
dateprobabilityJusa
& Experiment

① Deterministic i

Randomis
minine

* The sample space

(g)
I : defined as the set of all possible

outcomes

J3:11

⑮Findtsamplefor

the following
:

i
ES

① Tossing aLair Goin 5-time



M : 2H ,
+3 c

② Tossing a fair coin 2-times

2: 9(H , H) ,
(H it) 3 22

(T , H) ,
(T ,T)

③ Tossing a fair Coin 3-times

~
23

NOTE sher tossing a fair Coin

k-times , so the number of elements

in a sample space is 2



4) Throwing a fair dice 5-time

3

2 : 91 ,
2, 3 ,

4
, 3 , 63 6'

2) Throwing a fair dice 2-times

ja
123 u56

1 (1 , 1) (1 ,2) (13) (1, u) (1 , 5) (1 , 6)
2 (2 , 1) (2 ,2) (2is) (2 , 4) (2 ,

5) (2 , 6)
3 (3 , 1) (3 , 2) (3 , 3) (3 , 4) (3 , 5) (3 , 6)
u (u , 1) (u ,2) (u ,3) (u , n) (u , S) (4 . 6)

5 (5 , 1) (5 , 2) (5 , 3) (5 , u) (5 .5) (516)

6 (6 , 1) (6 , 2) (6 :3) (6 , u) (6 ,3) (6 ,6)

OTF shen throwing a fair dice

K times , so the number of elements in a

sample space is J13



Campe 2 cardsaredrawnfroaa
as (1-u) ·

Find the sample space
when :

35E

D The drawn was Ithreplacement
&
Y
12

(1,3) (1 ,
4)

↳B U

(3 , 1)
(u , 1) (u , 2) (4 .3) (UNE ! 595

② The drawn das outReplac

I 234

1 X (1 , 2) (13) (1 , 4)

2 (2 , 1) X (2 ,3) (2 , 4)

3 (3 , 1) (3 , 2) X (3 , u)

u (4 , 1) (u i2) (13) X



NOTE
2 .
01/118,
-

"Ess.

"I Gises.&zis !

TheEvenin-
·gr
&S

① Simple event : Consist of 1 element

80 .88 & sample space

②Composite "Combined" : Consist of more
erenf than9 element I

$38%.88 sample space

③Goinevent
: consist ofall cemea



&Impossible
event

: Consisto a
elements of sample

space

---

⑪mple Throwingadice b
time,detea

A :getting a number divisible by 53

A : 953-> Simple event

B : 3 getting asimenumber 3
&

:Si

(1)s's

B :22 , 3 , 53-s composite
event

C : getting a number less than 7

C : 2 1
, 2 , 3 ,

4
, 3 , 63- Certain event



D: getting a number more than I

D: ES= 0 -> impossible event

&

he probabilityf-
-199559
~

Agibigis is

P(A) ==,90
c
-

⑰ampleIPreviousston

0p(a) = T ③P(c) = 5 = 1

② p(B) = 5 = t QP(D) : 5 = 0



#OTES ①certain events probability = 1

⑨ ② impossible events probability
= o

③ p(r) = 1

P(0) = 0

9 0 < P(A) =

----

A : Jailjiys

#Rulesprobabilityo
a

intersection M go
union U ,51

= I

A pla= 1

A 0 p(A) = 1 - P(a)

A ② P(anB) = p(a)
- plan)

ARB' AB AB P(A'nB) = P(B)
- P(ani)

AnBl



③ P(AUB) = p(A) +P(B) - P(AB)
"Addition Rule

I

PLANB) = PlAUB)= 1- plAvi)

PlAB) = PlanB) = 1- plAni)

"De morgan's Law"

⑤ A and B are mutually exclusive
if : OplAnB) = 0 "disjoint"

and

② P(AUB) = p(A) +P(B)

O A and B are independent if

PlAnB) = P(A) . P(B)

NOTE A & B & C independent

P(ABlc) = p(A) - P(B) . p(c)



"multiplication Rule"

⑦ P(A(B)=
given e

"Conditional probability"
-----

NOTES

O PLA(B) and A & B are independen

P(A(B)=
)
=
P = P(n)
(B)

p(a(B) = P(A)

p(A(B) = P(a)

② P(ARB) = p(B1A) A and i

③ PLAUB) = P(BUA)
a or is



⑪mple IfP(A)
= 0 . 8 , P(B) = 0 . 7

P(A1B) = 0 . 6 find :

i) p(A)) = 1 - P(A) = 1 - 0 . 8 = 0 . 2

ii) p(B) = 1 - p(B) = 1 - 0 . 7 = 0 . 3

ii) P(ARB) = p(A)
- PlAnB)

= 0 . 8 - 0 . 6 = 0 . 2

iv) p(AB) = p(B) - P(Ani)
= 0 . 7 - 0 . 6 = 0 . 1

v) P(AVB) = P(a) + P(B) - P(A +B)
= 0 . 8 + 0 .7 - 0 . 6 = 0 . 9

vi) p(AB) = P(AUB) = 1 - P(Avi)
= 1 - 0 . 9

= 0 . I

vii) p(A' VB) = p(A1B) = 1 - P(anB)
= 1 - 0 . 6 = 0 . 4



:Priii) P(AVB) = P(AY) + P(B)
- P(a'B)

= 0 . 2 + 0 . 7 - 0 . ) = 0 . 8

ix) p(AVB) = p(a) + P(B) - P(AB)
= 0 . f + 0 . 3 - 0 .2 = 0 . 9

4) PlAIB)=
xi)p(AB)=B

xi) P(AIB)=

Xixi) p(AB)=B

xiv) PlAIB) = 1 - PLAl) = 1 -E
=
1
7

NOTE P(AIB)' = p(a' li)



⑪ample If P(A) = 0 . 6
, PlB) = 0 . 3 and

PLAUB) = 0 . 8 are AS B mutually exclusives

independent ? neither ?
independent

exclusive &Mutually
PLAUB) = P(A) +p(B)

PLAnB) =PIA) .PlB)

P(AVB) = P(A) +P(() -plan)
0 .8 0 . 6 + o . S

0 .8 = 0 .S + 0 . 6 - P(ArB)

0.81 .

1 I
0 . 8 = 1 . 1 - P(ARB)
-

&

P(AMI) = 1 . 1 - 0 . 8

(Not ME)

I
⑰e)= 0 . 3

0 .37 0 . 5 * 0 . 6

0 . 3 = 0 . 3 w

80 A & B are independent events





& Relativek (RR) Rishfactor
"Risk ration

&5

groupRR-foree
group

-
7/

< / = I

* Some interpretations

exposure group
risk is higher

=> RR = 1 . 5

than unexposure groupe
in

about 0 . So

exposure group
risk is higher

= RR
= 3

than unexposure groupe
in

about 3 times

exposure group
risk is less

= RR = 0 . 8
than unexposure groupe

in

about 0 . 20



NOTE If A and Bare independent

then the RR isa

RR-B
---

⑭mple A study enrolls a 100 smokers and

100 non-smokers
. They are followed for next

years for developing lung CA . 30 of Smokers

and 10 of Non-smokers developed lung

CA .

Calculate the RR ?

↳ Smokers umnsmokers-
100 100

CA 30 10

RR-



⑭ple If 5 in 50 people exposed to

a substance gets sick .

If I in 100 people

sho are not exposed get sick- find the

RR ?

&
I

Sick I

~art to know if exercise

affects the risk of developing some disease

e collect data and find that 28 % of people

sho exercise regularly develop this disease shile

50 % of peoplesho do not exercise



regularly develop this disease , find the RR ?

* RR= = 0 .S

⑪mesuppose meantto"nowif
some new studying program

affects the

ability of students to pass
a particular

exam . Se collect a data and find that

noy of students sho
use the new studying

program pass the exam shile 40% of students

sho do not use the studying program also

pass the exam ,
calculate the RR .

* RR:
-

⑪ample suppose 50 basketball players

use a new training program ,
and 50 players



use an old training program . At the end of

the program se test each player to see if

they pass a certain skills test. find RR ?

passed failed
Neu

program 34 16 = 50

old 39 11
= 50program

* RR=/50 = 0 .8

B : pass

A : new program
P(B1A)

RR =

P(B(A)
- TPA)

FBA)BRA)
Plas

=
= 0 . 872



⑪ample suppose that among 100 . 000 women

with negative mammograms
20 will be

diagnosed
sith breast CA within years ,

sherers

I somen
in 10 with positive mammograms

will be diagnosed by breast CA within years

P(B(A) = 0 . 002

find RR ? P(B(A) = 0 . 1

* () (b)

10 100 . 000

Breast I 20

CA

RR=
0 .000

= 500

-----



* Total probability
r = 1

& Mutually exclusive
events

A & B
B , Bzn B3

=j = Sy AnBAns
4.9si

p(a) = p(A1B , ) + P(A1Bz) + P(AB3)

[⑭B.)= = plAB) = PlAB)

P (1) = P(A(B ,)
+ P(B ,) + P(A(B) x P(Bz)

+ P(AIBs)xp(Bs)

[P(A/Bn)+ P(Bn)

⑮

·=> insurance of

=> disease



⑭ple If 10 % of Boys opted for maths

and 60 % of Girls opted for maths , then shat

is the probability that math is chosen if half

of class's population is girls ?

no %

P(maths) = p(mathseB)
& 50 %

Plinths MG) B 50%
·

So
= p(math(B) + P(B) + p(math(6) + p(G)
= 0 . 40 + 0 . So + 0 . 60 x 0 . 50

panynroduces joled
products , Company

B produces 20 % defective

products and company
C produces 5 defective



products. If choosing a Company
is an equally

likely event , find
the probability that the

product chosen is defective ?

g #pldefective) =

P(D1A) +p(D1B) + P(Drc)

= p(D(A) +p(a) + P(D(B)xp(B)
+ P(D(z)AP(c)

= 0
. lox + + 0 .20x + + 0 .0547

-Opposemenant of ldo
sid is

somen
out of 250 are coBlind ,

then find

the talprobability of color blind people ?



(assume that both men and somen are)
equally in number

50%

p(ci) = p(CBew)
"So

somen 50 %
men

Plinm) 5 %

= p((B(w) + p(w) + p((B(m)
x P(m)

= * o .So .S

⑳arein
study of Cataract in a population of 5000 people

60 years
old and older . Se know that :

A , Gages 60-643 Az : Lages 65-693



As:Pages 70-713 Au : /Ages 75 + ]

shat is the probability of event B

shick is defined as the probability of

developing cataract in the next 5 years ,given

P(A , ) = 0 .
US P(B(A ,

) = 0 . 024

P(Az) = 0 . 28 p(B(Az) = 0 . oud

p(Az) = 0 . 20 p(B(A)) =
0 . 088

p(au) = 0 . 07 P(B/Au) = 0 . 153

* p(B) = p(B1A ,) + P(B1Az) + P(RA))
+ P(B1Au)

p(B) = P(B(A ,) A p(A ,) + P(B(Az) x P(Az) +P(BIAs)

* p(Az) + P(B(Au) + P(Au)

= 0 . 024 * 0 . 45 + 0 . 046 * 0 . 28 + 0 . 088

* 0 . 2 + 0 . 133 + 0 . 07



= 0 . 05

⑪suppose"actorsAsstan

patients Coming
into Clinic for Syphilis .

Let us

define the following 2 events
:

At (doctor A makes a positive diagnosis)

B + (doctor B makes a positive diagnosis

p(A +) = 0
. (0 , p(b + ) = 0 . 17

, P(A + 1B +) = 0 . 08

Answer the following :

a) find the conditional probability that

doctor B makes a positive diagnosis givin

that doctor A makes a positive diagnosis ?

p(B+ (A +) =P
= 0 . B



·

B) shat is the conditional probability that

doctor B makes a positive diagnosis given

that doctor A makes a negative diagnosis ?

P (B + (A) =PA
P(BTNAD = plit)-PLATBA

C) What is the RR of B+ given At
?

&
* Baye's Rule and screening

tests

I

(+) 1-7

(4) True false

Test positive positive

()
false True

negative negative



① positive predictive value

TP
PPV = PV + =

+FP

Fe = p(disease) +)

② Negative predictive value

NPV = PVH =EN

- = P(nodisease (c-)

③ sensitivity:P

= p(c+) disease)

① specifity=P



P(()(no disease)
* Baye's Rule
P) AlB)=B) = PIB(A)
=P(AnB)

P(B(A)=)PS
P(AIB)A P(B)
-⑪(B)+ PAR)(B)

&impleThe table below shows the results

from looking
at the diagnostic accuracy

of a new rapid test for HIV in 100. 000



subjects , the rows of the table represent

the test Result and theColumns the true

disease status

HIVLH HIVL Total

Test 378 397775(t)

Test 2
-

9882398825

ITotal 380 99220 100 000

① find PVH) (PPV) ?

PPV = P /disease ((t))=de
=

② find NPV (PV) ?



NPV = P(nodisease)(-))=

-88

③ find sensitivity ?

P(()/disease) = Adieme) -

① find the specifity ?

-
probability to

have
certain disease is 0 . 1

and the probability to have a positive



test if you have the disease is
o .9S

and a negative test if you
don't have

the disease is 0 . 93
,
and a positive

test if you don't
have the disease is 0 . 7

P(B) = 1 - P(B)
find PVH ?

= 1 - 0 . 13

= 0 . 8S

* P(D) = 0 - 15

P(A(B) p (↑ /3) = 0 .95 - sensitivity

Pla(B) P)-(D) = 0
.93 - specifity

P(A(B) PL + (D)
= 0 .7 -e false positive

A : (+ )

PVH) = P(D) +)
B : disease

P(BIA) = pBPPLAIBYAP(B)

=9SoExo . 83



⑪ample suppose 84 % of hypertensive and

23 % of normotensive are classified by

Automated blood pressure machine as hypertensive

shat are the (DV +) and DV-) of the

machine if you
know that 20 % of the

adult population have the disease ?

ABP
by 4

84 % 23 % p(+ (D)
HTN normotensive

D D'

p()) = 0 . 84 -> sensitivity

p(5(B ) = 0
. 23

A : (+ )

P(A)(B) = 1 - P(A)B)
= 1 - 0 . 23= B : D

P(D) =02P(A' (B) = 1 - P(A(B)
B



PVH) = P(B(A)=BAPBPAIBYAP(B)

=

= 0 . 48

PVH) = P(B' (a).
B) + P(B)

p(A
: (B) +P(i)+Ta(B)+ P(B)

-08.1670
. 26

= 0 . 95

NOTE PLAYB) = P(AIB)' = 1- P(Al)
# im-

⑭ample A man is known to speak the

truth 2 out of 3 times . He throws a dice

and reports that the number obtained



is U . find probability that actually
the number obtained is U ?

M : (1 ,
2 , 30 5

, 6)

* p()) = = +) =+

A

P(g) = 5

P(u) = 5

p(/)POMB)P(

#
t

and 25 women out of 1000 areorators
-

An orator is chosen at random . Find the

probability that a male person is selected



&Poor⑪

p(manlorator) - BP (AID)AP(D)

-
P(A) = [P(A/Bn) <P(Br)

B, B2
B2
&

P(BIA)=P(B)BAPS



⑪ample three factories A ,
B and Cof

an electrical bulb produce Respectively 35 %

35 % and 30 % of total product . Approximately,

1 . 5 %, 1. % and 2 % of the bulbs produced by

these factories are known to be defective . If

a randomly selected bulb manufactured by

a company
was found to be defective , shat

is the probability that the bulk sa

manufactors in factory A ?

* P(A) = 0 . 3) P(B) = 0 . 35

p(C) = 0 . 30

A1

P( .D(A) = 0 . 013

A

P (D(B) = 0 . 01 PIDEC) = 0 . 02



P)AID):P XP(B)
+ P(D(c) * P()

-
0 . %40. 33

+ 0 . 02 * 0 . 30

= 0 . 356


