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Chapter 4: Probability and Counting Rules:
dad) ol 68 ¢ claiaY): & A Juadl)
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Ll Jlaiay) g o pall il 8

Sample Spaces and Probability:JwiaYl g 4dmll £ 58

A probability experiment is a process that leads to well-defined results

called outcomes.
0 ol i) o e gl iy i 48 jma il L) g AN dlaad) & Addlaial) 4 i)

An outcome is the result of a single trial of a probability experiment.
Aallday) 4 el Calias aa) g 40yl G._'i\_'\ Y. ;GEL'J\

Sample Space is the set of all possible outcomes of the probability

experiment.
Adlaia ) Ay aill AiSaall il gill JS de sana g daall £
Experiment 4 il Sample Space 4iadl §)
Toss one coin H T
Roll a single die 1,2,3,4,5,6
Answer a true — false question TRUE, FALSE
Toss two coins HH, HT, TH, TT

0502180703 Jis»
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Types of probability: <¥lia¥) g8
rob LaS 2 g abud] BV e LaiaY) andis
1)Classical Probability : (Sswdsl) Juaiay)

Classical probability assumes that all outcomes in the sample space are

equally likely to occur. That is, equally likely events are events that have
the same probability of occurring.

osehall (8 dua )l Ll Al £ 58 8 il il JS 4SSl ¥ laiaY) (8 iay i
The probability of any event E is:

number of outcomesin E _P(E) = n(E)
total number of outcomesin the sample space n(s)

This probability is called Classical Probability and it uses the sample

space S.
Al ¢ 8 aladiind oy SadSD JlaiaY)

EXAMPLE: When a single die is rolled, find the probability of getting :
a(l,2,3,4,5,and6).
6355 432l e Jpanl) Juial a5l ¢ 3an) 55 303 i3 8 ) (e e
Solution: Since the sample space is S=(1, 2, 3, 4, 5, and 6)
P(1) = 1/6, P(2)= 1/6, P(3)= 1/6, P(4)= 1/6, P(5)= 1/6, P(6) =1/6
() 6/1 (5 5y Dbl MY (e 22l 9 JS Jlata)
NOTE: The sum of the probabilities of all outcomes in a sample space is one.
a9 o gben Ll £18 A i) ol JSI LAY IS £ gana 143 gale
Probability Rules: c¥laiay) 4, i cilalua
1. O<P(E) <1 asllls siall n pana 05 Jlaial
2. P(E) =0, impossible event. jia (s sbuw allaial - Juativall Gaall
3. P (E) =1, certain event.asl s s sk Juaia¥) — xS 5all Soal)
4 P(E) = 1 (sum of prob. = 1)1 (s st OYLaY) & sana
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2) Empirical Probability: ¢zl Jwial)

The difference between classical and empirical probability is that

classical probability assumes that certain outcomes are equally likely
while empirical probability relies on actual experience to determine the
probability of an outcome.

frequency distributions 4! Sall Clay 5 il aadin o a3l Jlaia¥) b

Formula for Empirical Probability: given the frequency distribution,

the probability of an event being in a given class is:
& saaall / Sl = E Gl Jlaial

P(E) = frequency for theclass :L

"~ total frequencies inthe distribution  n

this probability called the empirical probability and based on observation.

EXAMPLE (4-13):
In a sample of 50 people, 21 had type O blood, 22 had type A blood, 5
had type B blood, and 2 had AB blood. Set up a frequency distribution.

Type Frequency
22
B 5
AB 2
O 21

Find the following probabilities for the previous example.

AU Jlaiayl aa gl
A person has type O blood. 4iluai jaii Juisl a5l O
Solution: P(O) = /n = 21/50.
A person has type A or type B blood. 4iluat jais Jlisl a5l A 51 B
Solution: P(A or B) = 22/50+ 5/50 = 27/50.
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3) Subjective Probability: (8l Juaiay)

Uses a probability value based on an educated guess or estimate.
CYWAY) e g sl 138 i ¢ estimate sl sl guess cpeddll e aaiai g sill 12
Slie Laaldll ) 8 HUaed a5 A (e ¥ Jie) e (adidi b pua e dlaie V) ol

Example: Seismologist might say there is an 80% probability that an
earthquake will occur in a certain area.

(AR Jlaiay JUa 13n Adma dBlaia B duda ) 338 Jeedil %80 Jlais) s O ad gy gaba Y)
Complement Events:dlasall cilaay)

The complement of an event E is the set of outcomes in the sample space that are not

included in the outcomes of event E. The complement of E is denoted by E (E bar).
E Gaaall b diacme ol S Al §18 il il OS o8 B aall JeSall sl
(Ju ual) Aane 358 dadal ey die amd UleSa S 53 ) puall ;G
Example:
Find the complement of each event: s JSI JaSall 2 )
- Rolling a die and getting a 4. 4 23l JaSe a5l 3,15 8 ) o0y 2ic
Gettingal,2,3,50r6 422U juing a5 8 ) b alael) 3l
Example: Selecting a one-child family and getting a boy.
Getting a girl.(cu sle Jsanll s JuSall) a5 e Jgaanll 55 yul o Jila lsial
sl g Jlie

The complement of guessing 2 correct answers on a 2-question true/false exam is:
S=(TT,TF, FT, FF)

(P iy T g Lagiiba) Callisaad (i Gl Jase aa i (bead) J) gudl) dan i

CEcuatEuacuaua) shddall g

(Ul Gliay) ¢ dagaa 4l g Uad oY) Und U g dagaia J6¥) ¢ Gliagaua GlidaY)
guessing at least 1 incorrect answer

Ml g8 o aalg s ATS ks g1 (B € 0a € < & 0a) @ Clasaua ey Jasal)

Jona J8Y) e g (paua e f  E ua) LY st Uad i) Jasa (e Al gl

100 <l ALuY) sae g Wia 100 2 @i (N 2 e A e & ol Lpuidi 2 LY ()65

Lol 8 e aalg gl s JAY) o aal g Lgdi o AulaY) ¢ sSi S J) s

s laa Z\.A.Q.A pacld

()5 Laila) 1 (s shon 43 JaSall Ganall Jlaial 5 Gaaa (g1 Jlaial & sana
P(E) +P(E) =1 or P(E)y=1-P(E) or P(E)=1-P(E)
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The Addition Rules for Probability: gl ¢l 68

Two events are mutually exclusive if they cannot occur at the same time (i.e. they

have no outcomes in common).
3 9831 Aadad 4y die ALK g 5 ) guall Jia) Laa ey ¥ Glasd) Gl (S 13) ladle Lagdl oliaad JUay
Qe usal) g AU ) gedh aday B guall gl (Jll) el — Aanal)

A and B are mutually exclusive

Addition Rule: aeall ¢ 4id

# When two events A and B are mutually exclusive, the probability that A or B

will occur is :
2ol 038 23350 (Lagiy A8 jidia yealic aa 53 W) (laile By A gliaal) S 13
(B) Jwial + (A) Jis) = (B 5l A) Jsels
P(A or B) = P(A) + P(B)
# When two events A and Bare not mutually exclusive, the probability that A or
B will occur is:
{008 (Lagi 38 e yualie 2 58) Glaila e ffiaall IS 1Y
(B ablis A) Jisl — (B) dwial + (A) Jwisl = (B S A) e Jaial
P(AorB)=P(A) + P(B) - P(A"™B)

A and B are NOT mutually exclusive

A B
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EXAMPLE: (4-14)
In a hospital unit there are eight nurses and five physicians. Seven nurses
and three physicians are females.

o S zen ge ) uilad§ B35 ) 683 Gaia yae 7 Gailadl 5 5 (i yae 8 Lial 13)

STAFF FEMALES &l MALES _s3 TOTAL
NURSES (= s 7 1 8
PHYSICANS ilasl 3 2 5
TOTAL 10 3 13

If a staff person is selected, find the probability that the subject is:
ol Lo an ol A g 48y play add LA a3 1Y)
1- anurse or a male. S3 sl (i e paddll () 6 o) Juia) 2a f
P(NORM)= 8+ 3 - 1= 10 (NotMutually Exclusive Event)
13 13 13 13

2- a nurse or female: il 5 (i jee (adill (s o Jladal an
P(NORF)= 8+ 10 - 7= 11 (NotMutually Exclusive Event)
13 13 13 13

3- anurse or physicians: (cleie glas) Sasl f (a jee gaddll (58 of Juia) aa

P(NORP)= 8+ 5 - 0 = 13 =1 (Mutually Exclusive Event)
13 13 13

Note: P(NAP) =0  aholiian g ¥ ¢ Al

4- male or female: (Olxile) Gl sf S5 adill & o of Juaial 2a

PIMORF)= 10+ 13 - 0 = 13 =1 (Mutually Exclusive Event)
13 13 13
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The Multiplication Rules and Conditional Probability:
el ) Jlaial) g qupial) (pail g8

Multiplication Rule 1:(1) s, gl ¢ 48

Two events A and B are independent if the fact that A occurs does not

affect the probability of B occurring.
B sels B Sin ¥ A Jsed ol in 138 (e (B B 5 A QS 1)
EXAMPLE: Rolling a die and getting a 6, and then rolling another die
and getting a 3 are independent events.
3 2l e Jgeanlly 531508 5 (o o8 o(A) 6 222l o Jgeanlls 315 8 3 (2
Y (s a a3l (3 6 el seds O (DM Glias ) ying 3 202l 5 6 222l 5ela) (B)
AV B AN A3l ek e i
(36/1) = (6-1)*(6/1) = B Jwisl * A Juisl = B 9 A Jsebs Juial
When two event A and B are independent, the probability of both occurring is:
P(A and B) =P(A) . P(B)
The Conditional probability: (s &l Juadiay)

The conditional probability of an event B in relationship to an event A is the

probability that an event B occurs after event A has already occurred.

The notation for the conditional probability of B given A is P(B|A).
NOTE: This does not mean B +A.

B _sed (given) boysu A seds Jlaial ; a il Jlaiay!

P(Aand B)

PBIA ==

ribadl 5K ail oyt K3 ) sels Jlaial aa gl (4-14) &8 JUall (e
P(B/A) = (2/13) / (5/13)

If a staff person is selected, find the probability that the subject is a nurse

S5 (58 o by (i yee Juial a6l given a male:

1
P(Aand B) _ (13) 1

P(B) (3)23
13
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Multiplication Rule 2: (2) a8, o gl &4l

When two events A and B are dependent, the probability of both occurring is:
(st e By A Dsedd 03 ¢ (MMe pe s By A QS 1)
P (Aand B) =P(A). P(B/A)

NOte: 1is aga 4zl
sl sl o) an 59 ) hua 598 10 58 43 (Gosiea (o (Ba (L S) B8 (a ST s Jla
Uigh (Al 58 caaau g Lgelan ) oS (3 gaiiall (ha (¥ SN Gaas) Ela Y gl -
A U DB (iand) o) (n Laa 4500 3 SN qua B S5 Y A6Y 5 SN qua

f(1) fu ol

### With replacement means independent events.
(A 3l G g Lol ) 28 9 (3 gieaal) (691 B S ) pla ) (gl - Y
U | (Milna o aad) ¢ (riny Laa 4l 3 SN Gonan g i (A 601 880 s Ligh
(2) pd, O $iRY ardied
### Without replacement means dependent events.
EXMPLE:
In a shipment of 25 microwave ovens, two are defective. If two ovens are
randomly selected and tested, find the probability that both are defective
if the first one is not replaced after it has been tested.
celal Osn 082 Al e Lias A0 5 Lgie 2 ¢ (Jl S 0 A 25 (e A 5Se dind
) Ol smsall U o Jaia) s
B Al Al 8 o smanall s A () Ll (b gl () Al 3 i
Ganll ()1 iy Laa AN ¢ 8l Lisos o dna 5l g Y1 0l Lmes Wl a3 15l e
(2) B o st (AN A 8 555 Ca s J5Y) D) (Ml 2 By A
Solution: let A the first oven, B the second oven.
The first not replaced means A and B are dependent events.

Then we use the rule 2:

P(AandB) = P(A).P(B/ A) = (%)(ij _ % _ %
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If the first one is replaced after it has been tested, then A and B are Independent
events and use rule 1: (1) Gl axidud g (Diwa laall) gla ¥ aa ) Gls 13}

P(AandB) = P(A).P(B) = [%)[%) - é

EXMPLE:
A box contains 10 red balls and 6 blue ball. If we select 2 balls.
() 0sv) Sl e GBS awai el 5656l pen S 10 Ao s 580 G 52a
O sl USH (065 (o Jaial 2
Find the probability that both balls are red. ¢! s (i S
Find the probability that both balls are blue. ¢&_ ot <
Find the probability that one is red and other is blue. s, s a¥ 5 ¢) jen 32al
Solution:
R=red, B =blue
- P(RR) = (10/16)*(9/15) =
15 59 Y 38U vy aliall g Janaall (g IS AN dmil) 8 a3l
- P(BB) = (6/16)*(5/15) =
- P(RB) or P(BR) = (10/16)*(6/15) + (6/16)*(10/15)
: Ol Ll e85 5 (s a5 6l a5 S Jlaial 55al) 5 glasll b
(s) e A0l 5 18,5 YY) S (18 A0l 5 ol yea J5V)
rob LS 5 eliany A0l 5 o) yen (Y1380 Jlaiad aa gl 1)) S 13 L)
P(RW) = (10/16)*(6/15) =

10 0502180703 Jl s> — (5 szan anld /3Ll



Permutation:Jsasl)

Is the arrangement of n objects in a specific order using r at a time.

n!
(n—r)
330 0S () 83 5Ake sLal) (e () o8 58 Balae (o sl iy ol

nPr=

e e Al (3l ) 8 e ¢ aa age Al Joalal)

Adlide (S 7 G e B3 gale S 3 G 5 (g A8, pha S,
210 =5x6x7

Combination: s silf

A selection of distinct objects without regard to order is called a

combination.

aa auld /300
or— M S yan auld /

(n—ryr! 0502180703 Jis»

Jhie Y (8 i il 38T (593 jealiall (e 220 SLA) £ G gil) Gy
EXAMPLE (4-47);
How many combinations of 4 objects, taken 2 at a time?
palic Ay )l (e paie LAl (S Ay 5k oS

n! 4

ner= (h-rprt (4—é)!2! =0

EXAMPLE (4-49):
In a club there are 7 women and 5 men. A committee of 3 women and 2
men is to be chosen. How many different possibilities are there?

copla g eled 3 e dial 0 ¢S (S AS) Hha oS e Jla ) By eliad 7 4 (gl

7 51
7C3*5C2 = — 350
((7 -3) BJL (5-2) !2!}
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2 ) Juadl) (e 3\.4.@.4 Jila
) 53 9 ot Jilesa Ja 188 Jguds Jilea

iy e i S S ik aSi g, b, €, d oS Al Lal s 1) 5(1) e

RS FRETR R aan o day) ) A31A0)

4 3 2 1

A5 Ll A0 DA 8 ¢ g Aay ) S e (o pidag A i LA 4 Wl d ) DA B
dagl 1) SR B g ) L Ll A ) A ¢ 3 oY) ASAY) 8 QS Unida g LY il LA

L LAl Al G Juala & okl s ¢ sS 9 aal g LA Ll 5,4l

a8 4k 24 = 1x2x3x4 = Gkl 2

5,4, 3 aB¥) G (e ) (e (98 238 (98T (S ARy b 2S5 1(2) e
281 1S e ¥ (2 W S ey (1 2chS 1Y
p ) SHL plad) s 8
3 oY Al LA gk 2
3 = Al A jial) LA 5k aae
t® WS (S Al a8 Y15 9 = 3 x3 = e (g k) 2ae o))
33,34, 35, 44, 43, 45, 55, 53, 54

1Bl ) S8 e ¥ (2

3 = oW Al s gk e

tR o Sy (AN a1 g ¢ 2 = AN AL jial) JLEd (g ok aae
34,35, 43, 45, 53, 54

: Rl g dad) oyl g8 Jileaa o Adlide 48]

How many different ways can four people, Andy, Betty , Cindy, and Doug, sit in
a row at the cinema if Andy and Betty must sit together.
2 (Andy, Betty)* 3 * 2 = 12 ways

*k*x
If the letters A, B, C, D, E, and F are to be used in a five-letter code, how many
different codes are possible if repetitions are not permitted?

repetitions is not allowed sl (e 93 ‘3!

) S e 13

6*5*4*3*2 =720

IF REPITION IS PERMITTED or allowed = 6”5 = 7776

*k*k

In how many ways can a student select five questions from an exam containing
12 questions if he must select the last question?

1*11*10*9*8 = 7920
**k*k
Determine the numbers of all possible outcomes of guessing the last two digits in
a telephone number if repetition of digits is allowed.
Solution:
0123456789
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Then the no. of possible outcomes = 10*10 = 100

**k*

An ID card consists of 5 letters followed by 2 digit. How many different ID card

can be made if repetition are allowed.
ABLd) ClULAY) aladialy 4dy 9S8 (Say €S aS ¢ Al B GuiiA g i g padl LA S (e () 9 i S

10 Sama sl oS \3\

Letters <igall 44 Digit #8_%¥) 44
26 | 26 | 26 | * | 10 | 10

26*26%26 * 10*10 = 1757600 4k

letters 4 alady) 42l (i A 26 Lk Lt
(9 ) 0 M= G (0 585 B (5) A1 10 583 9 (M 0 O dligit ALY Ll

: repetition not allowed g sewa & sl Als 3

Letters <igall 44 Digit a&_¥ L
26 | 25 | 24 | * | 10 | 9

26*25*24 * 10*9 = 1404000 44,k
safladiay) e daga ALia)

A committee of 4 people is to be formed from 6 doctors and 8 engineers. Find the
probability that the committee will consist of at least two doctors.
Adall) &) Jlada) da gl ¢ Crtiga 8 98 ASA 6 (i (e paldE) 4 (e Adad (s 0y )
S o 558 2 o (68
**k*

EXAMPLE: A student and a professor each choose a number between 1 and 5
(1 and 5 both are possible choices). What is the probability that the two choose
the same 0dd number.

ol IRy U O Jaia) 58 La ¢ (LAY (s (10 5 51) 5-1 (e ay JUR) LaAMS ) giSa g il

Al )
1 2 3 4 5
1 11
2
3 3,3
4
5 5,5

P (0dd) = 3/25
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EXAMPLE:
Two dice are rolled. Let x represent the summation of the two faces that will
appears.

1 455 N A £ gana (A X gl ¢ 5 U el 1))

Die 1
1 2 3 4 5 6
1 2 3 4 5 6 7
Die 2 3 4 5 6 7 8
5 3 4 5 6 7 8 9
4 5 6 7 8 9 10
5 6 7 8 9 10 11
6 7 8 9 10 11 12

siuall g 3 gand) A alacY) a8 i £ gana yiiat Alla yil) A8 Y 1AL ala
- Find the probability of x = 4 is: 4 g gbw £ saxall o)} Jaia) 23 f
P(x =4) = 3/36
- Find the probability of x = 15 is: 15 ¢sbu £ sanall of Jlaial 3a g
P(x=15)=0/36=0
EXAMPLE: Jta
Probability that student has a computer is 0.91, and probability that has a car is
0.49, while probability that has either a computer or car is 0.94.
Find probability that the student has both.

P(A or B) = P(A) + P(B) — P(A” B)
0.94=0.91 +0.49 - ?
2=1.4-0.94 = 0.46 (both) las

EXAMPLE: Two dice are rolled. Let x represent the MULTIPLICATION of
the two faces that will appears.

st mhaadl o jedai Al Al Y G Juala & x O ol sl ¢ a8 U a5l 1)

Die 1

1 2 3 4 5 6

1 1 2 3 4 5 6

Die 2 2 4 6 8 10 12
5 3 3 6 9 12 15 18
4 4 8 12 16 20 24

5 5 10 15 20 25 30

6 6 12 18 24 30 36

sciuall g 3 gand) A das Y Al )i Gy Juala et Alllaa i) A8 JY)
** Find the probability of x =4 is: 4 gska Gl Juala of Juaial) 23
P(x = 4) = 3/36
** Find the probability of x = 12 is: 12 sk @ pall Juala Jlaia) a3 of
P (X =12) =4/36
** Find the probability of x =40 is: 40 gt sl Juala Jlaial a3 gf
P (X=40)=0/36=0
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sayladay) Jibua Ja ‘_,3 é:\é‘ﬂ‘ aladiul
EXAMPLE (4):
A box contains 24 transistors, 4 of which is defective. If 4 are sold at
random, find the following probabilities:
il o an sl Gsaicall e gaal 5 4 JLEA) 213 A3y 4 ¢ gl ) 24 43 (B sdiea
A LIS Jlaial (2 Ay 2 Juial (1
sy B e aal g Jlaial (4 egdy ¥ Juial (3
1. Exactly 2 are defective. 2. All are defective
3. None is defective 4. At least 1 is defective
Solution:  Jall

1. Exactly 2 defective: 4wy, 2 Juis)
4C2*20C2 1140 190

24C4 10626 1771
2. All are defective: 44 LS Juaal

p(All def.)= 4C4*20c0 _ 1
24C4 10626

3. None is defective:ssay 2l ¥ g Juia)
4C0*20c4 4845 1615

24C4 10626 3542
4. At least 1 is defective: sa, J8YI e aaly Jlaial

20C4 _, 1615 _1927
24C4 = 3542 3542

P(2exactlydef.)=

P(Noneisdef.)=

P(atleastldef ) =1— P(nodefectiwe) =1—

0502180703 Jis»
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:CH 4 d&lu <) jLid) Al

2. Two events are ... if they cannot occur at the same time.
A) not mutually exclusive

B) independent events

C) dependent events

D) mutually exclusive

4. Consider the experiment of selecting one item at random from a box
containing an equal number of defective (D) and non-defective(N) items. The
sample space for this experiment is

A) 2 . b4 'lw I
B))S={D,N} g s pual2 [0
C) 4 0502180703 J!s>
D) S={DD,DN,ND,NN}

The complement of guessing 4 correct answers on a 4-question true/false exam is
A) guessing 4 incorrect answers

B) guessing at least 1 incorrect answer

C) guessing at least 1 correct answer

D) guessing no incorrect answers

22. ......... probability uses a frequency distribution to compute probabilities
A) Classical

B) Empirical

C) Subjective

D) continuous

23. Any event and its complement are mutually exclusive
A) Yes

B) No

C) yes if they are independent

D) Can not be determined

24. When objects are arranged in a specific order , the arrangement is called ....
A) a combination

B) with replacement

C) without replacement

D) a permutation

25. When a meteorologist says that there is a 30% chance of showers, what type
of probability is the person using ?

A) Classical

B) Empirical

C) Subjective

D) BothBand C
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5. What type of probability uses sample spaces to determine the numerical
probability that an event occurs?

A) empirical probability

B) classical probability

C) subjective probability

D) conditional probability

In arecent study, the following data was obtained in response to the question,
“Do you favor recycling in your neighborhood? ”

Use the following to answer questions 6-7:

In a recent study, the following data was obtained in response to the question, “Do
b/ou favor recycling in your neighborhood? ”

Yes No No opinion Total
Males 25 15 10 50
Females 30 10 10 50
Total 55 25 20 100

If a person is selected at random, use the above table to answer the following
two guestions.

6. The probability that a person is a female given that she answered yes
regarding recycling is:

A) 2/5

B) 3/5

C) 6/5

D) 6/11

7. The probability that a person is a male or he has no opinion regarding
recycling is:

A) 3/10

B) 3/5

C) 4/5

D) 7/10

it €l ¥ g (Al Jand) 138 s
oo dpda 3188l sladh gan b Uslil 4 ady of ) e (i
13113 é;&J@ML}AUMYJ

gasim_hhh@hotmail.com
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