeral fagid (classical theory)

o Taherdr off Tenfyd F1 oft| 39 THRLT o YR W e

3T eyl TAME T SIS 1 Wiashal A & ot g

ifereRar o AN R w1 ot stemee fwan 1 | e | Pierre de Fermat

7 forelt =121 i qufasy WifFehdl (conditional probability) (1601-1665)

% aR ¥ TR 3, Fafdh el o= = o6 =fed 8H i Yo AR 99 I, 991 36
W{ﬂfmmﬁwmﬁﬁa—uﬁa (Bayes' theorem), UTfehdl =1 UM T2 qen
Wwﬁa?aﬁﬁﬂﬂéﬁl@Wﬂ'{(randomvariable)ﬁ?%ﬁmﬁwaﬁ
% HEEUl FAUROT 1 e q el Wiaehdl Sed o AIeA (mean) 9 TEROT o
A H ol T e o AW AU H W Tk Hewequl STHad Wiidehdl sed (discrete
probability distribution) & =R H U&7 f& fgug = el w1 81 79 1A o gq ™
e S fes aRom geHared B €, S q% TR er=Ien 9 el T el

13.2 |ufaser urfaerdar (Conditional Probability)

a1eft a9 T foRdlt ST ShT Wfaehal 0w W == A 21 AfE g fRdt wfasyl wmfe
I T A < T e, af 9 fRdl U S & "fed € w1 gl i g I el
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548 TTfoTd

1 WIfFehal T ISdl 82 ST 36 Y o ST o oY Ueh Argieseh wiero) W fa=m &t
foreen aftomm gagae €
3TN, T I = (fair) Tkl &1 S8 o T W fa=R wifGw) 39 qdero
=1 giqee! Tl €
S = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}

WWW%,Wmmm%mmﬁgaﬁmﬁw%ﬁﬁg

X Gehd B| T AT B e =g 91 fed wehe g1 SR F el ‘el faeeh W
w2 wefela em” i fefud & 2

LE] E = {HHH, HHT, HTH, THH}
3R F = {THH, THT, TTH, TTT}
zafera P(E) = P ({HHH}) + P ({HHT}) + P ({HTH}) + P ({THH})
1111 1 .
“3TETs Y
3R P(F) =P ({THH}) + P ({THT}) + P ({TTH}) + P ({TTT})
_1 14 NL
8 8 8 8 2
EIRE E N F = {THH}

T P(E M F) = P({THH}) = %

31 U oifee e 5o o ® fF vedl faesh W 9e gehe el § siefiq s
ufed g8 , 99 51 E 1 Wifashd 1 22 F o wfed 89 &1 9= R I8 ffveq @ fw
E & Wifgehdl T 3 o faw 39 ufideel fagei w faam 7=t e som 5 wsa
e W 72 7 B1 921 E o foIw 39 ger 9 ufiey g S 9 See sl Suaysd
F o1 791 21 37 ¥l W, 39 ifafiea g 3 e arqd o 78 o ® fF g w6
Teh U U a5feeh T0&0 o €9 § FHeM =M o yiaeel Fafte shae 39 aRom
%1 ggeaa § S fF e F & ST 2

3 F o o8 Wiaeel fog < B & o sepel 8; THH R om:
F ! fqeet gufte AMd g =1 E &1 Wifoshdl =

I

- Fwa&amﬁmwaﬁmaﬁmw=i
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wifEeRar 549

e E &1 39 WIfehdl o) Sufdes Wiiked #ed &, Siafh 91 © {6 = F sfed
& IH! ¥, 3R 39 P (E|F) g <90 €

1
S P(EF) =
e FIST fF F o o of9ga St 921 E o off 379hel &, E 991 F o 918 o7a9a
e €, AAAE N F % wfaeel fag 2
3d: N W E 1 Hufaae Fifehdl, Sieifeh 91 € b &2 F ofed € gt € i
51 TR T A0 F Ghd &

_ (ENF) ek s wfaeal feigeti &1 den
PEIF) = F o 3Tt Ufaest fageti i g

~ n(EnF)

)

319 379 9 T HI Ufasyl gAfe o staFdl +i gd den ¥ famfead W 7w @
& T P (E[F) & 71 wR & feran <1 wehen B:

n(ENF)
P(EJF) = Z% =P(§(?)F) ()
n(S)

e ST fm (1) aft 771 @ S P(F) = 0 STAfAF = ¢ (F1?)

d: B9 HYldee WITehdl il 7 YehR & wRefia s gehd 2

uftarar 1 A€ Eqen F e afess e o wfieel gafte 9 gefua < w2 €,
al Foh ufed B4 &1 o1 W, E 1 Wifgehar fefafed 93 9 o 2idt 2:

P(ENF)

P(EIF) = —p )

, STefeh P(F) # 0

13.2.1 Gufaser qrfiehar & T (Properties of conditional probability)
A o fF Eden F e ofaeef wafie S &1 <1 e @
T 1 P (S|F) =P (FIF) =1

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

T wa ¢ R P(SIF) =
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550 TTfoTd

P(ENF) _P(E) _,

P(F)  P(F)
a1 P(S|F) = P(F|F) = 1
0T 2 AR A IR B ufaeel Tafie S w1 HE I TN € 3R F TH T T W THN
2 T P(F) 20, @9
P[(A U B)F)] =P(AJF) + P(B[F) - P[(A M B)[F]
oo &9 9, 9k A 3R B WRER el T o, o

P[(AUB)F)] = P(AJF) + P(BIF)

i gl P(FIF) =

g9 S © T
P[(AUB)NF]

PIAUBIIN] = =1

~ P[(AnF) U (BNF)]
p P(F)
(=4l o gafTs W Ao o deq f=m grr)
~_ PAANE)+P(BNF)-P(ANB NF)
B P(F)

_P(ANF) PBNF) P[(ANB) NF]
~ P(F) P(F) P(F)
=P(A[F) + P(B|F) — P(ANBJF)

T A qA1 B WRER 3{UeS @i dl
P[(A N B)[F)] =0
= P[(A U B)|F)] = P(AF) + P(B|F)
3d: W9 A qUT B WER STqas SeA g af P(A U B) = P(A|F) + P(BJF)
TUT 3 P (E'[F) = 1-P(EF)
T HEH AE e R P(S|F)= 1

= P[(EUE)F)]=1 Fifh S=E U E'
= P(EF)+P (E|F)=1 @it E e E' TER (el Hed &
37d: P (E'|F)=1-P (EF)

3BT 319 H/B IR
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ISR 1 AR P(A)=%,P(B)=% Eﬂﬁ'{P(AmB)=%,?ﬁ P (A[B) ¥d wifST]

4
T T 5§ R P(A|B)=%:%:%

1
SETEL0T 2 U IRER | & o=d 21 A€ 7% 96 e T o § °§ F9 U %W Tk e
AH B, d BFI o=l oh ASHT BIH HI T AR B2
T WM AN h eTgeh 1 o g Igeh! i T hid &1 THEI0 1 Wideyl Fafe 2

S=1{(b.b), (g.h), (b,2), (g:2)}
UM ST E 9o F saen: Frefafed seamet 0 5eiid 8

E:‘Qﬁfaﬁ@%’
F:'o<ai § § %9 4 &9 TF ASH ¢’

W

@ E = {(bb)} R F = {(b,b), (g.b), (h.g)}
3 EnF={(,b)}
I1a: P(F)=%3ﬁ'{P(EmF)=%

1
P(ENF) g4 1
wafer P(E|F)=(P(—?))=%=g

4

SETET0T 3 Th 990 A SH HE 1 W 10 T YUlieh for@ vt @ U SR 3% TSl e
T T 38 9 @ U HIE Ag=s Al Hewten T AfE I 7 2 b e e
W HEN 3 9 e §, d 59 §© o G B I 1 iehdl 872

T T e o A ST Rl T e W HH wE @ SR B we ‘ ehtel T e
W HE 3 9 9El @' 1 Feiud s 81 89 P(A|B) T T @

79 Tdiero w1 wiagel wAfe 2:S={1,2,3,4,5,6,7, 8,9, 10}

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

3R ANB={4,6,8,10}
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552 TTfoTd

5 7 4
e P(A) = 15 P(B)-Eaﬁwmm;,)_E

4
LiE| P(AIB) = —p == 5

4
P(ANB) _ 10
7

10
SETETOT 4 Tk e | 1000 foaneff &, fow 9 430 wefwai ©1 98 7@ € % 430
o W 10% Aefral wen XIIH Yedt &1 o1 Wifehdr € foh ek agesan g1 e feeneft
el XIIH Tgdl € 4% 98 = ¢ T g1 e faanef dewt @2
& A ST B =12 argesan 51 e fornedt smen XI1 o ugdr &' SR F e ‘agss
<1 T fernedi gt ®', *i oo wd 21 W P (EIF) I I €
430 43

I P(F) = —— =043 3R P(ENF) =——=0.043 (F?)
1000 1000
P(ENF) 0.043
ad P(EIF) = = =0.1
(EIF) P(F) 043

IETET0T 5 Uoh 99 ! dF aR SV & GHe0 | w21 A 9o B & 4 9&R 9
gftsqrfirg feram e 2

A 'TEd I8 W e 4 Yehe g

B : 'TUecll 8@ W & 6 AR T IV R F&A 5 Yok el

Ifg B w1 =fed g1 fon T 2, se A w6 Wiftshdr @ shifery)

o wiagsl wmfe o 216 wRom €

a1, 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= 43,14) (3.24)..(3,6,4) (4,1,4) (4,24) ... (4,6,4)

(5,1,4) (5.2,4)...(5,6,4) (6,1,4) (6,2,4) ... (6,6,4)

3R ANB={(654)
6 1
CE] P(B)=2—163ﬁ'{P(AmB)=F6
R
T p(aB) = — 2B 216 _1

PB) 6 6
216
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weRar 553

SETETUT 6 Teh I i ] IR IBTEl 41 3R Wehe g2 GeAetl &1 41T 6 9rn T HEA
4 o AqH T 9N Yehe B 1 Hofdael WfFshdl A Hifs

&1 M ST E e ‘U@ 4 1 AqH Tk SR Yhe g1’ 3R F e (S arEl
Tehe TS HT AR 6 B’ HT <@ F

Gl E = {(4,1),(4,2),(4,3), (4,4), (4,5), (4,6), (1,4), (2.4), (3.4), (54), (6,4)}
3R F=1(1,5),(2,4),(3,3),(4,2),(5,1)}
g9 S © T P(E) = % P(F) = 356
qo ENF={24),4.2)
3@ P(ENF)= 3—26
3d: difed iiaehdl
2
P(ENF) 3¢ 2
P(E|F) = (P(?) ) =%=§
36

asft e Bo 3 qherl W femr T € feen geft uitom wmere 9 3wl
o fau g gufqse wiferar &1 aRwifua fean 21 qenfy wufaey wifsshar 1 =€t
R, sATqe w9 9, 39 feufa 7 ot gF 1 S Gehdt ©, S Hifolsh st qHEred
T 8| WifEshdeti P(E A F) @2 P (F) 1 IRehe aeq@R fehan s 2
smen FrAfafad ST 9 56 9w

IETET0T 7 Ueh Tk i oo o qhen W faar sifsw) afs faees w faa ye &t
1 fieRs ®l IH: I8 W A foeer W e Tohe B @ Tk 99 Hi Bk | AR B HmE
¥ HY TH U Yhe B T ufed 1 o w2 (H,H)

T ‘U W 4 9 FE G e BT 1 gufaey fwr(H)

ElRET ISRl (H,T)
7w e ok gfomdl & fe 13.1 9 e fewEr S gg
Tehdl T1 39 TR & foA 1 geam@ wed € = (T) (T3)
e 1 e i e

S={(H.H), (H,T), (T.1),(T.2),(T.3), (T4, (T.5),(T.6)}  smepfr13a (1O

2019-20



554 Tfora

(T, i) <91l & foh Teell 38T W 2 Yehe g3l 3K Ui
I et T FE& | e el
a@: 8 Wiferss =eet (HH), (H,T), (T.1), (T.2), \

SRl (H,H) <eifar 2 for <1 Sereti T fod wehe gan 2, aen
o (H) <
& Vs

1111
(T.3) (T.4), (T.5), (T,6) T HHI: 1T = (T)
1111
Eaaaﬁaﬁuﬁwﬁﬁﬁﬁﬁwm%ﬁmﬁﬁ
=1 13.2 9 == 2l IR 13.2

M & F S ‘a8 Toh T 9he 8F1 3R E el
‘U W 4 9 € @ Yehe B’ i <9I 2

GE] F= {(1L,T), (T,1), (T,2), (T,3), (T4), (T,5), (T,6)}
E = {(T,5), T,6)} 3R ENF = {(T,5), (T,6)}
SiC| P(F) = P({(H,T)}) + P ({(T,1)}) + P ({(T,2)}) + P ({(T.3)}) +

P({(T4)}) + PA(T5)5) + P(U(T,6)))
1 1 1 1 1 1 1 3

1 1 1
R PENH=PUTIN+PUTON = 5+ =6

| wommarett 13.1 ]
1. afR E &t F 34 9&R &1 5 & f& P (E) = 0.6, P (F) = 0.3 3%
P(ENF)=0.2, @ P (E[F) iR P (F[E) 9@ *ifsw)
2. P(A[B) ¥ ®ifsg, 4§ P(B)=0.5 3R P (A " B)=0.32
3. AR P(A)=0.8, P(B)=0.5 3 P (B|A) = 0.4 T1d HIfSY
(i) P(A N B) (i) P(A|B) (i) P(A U B)

4. P(A U B)¥@ ®IfvT g 2P(A)=P(B)=% #R P(A|B)=§
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I P(A) = %,P(B)= % Eﬂﬁ'{P(AuB):% @ T HIfS
(i) P(ANB) (ii) P(A[B) (iii) P(BJA)

frAfafad 91 6 ¥ 9 9% P(E|F) T@ it

6.

10.

11.

12.

13.

T Toeer i i aR S T e
() E:d9d 39 W faa F: ggelt 3.1 sote | fod
(i) E:=g7a9 < foa F : SAfyehad T f=a
(i) E : eifrehaq g v F: =JAaq q 92
T foeepl i Tk IR IT T B:
(i) E: T ek @ 92 Weohe 2l € F : U fqaeh W foq gehe &l
(i) E: g 92 Yehe &l 2ia1 € F %18 fod gehe e gran @
Th U I A o) IS T R
E : T9d 38 W 6@ 4 Yehe B
F : Ugcll ] 3Bl W FHHIA: 6 T 5 Yhe el
e uiiEtes o o ama, fuar o o agesw e €
E: T % il ™ @el ? F: o 7o | @ @
T el 3N T e 9 1 SISl T R

(a) Il W YT HE@AST hT AN 9 B i HUfaeH IRl Ad HioC AR T8
@ 2 % Hd T W 5 YR g3

(b) ITE T YT AR HT AT 8 TH hi FUfaeel FiHehdl Hq HifeC Al T8
1 8 for ool 98 W Yehe WEA 4§ %Y

Teh A% U Wi STl T @1 Mest E= {1,3,5), F={2,3},3RG = {2,3,4,5}
#Wﬁwﬁf@aaﬁaﬁi‘m:

(i) P (E[F) 3R P (F|E) (i) P (E|G) #R P (G[E)

(i) P (E U F|G) ¥R P (E N F|G)
M o foh S o o1l T8 o1 SIS o1 ST BIFT THE9e B Afg fordt ufer
o g o= B, d S o=l o iSR! B i Hufdee Wifshar @41 €, A€ 78 o
T ® TR () IS SIS Al € (i) <AAH Uk oeell ARl 2l

T URIeTs o 99 300 T/ YhR oh STHM W99 200 T/ YR oh
Hfa 99, 500 Tg-fashedia YR o STEM ¥4 3K 400 Tg-Tahedld YR o
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Ffe gt 1 4Ug B AR 99 o GUE ¥ U U A A A A g, A T
3THM Y9 1 ag-faskeda g 1 Wifdehar &= g2

14. g% o 7 ® fF 1 a1 thehd R U G - B < wemnstt 6
AT 4 B T WA AG HIfT)

15. U 99 &l e o S0 W fo=m i) af a8 W Yehe 9@ 3 &1 0N
2 @ U I [ Heh 3R AR HIE I HEA Yhe @ dl Uh [Heeh Wi 39T |
AT ‘FAAH T U W GEA 3 Yehe e e e € at we {faeeh W ue vehe
' T ufase wifgehdr T it

frefafad e § 9 g § wE 3 |

16. af€ P (A)= %,P(B)=Oﬂﬁf P (AB) ®:

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

17. o AR BT = 398 ¥R 8 T P (A[B)=P (B|A)# 0 T&
(A) AcB (B) A=B (C) AnB=¢
(D) P (A)=P(B)

13.3 arfrehar <Al RIE ™ (Multiplication Theorem on Probability)

aF oSt 6 E dqon F s wfacel @ufic S &1 < seAnd ®1 Treddn agsed
ENF < sesii E e F o sfed 8 w1 quiiar 81 31 91l § ENF st Eqen
F o gaq sfed B ! 9T &1 5l E A F %1 EF o fe@n s 2

I T G T EF i WIfiehdl 10 i 1 STevdehdl gl 21 STl o fog,
T o 9% IO T e & e § g9 fag se ‘U aeene ok T T R
Wfoehdl T1d S | o 8 Tehd &1 AT EF o1 Wfaehdl A0 i o fofq en aufas
Wl 1 STAM Fd 7 S T A fe@ren w2

B WA € ff Wem Foh Ru &M W sed E &1 @ufdee wifeehar i
P(E|F) 511 <¥1id & 3R 38 ffafad wehR o 7 i 2|

= PF)#0

ST giom § 89 fog gd © 6
P(E N F)=P (F).P (EF) e
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&0 I8 ot 9 § f

P(F|E) = %,P(E)?&O
R P(F|E)=% (FifF ENF=F UE)
374 P(E N F) = P(E) . P(F|E) )

(1) 3R (2) = foem 9 ed o g @ R

P(E N F) = P(E) P(F|E) = P(F). P(E|F) i@ & P(E) = 0 3R P(F) # 0
SWie IR i WifFsRar 1 UM FEW’ wEd 1 ST USSR o
SETETUT 8 Tk Her¥l H 10 el 3R 5 FHe 1< &1 I 71 Th o oK Tk FAhrelt S

& 3R weell 7T SR o Fher o ved avd T W@ S &1 ue ofifere & o |
T TAF I3 H1 e guEre , o S el 1 ke i 9 wifashdr 82

%o O foF E ‘eell #relt 1S & Feher’ 1 921 © SR F CSHd shredt 1S & Freher!
%1 =& 21 85 P(ENF) =1 P (EF) 91 % 21

SE] P(E) = P (Yecit 71l & reft T F‘|°h|('1'1|)=%

T & fean T © o veel et | et 1] fehelt @ ereiq e E wfed € €,
3 FHe H 9 FHiel A5 SR 5 TS g W@ T & T, TH A Hied e w1 Wi
e o geelt T 1 RIel €M1 B A1 €, B9 IR €l hdd F 1 qufaes qifashdr @
& E 1 Hfed g i 2

3T P(F|E)=%
e Wifehdl o UM e g B W e ©
P(ENF) = P(E) P(FIE) = P(E) . P(FIE) . P(G|EF)

10 9 3

= — X—=—

15714 7
3 & o1fren g2 o foTq ekl @l U a4 E, F 31k G U wfasel gafe
&1 T € df

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

T YhR Wfehal ok 0 f7om &1 faar =R = Afies seeti o fore off fohan s wehan
21 FreAfefaa S 6 et o faw wifaerar o o fram 1 gweid Tegd e 2l
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TETETUT 9 52 TN R TS qXE Wl TE S H W U ok 9% Tk A qat forr wferenfud
fohu fehtet TTU) Weel < N T SIEEIE SR AR BT TR B T A Wikl €2

FIG IR I I £ 20 i I B ot R o I e e e (A o I B e | e =
2! T HW ¢ TEad &6 P (KKA) 1 T 2

4
34 P(K) = 5

e € P(KIK) 98 916 e W for ‘Tt Tk T W Seee € W g T
HIEYTE B 1 Wehal i < €1 376 el ¥ (52 — 1)=51 7 ¢ o < areeme ©
s PKIK) = =

fad: P(AKK) deR fehTet 7T I o1 gefenT BIF o1 Wufdsel Wifdehar @ St fep &
T ? for < aRemE Uee & el ST g €)1 o1 TEEl W 50 UW @ Y @

Faferg P(AIKK) = PAIKK)=—

50
Wil o U e 5R ed W e ¢ T
P(KKA) = P(K) P(K|K) P(AKK)
4 3 4 2
= —X—X—=—
52 51 50 5525
13.4 T@aa ged (Independent Events)
52 Tl 1 et § W Uw ww FeRTer % wdier W faer wife faed ydw Hifas
T i THEHA HEAT T € A€ E den Foshewn: et ‘fenten e wwn fuel o
2" X ‘FeRTeN T TR Ueh SoRkT B 1 o hid €, al

P(E) = B_1 e P(F):izi
52 4 52 13
£ I IS ST | B o | o e o e 2 = e B i e o e L
P(EmF)=i
52

1

P(ENF) 55 |1

37 P(E[F) = ———=2==—
1 13

aaﬂ‘ﬁFP(E)=Z=P(E|F),%ﬂ%m%ﬁﬁmFéaaﬁaﬁﬁﬁwﬁm
E &1 Wiffehal W g g9 & Sl B
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Y I8 ot € T
1
PENF)_ 50 1 _
P(FIE) = “PE 0 —13—P(F)
4

ﬁ:P(F):%:P(FIE)W%ﬁsmEéﬁaﬁaﬁﬁaﬁwﬁm F &1
TIfehdl T IS GHE & STel Bl

3d: E d91 F 39 YR &1 A @ T el weh = & wfed gF sl g sad =12
1 TRl W HIE GAE T St 2l

TH YHR i SR F  TqT ge0 Fed

Tftrer 2 & e E 99 F & Tas ueA %ed © Al
P(FI E) = P(F) Si@t P(E) #0
P(E| F) = P(E) S@&! P(F) #0

31d: 3 RA H P(E) 3R P(F) &1 Y=RE 81 699 €l

319 UIfgehal o UM 9 9

P(E N F) = P(E) . P(FIE) (D
If¢ E 3R Feerds o] & df (1) ¥ 88 o erar € b

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

3d: (2) o SYAM 9 TH I FARA i Waadl i (efafed we 9 off gRenfua
T Whd 2
uftarer 3 A o E iR Ffrdt agfess qdermn o gfaeel gafic 1 o1 s @,
E @R F %o 5e1d 8l & 4
P(E N F) =P(E) P(F)
feauit

1. ¥ et EqenF ol W% (dependent) &d €, 9% o wds 7 e s1eifq af
P(E N F) = P(E) . P(F)

2. HM-FW WA TS AR WER TIeS HeAS o diE 99 Ul 8 S 2
‘T TS Y aRT SIS S qifeRdl’ o w9 H 1 TE © S« foh CIeR
Ul TS 1 IR ‘SRR’ o ®9 W il TE | THeh AR, WER
aqersit et ® wig oft aftorm o iy T e "enar © foRg s seeh |
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oftoms @rd ot g Wehd ©, A T e Sfie B T s gen 3R
e srgerst et wEEeff 72 €
TR vl o, 9% < UE T T et € et gfear W ?, 9@ 9 WER
et T &1 Teohell €1 foreie: afE < YaR Wiehar arelt TR sTqest semd
e €, @ 98 T@as el gl "Wehdl
3. T aefeed e WA wed €, A Y el 97 E 3R F & fau, 5T E
e THEU g F g Te ¥ Hefed €, sestl E a1 F o T 91y "fed
B T WiTeehar, ST ST wieror Jo= Ry S, wifsshar P(E) 3R P(F) o ToH®e
o e Bt €, FSeht ufieher ST Terl o SMHR T S-S fRdn S
21 319iq P(ENF) = P(E) . P(F)
4. o seTEl A, B @R C i s el Sl € AR AR sheet A
P(ANB) = P(A) P(B)
P(ANC) = P(A) P(C)
P(BAC) = P(B) P(C)
3R P(ANBNC) =P(A) P(B) P(C)
Ife IWed W W 9 W HY T A 90 Fed TE Bl @l T e i w6
&l el S 2l

IEMETOT 10 Teh IH 1 Teh aR ITel Sl &1 52 I8 T Y1 &A1 3 1 96
2, 9 B ¥ 3 Ul WU S |9 §, 1 F 9 Frefud fean s ward @ s
E 3R F @a9 87

&1 B9 WM ® foh 9 wderor o wiaest w|fe 2 S={1,2,3,4,5, 6}

o E:{3’6}5F:{2,4,6}3ﬁTEﬁF:{6}

2 1 31 1
Rl P(E) = =3, P(O)= =7 SR P(EN F)=-
TR P(E N F) = P(E). P(F)

31: E 3R F @a9 "ol 2l
IETETUT 11 Tk FAM9Ad (unbiased) 9 ohi T IR IS T AH & A ¥ g8l

I W favm e ura g’ SR B we ‘fedta ser W foavm g g g e
21 TeAel A $IR B % WG &1 U0 Hifu)
Tl afe |eft 36 Hifers s w1 GHEsT " o df

18 18 1

1
P(A)=35=7 FP®)=3,=;
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e & P(A N B) =P (3 3ol ¥ fawm Hen g g
_9. 1
36 4
11 1
d P(A) . P(B)—55=Z
T P(A N B)=P(A) . P(B)

3A: A 3R B s e B
SEETOT 12 A9 Toaepl &1 St ™ 81 9 o B e A fuq @ d9 92 ure g
IR F oA ‘= 1 fod o g1 SR G se ‘ stfushan <1 92w =i skl e
#W B FH (EF), (E,G) 3R (F,G) W -1 § Tad 22 SH-5H ¥ wWiyd &2
' hieror w1 yidgeel gufe ® .

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}
e & ENF={HHH}, EnG={TTT}, Fn G={HHT, HTH, THH}
2 1 4 1 7
ZHfeT P(E)= ==—,P(F)=— ==, P(G) = —
(B)= <=7 PO =0 =2 PO =7

1 1
P(E N F)= 5 PENG) = £, PENC) =§

e & P(E) . P(F) = 1x%=1 P(E)- P(G)—1x§=—aﬁw P(F)- P(G) =%x%=%
' P(E N F) =P(E) . P(F)

P(E N G) # P(E) . P(G)
3R P(F N G) # P(F) . P(G)

THAT TG (B 3R F) Tds & St 521t (F 3R G) 371 (E 3R G) wiEd 2|

arEur 13 fag #ifse fm 4t E iR F < w6y w2 € df E 3R of was i)
T e E a0 F @ad 8, g6
P(E N F) = P(E) . P(F) (1)
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ot 13.3, % 9-3M@ ¥ 98 W € fF ENF 3RE N F WER egest € 3K e €
E=EnNnFHUENF) ) S
FiifF ENF SRE N F RER as €, Eq LF
zafay P(E)=PENF)+PENF)
7 P(E N F)=PE) - PE N F)
=P(E) -PE).PE (DI | (EnF) —(gAp)  (E'NF)

=P(E) [1 — P(F] MRt 13.3
=P(E) . P(F)

379 E 3iR F’ @69 9o ¢

| fomrit | 36t YR e vt 1w § T AR

(a) E @1 F @&dd 2
(b) E @ F %dd 2l

SETET0T 14 AR A 3R B Todsl SeAE € df AT B 9 <JAdH Uk ok M i HIfFehaT
= 1- P(A)) P(B’)
T PAABH ¥ =AqH TH &1 &M = 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")

| worare®t 13.2 ]

1. A P(A) =§,P(B) =§ 3R AN B w@dsl W € df P (A N B) J@ wifs

2. 52 THi I U TSt H ¥ Agesr for wfaeenfud faw o o feee T S
Tl o ShIel W1 T BF I WIiIhdl AG SHifaq)

3. 9 o s fesd 1 e 399 9 99 9au ol agesan famr gfaeenfia feu
BU Feptet % fopan Stran 21 afg i Frreprel T A o8 @ df fesd 1 faat &
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10.

11.

12.

13.

wifEeRar 563

foTq Tefiepa foran wrar @ e Sreiehd Y 24 €1 U fesd foed 15 W €
9 9 12 o3 9 3 ©WE R €, o Tkl o foau wiepd g 1 WifdeRar =
HifeT|

Tk =2 ToaerT &R U SIf4d U9 1 9Tl T HE o A s faeeh oX fed
Yehe BT ©' 3R B WA U W §@A 3 e Bl © ' ol TErd e o e
FIST & Tt A 3K B @ad © a1 781?

T I8 W 1,2, 3 W 3R 4,568 U1 9 for@ 71U 21 59 99 &l So1el
T A o A S e 99 7' R B HeA ‘ge o 1 9§ foret 7 @)
frefd @ 21 F A 3R B w@ad 27

UH o EQeIF< 5 39 YR € o P(E) =%,P(F)=% a?ﬁP(EmF):éaa
FME de F@ad 292

A 3R B UHt el & T ¥ =l P(A)=%,P(AUB)=§HW P(B) = p.
p 1AM F@ SIS a4 (i) TeAd WER 3rverstt g1 (i) et sl B
U o A 3B ®@as w2l € 92 P(A) = 0.3 P(B) =04. a9

(i) P(ANB) (i) P (A U B)
(iii) P(AIB) (iv) P(BIA) @ sIfsT
?fTTI'sCEE‘FWiAﬁTBQ'Fﬁ%,GIﬁP(A)=i,P(B):%Eﬂﬁ'{P(AmB)zéﬂﬁl

P(A-TEl 3R B-7&l) 3 sifem)
HHFTAHWBWWT@%@TP(A):%HW P(B):%Eﬂﬁ'{ P (A-TEf 3R

B-7&Y) =l.w A 3R B @dd "ot 27

4
A 3R B Tas WAl € T € W8l P(A)=0.3, P(B) = 0.6d
(i) P(A 3R B) (i) P(A 3R B-&T)
(iii) P(A a1 B) (iv) P(A 3R BH =g wft &) &1 5= F@ i)

T U Wi q 9N IOl S|l 9l HH 9 6 Th o) foud §eq Ww e i
EIREnIISIGECHIE I

T e Tk a9 o gfaeenfua few ferrell STt @1 e | 10 el 3R 8
ot TS &t wifrehdr A I (i) <A TR o B (1i) 9o el U el dre
Bl (iil) TH et qo THA & 2
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14.

15.

16.

17.

18.

Tfora

e ey THE 1 A SR B g a5 €9 W B FE I GIFHAT HH: %aﬁi

%%lwﬁﬁ,wﬁmﬁ,wwmﬁwmm%aﬁwﬁwm
Fifse R
(i) THEN g 2 W @
(i) STH § TAA: BT Teh THE A HL oAal &l
AT o 52 T Shi Wk Gt Tl W U 1 agesd ke s 21 fefatea
T 9 foprd gemeti § e E @R F w@as 82
(i) E: “fentent T o= gFH 61 @
F : “fepten T U= g @
(i) E: “FehTen T 9= st T 6 @
F : “Fieptell 71 <1 U A1EIE @
(iii) E : “FieRTel 721 ool sk 69 a1 Uk 9H 2
F : “fehTell T U0 Uk S A1 Uk el 2
T A T 60% Tereneft &t =1, 40% Uit =1 3R 20% H @R ed 2
Teh OO0 1 AG=A I Sl 2
(a) Wifrshal T HIfT o o8 = @ T &R 7 & fUsh o1 er@eaR et 2
(b) % =8 & 1 SFEaR Ygdl © df SHeh S{USH 1 SF@ER o ugd el B
I Wfahdr T Hif
(c) A% =8 STUSH o1 SFEER Yl © df SHeh &<t o1 SF@ear off ugd el B
I Wfahdr T Hif
IfE UGl 1 Teh ST SSTell Sl € dl Yeeh U W EH 319N WAl WK hid
1 ifehar Frefefaa o 9§ =1 872

1 1 1
(A) O (B) 3 ©) IR (D) 36
T TS A 31X B I WER WAd w84 7, AR
(A) A 3R B TER 0EsT § (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 S9-UO (Bayes' Theorem)

oA offee fF € St 18K 11T U 21 g 16 2 99 3K 3 o 12 81 iR e
¥ 4 g% 3R 5 o 12 1 forelt wh 9t o 9 U 7% Ageod1 (ehrel Sl 21 8a

forell Wk Sl 1 T R WieRa %mwm%mwmﬂ%(mﬁhl)
o 9w e a1 (AF o 9 7% i feRTer 1 AifeRar ot S s deRd €1 ST
vl o &0 fonelt fasta a1 w1 7S FeRTer 1 WifFshar 9@ Y Tehd €, 9 e @ f
T 2 foh T -0 Ot ¥ Feerelt T ?1 AR 9 89 39 916 1 Wifdshar T
Thd & T e fordt T 9t (A & Sen-11) 9 feprelt 7€ 2 =f 29 fepreft T8 g
1 W7 a1 22 F&l BH Sel-11 o Tﬁaﬁm(reverse)mﬂﬁaﬂzﬁﬁm
TH% 1% B STl HeT 1 W 9 ¥ UGS o S o+ Ufaer wfhehdr [ i
1 THS F1 GUHE GUids Wikl o STA gR1 fFan €1 39k g1 s T g
‘SS-THF’ o AW W ST S S Skl oAl 1763 | WeRTIa g ol Ss-guy
o HUH 9 FH G I Y U IR iR e gRfge afomd W faem St

13.5.1 Tk gfdqet qafe &1 faursT (Partition of a sample space)
e E L E, ... E, % e &1 ufaeyt wAfe S & fausm w1 frefua s € ok
(a) EimEj=¢,i¢j,i,j=1,2,3,...n
(b) E,UE,U..UE=S73u
(¢) P(B)>0,9% i=1,2,..,n% fag

T MR H, ¥ E, E,, ... E, Wfaew wAfe S fawem w1 fefia € af
9 THq: THH €, UHY B qU1 STh! Wfdehdl YW 2

SEE: €H @A € T 1§ FATE 3N SHH! Wb Sl B wiaayl wafe S @
faureH & *ifF ENE' =¢ IR EUE =S.

- e 13.3, W B9 ST | YeTul oY Wehd € b 4% E AR F feredt wfgel
Tafte S, o G I & TAN €, @ {ENF,ENF'} 99949 E &1 T faqmse 21

== {E'"F,ENF,ENF} 99=s9 E U F & T fa9se ¢ 3R aq=a
{(ENF,ENFEE NFE ~F} 9qof gfagel S o1 wh faumsm 2

319 BH FqUl Wikl &1 98I & g 3
13.5.2 F’Q\'Uf QIfehar @i 94T (Theorem of Total Probability)

79 & (E,, E,....E } gfaeet wwfee S, %1 s fawem € ok o o fF y@w
¥eTE L E, ..., Enﬁuﬁwmﬁm%maﬂmAgﬁ?ﬁW&@me
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AT 7, T4,
P(A) =P(E) P(AEE) + P(E) P(AIE) + ... + P(E) P(AIE, )

= Zn:P(Ej)P(A]Ej)

suuft fen 0 8 &6 E,E,, ..., E, 9foee! wnfte S &1 weh favse @ (o 13.4) 3afer,
S=E VEU..UE ..(1)

R ENE=0Vi#jij=12,.
%ﬁam%ﬁﬁﬂﬁmAé?m
A=ANS
=AN(E VE, ..E) a—]‘lq—TFcri3.4

=(ANE)UANE)U.UANE)

WA HANE, SIRANE, F09: F9=a1 B, ik E % Sueq=aa ¢ & i # j, = fog
W%Wmuﬁ]z;_lz nE\h‘fFIQAmEGﬁ'{AmE off g |
ESIIY P(A) =P[(ANE)UANE)U...u(ANE)]

=PANE)+P(ANE)+..+P(ANE)
S| P(A N E) =P(E) P(AIE) #if P (E) # 0Vi = 1,2,..., n

Wfehal o TUH M gR eW Wd €
zafeT P(A) = P(E) P(AIE)) + P(E,) P(AIE) + ... + P(E ) P(AIE)
Rl P(A) = ZP(E )P(A|E))

Wwwaﬁaﬁ@ﬁﬂfmwaﬂéwmélwﬁﬁﬁu@w
0.65 T TATA 1 B w1 qe ggaret g &1 fefaai o fomior s o warqEr gof
B T Wfgehard sHer: 0.80 e 0.32 &1 Fafor % & guargar qof g1 &1 wifasa
M@ HifSu
o OH wifee fo fmior s o gHErgER qof @R’ w5t T a6 A R Cesdd e’
%1 5 i B gR1 Frefua feran St 21 ed P(A) 91 T 81 89 o € TR
P(B) = 0.65, P (ggarel 7&f) = P(B) = 1 — P(B) = 1 — 0.65 = 0.35
P(A | B) = 0.32, P(A | B") = 0.80
Fifer sl B iR B’ 9ufic gq==a o faur € gafere gqof wfasar yoa g/
=P(B).P(A|B)+P(B") P(A | B)
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=0.65%x0.32+0.35%x0.8
=0.208 +0.28 =0.488

a1d: Fafor & geaaR ot g T wifaskar 0.488 2l
319 T SS-YHI &1 YRUF w1 a4 36 fag w

ST-UHT (Bayes' Theorem) IR E ,E, ..., E 3t et € s fo wfaest wwfie §
o ot a1 fofo st § 1o E L E, ,...., E, TQ: $F6H € 3R EUE,U,..., U
E,=S 3R AT Tt s ¢ fowet wivwa o 2, @

P(E,)P(A[E))

P(EJA) = — Li=1,2,3,..n
D> P(E;)P(A|E))
=
suafy &9 o € o
P(ANE,)
P(E|A) = W
P(E,)P(A[E))
T ) (aforkar & U fem @)
__P(E)HPAIE) (et S & P @)

> P(E,)P(A|E,)
j=1

femuft S-999 o AN o Frefafea sseel s SYA S
FASE , E,, ... E %1 Ufshewm g (hypotheses)Hed &l
P(E)) 1 fthed 1 E sl qeehreia (a priori) ifehd sed 21 Hufdee Fifdehar
P(E,A) ! UR&TT E, 1 STRTEA (a posteriori) Tar %ed 2l

I THA 1 CHRON HT WRIRAT 1 A o w1 S g1 Hiifw B, wfaeet wufe S
% TH I w1 T F 2 sEiae sest E H 9 U 9vd T SR o
T § Hfed Bt 8 (STAE, § W had UF € WA Hedl ¢ 3R TH ¥ sfuew T we
Tehdl €) oTd: I § e foRelt for B, (372iq s RO Wil Ja1 € ek
S A 1 ufed g fan e 2

a51-wee i fafay afifeafel o swifa 21 9 g9 = fefated sqeor o
Ty fepan T 2
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IETETOT 16 W O [ 11 &y €1 9t 16 3 ol 3R 4 sreft 12 € 59 fop 9 11
T 5 ol 3 6 el S B fohdt wh Ot W 9 e W TR Freed W R
e T 1 81 E 91 i 1 Wiiehar € fh 7 18 O 11 § fehret T8 @2

T 9 1% WA B B E, ¥ SR 9 [1% = H B, AW ety W e fw
e 1 1 g e 1 T2 w1 A9 fefad w5 2

Gl P(E,) = P(E,) = %
WA PAIE) =PER I ¥ @@ 1 &1 e Frohrer) = %

3R P(A|E2)=P(?§ﬁnﬁﬁwa@1aﬁﬁ?ﬁwwh%

I AANY | g frwrer &1 wifdswdr, i@ % 92 9@ 2 % o ara
&1 8 = P(EJA), 39-T9F 51

1 5
PEIA) - P(E,)P(A | E,) \ X 35
*V 7 P(E)P(AIE)+PE,)PAIE,) 1 3 1 5 68
2772711

IETET0T 17 i A= fesd 1 11 3R 111 fRE 7o ® Stef g o < fooen €1 fes 19
M faach 9 & €, fesd 10 ST fager =1 o @ o fesd I H w6 99 @R @
<1<t 1 Tt B1 U SAfa argssal U fesn gHa1 @ i ST 9 A Uk e
fhTerar 1 A faept @F &1 7, 1 39 o1 &1 91 Wifgehar @ & fesd o gown faaem
off G 1 & 22

T AF A E, B, 3% B, %A fea | 3R 11 % == &1 frefa & 2

Gl P(E,) = P(E) = P(E,) =;
Y & HE o A Fedl R T faeeR 91 1 = Wl < 7
LEl P(AlEg:P(%ﬁI@@ﬁaﬂfeaaﬂﬁW):%:l

P(AIE)) = P(fesd I1 ¥ EH o1 T Toeep1 ferer) = 0

P(AIE,) = P(fesd III ¥ |H &1 fosrht et = %
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319 fesd o gow foeepr ot WH 1 B 1 Wik

= fAerTen T W9 1 fagent fesd 19 8 &1 wfgear
=P(E |A)
A9 IF-YHI g
P(E))P(A[E))
P(E,)PA[E,)+P(E,) P(A[E, )+ P(E;)P(AIE;)

P(E |A) =

l><1

2
1><1+l><0+l><l 3
3 3 3 2

IETE0T 18 AH o o Tk Wl Tdteror &f favagiaa fFr=fafad yar & ffds
1 T 2
T A, Uisifea safaal o fore adieror 90% Tar @ H SR 10% Tar |7 @
o wem €1 T, U Todsl At o fory Tiiern, 99% Wl qar onal § A T,
.ol ~ifea aaran © Stefes 1% TOfad afeal o fog T, e al. grsiites s 81 T
g SEE, SEH 0.1% oAt T, U5 ¢, § 9§ Uh oAt Agesdl 91 Sl @
3R 39 1 e foRa S TR QiR L eTE e, w1 Sufterfd st €1 @ wifend
2 fF o' =afe ora o TaeE A, (disffes) ©?
1 HH of E [ T oAfe o oread W TEL g A, isiifed 8 i T2l 3R A=At &
T g Al Thern ¥ disiifed g w1 S whi g9 81 eH P(E|A) I e
el B/ IH U oAl o TS isiifea 7 e Wi Sl shi g9l €l
Ty {E, B} Seen § wvf safadi o wfaest wafte &1 ww fause 21 ed wa @
P(E) = 0.1% =1-=0.001
P(E’) = 1 P (E) = 0.999
P(A|E)=P (=afer o1 qhermt | w3, o0, disiifes <1 s faan wn € for =%

IE § TE.STE AL disifed ©) = 90% = %=o.9

3R P(A|E) = P (=afer o1 wlieror © LMo, disiites < s fom feen e @ f
9% Id § TE.eTR . geifed 79 7) = 1% =0.01
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e d-YHA g

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

P(EJA) =

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

37d: Ueh AT g T Ak o aredd § U3, disiifed gH &l Wifaehar <
i 9 & T ST e Al W e 7, 0.083 21
SETETOT 19 Th died oM o @M | T3 (F7) A, B 3R C el SR &1 hAwl:
25%, 35% SR 40% siee At €1 39 WY1 o IeqeA 1 HHN: 5, 4, AR 2w
i @y (Ffeqol) F) el & Fel ST § W U sice Agesar el S € S
o€ W I Sl €| SHRT o Wifdehar @ TR @€ siee Wi B g S T @2

& 7 fon % wed B, B, B, f yohw 2
B, : dice WY A W S W T
B, : dice WA B W SN T §
B, : dice WA C I S T ©

T g fF wed B, B,, B, WER 79asit 3R qfqul €1 w fern foF e E fre
TR 2: E diee T 2
WA E, 9l B, AB, A1 B, % Wiy wfed @t 1 fen @

P(B,) =25% = 0.25, P (B,) = 0.35 31X P(B,) = 0.40

T P(E[B,) = dice o @ € w1 Wifehal S for < & fof g #efid B 510
fafifa 2

=0.083 (T19T)

=5%=0.05
gdl ¥R P(EB,) = 0.04, P(E[B,) = 0.02
I9-J99 5N eH @ © T

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+0.35x0.04 + 0.40x0.02  0.0345 69
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SETETUT 20 Ush Sl il Teh W 1 I@H 3T 81 Teed o el o 98 9 €

I ¢, 99, TheX A1 fRE T 9 ¥ ST 1 Wiashand s %,%,%m%
%wﬁ%%,wmwﬁW%Fﬁmﬁ@aﬁaﬁuﬁaﬁﬁm:%%,mé

2, Wq Frdt o= oA ¥ o W SH R T Bl 21 AR 9% | I o, @ Sueh A
U 3 FT Wfehdr I Hifg)

Tl O ofifoe fF ‘i o M o ARl X W A’ HY T BRI AR SR ok 3,
o, Wpe A1 fRHl o1 a8 gW M &1 meA %wAw: T, T, T, 3R T, 81,

P(T)) = %,P(Tz)zé,P(TQ:%E'ﬁT P(T4)=% (e ®)

P(E|T1)=@Taa$é?§maﬁméiﬁq§aﬁaﬁqﬁw=%

3 R, P(E|T,) = %,P(E|T3): é,P(E|T4)=O,3Rﬁﬁh‘ 3T 918 3N $TH W 39
LU E

e d9-YHT g
P(T |E) = SfeeX B <X § 3 T ¢4 BRI T &1 Wik
_ 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,)
301
\ 10 4 3 120 1
3 1 1.1 1 1 2 40718 2

SETET0T 21 U Al & IR H 7 € 6 98 4 ¥ 9 3 IR T Ao €1 9% Tk I
%! BT & SR IqaTal & foF 39 W M alell §& 6 21 39 1 Gl J1d HITST
o 98 W S STl Fen ard | 6 @

ol AM ofifeie fok E, ‘=afed g/ 9™ & 38T $ T8 9aF i fh 3 W S At
e 6 ' HeA Bl HH Wl i S, U W Hem 6 S # Hed SR S, U W
@& 6 &l S HI A 2| qd

P(Sl)=a@16aﬁaﬁmﬁwﬁqw=é
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P(Sz)=9@16ﬂﬁaﬁﬁmﬁqﬁw=%
P(E[S,) ==af 3N e oM W foF W foF e 6 o7 € Sk T W ST areft
T G 6 ®, Y HifFehr
— waf g0 T e A W=
P(E|S,) = =af 51 78 9™ W & T8 W FEA 6 T 7 Safeh WH W T ot
TE ad § 6 TRl €, T AR

= =feRd BRI HA &l Al i Wiferehar =1-

e d-YHI g
P(S [E) = =AM GR 7€ T st Whal o M 6 Whe g €, 9 aqd | WEw 6 §

NG

3
4

1 3
_ P(S))P(E]S)) 6 4 1 24 3
P(S,)P(E|S))+P(S,)P(E)S,) 1.3 5 1 8§ 8
6

X—=X—X —

W:HWW&IW%%I

| womTaett 13.3 |

1. T Ha9 § 5 o 3R 5 el 18 81 ag=sdl Th g Fehrell Sl €, St T
A FH o 9% GH: HAw B W@ & Sl 21 A el e w5y 2 srfafie 18
FAe § W § I 7 A Ferwt § ¥ Tk g et St 71 g S w1 o
B 1 Wifdehar & €2

2. ThH U 4 o SR 4 hreft e ¥ 3R Tk 3 A § 2 o SR 6 et 1S
21 3 Sl § W Tk Rl AgesAn I W1 @ R SHE U 1 fehrelt S @ S
o et B1 39 1d 1 91 Wifgehar @ foh g 9ged 9«1 © feprelt T @2

3. ¥2 9@ € fop U wetfewner o El 6 9 60% S § W & 3 40% SEed
o & Ted €1 qded! o o qfomm gfeaa i € o semed | w9 o s |
T 30% 3N BHEE | 7 &1 a1 35 § 9 20% 35 3 A-Ue forn ad & #d
o HeTfaaer o T B 61 Ag=sdl I T AR T8 9 T 6 56 AU fien
21 TH 1d i 1 Wkl € o o8 o6 e 9 @ 9 82
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wifEeRar 573

T Sgfashedl YT 1 ST <4 | U feEnef§ @1 @ 9 1 W S ® A a8
ajqﬁwwﬁqﬁﬁﬁﬁmwaﬁﬁﬁwﬁw%%aﬁwaﬁqﬁwﬁﬁ

Wqui%nﬁﬁﬁwéﬁwé;wwwﬁmﬁmuﬁwﬁﬁ

PlREX % 2 @ TH 91 HT R TR § R IS S Y FH I S 2 A
IE I ¢ o 399 Wl I fean 22

et forgw A o Wl FeM o fou o &1 Sif= 99% STERER §, S/a arkdd |
ft S| T 9 T B B fRg 0.5% SR fordt Ty =afea ) W S i W
e TTera R qar © a safeR bl U W TR sidenn @1 At Rt SHeHEE
T 0.1% N SH W H T& € A 9 Wiehal € foh 1S Argesdn 1 T At
3 W § TE B I(E SHeh T 1 S H I & S @ fh S® g% U e?

A farek faw T 21 T faaer & Ml @R fod & 21 suw faaen sifia © fomd
fd 75% SR Wehe el € SR R srfe faasht @1 Al § O uw foaek i
Irg=3Al A1 T 3R Y IDTeAl T 71 AR ek W fad ghe 71, o @ wiasha
2 T = <A foa aren faeent 272

Tk ST ST 2000 TheX ATCRl, 4000 FR AThi 3 6000 H el 1 sl
FHedl 21 geeTet w1 WifFshdand e 0.01, 0.03 3R 0.15 {1 dATha sAfaaf
(weTehl) H 9 Teh THAIRG 81 Sl B $9 Al o Thed dlelsh 8 1 Wifehdl
> 7?2

Tk FREH HA 3R B 3 o34 @ft &) 9 foeror @ ot <t @ o ol S
HT 60% TR A 3R 40% T BRI fohan Sl 21 g sifafia A AT 2%
3R T B T 1% IS B B A hed Scae o1 Teh @¢ a1 feqan <frem ©
R 3T e W A=A Fehrel T o @ @, 39 oa%] o’ A’ g
B T WIferhar 1 gRir?

T 3 U A o Fieres Hed § o ue @ gfaemdt o €)1 Teed 9un R <o
o S T WITeRdTd SHAS: 0.6 AT 0.4 €| THoR SAfdfie A Ygel go il
2 dl Tk U SR o W B %1 WIfFehdl 0.7 ® @R A SHW <ot Sftadn @
TH 910 T WG WIGRAT 0.3 T 3qHT WFshal Fd FIWC & T2 Scae 3 3
B Y foham T o

M A foF i oTgeh! Wb Ure Sl 81 I1E 39 5 91 6 i H&A 9 sl
2 @ 9% U fags #1 3 9R S © iR feal’ w gen | s @1 9k
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11.

12.

13.

14.

Tfora

U 1,2,3 T 4 % T WW Bl @ dl g€ Th THeeh %l Th 9] oo § 3R
T e HL ¢ o 59 W a0 fue’ Wi gl 9 SH S U T wiw g
2, 1 Sk g SOTe T U W 1, 2, 3 A 4 U B HT AIiHehar 1 872
Teh A1 i o U A, B e C HeiA S 1 g et A 1% &
Gl SeIfed shiar € qe ST B 3R C hHwl: 5% 3R 7% @ Sl Scaifed
AN € B W AHA GHI HT 50% A €, B A FHA H1 30% el C e
A T 20% TE1 S| 97 Toh @e |l 3aied © df 36 A g Scaifed fohQ
S T IR w22

52l Y et @ UH U @l Sl 21 I U6 ¥ % o el S @ S g2 ok
T €| @ T U T €2 B T WA 9 22

AN 9 dion &1 Wi %%l@ﬁwmw%HmAw%ﬁs
o wefiia gam arfas &9 o fod Yehe 81 &1 Wik 8

4 1 ¥ )
(A) 3 ®) 5 (©) 3 (D) 3
I A SR B UHl 5ed € fF Ac B@en P(B) =0 @ f=1 @ & s 2
_P(®B)
(A) P(AIB)——P A) (B) P(AB) < P(A)

(C) P(AIB) = P(A) (D) &9 9 & Tl

13.6 'JE{F%E = 3R Q'Hﬁ'? YTfaehdar sle (Random Variables and its Probability
Distribution)

&, Tfer TheT 3R T WY FE % AR ¥ ves @ W g% § e v
? 9 sifue B 7w foviw ufoma & s=g& i o foq @@ ufoomat @
Hefua fdt gen o 35 9

T F T IR 7ok IRoTA R foaR |

(i) = el I TR oh SO § BH Il Ul R Yehe HEASA oF AN H Togh Bl

Hohd 2

(i) TH faFeh FI 50 IR B H AR w9 fodl w1 e | o gt 2
(i) 20 T&Get & TH R W, ad 6 @ B, 4 TG H (T & o€ ThH) Fepen

o 0 | TN BfE 4 a%gel oh Uidael H @UE awgell i 9 H gl Wehdl
2 7 # we 3 S oeget o frdt fagw st H
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I W 9 yieh wlerl H eUR UW U AW € S ke 9Rum o T U
arcfass gem ffde s 1 wWew o g ufomm & fau g arafas den
STRT-37e o 81 Tehdl B THIAT T2 Teh =) &1 T & gHeh1 A fohell argfese wdierm
o afomEl R FeR e © safe 39 Agfess = HEd €1 U Agfesd =l 9HEe:
X @ = % 2

IfE 39 Tk e 1 R 1 TR0 SIS @ 98 o aredqel § T Ao
= X, Her el & 5@t Wid (domain) AgFeseh THeI0T oF TROMET o1 = (A
Hieeel THfte) Bl €1 Tk Ao X i Wt ardiae WH o Fehdl €, THIY SEehT
Wﬁ(codomain)ﬂﬁ%ﬂ@ﬁaﬂwm%l m:wa@%&maﬁﬁm
TR H TR T Fohd 2

TR 4 Tk Ao W 98 Hol el © et 9iq ot angfemsr wlemr 1 gt
Tafte giar 2|
I F foIw, STEC U ek 1 q IR 3THH | 3IVTel S o T | fo=R Hifu)
Wqﬁmwuﬁ?{ﬁw&%
S = {HH, HT, TH, TT}
Iz X, ured fordil 1 G i e 31 € A X T a5fessh =R 7 3 g aiomm
o fau o o e yeR 9§ femn e
X (HH) =2, X (HT) = 1, X (TH) = 1, X (TT) = 0.
T € eyl gafe W uw @ stfus A =v aRefid o < gehd €)1 S
o fau o & f Y, ufaest gufie S o y&e 9o o fau fadi &1 9@ 9 1ei &t
e o T o o Hdl g
Y (HH) =2, Y (HT)=0, Y (TH) =0, Y (TT) = - 2.
3Td: T Uidsel wufe S # X iR Y & fa= anfeew = uftafed fe m g

TEETOT 22 TH AT Teh (9506 1 d19 91 ISeM %1 O Bordl &1 G & A
BN 39 K 1 Y% fad o faq Rs 2 21 @ 3R Y&ds 92 & fou 9 =
ST 1 Rs 1.50 =1 81 9 o X saferd g Sl T2 o1 8} T2 i1 i o2k shiell
21 Uil T X T agfessh =) 2 @R 38 qiero o giaesl Tufe & wed & &9
T yef¥fa wifs)
o X UE g © forge 9 frdt agfess wlerr o aRtomt w aftifia 21 safer
X TF A5fess = 2

3Ta Tderor o faset Tufe 3

S = (HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}
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X (HHH)=Rs (2x3)= Rs6
X (HHT) = X (HTH) = X (THH) = Rs 2x 2 — 1 x 1.50) = Rs 2.50
X (HTT) = X (THT) = X (TTH) = Rs (1x2 —2x 1.50)= —Re 1
3R X (TTT) = —Rs (3 x 1.50) = — Rs 4.50
75l % fog, faeret &1 &1f1 &1 < @1 21 37 faeel gufe & g f9ad &

et X o1 T fgdta A €, sHfa X gfaest gafte @t %o © e 9 2
{~1, 2.50, —4.50, 6}

SETETUT 23 TH O H 2 TR R 1 et % 21 AT Tk g FhTedt TE SR SHeAT
AR T ok % 3 Y O | el T 39 GhAr & [ e e Ak X
fehTell o WeheTdl 1 WEAT i <Al § di, X 1 foeron €, el Wk et 18 ol e
Foherdl HH T R

T AA o O H Wl W H ow, wy, r ¥ T FW 2
WWW%
S={w1 W, W, W, W, W, W, W, W T, W, r,rwl,rwz,rr}
31 X =7dmd 7§ ® G = el H G&
TG X (fw w1 = X (hw, w,}) =X (£ w, wy}) = X (D w,1) =0
X (fw,. 71 = X ({71 = X (L rw ) =X (frwy}) = 13X ({rr}) = 2
d: X U Agfessh =X € W 0, 191 2 WM o Tehal B

13.6.1 T TG =X @1 UTfgehar @+ (Probability distribution of a random
variable)
Y W UREAR f, f, ... f,, ¥ Th UREAR 1 T6 TR T o e W foem L foh
Hedsh IRe oh1 A1e HEHAS Bl 7 o foh 9fen 1, £ ..f " e 3,4,3,2, 5,
4,3,6,4,5 9= &
3TET Teh IRER i I 9 IFeh H&Hl &1 T &l Al &Y, X ¥ S SIS0 Teeadl
X T Ao =) B 58 1 wehr o Rt fmen e e
X(f) =3, X() =4, X(£) =3, X(f) =2, X(f,) = 5,
X(f) =4, X(£) =3, X(£) =6, X(£) =4, X(f,) =5
dd:2,3,4,5, 60 W XHE @ OF A Goha @
19 X 1 M 2 B el 9RER £, G T E X FH AE 3T R ¢ 5 S
£, @ foret afEm &1 g7 S g YR
X=4,59 R £, £33 f, %1 I ST
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X =5,54 URAR £, A1f, 1 A ST
R X = 6, 9 URAR f, 1 T ST
<feh T W 2 T Ik ORER 1 91 ST wREeed ©, sefe uReR £, % 9 S

HT TR %%I
3d: X 1 AE 2 BH 1 wifFewd %%I

wmﬁép(){:z):%

WA B f,f,, A f, 9 frelt ot Tk GRER 1 T HT AR
3

P fofiD) =15 ®

m:xwms%ﬁﬁuﬁw:%

%ﬂfﬁ'@!ﬁ%P(X:&:%

7 YR BH UM € T
3 9,
P(X =4 =P, fo ) =15 PX =5 =PUL. o)D) =15

1
3R P(X =6)=P({f,)) =15
39 YR H1 faawe foad agfees =X o 19 3T&! §d Wifashdiel &l faan S
2, ! Agfesw =R X 1 Wkl 927 Fed 2|
Sqehd: Teh TgTeseh =7 X 1 Wiehdl s i 7= YR § qRefia fean s 2
TfrermeT 5 fRdt agfess =R X &1 Wi s gensti &1 fefataa gomedt ()
g @

X : X, X, X,
P(X) P, P,
St >0y pi=1.i=1.2...n

i=1
afe W@, x,, ... x G =R X F W 7F (F) € W p,(i=1,2,...n)
Agfozeh WX X FT A x BF F1 WHAwA 8 S2q P (X=x) = p,

aﬁxiarcgmat X, %1 SIS T Ied 8 W HoF X = x Tfaeel THfe
% @ fag (i) & foTC & T 2 21 37a: X1 x 7o T i Mehdl e IR
Bl T 37 P(X = x) # 01
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e & X o [t deifaa w9 o o ufaest afe o a9t fogew =1 wmew @
a1 21 sHfeTT foRreht ifeRar ded o faw et wikreRdied &1 AN T g @ie

SETETOT 24 TR % 52 U9 1 U GG TS ¥ q T ST HfaCer T o |iel
feRTel ST B 1 SRRl 1 T 1 WIHehdl sie A ity
T1 SRRl 1 T Teh Ageeh =) ¢ 39eh! gH X U el s ©| oqeeaan X &1 0
0, 1,221 FiTH Tt ol YFIEATIT & T FHRTen T © SHfAu ST gl &1 fher
Toresl wreT B
AT P(X = 0) = P(3Fn1 &l 3R gorhT )
= P(3ehT &) x P (3R1 )
_ 48 48 144
52 52 169
3R P(X = 1) = P(3hT SR g1 &l 1@l b1 el A gorh)
= P(FhT) . P(3FHRT ET) + P (IFRT &N . P (3FH)
448 48 4 24
T 5 2 169
3R P(X = 2) = P31 3R 3ehT) = P(3FhT) X P(3hT)
4 4 1
“ 52752 169
1q: e wifehar sied 2

X 0 1 2

144124 1
169 | 169 | 169

IETET0T 25 UGl oF Uk WE i diF aR 3BT W fgai (doublets) &1 F&AT
TIfIehal Sed 1 hieId|

el OF difee o X fghl &1 gen frefud s 2

(1,1),(2,2), (3.3), (4,4), (5,5), 3R (6,6) v fgeh &

e g f X &1 |E 0, 1,2, 2 3%|

T fo T R W = é
1 5

@qu@ﬁaﬁm—l—g=g

P(X)
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P(X =0)=P(u®  fg =) = %x%x%%

P(X =1)=P(T& 5= 3R 31 fg= )

1 55515551 1 5? 75
= —X—X—F—=—X—=—X—4+—X—X— = =
6 6 6 6 6 6 6 6 6 216
P(X =2)=P (3 fgF 3R w* fga =)
1 15151511
+ +

= X—X X— X

6 6 6 6 6 6 6 6 6
:3(ixéj=£
6> 6/ 216

1 11
P(X =3)=P (07 fg#) =66 AN

X
6 6

N

216
31d: X 1 s1vfiee Wil deq f=fatad 2
X 0 1 2 3
oo | 25| 5|15 [ L
(X) 216 | 216 | 216 | 216
HAUT WifEehdrsti s I
. 125 75 15 1
Zp,-= + +—+
i 216 216 216 216
- 125+75+15+1_216_1

216 216
31d: SIS TIFRal ded &l 2

SETET0T 26 UH of fordht argfess o7 T formerdt feaw # wegr & wef &l X 9 3wiien
ST 1 X o UM x o i WifireRar Frefafed @ 9 ®, Sl kU andtae 9e €

0.1 afgx=0
kx gfg x=141 2
k(5-x)afg x=31 4
0 ST

PX=x)=

(a) kT AM TG HiSQ
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580 RIRIG]
(b) =9 &1 1 ¥ YifHehar & T a1

a9 31 WS Ugd €7 9eAd: & WS Ugd 82 Sifushad 1 He Yed 8?2
T X 1 Uil s A= faan T e

X | o 1| 2 3
PX)| 01 | k | 2k | 2k | %

(a) =% 9@ % f ) pi=1
i=1

safee 0.1+ k+2k+2k+k=1
= k=0.15
(b) P(3MT =IqH & ¥ Ted §) =P (X >2)
=P(X=2)+P(X=3)+P(X=4)
=2k+2k+k=5k=5x0.15=0.75
P(39 qe7a: < S Ugd €) =P (X =2)
=2k=2x0.15=03
P(3T9 firshay 1§ Ued €) =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 TGk =¥ T ATET (Mean of a random variable)

g O wwened ¥ frdt afed W % R dum i twd S 9 @i arsHE
Bl 2, fS =X 1 qifehar sizd @ A R Tohd € UE € 9 GeAd /e, wesh |
gt BId €1 39 Hell § gH WA Wl il e sratefa a1 vl ygfa w1 A
7 w1l | ¢ o = fordlt argfems =R o weaum = e o 6 3T s 2l

TR 6 HH o X T Agfesd W 8 fower "enfad W x x), x, ., x BT SRERI:

1,72 73
TTH p, py Py o p, 81 X 0 WA, E 1, @ o 3 €, G@a 2 0p; el 2

aaﬁxwmw,mx,a%qmﬁﬁﬁaﬂmﬁﬁaﬁw@m%,mﬁzﬁaﬁwﬁ
Hrd wifasRar o i femam T =l

Tgfesd WX X o HEA i X 1 g (Expectation) ¥ wed ¥, @
E(X) ¥ o5 %% & 37d:

EX)=pn :inpi =xptxp,t..txp
i=1
o W= |
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IgfeEd =X 1 AL A1 YR X o6 et I Al 1 STl WITd qishdre
o UM T AN B 2

SETETOT 27 HA W foh U o T WIS ] Sl Wil € 3R Afewe =X X, Tl W
oI e w1 A feran S ?1 X ST HIgd A1 G [ it

&1 39 Tl o1 yiasel wmfe 36 Hiferss sewen @ fafifq gan 2, 5= wfia g
(x, y) o &9 H foran <1 wehar 8 &l x = 1,2,3,4,5,6 3 y =1,2,3,4,5,6.

Igfeg® = X o HH AU I W 9 GeAsT &AM 2, 3,4,5,6,7,8,9,
10, 11 @1 12 & Tkl @

1
st PX=2)=P({(l. D} =3¢

2
P(X = 3) = P({(l’ 2)’ (27 1)}) _g
3

P(X = 4) = P({(l’ 3)’ (2’ 2)9 (37 1)}) :%

4
P(X=5)=P({(1,4),(2,3),(3,2), 4, 1)}):£

5
P(X=6)=P({(1,5),(2,4),3,3),4,2), (5, 1)}):%
6
P(X=7)=P{(1,6),(2,5), (3,4), 4, 3),(5,2), (6, 1)})=£
5

P(X=8)=P({(2,6),(3,5), (4,4), (5, 3), (6, 2)})=£

4
P(X=9)=P({(3,6), 4. 5), (5,4, (6, 3)}):£

3
P(X=10)=P{4, 6), (5, 5), (6, 4)})=£
P(X =11) =P({(5, 6), (6,5 -2
(X=11)=P((5,6). (6. 5) =3¢
1

P(X = 12) = P({(6, 6) =57

36
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X 1 WIfdeRdl g
xax [2[3[4]s5]e[7]8][ofwo]u]i2

1 12 (3456 (5|43 ]2 1

Py |— | = [ = = [2 (2 (2= (2= =
X236 136 |36 |36 |36 | 36 |36 |36 |36 |36 | 36
" 12 3 4
ggqfeTq =EX)= X, p; =2X—+4+3x—+4x—+5x—

h=EX) ZI: P33 36 36

+6 xi+7 ><£+8><i +9><i+10><i+11><£+12><i
36 36 36 36 36 36

_2+6+12+20+30+42+40+36+30+22+12 _7
36

31d: € UGl o $ehd W Yehe WIS o AN &1 WiET 7 B

13.6.3 Tgfedsh =¥ & TEUT  (Variance of a random variable)

Trgfeseh =R 1 WIeA 39 W o AMl W foeor o R § I g e a1 21 Wy @
fafi=1 wifterdr e ol wgfessh =) o Wed HUH B Hehd §, S TR X SR YR
frefefea st o fe@mn w0 2|

X 1 2 3 4
e | Ll 2 ]3] 2
fX) 8 8 8 8
Y -1 0 4 5 6
NS B D B T
¥) 8 8 8 8 8
1 2 3 2 22
T q EX)=1x—42x—+3x—+4x—=—=2.75
X) 8 8 8 8 8
1 2 4 1 1 22
E =—1x—40x—4+3x—+5x—+ 6x—=—=2.75
o ) 8 8 8 8 8 8

T X 3R Y ST-3Te © I 39 "I 99 § 9% o9 94 o TeeeTe e §
off emart @ Uferd femean ST @ehd ® (SRl 13.5)1
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P(X) P(Y)
3/8 + 3/8
2 1 Y,
8 8
Wl H H " |
Xo 1 2 3 a4 o X4 o] 2 3 4 5 6
] (ii)
all'gz"i?l 13.5

X! Y ¥ 3T i oh fau g6 A5 =) oF AH ¥ fo@wa i |91 9 o |19 i
TRl B BHA Wiferent | ver € o stfenel o famror =1 foewe &1 @9 € wewon
21 3 YR wgfemeh =R o Hodi | foRawe i YRl | Wil S Gehdl g
9T 7 WWX@WW%W?%@xl,xz..xnw
ElRETIE] px), p(x,), ...,p(xn)a5 iy e 2|

AM o p=E (X), X &1 @4 &1 X 1 T var (X) 1 0,2 50 Fefyd, 1 f=
YR ¥ qRwia e s ;

62 = Var(=Y (x— ) p(x)
i=1

T H: o2 = E(X- 4y’
FOR HE o, =\ Var (X)=\/Z (x, =) p(x;)
i=1

1 Ao WX X 1 A fa=e (standard deviation) F&d 2l
Agfedeh o A WEXOT 1@ HA 60 3T G
& W © T

Var(X) = 2 (x; =)’ p(x;)
i=1
= 27+ = 2ux) plx,)

i=1

= D (x7 p(x)+ D0 ()= 2px; p(x;)
i=1 i=1 i=1
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- Z(x px) i gp(x,-)—zugx,-p(x,-)
- ixfp(xi)wz—zu{azﬁﬁs ip (x,)=13Rp= ixiP(xi):|
- Z(x plx) -1

o (& \2
ol var(X) = . (x p(xi))—kzxi px))

el Var(X) = E(X?)-[E(X)]?, ST&l E(X?) =Zn‘,x,-2 p(x;)

i=1
JEENUT 28 Ueh FAd UM &l Thehd W T T&ATST 1 JEOT AT Hifed|
o1 Ter 1 giaeyt wEte @ S={1,2,3,4, 5,6}
UM o X, T8 T Yehe WA 1 oA hidl €1 9 X U A5ieseh =X 8 W 1,2, 3,
4,59 6 HM o Hehdl 2l

1
wuz“rP(1)=P(2):P(3)=P(4)=P(5)=P(6)=g
ZHfIT X &1 qiferdl 5 2
X| 1|12 3]4 51 6
ool LI L]
S I B e B 6| 6
o E(X)= 2% (%)
i=1
= 1><l+2><l+3><l+4><l+5><l+6><l=2
6 6 6 6 6 6 6
et g E(X?) = 12><l+22 ><l+32 ><l+42 ><l+52><l+62><l=ﬂ
6 6 6 6 6 6 6
31 Var(X) = E (X?) — (E(X))

6

6

91 (21]2_91 441 35
- 6 36 12
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SETET0T 29 RN o 52 U i UH qeA-Aifq Hl T Te B ¥ U9 IR 5
STETAT oF (A1 Teh ©1e1) TehTed Sl &1 SIeeel shi A1 <kl HieH, TE0T & HiHeh—forel
A Fifra|

T H ST R 3 99 Freer o aeemel ® W@ S X ¥ oo i §) X T
i TR S 0, 19 29 o Gehal 2l

48!

®C, 2148-2)! 48x47 188

¢, 520 T s52x51 221
21(52-2)!

4(:148(:1

52C2

S P(X = 0) = P(®TE 9<ME eT) =

P(X = 1) = P(Tsh SIS 3R T aISIME e =

_ 4x48x2_ 32
T 52%x51 221
4
, C 4x3 1
iR P(X =2) = P (3 91=9ME) =55 = =

¢, 52x51 221
Fd: X T IRl s 2

X | o 1| 2
pesy | 128 N2 L
X 21 | 21 | 221
19 e X= EX)= 2% p(x;)
i=1
188 32 134

= (OX—+1X—+2X—=
221 221 221 221

e & E) = Y%7 p(x) = 02 x A8 p2y 32 g2y 1 36
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