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- SAMPLE SPACE

- The set of all possible outcomes of aa

experiment is called (Sample space for the
€Xperimeat (owsabilecek tim Olasilklar)

Example :

¢ For ﬁolla\j a six-Sided ch'e,, the Sample space Ts
= 1,22, 4.5,6%

* For 2 comn toss , the sample space s ;
2§ Heads, Tails}

Exqm() \e ©

1- S=pt. §x|xplo}



2- S=3x| o< x<1§
3.- S: ilow, memm,hka"l}
4 - S-= i%,e,io}

- Discrete Sample Space : A sample space s
discrele ¢ & 1s 3 (Countable set
(Ex: Fl‘fppi‘r\j cons aad mlli‘nj dice)

— Continous Sample Space . The sample space is

continous if # s an (uncouatabe @ set

(Ex: Dact Thowing s 3 contiaous case )

€EX: An oder for a Computer System can specify

memory of 4,8 oc 12 97g3bytes , and disk

storage  of 209, 209 or 400 3?33!93-}(25-

= S'-'% 4-200, 4- ZOO, 4-—4-00‘ %—ZOO, R -300,
8-400, (2 -2, (2.200, I2-400%

cxample:

An experiment consists of flipping a coin and then flipping it a second time if a
head occurs. If a tail occurs on the first flip, then a die is tossed once. To list
the elements of the sample space providing the most information, we construct the
tree diagram of Figure 2.1. The various paths along the branches of the tree give
the distinct sample points. Starting with the top left branch and moving to the
right along the first path, we get the sample point HH, indicating the possibility
that heads occurs on two successive flips of the coin. Likewise, the sample point
I'3 indicates the possibility that the coin will show a tail followed by a 3 on the
toss of the die. By proceeding along all paths, we see that the sample space is
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Example :

Suppose that three items are selected at random from a manufacturing process.
Each item is mspected and classihed defective, D, or nondefective, N. To list the
elements of the sample space providing the most information, we construct the tree
diagram of Figure 2.2. Now, the various paths along the branches of the tree give
the distinct sample points. Starting with the first path, we get the sample point
DDD, indicating the possibility that all three items inspected are defective. As we
proceed along the other paths, we see that the sample space is
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5 > NDD

0 < N > NDN
N ( ™~ < NNDN



NN | = e e e
N —> NN
— EVENT:

- A subset of a sample space is called an event
— Foc 3ny sample space , the empty Set F s an event,
as s +the eantve Sample space -

EL Biv 200 0‘|'m¢] =) we SPQCQ = i L. 133, 4‘)5(‘33

dereyi Eveat = Gst ylule 4 ‘den buyauk
sqnd| 3e\mesi
L Olasihk. _ 2 _ 4
Deje 6 3

— COMBINING EVENTS

- The (union of +wo eveals A and B, denoted AUB

« In wods, AUR means “A or B". So 4he event
“A or BY occucs whenever either A o B (o bo-}h)

© CCAAr €S -
= tet RB=-11,2,3) a.d 8:-% 2,3, 4}
AUB= §4,2,3,4%

= INTERSECTION

- The intersechion of +wo evends A and B, denoted B_\j

AN B
In wods, ANB means “A and B". Thus the event

7 A and B occcucs  wherever both A and B oawr

= et A=5123% ad B=9512,3 4%
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— VENN DInéeRAMS/ L AwWS

* Commutative Law

<2 AUB = RBUVUA aad ANB=RNA

- Distribubwve Law
> (AruB) nC = LAnc)u(BNno)
2 (ANB)U C = LAUC) h (BVUC)

- AssoCiatve Law

D (AUB) uc= Aulieuc)
5 ane)Nc- A nNn(enc)

5 COMPLEMENTS

- The mmplmewf of an event A, denoted AS or (al

Ia words, A means (“not A

S P(A): A olo:,mr\ aerc.eklesme olasiig
=2 PA): A o'aﬂ'mn geraekiesmeme olasig)

= De.morgan"s Law:

- (AuRk)' = A'n e A &

- CAnB) = R'y &

- Complement Law .
LS i
— (H‘)‘= A (puR)

EX* Coasider rolling 3 sTx- sided die- Llet A be the event:

“ oollina 2 six" = Seb



- - -

What 15 RS a words 7 What culcomes ae ta AT 2

R : not rolling 3 six
RC- $4,2,3,4,51

- "\wkmus Excluswe Eveats:

- The eveats A and B are said to be mu-‘u.quﬁ
exclusSive ¢ -l-heﬁ have no outcomes ia cormen.

ON®

ANGE = @&

S

@ Measuements of the thickness of 3 par-l— are modeled
with the sample space S=rt

Let Eo=-%x)10exetnd
Let €E2-F xlI M<x<15]

Ei U Ep =9 x| t0oexe 45§
Es N Ea= x| N <x<lz}

€y = [o10) U2, »)
€. ne,- [2,5)=$x) 12e x5}

Exam!ole :

* The following table summarizes visits to emergency departments at four
hospitals in Arizona. People may leave without being seen by a doctor,
and those visits are denoted as LWBS. The remaining visits are serviced at
the emergency department, and the visitor may or may not be admitted
for a stay in the hospital.

A Hospital
1 2 5 4 Total
Total 5292 6991 5640 4329 22252
F=X o
B |LWBS 7195 270 246 242 | 953
Admitted 1277 1558 666 984 4485
Not Admitted \f 3820 5163 4728 3103 16814
\

Let A denote the event a visit is to Hospital 1, and let B denote the event that
the result of the visit is LWBS. Calculate the number of the outcomes in ANB,
A’, AUB. 34



n(ANB) = 195 visds
N (A')=- 6991 + 5640 + 4329

n(AVR)- n(A)+ n(B) —n(ANR)

= 6292 + 953 - 19§

— COUNTING TECHNIOQUES

3 Mulhiplication Pule

- If an operation can be descibed as a sequeace of b steps,

* If the number of waoys of completing step 4 is ny
- If the number of ways of completing step 2 s N2

*If the number of ways of completing step 2 is na
the total numbec of ways of conpleting the opecation

1S Ny XN, X N3 X_.__ X N

Example/Tree Diagram

* An automobile manufacturer provides vehicles equipped with

selected options. Each vehicle is ordered
—With or without an automatic transmission 2. |
—With or without air conditioning “2-

—With one of three choices of a stereo system 3 =

—With one of four exterior colors 4.
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Example. :

A deovelorer of a3 acias

(ul—-‘;u—l A W alal

If the sample
space consists of
the set of all
possible vehicle
types,

what is the
number of
outcomes in the
sample space?
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home buyers 3 chotce Tudor, rusHe , colonial and

traditional extedor S-l-t:‘li‘na fa raach , +wo - stocry and
sphit - level Cloor plaas. Ta how maay different ways

3 3 buyer order one of these homes ?
Externor Floor Plan
Shyle

(swalamanin kaq fFarky sekilde
— PERMUTATIONS qgercetlesecegint hesaplamada eullanhc)

. Constder a set of elements ,such as S=% a,b,c}

» B Pecmuba-lion of the elemendS s an  ocdeced sequence
of the elements-

* Foc exomple, abc, ach, bac, beca, cab, and cba ace all
of the pemuidtions of the elements of S.

¥ The number ofF pecmutations of n ditferont



elements is nl where
Nl =nx(n-)x (n-2)x-—-x2x1

2 Ex: How many diffeerd ways can 4 people
Lae wp?2 -5 4|

- Permutations of Similac Objects

* The number of pemubtations of n=N 4N+ N34+ N
objects of which N, are of one +3|=e : N2 e of a

second type ,._., and nr ace of aa rih type is

Example :

How manﬂ different ways can ) exacHy the same
math books and 17 exacH:, the same chemistny books

be arcarged on a shelf ? 2?1
51.3|

& n tane seﬂin X tonesinin  kaq farkly sekilde
© Swcalanabileceqi (dizilebilecegi) 2

P(ﬂ,)() = n!
(n-x)|

Example:

Five |'i£e3uatds ace available foc duty one Satuday aftemoon.
Thece e +three |s‘Fe3uafd stations . Tn how many ways
can -three l'-‘-Feﬂuards be c<chos€én and odeced among

+he stationg ?

5 4 3 _ 5% _ 8! _¢o




(s-3)) 2!

Example :

« 5 erket 2 bz yan yana di2ilece b
3) kaq fakh bicimde diwailicler ?
8)
b) Erkeklec b acada oimak gac.hD\a Lac fackh braimde

Taa () sss

3 =4S
©) Kizlar bir acada elmak sadyla  kaq fackhy sekrlde
dizilrler ?

AT TTTTICESY
S L

d) nr”m a‘nsi:,e,-uer bir acacds olmak sachyla kac Sackyy
biacimde diulebilider ?

@ - s

Exanple: 4 melc\up S posta tutusuad kaa fFarki bramde
35nder‘i\e.b?li‘r ?

= €).3

1. 2. 3. 4
5

5. §. 5 . :5“.

Exomple: § k2 4 eket yan yana dizilecelHc. Wec Wi
iz rasna A erkek gelmek sachyla kac fackh
sekilde dizulebilir ?

k. k "k k® e =54
* r + 1

.c:\'ml\'p -
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« Al ile Veli ‘nin  acalacinda buluadugu 6 ks 429
yana dizilecekdir

3) Bli e Veli bas ve sonda olmak sachyla kac Lackly
seilde  dizilebiti ?

ACOV = 4.2l

b) KL, Velitaln sajnda olmak sachyla kaq factie bicande

diaulebiticlec ?

(5]
——=
VA & V.__A 2 o9

Exavple: 1193330151 saysiadati  ratamlar yer degishcecet
10 basamath Ekaq fakh sayr  gaalabrlic ?

0t 9
4!.3) 4-1.3)
Example
A | S_e:l'.i_\ée cwl-geﬂ ve ”ahﬂ
1 Gugiller R, B ve C nottalari
5 ( S arafmdala‘ wlasim 3ollanm
g 1 gostermetre .

WA—N\-A—/C
4

3) AV'dan C noldasnd ea kisa 3Olclan kaq fakli braimde

idilebilic ?
3"“‘9"9"“ : 5 asagl 8 sada gitmel zorunda

134
51. %)

b) R daan C noktasind B ye ugavak saclyle er busd



3olelan kaq fackli braimde ardebrli‘c?.

81 5\
51.31 31.21

) A‘dan C noktasna B‘ye uﬁrqquaﬂ en bisa yoldan
kac farkkc  biatmde aldebi’li‘r ?
i34 | 5|
51.8) 31.5|  31.2)

- COomBINATIONS

> The number of subsets o r elements that can be
selected from a set of n elements.(Here, orde s not

impot"-aﬂl'. :
_—n—\-—“!_ ) (2) - *(2)=l
B _rﬁ""'ir!‘(—n?f)‘!i » (2 ) _ (g) 5 X=Y \se
Xty =N
Example -

- AW ile Velidam amlaanda buluacluﬁ'u 8 kisi acasindan
3 kisi sedailecekdr.

3) Al \‘e, Veli ‘\an  seailealer  acasinda D|clu§u ducumlacin
sayisy kacts '?
? 6) _
ﬁ':,\/‘e,li, S (,‘)_G:
A

b) Al e Veli’nin secilealer acasinda olmadigi  duumlann

<musict Vor dae 7 S



T (8): Hye2e
3 3.2

¢) RAli‘ain seailenler aasinda olup  Velilain olmadujl
durumlann  sayst kactic ?
> —
-7 6\_ 6.5 _
Ak, .i- 5 (8)-%-s
Example :
. 4 dottor , b hemsire acaswaadan 2 sk b saghk

ekibi sedilecekticc- En a2 1 dottordan olusan kaq
farki  elkip  secilebilir ?

41D 2H ve:,a 2D1H \neﬂa IADOH
(D) +(DE)+(ES) =+

Example :
*+ 10 evhi
a) Kaq Hfakn sekilde secilebiliv ?

O

Gif\ acasindan 3 Lixi seailecet

b) Secilealer acaswda 4 evli otft+ olmak sar-hj \@ kaq farkl
seaim 33P\\a bilir ?

(1:)(':) =10.18=1%0

Exomple :

a) Sekildeki noktalar kullantlacak.  kae farki ucgen qiailic?

N+ (3) 4)-= 20,



- - N g

b) Sekildek: noktalar kullandaak bir kosesi A olan kaq
Packle achea a2ilebilic ?

D)+ (2)(3)- =

Exonple !

[//]]] d, 7 d
777717 didl &y by iy
ds# d¢ # dy // dg #/ dg

"E W
3) Sekide doﬁrular kullanacele  kac, farklh pacateltenar
cuatlebilic ? _
(1)(‘:’) — 60

b) Ric keran d3 olan  kaq fackl pacsletkenac  Giallebilir ?

W% =30

Exomple :

« b lusi 2 sec lsilik odalanqg hxh.md.uﬁu bir otele
kaq farkle bicimde  yeslesebitir 7

(%) (%) - 50

Exomple :

- 8 seameli derstea 2‘'4 ayni saade vertlmekte. 2 seq-
meli ders alacak bir Wist  kag fackli seam yapabilir 7

SRl (D)) + (3)E) -2,

Exomple -
- G {anesi dogusal 10 Fark nokia iTle eaaok kaq




Fackly Gagen cizilebilyr ?

(%9)-(5)= roo _

— PROBABRILITY

. Number of outcomes
The Expression favorable ¢to evert A

of Prababr!ﬂa =

- Total number of
P(.ﬂ) Posstble, outcomesS

PLA) : A olayinn  olasiike deé_ed —> |_o ¢ P(A) ¢ A

- Axioms of Pt‘ob&bf'ﬂ-i

1) let S be 2 sample space. Then P(s) =2

2) For any evert A, ©O SPR)C A

3) If A and 28 nm-luallj excluswve eveats, then
PCLAUBR) = P(R) + P(B)

e fMore 3merall3 ( \F
ALA, ,A,, . 3re mutually exclusive eveats, then

PLA, + Pt Pyt .. ) = P(AY) 4 PLAy) + .-

-P(a)= A O'aﬁmm 3erc.etle§me olasikg
- P(R') = A olaujmm 3e:<.el'_leimeme. olasihgs

lP(A) + P(A*) =1 |



Example .

3 2 pace alvq ikisiato de yau _ 4
gelme olam?;‘g‘l - / 4
S= 193,97, Ty TTY
biciain  ypu , bkinn  _
tuca getme otlasiigt /a

-2 3 paca oo

2.2.2 =8 durum Gatinan de =Y
tura ynqe olasitig) g
S= § TTT, TYY, TYT, YTT,

TY, ¥TY, YY1, IIVY \
? dtua L yau _ 3/
= /8

aelme olauhal

2 b paca ohldiginda 2 yau 32 3um gelme olasdig ?
IO g I I
3.2 31.21
15

— LQ_-_-—
32

s
16 .
-2 6 paca o-hh:jor. €Eaazx A b 3elmc olasui_sl nedic ?

4 - isteameyen _ | _ hepsinin twa = §-_|
?S”Hi’iiﬂ?e, ﬁm as) 4 o 4

Exan?lﬁ :

@ 2 2araimq

* 2 23c 3tdGada ust+ yaalede 2 ve S5
9éculme olasig ?

2 — (25),052)
36

F 2 ¢ ahaginda Gk ywe oeten
sa:,;lam iktnenn d€ S ocima oldSllCﬁ"i

A > (55%)
36

¥ 2 2ac ahldginda ust 3uu'. geren sayulaan  boplavinin 8 olma
olasmgl kaghc?



3 Wa2,2 ) KO8/
b (4,4)

% 2 2ar &hld&gﬁf\da
olma olast\;gl nedir ?

6 —> ) ) )
3b (w2) (2,2
(1,3)

@ 3 23¢ atmad

C.6.6= 216 durum

% 3 2ac a-l-\lckgtrﬂa

ust 36‘2.le.(de 1,2 ve Y sawlarmm S&Efxlme
olasmﬁ‘u nedic ?

,2,3)
£ — G0
216 (2,4,3) 6=3\
(z,3,1)
(3,\,2)
(32,1
Example .
@ [ 3¢ % Torbadan ard acda alWinan Wi topun da
43 Aym reat.  olma olasig nedir?
sSm

3. 2,44 3 o5 4
12 11+IL 1l+|z_ 1]

%+ Torbadan rastgele

2 dop ahnwyor- Birinn mawi | digeaain westl
oima oclasswgy  hedir ?

12
@) 2 4op Gekme
3L ¥ Tockadan 3 Hop allawyor: Her ventten bir top
43 Altamis olma o\asdq.gl nedir ?
S5m

usi- 53& gelen saylacin  toplamiain 5 ten kicik



* Torbadan gt brakmal Jahyla alnan 3 toptan  Tlisiain yesil,
biceata mawi  olme otasmg; nedic ? .

34
Gl e 3. (2. 4 5 ) _
myy ' 12 12 12 |~

S
A\

Example : A die s loaded in such a way that aa even number
is fwice as Wkely to occuc as aa odd numbec. If

€ is the eveat thet a number less than 4 ocurs
on 8 single +toss of the die , find P(€)=7

S= %401' 3¢ 9, S:b} P(E)=ﬂ'—'q_

9w 8,
@+ @wyaey +W T
&

w

Example .

(1) Rl ve Veli‘nin  3ralannda oldugu © kasi ysa yana dizslecelktir.
Ali e Velitria 4yan yana olma olasig kache ?

isteren duwumlacin

says) St. 21
tum  duwcumlann G
Say) sy I

@ FKEVTENKELE lelimesindeti hafler yer dejishitecet  anlanti veys
anlamsiz 10 hacti  kelimeler yaulacdktic: Bu kelimetean R hachy
le baslayp E wharfi e bitme olasiigi lachc?

2

20.3|

101




) gllmOL \‘s'ie”e/\ bir lusmm
= et”e uﬂmvmlg a'ihhe. olaSlll.j V2
i 3
’ si 4|
C — s
21.3) 3.4
a
Si.4¢

Exomple :

@ Bir torbada 3 mavi , 4 kumn |, S yesil top Vaddi. Tobadan 3
' ¢ 29 P
top c.etfldisc'a de Gauatin de fakl reakte olma olaswuigt kact?

» Top 99(? bicakudusa Kombnasyon (%)Lt)(&)
3

boauk 920 8“"‘“‘""“ vardic. Omiet
aapmak Taia allnan 4 uaumurlaadan e, bimiain  boauk olmamd

olasigl  kachr? ( )()
(¥

Example: B avann bic hedefi vuma olasiugs % ‘e, Buava by
hedefe iti ohs wphgada hedefi vume olasiigl kacd?

@ B kutuda 15'i saglam , S\

V'X

2 A\ 14 2 2 2_%
Xv e e R
i 33" 3 3 3 3 9§

Exam Pl&'.'. B ot hilesiz 2ac 3 defa a-l-mjor- Zadaan ust 3&:.3“1'
9etealerin toplamiain hiabir akstd  § olmama clasihgl

act ?
(3,0) _L
9 clmama S % & _ 10
e w75 250N
9ol
u’c 3) ( o‘l,as“ﬁcgn) (3 2a¢ Ftain)

€KM\P‘C: %i‘r Q?F"‘ hlh—s‘l‘ 2ac 3 devpa a—‘..\;y(. Fadana 1 ez A‘;se*
(6-6) gelme olasigl  kadhc ?




15 35 3§
36 3¢ 36 36 3b 36 3L 3¢

- RADDITIVE RuULEeS

S A and B are +wo everts;
pLaus) = P(R) + P(B) — P(ANB)

3 If A and B m‘ﬂmll:} excluswe P
P(RUB) = PLR) + PIB)

2 W B, R,,.--- A, are mutually excluswe ;

PIREUR,U-_.URL) = P(A) T P(AL) t----t P(AR) —P(S) =4

> for theee evenrts ;

P(RUBUC) = P(R) t P(B) + P(C) - P(RNB) — P(ANC)
— PlBNnc) + P(anenc)

- P(ANB) = P(R). P(8)

- ¢ A and A' complementary events ;
P(R) + P(AY) =4

E"QME'C: Let O be the eveat bthat an even number tums up
and let B be +the eveat twat @ number divisible

by 3 occurs: Find  PLRUR) and P(ANB).
S=%1,2.%2,4,5,6%
A= 2,46 5 Pw)=3, PLAUB) = PLR)+ P(B)- P(ANR)

B- 93,6% 5 p@)-2 =3 .2 _1 - 4

et T T <
ANB=3ey - p(Ane)=1

L4

Example :

What is the probability of getting a total of 7 or 11 when a pair of fair dice is
tossed”

Let A be the event that 7 occurs and B the event that 11 comes up. Now, a total
of T occurs for 6 of the 36 s.l:ll]lll' points, and a total of 11 occurs for only 2 of the
sample points. Since all sample points are equally likely, we have P(A) = 1/6 and
P(B) = 1/18, The events A and B are mutually exclusive, since a total of 7 and
11 cannot both occur on the same toss. Therefore, T\:ﬂ‘l duarumlar = 6.6 =3¢



Mu-luauﬂ Excluswve

Total of 3 Total of 44

(Ll's; {.l,l;), 6 _\ (s,6) 2 _1 P(RURB) = P(A)+P(R)
2,2) L3 i le,s 36 1%

T L+‘.3)‘ ¢ — ’ " ot _l';; - %«9
P() =1/ fle)-1/g

Example .

A target on a test firing range consists of a bull’'s-eye with
two concentric rings around it. A projectile is fired at the
target. The probability that it hits the bull’'s-eye is 0.10, the
probability that it hits the inner ring is 0.25, and the
probability that it hits the outer ring is 0.45.

1. What is the probability that the projectile hits the target?
2. What is the probability that it misses the target?

1) P)=9,25 P(RUB) = P(R) + P(B) - P(ANR)
P(B)=- 0,45 P(AVB) - 0,454+0,25 —0,10 =0,55
P(AnB) = 0,10

2) 1-0,55 = 0,45

Example :

In a process that manufactures aluminum cans, the probability
that a can has a flaw on its side is 0.02, the probability that a can
has a flaw on the top is 0.03, and the probability that a can has a
flaw on both the side and the top is 0.01.

1. What is the probability that a randomly chosen can has a flaw?
2. What is the probability that it has no flaw?

3. What is the probability that a can has a flaw on the top but
not on the side?

P(R)- 0,02 PB)=- 0,03 P(ANRB) = 0,01
) P(RUR) - 0,02+ 0,03 - 9,01 =0,04
2) 1- P(ARUB) = 1 - 0,04= 006

3) P(8)-P(ANB) = 0,03 -¢01=002



Exangle: A ve B bir ornel w2y alt kimesi olen ikl olayduc-
P(R)=0,%
P(B)=0,6
PcAnB) = 0‘5
olacak \reri‘liuor. Buna a;;}e ,

3) P(AUB) kaar?

P(auR)

P(R)+ P(B) — P(ANR)
=03 +0,6-0,5 =0,%

L) P(ANR') Lkach(?

P(ANB')=0,2

Example: Ave B bagimsiz ik olay oclmak urere
P(R)= 0>
P(B) = 0, b

olacak v‘uiliuor- Buca gore
3) P(ANB) kachc?

P(ang) = P(A). P(B) = 0,3.9Q,6=0,42

L) PLAUB) tkaghc?

PLAUB) = P(A) + P(B) — P(ANR) =03+ O,6- 0,42=03%

— CONDITIONRAL PROBABILITY and INDEPENDENCE

P(R) = A'an geraetlegme olasigl
P (8) = B'nin goraedesme olaswg)
P(ANB) = A ve B'amn gecceklesme olos\ugt

PLA\G) = PCANG)
PLB) +—> B'ain geracemme koulu atvnda
R'ain sg,c.e.ue;me. olo.s;h.‘?,\
(Qur sample space is reduced b the set B)




P(8\R) = M S A'ra gerqeklegme muu: athnda
Plﬁ-) B'an ges cekgme Qlﬁ.stllal
(Qur sampte space is reduced 4o the seth)

Exomple: Bic cift 2ac ablyor. Ust yize gelertecden bivinin §
e-l.cl-usq 'oi'li‘ndiéine. goe , ust- aﬁuece gelen  soylana toplovaain
8 olma  olasugl tachc ?

L) (s51) (lﬁ))
G,2) 3G olas) _ - (s,2) (_1_,5 ) 11 clasy 5
L‘! 5) soaus _9 (-gl 3) LB,‘:?) soauc ‘9 T‘T
‘ (s4) L‘}ts) //
5 (ss)

50 (5

Cxomple : Bir torbada 3 Mavi 4 lrmy top vacde: Bu o -
badan gec biralulmaksizin acd ada 2 +aop ceKli-
Yo7 Cekilen +oplacdan biain mavi oWugy
bt‘li‘f\cﬁg\.r\e 3‘6@. 'd%efiﬂ;q bvmni2y olona olnsdt's'l

ko.o.hr?
3k mm ' mwm
gm ) T Mk 2y MK 5 metem
-m K-
KK mMmm-tMK - km
3.4 ,% 3 24
32.3 4,4 3 30 30 S
rerF et ¥ % 42 “

Example . Bir sinftaki ogreactersn  ¥940M ekebtic. Bu sifiaki
eleeklenn 9o 30'u |, kaalaan 9/ 20'si fidkten kalmighc Bu saftan
secilen bir  ogencnin  fizitten kaldgs bilindigwe gere , by
d§rercinin ek o\ma daswgr  kachc ?

fizlkten kalan ekedler  0,40. ©,30
Fiukten tkalaanlar 0,40.90,30+ ©,60. © 20

4
2z



Cxample :

In a process that manufactures aluminum cans,
the probability that a can has a flaw on its side is
0.02, the probability that a can has a flaw on the
top is 0.03, and the probability that a can has a
flaw on both the side and the top is 0.01.

What is the probability that a can will have a

flaw on the side, given that it has a flaw on the
tOQ? Pr)=0,02 P(B)=900]

A: flow on side PLA):-90,02 PLANG) 0,04
8. flow on +ap PLB) = 0,03

Pave). PLANB) o001 |
PL8) 003 3¢

Example

As an additional illustration, suppose that our sample space S is the population
of adults in a small town who have completed the requirements for a college degree.
We shall categorize them according to gender and employment status. The data
are given in Table 2.1.

Table 2.1: Categorization of the Adults in a Small Town

Employed Unemployed Total
Male "I60 ) 40D 500

Female l-lﬂj 260 400

Total 600 300 000
M. a man s chosen } PLMA E) =2
€ . the one dhasen s employed ‘
=8 180 - €90 p(mne) - 22
Plm) ae. - Ple)= 5 (mne) = -~

460
PCLM\E) = PCMNE) _ /900 . 2,3/3
PLE) Coosy ©z

F: a woman s chasen - m' - m< - (nrnplelnen-l- of Mm
U' one chosen is unemploved -3 gl_ €€ . complement of €



- INDEPENDENCE

- Two events A and & ace ndependent F the peobabitity of

each evert remadns the Same whether a ot the other
occun(s - (tter olayin oclasiug d'\ﬁe.c'u'u'r\ geralklesip gewekigmenesine
bo blrvaksian Ayt \eclec )

* \f P(R) 0 ond P(BR) +0 , thea K and @ or MNdependent
o

P(R\®)=P(B) or,
PLA\B) = P(A)

D If N anad & two evenls aad P(B) £0, then;
PCANRB) = P(B). P(A\B)
DI A and & two everts and PLH) # O, then;

P(ang) = PCh). PCB\R)

S A and B +wo independent events ,then

PCANB) = P(R). P(B)

D \f &, ,A,, - A, ace independent results ;

PLAN A, N..._.NKB.) = PLAD.P(AR). . ___P(An)

Example

Of the microprocessors manufactured by a
certain process, 20% are defective. Five 5 ek
microprocessors are chosen at raMsume
they function independently. What is the
probability that they all work?

C a micraop. wort) =1-0,2=0,8
Pl Al 1ok \ g - =5



LR S et ot — \.U‘b)

) Stace all of +hem mdepeadent

PLAN AN B3N AgN Rs) = P(R,). PCAL). P(AL). PCR,) P(AS)

Example :

Suppose a day’s production of 850 parts contains 50
defective parts. Suppose two parts are selected from
the batch, but first part is replaced before the second
part is selected.

1) What is the probability that the second part is
defective (denoted as B) given that the first part is
defective (denoted as A), P(B|A)?

“)What is the probability that both parts are defective,
P(ANB)? P(ANDR) =P(R),P(R)="' .1 _ L
Ak . ) P( I (3 'L@

% Are A and B independent?

@ A . the first pact s defective
@ the Ssecond pat 15 defective

P(E\A) = PCenn) _ PLm).P@) p)= 322 =L

PCRy) PLA) 8so 1
L L_ 4
@ p(ane) - P®).PB) - % 13- 219

@ Second pat seuilmeden fast pat feplaced eAildi;t"i Tain
ind ependence ohah.rdu'-

- ELEKTRIK DEVRELERI

Top (T)

0.8 0.9 r _I
Left (L) Right (R) L 0.95 —|

0.95

There is only a path/if both devices Bottom (B)
function. There is a path if at least one device functions.
What is the probability that the What is the probability that the system function:

system functions?

P(L and R) = P(LNR) P(T or B) = P(TUB)




Example .  Bir elkktik sistemine ilitkin digagram agagida verilmishic. Bilesenledin

Lasarc 3&\&\den davranglacs  bibiinden begimsiz Odufuag gaoce |
sistemin  calisma  claswgay  bulunua -

0,52
v ] B — v - Sistemin
‘ I o gs— (..Qlt}m&Sl ein
0,40 —— \ s A ve D\ain
L—J ) eesintikie
A [ 0 }SI calsmasy a2

As |
—) 8ve C“den d€
Lu

en aunadan Lk
calugrmale:

29083 (0,80)(0,50)(1-9,35)(0,95) + (0,%0) (1 -0,50)(S,)3) . (0,95)
+ (0,£9) (0,50) (9, 35)(095)

2.9el S (0,80) (1- 0,50.0,85) L0,95)
S

her Tkisi
de calsmaisq

Erample .
1%93] Bilegsenlern basan %éni‘mdea
A dovranstany  bibinden
> — hﬁﬁmr-t ouu_ﬁm aére v
sistevun Galgma olsigar
' hesa sy -
| (ow—fae a

2, c o hepsinin cohs oSt
//_\‘

§ = sis Femin

caugmama = A -I'_o,m. 0,343} | = 0,93931L x 0,98
Muit\\ﬁ\ —

- BRYES' cuLe

—)Foramdexmi-s A and B

PLe)= P(BNA) + PLBNRAS)
P(e)= P(B\R).P(A)+ P(B\AS). P(AS)

€xample :
. PCEN )
* The probability of product failure is 0.10, given that a chip is exposed
to high levels of contamination. P‘-“') = O! 2

« The probability of product failure is 0.005, given that c\ _
exposed to high levels of contamination. PCF\HT PLH’ ) - O'S

* |In a particular run, 20% of the chips are exposed to high levels of

contamination. T D, P(F\ H-)._._.. O'.L
What is the probability that a product using one of these
chips fails? P(F\H*) =005
i PCH PLE) =2
F: the event that the product fails H: the event that the chip is exposed %
to high levels of contamination
FC: the event that the H¢: the event that the chip is not
product doe{noﬁail exposed to high levels of
contamination

P(H<)



PLF)= PCFNH) U P(FNHC)
PLF) - P(F\H). P(H) 1 P(F\HS). P(H9)
P(F) = B, 1).( 0,2) + Lo00S). Lo,8)

Example:

s s -

O Customers who purchase & certain make of car can
order an engine in any of three sizes.

L Of all cars sold{45% have the smalleangine, 35%
have the medium-size one, and 20% have the largest.

L Of cars with the smallest engine,g\é_‘[’fm@ﬂ
emissions test within two years o ase, while
12% of the those with the medium size and 15% of
those with the largest engine fail.

dWhat is the probability that a randomly chosen car
will fail an emissions test within two years?

P(S)= 0,845 P(RS)= o PLF) = P(FNS)+P(FNM) 4 P(ENL)
P(m) = 0,35 PLF\M)=0,12 PCF) = P(F\S) . PLS) + P(F\M). P(M) ¢
PLL)= 0,20 PLF\L) = 9,\5 PCFAWL) . PLL)
P(F)-2
. PLF) = (0,1)( 0,45) 4 (0,12)(0,35) + (0,15)(%,2)
= o,
"mmglg .
In a certain assembly plant, three machines, By, B>, and By, make 30%, 45%, and
25%, respectively, of the products. It is known from past experience that 2%, 3%,
and 2% of the products made by each machine, respectively, are defective. Now,
suppose that a finished product is randomly selected. What is the probability that
it is defective? e
Wogiai PLO)- PLONB,) 4+ P(DNB, ) + P(ONE;)
PLB,) =0,3 PCD\E,)- 6002 | PLD)=P(D\&,).P(B)+ P(D\B,).P(8;)
P(B2) - 0,45 P(D\8,)=0.03 +P(p\83 ). P(8;)
P(B3)=0,25 P(o\g;) = o2
PD) =
P() -7 ©) = 0,02x0,3 + ©,03 x 0,45
+0,02X 0,25 = 0,02_45:,,
waosy R



b w o
30%0 B) Yo 45 6, ¢/-25 B3

! l |

2% ol 3% aneal 2% aqmly
Seailenin
usuctu =2 ©,30)(0,02) + (0,45).(0,03) + (0,25). (,02)

olma oln&l&&\

ﬂ-dtli'-ﬁana\lg_‘.
- Seailenin defective otdugu bil?nd';s'me, gocre B3 ‘den olma claswgy nedic ?
P(B3\D)="? P(83) = 0,25
P(D\e3) = 0,02

P(p\e3) . pP(e;) = P(one;) = 0,25x ¢ 02 =6,095

P(Bs\D) = P(83ND) _ 0,005 - 0,204
P(D) ©,0295

Example :

* In a manufacturing process, 10% of the parts contain surface
flaws (F) and 25% of the surface flaws are defective parts (D).
However, only 5% of parts without surface flaws are defective
parts. Let D denote the event that a part is defective and let F
denote the event that a part has a surface flaw.

: F o —1o0 N

Assume that > > 4°

there are 400 °
parts In total FCo360 18

P(D)-28/g00  * PLD\F) = P(..,D:Ff)_ L

£ P(.F) = 40/400 . - e(on F‘-) 8

® P(.F\D) = PLF“D _ 40 e P LF\DL) _ ?(Fﬂ O"') = 3%

FO) l P CO<) /3v2

t PR - PCO°NF) 39, . P0°\F9) = PLO“NF) _ 342
P(F) 4o P(FO) e

Example .

A printer manufacturer obtained the following probabilities from a PCH) = o, 4
database of test results. Printer failures are associated with three P(S)=0,6b
types of problems: hardware, software, and other (such as PCT) -0,3
connectors), with probabilities 0.1, 0.6, and 0.3, respectively. The

probability of a printer failure given a hardware problem is 0.9, P(F\w)= 9,9
given a software problem is 0.2, and given any other type of P(FIS) - O, 2
problem is 0.5. If a customer enters the manufacturer’s web site to

diagnose a printer failure, what is the most likely cause of the P(F\T) = 0,5

problem? P(#\F)=2 P(S\F)=? P(T\F)-2



P(F) - PLF\H). PCH) + PCF\S). P(S) 4+ PCFR\T). P(T) =0,3%6

PLHAF) = PCHNF) _ P(F\R) .P(H) _ 09x Q1 _

0,25,

P(F) PCH) 0,36 “

P(S\F) - P(snF) _ P(F\S).P(S) _ o2x b _ 0,333
PCF) PCF) 0,36 ¢

PLT\F) = PCTAF)  PCF\D.P(Y) _o,5x03 o

P(F) PCF) 0,34

Example |

A manufacturing firm employs three analytical plans for the design and devel- 9(P|)= 0(3

opment of a particular product. For cost reasons, all three are used at varying P(-P )__ 0,2
times. In fact, plans 1, 2, and 3 are used for 30%, 20%, and 50% of the products, s

respectively. The defect rate is different for the three procedures as follows: P (P3>= 0,5
P(D|P) =001, P(D|P,)=003,  P(D|P)=0.2, P(P,\D)=?
where P(D|P;) is the probability of a defective product, given plan j. If a random  p (Pz.\ D)=?
product was observed and found to be defective, which plan was most likely used .
and thus responsible? P ( P3 \D)="?
[ ]

P(D)= P(D\ R). PLA)+ PLP\P). PLR) 4+ PCOVR).PLR) = 0,019,

P(P\D) = PLAND) _ PLOVR).PLR)_ 5y
P(p) P(D) g

P(P2\D) = P(P,ND) _ PLD\P). PLR) _ 0,316,
P(D) P (D)

P(P\D) = P(P; ND) _ P\ P;).PCP;) _
P(D) P(D)

0,526

Exampie :

The proportion of people in a given community who
have a certain disease is 0.005. A test is available to
diagnose the disease. If a person has the disease, the
probability that the test will produce a positive signal is
0.99. If a person does not have the disease, the
probability that the test will produce a positive signal is
0.01. If a person tests positive, what is the probability
that the person actually has the disease?



D: Disease PLD)= 0,005 =) P(DT)=1-0,005= 0,095

Pipositve test  p(P\D)-0,93  p(p)- pLpy D). PO) + PLP\DS). P(OS)
P (.P\ D") = 0,0)

P(p\p)=2 = PLONP) _P(P\D). P(D)
d)) PLPND). P(D) + P(PNDS). PLOS)

0,99 X ©,005
(0,99) x (0,005) + (92,01)x (0,095)

Ancther Wany

9,9 Tt
‘a S & postict Test Sonucuaun
0,005 has < . aNF wkma
< O,0L negahf Poolqsmst :
0,995 saé'ltldg ool P‘?HF €0,005).€ 6,99) +
:o,gg negahf ) €0,993).(0,01)=

= 0,0149
= Test soaucuaun —— Koswla —
POUHIF Oldugu olasii (0,008) Co,99) _ o,3322
hrli‘ndiéine 86«': 0,0149 -

Geccetkten hastq
olma olaswugi

- DEFINITION OF A RANDOM VARIRBLE

- A (random vacwable  assigns a numertca|l vale 1o each

outcome Tn a sample Space
U&asiaeje. sucecledn sonucdlaman  gercele saasla.r la e.ste.s,ﬁ‘r;\mest)

-9 Bir olasi\i dea'eri deﬁ“d“"- X,9,2 gbi l":‘.ﬂm" hacfler ile
tanmmiantr:
Ryt olasdik Da.-ﬂ_tlun( ( Discreate Prob.)
_C Sucekk Olasdie Vaglimy (Continous Pwb.)
vacsa discreate

Ayeik Rasigole Dejisken: Rir geylen saywsidic (The number of ..)
(Discleate Pco'a-Oi'Str'i\owﬂoa) 3 defe

'T Se-.lebnn-

ﬂ" B paca 3 teﬁ ( X Twa ae.lmer?ni‘r\\ X=30,1,2,3%




- s ¢ -
\ Q.-H.l\-a or | / \ Sﬁ.a( ) j ‘5: i *:L te.re.‘\B a:st:[;,m/

ﬂﬂﬁh"‘i‘(
y becof black
¥ 4white 6 Black e,
balls Tn 3 bax: Two g
bolls 2Ace selected p(_ww) = p(x:o) 4
- Plewor wg) =Px=t) x=‘{fal:’[}
PLBB) = P(x=2) et =
» Bir 2ar 2 ker Y. 5 getmelermn _ _
( -ltttuor 50_3“‘ ) J- {o, v, ?-‘5

(Contraous Pcob. OTs¥Gbutions) Ola.\échr.

— bic geyin sucesy he legth of - -
Vasa con-hnOu.ﬂ
— Yoir 7%7“ milcdan the amount of--— & <

*1ex<3

- 5L y&to
S5 X' the number of defechwve products nan.v_
S X the number of CovID-9 Cases Tn Turkey (Otscieate

Probabitity
S X< the nwumber of deaths ™ Tu(\'_ES Dfsi-ribuﬁons)
- Y, the weight of newban bLaby
99 ProPo(":l.Of\ of the defechwe products Sucekls
n a produchion line (Cantinous
. : Probabils

S Y. dumtion of quarantae ‘vecause of 0-51-r.bu:3:as)

the paadewc

% Random \acuable bic foak. olchgu Cedn  A'in deger acalGindan
(rn.mae.) bahsedebiltvat -

« XVia dcse( ume s =3 ﬁm\ae.(}) er Qx

Example .

A batch of 500 machined parts contains 10 that do not
conform to customer requirements. Parts are selected succes-
sively. without replacement. until a nonconforming part is
obtained. The random variable i1s the number of parts selected.




X ¢ #HF numbec of pacts seclected

+ 490 conform
e 40 not woafoim

Ry = Y4,2,3. .. . 490, +3|} (Discreate Random Sample)
hep conferm L_) 490'a kadac socuasuy
Sewieel © secebilir. 494, esin
yuuden Lile noa - confornn  olma
boads 2omadn  kolyr V& © Wman

Auactar.
Example ',

< ° bozul
The number of in a l-inch length of copper wire

manufactured by a certain process varies from wire to wire.
Overall, 48% of the wires produced have no flaws, 39%
have one flaw, 12% have two flaws, and 1% have three
flaws.

Let X be the number of flaws in a randomly selected piece
of wire. List the possible values of the random variable X
and find the probabilities of each of them.

— i, =

P(x=0)=0,48

(\) lm
P(x=l) = 0,39 anae(}() = }0,1,1,3} :
P ) - ot2 A e
P(x=3) = oL

- DISCREATE PROBABRILITY DISTRIRBRUTION

= P.as-lge.le. deg'tskenle.re oit olasddacrin hesaplanmasi ile
olusan d.a.ﬁaumdar-

* x|o L2 3 8 I‘
Pe=x)[ « « o . I

0 4 2

:

¥ Kesikli olasihl. glasikk uite :
dagihimi «Fcnt_scbnn.u (Probabitity moss Fuackon )



Cxomple .

Ber pacan 3 ke adiliyor. Tura gelmelennin sayisna art  wesikli

Classh.  dagiliming buluaud = hepsinin ya getmesi

Pu:°)= j_-{-..-i =_L
2 L 2 g

X= %ot L, 9—13‘3

= Discreate Probability Olma Sachlan

® 2 ) = > P(x=x) =4 (Butis olasiitlann toplam A olmah)
X

b 8

@ P(X-x) 20 , f&X) >0 (Her bir olasiik deged O'daa buyut
veyo. esit almu)

Y -

olasthk e Rastgele ’ R
@ dmeﬁi dagtswlc( olastut
d.aghuml
Example .

Bic tocbada 32 mawT, 4 yesTl top vardc. Tarkadaa 2 bop

alinyor: Buna gie , mavi top gplme  Saysind it kesitl
olaswle dﬂStllMtt\l bulunu .

X| © o 2%
im X-:ﬂ o, 2_} l N




Example :

A shipment of 20 similar laptop computers to a retail outlet contains 3 that are
_d_fr_f_e_(ﬂe If a school makes a random purchase of 2 of these computers, find the
probability distribution for the number of defectives.

: _d "
X . # number of defectwes 20 laptop 2 ‘::‘:’;ﬂﬁ:ﬂ“

X=%0,\4, 1\}’
> 2 Jdefective P(x-0) = (i)c;t)

D | defechine , 4 nendefective

> nandefectwe (.22)
PLx=1)- (3D P2 - (1)(12)
(2) 2)

Exmngle .

\The number of patients seen in the Emergency Room
(ER) in any given hour is a random variable represented
by X. The probability distribution for X is

P(X x) 04

Find the probabilities of the following:

a. Exactly 14 patients arrive @) Px=t4)=3 S rl0=1
b. At least 12 patients arrive %

* . 0,4 -+ +as= a=-o1
c. Atleast 16 patients arrive ~ %*™* ©2* 02+ 01+3=1 2

b) Plx»,12) = P(x=12) + P(x=13) + P(x=14)
= 0,7 Y0, + ©,1=0,%

) Pixx 1) =0

Example

) p(x=4) = 2.9+ 4-+1 - %5 b) Plxc 1) = Plx=0)+P(x=1)
‘/LT"' 3/&7"' +/z

( Solve by yourself)
©) Plx=2) +P(x=3)
Question 1: }J(X) — g ¥x=0.1.2 34

25
(@) P(X = 4) (b) P(X = 1)
) P2=X<4) () P(X>—10)=Z P =L

2-22

a) P(x=2) =3/3- ("/4)?=3(¢ca
b) p(xe2) = P(x=2) +P(Xx=1) AP (x=0)
Q) p(x>2) =1-°P(xe2)
Question 2: p(x) = {_3/—1){1;’4)‘. =0, 1, 2400
(@ PX=2) (b)) P X=2)
(c) PAX>=>2) (@) PX=
d) P(x741) = 1- P(x<A) = 1- P(x=0)



Example .

An assembly consists of three mechanical components. Suppose
that the probabilities that the first, second, and third components
meet specifications are .95, 0.98, and 0.99, respectively. Assume
that the components are independent. Determine the probability
mass function (pmf) of the number of componenfs in the
assembly ifications. _

‘ A F = =N s 24 _nal) .

x‘. #‘ nu.mbef o’F P(x-;o) = (‘_ ‘95 )L'L"'oyas)(l_‘o‘ss)zo 08
compoaents meet ’

Specifications Plx=1) = (0,95)(1-098)Ct-0%)

Rage &) = §0,1,2,3% T (1-0,95)(0,98)(1-0,99)
o 5 i LI—O,SS)(J_ ,98) (0, 99)

compeonetta sodece

i :Ee‘l?.’;im Px=2) = (0,95)(0,98)(1-0,39)
rglc-t)a.n

P t (0,95) (1-0,98)( 9,99)
T (1-0,95) (0,98) (o, 99)

PKx=3) = (0,95)(0,98)¢0,9)
Example ;

A space shuttle flight control system called PASS uses
four independent computers working in parallel. At
each critical step, the computers vote to determine the
appropriate step. The probability that a computer will
ask for a roll to left when a roll to right is appropriate is
0.0002. Let X denote the number of the computers that
vote for a left roll when a right roll is appropriate. What
is the probability mass function (pmf) of X?

q
PRy n (5) g g PO g
Plx=1) = (_1) Lo,oooz_)(l—q,oooz)s

P: 00,0002
P(x-2) - (1 .Lo,@002) "(1-0,0002)*

Px=3) - (‘;-) (0,0002)* (1-0,0002)

P(x=4)- (o,0002)%



2 CUMULATWE DISTRIBUTION FunctloN (cdf)

fx)

(Oiscc eaie)
kesikli olasilik

clngthmg (.?'""F)

suekls olasiik.
C

limy

f(x) “den
‘L elde edilen

F(x) ile 34“.!(&0
biv Fon.ksiamdur-

J

F(x) = baitamti dagilim fonk.

3% Olasshlac toplanarak. 1'e wasir ve F(x) olusur.

%

—) Discreate
COF FWR)

Continous
CofF F-O()

3 F(x) daima
Surekls fonlkdus.

PMF and CDF of a Discrete Random Variable

PMF { CDF ¢t
p(x) - Y -—
3/6
2/6
1/6 repres ents
. — P Pmbé‘llﬂll 1"5
I x 4/} ) VoSS {:u\ﬁf
1 2 4 1 2 4
g‘(’;'h‘f; P(x<t) =0 Plxc2) = Px=1)+Px=2) = a/g
=2)=%4  p(xecq)=4
P x=4) =2/ e £l =2
Exampte :

X| 123 ¢

L OGRS

N
,
.

y.
o .

veild

biciminde olasibk kuHe -ants-t.uonq
- X rasigele degis.\wmm

bivikiml daﬁlhm -kas?-dx\unu baluauy -

(o,xci



bt i
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Example :
Determine the probability mass function of X from the following cumulative distribution
function:
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% 800 parts are non-defectve X=%0,1 :_'s (q )

Example

Suppose a day’s production of 850 parts contains 50 defective
parts. Mww_@, without replacement,
from the batch. Let the random variable X equal the number of
defective parts. What is the cumulative distribution function (cdf)

% S50 Pu(-‘-s are defective

of X? P(x=0)-f(a)- 800, 393 . (*%¥)
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€ First find the possible values of X = x=30,1,2%

@ Then find probability mass function of p(x)=P(X=x)
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@) Finally find the cumulative distribution function of X Fi(x)=P(X <x)
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—2 CONTINOUS PROBABILITY DISTRIBUTIONS
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Exam!ale .

A hole is drilled in a sheet-metal component, and then a
shaft is inserted through the hole. The shaft clearance is
equal to the difference between the radius of the hole and
the radius of the shaft. Let the random variable X denote the
clearance, in millimeters. The probability density function
of X'is
{1.25(1.&, 0<x<l
f(x)=

0, otherwise
P(x>0,%)
1. Components with clearances larger than 0.8 mm must be
scrapped. What proportion of components are scrapped?
2. Find the cumulative distribution function /1 (x) and plot it.
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Example .

The density function of the continuous random variable

X
X, the total number of hours, in units of 100 hours, that F(x )= 3 £00dx
-

a family runs a vacuum cleaner over a period of one

year, 1s s
Ly 0<x <],
fx)=42—-% 1=5x<2
0, elsewhere.

. Find the cumulative distribution function F(x) and
then the probability that a family runs a vacuum cleaner
in one year is between 50 and 150 hours.
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