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Principles of Probability
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Al i Ssay adad JS0 3y janl) Aagiy sl (Sa Y LY
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:Sample Space :4iall (£) 8) slb (¥-1)
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s dal
335 93 yo 2g8) dadal (838 44 At L)
T Sl RS, H s gl
ey S={H, T} s daml oload (s N, T J H A e Al
NES)=2 sl palic
e 3 gl el (il 2 jat LY
T 3a b TSy H eyl speall 3o

D od Al cliad ld SN

— HH Pt ASaall Al
®<% L (HH), (HT), (T.H), (T.T)
0,

—_ TH
S={(HH), (HT), (T,H), (T,.T)}
—TT n(S) =4 LS}LU.\.I a)a.auc A ¢
Akl ld) el Bt
O aam S={H,T}x {HT}

={(H.H), (H,T), (T,H), (T, T)}
NES)=2x2=4 (cxal el il

(Y1) Jla
2N o jlanll 5 jalic ae g el oliad 2
st aa gl o pallall Bl g 3aal 53 e 3 il s ey daad L)
Ul slal) angl e el 80 sy (e (o se 2500 Jam e Apnd LY
ey
1l
3Baa) 98 pe Ayl as CadE A jan L)
Pop Ll olad BN 6 5 §4 53 02 J 1 a iad mlul
N(S)=6 :ssbwo palic 20y S={1,2,3,4,5,6}
FOH e ) s e A s Y
(1)t 3n (o S LGk 5any (e 2 sam e Al disml) Lnd dlay (S
H(dsad) o) Al A8kl 5 el ARk (V) 5 SIS Gl Juals 43 5k
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S={1,2,3,4,5,6}x{1,2,3,4,5,6}
={(1,1),(1,2),(1,3),(1,4),(1,5),(1,6).(2,1), (2,2), (2,3), (2,4), (2,5), (2,6),
(3.1),(3,2),(3,3),(3,4).(3,5).(3,6),(4.1), (4,2), (4,3), (4,4), (4,5), (4,6),
(5.1),(5,2),(5,3).(5,4).(5,5).(5,6),(6.,1), (6,2), (6,3), (6,4), (6,5), (6,6)}
N(S)=6x6=36 : sl (ol s2eld Jadiily) dall cliad palic 2

1yl 35 Hha aladsialy Al eliad ol 1Ll

X X X X X O

VREAOGO OOAOEE DROO®OE VREVWEE VEPPOEE OREOWO®
11121314 1516 2122 23 24 2526 31 32 33 34 35 36 41 42 43 44 45 4851 52 53 54 55 56 61 62 63 B4 B5 BB

(sl ) A8 48y 5k pladinly Al oliad dlad (G

(16) | (26) | (36) | (46) | (56) | (6,6)
(15 | 25 | 35 | (45 | (55 | (6,5
14 | 24) | B4 | 44 | BG4 | (64
13 | 23) | 33) | (43 | (53 | (6,3
1,2 | 22 | B2 | 42) | (52) | (6,2
(L) | 21 | 31 | 41 | (51) | (61)
1 2 3 4 5 6
¥ el A

Al A )l dag
PN WS oo

:adaadla
Y iy i e ALl s (4,3) g Julls Al eliad jualic e eaie (4,3) o
=2 3 A0 ety (A Bl 4 ) sels i (4,3) Aaid) o LS .(4,3)€S
Aa )l 33 b, ek e A5 (3,4) Aaiil) e abian Aail) ol 5 Apll Ay )
A daa )l B4 8 sedas sV
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ACS culS L 1y, 1) Baa A w
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icsead) —a ¢ o Gua (IMpossible Event) .¢ < S laiwdl sl
LAl

(Sure Event) .Sc S x5l &alall =

Gy i g A &alal ol Jstis cn(A) el A Zalal jalic dal ey ®

A sl pualic aaf 4 Ay il dags
(F=1) JMa
O gl aa sl o allal) b8 )N Jadg saal 58 50 21l jaa e el Jhe
.S Al gliad (e 4 a Cile sane LY @l s < AU Gl gandll

aalal) aliall 22c
A={ 2553 ,k}={2 4,6} AcS n(A) =3
B={ a8 j5b}={1,3 5} BcS n(B)=3
C={ i g di 2 b} ={1,23, 4,5} CcS n(C)=5
D = { d oaall gela} = {6}; DcS n(D)=1
d={dwax jub}={} ¢S n(¢) =0
S={ e ;5h}={123,4,5 6} ScS n(s) =6

5C 5B 5 A &y al Jiy ol J<als .o Jah ) sall Jia o oSy Jlall 1aa

:D

of Jsad Aatiuly ¢l all Jia
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r i 138
4 2 Lnss) daeY aal s Dpadl dags culS 1Y iy A={2,4,6} Ealal oL Ui
6 4
6 23]l o Ay eill A culS 1Y il s D={6} sl o U
Vo lXSa
(1) Jdia
Al (a8 Ayt el o JIST alaaiuly Lefie & L jualic aae 5 30 Gl all sl
POl (5 e 28
A={ IV i)l 85 5a Jo Jpasl }
B={ A5V aa )l SaS o Jpasnl }
C={ Y e sanmlssysa lo Jsasd }
AN

S ={(H,H),(H,T),(T,H),(T.T)}; n(S)=4
A={(HH),(H,T)} n(A) =2

B ={(T,H),(T.T)}; n(B) =2
C={(H.H),(H.T),(T.H)};n(C) =3

((0—1) S
A B il Sz () 5 oY) B Al Sz (X)

A={(xy) x+y <4}
B={(xy): x=y}
C={(xy): x=5}
D={(xy): xty=1}
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(1.6) | (2.6) | (3.,6) L (6,6)
(L5) | (25) | (35)
(L4 | (24) | (34)
_ 23 | 63
(2 2) | 32
////% (3.1)

277

1 (xy): x+y <4}={(11),(12), (21)}; n(A)=3
1 (xy): x=y}={(11).(22),(3,3),(44),(55),(6,6)} ; n(B)=6
E(Xy) x=5}={(51).(52),(5.3).(5:4),(5,5),(5,6)} ; n(C)=6

A=
B =
C=
D={(xy): xty=1}={}=¢; n(D)=0

:Algebra of Events :(& gall pa) &l gall o cldaall (0-1)
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(A ) ga e Lgn S5 S (A5 Gl all iy iy e
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e O A8 Basl a5 AUB el L e p daa s B s A il sl
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e B 5 A i1 B g 13 A g 1Y 6 JY e pifalall g

A Jhaal o8 JSE

AUB ={x €S: xeA 4§ xeB}
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(gl s S G B
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Complement :&isa AleSa of dadia (7)

e A S Talal oy A A Je il L e Tl 8 A Ealal) dlSe f dedic
A Baal i a1y A Ealall dacie aliy A B Y ) Al sliad jealic pies

A =A°={x eS: x¢A}

n(A%) = n(S) - n(A)
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Cc

:Difference between Two Events :¢pfisa ¢y (3,40 (3)

e e DSl Dalall a5 A-B el ld Je p s 2 B 5 A piala g @A
Crady 1Y A-B Al gl B sl L) s Vs A sl ) s ) sl

A-B={xeS: xeA 5 x¢B}

B Adall a8 g A Al
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&
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Aud = A
AcB=AB=A
AcB=AuB=B

sdags
A-B = AnB°
tola gy 9a g Ligild 1da
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(AN B)=A“UB®
H(2=1) Jha
Gallie ¢ e EO 3 s dadad s
o palic dac 5 Al £ 58 i) L)
tla palic aae o 4000 ¢ gall i LY
SV A ) 85 a jseds o A dalal = A
I e 3anl 58 ysea Hoeds e Aol Balal = B
A el 5 sy ) D)l BAUS Hsels e Al Balal = C
tla palic aae o 40U Gl all casf LY
ANB, AUC, AU BS, (AN B)°, AnB®

a
m
b=
D
we)
o
°

idadl

— HHH P on Ay aill oagd Al £ 8 )
S ={(H,H,H),(H,H,T),(H,T,H),(H,T,T),
(T,H,H),(T,H,T),(T,T,H),(T,T,T)}

— HTH 15 sl Auall t\_)s palic dae
_ HTT |N(S)=2x2x2=2=8
X
—THH | A={(H,H,H),(H,H,T),(H,T,H),(H,T,T)}
—_THT |N(A) =4
B={(H,H,H),(H,H,T),(H,T,H),(H,T,T),

(T,H,H),(T,H,T), (T,T,H)}
n(B) =7
C={(T,H,H), (T, T,H)}
n(C) =2
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A={(H,H,H), (H,H,T), (H,T,H), (HT,T)}
B={(H,H,H), (H,H,T), (H,T,H), (HTT), (T,HH), (T,HT), (T,T,H)}
C={(T,H,H), (T,T,H)}
A = {(T,H,H),(T,H,T),(T,T,H),(T,T,T)}
={(T.T.N}
e AnB={(HH,H), (HHT), (HTH), HTT}
n(AnB) =4
e AUC ={(H,H,H), (HHT), (HTH), (HTT), (T,HH), (T,T,H},
n(AUC)=6
o AU B®={(T,HH),(T,HT),(T,TH),T,TD}uU{TTT)}
={(T,H,H),(T,HT),(T,T,H),(T,T,T};
n(A° U B%) =4
e (AN B)C: {(T,H,H),(T,H,T),(T,T,H),(T,T,T)};
n((A N B)%) =4
e« ANB°=A-B=¢ ;
n(ANB®) =0
Disjoint (Mutually Exclusive) Events :(dlaiial)) 4dlital) & gal)
ANB=d ¢l iabaline ye WY ilaiie  Gldlie B 5 A goalall oL J&
Lege 585 Juntiows (5] Gra Lage 85 oS Y g Lagin 48 jilia pualic dsag ade i 1 g

s AY) gy i Laaal g s ol Gl L

)| O

ANB#¢  udlie ye oldiala ANB = ¢ ludlie il

Exhaustive Events :dlalil éu sal)
(Lgie oaaly) lalaa) & 85 oo Y OIS 1Y ALLE &) g Ag,Ag,.. Ap &) sal) e Jy
t S gl Al o) ya) die V) e

n
UA =AIVUALU L WA =S
i=1




Aagdd dlae Lo dmd el 3 Sk (V) eylaia¥) g slaayl (sabu :gaa) V0 )

+ e
O 3aa) 58 e 3 Al jas ey AT B
oala B=41,3,5} s A={2,4,6} sl .
ACB 2 oY ludlie o
AUB={1,2,3,4,56}=S ¥ s o
e LSy ALLs Gl n Ag={3,4,5,6} s A={2,3,4} 5 A;={1,2,3} sl .Y
913l . ddliie
:Equally Likely Outcomes :a il (Adlsia ¢) 4 dhucia clal)
A () el Aa il Ay sluae A3 siall Al il (e A gl ek A S Y
Alec Aol 3N yie idd A il (S ) A sbaia 3y el o8 il ol U5t Luld 5 Al
& iS5 L (T) s ) 5ol dua 4l 4y gl (H) 35mall ) seds da 8 Gl 52a) 53 50 4550
os—eb da @l dyglue 1 Q80 ) seka dajd (50 58 50 O Sl 25l jaa e & a0
Lgbasa sda g 4 QB ) sekn dua il 4y glue 020 5 3 QBN ) sed dua 8l 4y glie o0 5 2 B8 )
O Sl (i patl) BAS ld adle 5.6 A8 )0 ) seds da il Ay slie 02a 5 D A8 ) seda A
oAl 4 gluia
sAalall A gal) eNlaY
Sl Balad o3 (5 85 o) Giad I a5 ) Al s dee Balal A9 sall VA
aal oda p iy ) 05 Al AiSaal el il o Aimae Aalal Ag) sl VS o

:Probability :Juada¥) (1-1)

in i Al Ay A0 pial) A el Aial) eliad o 3 jra (G ) Bala JS o
sl Jlaialy Lel oda ot Ay il o) ja) vie Ealal o2 g 5

Probability of An Event :4iaall Jlaial

die A Eolall ¢ g dah uins P(A) Jell 4l Jep sae (e s A sl Jlaal
hall 5 maall sl G elial) 1aa dad & o) 3 L4 el 6 el
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Classical Definition of Probability :Jlaiadd a8l &y il
Lo Al slia b palic aac g dua il 45 gludia Leadli aes 40 gdie 4y jad Lnal OIS 1Y)
dA drpally Capey A dialadl Jlaial (3 N(S) sl s 2535

n(A) - A Zok) palic dae
n(S) S duall cliad jalic dxe

P(A) =

(V=) Qe

=) Jbe & axall 5an) 55 pe o 3l 250 s ey dppad Qe 8 Gl el Jlaa) aa
(¥

AN

il elad 5 alic v ep da il dyglaie 3 3 e e R il o L
ted Gl sall CYLaal) (Jd 3 5asa N(S)=6

aalal) Qe Jlaiay)
A ={2 4,6} N(A)=3 | P(A) = n(A)n(S) = 3/6 =0.5
B={1, 3,5} n(B) =3 P(B) =n(B)/n(S) = 3/6 =0.5
C={1,2,345  n(C)=5 |P(C)=n(C)n(S)=5/6=0.8333
D = {6} n(D)=1 |P(D)=n(D)n(S) =1/6 =0.1667
o6={} n(¢)=0 | P($)=n(¢)/n(S) =0/6=0.0
S={1,2,3,4506} n(S)=6 P(S) =n(S)/n(S) =6/6 =1.0
(A1) Qe
opilliie o pe 45 Yial) 3 gail) dadad (a8 Ay jadl (i—'l) Jha 8 &) gall Y Lda) Cual
idadl

iall el 8 5 alic aa o g dua il Ay ghuie 45 Jial) 0 sl dadad (838 3 a0 il o Ly
foh G sall ¥l olé 3 580 N(S)=4

PAR\ N paliall dae Jlaay)
A ={(HH),HT)} n(A)=2 | P(A)=n(A)/n(S) =2/4=0.5
B={(T,H),(T,T)} n(B) =2 P(B) = n(B)/n(S) = 2/4 =0.5
C={(HH),HT),(TH)} n(C)=3 P(C) =n(C)In(S) = 3/4 =0.75
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Lo say Juind T Ui aat Lo Lold AL 200 sial o jlail psen e (alay
P il (5 ) S pailly e

:Relative Frequency Probability Jlaiadd sl o ) S50 iy il

A G5l g gl e e S5 Cagplall i Cnd s e N A sdic Gy e ) el U S 1
el oS Gy el e 2l A Dalal) Jldia) (i 1p(A) b <) SED o2

P = lim &)

now N
- - - . - . - rn (A) i
x N

Y e i il o) S Latie el il 13a e A Salal Jlaial o8 il 5
il e il

e
A gl Aleall oM A el 5 sl Hseds o A Dalal) L e A Ealall el
2 ie 3y eall seds e 2ae g H(A) (&5 5 e 1000 G el sda by < Wl o il
a5 ol JS) e liliasd V1 sl aladiuly Lleal) o8 31Slaay Liad N 4y 4 ol

PO 0 Jil Aleall a Ada & g g Wy JSA)

P = P(H) = fim " = 05
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Cobail gl e g s Y ey ke Jia ol (5 S ol o e a2l
o) a) Lo S s Lo Al e Joand Cogun Wl 0 2SI adiias Y Ll ) A0 il
e 2 iy 4 Cay el 13a Gadad 13a ol (e 4l SIS L AT iy 85 50 N Ayl
Aeal (e lbgrall (pany 4l Cay el 13 () WS L el (e € dae A el o) el ) <G
aing (530 5 JlaiaD ol oyl eda a8 L) s3els Al a5 Y 8 Y dualy )

ol alded) s e

: Axioms of Probability :Jlaia¥) (cbgaa) clalua (V-1)
p—eal A8l g P() 4@l A 0l (B S e Lgie liad 48 sl 4 a0 Ll (IS 1Y)
A Bl Jlial P(A) 232l ey Jlaial dla 650 S dal) liad o 38 jadd) G al)

sl cileliall cia 1) AcS U<
P(A)>0 oS8 A &als Y
P(S)=1 .v
(Labls ) e e (Aladie) 4dlie il sa Ag, Ag, Ag, ... dadlsall il 1Y LY

u}ﬁ I?'—'] BN Ai ﬁAj = (I) Q\S \5} Lﬁi
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() -$rn

i=1 i=1
=
P(A1 UAgU A3 U ... ) = P(Al) + P(Az) + P(A3) + ...
:adiaMa
5 sy LG A i pal) (e e e Al slad) Jlaial of e (F) b dalal
AgYldal ¢ sanae

Al EOBN Jlaal) clalue gl Gany & Al il
s dbaia) cilalua gild (jany
t) &l ol (s gy Alaiud) Balal) Jlas) L)

P(¢)=0
O Gals (Aladia) dddlite &l sa Ag, A, oo, Ay &)l cal€ 1Y LY

P[QAJ - %P(Ao

i=1

05 A dala L;ﬂ Y

P(A%) =1 - P(A)
s B s A piala Y Lt

P(AUB) = P(A) + P(B) — P(ANB)
0o B s A pola L;‘}] .0

P(ANB®) = P(A) - P(ANB)

=

P(A) = P(ANB) + P(ANB®)
P(A) <P(B) olé AcB o\s 13 .1

Popfiolan Adlatial) e LAY Joa Adiadla

A Salal J ey 3 Jidiasall Aalioad b IS5 8 clalidly ¢l gl VL) Jiiad (Say
Aol g al Ll ol Jlaa) Jiais cmanall aal )l sl S Aill cliad f 5S35l
Bolal) Lehis Al dalaiall 400 dabisdl ) G susie 08 JSG 8 Zialad) 038 Letiar Al ddlaidl)
gl YA Gany o Jal) JSED 5 LS pal)

_VQ_
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Ju iyl oy @ glad) Lol Jias Jslas Wls cpriola e laialy dalaiall ol sl Jabsaudy
el 5 Saal) V) el A0 Aagl b aobiig S Al s oS g

tOR IS (e Ledaluind Al s Sy Al ) ) ¢ JUD) s led
P(A) = P(AnB) + P(ANB°)
e P(B) =P(AnB) + P(A°nB)
e P(ANB®) =P(A) - P(ANB)
e P(A°~B)=P(B) - P(AnB)
e P(AUB)=P(A) + P(A°~B)
= P(B) + P(ANB®)
= P(ANB®) + P(ANB) + P(A“nB)
e P(A°~B®) =1-P(AUB)

: Jia
sy Judinl 22 8 0.6 5 sy sbanl) ) jia (b deas zlad Jaial (IS 1Y
AN
S Gl sall o yail
A= {ebas) ) e (J 2ae i}
A= {olan)) e b dame 1o} = felany) e b dena lai o}
= {elan)l [ A B deae Cpu}
P(A)=0.6 :clbasal
1 sllaal
P(A)=1-P(A)=1-0.6=0.4
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:Jlia
b e deal 5 dens zlas Jldin) 5 0.6 5 sby <l ) aal 3 daae 2 lad Jlaal (IS 1
cdeal g5 deae zlad Juaia) aagli 0.1 (5 sk LAY 13
AN
2N Gl al) (el
A= { Y 4 s 7L}
B = { Ly sl Fla}
ANB = { LAY b b deal 5 2ana 7l }
BC = { LVl 8 aeal sy }
ANBC = { JLia) b aaal g5 dena zlai }
P(ANB)=0.1 5 P(A) = 0.6 :clladl
10 sl
P(ANB®) = P(A) - P(AnB) = 0.6 -0.1=0.5

[~ A-06 B

i
a8 deal Giguy Jaal 5 0.25 6 sbay @ Jaa¥) sl 3 deas zlas Jlaal S 1Y)
aads 0.1 by L maVl 1o G deal s deas zlad Juaisl s 0.3 sk sLaa)

Y e Laaal #las Jlaa)
AN
(AU ) al) o yad
A= {EaY) 4 seas 7L}
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