- 3
(uTféreRat Probability)

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

13.1 ‘J{ﬁqa?l' (Introduction)

TEe 1 FHenel B gHA Wifaehal i ol Agfeses qlremon

1 TSl ok Hfed g i STHf=aar &1 919 oF €9 | TeI

ol R B TES QUA oA (1903-1987) BRI

wiifed stfmfedia sftesion s sw=i fehan o iRk wifsreha

1 qleror o qRomEl W) IRYIYa we o w9 H Efia

fe oan T wEaer ufomm #t e H witiedr o

srfefed™ gfteshion R Ferfiene fasid (classical theory)

o generar off Tonfuad 1 offl 30 ueherr & STHR W g

31gaq yfaeel Tafte Ft SeAet St miaskhar I w1 ot g

Wehdl o A e w1 o sterEA TR 21 3w st | brerre de Ferma

7 forelt =121 ot qufaser Wkl (conditional probability) (1601-1665)

o IR | faeR &3, Safe fRE o= se o "fed 8H &1 o1 AR 9™ o, 91 39
YUl SR i FEMEdl § SS-T5T (Bayes' theorem), Wl &1 0 7=\ qen
Wmﬁ%‘aﬁﬁwﬁﬁl%ﬂmﬂ'{(randomvariable)Sﬁ'{s'{:lﬁ?mﬁib_cﬂa?:{
T HEYUl TR0 1 o THH qeN fhEl Wiaehal Sie o W1eA (mean) & WEROT o
AR H off U3 A o SAfH STIHM | BH Tk HewaqUl S WifFehdl 9 (discrete
probability distribution) & =R H &7 f59 fgug =z el w1 81 39 1A | eH
wierr it foer uRome wHEEeT B §, W ae TR o1 | el T gl

13.2 |ufdae witeenar (Conditional Probability)

1oft I T Tl s ) WifdeRdl I S W == ) 81 afe g e wfaeyl wmfe
FI Y A T e, dF F R U s o ufed @9 R ge 1 g et e
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T JIfshdl R TS 82 S 3T JI o S ok AT T Agfems e | foaar w3
fSrerer IO waEae 2|
3T 316 TF =AA (fair) Faa=hl H1 IV o Then W =R ST 39 wdeqo
=1 wiagel Tmfe 8:
S = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}

WWW%W@WW%WW%@H%W%W

FX Gehd B1 M AT E o “=aqn < fod gehe g1 3R F o “uedt fadeh W
e geikia B i el o 2

GE| E = {HHH, HHT, HTH, THH}
R F = {THH, THT, TTH, TTT}
B P(E) =P ({HHH}) + P ({HHT}) + P ({HTH}) + P ({THH})
111
“378'g _8_5 & 2)
R P(F) =P ({THH}) + P ({THT}) + P ({TTH}) + P ({TTT})
1 11 11
= + + +===
8 8 8 8 2
et & E N F= {THH}

Wi P(E F) = P({THH}) = %

e UM ST e o T foR ueet fadeh W U2 wehe Bl € teiq SRR
Hfed g€ €, 99 A1 E 1 Wifashel 91 87 Foh ¥fed g &1 o1 W e fHfyed € f
E &1 Wifashdl 9@ & o faq 39 gfaset fogeti w fomm =& fan smom 59 1=al
ek W 92 &l 81 SR E % fou 39 gu 9§ ufaeyl gl S 9 el 3ushl STeqe
F o1 791 21 37 vIsl W, 39 ifafied gorn 3 e arqa o 78 o @ fF g &6
T U U A5fezed Thev & §9 § 9HeHl =ifeq, fagen gfaeet wufte shae 37 aftomd
%1 Tg=ag & S fF S F % o T

CE] F %1 o8 gfacel fag < E & off 1t ®; THH%NAH:
Faﬁuﬁ?ﬁmqﬁﬁ@mEaﬁuﬁw=

&=

el Fmaﬁa%ﬁﬁmwgﬁmEaﬁmﬁw=i
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el E &1 39 WIiehdl o1 9ufde™ Wiiehd %ed &, Sk 91d © 1o =el F Hfed
& & 8, 3R 3@ P (E|F)§N <@Iid |

319JHP(E|F):%

e ST 6 F o o1 319@d St e E o ff 39ehel &, E 991 F o 98 o7aga
e €, AU E N F o vfagyl fag 2|

31d: €9 T E w1 HWfdsel Wiiehdr, Sieifsh @ & foh se Fosifed &1 g1 € &
7 JHR ¥ 99 FT TR 2

(ENF) % 31gepet gfasel fagat i qean
F o 3T5ha fdsel fagetl 1 HeA
n(ENF)
n(F)
39 39 9 T Kl Yfaael Hufte o 1wl & ot qew ¥ fawfs v W ew
g fF P (E[F) & 1 y&r 9 fomn s g &

P(E[F) =

nENF)
S P(ENnF
P(EJF) - %= (P(;‘) ) (D)
«(S)

e HIfST fF (1) qft o= © S P(F) # 0 1A F = ¢ (F1?)
31d: &9 gufday wifdedl i 99 geR ¥ qiefid & 9 7

uftermer 1 Afg Eqen F et afess wem & gfaest gufie @ gefuq 9 s €,
dl F o sfed €9 &1 a1 W, E &1 Wifaswar fefafed 99 9 9 e 2:

P(E NF)

PEF) = —p 5

, Stafeh P(F)# 0

13.2.1 QYfdaer Qifemar o T (Properties of conditional probability)
M o fh Eqen F R foeet wwfe S @ wend @
ToT1 P (SIF)=P (FIF)=1

P(SNF) _P(F) _

& 7@ ¢ fw P(S|F) = b P
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P(FAF) P
e & P(F|F) = (P(?) ):szl
o7 P(S|F) = P(F|F) = 1

7T 2 AR A iR B wfaest Tafte S w1 g 3 T € 3R F U 31 WA 3] YRR
g f& P(F) 20,7
P[(A U B)|F)] =P(A[F) + P(B|F) — P[(A N B)|F]
fogi &9 9, g A 3R B WER 19ers T2 8,
P[(AUB)|F)] = P(AJF) + P(BJF)
B S € TR
P[(AUB)NF]

PUABIF] = =5

~ P[(AnF) U (BNF)]
- P(F)
(F==Al o FefTe W \iHed & deq f=m gm)
~ P(ANF)+PBNF)-P(AnB NF)
- P(F)

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

& A q B WER 3T9ast @ al
P[(A N B)[F)] =0
= P[(A U B)[F)] = P(A[F) + P(BJF)
3C: I A T B TWRER STqasi w1 & @ P(A U B) = P(A[F) + P(BJF)
T 3 P (E'|F) = 1 — P(EJF)
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  oFbifeh EqeN E' T&R Tesii ¥4
31 P (E'|F)=1-P (E[F)

3L 19 HB I3 |
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IEEIT 1 AR P(A)=%,P(B)=%3ﬁTP(AmB)=%,Fﬁ P (AB) 9@ wifSTu)

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

SETETUT 2 Ueh URER | & a=d ¢ 9% 98 T o =ui § § %H § ®H T e
geHT B, <Al el o gl B T A1 WIehl 272
T M AT b Geh 1 o g @SH! whi &l wid &1 THE0T 1 Hiaeel Fafe &:

S=1{(bb), (g.h), (b.g), (&2}
T ST E aen F e Frefafad seaet =) gl 2

E‘ﬁ*ﬁﬁm%’
F:'o=di § 9 %9 ¥ %9 T AgH 2’
e E = {(bb)} 3R F = {(b,b), (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 Uoh 9 § TF € 1 ¥ 10 do qUlieh for@ Y T T 3 3% 3t e
e T 38 9 @ U FIE Ag=sdl Hewten T4 AfE g% 7| 2 o e s
W HEN 3 9 e §, O 59 §© o U B i T iehdl 272

o A ST o A e FiehTel T FIE W 99 9@ §' IR B He e T s e
W HE 3 ¥ 9Sl ¢ o Feiud ® €1 8 P(A|B) 1 T @

38 Tie 1 iaeyl wmie 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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5 7 4
o P(A) = 75 P(B) = - S P(ANB) =
4
P(ANnB) 4
LiE| P(A|B) = (P(B) ) _ 70 ==
10

SETETUT 4 T qBaren § 1000 fawnedf €, 57 9 430 wrsfwai €1 @€ 7@ € B 430
o W 10% Tetral we XIIW vedt €1 &1 qiiendl € foh Tk agesan g1 e ferenedf
e XIIH Tgdl € 3% 78 9 & fF g e e oest 22

&1 WM WS E 521 argesen g1 e fornedt smen XI1W vear €' 3R F sie ‘agesa
<1 T fernedi gt B, % o4 wd 21 86 P (E|F) I H 2

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

P(ENF) _0043 _ |
P(F) 043
IETE0T 5 Ueh I i dF 91 IV & G0 | ¥ A 991 B &l 4 TR 9
gftefia feren mn 2
A ‘dED SO W EEA 4 YR BT
B : 'UEcl IV W @& 6 3R G IV W & 5 Fhe AT
Ife B &1 =fed g1 fean w2, df sl A &1 wiiiekdl 9d shifew)
To1 gfgeel wufte § 216 aftomm 2
A, 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)...(3,64) (414) (42,4 ...4,6,9
(5,14) (52,4)...(5,64) (6,1,4) (6,2,4) ...(6,6,4)

L P(E[F) =

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

1
P(ANB) 216 1

PB) 6 6
216

GG P(AB) =
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SETETUT 6 Teh UM i < R SSIell T4 3R Yehe g5 @etl &1 ar 6 O T HeA
4 o =[Iq9 T& IR Yehe B i FUfaay WIehal Fd it

&1 T ST E e ‘E@ 4 1 FAd9 T IR Yhe g1’ S F e (S aEl W
Yehe G 1 AN 6 B’ ! ST B

ad E=1{41),(42),(4.3),(44),(4)5),4,6),(1,4),(2,4),(3,4),(54),(6,4)}
Sy F={(15),(24),(3.3). (4.2),(5,1)}
B9 S ® 6 P(E) = % P(F) = %
e ENF={(2.4),(4.2)}
19 P(ENF) = 326
37d; dIfSd UIfehdl
2
P(E NnF 2
P(EJF) = (PG?) ) =35—6= s
36

Al qop THA S TN W T fopen @ forer weft uitoms wuwren 9 5 qder
o o g gufqse witenar &1 Ry fan 21 qenfy gufaey wifeehar 1 7@l
IR, 9 9 9, 39 fafd 7 ff g9 1 51 gdt 2, S Ao g aHeare
T 8i| WifFshaeti P(E  F) @@ P (F) &1 Ufiehel qeq@r fehan S 2|
3MeT FefafEd 3T 9 39 |96 |
SETETUT 7 U Toaeh i 38e o Tdem R faar swifsw) afs fages w fod yee @
@t fgaer =1 T: 3BT R 3% fager W e yohe & @ Th T w1 ek | Afg e fwE
Y FH TH I Yohe A1 T Hfeq i A T 7 @ (HL,H)

T ‘U W 4 T TS Y& YRS Bl i gufase fa—cr(H)

Tifarkar Sd il (H’T)
ol TAeor o gt ot fad 13.1 9 =ea fee w0 gg
Thdl T1 39 THR o fod H geaR@ Fed %= (T) (T.3)
e 1 giaeel gefe @ gg

S = {(H.H), (H,T), (T.1), (T.2), (T.3), (T4), (T.5), (T.6)}  smpfr1z.a (10
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(T, i) S9al & T Ugell S81e W e Yehe g3l @Ik
I Thehd W FEAT | The Tl
3d: 8 Hiferr s (H,H), (H,T), (T,1), (T2), U4

STET (H,H) z@ifen € fo ST semal ® fod wehe gan 8, qen
o (H) <
2 Va

111 1
(T,3) (T,4), (T.5), (T,6) 1 THH: ST = (T)
111 1
E,E,U,Euﬁwﬁﬁﬁﬁﬁwm%,%ﬁ
fost 132 @ W @) aMmeRfa 13.2

A o F 5121 ‘=aH T 92 Yehe BT IR E Tl
‘U W 4 9 9E1 §©N Y BT’ i <A 2

& F = {(H,T), (T,1), (T,2), (T,3), (T.4), (T.5), (T,6)}
E = {(T,5), T,6)} 3 EF = {(T,5), (T,6)}
SE| P(F) = P({(H,T)}) + P ({(T.1)}) + P ({(T,2)}) + P ({(T.3)}) +

P (((TA)}) + PA(T.5))) + P(I(T,6)})
P o1 1 103

Rt R
1 1
H PEAF) =P (LS +P ((T6)}) = =+—=

1

P(ENF) ¢ 2

PF) 3 9
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) 3@ shiferg
2. P(A[B) 3@ ®ifsw, 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(A UB) ¥ ®ifsT afg 2P(A)=P(B)=% 3R P(A|B)=§

7q: P(EJF) =




5.
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G P(A) = 1—61,P(B)=% @RP(AuBF% @ @ iy
(i) P(AnB) (i) P(A[B) (i) P(B[A)

frfafed 999 6 ® 9 9% P(E|F) 9@ Shifa)

6.

10.

11.

12.

13.

T foees &I 6 IR IV TR

() E: 90 8@ R fod  F: 9ge IM 39 W fod
(i) E:=J7am & faa F: SAfyshaq & faa

(iii) E : eferrad <t 9 F: =9 & 9=

. T YRRl * T IR IS T B

(i) E: T Toeh W 92 Yohe Bl B F : U Toger W o wehe Bial ©
(i) E: g 92 Yohe &l a1 eF %1g foa yehe &l el @

. T 9 H dH R IS T

E : T80 39 W & 4 Yohe B
F : 92l 3 39Tl W HH: 6 941 5 Ghe Bl

. T uiiEies fom o wma, foa 9 9 ages w8 #:

E: 79 @ fil ™ @ @ F: foa 7en & @2 €
T el 3N T el I 1 ISl T B
(a) U W YT AR H1 AR 9 TH i FUfaeH Wiehdl T HiteC Al T8
A & fF el T R 5 e g2 R
(b) Il W U AT T AN 8 T I WUdee] WiAhal Fd HieC Ak a8
T € for ol 98 W Yehe W& 4 9 & 2
Teh =24 T 1 STl T 2| ARt E={1,3,5), F={2,3}, 3G ={2,3,4,5}
& fou f=fafaa s wifs:
(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 ST ©iF o1el = 1 TigehT A1 S| 1 THEHSA B A fohet ufem
o g1 o €, Al ST Sreel o Tkl B Wi Aufas wifdshar s ®, Afg 7%
T R (i) I B T Al ® (i) FAaH Tk aed ageh! B

Teh Uf¥TeTh oF 919 300 T/ Yoh o ST 999 200 Io/3T9d YhR o
Hfa 991, 500 SE-fasheda YR & M 9 3R 400 Tg-foshedia TR o
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o Tel 1 GUE 21 A YA o WIE W Th Y IG5 I W€ 2, A W
M U9 &1 ag-fashed™ g &1 Wfaehal = gir?

14. =8 fean o 2 o < ol ol e R 9w g fae-fae &1 ST wemst o
T 4 B 1 GIiehdl J1d i

15. T 9 ! Hhehd oh &0 | =R SiNw) Ik 99 | Jehe 9@ 3 &1 o
2 T I YA %eh $IR AR i o Wen wehe © A U foeeh i So|
HAT ‘ AqH Toh T T G 3 Yehe BT A T € s  faees W e e
BH' &1 gufady wfaehdr I sifsa)

frfafed oo 7 & T&e 9 98 W T

16. af€ P(A) = %,P(B)=OT®[ P (AB) ®:

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

17. af A 3R BT ¥ed 39 9K ® &% P (AB)=P (BJA)# 0 &
(A) AcB (B) A=B (C) AnB=¢
(D) P (A)=P(B)

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

aF ofifSe fF E o F e wfacel wufie S &1 @ e @) wreda g
ENF S sreistl Eden Foh \ifed F %1 9 81 37 Wsal § ENF St E den
F & F79q sfed €F & <eiidl &1 S E A F 1 EF off foran stmam 21

W B G T EF 1 Wifaehel I1d T 1 Gl eidl 81 SI@0 o forg,
T o 9% IO T e & e ¥ 79 fag ve (U Sewe ok U T R
Wikl T1d S W gk 81 Wehd €| S EF %1 WIidehdl S0 ohid oh fo1q ed aufase
okl 1 ST Hd € o fom e femmn @ R

T WA ® fF SeW Foh ffU SH W o E ol wufdas Wifdehdr i
P(E|F) 51 <9iid & 3R 38 frfafad ¥R o o i 2|
P(E NF)

P(F)
IR qRomH 9 &9 forg wehd € TR
P(EN F)=P (F). P (E[F) (D)

P(EJF) = ,P(F)=0
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T U8 off 9 d ? T

P(F|E) = HE(—IS)E),P(E#O
gl P(F|E)=P(I])E—G;F) (FifF ENF=F U E)
374 P(E N F) = P(E) . P(F|E) - (2)

(1) 3R (2) = foam @ 89 9w 8 2 T

P(E N F) = P(E) P(F|E) = P(F). P(E[F) 5i@ &% P(E) = 0 3R P(F) # 0
ST IR i WifFsRar 1 UM FEW’ wEd €1 STET USSR o
SETET0T 8 Uk Heawl § 10 Hlell 31X 5 ¥R 718 &) T 713 T ok o5 Th kel S

& 3R Teelt g S ok e ¥ Tt avg e Wit W #1 9wt o o |
T T&F I3 H1 e guEre ¥, o S et 1 Fehe i 9 difashdr 82

Tl I % E ‘Igeft Sieft 1 o e’ &1 5121 € @R F ‘gl el 5 o ke’
&1 S 81 85 P(ENF) & P (EF) 9@ ¢ B

e P(E) = P (veeht a1l o whrelt 7] F‘ldﬂl("l'-ll):%

w1l & fean T ® o veelt el o el e fepedt @ teiq ue E wfed € €,
T el H 9 el 7T SR 5 IR T @ T 71 THi, A WS Hel B B WiHhd
S o et 15 1 B B TH T €, B IR el hadl F o1 Gufde wifaehd 2
wd E %1 sfed g1 9 2

3791 P(FIE) = %

N

31 WIfgehal & o a9 g 79w B @
P(ENF) = P(E) P(FIE) = P(E) . P(F|E) . P(G[EF)
10 9 3

T 15714 7
3 & a1firen g2TeN o foTq Wifirehar &7 U a9 3% E, F #1R G % wfasel gafe
T el §

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

T YhR WIfaehdl ok TUM 99 o1 fomaR =R a1 31feres sreisti o6 fau ot foran s gehan
2| freferfiaa et diF seiel o forg wifterdr o U fom o gid WA i €
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SETET0T 9 52 T i 3T a6 el T TSEl H ¥ Teh oh a1% Ueh oA U form gfereenfua
foru feTel 7T Bl T TN 1 SIGYIE SR G ST ToRRT B i T WIehdl B2

el O o foh K =2 fehTett 7o a=i «eeie B ohi 3R A S THehTel T O SeRhT
2 I e HW &1 TG &8 P (KKA)FE H3 2

o1& P(K) = =

a1 € P(KIK) e 91 8 R Tk ‘ugel el T T aeeme @ W) S W s
AEIME B 1 Aehel i < €1 o1 Mgl § (52 — 1) =517 € e div aseme @
safery PKIK) = =

Ffad: P(A|KK) dT&R F7ehTel 7T I 1 SoFhT BIH o1 Hofdeel Wiferehal @ oo foh &d
T © for < aRemE U & el ST g €)1 o1 TEEl W 50 U @ Y @

ey P(AJKK) = P(A|KK)=%
WifreRal o U M g ed Wiw e © T
P(KKA) = P(K) P(K/K) P(A|KK)
4 3 4 2

= —X— X —_————

52 51 50 5525
13.4 a7 "¥SAT¢ (Independent Events)

52 9l i TSl H | Teh g1 fhler o9& R fo=ur wifse e g@s wifass
T i THEHE HEAT T €| 4f€ E 9 Fun: seed ferten @ awn el @
2" 3R “FepTen T U Uk TEeRT @' I o U ©,

PE)= -, T PE-
52 4 52 13
maﬁ‘EaﬁIF’m‘ﬁmwwﬁ@ﬁwsem% Wi e Hl §, THAT
P(EmF):L
52

1
P(ENF) 52 1
P(F) 1 4
13
ERﬁfm“P(E)*—*P(E|F) TH HE Uehd & Toh WA F o wfed eF &1 ger 3 T

Eﬁmﬁwmaﬁéumqﬁm%

1a: P(E[F) =



4 e ot ura ® fF
1
(EnF) 53 1
P(F|E) = (D) —1—13—P(F)
4

g'vr:P(F)z%zP(HE)?{SﬁﬁT%ﬁFWE&‘aﬁa%ﬁaﬁ?ﬁmﬁm F &
WIT¥rehal W i YA &l Srel 2

3Td: E o1 F 39 YR % ¥ & fof fordlt Tk w1 o ufed € &1 Tl gt s
T WiTehdl W g g9 T et 2|

T YR HI TS F  TAT geAW Fed

UftreT 2 9 "es E 99 F Ol Tods S wEd @ A
P(F| E) = P(F) St P(E) #0
P(E| F) = P(E) @i P(F) # 0

I1d: 39 URS H P(E) @R P(F) %1 YRR el a9 2|

319 WIfaehal o oM W 9

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

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

37d: (2) °F SYAM 9 &9 AR i A i Fefaied we | ot gt
T Hehd B
aftwrr 3 WM W E @R F e agfess wdiemon o gfaeel gafe &1 3 seAd ®,
P(En F)=P(E) P(F)
fewuit

1. < =St E 9 F i WA (dependent) ed B, 4% o Tds A & rufq Ak
P(E N F )% P(E) . P(F)

2. FHM-FW AT A R WER e HeAed % drE g9 U1 8 W 2
‘T IS T qRT SIS 1 Wi’ % 9 H 1 TE 2 S« foh CIeR
eSS R GRATS CHRAS’ % ®Y Wl T S| SHoh SN, TET
raerstt st ® wig ot aftomm | ey T € wenan € fohq wds s o
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oftomy wre off 8 T §, 9% Toe "o SAfed 1 TIRdd s HeAn 3iK
TR STest e wEEef T8 7
TR I o, A < T s A sedt € feet gt I ], 9 9 WER
et &l & Hehdt €1 foretima: afk <t YR Wiehdr el TReR sTqest seAnd
Al €, A 98 Tad Tel 8 Gehdl gl
3. ¥ Ao THer wWad HEdn €, A Yeis ¥ I E $IR F o fag, sl E
e T ¥ q F g wieon ¥ Heifed €, seAe E qen F ok U Wi wfed
B 1 ik, S <HT TheTor GO T ST, wifdeRdr P(E) SR P(F) o UM%
o qUE Bl ©, TSR afteher SH1 THeo o STHN T STerT-3Ter fRa S
21 31ufq P(ENF) = P(E) . P(F)
4. 9 TeTsl A, B 3R C &1 @ad %8 9l ¢ 95 3R had Ak
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 ST § § FH W FH TH A d G T8l 2l © @ & 0 wewst F w@an
& hEl S 2l

IEETOT 10 TH U &1 Tk aR ISTEll Sl 21 52 I8 T 9 S 3 1 S99
2, %I E ¥ IR ‘U W U G 99 2, &1 F 9 frefua fean s d aand sen s
E 3R F %odst 272

1 B9 S ® foh 39 wderr o wiaest e €0 S=1{1,2,3,4,5,6}

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

21 301 1
| PE)= = PE)= = SR P(EN P=
T P(E N F) = P(E) . P(F)

31d: E 3R F T@ds =2 2
IETEI0T 11 Teh AT (unbiased) T ohi T IR SVTA T TH & A ST ' geft

IS W Toom G 9 BT SR B we et s W favm gen ure g el
2l Tl A 3R B & T@Asd &1 GhE Hifeu)

To gt |t 36 Hifcis TeAel & gIEHeT 9F o

18 1 18 1
P(A)=—== 3R P(B)=—==
(A)=35 7 FRP®) 36 2
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e g P(AN B) =P (3 1@ § fauq & g )
9 1
" 36 4
I P(A) . P(B) = e
22 4
Tl P(A N B)=P(A) . P(B)

aTd: A 3R B EEas g 7
SEET0T 12 9 faen] & Soten T 81 HE o Eue (e faa @ i ue ura g
IR F 51 ' IAae &1 Fod ot g1 SR G s ¢ eifushan St U T A ki fAefua
#W &1 T (E,F), (E,G) 3R (EG) ¥ H-hiA ¥ s 82 - o Wia &2
To gheur 1 gfaeyl wafe @ .

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

Sl E = {HHH, TTT}, F= {HHH, HHT, HTH, THH}
R G = {HHT, HTH, THH, HTT, THT, TTH, TTT}
Y € EnF={HHH!, ENnG={TTT}, F nG= { HHT, HTH, THH}

21 _4 1 7

1 1 3
P(ENnF)= 8,P(EmG): 8,P(Fr\G): X

111 7 7
w9 & P(E) . P(F) = ;X7 =2 PE) P(G)_—x§_—3?r{ P(F)-P(G) = XS_E

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)

TEfAT S (B 3R F) oids @ Saeh! 52t (F 31 G) 3% (B 3R G) wisa 2|

3207 13 Tag HifST f6 I B SIRF S ey w2 © o E IR F o s =i
T FiR EdA F@dd ©, ST
P(E F) = P(E) . P(F) (1)



562 TTford

o 13.3,% 99-3@ 4 98 W2 2 % E NF 3IRE N F TR {9ast & 3 @ &
E=EnNF)UENF)

(E'NE") S
FiifF E A F 3IRE N F WER 370est 2, Eq o F
ESIIY P(E) =P(E nF)+P(E N F")
el P(EN F')=P(E) — P(E N F)
=P(E) - P(E).P(F) (1) ¥ (ENF) —(gAF)  (E'NF)
=P(E) [1 — P(F] TR 13.3
=P(E) . P(F")
31d: E 31 F' 6 5 2
T YR T WA S e @ TR AR

(a) E' @ F Toad €
(b) E’ @en F' sl B

SETET0T 14 A AR B s S € dl AT BH § =[TaH Tk o € 1 Wikl
= 1-P(A") P(B')
Tl PAT BH § =Aa9 T& &l 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) [I-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

| vttt 13.2]

1. aﬁ:P(A)%,P(B) =%3ﬁTAHWBWWﬁ'%ﬁ P (A NB) 9@ &I

2. 52 Tdl I U S § @ Agesn fon wfaeenfua faw ot w feee T g
Tl o ShIel T 1 &M i Wkl ST it

3. 9@ o s fes @1 Fe0 3EH ¥ 1 9ad @ agesan foamr gfaenfya feg
BU Frertet % fohan ST 21 afg i feerel T Hak or=s B di fesd i faent o




10.

11.

12.

13.

wieRdr 563

fou Tl feran San @ aTen aTeeliehd Y 2 & U fesan foed 15 Gy &
5 9 12 o= 9 3 e R €, o fash! o T wiiehd F w1 WifeRan A
iUl

. T = TeRT R T Afd U o) Sl T " o A se fiees W faa

Yehe BT &' 3R B W U W G@&A 3 U Bl ¢ o Feiud i g1 Frie
FHIfST fF T A 3R B @as & a1 7817

. TH UM W 1,2, 3 W9 SR 45,68 W W fo@ T gl 39 U™ 1 S

TN HE W AT ' G@ 6 2 3R B HeA ‘ge o W 9 fore R,
frefud w3 T A 3R B w@ds 27

. FM W EWAF 3 A 39 YR € R P(E) =§,P(F)=i GﬂTP(EmF):%T—W

10
FIE qe F a7 §°2

. A 3B UH Al & T E wEl P(A)=;,P(AuB)=§w P(B) = p.

p 1 UE T ST AR (1) TN R et g1 (i) T a2l

. WA W A SIRB AT ¥AE € qUP(A)=0.3 3R P(B)=0.4. 9

(i) P(A N B) (i) P (A U B)
(iii) P(A|B) (iv) P(B|A) 3@ sifs)
. ﬁTﬁWﬁAaﬁTBQ@%,TﬁTP(A)=i, P(B)=%3ﬁ'{P(AmB)=éﬂa

P(A-TE @R B-7&l) 3 shifer
aH o A dYl B @@l weAd ® 3R P(A)=%H%Tr P(B)=% R
P(A-T&f 3R B-&T) =i.WA3ﬁTB'{Hﬁ?Wﬁ'%?
A ¥R BT st §f T € Sl 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 7&T) %1 7 F6 Sife)
T U9 1 d9 9R ISTEN ST @l 9 9 FH U 9R faud §©a a2 i
IRl 1A ShifsTul
T 7T ww s O o yfeenfua fery fremredt St @1 s o 10 el 3R 8
e TS Tl iR T1d I (i) < S A B (i) FrT shielt T gE @
Bl (iii) TH el a1 I A B
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14.

15.

16.

17.

18.

Tfora

Tk ey e 1 A 3IRB g Todsl ®9 4 8l i hl YIIehdrd sl %ﬁ?

%%lﬁﬁ,@ﬁmﬁ,www%wmm%,amﬁwm
wifve fo
(i) THE & 8 9 @
(i) ST ¥ q2Iq: HIE Th G BA B oAl B
AT o 52 TN 1 U G TeEl 9§ U W Agesd et St 81 et
o @ fop ometil & s E 3R F &oas 29
(i) E: “ehren = o= gpw w1 ©
F ; “Fieptell T U= 3T @
(i) E : “Feptenn &1 W= 1ot A1 6 2
F : “FiepTell T2 U1 U AE9E ©
(iii) E : “FehTen =1 U= Uk SR9TE A U o €
F : “fFepTell T2 U1 Tk S A1 Tk el ©
T BEEE | 60% Ternedt & 1, 40% S 1 AR 20% IH SR Y@ 2l
T SN I AT I el 2
(a) WIf¥hal I ST foh o8 7 @ &d) 3R 7 € fUsh &1 @ar 9edl 2l
(b) 9% o8 &t 1 ST@ar Ygdl € af SHeh 3TUS w1 T@ER ot U el B
1 WIfehdl Ad hifST)
(c) % 98 3fUSH 1 S@ER Tgdl € al SHeh f&dl o1 Ir@ar ot vy el g
1 WIfehdl Ad hifST)
I IrE T Th SIST IV AGN € q Godw TH W FH AT Gl WK HH
F1 uifaerar Frefafad § 9 =1 272

1 1 1
(A) 0 (B) 3 ©) T (D) 36

T HeTsli A 3K B % WER s FEd 2, A

(A) A 3R B TER qasl & (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-U8g (Bayes' Theorem)

oH o R € 9 18R 11 feT e 21 g 1 2 9 3R] 3 o 1 81 3R Sen
¥ 4 998 3R 5 e 1 &) fhdt o 9a o 9 U 1< aigesa (o s 21 84

w@%ﬁwﬁm%mmm%mww%mﬁwn
49w a9 O (W o 99%) 7T i FrehTer ®1 wiiiehar W T w1 Hehd B 3
vl o w9 forelt fasio w1 & g feter w1 wifieRd 9 o "ehd €, A ed ue g
T B R R RF-0 O @ kel T R iferd 0 W 39 9 1 Wifdehdr T
Tohd & fop 7% forelt foio Ot (WM & Sren-11) @ frewrelt T € 4 & el T g
1 7 qa1 22 T2 &F -1l Wﬁm(reverse)maﬁmﬁmﬁﬁ
Tk 9% B aTell ST 1 &H 9 71 g T S o= A wfaetts Wi i &
1 THE 1 GHHM Gfds iRl o STAN R fhan €1 Sk g1 SR e G
‘SR o T 9 ST S @SOS G 1763 | YRl g ol Se-gea
o HUA 9 FH U Yo AT Tk IR IR Fw IR aRoml w) feer s
13.5.1 T+ gfaest qufie &1 fG9TST (Partition of a sample space)
weet ELE, ... E & W= & ufaeyt whfe S % fadse i fref s @ oo
(a) EimEj=(|),i¢j,i,j=1,2,3,...n
(b) E,VE LU..UE=S 3
(¢) P(E)>0,%% i=1,2,..,n% faq

TR W G, 9N E L E,, .. E, Ufasel gafie S & faursm & fefua st & afk
d O SEYH €, GHY § AT SART iRl TR

3EE: TH @ § fF FE SAE 3R SHR! T ue E ufasel gHfe S #1
fqureH © #Fifs ENE'=¢ 3R EUE =8,

AT-3m@ o 13.3, W &0 ST § Yeo1 Y Tohd ® T A% E IR F fohet wfaeet
Tafte S, o W HiE & s €, @ {(ENF,En F} 9999 E & T a9 2|

wqesd {(E' "\EENFENF} @es9 E U F &% Tk fo9eF € iR aq==d
{(ENF,ENFEE NFE NF} 9 gfaeel St faasm 2
319 TH WUl Wfaekar i gHa 1 fag
13.5.2 'H'QWC UIfehar & 99T (Theorem of Total Probability)

TH & {(E,, E,...E } Ufasel gafic S, %1 w% fauem € ik wm o & ydw
®EE,, E, ,....E, F1 Wifasar 3= 21 um oifse A gfasel gafie & 9@ &

n
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AT 7, T4,
P(A) =P(E,) P(A[E)+ P(E) P(AE) + .. + P(E) P(AIE)

= Y P(E)P(A|E))
j=1

suufa fon w0 € 7% E L E,, ..., B, Wfaeel @i S u faurem & (o 13.4) s6fer,
S=EVEU..UE ..(1)

R ENE=¢Vi#jij=12 ..n
e T ¢ fop forelt w2 A, & fog
A=ANS E, B | -
=ANnE VE, .. E) ST 13.4

=(ANE)UANE)VU.UANE)

A EANE, #RANE, F99: T==1 E, 3R E o Suegesd € S i#j,%
fou erege © gHiaT i -, i,j=1,2...,né?f?1'QAmEi3ﬁ'{AmEj?ﬁaﬂ;ﬂaﬁ%'l
ESIGLY P(A) =P[(ANE)U(ANE)U...U(ANE)]

=P(ANE)+PAANE)+..+P(ANE)
3| P(A NE)=P(E) P(AE) ®if P (E)=0Vi=12,.,n

wifirehal o UM FEE g0 W S © 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 fRet =afe 7w i w1 @1 31 forn @1 g BR 1 wifgeRdr
0.65 T TSAA = TH T qN FSAIA &4 1 Fearfaat & fmior e o wwarqEr qof
B T Wfgehard sHer: 0.80 e 0.32 &1 Fofor % & gwargar qof g9 %1 wifaswa

RIGRCAISE]
o1 9H St fop fmior s oF geagaRr qof gF’ @ S w6 A SR ‘esdd e’
%1 S i B g Frefid feman Smar €1 ed P(A) T T €1 ed w9 © TR
P(B) = 0.65, P(g<arel &) =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==a o fau € gafere guol wifyerar w949 gm
=P(B) . P(A | B) + P(B') P(A | B')
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=0.65 % 0.32+0.35 % 0.8
=0.208+0.28 =0.488
31 frmfor e gHeEr qof eF T wifassdr 0.488 R
319 TH I99-YHT 1 YhYH w4 991 38 fag w3
ST-YUT (Bayes' Theorem) aE ,E,,...E i oA § S foF ufaeel wufie S
o faers o1 i wXdt § 1efq E L E, ..., E, TH4: 38gH € 3R E,UE,U.,...,U
E =S 3R A%E Tt e ¢ fowert wiasa y=m 8, @
P(E|A) = nP(E")P(A|E") ,i=1,2,3,..,n
.Z;‘P(Ef)P(A| E))
=

suuf e o ¢ T
P(ANE,)
P(Ei|A) = W
~ P(E)P(AIE))
= P (wfreshar & oM fem /)
_ _PE)PAIE) ST O AR S

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

femuit a-yoa o eyEm ® frefafaa et w1 STan wi §
SEASHE , E,, ... E &I IR&ea M (hypotheses)Fed
P(E,) 1 URehed E, 1 Gkl (a priori) WifFehdl shed 21 Gufdsel qifashedl
P(E, A) ! 9RehedmT E %1 SWhIC (a posteriori) skl shed 2

S THA H BN HY WA 1 G f HE S 81 HifE E wfasst e S
& T faaqer w1 fmio wd € gafea seTet E, ¥ ¥ tF g § T SR e
TF & Hfed B € (ST E, W W hed T € He et © R U ¥ Afus T8 e
el ©) o7d: ST G g ferdlt fawim B, (e1eiq Uk RoT) T Wfashdl 31 & Seifh
TS A 1 Hfed g faan w2

a51-wee w1 fafay afitfeafel & swifa 21 o o 9 = Fefated sseon o
e foRan T 2
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SETETOT 16 T 91 [ 3R 11 By 21 9t 16 3 o 3i 4 shieft 78 & o fof & 11
T 5 ol 3R 6 el S B foRet Tk Ot W 9 Agesa Uw TR feered 7 € W
oM T 1 81 @ oI 1 1 WiiFehal @ foh 98 W% Ot 11 § feprelt T8 22

Tl 99 [ 1 = B N E, W SR 9 1% = I E, WH el 7 et fw
e 1 H1 g Feher &1 e i A Y e & 2

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

g d PAJE) =PEAIH ¥ ol 1 T g ﬁmam)=%

R P(A|E2)=P(%Hﬁ@wamﬁﬁ?ﬁwa—ﬂ)=%

3@ 9 [ ¥ 9§ 7% e &1 griaeal, 99 & 98 91d & fo 98 o O
F1 T = PE,A), IF-T9 5N

1 5
P(E,)P(A|E,) T
3
><—

1
P(E,|A) = T 3 e
2 7 2 11
SaTetur 17 9 afa= fesd 1, 18R 11w e € <=t g o < foaaes 71 fesd 19
T fogeh @9 o 7, fesd [1W <M fqach =i & € ok fesd W ©% 99 @R @
<1<t 1 Tqaent 1 U oAfed argssn U fesa gAar @ iR Su 9 agssd U
fhreran 21 afx foeeht @R 1 €, @ 59 S1d 1 F Wigehar @ fo fesd o qowr faaen

oFf 9 &1 & 22
& 99 o E,, E, 3R E, %09 fesd [ 11 &R I =57 & frefid & &

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

1

ad P(E1) :P(Ez) :P(Ea) = g

Y & o A S feren e Tt W %1 @' W g9 B

LE| P(A|El)=P(f3®1©@ﬁanﬁqwﬁm=§=1
P(AE) =P(fes 19 | 1 Tk foeept fehern) =0

P(AIE,) =P(fessl 11 ¥ &M 1 faerent ke = %
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319 fesdl o guU faewr ot 9F &1 89 &1 WifaRd

= fHhten T 9 1 fagent fesd 19 B9 &1 Wi
=P(E,|A)
A9 II-THT g

PE)PAE)
P(E,)PAJE,|)+P(E,)P(AIE, ) +P(E;) P(A|E3)

P(E,|A) =

5)(1 2

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

SEET0T 18 AH o b U Tl qhieror skt favesiaar fr=fafed ger 9 fHfde
1 T 2

TELSE . disiifea sAferal o foq Thernr 90% aar o § 3R 10% 9l = e
o Ham 2| THSE . § s sfEEl o fou when, 999 WEl Idr o § A T,
.o “Hifea o © Stk 1% Wifad safeal o fou wa. e e, dshifed adqman 81 T
g SEE, fSEH 0.1% =i el U5 2, § 9§ Uk oAt Agesdl 91 Sl ©
3R 3H 1 e foRa S TR TR oL STE A, w1 Suferfd saran €1 e wifehd
2 for o' =afed ora o waeR A (Usifea) @2

T UH o B9 T oAfeR] o areddl W TELSTE AL, disiifed 8 whi Tl 3R A SRt o
TS, Thermt § uisiifed BH 1 S i qwiid €1 ed P(E|A) T e

el EE T T A o TEL.STE Al disfifeel 7 8 i Sl i <uir 2

oA {E, B/} sHEen § gt safaqai o gfagel gafie &1 uh faurer 21 ed 76 €

0.1
E)=0.1% =—=0.001
P(E) = 0.1% =15

P(E') =1-P (E) = 0.999
P(A|E)=P (=Afs o1 wieror § we. e, of. disiifed < safer fean wn € fo o=

TE § TE.STE AL dsifed §) = 90% = 0 0.9

==
3R P(A|E) = P (=aferd o1 qlieror # weLEal. uisiifed s Se foh foon e € o
9% ard § TE.eTE AL dsifed @ ¥) = 1%=0.01
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3 dF-YHI 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

3T: Tk A=A A T Al o e | TR, uisiifed g w1 Wifgehdr S
o 9 € o Soeh weLemE e, wher disfifes €, 0.083 B

SETETUT 19 Ueh siee oM o HR@M W A (F3) A, B 3R C el ScEH 1 S
25%, 35% 3R 40% diee T &1 39 7fAl o IcqsA T HAW: 5, 4, 3R 2 wfawd
i TR (Ffeqel) € dieet & el SR § @ Tk siiee Agesdl e S SR
I T T S 21 THHT A WGkl © TR g% siee YA B gRI SAE1 T @2

#@ WA fen & @l B, B, B, 1 weR @
B, : dice HET A BRI @ T 7
B, : diee R B g/ aEN T ©
B, : iee Wi C 51 & T 2

e € f WeAd B,, B, B, WER 79asf 3R 9ol ¢1 o foran f we E f=
TR : Edice T T
Sl E, e B, @B, ¥ B, % @Y wfed et 21 T 2

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

H: P(E[B,) = die2 o T B %1 Wifehal 51 o &2 21 fof = #efa B g
fafda &

=0.083 (TT9M)

= 5% =0.05
gl 99T P(EB,) = 0.04, P(EB,) =0.02
I9-yHg 5N BH W@ € fw

_ 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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SETETUT 20 Ueh Sl i Tk UM 1 2@ A1 21 T8l & el § 98 9@ ¢ %

3T ¢, 99, TheX A1 TRE 3T AR ¥ A T Wifgehad wHe: %,;,110?41 z
2 A 9 9, 99 1 T U Il B Al SUeh Y 3 1 Wihad A i,;ﬂT%

2, Wq Fret o= oA ¥ o W SH R T Bl 1 AR 9% | A o, A Ssueh A
T 3 Ht Wik Jd FHifeg)

Tl UM offSe 5 ‘efaet & Ut & T8l |9 W’ &1 S E71 Al SRR o A,
I, TheR 1 TR 3 e N AW FT AW A T, T, T, 3R T, &,

3 1 1 2
P(T) = 5P crz>—5,P(rg)—Baﬁr P(T,)= (fem 2
P(E|T1)=€Taaé?§=rgmaqﬁm%(©u§aﬁaﬁmﬁrm=%

T W, P(E[T,) = %,P(E|T3)= %,P(E|T4)=0,aa1ﬁ 3 9TEd §RI 3TH W 39
0 T

3 dF-YHI g
P(T |E) = TR 5 W ¥ 3TH W 37 §RI T H1 Wifershar
_ P(T))P(ET))
P(T)) P(E[T))+P(T,) P(E|T,)+P(Ty) P(E|T; )+P (T, )P (E[T,)
301
) 10" 3,120 1
i><l+l><—1+ L>< i+ ng 40 18 2
1074 573 10012 5

31d: 1efise wIfreRat %%

SETET0T 21 Ueh Af o 9 § 9 € o 98 4 o ¥ 3 9R T sieral €1 98 Th 9
I IV & IR Tl 7 o 39 T 3 alelt G& 6 21 39 H1 Giehdl 7 R
foF 98 W W ST Fen arE | 6 @
7ol AM ofifey, T E, ‘=afed gR1 9 &l 38T L T8 9a i foh 39 W I drelt
T 6 8’ 1 A Bl HH WA & S, MW W @A 6 3 BT WA SR S, MH W
T 6 TET A HI TS B qE

P(S)) =F& 6 A I S i Hfehel =

o
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(o

P(S2)=H@T6¢|ﬁaﬁaﬁmaﬁwﬁxw=6

P(E|S,) ==l 51 g€ ad W ff a8 fif G 6 1 @ S 98 R T dreft
T add W 6 €, i Wi

=wﬁamwaﬁaﬁaﬁwﬁw:%

P(E|S,) = A §R1 78 9qM W f& WM W W@ 6 T 8 Sk T W S A
T add H 6 e €, 1 Wik

=wﬁﬁ§quﬁaﬁaﬁaﬁq®w=l—%=%
A9 I9-Y9I g
P(S [E) = =Af BR 98 9 &I Wfaehdl fF @ 6 Wohe §E €, 9 anad § WeA 6 8
1.3
P(S)PE|S) 6 4 1 24 3

~ P(S)P(EIS)*P(S,)P(ES,) 1 3 5 1 8 g8 3
6 4

- X

aqa:wﬂwuﬁw%%ﬂ

[ sromrerett 13.3 |

1. TF ®a¥l § 5 ot 3R 5 Fleft 78 T a5esa Tk 113 fhreft St 2, 389eht 1
A2 HH o 9K : HoAw § W@ & Sl 21 G bl e w6y 2 erfafte 18
FAe H W < S # den kel § ¥ T g bl S 21 gl A w1 A
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T Tgfahedt 9 HT W 3 | T fomneft a1 qf gv H1 SW A € A1 9%
STTAM Tl €1 7 o fob S8eh ST S 1 qfeha %%aﬁtaﬁqﬁwﬁaﬁ

Wﬁw%%|mﬁﬁwéﬁwé€waﬂa§qﬁwﬁmﬂﬁwﬁﬁ

BlRE) % 2 T TH 91 T A WITHHAT & TR IS B YT F1 W S ¢ A
IE 9 ¢ fF 39 9 I R w2

. Tt fovm I & wE FRE % fau @ #1 S 99% STERER §, 59 ard |

Tt 3| W W T B B fhg 0.5% 9N fRdt oy st 61 W S e W

e et fae 2ar @ A s 1 A0 ¥ T Saerd g1 Afs R SeeEE
T 0.1% @ 38 WM Y U & @ AR © o B Agesa g T St
39 T W T B AR IEeh K 1 S | T8 oaqrn S @ o 39 g U w2

. faaer T e ¥ uw faaeh o <A AR fod & €1 g faeeht sifia © o

o 75% SR gehe e & SR e s fagent €1 i § o u faach @
gl 91 T SR Y S| T €1 A ek R o yehe w1, o s Wi
2 fo& 9z < foa aren faarr 22

. T S ST 2000 TheX HeAhT, 4000 R =Rl 3R 6000 h =cTshi I AT

Tl 21 geeTSH w1 WifFshard ®wEeT: 0.01, 0.03 3R 0.15 81 siHepd At
(Aeht) H W T THAURA €l ST €1 39 AT o Whed =l e &1 Fifshdl
F 272

. T HREH A X B 3 7 ot &1 qdf foeror 9 war wew @ fo et Seared

T 60% T A 3R 40% T B g fohan < €1 59 eafafier wef A1 2%
3R TR B T 1% IRA TS 21 A hel SEA hl Teh @ o1 foran Sfm €
R 39 R U agesdl Fehrelt T 9w @We e, 9 39 a5 o ‘Heia A’ gR o
B 1 Wfaehal 1 B2

. T A T A & e ded ¥ T U 1 gfaeqyt o €) uee 9en W <

% Sid 1 GIRIeRdTd 9 0.6 991 0.4 21 39 e afs ggen <o Siad
% d U U IR o YRR B K1 WifeRar 0.7 § iR A% gu3 < Siaar €
TH o1 1 GG W1 0.3 31 THT FFhdl 1 R o 741 Scae S <
N 9 o T e

M AC foh TS TTgeh! Teh I Soierdl 81 4K SH 5 91 6 &1 T& e gl
2 A 9 T o H I 9R IS 7 SR (fudl’ Y gen e s #1afk
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11.

12.

13.

14.

Tfora

W 1,2,3 4 F HA UE Bl @ 9l 98 U T &l U a7 ol § 3R
T e LAl € foh 58 W faa’ = ‘v’ wrw e AfE 39 St weh fud wrw g
2, O ok gNI OISl T U W 1, 2, 3 A 4 U B 1 Aiiaehdl 1 872
ek AT Toidl o 91 A, B de C HefiA STt 81 9 et A 1% @&
it SeqTfed shiar 8 qef et B 3R C sl 5% 3T 7% Tle el Scifed
T &1 HE W Ahd GHI HT 50% Al &, B el THI BT 30% 1 C Fed
T FT 20% R 21 A Toh @0 9l Scfed & @ 38 AgN Scifed fhu
S T IRl @ 20

52 el &1 et @ Uk I @l Sl 21 99 oWl 9 < el 9§ S $e ok
T El @ T T #Y $2 TR H WA #4072

AER 9 dieH 1 ifiekdl %%@ﬁﬂﬂﬂmwﬁaw/&m%ﬁ
o =¥l gem ot &9 § fod g eF &t Wi 2

4 1 1 2

(A) 3 (B) > ©) 3 (D) 3

I AR B UHt w2 € fF Ac Baa P(B) 0 d f= & 4 &1 disk 2
_P®

(A) P(AIB)—P ) (B) P(AB) < P(A)

(C) P(AB) = P(A) (D) = ¥ = Tl

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

T, AgTesh TIewl R Sk yiagyl T o oR H Ted € Wi e ¢ 3 whemi
H 9 oIfysw ® TW foviy uiomy o s=g@ 9l o foRg = uRoma ®
Hafua fedt 9en ¥ s=5% ol

AT FD e R S¥eh IRom R forr |

(i) = 9@l Rl Hehd o TV § BH A UEl W Yehe WS o AN H Togh 8l

Hehd B

(i) Th Toeer i 50 9N ST o g o9 fodl &1 @@ § 8 dehdl 2
(i) 20 =GN o T R W, T 6 @ B, 4 a%Ge *I (TH & o€ Th) Tehen

o T H FAN B 4 SRqell o Uiasel W @Xe awgstl i e H 7 dehdl
2 9 # @« IR Ik aeget o fRdt favi ergwH H)
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Sude § 9 Yok we W gHR U U EE @ S Yede 9RO o § T
ardfas e e s 81 when o g IR % fau T ardfas g
STRT-3Ter o 8l Tkl 81 THIIY I8 Teh =R 31 1l &) 59kt o ferdlt agfemesh qdermn
o RO W R e © 3oy 30 Agfeseh =R hEd € Uk Agieseh = sl HEd:
X ¥ 59 F 2

A AT Teh T 1 TRATHT T TR SIS ol i foF aad o % asfss
R X, ®er el € 5@t Wid (domain) =gfese T0er0T o TROTEN b1 T (7
Hiiest wafte) Bl 81 Uk Agfeseh =) HIE i arEdfae WM o Hehdl 8, HICY SHE
W(codomain)mmﬁmwmél m:@a@maaﬁﬁm
THR 9§ IR T e B
RIS 4 Weh Agfoseh = o8 el eidl @ Toreeht Wi foret agfese wiemn =1 yfagsl
gufte g 2l
IR & feTw, o1eT U fager &l J aR A% | 39Tl 9H o T W fa=ar Sifu)
3 T 1 Hiaest wEie 2:

S = {HH, HT, TH, TT}

Ifg X, 9T Terell sh1 W& i =kt il @ dl X e Agfeseh =R 8 31 qeish qiomm

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

T € eyl TAie W U 9 stfus Agfesed =R qRwifid fhy o Tehd 81 SR
& fou am o for Y, gfaest wufe S oy 9o o fou fodl &t 9en 9 w2 &t
T o "I I R H gl a9

Y (HH)=2,Y (HT)=0,Y (TH)=0,Y (TT) = - 2.
q: T Hiaeyl TEfe S # X R Y & fa= agfess =) uftwfia feg g €

IEAETUT 22 T A T 95 ! A9 IR IV 61 Gl Tordl &1 G o AR
g SH fe 1 Uodeh o o T Rs2 =1 @ 3R Y% 12 o folu og =t
ISR 1 Rs 1.50 =1 €1 0 o X o4fe g1 Siidl T8 =1 SR T8 TR i oo ahial
21 T for X Uk agfes® =) 2 iR 38 e o gfaeyl gafic & e o ®9
T yefyfa i)
T X U Hem ® e qm e agfess wderon & aftomt w uRenfig @1 safern
X T TEfess =W el

319 qhier w1 yfaeyl wafte 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 (I1x2 -2 x 1.50)= —Re 1
R X (TTT) = - Rs (3 x 1.50) = — Rs 4.50

T8l vl Torg, faeel &1 1 =i <91 @1 21 o7d: 9iaesl gie o Yoish eeFd &

fu X =1 T efgdia 7H ?, safey X wiiesl gafte ® U wer ¢ fSesh IR ©:
-1, 2.50, —4.50, 6}
SETETUT 23 Th Ol | 2 T 3N | ol 1% &1 A5=sa1 Tk g (Fehredl T AR &
A T ok O% 3 YH: O H Sl T 39 qihaAr & [ e e Ak X
fepTell & ToheTdl S T 1 9l @ d, X 1 faeR 2, el uwh A Ag & e
el |H T R

el g9 o fop Ot & Tl W Hlow, wy, - W T B T
a9 yfaeel i 2:
S={w, w,w W, w, W, w W, W, W I FW, T W, 1}
CE] X = &l w1 HEA = Fhad w §el
ESII LD ¢ {wp w =X {w, ) =X ({w, w,}) =X ({w, w})=0
X (fw,, 1) =X (fw, 7)) = X (£ 7w }) = X ({rw,}) = 1 SRX (frr}) =2
Id: X Uk Agfeseh =€ W 0, 1730 2| o Fehal B

[V

13.6.1 Tk W T @ GIfIahdar a2+ (Probability distribution of a random
variable)
e <9 9 f), £, ... f,, § T GRER 6l 36 YhR A o6 &0 R foa=m & &
Heh URER 1 A FHEAed B °E o foh iewi £, £ | e 3,4,3,2, 5,
4,3,6,4,5 95 €
3TEU Ueh IRER &l I o ITch FEHl bl HEAT &l AIE Y, X § S HITST| TIqal
X T Tfee W 2 58 e wer 9 aftefd fean e e
X(f) =3, X(f) =4, X(,) =3, X(f) =2, X(f) = 5,
X(f) =4, X(f)=3, X(£) =6, X () =4, X(f) =5
dA:2,3,4,5,6° WXHE @ AA A Fhal €
379 X 1 T 2 BN el GRER £, 1 1 T B X H AE 3 Hhl € 5 S,
£, £, ¥ § T ofem & g7 s g ywn
X =4,5@ Gf@R f, £, 3 f, 1 FA SICT
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X =5, ¢ URER £, A0 f, 1 FA QW
R X =6, 5@ AR £, F A ST
<feF &= A € R geieh ORER 1 g1 ST 9REereT §, 9iere uReR /o 94 S

ﬁuﬁw%%
m:xwmz%ﬁﬁwﬁw%‘%l

&0 foed ¥ P(X=2)=—

WA G £, LA f9 TRl ot Tk URER g T Ak
3

P (S fi) = 15 ©

am: Xaﬂqﬁwgﬁaﬁmﬁqw %

wmﬁ%P(X=3)=—

T YR B9 U © T

P(X =4)=P{, [, [,}) === P(X 5) = P({ff})——

MR P(X =6) = P({fs})— m

T YR o1 faeRer e argfes® =R o6 WY U] 9d Wiiaehdieti i forman s
2, &l 5w =X X 1 Wifehdl s Hed 8
Aokt Teh Agreseh =X X 1 Widehdl s i F=1 YohR o qRefia fean sman 2
TfrareT 5 fRelt agfes® =R X &1 Wifashdr dea senstl &1 fHefataa gomedt ()
g @

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

i=1
arferE Fe X, x, .. x AGEH T XF W WA () T W p (=12, ... n)
Igfedh =R X 1 AF x, eF 1 Ffashdr 7 31eiq P (X=x) =p,

afex Agfowe I X, 1 FIE WG YA 2 @ Fe X = x Wfewt wAfe
% @ fag (i) o fow & T B 81 31: X B x TTd @ 1 Wiashal §ed R
=Rt € e P(X = x) # 01
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Y & X % [t Fefad "M o faw gfasst afe o g+ foget w1 guew @
ST 81 SAAT fohel WIfhdl e & fofT 9l TIfRdisti &1 91 T 21 =ney)

SETETOT 24 TR ok 52T 1 Uk GAHT TS ¥ I W IR €O oF Wy
fepTel ST S| TRR1 Bl T 1 WITHHA §eT TG HIT
T1 D] 1 T Th A5Tesd =R ¢ THR! 80 X U Feftd d 1 Sqeeaan X &1 7
0,1,2 2| Fifer Il 1 gfaeera= o |t fepren 7o § i aH g w1 fehem
TS T B
@fae  P(X = 0) = P(3oFAT &l 3R ghT )
= P(zFhT &) x P (3FRT TEN)
48 48 144
"R R 160
R P(X = 1) = P(35h1 3R IR eI 1ol gaeh1 &l 3T gorh)
= P(3FHT) . P31 &) + P (35R1 &) . P (3T
4 48 48 4 24

52 52 52 52 169

AR P(X = 2) = P(3%h1 3R gahT) = P(FFAT) X P(3h1)
4 4 1
_ 441
5252 169
1a: Adfre wiferar w2 2
X 0 1 2
144 | 24 | 1
P | — | = | —
169 169 169

IETEI0T 25 UMl oF U e Wi diF 9R IVT@H W fghi (doublets) i T&A &
TIfehdl Sied A1d hitru)

T HA eiforg o X fgenl ot wen fefud s 2

(1,1),(2,2), (3,3), (4,4), (5.5), 3R (6,6) @9a g €l

e g foF X1 AEE 0, 1,2,31 32

@%ﬁﬁwgﬁﬁuﬁw—g=%

@WW?ﬁﬁmzl—é—z



P(X = 0) = P(TF ﬁ%@mﬁ)—%

55
66
P(X = 1) =P(T% T 3R T fg= 7o)

155515551
666666666

P(X=2)=P (d fg& R w= fg= =Y
1 151515 11

= x x _+

66767676 676 66

1 5 15
3 —2>< = —_—
6 6/ 216

125

216

:3[ 32

1 l 1 1
P(X=3)=P (@4 =
( )=P( %EF) 6 6 6 216
31d: X 1 o7efre Wit ded fefarad 2
X 0 1 2 3
125 75 15 1
P(X)
216 | 216 | 216 | 216
WA ifaeharedi &1 I

. 125 75 15 1
2P =

— _+_

216 216 216 216

125+ 75+15+1 216

216 216
37d: I Wikl a2 Tl 2|

579

TETET0T 26 U o el agfess g4 U faemer faw o wer & =icd & X 9 39
I 71 X F T x o 1 gilieRdr frefafad @@ 9 7, 'k T ardfas 9@

0.1 afg x=0

kx gfg x=141 2
k(-x)afex=331 4

P(X=x)=

0 =

(a) k1AM F0A HIST



580 Tford
(b) 39 oI I &1 Witdshar € Tk a1y

A Y A g &7 qeAd: | WS Ugd &7 Aferhan I W ugd €7
& X1 Wikl deq e fean w2

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

(a) &9 9@ ¢ fR Z_;,Pi:l

AT 01+ k+2k+2k+ k=1
= k=0.15
(b) P(3M9 =FaH | S Tgd B) =P (X >2)
=P(X=2)+P(X=3)+P (X=4)
=2k + 2%+ k=5=5x0.15=0.75
P(39 ded: q He Ued 8) =P (X =2)
=2k=2%0.15=023
P(3mq fershad < S Ugd €) =P (X <2)
=P (X=0)+P(X=1)+PX=2)
=0.1+k+2=0.1+3k=0.1+3x0.15=0.55

13.6.2 W o okl AT (Mean of a random variable)

agd o gened ¥ fRdt agfead =R & frdt e ot Tha 9en 9 <90 s
B €, S8 =R & Wifendr sied © T Y Hehd € U € e WEA Wi, Hieds |
gt BId €1 39 Hell W gH WA W =l il wed sratefa a1 sl ygfa w1 A
7 el o ? for g% foreh agfess =R & Heaw a1 ofed W 1 3T e 2
aftarer 6 AW A X U Agfeed W T o Wafad 79 x x, x, .., x T HER:

1,72 73

TRIFD p ooy, np, B X F WA, R, @ =R F &, Fem pr,%ﬁ'cﬁ%I
AT x 1 WA, R X, o HHIed W 1 ARk Aea e €, i B
T wifehar § ifa feran @ 3l

qgfesss =X X o W54 &l X 1 g (Expectation) i #ed ¥, 5@
E(X) ¥ o7 %% 2| ¥:

EX)=pn :E JiPi =xptxp, +..+txp,
i1
Y 3
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Agfegeh =R X 1 HILA A1 G X o6 A HIfad A 1 37h! S0 Aifasharsti
o TUH T I B 2

SEEI0T 27 HA W b Ul o T SIS i ISl Wl © SR 5w =X X, U ™
Yo WS w1 AN foran S 21 X R HIEd A1 YR G RSy

o1 T8 el %1 yiasyl wafte 36 Hiferss s o fafifg gen ?, 9= wfwa gm
(x,y)%F &9 | foran o1 w1 8 W&l x = 1,2,3,4,5,6 3 y =1,2,3,4,5,6.

Igfess WX X oF A eifq I R U S w1 A2, 3,4,5,6,7,8,9,
10, 11 41 12 & el &

1
a4 PX=2)=P(L D)) =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)}) 23—56
P(X=7)=P({(1,6),(2,5),(3,4),(4,3).(5,2), (6, 1)})=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)}) =3—36

2
PX=11) =P, 6). (6, 5)) =7¢

1
P(X =12) = P({(6,6) =7
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X ST IRl &2 B
xax [2[3[4]s5]e]7[s8]o]wofu]i2
12131456543 ]2]1
P Apl==|=|==I=I=|=|=|=| =

n 1 2 3
Gt u=EX)= » x,p, =2Xx—+3x—+4x—+5x—
=B Zl b 36 36 36 36

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

36
31d: < UGl o $hehd W Uehe @IS o AN T WiET 7 B

13.6.3 W =¥ okl Q@07 (Variance of a random variable)
Tgfesh =R 1 WIeA SH W % HE § foeR0 & 9N H hiE ger T <a 81w &

fafi=1 wifehdr 7 ool Fgfossh =R/ o HeA HUH B Hehd §, Sl T X 3R Yok
freferfaa st o fe@mn T 2

X 1 2 3 4
1 2 3 2
PX) | = = = =
8 8 8 8
Y -1 0 4 5 6
sy | Ll 22 L]L
M1 3 8 8 8 8
TS EX)=1 1+2 2+3 3+4 2_22 275
=]x— 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 & Ty 3966 WEH GHH © I8 34 °1 o faee U 9
off e @ uferd fepan <1 weman ® (3R 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 3T i oh fau &6 Agfoas == o AF § foewd &1 | qe oh "9 i
AETTHA B1 B HWifemsh! | uel € o sl d famro =1 fawwe &t @9 & g
21 3 YR gfessh =R % qodi | forawe 1 YORer § 97 S Gehdl 2

ufturer 7 AR T X wF agfeew W 2 fwes wifed Wed x,x, .o W
ElREXIE p(x), p(x,), ...,p(xn)éﬁ iy fermE €

79 o p=E (X), X % WA &1 X H TR var (X) TN o,° 5N 76, &1 7=
R § qRefa feman s €

o2 = Var(X)=Y (x,~ 47 p(x,)
i=1

g o = E(X-u)’
e Hen o, = Var (X):‘j 20— p(x;)
i=1

Eql Igfessh =X X 1 A% foa=e™ (standard deviation) FEd T
Tgfegeh o T WEXUT JTd ki @l 37T GF
Y W4 © o

Var(X) = 2. (x;,—w)? p(x,)
i=l
= Z(xiz + Mz - 2“ X; )p(x,‘)

i=l

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

i=l i=l i=l
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= Z(xiz p(x,‘)’l' |~L2 z p(x,‘)_ 2u zx,‘p(xi)
i=l i=1 =1

= Zn:xizp(xi)wz —%{wﬁ Zn',p () =18 p = ixi P(xi)}
i=l i=1 i=l

n

= Z (xi2 p(x;) _Hz

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

el Var(X) = E(X?)-[E(X))?, &l E(X?) =Zn:xi2p(xi)
i=1
JEENUT 28 Teh SHMNAT I9 il b T WIS &2t b1 JE0T A1 hifg)|

T THe 1 giaeyl gAte ® S=1{1,2,3,4,5,6}
AE of X, 9 TR Fehe HEAT il oo hidl 81 qd X U Igiess =X e = 1,2, 3,
4,5,9 6HM o Hhdl 2l

e & P(1)=P(2)=P(3)=P @) =P (5)=P(6)=
TGty X 1 WIfhal e o
X| 1|2 3] 4 50 6

1
6

1 1 1|1 1] 1

PX)| = | =] =1=1=1-=

6 | 6 | 616 6| 6
7 EX)= 2% P(x)
i=l
= 1><1+2><1+3><1 +4><1-+—5><1—i—6><1=21
6 6 6 6 6 6
g g E(X2)=12><1+22><1+32><1+42><1+52x1+62><1:91
6 6 6 6 6 6

q: Var(X) = E (X?) — (E(X))

_91_[21]2_91_441 35
6 N6/ 6 36 12
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SETETUT 29 AT Sk 52 Ul ki Uk ell-ifq %el T TS B ¥ I U6 SR o
TITETS o (31 Teh T197) TiehTel S 21 SIEQel o1 S 1 HIeH, TG0 o Hieh- o
[ FHifa)

T HH oitee o 9 T fehen § aeeiEl s S i X § o i 81 X Th
Tqgfemeh T E S 0, 17 2 9 & Fehal 2|

48!
- P(X = 0) = P(#Y - C, _2!(48-2)! 48x47_188
52! 52x51 221
21(52-2)!
40 B
- 1 1
P(X = 1) = P(U&% 9R9E 3K Teh SIEME &) = Gye
2
| 4x48x2 32
T 52x51 221

'C, 4x3 1
2C, 5251 221

R P(X =2) =P (3 a=9mE) =
31d: X 1 TIfoehdl s B:

X 0 1 2
by | 188 32 | 1
X 21| 21| 2
79 W X = EX) = 2% P(x)
i=l
0 188,32, 1 34
»i1 220 21 221
e & B = () =2 88 2 32 o 136
= 21 221 221
CE] Var(X) = E(X?) — [E(X)P
_ i_[ﬁjz_ 6300
21 \221/  (221)°
_ o800
gafery = yVar(X) = 37 ()

(221)
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| worarett 13.4 |

1. =Rt o frefafaa wigwa s § wF @ T agfess =R o foau gag T2
21 3O I HR0 Higa fafey)

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

i) [x Jo 1 [2 [3]4
Px)| 0.1 | 05| 02 [-0.1] 0.3

qi) | Y [-1 [ o |1
P(Y)| 0.6] 01| 0.2

v [z 3 [2 [1 [o [
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