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Theme: Random variables
and thelr economic
Interpretation.
Basic laws of distribution
Part 2: continuous
random variable



A definition of random variables
and their classification

A variable i1s called random, if it can receive
real values with definite probabilities as a
result of experiment.
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A definition of random variables
and their classification

A variable i1s called random, if it can receive
real values with definite probabilities as a
result of experiment.

Definition

A random variable is a variable that takes values according to a certain
probability distribution.

@ Keys to know:

» All the possible values it can take.

» The probability distribution according to which it takes all possible
values.
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A definition of random variables
and their classification

A variable is called random, If It can receive

real values with definite probabilities as a
result of experiment.

In general, random variables can be
discrete or continuous.
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A discrete random variable /
AVUCKpeTHa BMNaaKoBa BeriMymHa

A continuous random variable /
HenepepBHa BUNaaKoBa BesiIM4MHA
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A definition of random variables
and their classification

A random variable Is a variable whose value
IS unknown, or a function that assigns
values to each of an experiment's
outcomes. Random variables are often
designated by letters and can be classified
as discrete, which are variables that have
separated values, or continuous, which are
variables that can have any values within a
continuous range.
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https://www.investopedia.com/terms/d/discrete-distribution.asp

CONTINUOUS RANDOM VARIABLES

A continuous random variable is a random
variable where the data can take infinitely
many values on some numerical interval or
a random variable which takes an Infinite
number of possible values. Continuous
random variables are usually measurements.
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A continuous variable is a variable whose value iIs
obtained by measuring.

Examples: height of students in class
weight of students in class
time it takes to get to university
distance traveled between classes
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Random Variables

According to the range of a random variable, we can define two types of
random variables.

@ Discrete random variables:
» The range is finite or countably infinite.!
(1) The number of defective light bulbs in a box of ten (finite)
(2) The number of tails until the first heads comes up (countably infinite)
@ Continuous random variables:
» The range is uncountable (any value in an interval)

(1) Consider the experiment where a light bulb is tested until failure, and
let X denote the time to failure.

Range of X = [0. x)

*A set of elements is countably infinite if the elements in the set can be put into
one-to-one correspondence with the positive integers. o -
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A continuous random variable Is

characterized by two functions:

1) a distribution function (the integral

distribution function) F(X) ;

2) a density function (the differential
distribution function) f(X) .
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a distribution function

| pyHKLIA po3noainy

a density function /

/ PyHKLIA WiNIbHOCTI
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The random variable X is called a
continuous random variable, If for any
numbers a < b such non-negative function

f(x) exists, that:

P(a< X <b)=[ f(x)dx

1
QD T
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The random variable X Is called an ab-
solutely continuous random variable, If
there is a non-negative function  f(x) onR

that:

P(X <x)= f f(t)dt

for every X e(—o0,0)
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General properties of
the density function | f(X)

1. Itis a non-negative function, i.e. f(x)=0

for all x.
2. It is a non-decreasing function for X & (- o0,)

then: 00
| f()dx=1

(the condition of normalization of this function ).
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General properties of

the density function | f(X)
3. The relationship between the functions f(X) and

- f(x)=F'(x) F(x)= _)j( f (x)dx

4. The probability that a random variable (X lies in the
interval (Xl, X2) IS equal to the increment of its density
distribution function on this interval; i.e.:

P(x <X <Xp)= jf x)dx = F(x,)—F(x)
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Example. The density function of a
continuous variable X is given by

0, X< 2
f(x)=<c(x-2), 2<x<5
0, X>3

\

What Is the value of c?
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Example. The density function of a
continuous variable X is given by

0, Xx<0
f(x):<c(4x—2x2), O0<x<2
0, X>2

\

What Is the value of c?
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Example  The density function of a continuous variable X is given by

0, x<0
f(x)=<c(4x—2x2), 0<x<2.  What is the value of ¢?
0, %>2

Solution. Since [ (x) 1s a probability density function, we must have the con-

o0
dition of normalization of this function that I f(x)dx =1, implying that:

% 0 2 - +00
jf(x)dx = dex +Ic(4x—2x2 }ix+ jOa’x =1
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or

or

C[8—E—OJ=C-§=1 or C=§.
3 3 8
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0, x<0

f(x)=<c(4x—2x2), Dcx<?2
0, ¥s2

\

So, the probability density function is:
0, x<0
3

f(x):<§(4x—2x2), 0<x<2.

0, X>2

"
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Example. The integral distribution function
of a continuous variable X Is given by

0, Xx <05
F(x) =+ 2X2_1, 05<x<15
kl, X>15

Find the density function f(X) .

PhD Misiura le.lu. (aoueHT 21
Mictopa €.10.)



Solution. It is known that _ . Thus
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f(X)= F'(X) =+

f(x)=F'(X) =+

(0), Xx<0,5
(Zx_lj  05<x<15
2
(1), X>15
0, X <05
250, 05<x<15
0, X>15

.
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f(x)=F'(X)=+

f(x)=F'(X) =+

0, X <05
2;9 05<x<15
\O, X>15
0, x<05
1, 05<x<15
\O, Xx>15
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Example. The differential distribution
function of a continuous variable X is given

by

Find the integral distribution function F(x).
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Solution. It iIs known that

If X<1 . then
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Solution. It iIs known that

f X<1 ,then f(X)=0 and
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. Thus:
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Solution. It iIs known that

f X<1 ,then f(X)=0 and
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0, x<1
1
f(x):<x—5, l<x<2
\O, X> 2

Solution.
If 1<X<2  then

F(x)= )j( f (X)dx = } f (X)dx +)j( f (X)dx =
—00 —00 1
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Solution.

f(X) =+

If 1<X<2  then

F(x)= T f (X)dx = } f (X)dx +)j( f (X)dx =
—00 —00 1

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)




f(x):ix—%, 1<x<2

Solution.
If x> 2 ,then

F(x)= )j( f (X)dx = } f (X)dx +f f (X)dx+ )j( f (X)dx =
e o 1 2
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f(x):ix—%, 1<x<2

Solution.
If x> 2 ,then

F(x)= )j( f (X)dx = } f (X)dx +f f (X)dx+ )j( f (X)dx =
e o 1 2

2
1 2 X 2 2 2

= dex+j(x—1jdx+dex: LT I S )
LR Y 2 2°) 2 27 (2 2

=2-1-0=1
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Let's write the formula for the integral
distribution function -:
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Numerical characteristics of absolutely
continuous random variables

The mathematical expectation M(X) of
an absolutely continuous random variable Is
calculated by the formula:

M(X) = Tx- f (X)dx
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Numerical characteristics of absolutely
continuous random variables

The variance D(X) of an absolutely continuous
random variable is defined by the formula:

D(X) = Of(x— M (X))* - f (x)dx

—00

D(X) = ojoxz - (x)dx=[M (X)]
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Numerical characteristics of absolutely
continuous random variables

The root-mean-square deviation (or standard

deviation) 6(X) of an absolutely continuous ran-
dom variable is the square root of its variance:

o(X)=+/D(X)
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Numerical characteristics of absolutely
continuous random variables

A mode of an absolutely continuous random
variable M, Is a point of maximum of the
probability density function f(X) .
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Example 3. The density function of a
continuous variable X is given by

0, X <1

f(x):%x—%, 1<x<2

0, X > 2

\

Calculate: a) the mathematical expec-
tation and the variance; b) the probabillity
that a random variable X lies in the interval

(13).
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Solution. 1) Let’s find the mathematical expectation:

M(X)= ojox- f (x)dx
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0, x<1
1
f(x):<x—5, 1<x<2
kO, X> 2

Solution. 1) Let’s find the mathematical expectation:

M(X) = Tx- f (x)dx

M(X) = }x- f(x)dx+?x- f(x)dx+ofx- f (x)dx
—0 1 2
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0, x<1
1
f(x):<x—5, 1<x<2
\O, X> 2

Solution. 1) Let’s find the mathematical expectation:

M(X) = }x- f(x)dx+?x- f(x)dx+ofx- f (x)dx
—0 1 2

1 2 00
M (X) = jx-de+jx-(x—%jdx+jx-de
—0 1 2
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0, x<1
1
f(x):<x—5, 1<x<2
kO, X> 2

Solution. 1) Let’s find the mathematical expectation:

1 2 00
M (X) = jx-de+jx-(x—%jdx+jx-de
—0 1 2

2
I\/I(X):O+j(x2—%xjdx+0
1
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 1) Let’s find the mathematical expectation:

2
I\/I(X):O+j(x2—%xjdx+0
1

M(x):[xg_]'xz]

1
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f(X)=<x—=,

Solution. 1) Let’s find the mathematical expectation:

|

1

X> 2

PhD Misiura le.lu. (aoueHT
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 1) Let’s find the mathematical expectation:

o 3-H{2-E
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 1) Let’s find the mathematical expectation:

o3-S
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 1) Let’s find the mathematical expectation:

w0-(-4H15
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 1) Let’s find the mathematical expectation:

PhD Misiura le.lu. (aoueHT 49
Mictopa €.10.)



0, x<1
1
f(x):<x—5, 1<x<2
0, X>2
Solution. 1) Let’s find the mathematical expectation:
[/ 3
M(X)==-2=
( ) 3 4
28 -9
M(X )=
(X)==5
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0, x<1
1
f(X) =+ X—E, 1<x<2
0, X>2
Solution. 1) Let’s find the mathematical expectation:
28—-9
M(X )=
(X)==5
19
M(X)==
(X)=7
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Solution. 2) Let’s find the variance:

D(X)= Ofxz £ (X)dx—=[M (X)]
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0, x<1
1
f(x):<x—5, 1<x<2
kO, X> 2

Solution. 2) Let’s find the variance:

D(X) = TXZ- f (x)dx—[M (X)]?

1
D(X)= [x*- f(x dx+jx2 f(x dx+jx2 f(x)dx — GZ)
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f(X)=<x—=,

X> 2

Solution. 2) Let’s find the variance:

D(X):_}xz- f(x)dx+ix2- f(x)dx+0£0x2- f(x)dx—(lgj2

T » 1 T 5 19
D(X): IX 'OdX+IX -(X—jdx+jx -de-(j
o ! 2)

12
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0, x<1
1
f(x):<x—5, 1<x<2
\O’ X> 2

Solution. 2) Let’s find the variance:

1 ; 2 ; 19
= [x°-0dx+ [ x (x—jdx+jx .0dx — ( j
- 1 2 12
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f(X) =+

0, X > 2

Solution. 2) Let’s find the variance:

2
D(X)=O+j(x3—;x2jdx+0—361
1

2
4 3
XT 1X 361
1

144

PhD Misiura le.lu. (aoueHT
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f(X) =+

0, X > 2

Solution. 2) Let’s find the variance:

1

2

361

144
1

D(X):(X4 B ng 2_361

144
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 2) Let’s find the variance:

2
4 3
p(x)=| X X || 28
4 6 . 144
4 3 4 3
D(X )= 2 27 |1 1) 36l
4 06 4 o) 144
PhD Misiura le.lu. (aoueHT
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 2) Let’s find the variance:
4 3 4 3

D(X )= 2 27 | 1) S6l
4 0 4 6 144

D(X)_(E_§j_(1_1j_@
4 6 4 6) 144
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 2) Let’s find the variance:

D(X )= (E_ﬁj (E_}j_fﬂ_Gl

4 6 4 6) 144

D(X) 16_§_1+1_3;Gl
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 2) Let’s find the variance:

D(X) 16_§_1 1_3_61

4646144

p(x)= 157361
4 6 144

PhD Misiura le.lu. (aoueHT
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0, x<1
1
f(X) =+ X—E, 1<x<2
0, X>2
Solution. 2) Let’s find the variance:
D(X )= 15 736l
4 6 144
p(x )= 4514 361
12 144

PhD Misiura le.lu. (aoueHT
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 2) Let’s find the variance:

D(X): 415-14 B 361
12 144
D(x): 3_1_3_61
12 144

PhD Misiura le.lu. (aoueHT
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0, x <1
1
f(X) =+ X—E, 1<x<2
0, X> 2
Solution. 2) Let’s find the variance:
D(X)= 31 S61
12 144
D(X)= 372-3061
144

PhD Misiura le.lu. (aoueHT
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Solution. 2) Let’s find the variance:

D(X):372—361
144
11

D(X)=—

( ) 144
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Solution. 3) Let's find the probability that a random
variable X lies in the interval -
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

P(a< X <b)= [ f(x)dx

QD —— T
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0, x<1
1
f(x):<x—5, 1<x<2
0, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

P(L< X <3)= f(x)dx

= —Ww
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0, x<1
1
f(x):<x—5, l<x<2
\O, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

P(l< X <3)= f(x)dx

=N PP Ww

P(1< X <3) f(x)dx+? f (x)dx
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0, x<1
1
f(x):<x—5, l<x<2
\O, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

2
P(L< X <3)= f(x dx+jf
1

2
P 1< X <3 j(x—ajdx+j0dx
1
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0, x<1
1
f(x):<x—5, l<x<2
\O, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

2 1 3
P(1< X <3):j(x——jdx+j0dx
1 2 2

2
2
P(1< X <3)=£x2 —;xj +0
1
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0, x<1
1
f(x):<x—5, l<x<2
\O, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

x4 1 ;
Pl<X <3)=| =—~-=x|| +0

2 2 .
2 2
P(1< X <3)=[22 — ;z)—[é—; j
PhD Misiura le.lu. (aoueHT 72
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0, x<1
1
f(x):<x—5, l<x<2
\O, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

2 2
P(1< X <3)=[22 —;2)—[12 —;1j

P(1< X <3)=g—§—;+;
PhD Misiura le.lu. (aoueHT 73
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0, x<1
1
f(x):<x—5, l<x<2
\O, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

P(1< X <3)=4—2—1+1
2 2 2 2
P(1<X <3)=2-1+0
PhD Misiura le.lu. (aoueHT 74

Mictopa €.10.)



0, X <1

f(x):<x—%, l<x<2

\O, X>2

Solution. 3) Let's find the probablility that a random
variable X lies in the interval (1; 3)

P(1<X <3)=2-1+0

P(1< X <3)=1
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Basic distribution laws of
continuous random
distributions
and their numerical
characteristics

PhD Misiura le.lu. (aoueHT 76
Mictopa €.10.)



UNIFORM, EXPONENTIAL
AND NORMAL LAWS OF
PROBABILITIES
DISTRIBUTION

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)
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A UNIFORM LAW OF PROBABILITIES
DISTRIBUTION

The uniform law of distribution is
characterized by a probability density
function f(X) (the differential distribution
function) (fig. 1) and a cumulative
distribution function F(X) (the integral
distribution function) (fig. 2).

PhD Misiura le.lu. (aoueHT
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A UNIFORM LAW OF DISTRIBUTION

0, Xx<a 0, Xx<a
f()=l—1— a<x<b F(x)=4X"2  a<x<b
b—a b—a
p, X>Db }, X>Db
U Floh
1
b-a
|
l
T —p———————— 7~l\—-———)- lr -
0 a b X a b X
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A UNIFORM LAW OF DISTRIBUTION

(a,b)

0, Xx<a 0, Xx<a
f()=l—1— a<x<b F)=42"2  a<x<b

b—a b—a

0 X>b }, X>Db

The probability that a random variable X lies In the
interval (e, B) is equal to the increment of its integral
distribution function on this interval; I.e.:

P(a < X < 8)=F(B)-F(a)
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A UNIFORM LAW OF DISTRIBUTION

Numerical characteristics are

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)
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TASK

The parameters - of the uniform
law of distribution are given: ge=g and B=S .

Find: a) functions - and - ;

b) the mathematical expectation - the

variance and the root-mean-square
deviation , C) P(B<X<10) -
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HOMEWORK

TASK. The parameters [@Bl the uniform law
of distribution are given:  @=2ind B=86 .
Find: a) functions  [f{X] and [F(X)

b) the mathematical expectation [M{X) , the
variance and the root-mean-square

deviation .; c) P(0<X<4) .
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A EXPONENTIAL LAW OF DISTRIBUTION

The exponential law of distribution Is

characterized by a probabi

function T(X) (the differentia
function) (fig. 3) and a

distribution function) (fig. 4).

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)
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distribution
cumulative

distribution function F(x) (the integral
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AN EXPONENTIAL LAW OF DISTRIBUTION

f (%) 0, X<0 F (%) 0, X<0
X) =< X) =+
A-e™, x>0 1-e™, x>0
A
7)) F)k
A
‘! —
: ] G >
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AN EXPONENTIAL LAW OF DISTRIBUTION
: 0, x<0 A E () 0, X <0
X) =< X) =<
(X) \ﬂ.e_’lx’ X >0 kl—e_ﬂ“x, x>0

The probability that a random variable X lies In the
interval (e, ) is equal to the increment of its integral
distribution function on this interval; i.e.:

P(a < X < B)=F(8)-F(a)
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AN EXPONENTIAL LAW OF DISTRIBUTION

Numerical characteristics are
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TASK

TASK. The parameter # of the exponen-
tial law of distribution is given: A=0.01

Find: a) functions  [f{X) and ;
b) the mathematical expectation , the
variance

the root-mean-square
deviation ¢c) P@B<X<5) |
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HOMEWORK

TASK 2. The parameter & of the exponen-
tial law of distribution is given: JA=0105 .

Find: a) functions  [f{X) and ;
b) the mathematical expectation , the
variance

the root-mean-square
deviation ¢) P(2<X <10).
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A NORMAL LAW OF DISTRIBUTION

The normal law of distribution Is

characterized by a probabi

function -(the differentia
function) (fig. 5) and a

distribution function) (fig. 6).
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ity density
distribution
cumulative

distribution function [B(X) (the integral
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A NORMAL LAW OF DISTRIBUTION

. _(x—az)2 )j( . _(X—az)2
_ 20
f(x)= e 20 F(X) = e dx
(%) > \/ﬂ S o2
[a.0?)
fok Frok
| i
I
| -
| |
3 - 3 ; >
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A NORMAL LAW OF DISTRIBUTION

Laplace differential function

X—d
t=""°2
O
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A NORMAL LAW OF DISTRIBUTION

Laplace integral function

_x-a

[=———
- G
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A NORMAL LAW OF DISTRIBUTION (a, 0'2)

The probability that a random variable X lies in the
interval (a,,B) IS equal to the increment of its integral
distribution function on this interval; i.e.:

O O

P(a < X < 8)=F(f) - F(a) =®(ﬁj—®(“—_a)
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A NORMAL LAW OF DISTRIBUTION (a, 0'2)

Numerical characteristics are
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TASK

The parameters - of the
normal law of distribution are given: [@=§

and B2 . Find: a) functions [FX) and f(x)
b) the mathematical expectation [M{X) .
the variance [B{X) and the root-mean-square

deviation [G(X) ; c) PESXEI0) .
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HOMEWORK

TASK 3. The parameters - of the
normal law of distribution are given: @=3

and B2 Find: a) functions [FX) and f(x)
b) the mathematical expectation [M{X) .
the variance [B{X) and the root-mean-square

deviation K) ; ©) [P
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Probability that a module of

the deviation of the normal distributed
random variable from its mathematical
expectation
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Let's find probability that a module of the
deviation of the normal distributed random

variable from its mathematical expectation is

less than any nonnegative & |, l.e.

P(X —a|<e)
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Let's find probability that a module of the
deviation of the normal distributed random

variable from its mathematical expectation is

less than any nonnegative & |, l.e.

P(X —al<g)=P(-s<X —a<g)=Pla-e<X <g+a)=
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Mictopa €.10.)



Let's find probability that a module of the
deviation of the normal distributed random

variable from its mathematical expectation is

less than any nonnegative & |, l.e.
PQX —a\<5):P(—5<X —a<¢g)=Pla-e<X<g+a)=

Aol o) (2
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Let's find probability that a module of the
deviation of the normal distributed random

variable from its mathematical expectation is

less than any nonnegative & |, l.e.
(o)

P((X —a = 2P| —
(x ~al<s)=20[ £
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HOMEWORK
a=40,0=0,4,P=0,3

g="7
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Three sigma rule
Let’s transform the formula

P(X —al<&)= 2@(%

O
Let &€=0o-l  then

P(X —al<ot)=2d(t)
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Three sigma rule
Let’s transform the formula

P(X —al<&)= 2@(%

O
Let &€=0o-l  then

P(X —al<ot)=2d(t)

P(X —a|<o)=2d(1)=0.6826
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Three sigma rule

It means that 68 % of values of a random

variable X' is located on the interval (a T a) .

P(X —a|<o)=2d(1)=0.6826

PhD Misiura le.lu. (aoueHT 106
Mictopa €.10.)



Three sigma rule
Let’s transform the formula

P(X —al<&)= 2@(%

O

Let €=o0-1 | then

P(X —al<ot)=2d(t)
t=2
P(X —a| < 20)=2d(2)=0.9544
E=20
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Three sigma rule

It means that 95 % of values of a random

variable X is located on the interval (a+ 20).

t=2
P(X —a| < 20)=2d(2)=0.9544
E=20
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Three sigma rule
Let’s transform the formula

P(X —al<&)= 2@(%

O
Let &€=0o-l  then

P(X —al<ot)=2d(t)
P(X —a|<30)=2d(3)=0.9973

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)
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Three sigmarule
Hence three sigma rule means the normal
distributed random variable X possesses all

its values on the interval (a+3c) with the
probability 100 %.

t=3
P(X —a|<30)=2d(3)=0.9973

=30
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EXAMPLE

X Is a random variable, distributed by a normal

law with the mathematical expectation a =2
and the root-mean-square deviation o =0,1

Find limits for values of X with probability 99,73 %
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SOLUTION

According to the condition of the task:

P=09973 o=01 a=2

Let's substitute:
30 =0,3

a—3c< X<a+3o

PhD Misiura le.lu. (aoueHT 112
Mictopa €.10.)



SOLUTION

According to the condition of the task:

P=09973 o=01 a=2

Let's substitute:

30 =0,3

2—03< X <2+0,.3

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)
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SOLUTION

According to the condition of the task:

P=09973 o=01 a=2

Let's substitute:

30 =0,3

17< X <23

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)
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Let’s consider a deviation
from a normal law
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Asymmetry

Asymmetry of a distribution shows a deviation
of a value from its central position on the left or
on the right:

3
AS —
63

where
U3 —the central moment of the 3-rd order;
o — the root-mean square deviation.
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Asymmetry for normal distribution

Asymmetry of a distribution shows a deviation
of a value from its central position on the left or
on the right:

AS :lu—g:()
O

where
H3 — the central moment of the 3-rd order:;
O - the root-mean square deviation.
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Asymmetry

fok
As>0 AS:0 AS<0

|
|
|
A
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Excess

Excess characterizes a deviation of a value
from its central position down or up:

H4
Ec = 3
S 04

where
Ha — the central moment of the 4-th order;
O - the root-mean square deviation.
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Excess for normal distribution
Excess of a distribution Is a value:

Eg =4 -3=0
O

where
U, —the central moment of the 4-th order,
o - the root-mean square deviation.

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)
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Excess
9] |

normal distribution

|
|
|
é o
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Excess
759]

normal
distribution

PhD Misiura le.lu. (aoueHT
Mictopa €.10.)

122



EXAMPLE

We have:

H3=04  py=617  52-166
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EXAMPLE

We have:  13=04 pu,=617 52_-166
Find: As, Eg

Solution.
Asymmetry Is:

A = 04 ~ (019
EXCess: > 166./166

ES — 6’17 _3:_0,76

1662
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EXAMPLE

Asymmetry : 0,4
Ac = ~ (019
> 166./166
Excess : 517
Ec=——-3=-0,76
> 1662
We have:

AS>O ES<O
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INDEPENDENT WORK
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TRANSFORMATION OF
SEQUENCES
OF NORMAL DISTRIBUTED
RANDOM VARIABLE
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Gamma-distribution

A random variable x that is gamma-distributed

with shape k and scale g is denoted by F(k, 9)
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Gamma-distribution

The probability density function and the cumulative
distribution function of the gamma distribution can be
expressed in terms of the gamma function parameterized in
terms of a shape parameter K and scale parameter @ and
the lower incomplete gamma function, I.e.

( X

1 k—1 _5 .
X' e ¢ 1If x>0
f(x)=16% .T(k)

0, if x<0

|\
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Gamma-distribution

X

f(X):< X -11“(k)Xk_1€_9’ If x>0 F(X) :J' f (X)dX

0, Jf x<0

+00
r(k)= [t“"edt

0
both kK and @ are positive values.

where IS the gamma function,
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Gamma-distribution

Numerical characteristics of gamma
distribution law are

1) mathematical expectation: M (X)=k&
2) variance: D(X)=k6?

3) root-mean-square deviation (or standard
deviation): o(X) =6k
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Chi-square (;(2) distribution

A random variable X = y“(n) has the chi-
square distribution with n degrees of
freedom If its probability density function and
the cumulative distribution function have the
forms:
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Chi-square (;(2) distribution

A random variable X = y“(n) has the chi-
square distribution with n degrees of
freedom If its probability density function and
the cumulative distribution function have the
forms:

1 n, X
X2 e 2,if x>0
n Nt
f(X)=< 22 r(aj F(x)= - L jtz_ e 2t
2 25 .F(aj 0
0, ,if x<0 2
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Chi-square (;(2) distribution

1 E_]_ _l
- X2 e 2 if x>0
f(X)=< 22 F(aj
2
0, Jif x<0
1 XD_ _E
F(x)=— [t2 e 2dt

where F(gj IS the gamma function.

PhD Misiura le.lu. (aoueHT
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Chi-square (;(2) distribution

Numerical characteristics of gamma distribution
law are:

1) mathematical expectation:

M (X) =M {z?(n))=r
2) variance: D(X) = D(Zz(n)): 2N
3) root-mean-square deviation:

(X )=olz%(n))=2n

PhD Misiura le.lu. (aoueHT
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Chi-square (;(2) distribution

Main property of chi-square distribution. For an
arbitrary n the sum:

n
X =Y X{
k=1
of squares of independent random variables

obeying the standard normal distribution has the
chi-square distribution with n degrees of freedom.
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Chi-square (;(2) distribution

he values are tabulated.

Relationship with other distributions:

1. For n=1, this formula (*) gives the
probability density function of the square X 2

of a random variable with the standard
normal distribution.
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Chi-square (;(2) distribution

2. For n=2 , the formula (*) gives the

exponential distribution with parameter A = %
3.As n— oo the random variable X = ,2(n)

has an asymptotically normal distribution

with parameters (n, 2n) .

PhD Misiura le.lu. (aoueHT 138
Mictopa €.10.)



HOMEWORK

To read about

1) Student’s distribution (t-distribution)
with n degrees of freedom

2) F-distribution (or Fisher—Snedecor
distribution)

(see Lecture)
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Thank You for your
time and attention!
Hope this
presentation was
educational and
helpful to you

©
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