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1.3 Mathematical Concepts:

Variables: We use any symbol such as X, Yy, z, etc. which can assume any specified set of
values called Domain. If a variable can be assume only one value is said to be a constant.

Linear function: is a function whose graph is a line in the plane and has the following form:
y=a+ bx

a is a constant and its value equal y when x = 0 and b is the slope of the curve or graph
plotted between the two variables x and y.

The slope is the rate of change of y with respect to the change of x by one unit:

V2= W
X2 — X1

b

Example: Write the equation of a straight line that passes from the following two points
p1(=1,0) and p,(1,2)?

Solution: We calculate the slope b and a

- 2—-0 2
b:yz yl: :—:1
xz—x1 1+1 2

Wefindaby y=a+bx=0=a-1=a=1
We can write the equation y = 1 + x.
Linear function may have two or more variables as the following:
y =a-+ b1x1 + bzXz + b3x3 + -+ bnxn
n
y = a+z b; x;  (irunsfrom1ton)
i=1
Example: Bone mineral density (B M D) depends on age, weight and sex. So, in order to
describe the equation that represent the (B M D) we can write:
BMD = a + b;(age) + b,(weight) + b (sex)

Nonlinear function: a function with a degree more than one is called nonlinear function. The
simplest example to such a function is the quadratic integer function which is

y=ax?+bx+c
When y = 0, the rate (x) in this case

—bF+Vb2—-4ac
X =
2a

In general, the integer nonlinear function it can be represented by the following:

y =a+ byxt + byx? + byx3 + -+ + byx"

n .
y=a+2 b; x*
i=1

Other functions like exponent (y = e*) and logarithm (logx , Inx).
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1.4 Statistical Notations:

Notation is an important part of communication in mathematics. Using the correct notation
for statistical concepts is essential. BE CAREFUL! In statistics, unlike algebra, you are NOT
free to substitute another letter in place of standard notation. Each of the above letters has a
specific meaning in statistics.

Note 1: If Y or X are variables and y; or x; are the values of these variables.
Example: Age of 5 students are: (20, 18, 24, 22, 19)

y; = 20,18,24,22,19 thatisy, = 20,y, = 18,y; = 24,y, = 22,ys = 19
Where i =1,2,3,...,n here n=5

1.4.1 Summation Notation

LiX; mean X;+Xp+Xst....+x, , where the letter i is called the index of
summation

Note: i is dummy variable and it can be replaced any letter
that is X;+Xo+Xat....#%, = YiLg Xj = Xjiq Xj = Xk=1 Xk

from above example

Yi =y1tY2tY3+yst+ys

.
-
1l (3,1
-

n=>5
Zyi =20+ 18+ 24+ 22+ 19 =103
i=1
5
y? = (20)2 + (18)% + (24)? + (22)% + (19)? = 400 + 324 + 576 + 484 + 361 = 2145

S
1]

-~
1l
[y

2

n=>5
(Z yl-) =(20+ 18 + 24 + 22 +19)? = (103)? = 10609
i=1

We note that

5 2
E Yi ¥ (E )’i)
Example: If we have two variables such as:

x; =2,4,6,8,10 and y;=1,3,5,7,9

We can compute all measurements as the following:

Zxi'ZYi:inYifzxiz'zin'inz *Zylz
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in=2+4+6+8+10=30
Zyi=1+3+5+7+9=25
inyl-=2*1+4*3+6*5+8*7+10*9=2+12+30+56+90=190
in*Zyi=30*25=750
in2=4+16+36+64+100=220
Zyi2=1+9+25+49+81=165

le? *zyf = 220 + 165 = 36300

D aPyl=4x1+16%9+36%25+64x49 +100+81

=4+ 144+ 700 + 3136 + 8100 = 12284

(2 xi)z = (30)2 = 900
(Z yi)z — (25)? = 625
(Z xi)2 . (Z yi)z =900 * 625 = 562500
Note 2:

s T T
ZX?*Z%-Z * (inyi)z

We can summarize all the above calculations in a table form, see Table 1.

Table 1: Some mathematical operations on x; and y;.

X; Vi x! vt XiYi x? * yf

2 1 4 1 2 4

4 3 16 9 12 144

6 5 36 25 30 900

8 7 64 49 56 3136

10 9 100 81 90 8100

zxizgo Zyi=25 in2=220 Zy"2=165 inyi inz*Yiz

= 190 — 12284
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Note 3: If ¢ is a constant, we can write

n
Zci=(c1+cz+cg+---+cn)=n*c
i=1

n
ZZ=(2+2+2+---+2n)=n*2
=1

i

Now if

chz =(eyiteypteysttey) =cyity, +ys+ ot y) = cZyi

If ¢ =3, then

23%- =By1+3y2+3y3+ 4+ 3y) =301ty Fyzt ot yn) = 323&-

Note 4:
Z(xi +yi) = in +Z3’i

If x; =2,4,6,810 and y;=1,3,5,7,9

Z(xi+yl-)=(2+1)+(4+3)+(6+5)+(8+7)+(10+9)=55

in=30, Zyl=25
in+2yi=30+25=55

Z(xi+)’i)2 :zxi2+zzxiyi+zyi2

= 220 + 380 + 165 = 765

Note 5:

Z(xi +y)2=Q+1?+ (4 +3)>+(6+5?2*+(8+7)?+ (10 + 9)? = 765

Note 6:

in/Yi izxi/z}’i

Z y <x1+x2+x3+ +xn) 2+4+6+8+10
x. . = — — — cee — S — — — —
Y Ty, T s Yo/ 1.3 5 7 9

=2+13+12+114+111=6.75
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in/Zyi=(2+4+6+8+10)/(1+3+5+7+9)=30/25=1.2

Note 7:
Example: If x; =5,7,9,11

Z(xi—S)=(5—3)+(7—3)+(9—3)+(11—3)=2+4+6+8=20
Z(xl-)=5+7+9+11=32 n*3=4%3=12
Z(xi—3)=2xi—n*3=32—12=20
Z(xiz—3)=(25—3)+(49—3)+(81—3)+(121—3)=264
in2=25+49+81+121=276 nx3=4x3=12

(inz)—n*3=276—12=264
.-.Z(xiz—S):(inz)—n*B

Example: If x; =5,7,9,11, Find Y(x; — 3)?

Z(xi—B)Z=Z(xi2—2*3xi+n*32)=in2—6*2xl-+4*9

276 — 6% 32+ 36 =312 —-192 =120

Solution:

Z(xi—3)2=(5—3)2+(7—3)2+(9—3)2+(11—3)2=4+16+36+64=120

Some important sums

n

Zi =1+2+3+4+--+n=
i=1

nn+1)
2

n
Ziz =12+22+32+---+n2=n(n+1)(2"+1)

6
i=1
- nn+1) 2
Zi3 =13+23 43344103 = (T)
i=1
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HW
1- Simplify

Z?:1(i - 1)2
2- If yi=3x+2,i=1,2,34,5and ¥ ,xi =20
Find Y32, vi



