PRINCIPLES OF
PROBABILITY & STATISTICS

CHAPTER 1

B Descriptive Statistics 1

+» Basic Concepts and definitions

¢ Organization and Graphical Representation of the Data
¢ Measures of Central Tendency

¢ Measures of Dispersion

*» Exercises



INTRODUCTION

A collection of information collected by means of experiments or real life
events and stored in proper format degree
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(Population (asiaad)): )

It's is the set of all out comes such as individuals, objects, things.

Example

©a The set of all KSU students
ta The set of income of all citizens of a country

ny
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(5ample (Al ):)

Is a subset of population
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inference

(Parameter ( Aalrad)); )
It's a numerical characteristics of population einall 3 e dpald &

Example acinall 5 jbiall Cal i) Colis — aaiaall o) Jass 1) Clas

(Statistic (3suasy):)

It is a function of sample or it is numerical characteristic of the sample

g

ME)..}AA:\*AB‘;Q

Example 4iall o jlaall ol jai¥) i — 38l loal) dass sl) Gl

(Variable (s3a): )

Is a characteristic, feature or factor that varies from one individual to
another. cnﬁ;.d\ d';\d )';\ QJ;\ ua;.& %) J@ d.a\.c }\ dans j\ :\:xmh Y.

(Example )

< for countries [ gross domestic product, sex ratio, birth rates]
Al gl Jama — puial Fusi ¢ SN a5 il
< for humans [height, weight, sex, marital status, ....]
\_ dpelaia¥l Aladl g uiadl 5 ¢ sl gl )Y )
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‘ Types o! variagle |

Qualitative variable: these variable can

only take values which are
non-numerical (p_) ) duda § iy
r

Quantitave variable: these are variable
which take numerical values 4xS <lily
(+40)

5

Example

Example

marital status, gender

Can not be ordered height, temperature

Can be ordered in increasing or

No mathematical operation q .
ecreasing

Nominal scale uslie

Yy Can under go mathematical operations

Nominal Discrete Continuous
e Y A )5S i Y oS Ji
4 N 4 N\
® Has gaps o No gaps
| ® Whole e |nterval
number
ro Sex ) ; J
® Grade
e Color d N\ L )
) — @ Cientific
e Marital degree Example
status
— ° N.umber of Example
accidents ® Age
e Number of e Weight
laptops e Distance
a ® Number of _| ® Temperature

goals

e Sex ratio
e Number of '
children [there is not
finite number
[can assume of values]
only finite
number of
variables]
\. J N J
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ORGANIZATION AND GRAPHICAL
REPRESENTATION OF THE DATA

il Lgeda o Ay g Lo gy il (g 51 S0 a5 ghan $ L) s g bl 130

( Example consider the blood groups of 40 persons below \

O0,0,A,B,A,0,A,A,A0,B,0B,0,0,A,0,0,A,A,A A AB,AB,AAO,0,A,

O0,0,A,A,A,0,A,0,0,AB
\ e Construct the frequency distribution for the a bove data j
'\/.'S'olution
Blood group f R.f p.f C.f C.R.f
(o) 16 0.4 40% 16 04
A 18 0.45 45% 34 0.85
B 4 0.1 10% 38 0.95
AB 2 0.05 5% 40 1
Total 40 1 100%
/- The sum of all relative frequency equal one
e The sum of all percent frequency equal 100
e Sample size, n & ‘;45\)33\ sl ‘éjsﬁs‘i\ il pO o
o aalsLaily Sl sl I SE a5 paY) Al
. _ frequency
e Relative frequency (R.f) = —onl
e Percent frequency =R.f X (100) /
Example Consider the sample of 40 students as follows
Ol 1) 2' 3' 1’ 2) 2) 1’ 1’ ZI ol 2I 1’ Ol 1’ 0’ 1) 1’ 2' 1) 2' 1’ 3’ 1I ZI 1’ 1’ OI OI 2’ 1’ 1' ol
1,2,2,2,1,0,1
\Construct the frequency table )
5
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ig/ﬁ'olution

( No of subjects f R.f p.f C.f C.R.f
0 8 0.2 20% 8 0.2
1 18 0.45 45% 26 0.65
2 12 0.3 30% 38 0.95
3 2 0.05 5% 40 1
Total 40 1 100%
(Example The following data is the price of accessories for girls )

4,1,7,9,12, 16,17, 7,12, 19, 22, 24, 3, 2, 8, 6, 13, 24, 14, 11, 18, 16, 23, 20, 1, 2,
6,25,15, 7,11, 12, 16, 17, 21, 22, 15, 17, 14,5, 7, 8, 12, 13, 20, 23, 13, 19, 18, 12

KConstruct the frequency distribution table for the data by using 5 classes Y,

Mg'olution

" S Jasi" dliata lily ) Ayl catitud)

DO Y Aliaiall bl Al (8 o)) Sl a5l Jsan s

dad jiial (ailidad HSI e 3 )le 5 "Range"sall s @)
R=max—min=25-1=24

S 222l (K533 520 O sl sa s Vsl 3 Lo Llle 5 K" il e slay) @)
Glé 4 -10 o sl

sl b s Jallyy =2 =2 =48~ 5 s "0 ded i @)

Classwidth=C—-1=5-1=4
s J< el aall 1) 0.5 Canai s 4 JSU all aadl 50 0.5 7 ks il 2 s0a sl @)

. . upper+lower , .. .
m]delnt = ppf o).\sl\ altia g._:\..u;\ e

il (585 5 ascending cumulative frequency (ACF) aeball saaiall i Sl Clual @
DSl A i s Y
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Sl OV ISl g ganae 4 dagl
13Sa 5, (R 4+ Al 4 J5Y) & sane ZANEN Dl

bl Ao ) dala ellia cud sl o3a 1332 (e il raw data Al il culS 13 §m
SIS s S
K = [3.321logn] &8l (e laalayl (e adld o slan e Gl 2o il 13 @

Where n is the simple size
[x] is the greatest integer less than or equal x

Example [3.2]=3 & [3.9]=3

Class limit Class Boundories Midpoint F R.F LESS Than ACF
1-5 0.5—-55 3 7 0.14 5.5 7
6-10 55-10.5 8 9 0.18 10.5 16
11-15 10.5 - 15.5 13 14 0.28 15.5 30
16-20 15.5 - 20.5 18 12 0.24 20.5 42
21-25 20.5 - 25.5 23 8 0.16 25.5 50
Total 50 1
(Example Consider The mileage of 40 cars per liter )
12, 16, 15, 15,12, 19,17, 18, 16, 14, 13, 12, 20, 12, 15, 16, 20, 16, 15, 12, 18, 16,
17,19, 15, 16, 17, 15, 16, 15, 14, 12, 13, 14, 15, 16, 17, 18, 19, 20, 20
Construct the frequency distribution table
\_ ameney J
'»‘_,/S‘olution
Rang = max —min =20—-12 =8
Number of classes K = [3.32 logn] = 3.32log40] =[5.3] =5
c=2=2=16%~2
K 5
7
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Therefore length of class = C-1=2-1=1

Class limit Class Boundaries Midpoint F R.F ACF ACRF ACPF

12-13 11.5 - 13.5 12.5 8 0.20 8 0.20 20%
14-15 13.5 > 15.5 14.5 10 0.25 18 0.45 45%
16-17 15.5 - 17.5 16.5 12 030 30 0.75 75%
18-19 17.5 - 19.5 18.5 6 0.15 36 0.90 90%
20-21 19.5 - 21.5 20.5 4 010 40 1 100%
Total 40 1

GRAPHICAL REPRESENTATION

(Pie-charts (A gUail) ):)

Is a simple way of representing the proportion of each class of dataon a
circular disk.

ﬁxample For the frequency distribution table below

BIoodgroup‘ F R.F | P.F

0 16 0.40 40%
A 18 045 45%

B 4 0.10 10%
AB 2 0.05 5%

Total 40 1 100%

Construct the pie-chart
gUad JI4, 3 5l 3 ) 3148 pra (e Y (5 il g Uil s )

measure central angle = R.F X 100

measure central angle of sector O = 0.40 X 360 = 144°
measure central angle of sector A = 0.45 X 360 = 162°
measure central angle of sector B = 0.10 X 360 = 36°

measure central angle of sector AB = 0.05 x 360 = 18°
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(Ear charts (sl 5aae¥)): )

The frequency of each class is represented by a bar the height of the bar
corresponds to the frequency

ddasanl) s e e i Sllia g

20
18
18
16 AB 2
16
14
12 B
10
8 A
6
4
4
2 0
’ . N
0
o R 8 AB 0 5 10 15 20
vertical horizonal

(T wo directional Bar charts — (Cla) <l 4y ) Sl saasd) ) )

Aaliaall culiall Al g dus g0 p e et Al OV 8 aadtid
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/Example Consider the following changes in income of accompany

h .
Month ‘ C. ange in
income
January -4%
February 14%
March 6% March
April -10%
May -4% February
June 5% Jan

15 10 -5 0 5 10
Two directional

(Multiple Bar Chart )

2003-2004 ]

2002-2003 |

2001-2002 |

2000-2001 |

10 20 30 40 50 60 70 80

(5tacked Bar Charts )

Sun ]

Sat ]

Fri

Thur ]

Wed ]

Tue

Mon
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(Hisboqram )Nz JM\)

©a It is bar chart but have basic difference

La In histogram classes are adjacent

La Histograms are used to represent the quantitative continuous data

va Every class interval is called bin (4&)

ﬂ(ample Consider the data

Classe Frequency T
boundaries 124
11.5 - 135 8 104
13.5 - 15.5 10 ol
155> 17.5 12
17.5 - 19.5 6 T
19.5 - 21.5 4 s+

Total 40 .1

11,5 13,5 155 175 195 215

TYPES OF HISTOGRAMS

@ Symmetric histogram (AL cia jaa))

Unimodal:(one peak) 33l 4qd
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Bimodel:(two peaks) (tiad

Multimodel (more than two) 4aé (s Jisi

Uniform (no peaks) akiis

@ Symmetric skewed Histogram (Alikia dysila cils j1a)

Right skewed left skewed
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(POLYGON ()50 i) )

4+ Depend on two points (x; , f;) Where x; is midpoint and f; is frequency
4 It is useful to compare two or more variables

ﬁ(ample Consider the frequency table below

Bofrli?i;sries Frequency | Midpoint [Rka

11.5 - 13.5 8 12.5 o
13.5 - 15.5 10 14.5

15.5 - 17.5 12 165 N
17.5 - 19.5 6 18.5

19.5 > 21.5 4 205 | ]

Total 40 .

-

polygon /
(Ogive  (stal gasial Jisial)) )

Depend on two point (b; , f;) ,where b; is the upper bound and f; is cumulative
frequency

12

Less than ogive

13
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The measure of central tendency
1 1 1 I 1 1 1

7 mean X (i bugll)

yx

mean is the sum of values divided by the number of values, so X = -

Example

Calculate the mean for the data 20, 18, 15, 15, 14,12,11,9,7,6,4, 1

ﬁ/S'qution

X/_Zx_20+18+15+15+14+12+11+9+7+6+4+1
T on 12

_132_11
=17 =

A sl Tl ) il bl Jas gl i (S sl
mod - 3 - 1 (<l Jiy)) 5 AC Ukl Jsay

Shift > 1 -4 > 2(%) @uy
Gl e Ll bad) Jas ol alag) Sy A gasnall LI

_ Y Fx
X=W

Example find the mean for the data below

Noofstudent | 0 | 1 2 | 3 | Total
Frequency 8 118 |12 | 2 40

14
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‘vl
V/Solution

/ No of student F Fx
0 8 0
1 18 18
2 12 24
3 2 6
Total z F = 40 Z Fx = 48
= F 48
x=2x_28_ 4,
F 40 “’)

Gl ) AL L ) Jan sl syl (S Alaie il il 13)

)—(ZZFM\\

YF midpoint 5 il Caatic Jid M dus

(" Example calculate the mean for the mileage of the cars )
Class 4155135 13.5-155 155-17.5 17.5-19.5 19.5-215 Total
boundaries
Frequency 8 10 12 6 4 40

/
MS‘olution
/ Class boundary Midpoint  Frequency F.M
M F
11.5 - 13.5 12.5 8 100
13.5 - 15.5 14.5 10 145
15.5 > 17.5 16.5 12 198
17.5 - 19.5 18.5 6 111
19.5 - 21.5 20.5 4 82
Total 40 636
- FM 636
goIo_se_ g Y,
F 40

- IS ALl Ll bl o gl dlay) ¢Sy siaudlal)

15

qubdl) a2 |3 (il 5) 0553065494 a8 o Jual gil) (U Sl



sl Frequency ) dasds
shift - mod — 4(stat) — 1(on)
midpoint 4 & x dad 0 5S  dauladl & ) JA)
mod - 3 - 1 (pd)) > AC
shift -1 -4 -2(x) @l

e can not found for
qualitattive

® highly of fected by extreme
value

® quick and easy
@ all values are considered

® unique

(%]
)
o0
O
o
C
)
>
©
<

® not applicable if a data is
lost

vDisadva ntages

(Weighted mean X,,  (c2a) bausial)) )
_ Y Wx
Xy = W

(Exampla a person wants to decide which car better, where look 20%, mileage 30%,\
engine 50%

Car A: 7 for look, 6 for mileage and 8 for engine

Car B: 6 for look, 4 for mileage and 9 for engine
\_ & & Y,

MS‘olution

f)? _(02xD+(03x6)+(05x8) ___

A 0.2+ 0.3+0.5
5 _(0.2><6)+(0.3><4)+(o.5><9)_69
B 0.2+ 0.3+0.5 B

quball g 3 (Uil s) 0553065494 a8 o Jual i) iy ssl) Jaad



2, Median  (bssl)

Is that value which divides the data in half after ordering them

Ll sl Lae L L 53 ey il Jaws 655 ) Sagdl) 58

Example calculate the median
First sample: 28, 22, 26, 29, 21, 23, 24

Second sample: 28, 22, 26, 29, 21, 23, 24, 35

i;./S'qution

f Cllad) i -1 el Sy

lans 9650.5 Leld %50 () ULl a3 el dlay) -2

First sample (odd) we ordered data as 24, 27, 23, 24, 26, 28, 29

Second sample (even) ordered data as 21, 22; 23, 24, 26, 28, 29, 358
24126
median = —— =25 j

median for frequency table —>  discrete

Sl S Clua
n . .
= G0 Sl o815 S5 sl 225
oo sl) o 0y sSE IS 13a Bl ) el o
+

(Example consider the number of student in the following )

1 18 8+18 =26
2 12 26+12 =38
3 2 38+2 =40
\_ Total 40 )

17
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ﬁ./.’S'qution

40
/n=40,so =220
2 2

Then, the smallest cumulative frequency greater than 20 is 26

The corresponding value to 26 is 1

Hence the medianis 1 )

median for frequency distribution ———————> continuous

F ; ;
Usaall YA e Z? o ST a8l W ) S5 Sl Rl s a1 360 a3 Y

L odare ol sl sl aall

F ikl 45l ) i)l S
f a5l 42al) ) S5

C Al Jsh

The median class is the first class whose cumulative frequency is greater than or
equal 2f
g 2
4xample \
Class boundary Midpoint Frequency Relative frequency ACF
11.5 - 13.5 12.5 8 0.2 8
13.5 - 15.5 14.5 10 0.25 18
155> 175 16.5 12 0.30 30
17.5 - 19.5 18.5 6 0.15 36
19.5 - 21.5 20.5 4 0.10 40
\_ Total 40 1 y,
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i[./S'qution

-
Zz—f = % = 20 = median class is 15.5 - 17.5

L=155 & F=30 & f=12 & (C=2

Zf—(F—f) 20—(30-12)

X’=L+%xc=15.5+ x 2 = 15.83

J

3" Mode (Js)

The value which has occurred maximum number

L) s sY) ulitall sa GlIAl i) o) 5l et J) siall dla) Sy GO
Jlsie 2 5o D8 laall ety Ll JS &) S5 13) 0O

Jsie (e ST (s i () lilall (S 0O

21 22 24 23 29 No mode
21 28 24 28 28 Mode is 28
::zz:: ) A B AB  Modeis
O&B
Frequency 16 8 16 4
21 22 21 22 23 23 No mode

19
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mode for frequency distribution table ———————>  continuous

Lo A sid dssll saY) aall
£, A gl Al ) S
f, Gl DS & £ 3 ) sl

dy=fn—f, & dy=fy—f,

/ Example \

pconad U PQUE
50.5 - 55.5 2
55.5 - 60.5 7-f,

60.5 - 65.5 8-f,
65.5 - 70.5 4> f,

\ [ Total 21 -
j/S'qution

(
L = 60.5 d,=8-7=1 d,=8—-4=4 C=5

£ =605 + (—4) x5 =615

1
1+
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1 siall g Jagen 31 Jaau gl g AN

Allall o3 & Ul Couaiia b a5 A5 Gaplall aladiad ¢Say ABilaiall cilill) Alls 3

i.e (for symmetric distribution mean=mode=median)

53l Al 3535 (Y T sl o oS) s sl S Ul gial) (550 o A silall il s o B

Gl Al A oY) Al ga o sl S Sl g bl dpals Lol =2 (extreme value)
Dl 4 5l

ol 3 sm 5 a5 ) siall | jal g Jases ol o3 S Al g Jans sl ()5S ey A i) bl s 8 B0
Lia SV el s dans sl ()5 L 5 Cppaall als Jaws 1) =y 3 46 laiall

RS

438 el de 3l i 331 g8 el Lo )
Al Aadd 5% o) (S bl Jas ) 7
nd) o ) g BALAN 2l | i) i

The relationship among the three measures of central tendency

A A A
> > >
Q Q Q
= = =
Q ) [}
= = =
o =3 =3
) [ [
- - -
=) B e
I_ S I_ . _L

@ — e
| T | mean =median = mode ‘ |
mean median mode

mean median mode

Left skewed Symmetric Right skewed
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4 Percentiles (i)

The percentiles of a variable divide the value into 100 equal parts and we denote

by P;, P, and Pyq
kg

_o 5

0
> P, is the median which divides the data into two equal part
> P, divides the data into 1% from bottom and 99% from top
+1
> pp = r(foo ) where r=1,2,..99 n isthesample size
> P. =Xk +SXks1 —Xkg)  Kistheinteger, S the reset of p,
S

Example  Calculate the 35" percentile of the data

40, 51, 92, 10, 36, 60, 70, 36, 36, 40, 80, 39, 53, 56, 60, 60, 70, 72, 88, 92, 50, 92,
20, 70, 38, 95, 56, 60, 88, 70

i./S‘qution

e L il i s o i

10, 20, 36, 36, 36, 38, 39, 40, 40, 50, 51, 53, 56, 56, 60, 60, 60, 60, 70, 70, 70, 70,
72, 80, 88, 88, 92,92, 92, 95

1
= rin+1) where r=35 n=30
100
Py = 25 = 1085

OSary e galall 53 pilall Al G a5 L %65 5 Ll %35 () bl ands 3l el i
Leiasd Aol

P. = Xk + S(Xk4+1 — Xx) where K=10 S =0.85

P35 = Xj0 + 0.85(X1; — Xy0)

=50 + 0.85(51 — 50) = 50.85 /
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5 | Deciles () dad)

The deciles divide the data into 10 equal parts

r
)

] > D,is the 10" percentile, D, is the 20" percentiles

r(n+1)
10

> dr =

where r=1,2,...9

> D, =Xg +S(Xgy1 —Xx) where K is the integer S is the rest

J

\/

Example  For the above example calculate the sixth decile

"_\j/S‘qution

ﬁr — 1) r=6, n =30

10

de =22 =186

o e Al g e A5l Aagdll (a8 ey 0.4 5 68 0.6 () ) andi i) el a8 ga )
Ol YA (e luaat Lgiadd alan) Sy 5 il

Dr = Xg + S(Xk+1 — Xk)

D¢ = 60+ 0.6(70 — 60) = 66 /

6, Quartiles ()

The quartiles divide the data into 4 equal parts

qubdll a2 3 (Uil 5) 0553065494 280 Ao Jual gil) (i sSl) Jaad
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0 > Q, is 25" percentile, Q, is the median and Qs is the 75" percentile
> g, = r(n:l) where r=1, 2, 3

> Qr = Xg + S(Xg+1 — Kk)

\/

Example  For the above example find the first quartile

i./.’S‘qution

/ _ r(n+1)

qr =— where r=1, n=30

gy = 1><(340+1) — 775

K=7 S =0.75

Q= Xk + S(XK+1 - XK)

=394 0.75 x (40 — 39) = 39.75 /

Example  Find the quartiles of the data 28, 22, 26, 29, 21, 23, 24

i./.,S'qution

/ r=1 n=7

=20 =2 = g, =22+ 0x (23~ 22) = 22

_3X(7+1)

Q2 =— = 4 = Q, =24 which is median
G5 = 3X(Z+1) =6 = Q3 =28 /
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Example  Find the quartiles of the data 7, 8, 15, 36, 39, 40, 41, 56

i./S‘qution

¢4 =225 =Q; =8+0.25x(15—-8) =9.75
g, =45 = Q,=36+0.5x%x(39—-36) =375

g3 = 6.75 = Q3 = 40 + 0.75 x (41 — 40) = 40.75

(Extreme values (4@ kial) i) )

~ X <Q;—15(Q3—0Q1)

The value of x is said to be extreme if << or

"~ X>Q3+15(Q;—0Q1)

For the preceding example we have

®» Q, —1.5(Q; — Q;) = 9.75 — 1.5(40.75 — 9.75) = —36.75
» Q; + 1.5(Q; — Q;) = 40.75 + 1.5(40.75 — 9.75) = 87.25

3B ol aa 5 Y A 33LE el 4iiai 87.25 (e SI 5 236,75 (e Bl A gl (8 Ml
o e Uil

Five Numbers are:
Smallest value , Q;, Q,, Qs , largest value for the above

example, the five numbers are 7, 9.75, 37.5, 40.75, 56

qubdl) a2 |3 (il 5) 0553065494 a8 o Jual gil) (U Sl



Example Draw the box plot for the data

7,9.75, 37.5, 40.75 and 56

'p‘_,/S‘qution

-

|
5 10 15 20 25 30 35 40 45 50 55 60

)

bl axe ST e ) ) an 55 508 46 Hlaie dad i) g giad ol 13) o
) Bals SIS guall el Aals eV aad) e o) A a3 48 jlatie dad Cida s 1) 4
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Measure of dispersion

standard deviation Coefficient of variation

7 | Variance  (Y)

S? e bl ey X <l S e e s mall g Sl Al ColE 5l acld e e i s
4 )
s h (T X)?
Y(X —X)? X% —

2 _ n
n—1 or St = n—1

§% =

(D »The variance always more than or equal zero
Al a0 65 O Sy Y i) o SIS g cplil) (o (o
»The variance unit is square unit

3an 1) Lpai Led Ganlall 8L Lal Bas g4l (nd CODUAY) Jalaa 5 dr o 32 5 Wil (i) 3as 5 4

A5l Jae
sl ol i iy bl e Al gl 2 5l o ALy 3l Y g bl Gl a5 o)
-~ .-!\
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2 | Standard deviation (e GiaN))

The standard deviation is the square roote of the variance and denoted by (S)

e, )
A 5335 A 3 ga g ade Al 8 i) Guplie bl g8 (g jlmall il V) (uliia ey

Al Al Jae s g s Al 8 plalll (e Jucadl
"33 A 3 g g aac o " 43S el de Sl ulie Juadl s leall o o))

> A small value of standard deviation indicates that the value of the variable
tend to be close to the center where a large value indicates that they tend to
be far from the mean (center)

C. )

Smaller standard

Laraer standard

2 il

(

ol LS (sl 5 jlamall Gl ai¥) alal (S

mod »>3->1- (d&qj Z\A:él\) - AC
shift 51 -5 4 - 4(5) < g el

Ol e Jeasns Al dail) au i

Example let 2,3, 6, 8, 10, 13 and 14 calculate the variance and standard
deviation
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15k Ol a5 e JUl) 138 3

‘QJ‘:I\
S = \/ B0 = [l = 465
n—1 6
S§? =217
X X2 X (X — X)?
2 4 8 36
3 9 8 25
6 36 8 4
8 64 8 0
10 100 8 4
13 169 8 25
14 196 8 36
>X=56 Y X?=578 (X —X)2 =130
A
3 x2-EX?2 578262
S = n = I = 4‘ 65
n—-1 6
S2 =217 Joani 3 a1 Al a5 g
AT
mod -3 -1
2=3=6=8=10=13 =14 =|AC
shift -1 -4 - 4(S) = 4.65

Gubdl) a2 3 (0l 9) 0553065494 :ad ) Jo Jual g3l Gy oSl Saal



Example find the variance and the standard deviation for the data

6,6,6,6,6,6,6

i/S‘qution

-

mode »> 3 -1
6=6=6=6=6=6=6 =

shift =1 -4 - 4(S) = Zero

danlal) alaaiuly

AC

Agltia ailll paes 0585 Ledie ia (golw O (9lnad) CalaD (Say Al saungll Allall o o3

3 _Range  (s)

\-

il L ad il s 3ad LT o il 5|

Ll gl (30 e 588 any e gyl | I

33l a3 g s Al L aladiinl Qi V| B4

Al Ul JS cuilS ¢ i Ladla dos se i | ]

h\)ﬂ‘d&a&hg\ﬂ\ Bh)u.néiéd E

R = max — min _I_J
——
(Example find the Range for h
X: 4,8,7,3,5,10, 24,5

Y: 10,7,9,11,11,8,9,7 )
30
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'»’,/S‘olution
ﬂ)r X: Range = max—-min=24-3=21

ForY:Range=11-7=4

o Lilad JSTY b i) o J 8l LSy asld UL 5 X clibd (saall (e sl Y il 54l
liids ST X A bl

For frequency distribution

R = Xx — X, where

Xk is the midpoint for last class

X, is the midpoint for first class /

(lnterquartile Range (=i gw\))

Also called as mid-spread IQR=Q3; - Q;

4 Coefficient variation (SBEAY) Jalae)

C.V=23x100
X

®»® Has no unite

Sh}‘wm@wgﬂbw\wuﬁcwmijuemm\**

C Z-score  (( dteal da ) )

X-X ..
/ =—— wheremean=0 and standard deviation=1

The CHEBYSHEV'S Rule @

© At least 1 — % of the data lies within K standard deviation of the mean

i.e inthe interval X + KS, where K whole number > 1
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@ At least 75% of data lie within two standard deviation, in the interval with end
points X + 2S

9 At least 88.89% of the data lie within three standard deviation, in the interval
with end points X + 3§

(The empirical rule (dnad 3&‘5‘3‘))

1- 68% of data lies within one standard deviation, in X + S interval
2- 95% of data lies within one standard deviation, in X + 25 interval
3- 99.7% of data lies within one standard deviation, in X + 3S interval

99.7% -
95%
68%
2.4% 13.5% / 13.5%
349 34% o
0.1% 0 2.4%
0.1%
X —3S X-25 X-S X X+S X+2S8 X +3S

Example  score of some tests have a bell-shaped distribution with mean X = 100
and standard deviation S=10 discuss what the empirical rule concerning
individuals with scores of 110, 120 and 130

'p‘,/S‘qution

(
@ 68% — X + S = scores lie between (100-10, 100+10)

= (90,110)
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/@ 95% — X + 2S5 = scores lie between (100-20, 100+20)
= (80,120)
9 99.7% — X + 3S = scores lie between (100-30, 100+30)

= (70,130)

Example the mean price of apartments in certain city 50000 with standard

deviation 10000, we will determine the price range for which at least 75% of the

houses will sell

i/S‘qution

-

By Chebychev's Rule = at least 75% of the data fall within 2 standard deviation
hence (X — 25 ,X + 25) = (50000 — 2 x 10000,50000 + 2 x 10000)

= (30000,70000)

i.e at least 75% of all apartments sold will have a price range from 30000 to 70000

/
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EXERCISES

QESTIONI: Classify each variable as quantitative or qualitative

1. Blood group ®» Qualitative (1)
2. Time to finish exam ® Quantitative (2)
3. Height of student ®» Quantitative (3)
4. Colors of flowers = Qualitative (4)

QESTIONZ: Classify each variable as discrete or continuous

1. Weight of children ®» Continuous (1)
2. Number of students ® Discrete (2)
3. Age of cats = Continuous (3)
4. Number of cars ®» Discrete (4)

QESTIONS: Answer with true or false to the following sentence

va Mode is defined for qualitative data ®» True
v2 The mean is sensitive to extreme value » True
va For a skewed distribution we have mode= ®» False

mean = median

La Histogram with two peaks is multimodal W False

DESTIONA: Classify each variable as qualitative or quantitative

va The variable that record ID of students in an exam Qualitative
La The variable that record weight of children in a school Quantitative
ta The variable that record phone number Qualitative
La The variable that record sugar level ® Qualitative

qubdl) a2 |3 (il 5) 0553065494 a8 o Jual gil) (U Sl



I3 The variable that record blood pressure

La The variable that record colors of cars

La The variable that record number of flights
La The variable that record time to finish exam

®» Quantitative
®» Qualitative

®» Quantitative
®» Quantitative

QESTIONS: Classify each variable as Continuous or Discrete

La The variable of heights of people
L2 The age of baby

La The number of children in school
L2 The weight of books

La The distance between cities

La Number of accidents

ta The number of goals

La Temperature in a city

La Sex ratio in a country

®» Continuous
®» Continuous
®» Discrete
®» Continuous
®» Continuous
®» Discrete
®» Discrete
®» Continuous
#® Continuous

QESTIONG: Put right word or symbol in its proper position:

statistic,  variable, barchart,  Descriptive statistic.

is those statistical methods or techniques which are used for

priesting and summarizing

is a function of a sample

is characteristic, feature or factor that varies from one

individual to another in a population.

the frequency of each class in represented by a bar

The height of the bar doesn't matter

QESTION7: Consider the following data.

5.5 7.5 6 6.5 7 6.75 7 725 | 75 | 7.75 8
8.25 9 9.75 10 |10.25| 10.5 | 10.75 9 9.25 | 9.5 | 9.75
10.25 | 10.5 11 12 12,5 | 11.5 | 11.25| 11.75 | 12.75 | 12.99 | 13.01

13.25 | 13.5 |14.89 | 9.01 | 9.55 | 10.10 | 10.89
35
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Construct the frequency distribution table

Class boundaries Midpoint Frequency R.F P.F A.C.F

5-7 4
7-9 8
9-11 16
11-13 8
13-15 4
Total 40

Draw the histogram fir the data above

Aduanbauy
[EY
(@)}
—>

[EEN
N
]
I

(o]
|
I

Classes

DESTIONS: If we have data with the following histogram.

A

1671
15

12
121

10

104

Classes boundaries

0.5 55 10.5 155 20.5 255

~

qubdl) a2 |3 (il 5) 0553065494 a8 o Jual gil) (U Sl




A) Complete the following frequency distribution

'y[S‘olution

Class limit Class boundaries Midpoint Frequency R.F P.F A.C.F

5
12
15
10
8

Total 50

B) Calculate the median for the given data

If_

— F-
Z=>=25 X=L+72 S

f

X C

Median class 10.5 — 15.5 = L = 10.5

F =232 f=15 c=5

25—(32-15)

X =105+ X5 =13.17

C) calculate the range for the given data

MS‘olution

R = Xy — X; , where X is midpoint for last , X; midpoint for first

R=23-3=20

QUESTIONS: consider the following data

B A A B C A
C D C B C D
A C B D C D

™ > ™
>
O
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Draw the bar graph for the given data

ﬁ/golution

141

121

104
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QUESTION: Using the data shown in the following table

No. of subjects Frequency

0 8
1 18
2 12
3 2
Total 40

A- Represent them graphically using pie chart and bar chart
B- Compute the range of this data
¢- Compute the mean of this data

MSolution

ﬁ

No. of subjects X FrequencyF R.F FX Degree
0 8 0.2 0 0.2x360=72
1 18 0.45 18 0.45x360=162
2 12 0.3 24 0.3x360=108
3 2 0.05 6 0.05x360=18
Total 40 48
1
F
20 ¢ _
154
10 ¢
5 L 3
[] No. of subject

0 1 2 3

Pie-chart

B:- The Range = max- min = 3 — 0 =3

C-Themean =X =25 =28 _ 1 /
YF 40
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QUESTION: the following data give the result of a sample survey A, B and C represent the three

categories
c|lAalc|B|A|lc|B|cCc]|]c|lc|B|c|B]|C]|B
c|Blc|lc|B|cl]c|lc|]alB]c|]c|[B|]C]|]A

A- Prepare the frequency table

B- Calculate the relative frequency and percentage for all symbols
¢- What percentage of elements belongs to category B?

D- Draw a bar chart and pie chart for frequency table

MSolution

Letters | Frequency | Relative Frequency | Percentage Frequency
A 4 0.13 13%
B 9 0.3 30%
c 17 0.57 57%
Total 30 1 100%

C- The percentage of B Category is 30%

3

D' F
20 1
15¢% —
10§ _
5 L 3
|_| A=0.13x360=46.8
A B C — B=0.3x360=108

C=0.57x360=205.2

QUESTION: A Company manufactures car batteries of a particular type the lives in years of 40
such batteries were recorded as follows

2.6 3 37 |32 |22 |41 |35 |45 |46 | 3.8 | 35 | 23 | 3.2

34 | 38 |32 |46 |37 |29 |36 |25 |44 |34 |33 |29 3

43 (28 | 35|42 35|32 |39 32|32 |31 |37 |34 3.2

2.6
Construct Frequency distribution using class of size 0.5, starting 2-2.5

qubdl) a2 |3 (il 5) 0553065494 a8 o Jual gil) (U Sl



'\j‘/S'qution

2-2.5 2 0.05 5% 2
2.5- 3.0 6 0.15 15% 8
3.0- 3.5 14 0.35 35% 22
3.5-4.0 11 0.275 27.5% 33
4.0 - 4.5 4 0.10 10% 37
4.5-5 3 0.075 7.5% 40
Total 40 1 100% /

QUESTION: The distance (in km) of 40 engineers from their residence to place of work as follows

5 3 10 20 25 11 13 7 12 31
19 10 12 17 18 11 32 17 16 2
7 9 7 8 3 5 12 15 18 3
12 14 0.5 9 6 15 15 7 6 12

A- Construct a frequency distribution table with class size 5

B- Draw the histogram for the data

C- Draw the polygon for the data

D- Draw the ogive

£- Haw many engineers have residence at distance more than or equal 15km

F- Haw many engineers have residence at distance less than 20km

MS‘olution

(o
Class interval Frequency Relative Frequency Percentage ASF
0-5 5 0.125 12.5% 5
5-10 11 0.275 27.5% 16
10 - 15 11 0.275 27.5% 27
15 - 20 9 0.225 22.5% 36
20 - 25 1 0.025 2.5% 37
25 - 30 1 0.025 2.5% 38
30 - 35 2 0.05 5% 40
40 1 100% /

41
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Histogram

1270

100

0 5 10 15 20 25 30 35 Class interval /

Polygone

Q0 25 7.5 125 17.5 225 275 325 Mid-point____“

D-
A
Less than Frequency 40+
0 0 351
5 5
10 16 304
15 27 25 1
20 36
25 37 20+
30 38
35 40 15+
"Less than ogive" 10
5_
R S w— =t >
0 5 10 15 20 25 30 35 /
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a2 Engineers have residence at distance more than or equal 15 km from their
workplace are 13

F- Engineers have residence at distance less than 20km are 27

J

QUESTION: a sample of 100 children was asked haw many times they play computers games for a
period of one week

23
40
28
6
3
100

A- Find the class midpoint

B- Do all classes have the same width? If so, what is this width?

C- Prepare the relative frequency and percentage distribution columns?
D- What percentage of these children play 8 or more times?

\/S‘olution

ﬁ

1.5 23 0.23  23% 23

5.5 40 0.40 40% 63

9.5 28 0.28 28% 91

13.5 6 0.06 6% 97

17.5 3 0.03 3% 100
100 100%

B- All classes have the same width and it is equal 4

D- the percentage of children play 8 or more % X 100 = 37% j

43
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QUESTION: The table below gives the distribution of students of two sections according to the

marks obtained

Marks Section A Section B
0-10 3
10 - 20 9 19
20 - 30 17 15

30 - 40 Y] 10
9 1

Represent the marks on the same graph by two frequency polygons

E/S‘olution

i

187

157

127

5 15 25 35 45 midpoinf/

QUESTION: Consider the following frequency distribution, representing the degree of an
examination of 30 student of a class.

Class Class T ey EEWYE ACE
Boundary midpoint Frequency

6

0.24

36

0.12
8
50

A- Complete the frequency distribution table
B- Draw the histogram, polygon and ogive

C- Calculate the mean, the median and mod
D- Calculate the standard deviation

44
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ﬁ/S‘qution

/ Class Class Class Frequency Relative ACF
limit boundaries midpoint Frequency

1.5-6.5

6.5-11.5 9 12 0.24 18
11.5-16.5 14 18 0.36 36
16.5-21.5 19 6 0.12 42
21.5-26.5 24 8 0.16 50

50 /

( Histogram

1.5 6.5 11.5 16.5 21.5 26.5 Class bondaries /
( Polygon

4 9 14 19 24 28 Mid point /
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/ACFM
60l Ogive
504
204
304
201
104
29 12 10 24 Mid point
f C:
_ YFM
M 4 9 14 19 24 Total X - ZZ—F
F 6 12 18 6 8 50 690
FM | 24 108 252 114 192 690 X=—=,y=138
S
e 1
Class Frequemcy ACF ZF_50_ .
boundaries 22
1.5-6.5 6 Class med in 11.5-16.5
6.5-11.5 18 L=115 f=18 F=36 C=5
11.5-16.5 36 - ZTf —(F-f
16.5-21.5 42 K=l s —x¢
21.5-26.5 50 %o 1154+ 25 -(36-18) s

18

Total 50

d

Class Frequemcy R=l+g—+cC
boundaries di=fn—f,=18-12=6
1.5-6.5 dy=fn—f,=18—6=12
6.5-11.5 The class mode 11.5-16.5
11.5-16.5 L=11.5 c=5
16.5-21.5 X=115+—"x5 =132
21.5-26.5
Total
D- w8 JA sk e dandally (s bl Gl ad¥) syl (S

F < frequency s X < midpoint )

16
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QUESTION: The paint scored by a team are as follows
17,2,7, 27,15,5, 14, 8, 10, 24, 48, 10, 8, 7, 18, 28

A- Calculate the mean and standard deviation
B- Calculate the standard score of the value 7
¢- Calculate the coefficient of variation

D- Calculate Qi, Q,, Q3

i/S‘oIgtion

/ S »X 174+2+7+4+27+15+5+14+8+10+24+48+10+8+7+18+28 248
A.X=T= =—=15.5

16 16

4+ mod - 3 - 1(<lll) > AC

+ Shift >1-4-2(X) v o O

: S Jganl) (i s lmall il asY) alagy

X172727155148102448108718282)(
= 248

2
X* 289 4 49 729 225 25 196 64 100 576 2304 100 64 49 324 784 ZX

= 5882
S = n__ _ 16
n—1 15

= 11.656

4 mod - 3 - 1(data) - AC

2(X) L sl
iShift—>1—>4—>2(X)< D e

4(S) <l
B- standard score Z = X%X
for X =7 X =155 S =11.656
Z = 7_—155 = —0.729

11.656

11.656

¢ C.V=32x100=
X 15.5

X 100 = 75.2%

La The coefficient variation has no unit .
[ 4] . .
wa The variance has unit square /

47
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__ r(n+1)

(D g, =" , where r=1,2,3

Qr = Xg + S(Xk41 — Xk)
Aol 8 lilal) a8
2,5,7,7,8, 8,10, 10, 14, 15, 17, 18, 24, 27, 28, 48

C1x(16+1)

= 4.25
q1 4

ot Al s Al ) 5 Al 1) Al G @y J Y1 e )l )
Q;=7+025%x(8—-7)=7+0.25=7.25

2x(16+1)
q; = 4

Q,=104+05%x(14-10)=10+2=12

=85=K=8 §=05

3% (16 + 1)
qs = 7 =1275=K =12 S=0.75
Qs =18+ 0.75 x (24 — 18) = 18 + 4.5 = 22.5 )

BUESTION: The daily sale of sugar (kg) in a certain grocery shop

Mon Tus Wed Thur Fri Sat
15 120 12 50 70.5 140.5
A- Calculate the average

B- Calculate the variance and standard deviation
¢- Determine the coefficient of variation

'\'/S'olution

/ﬁ The average (mean): X = 2%

n

_  75+120+ 12+ 50+ 70.5 + 140.5
X = c = 78kg

B.
X 75 120 12 50 70.5 140.5 ZX = 468
X* 5625 14400 144 2500 4970.25 19740.25 sz = 4737905/
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[ ZXZ—M 4737954682
S = n - 5 = 46.637kg

n-1

S2 =2175.1 kg?

46.637
78

¢- Coefficient variation C.V = f—? X 100 = X 100 = 59.9% /

BUESTION: Let the following data be marks of 10 students
45, 45, 63, 76, 67, 84, 75, 84, 75, 48, 62, 65

A- Calculate Q1, Q2 and Q3

B- Calculate IQR

C- Have the given data extreme value?
D- Construct the box plot

'\'/S'olution
bl i i 2y
45, 45, 48, 62, 63, 65, 67, 75, 76, 84
rn+1)
q, = — where r =1,2,3

Qr =Xg + S(XK+1 - XK)

1x(10+1)
q1 = )

Q, = 45 + 0.75 X (48 — 45) = 47.25

=2.75 =K=2 §=0.75

_2x(10+1)
- : -

Q, =63+ 0.5% (65—63) =64

55 = K=5 S=05

q;

3x(10+1)
qs = 4

Qs = 75 + 0.25 X (76 — 75) = 75.25

=825 = K=8 S =0.25

B- IQR=Q3-Q1=75.25-47.25=28

49

qubdl) a2 |3 (il 5) 0553065494 a8 o Jual gil) (U Sl




\|

C- Extreme value are
A
7
X<Q;—1.5%x(Q3—Qq)
X <47.325-1.5 X (28) X > 75.25+ 1.5 x (28)

X<5.25 X > 117.25
3G ad o (5 giat Y il oda gl Ml 5 33LE Aad (A 117.25 (e ST 51 5.25 (e Sl Al

N
X>Q3+1.5%X(Q3—Qq)

D. To construct the box plot
Five numbers are
Smallest value, Q;, Q,, Q3 largest value

45, 47.25, 64, 75.25, 84

XL

90

QUESTION: Consider the following data
-15, 20, 40, 50, 65, 65, 70, 73, 75, 137

A- Have the given data extreme value
B- Use the suitable measure to calculate the average and dispersion for the
give data

ﬁj./S‘qution

-

T

q1

_ r(n+1)
T4

1% (10+ 1)

4

&

= 2.75

Qy = 20 + 0.75 x (40 — 20) = 35

i Gl 1) 2 3 Y ol 3305 4 s 5 CulS 1Y) Le byl
Qr = X + S(Xgs1 — Xi)

= K=2 §=0.75
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/q2=w=5.5 — K=5 S=05

4
Q, = 65 + 0.5 X (65 — 65) = 65

3X(10+ 1)
qs = 4

Q; =734 0.25% (75— 73) = 73.5

=825 = K=8 S =0.25

A) X <Q, —1.5x (IQR) = 35— 1.5 X (38.5) = —22.5
X > Qs+ 1.5% (IQR) = 73.5 + 1.5 X (38.5) = 131.25
53L5 dasd & 131.25 e iS) 51-22.75 (e B Aaid 6l
extreme value » 137 <li

o 5 B3 il 5 50 5 A () T a5 oy ¥ Sl (552 2 355 4
Ll 3L il L A0 el ol ol i) ahasid iy Y il

Lo sl alasiad Juady ) sie (e ST LD AR3L) bl (oY

157 207 467 567 65, 65, 2687 737 15, 137,

65465
median > =65
ol ol sa Aall oda & il uplie Juadl
B) IQR = Q; — Q, = 385 /

QUESTION: The following data give the number of computer keyboards for a sample of 23 days

45 | 52 | 48 | 41 | 56
46 | 44 | 42 | 48 | 53
51 | 53 | 51 | 48 | 46
43 | 52 | 50 | 54 | 47
44 | 47 | 50 | 49 | 52
Prepare a box-plot and then comment the skewness of data

i./S‘qution

( ' Qq, Qp, Qs Sl g Aol 8 ULl s g J

qubdl) a2 |3 (il 5) 0553065494 a8 o Jual gil) (U Sl



(Arrange data

41, 42, 43, 44, 44, 45, 46, 46,47, 47, 48, 48, 48, 49, 50, 50, 51, 51, 52, 52, 52, 53,

53, 54, 56
1
qr = T(Tl4+ ) & Qr = Xk +S(XK+1 _XK)
1x(25+1)
q. = 2 =6.5 =K=6 S§=05

Q, = 45 + 0.5 X (45 — 46) = 45.5

2% (25+1)

Q, = 48 + 0 X (49 — 48) = 48

3xX(25+1)
qs = 4

Qs =52 + 0.5 x (52 — 52) = 52

=195 = K=19 S=05

Five numbers:

Small value Q, Q,, Q3 large value 41, 45.5, 48, 52, 56
Xs Q1 Q2 Qs XL

| | | | | | | |
40 42 44 46 48 50 52 54

Right-skewed j

VTR e

QUESTION: The mean age of six persons is 49 years, the age of five of these six persons are
aq, 39, 44, 3l and 43 fin the age of the sixth

MS‘olution

(_2X
n

9_55+39+44+51+45+X
B 6

234 + X = 294
X =294 —234 =60 /
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QUESTION: The following observation have arranged in ascending order
29, 32,48, x,x+2,72,78, 84, 95
If the median of the data is 63, then

A- Calculate the value of X
B- Calculate mean and standard deviation
¢- Find the five number and construct the box plot

i@/S‘qution

297 327 487 X X2, 327 387 847 957

A-themedian X +2 =63 = X =61

So the data will be

29, 32, 48, 61, 63, 72, 78, 84, 95

— ZX
B-Themean X = —
—  29+32+48+61+63+72+78+84+95 562
X = 5 =5 = 62.4

To calculate standard deviation, we construct the table

X 29 32 48 61 63 72 84 95 ZX =562
X> 841 1024 2304 3721 3969 5184 7056 8836 ZX2=39019

2 2
ZXZ_(Z% 39019_5£

S = = - =22.15 /
n-—1 85
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PRINCIPLES OF
PROBABILITY & STATISTICS

CHAPTER 2
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The fundamental principle of country

A sl fae

(Multiplicative rule (w2 3:L))

[a)ld\oanl,nz,... nK&&EﬁUﬂ\o&UOl,OZ, .......

,OKE)AUAQAK e Wl IS 13

Ge NXN X XN sp Sl i (el shllods IS S gaad 35kl aae (s il 5 s il

bl

(Addition rule ()38 )

O nKJi... n, S n - st 3 jallall oda 0,,0,, .

,OKSJALLQAK e Lal IS 1)

n N +..tn s gl i A ) glall ol JS & gaad (3 k) aae gl UL 5 s il (3 kall

okl (e

Example Haw many B-digits Zip Codes are possible if

a) Digits can be repeated?

b) Digits can be repeated?
',j/S'qution

-

A- If digits can be repeated, then number of 6-digites equal to

10X 10 x 10 X 10 X 10 x 10 = 10° codes

B- If digits can not be repeated, then the number of 6-digits equal to

10 X9 Xx8X7x6x5=151200 codes

Example Haw many book can we use Arabic or English characters?

i/Sqution

( by addition rule we can index 28+26= 54 book

(Factorial notation (s wﬂu))

[ n=nxXx(n—-—1)X(n-—2)..... 3x2x1

Note o'=1 & 1'=1
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Example 5! =5Xx4x3x2x1=120

(Permutations ~ (J-) )

p
n!
nP. = where o <r<n
" (-1 } @
N\ 5O

Q

-

Key —pee L a5l o) Cum Jaaliil alasin) Cong 43 LA (o o yas Al LS llia
words = order, arrangement , array

U
Example Haw many ways one can arrange in order any three of the first 8 letters of L, m, 0, p. g, 7. . t

8! _8!_8><7><6><5!

= =—= =8x7x6=336
(8—13)! 5! 51

8P,

(Combinations ~ (&8sY) )

n!
[ nCr=m where o <r<n }

o
o

ao it sl Gl gl 3
n c A S G e
[ 80pmall e Ling 3 50 2408 oSy &

Example Haw many different unorder groups of any three of six letter L m, n, o, p and q?

Solution

6x5x4_

“3xzx1 20

6C;

Example Haw many ways can you arrange 4 out of 7 books on a shelf.
i_/Sqution

Jalal) axdies GA s il G oga g e Alall QLN (e & sarrange AalS 3 ga g JaaY

7P4 =7X6X5X%X4 =840

7 Jshiftf [ x [ 4 |[= | [ 840 sl
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Example Haw many possible different hands of a cards each can be dealt from a standard deck of 92 cards.

'\'/S'olution

This is a combination because order is not important
n=52, r=5

o0, = 52 X 51 X50 %49 x 48 — 2598960
7 5x4x%x3x2x1

)

52/ (shift( / |[ 5 ][ = | | 2598960 Al

Example If a man owns a pairs of parts, 7 shirts and four pairs of shoes, haw many outfits can be assembled?

%‘olution

{ By multiplicative rule 5 X 7 X 4 = 140 outfit J

Example Ina group of 10 people. a 20 § . 108 and 5§ prize will be given, Haw many ways can the prize be

distributed
ii_./S‘qution

8 g AL 8 g 28U 0 8 Aaniill (a5 208 8 A e padid Jiany Cogw o) i1 5 pdall e alY
5S (e duany g Ll ALl (e a8 o L5 108 8 s e Gadid duan,

)

10P; =10 x9x8 =720

Example |na group of 10 people, three 5§ prizes will be given, Haw many ways can the prizes be

distributed
w Solution
{ Order does not matter 10C5; = 10X9%8 = 120 J
3x2x1
¢ and - multiplicative rule St ls

X3

¢

or — additional rule

)
L X4

ordered matter — permutation

>

ordered does not matter — combination

)
*

L)

qubdl) a2 |3 (il 5) 0553065494 a8 o Jual gil) (U Sl



Type of experiment

Regular Random
Which we knaw the results in which we don't knaw its exact out come, but we
advance can determine the set of all out come
Example H, + O — H,0 Example tossing coin

9 Sl uts
equally likely _ sedall (8 da Jall (pudi Lagd laad J&y 400 sdiall &y i) & J

Probability science: is a branch of mathematics that deals with theoretical
models of random experiments

Note /probability space of any random experiment is a tripple hw

~

— [Q,Icﬂ,p]

J I }

Q1 is the set of A is algebra of p is called probability

all outcome events measure

Ll gde 4y il Aiaal) i) gill JS Ao gana & O Y gl
Example In the experiment of flip a coin and roll adie , The set of all outcome
Q= {(H,1)(H,2)(H, 3)(H, 4)(H, 5)(H, 6)(T, 1)(T, 2)(T, 3)(T, 4)(T, 5)(T, 6)}

Event is a subset of sample space

Example Tossing a coin three times and determine the Sample space, then determine the following events

E7: The event of two heads
Ez: The event that at least two heads
E3: The event that at most two heads

E4.' The event that a heads is the first toss
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i/S‘qution

/Q = {HHH, HHT, HTH, THH, TTT, TTH, THT, HTT}
E, = {HHT, HTH, THH}
E, = {HHT, HTH, THH, HHH}

E; = {HHT, HTH, THH, TTT, TTH, THT, HTT}

E, = {HHH, HHT, HTH, HTT} /

(Algebra of events:) Ik

A collection A of subset of Q is said to be an algebra on (1 if

> QO EA
» IfAand B € A ,then AUB € A

» IfA€ A,then A € A

Gl eall e e g dllia v
Lt aal g pate e g giaiddann il v

Example In tossing die , the sample spaceis Q = {1, 2, 3, 4, 5, 6}
The events {13}, {2}, {3}, {4}, {5}, {6} = Simple

Even events {2, 4, 6} = Compound

(dd eyents {1, 3, 5} = Compound
E\L/\T;Vﬁé/if QO is a set, then the set of all subset in Q is V
[

Example Q={a, b, ¢} =Q|=3

Then the set of all elements is 214 = 23 = 8

¢, {a}, (b}, {c}, {a, b}, {a,c}, {b,c}.{a b, ¢}
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Elaal) Ao cildead) (any

(Union ~ (3a1))
Is denoted by A U B, is an event containing all element in A or B or both
i.e AU B isthe occurrence of at least one event

Example Q = {1, 2, 3, 4, 5, 6} A B
A={1,2}, B={2,5, 6}
0

ThenAUB ={1, 2, 5, 6}

AUB

Qntersection ( ek‘iﬁ‘))
ANB or AandB

A N B is an event containing all elements in A and B in the same time

Example tossing coin two time

A B
Q = {HH, HT, TH, TT}
A ={TH, TT}, B = {HT, TT} 0
|
ANB

ANB = {TT}

(Complement A)  (asd ))

The complement of an event that occurs if A does not

Example Tossing adie, determine the following event 1
a. E1: the event of even or prime @
b. Ez: the event of prime 0

C. ES: the event of prime does not occur

'nj./S'olution

/Q={1,2,3,4,5,6}
E,={2,4,6}u{2,3,5}={2,3,4,5, 6}
E2={2, 3, 5}

E;is the complement of E, = E; = {1, 4, 6} /
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Difference between two events  (GAY)

B hasmse ey Adbasasall yaliall a3 A5 ANB 5l A\B Jselll aaliled e n

Example> let @ = {1,2,3,4,5, 6} A :
A={l,2} B={Z 3, 3}

A\B = {1}

Q
Exactly one event

If A and B are two event from (), then:

>
)
=]l

(A\B) U (B\A)or (ANnB) U (BNA)
Example> let A={1, 2,3, 4}, B={3 456}, C={246T}

Find AABAC

ﬁ/S‘qution

(First we find the symmetric of first two set A and B

AAB = {1,2,5,6} then

AABAC = {1,4,5,7}

Impossible event — (Jbiuall &aal))

LaS 4 ol (il (s dae ) geda 1 a3 olall die 7 aaall ) geda Jliade 85 Sy ¥ 3 Caaall sa
Uil ) all e i dlacio e Cias gl ahalis ¢

Example> let @ = {1,2,3,4,5, 6}

A the event of even number A = {2, 4, 6} So that the event of odd number 4 = {1, 3,5}
then A N A = @ = impossible event

Certain event — (33l caal))

Gaall @lld daaia At Gaall g 68 g Jlaial @lld Ja g S g JS0 45538 e 2 Y A sl el sa
sure event s

AUud=0Q for any event A and A
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Mutually exclusive events — (dflial &aal))

ANB =@ <ils ) disjoint s ohsliie Lagil B 5 A gbasd Jy
Example> letQ ={1,2,3,4,5,6}
A={l,2} B={3.4,B}thenAN B =0

So we said A and B are disjoint or mutually

EXERCISES

QESTION!: If an automabile license plate must consist of three letters followed by three single
digit numbers.

haw many different license plates are possible?

'}j/S‘qution

According to the fundamental principle of counting the possible number of
license plate = 26 X 26 X 26 X 10 X 10 X 10 = 17576000

QESTIONZ: > The science club has challenged the math club each club's team should be
comprised of 2 boys and 3 girls, there are 20 boys and 13 girls in the science club and 235 boys
and 30 girls in the math club

W Solution

(

For science For math

20C, X 15C; = 86450 25C, X 30C; = 1218000

_/

OESTION3: A manager must choose five secretaries from a many 12 applicants and assign them
to different stations haw many different arrangement are possible?

'\j/S'qution

ool anainng GlIAY 5 JUall 138 3 age Lia cagi il o LaaY

n=12 r=5 = nP. =12P; =95040
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CONCEPT OF PROBABILITY

Is the numerical measure of likelihood that a specific event will occur

L daa g d gl gane ubida ga Jlaial)

JlaiaM SauDISH iy pail) i 55 IS KU o ganal) e G guia 2l ) S5 g8 il ) _SAl)

FA=$=>P(A)=$ L Cua

o
O

Laplace principle of probability

For simple event E = P(E) = I%I

14l

For compound event A = P(4) = al

In the experiment of rolling a fair die find the
&: probability of event number
B: probability of odd number
C: Probability of number less than two

iQ/Solution D:probability of number more than six

M =1{1,2,3456 =0 =6
A={2,46} =|A|=3 & B={1,35} =|B|=3
C={1}=|C/|=1 & D=¢ =|D|=0

A 3 1
P(A)=ﬁ=g=5 S GVILIXEN
—Bl_3_1 :
P(B)_|Q|_6_2 S GVRLIXEN
C 1 d
ID| 0 o
P(D)=|Q|=g=0 BIEGIPRLINTN
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@Do<r4 <1
) >ra=1 o
O r@=0
O 1fAnB =0 = P(An B) = 0 disjoint
O ro-=1
O ra+r@A=1
@ fAcB = P(A) <P(B)
€© PAUB)=PANB)

De_Mogan's laws
© PANB)=P@AUB) }

@ P(AuUB) = P(4) + P(B) — P(A N B) additive rule

If A and B are disjoint = P(AN B) = 0 then,

e P(AUB) = P(A) + P(B) )
let P(A) = % P(B) = % P(ANB) = %
Find: A) P(A U B) B) P(4), P(B) ¢) PANB)
D) P(AUB) E) P(ANB) F) P(ANB)

&/ Solution

/ﬁ) P(AUB) = P(A) + P(B) — P(AN) ==+ —

B) p(A)=1—p(A)=1—§=5
P(B)=1—P(B)=1—%=

¢) P(ANB)=P(AUB)=1-P(AUB)=1—-2=2

D) P(AUB)=P(ANB)=1-PANB)=1--==

E) P(ANB) = P(4) — P(ANB) =

F) PANB)=P(B)—P(ANB) =

1
8
1
4
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EXAMPLE: >Three students A, B, and C are in a swimming race. A and B have the same probability
of swimming and each is twice as likely to win as C.

Find the probability that B or C wins.

ig/S‘qution

[letP(C)=x , so P(4)=P(B)=2x
since)P(x) =1 = PA)+PB)+P(C)=1

2x+2x+x=1=5x=1

SoP(4) =P(B) == and P(C) =+

3

P(BUC)=P(B) +P(C) =g +5=2 )

Example:> Let adie is weighted, so the even number have the same chance of appearing, the odd
number have the same chance, and each even number is twice odd.

Find the probability that:

A) An even number appears
B) (0dd number appears

€) A prime number appears

D) An vdd number but not prime

i’./S‘olution
/@= (1,2,3,4,5,6} \
let A={2,4,6} & B={1,3,5} & C ={2,3,5}
even odd prime

P(2) + P(4) + P(6) + 2P(1) + 2P(3) + 2P(5) =1
x+x+ x +2x + 2x + 2x =1
9x=1 = x=z,then P(1) = P(3) = P(5) =

2
P(2)=P(4) =P(6) =

A)P(A) = P(2) + P(4) + P(6) =

\5) P(B)=P(1) +PQB)+P(5) =

Olwwolo

\_
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€)P(C) = P(2)+ P(3) + P(5) =;
D)P(BNC)=P(B)-P(BNC) =

O | w
oIN
|

Example:> Let P(A) = 0.8 P(B) = 0.55 P(AUB)=0.9
Find :

A) Occurrence of A and B

B) QOccurrence of only A and not B
€) Non occurrence of A and B

D) Occurrence of only A or only B

i/S‘qution

G)P(A NB)=P(A)+P(B)—P(AUB) =0.8+0.55—0.9 = 0.45
B)P(AnB)=P(A)—P(ANB) =0.8—0.45 = 0.35
C)P(ANB)=P(AUB)=1-P(AUB)=1-09=0.1
D)P(ANB)UP(ANB)=P(A) —P(ANB)+P(B)—P(ANB) =
0.35+ 0.10 = 0.45 )

Example:> P(A) == P(B) = % P(C) =

1
2 4

Where A, B and are mutually exclusive, Find :
A) P(AUBUC)
B) P(ANBNC)
&/ Solution
A)P(AUB UC) = P(A) + P(B) + P(C) =§+§+§=
B)PAnNBNC)=P(AUBUC)=1-P(AUBUC)

I wiw

1—

[ecl NI

Example;> A certain family owns two television sets one color and one black and white, let A be
the event of color and B is the event of black and white

ifP(4)=0.4 P(B)=0.3 P(AUB)=0.5Find:

A) Both sets are on
B) The color set on and other is off
C) Exactly one set is on
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D) neither set is on
i_/Sqution

(H)P(A NB)=P(A)+P(B)—P(AUB)=04+03-0.5=0.2
B)P(ANnB)=P(A)—P(ANB)=04-0.2=0.2
C)P(ANB)UP(ANB)=02+P(B)—P(ANB)=0.2+03-0.2=

0.3
D)P(ANB)=P(AUB)=1-P(AUB)=1-0.5=0.5 W,

EXAMPLE;> Llet P(A) = 0.4 P(A U B) = 0.6 find the value of P(B) which make A
and B mutually excusive

i'./S'qution

Since A and B are disjoint P(AU B) = P(A) + P(B)

0.6 = 0.4+ P(B) = P(B) = 0.2

Example: There are two traffic lights on the route used by pickup Andropov to go from home to
work, let E denote the event that pickup must stop at the first light and F in a similar manner for
second light, suppose P(E) = 0.4, P(F) =0.3and P(E N F) = 0.15 what is the
probability that he:

A ) Must stop for at least one light?
B) Doesn't stop at either light?

€) Must stop at exactly one light
D) Must stop just at the first light

i_@.ﬁ‘olution

(H)P(E UF)=P(E)+P(F)—P(ENF)=0.4+0.3-0.15=0.55
B)P(ENF)=P(EUF)=1—-P(EUF)=1-0.55=0.45
C)P(ENF)UP(FNE)=P(E)—P(ENF)+P(F)—P(ENF) =

0.4—0.15+0.3—0.15= 0.4
D)P(ENF)=P(E)-P(ENF)=04-0.15=0.25 )

Example: > In a hospital, there are 12 nurses and 4 doctors

A) if 4 nurses and 2 doctors to be chosen, haw many possibilities?

B) If a committee contains B person, what is the probability that two doctors in this committee?

67
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'\j/S'qution

-

ﬁ) ner = ri(n-r)!
12! 12x11x10x%x9
12C, = =
41(12-4)! 4x3x2x1
4! 4 %3
AC,

= = =6
21(4-2)! 2x1
All possibilities are 495.6=2970

n(4) _ 12C,x4C;, _ 2970

B)P(4) =

N 16Cs 8008

3l sl aadies Gl J)sually age e i il

= 495

%

Example:> Let A, B, andC € 2%, where

PA-B)=0.15 , P(B—A)=0.30
P(ANB)=0.10 , P(AnC)=0.15
and P(AN BN C) = 0.05 then find

A)

P(A)
P(C)

B) If you know that

P(A-C)
P(B—C)

P(AUBUC) =

, P(C—A)=0.35
, P(BNC) =0.20

P(B)
P(A\B)

P(C - B)
P(a\Bn C)

P(A)+P(B)+P(C)—P(ANB)—P(ANC)—P(BNC)+P(ANBNCQC)

Find P(AUBUC), PANBNC)

C) Are the events A, B and C independent

ﬁ/S‘qution

(o

P(A—B) = P(A) — P(ANB) = 0.15 = P(4) — 0.10 = P(4) = 0.25
P(A—C)=P(A)—P(ANC) =0.25-0.15= P(A—C) = 0.10
P(B—A) =P(B)—P(BNA) = 030 =P(B) —0.10 = P(B) = 0.40

J
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/P(C—A)=P()—-P(CNA)= 0.35=P(C)—0.15 = P(C) = 0.50
P(B—C)=P(B)—P(BNC)=P(B—-C)=04—-02=02
P(C-B)=P({)-P(CNB)=05-02 = P(C—B) =023
P(ANB) 010

P(A\B) = P B =520 =025
PONE N C _P(AanC)_O.OS_OZS
A\BNC) = P(BNC) 020
B)

P(AUBUC) =0.25+0.40 + 0.5—0.10 — 0.15 — 0.20 + 0.05 = 0.75
PANBNC)=P(AUBUC)=1-P(AUBUC)=1-0.75=0.25
9,

P(ANBNC) =P(A)eP(B)eP(C)

0.05 = (0.25)(0.40)(0.5)

0.05 = 0.05 = The event are independent

€ P(4n B) = P(A)eP(D) independent
P(AnB) =(0.03)(0.08) = 0.0024
@) at least one machines = P(A U B)

P(AUB) =P(A)+P(B)—P(ANB)=0.03+0.08+0.002
=0.1076

€ only first = P(AN B)

P(ANnB)=P(A)—P(AnB) = 0.03 — 0.0024

__P(ANB) _ P(A)eP(B) _ _
| O P(A\B) = r P = P(B) = 0.0800
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Conditional probability and independence of event

The probability of A given B defined as

P(ANB
P(A\B) = ;(g)’ ,P(B) >0

0 If A; , and A, are mutually exclusive, then

P(A; U Ay\B) = P(A;\B) + P(A;\B)

P(QNB) _ P(B) _
P(B)  P(B)

@ f P(B) > 0), then P(Q\B) =

€ fBcA,thenANB =B,

Therefore
B P(ANB) B P(B)
PED =2 ~P@

PAnB) _PMB) _ So, P(B) = P(A) eP(B\A)
P(B)  P(B)

P(A\B) =

Example:> Let Q = {1,2,3,4,5,6}

Ay ={15}=P(A;) =; &A, = {2,4,6} = P(A;) =

B=1{1,23}=P(B) =,

A;NnB={1} = P(A;NnB) =

=

A,NB={2} = P(AZnB)=%

_P(A;NB) P(A,NB) 1/6 1/6 2

P(B) * P(B) _3/6+3/6_3

Example:> A student is randomly selected from a class where 35% is left hand, and 50% are
sophomores, we know that 5% of the class consists of left handed sophomore, Given that a
randomly selected student is a sophomore, what is the probability that he is left handed
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'\j/S‘qution

/let P(4) = 0.35, P(B) = 0.5, P(AN B) = 0.05

P(ANB) _ 0.05 _
P(B)  0.05

Then P(A\B) = 0.1

b S hall Juia¥) e s Al ael @ zliul (Say
If B(> 0)

P(ANB)

P(A\B) = ©2

= P(AN B) = P(B)eP(A\B)

P(B\A) = % = P(ANB) = P(A)eP(B\4)

If A(> 0)

J

Independent event (Aliiwall &iaal))

Example:> In tossing coin two times, let A means get a head on the first flip, B means get a head
on the second flip, what the probability that you get a head on the second flip given that you had a

head on the first flip?

'\j/S'olution

/0 = (HH,HT,TH,TT)

A = {HH,HT} = P(4) =

B = {HH,TH} = P(B) =

Dl BN
N~ N

P(AN B) = {HH) =>P(AnB)=%

P(B N A)
P(A)

= P(A)eP(B) = 1_

P(A\B) = Z

N[ =
N

N =

So A and B are independent J

Example:> In tossing coin three times, let A get a head on first toss and B get a head on the
second toss, C is get head in third toss, what is the probability of getting a head of third toss

given that the previous two flips were heads?
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Q/S'olution

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

A = {HHH, HHT,HTH, HTT} = P(A) =

o > ] »

B = {HHH, HHT, THH, THT} = P(B) =

2
ANB = {HHH HHT} = P(ANB) =

C = {HHH,HTH, THH, TTH} = P(C) = ¢

__P(CNBn4) _ 1/8 _ 1
P(CNANB) = P(ANB)  2/8 2 J

<+ Mutually exclusive = P(ANB) =0 o 0 Q

+ Independent = P(AN B) = P(A)eP(B)

Example:> Give that a student studied, the probability of passing quiz is 0.gg. Given the student did
not study, the probability of passing quiz iso.03, Assume that the probability of studding is 0.7. A
student flunks the quiz, what is the probability that he is did not study

'\j/S'qution

&pass\studied) =099 = P(A\B) =0.99

P(pass\not study) = 0.05 = P(A\B) = 0.05
P(study) = 0.7 = P(B)=0.7
P(no study\no pass) = P(B\A)
p\A) = LB
P(B)
P(ANB) = P(B)eP(A\B) = 0.7 x 0.99 = 0.693

P(ANB) P(A)-P(ANB) _ 005 = P4~ 0693

P(A\B) = _ _ .
P(B) P(B) 0.3 /
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/P(A)=0.708
P(AUB) =P(A)+ P(B) —P(AnB) =0.708 + 0.3 — 0.693

P(BrjA) _ P(Bl.iA) _ 1—P(/{UB) _1-0715 _ 0.976
P(A) P(A) P(A) 1-0.708

Then P(B\A) =

_/
Example:> In a certain college 0.25 of students failed math, 0.15 of them sailed in chemistry and

0.10 failed in both

&) If he failed chemistry, what the probability that he failed in math?
B) If he failed in math, what the probability that he failed in chemistry?
C) What is the probability that he failed in math or chemistry?

mglution

4 P(M) = 0.25 P(C) =0.15 P(MNnC)=0.10
A) PINC) = =552 = 535 =
0 Pcy) =2 0
C) P(IMUC)=PM)+P(C)—P(MNC)=0.25+0.15-0.10 = 0.30

BAY'S THEOREM
N/

P(A) eP(B\A)
P(A)eP(B\A) + P(A) eP(B\A)

P(A\B) =
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BAVYE'S THEOREM

PLA\E) = P(A)eP(B\A)

P(A)eP(B\A) + P(A)eP(B\A)

Example:> In a statistics class it was found that 60% of student attend class on Thursday, from
past data it was found 98% of those who went to class on Thursday pass the course, while 20% of
those whao did not go to class on Thursday passed the course.

£ ) What percentage of students is expected to pass the course?
B) Given a student passes the course, what is the probability that he attend classed on

Thursday
Molution
1. student attend class A,: student did not attend
B,: student pass the course B,: do not pass the course
&)
P(A;) =0.6 P(A,) =04 P(B;\4,) = 0.98 P(B,\A,) = 0.2
Since P(B;\A;) = P(fg;“;l) = P(B, N A;) = P(B;\A,)®P(A,)
1
P(B.NA
P(B;\Ay) = % = P(B; N A;) = P(B\A;)eP(4,)

So P(B;) = P(B;\A;)eP(A;) + P(B;\A;)eP(A;)

=0.98x0.6+0.2x%x0.4=0.668

P(B;\A1)eP(A;) _ 0.6x0.98

B) P(A\B)) = P(B;\A1)®P(A1)+P(B;\Az)®P(A;)  0.6X0.98+0.4x0.2

= 0.854

74
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! PRINCIPLES OF
PROBABILITY & STATISTICS

CHAPTER 3

I cs 1

+» Basic

¢ Organization
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CONCEPT OF RANDOM VARIABLES AND

THEIR DISTRIBUTION
Example:> In Case of tossing a coin twice, find the random variable x which denotes the number
of heads
ﬁ/.S_‘qution
-

S = {HH, HT, TH, TT}

X ={2,1,0}, Then the distribution

X 0 1 2 Z
oo L 21 4
4 4 4 4 )
Example:> In Case of tossing a coin twice, find the distribution function (DF) of x
wolution
g ~0 x<0
1
Z 0<x<1
fo = < 3
Z 1<x<?2
~1 X =2
J

+ 0<FEMx<1 %
+ lim,,_ E(x)=0 & lim, ., E.(x) =1

DISCRETE RANDOM VARIABLE AND

THEIR DISTRIBUTION

Example:> A coin tossed three times, X is discrete random variable denotes the number of head,

Find the probability distribution and mass function
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{‘A‘olution

/”Q = {HHH, HHT, HTH, THH, TTT, TTH, THT, HTT}

X = {0,1,2,3}
X 0 1 2 3 Z
T
PX) = > 2 = 1
8 8 8 8
~0 x<0
1 0<x<1
8 S X
1, 3.2 1<x<?2
Mf< B8 8 =*
1, 3,37 2<x<3
888 8 =X
\1 x=>3 /

Probability mass function ddlaiaYy) ALt 4l

Let X be a discrete random variable on the probability space [, A, P], Then
P.:R — [0,1]  such that

@Pr,=PX=x>0 ie0<Px <1

Orr=1

Is said to be probability mass function p.m.f

Example:;> Let x be a discrete random variable representing the sum of two numbers on throwing
two identical balanced dice for one time, The

a) Find the possible values of random variable X
b) Determine the probability mass function
c) Determine the distribution function

MOlution

'
X 2 3 4 5 6 7 8 9 1 1 12|

2 2 3 3 3 2 2 1 1

21 21 21 21 21 21 21 21 21

4 6 9 12 15 17 19 20 21

21 21 21 21 21 21 21 21 21 21 21
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EAO Jution ) Determine the mean and the variance

(o= =T = (22 (53 + (1) + (52)

(7.2) 4 (8.2) + (0.2) + (10.2) + (11.2) 4 (12.2) =
variance = ¢? = z x2p(x) — u?
RO (4.2—11) + (9%) + (16.22—1> + (25.%) + (36.23—1) + (49.23—1

F(oa )+ (51.2) + (100.2) + (125 (140.2)
21 21 21 21 21

= 55.66

o2 = Zsz(x) — 4?2 =55.66 — 7% = 6.66

)

J

Example:> Consider rolling a balanced die twice, and let X be the maximum of two numbers

a) Determine the probability mass function and distribution function

'@Aolution

b) Sketch the function in part a)

mmution

—0-X<1 = "

1 1
E—)1SX<2 10 |

4
2 L,2<X<3
36 =

) < 2 ..
36—>3_X<4

16 icx<s
36 =

25 5<X<e6
—_— =
36 -

~1-X>6

Bl =g g w@] w80 B o] | =] o¥|
w
=21
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Example:> Consider a discrete random variable x with the following probability mass function

X -2 -1 0 | 2
P=P(X=x) 020 015 015 01 04
a) Determine the distribution function F, and draw the p.m.f. and D.F. for this variable

MOlution

0.1

0.20 035 05 0.6 1

r0->X< -2

020> -2<X<-1
0355 -1<X<0

R = — 0.6+ —_—
0.50-50<X<1

0.6->1<X<2 s 024

~—1-X2>2

Ly

Example:> Consider a random variable x, assume the values xI,x2....x6 with equal probabilities.

Find the probability mass function and distribution function and their graphs.

%olution

Probability mass function:

X 1 2 3 4 5 6
L 11111
- 66 6 6 66

0.19 +

0.16 +

0.13

0.10T

0 1 2 3 4 5 6

. . . i —0-X<1

The distribution function Fx(X) \
-->1<X<2
co1s
2
-—-2<X<3

R < %—»3sx<4
4
g—>4-SX<5
E—>5<X<6
>-5<
- 6
——>X2>6
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l

l

—_

Q= AN oW ok BB g e
1

0 1 ﬁ 3I 4 5 6
mean = u = E(X) =Y XP(X)
variance = ¢* = E(X) = Y, X?P(X) — u? o ©

E(ax+b)=aE(x)+b .
v(a) =0

E(a) =a

v(ax + b) = a’>v(x)

DN N N NI N

BIONNOMIAL DISTRIBUTION

P(K) = ()P¥(1—P)" K

n: sample size e
p: ) A

q: sl A

K: < sllaall

mean: u =np & variance = np(1 —p)

Exampl> if the mean and variance of binomial are 16 and 18, then

a) Determine the mass function

P(K) = (DP¥(1—P)" ¥
U=np=16 = n=—
P p
16
o’ =np(1-p) =8=>%p(1—p) =8

16(1—-p)=8=p =05 = n=—=32
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P(K) = (30)(05)(0.5)* 7%

b) Caloulate p(x = 0)  P(0) = (302) (0.5)9(0.5)32-0 = (0.5)32
c) Calculate P(x > 2)

Px=22)=1-px<2)=1—-[px=0)+plx=1)]

=1-[05)° + (312) (0.5)1(0.5)* | = 0.99

POISSON DISTRIBUTION

e~ A)x
P(x) =— x=0,12,..

u=A o°=A
Continous Random variables and their distribution

Continuous random variable: is random variable whose set of it possible values
are uncountable set.

Example;> Life length, temperature, blood pressure, ..

P.df= p(a<x<b)= [ f(x)dx

Df= F,(x) =P(X<x) = [_fidx

dF,

fy (x) = dx

D.F g5l adsisa o (p.d.F) Jwia) G Uiy )

Example;>Let x be a continuous random variable with distribution function F,, then find the pdf of x

a) FX(X)=§ 0<x<2 pdfziFX=i(

dx
b) F,(x) =1 —e 5% x>0

x4) _axd %3
" 16 4

- x
pdf = i(F ) = i(1 —e ) =0—(=5)e ¥ = 57X
dx =~ % dx

Expected value E(x) = p = f_oooo Xf, dx

Variance = 62 = E(x?) — (E(x))?
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Example:>
1
b—a a<X<hb
F(®)
{ 0 otherwase
Calculate the mean and variance
—E()—fooX p _fb ( 1 )_ 1 J‘bxz_ 1 b? qa?
H= x—_oo fe x_axb—a _b—aaZ_b—a[Z 2

b?—a*> (b—a)(b+a) b+a
2(b—a)  2(b—-a) 2

a+b

Do? = E(x?) — (E()? = E(x?) — (2227

1) b 1 1 b
E(x?) =.f x2f,dx =f x? dx = j x2dx
—00 a b a

—a b—a
a
1 x_3 1 (b — a?) = 1 ((b—a)(b*+ba+a®\ b*>+ba+a’
b—al3 “b-—a a " b-—a 3 B 3
b
b?+ba+a*® b+a
Voo = - (0

The exponential distribution
e  X>0
£
0 x<0
Fo(x) =1—e™

=3 TR

Normal distribution

1 x—U

e 2Cs ) X~N(i,0?)

fx(X) = ovZn

Standard normal distribution

z=2E Z~N(0,1)
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Example:>Let [Q , A , P] be the probability space of rolling die one time , and x is r.v defined

X:Q=1{1,23,45,6}

Wy, Wy, W3, Wy, Wg, W

-1 for wy, w,

w - X(w) 0 for wy ,wy,
1 for ws , wg

1) What type is this random variable? discrete
2) What the name of this random variable? Uniform
3) Draw the graphical representation of this random variable

2
3T
37T

-1 0 1
4) Determine the distribution function of x

0 X<-1

1

3 —1<X<0<2
Fx(x) 2

= 0<X<1

3

1 X=1

9) Calculate the mean of X

Mean=E(x) = u =Y xp(x) = —1(§)+0(§)+ 1(%) =0

DEFINITIONS AND CONCEPTS

Estimator (,44):

Is a statistic whose value depends on sample.

Example;> ™ X is an estimator for population mean

» S2 is an estimator for population variance

» P is an estimator for population proportion °

@SMM@MMJ\ J\ﬁqmem}@d\w:\{’mﬁ;MJﬁjﬁd\

(Z-value)
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Example:> if Z, =0.57 =fid p(Z< Z,)
Al ! dabesal) damy Lails 7 292 off BaY

Jsaall (he WL_/N

z = 0.57
Example:> if «a =0.05 = 1—a=1-0.05=0.95

e 0.025 *_ 0.025
1—a=0.95 2
—Zo.975 Zo 975
84 ggdiall aill (J gan
40% 1.65
4a% 1.96
48% 2.33
98% 2.58

Central limit theorem (43Sl 4Ll 4 k).

Let Q be the sample space of a population which described by a r.v X with
mean W and standard deviation ¢ and x = (x4, x5, ..., X;;) is a random sample of
0, then for sufficiently large sample size of x. the sampling distribution of X

follows a normal distribution with mean puz = pa and standard deviation oz = \%

(standard error)

Example:> let X is r.v with normal distribution has mean p=3 and standard deviation o = 2.25
is @ sample from this population, we find:

» The mean of the sample size upz; = p =3

»The standard deviation of the sample size oz = \/% = \2—% = 0.17

»The probability of the sample average exceeds
X — g

X

p(X = 3) = p( )

3—-3
> —) = > = 0.
p(Z = 0.17) p(Z=0)=105
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Sampling distribution of the sample proportion

P: rainal/ 4 il P: duall 8 Al
,P(l —P)
Uz = |——
X O-X n
n = 30 or np =5 n(l—-P)=5
Example:> let P = 0.20 n =225

According to the central limit theorem, we note the sampling distribution of P approximate the
normal distribution, so

ug = p = 0.20 and

og = \/P(l—P) _ \/0.20(0.80) 00267

n 225

0.25—0.20)
0.0267

Far P(P < 0.25) = P(—% <
X

P(Z < 1.87) = 0.9693
ESTIMATION OF THE POPULATION MEAN

Point estimate (i) dkii);

Is the a summarization of the sample by a single number is an estimate of

the population parameters.
=l o)

[ P aal) b il i X el dans gin Lef o il e

Interval estimation (s 3 8);

Is the interval that predicted to contain the parameter

Confidence interval (<& 5 j3);

Lgh 2 aaianall Aalre gl a3 il 3 yll @l

Cl=X+2_a)—

o
° [0}

ayu\dssuqsnﬁ‘;m\d,;;s\ijuﬁ_c,,:;.,uww\q\pwwsﬂamamJ

85
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Population Samplesize Standard deviation Confidence interval

Normal Any size Known T+ 7 o
£ a2 =
n
Any pop n > 30 Known  E A o

Tl

Vn

Any pop n = 30 Unknown - S
XtZi a0 N

Interval estimation () 5 j3);

Is the maximum error (g,,)

o
o, = iZl—a/Z Jn

Example:> the following are measurements for the drying time

34 | 23 | 48 | 29 | &b

28 | 33 | ab6 | 37 | 28
44 | 40 | 52 | 30 | 4.8
Suppose that population standard deviation is known as 6 = 0.96

A) Find 9% confidence interval
B) The marrying of error

Molution

ﬁ €=1-099=001=1-5=1-22=0995

Zdﬁ;&g&ﬁﬁ?\h@\&&g

2.57+2.58

Zo_995 - - 2.575
Cl=X+ Zi_a/2 \% o = known n = any sample size
Slasall ULl JYA e Al i gie Cls (S
x==_38
n 15
0.96

C.I =3.8+2.575X% N 3.8+ 0.638 = (3.162,4.438)

o

% = +0.638 /

B) Merging of error g, = tZ;_4/7
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Example:> a random sample of 120 students from a large university yields mean GPA 2.71, with
sample standard deviation 0.SI construct a 30% confidence interval

ﬁjﬁolution

( C) o unknown n =120 = 30 large

C.1 =)?J_rzl_a/2f—ﬁ

90% = a = 0.10 = Z1_¢.10/2 = Zo.95

1.64+1.65

ZO.95 = = 1.64‘5
0.51
C.1'= 271+ 1,645 X 5o = 2.71 +0.0766 = (2.63,2.75) j

Example:> thirty-six cars of the same model are driven the same distance, the gas mileage for
each is recorded, the result give X = 18 with standard deviation S = 3, givea95%
confidence interval

'ﬁﬁolution
(

X =18 S=3 n =36

o unknown n = large = 30,50
o

C.I =XiZl_a/2\/—ﬁ

95% = a =0.05 = Z, _00s = Zyg75
2

Zo_975 = 196

3
SoC.I =18+ 1.96 X N 18 £ 0.98 = (17.02,18.98)

3yill elli 8 ady i) @lginl Jaw sia o %695 daniy (35 (s

[o-Zl—a/Z] 2

ou )
Estimation of the population proportion:

Confidence interval for population proportion

Determine of the sample size n =

cubdl) a2 3 (Ul g) 0553065494 a8 o Jual il (oSl Saal



Example:> assume the medical researcher collected a random sample size 1000 from Saudi
adults and found 320 of them are diabetics

++ Find point estimate
+¢ Find 90% confidence interval
+¢ Find the merging of error
+¢ Comment on the result
Squtlon
( k 320 ~
=-= m 032=1—-—P =0.68

point estimate is P = 0.32
90% — Z;_4/2 = 1.645

C.I=P+ Zl—a/ZJ@ 0.32 £ 1.645 0.312:0(1).68

= 0.32 + 0.02427 = (0.344,0.296)

The merging of error op = Z1_4/, @ = 1.645 /0'312:()%68 = 0.024

So we can believe that between 30% and 34% of Saudi adults are diabetic, we
trust the 90% if we consider the point estimate 32% , we can sure with 90% that /

this estimate will be in error by 2.4%

Example:> a random sample of 123 individuals working in a large city indicated that 42
dissatisfied with their working conditions construct a 30% lower confidence interval.

ﬁﬁolution
a
P=-
n

42
= E = 0_336 , 90 - Zl_a/z B 1.64‘5

P(1 p) 0.336x(1-0.336)

125

= 0.2665 J

Example:> out of a random sample of 100 students, 82 stated that they were nonsmokers,
construct 99%confidence interval

%olution

90% = Zl_a/z = 2.575

Lower limitof C.I1 = P — Z,_ )2 = 0.336 — 1.645\/

=52 _ 082 =1—-P=0.18
100

SIR“

[
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0.82x0.18
100

P(1-P)

Cl=P+27,_ a/z\/ —0.8212.575\/

= 0.82 4+ 0.0989 = (72.1%,91.9%)

Example:> The New york times reported that a poll indicated that 46% of population was in favor
of the way that president bush was handling the economy, with margin of error of +3 , what
does this mean? Haw many people were questioned?

%olution

K 95% a3 dryd pusinns JIged! (§ A1 Sgiunn (Jamy 0] 13)]
950%C.] = P + Zi—ay /P(ln—P) = 0.46 + 1.96 0.4620.54
_ 1.9g [046X054 _ 4 g2 046X054 _ g 0o

About 1060 were sampled and 46 percent were favor bush

Sample size determining when estimating P

n > [Z=L212p(1 - P)

op

When the value of P(1 — P)is mot known it is equal 0.25 and hence

n > 0.25[2=22 1(;;/2] /

Example:> Haw large a sample is needed to ensure that the maximum error of the 35%
confidence interval estimate of o less than 0.01?

Molution

f P(1— P) dogd Jasmy o &1 12>y
0.5 X 0.5 = 0.25 2 gie (948l o2 Uiy

n > 0.25[2=22 16“/2] _025[196] = 9604

P
o) ASYI e 85 (S giume %95 O ST jased 9604 oo J3YI e Lue Hlasl ope 1Y iy
Lasdl oo iy igadl @2 015 WlS5 0.01 oy 3
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INTRODUCTION TO HYPOTHESES TESTING

Statistical Hypothesis (Awaxy) o2 il)):

(o5 0950 UBg Puue 1550 JB dipas Al due ()5 9o

29 Al g1 sl _
paall a0 AL Bl doadl a b
4 Y .
Null Hypothesis Ho Alternative Hypothesis Hy
Test statistic
2 ¢ ¥
o known normal
- o known any pop o unknown any pop
X—n X — —
Z= n>30 z=-_" X —u
o/vn = n>30 Z=
o/vn S/vn
Type of error
¢ A
Type I error Type Il error
Reject Ho/While Ho is true accept Ho/While Ho is

Two-tailed (b (e JLEAY) 058 (0 # pg) dall il 1) * 00

R.R

_Zl—a/Z Zl—a/Z

0258 ady BLLYI § g 13]g Hy poadl (0,801 Jus Caaiiall (3 T.S I dagd ndg 13] 4
.(o..\a.l\

O Ay Shb = 1> g Joddl 2,8l 013

Dl dlg Blb = 1 < g ol (2,8l 0813 4

A
¥ ¥
Hy:p < o Hy:p > po
One-side(left) One-side(Right)
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Hypothese testing for the population mean
29! s il ghas-
Rl (2589 paall (28 (29,81 dpaS
Ho: it = po SUanell Loxll Jauwgio Solus Wils piall o3

Jgudl Oldars caws ENW o Lo Qng Jadl jo,4]1

A
v Y
o * Ho 2 < Ho H > Ho
1-«a o 1-a 1-«a o
—Z1_a Zl—a/2 —Z1_u Zl—a
Two-side One-side Left one-side Right

g JS Oldans s test statistic desd Lyixs

X — o

o known
o/\Vn
ZO =
X—n o unknown
S/\n

:JWE )l dihie £ critical region dxy=dl dadaiall dyiss

Hy Jug Ho padys pad)ll dikaie § T.S dogd cady 3]
Hy sady9 Ho Jus Jgul dalaio 3 T.S dasd candy 13]

1 LS & guumall 7 dasd (o P-vale dod Gl Sa

¥ ¢ ¥

Hy = p#p, Hy =<y, Hy =p>po
P(Z > |Z,l) P(Z> —|Z,]) P(Z> Zy)

Hy 0285 P — value < a desd c5K13]
Hp Jgd )9 52b (gn Y ldag Hy 28,5 Y P — value = a ded cilS'13] o

Example:> Suppose an editor claims that mean time to write a textbook is at most is month , a
sample of 16 text book selected and it is found the mean time was 12.5, let the standard deviation
is known to be 3.6, use 0.023 significance level.

Would you conclude the editor's claim is true?
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'\jAqution

o=23.6 X =135 n=16
»Hypothesis Hy: p =15 Hi:pu<15

X-p _ 13.5-15
o/Nn 3.6/N16

—-1.67

mCritical region

—Zo_974 =-1.96
Joddl o258 el g g Byl sl

kDecision

029y J1 2985 4815 loglan a3 Y &l g Iiag Hp 28,3 Y ey ALK dilaie (§ adl T.S dagd
puall (2,8 Jad) 31 Jud 1o ixy JWg Hg

»P-value = P(Z < —|Z,|) = P(Z < —1.67) = 0.047 > «

So, we accept Hy j

Example:> Suppose we would like to determine if the typical amount spent per customer for
dinner at new restaurant is more than 2008. A sample of 49 customers was rwndomly selected
and the average was 22.6 , assume that the standard deviation to be 2.3, using 0.02 level of
significance , would we conclude the typical amount spent more than 2087

'\jﬁolution

/ o =25 X =226 n = 49
»Hypothesis Hy: p = 20 Hi:pn> 20
_ X-u _ 226-20 _
TS Zo=— f=Tm =728 .

P Critical region

Zoog = 2.05

Hytp > po daddl p2s2l) lad Hlu d>lg )b Hlas
P Decision
Hy J3:39 Ho bad) 98 51,81 0 (a8l dakaie (§ a5 T.S dasd Of
»P-value=P(Z >Z,) =P(Z>7.28)=0<a=0.02
208 o ST pasd! iy U1 edl Of izl oSazg Ho p2dy) SIS Juls dgy gwy
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Example:> Test the claim that on average are three T.V sets on each U.S.home , assume o = 1
a

sample of 100 households are taken and found the average to be 3.2 can you conclude that this
claim is false at « = 0. 057

MOlution

4 o=1 X =32 n =100
PHypothesis Hy:p =3 Hi:p#3
_ X-pu _ 32-3
PTS Zo = == 1imes = 2
»Critical region 1=a/2
0.95
0,026
~Zy_p» = —1.96 Ziap =1.96

Hytp # py Jadd) 0258 lad gyl e Hlas
#Decision
Ho 028) o 4516 dzyoell dalaiell (§ 5 7 808 O
®P-value = 2P(Z > —|Z,y|) = 2P(Z > 20) = 0.045 < a = 0.05

So, we accept Hg
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Example:> A computer manufacture claims that at most 2 percent are defective , a sample of
400 of these chips taken if there are 13 defective , does this disprove at 5% level of significance

the manufacturer's claim?

'n.jAolution

-
»Hypothesis H,: P = 0.02 H,: P > 0.02
BT.S Z, = P-Py __ 0.0325-0.02 _ 1.79

Po(1—Pg) 0.02X0.98
n 400

P Critical region

P Decision Zyo=Zpos = 1.645
Since test statistic falls in critical region, so, we reject Hy

®P-value = P(Z > 1.79) = 0.0367 = 0.05

Then, we reject Hy )

Example:> Historical data indicate that 4 percen of components are defective if a random
sample of 300 items indicated 16 defective (3.2 percent) is this evidence at 5% to conclude that a

change has occured
wolution

.16
Py, = 0.04 n = 500 P=——=10.032 a = 0.05
/ 0 500
Zy-aj2 = Zog7s = 1.96
PHypothesis Hj: u = 0.04 Hy:p # 0.04
BTS 7, = P-Py _ 0.032—0.04 — 0913

Pg(1—Pg) " [o.04x0.96
n 500

P Critical region

Decision —Zyors = —1.96 Zooys = 1.96

Test statistic does not fall in critical region , so we cannot reject Hy /
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