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ABSTRACT

The doctoral thesis «Optimal location of service objects within the
existing transport infrastructure» has been worked out by Andrey Kashurin to
get the scientific degree of Doctor of Science in Engineering. Scientific
supervisor of the work is Dr. habil. sc. ing., professor Alexander Andronov.

The goal of the doctoral thesis is development of the mathematical
models, methods, algorithms and computer programs for the problem of
optimal location of service objects within the existing transport infrastructure,
investigation of the elaborated methods efficiency and decision of the real
actual problem. Optimal location of a service object is practically important
problem. Possible object types are technical maintenance stations, medical aid,
sports facilities and others. It is necessary solve this problem using various
factors, and first of all an existing infrastructure.

In this connection the following tasks are considered:

e Analytical description of a distribution of population on the territory of
Latvia, allowing for the specified coordinate of territory to calculate
corresponding population’s density.

e Development of the mathematical model for problem of optimal spatial
location of service objects. Modern methods of the optimization theory
are used.

e Development of special computer programs in Mathcad and MATLAB
environment for the decision of the considered problems.

e The experimental research of efficiency of the developed methods and
programs. Advantage of genetic algorithm in comparison with the
algorithms based on a method of a gradient, for multiextreme problems,
is shown. It is established that the best results are given by a
combination of genetic algorithm and a gradient method.

e Decision of the real actual problem of service objects location, based on
developed models, algorithms and methods by the instrumentality of
developed computer programs.
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1. INTRODUCTION

Present doctoral thesis «Optimal location of service objects within the
existing transport infrastructure» is devoted to problem of service object
location in spatial space, on the basis of use of the modern mathematical
methods like probability theory, nonlinear optimization and genetic algorithms.

1.1. Actuality of the problem

Service object location is and has been a well established research area
within Operations Research (OR). Numerous papers and books are witnesses of
this fact [18]. The American Mathematical Society (AMS) even created
specific codes for location problems (90B80 for discrete location and
assignment, and 90B85 for continuous location). Nevertheless, the question of
the applicability of location models has always been under discussion [38].

A general service object location problem involves a set of spatially
distributed customers and a set of service objects to serve customer demands
[18], [52]. The questions to be answered are:

» Which service object should be used (opened)?

* Which customers should be serviced from which service object (or
service objects) so as to minimize the total costs [38]?

Service objects location, also known as location analysis, is a branch of
operations research concerning itself with mathematical modeling and solution
of problems concerning optimal placement of service objects in order to
minimize transportation costs, avoid placing hazardous materials near housing,
outperform competitors' facilities, etc. Location models are used in a variety of
applications such as locating warehouses within a supply chain to minimize the
average time to market, locating noxious material to maximize its distance to
the public, etc.

Optimal location of service objects is practically very important
problem. Main aim is minimizing the cost of satisfying some set of demands (of
the customers) with respect to some set of constraints. Service objects location
decisions are critical elements in strategic planning for a wide range of private and
public firms [77].

The basic task of all variants of service object location problems is the
following: a company wants to open up a number of service objects to serve
their customers. Both the opening of a service object at a specific area or the
service of a particular customer through a service object incurs some cost. The
goal is to minimize the overall cost associated to a specific way of opening up
service objects and serving customers [22].
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Service objects are objects of the same class complying with the
following requirements:

e All objects are of the same type, i.e. they perform the same
manufacturing or transport tasks.

e All customers using the relevant services can, in principle, use a
service of any object.

It is possible to present the following examples:

e Service stations
e Filling stations
e Sports bases, etc.

In our work a problem of service object location on the territory of
Latvia is considered. It is necessary to place the predefined number of objects,
to minimize loss function (transport expenses). This problem is solved using a
density function of serviced object location and an accepted loss function.

1.2. Objectives and tasks of the research

The objective of the doctoral thesis is:

Development of the mathematical models, methods and computer programme
package for the problem of optimal location of service objects.

In this connection the following tasks are considered:

1. Consideration of the existing methods and models of optimal location of
the service objects.

2. Statistical description of a distribution of population’s density on the
territory of Latvia.

3. Design of the research information data base, making statistical data
collections for the regions of Latvia.

4. Working out the analytical description of a distribution of population on
the territory of Latvia, allowing for the specified coordinate of territory
to calculate corresponding population’s density.

5. Development of the mathematical model for problem of optimal spatial
location of service objects.

6. Description of principles of the numerical optimization and survey some
exciting numerical methods and algorithms of an optimization.

7. Development of the optimization methods for elaborated mathematical
model.

8. Investigation of the elaborated optimization methods’ efficiency.



9. Development of the special computer programs for the suggested
optimization methods.

10. Consideration of the real actual problem of service objects location on
the territory of Latvia, based on developed models, methods, algorithms
and computer programs.

1.3. Methodology and methods of the research

The doctoral thesis research is based on:

1. Modern optimization methods and algorithms such a line search
methods (step length, the Wolfe conditions, backtracking line search),
gradient optimization, quasi-Newton methods (the BFGS method), and
genetic algorithm.

2. Methods of probability theory and mathematical statistics.

3. Statistical data received from “Central Statistical Bureau of Latvia” (LR
Centrala statistikas parvalde, LR CSP) and Ministry of Education and
Science of the Republic of Latvia data base ““Sports facilities register”,
which one was created in collaboration with the author of the doctoral
thesis.

4. Scientific literature, press releases and Internet-sources devoted to the
investigated problems.

5. Computer based support for necessary calculation and investigation, i.e.
PTC Mathcad 14, MathWorks MATLAB R2009b environment.

1.4. Scientific novelty

Novelty of the present research consists of:

1. Analytical descriptions of a population distribution on the territory of
Latvia, allowing for the specified coordinate of territory calculate
corresponding population’s density.

2. The original mathematical model for optimal spatial location of service
objects.

3. Improved optimization method, used a combination of the genetic
algorithm and gradient method.

4. Package of the special computer programs for the problem of optimal
spatial location of service objects.



1.5. Practical importance and applying

1. On the basis of the obtained results a part of lectures and practical works
on the study discipline “Computer Methods for Engineering Problem
Solving” for the first year student of master’s studies programme of the
Riga Technical University Institute of Transport Vehicle Technologies
IS prepared.

2. Models and methods of the description of a distribution of population on
the territory of Latvia, which are developed by the author, were used in
the scientific project “Creation of mathematical models, algorithms and
computer programs for Latvia’s transport system’s analysis,
development prognosis and optimization”, which was a component of
the Scientific Project “Zinatniskas darbibas attistiba augstskolas” and
lasted from June 1 till December 31, 2008.

3. According to the Article 12 of the Law on Sports [63] titled “Sports
Facilities”, The National Sports Development Program for 2006-2012
(approved by Cabinet of Ministers Instruction No. 838, October 31,
2006) and The Cabinet of Ministers (Protocol No. 50 28.8) (this policy
is in line with Latvia’s National Development Plan (Cabinet of Ministers
Instruction No. 564, July 4, 2006)) the problem of the optimal location
of the new track and field arenas on the territory of Latvia is solved in
collaboration with Sports Department of the Ministry of Education and
Science of the Republic of Latvia.

4. The obtained models and algorithms can be used by private and
government companies for the optimal location of the service objects,
i.e. car technical maintenance stations, sports facilities, filling stations
and others.

1.6. Structure of the doctoral thesis

Chapter 1. Methods and models of optimal location of the service
objects. Problem of optimal location of service objects is described. Various
approaches to a setting of the distance functions are considered. The lasts play
an important role in the problem of interest. Various mathematical model and
methods of location-allocation problem were analyzed.

Chapter 2. Statistical description of a distribution of population’s
density on the territory of Latvia. This Chapter is dedicated to analysis of the
statistical data about population distribution on territory of Latvia. As result an
analytical expression for population density has been obtained. One allows us



for the specified coordinate of territory to calculate corresponding population’s
density

On this basis the following problem is solved: a weighted average centre
of Latvia is found, i.e. coordinate, for which the total distance from all points of
Latvia (subject to density) is minimal one. Necessary statistical information has
been received from Central Statistical Bureau of Latvia.

Chapter 3. Survey of exciting numerical methods of an optimization. In
this Chapter principles of the numerical optimization and some exciting
numerical methods are discussed. The used in our work methods and
algorithms of nonlinear optimization are described: the line search, the Wolfe
conditions, the backtracking line etc.

Chapter 4. Mathematical model for problem of spatial location of
service objects. A considered problem is stated. It is known a density function
of serviced object location and the distance functions. A criterion of the
location efficiency is average total loss, i.e. transport expenses. It is necessary
to place the predefined number of objects, to minimize loss function. One-
dimensional and two-dimensional cases of the problem are considered.

Chapter 5. Gradient and quasi-Newton algorithms of an optimization.
Both algorithms are used for an optimal location of service object in spatial
space. An elaborated search procedure satisfies the Wolfe conditions. Location
of 4 service objects across territory of Latvia has been taken an example.

Chapter 6. Genetic algorithm. This Chapter is devoted to the function
optimization using evolutionary algorithms such a genetic algorithms.
Canonical genetic algorithm is described. Application of the genetic algorithm
to the problem of optimal spatial location of service objects is described. To
evaluate algorithm efficiency, plan of the experiments is designed. Numerical
experiments are performed. The best results turn out by a combination of the
genetic algorithm and gradient method.

Chapter 7. Description of programs. Computer programs for the optimal
location of service objects are described. Two main programs are developed.
First program (gradient and quasi-Newton optimization) written in Mathcad.
Second (genetic algorithm optimization) written in MATLAB. Program
structure, functions, variables and syntaxes are considered.

Chapter 8. Application of the considered methods. An actual problem of
track and field arenas location on spatial space is considered. It is known a
density function of serviced object location and a loss function. It is necessary
to place the predefined number of objects, to minimize loss function (transport
expenses). List and coordinates of the existing track and field arenas is taken
form the Ministry of Education and Science of the Republic of Latvia data base
“Sports facilities register” (http://sportabazes.izm.gov.lv/sbdb/). The received
results have been approved by the Ministry of Education and Science of the
Republic of Latvia.
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1.7. Defensible theses

Author of the doctoral thesis defends:

Development of the mathematical models for the problem of optimal
location of service stations.

Elaboration of the optimization methods and algorithms for the
suggested mathematical model.

Elaboration of computer programme package for the model and method
realization.

Investigation of the elaborated optimization methods’ efficiency.

1.8. Approbation of the doctoral thesis

The main results of the doctoral thesis have been presented on 9

international scientific conferences:

1.

RTU 48th International Scientific Conference, October 11-13, 2007,
Riga, Latvia

RTU 49th. International Scientific Conference, Information technology
and management science, October 13-15, 2008, Riga, Latvia

RTU 49th International Scientific Conference, Mathematical methods of
transportation systems control, October 13-15, 2008, Riga, Latvia
Innovation and new technologies conference, January 20-21, 2009,
Riga, Latvia

RTU 50th International Scientific Conference, October 12-16, 2009,
Riga, Latvia

International Conference on Accelerated Life Testing, Reliability-based
Analysis and Design, May 19-21, 2010, Clermont-Ferrand, France

RTU 51st International Scientific Conference, October 10-15, 2010,
Riga, Latvia

Applied Stochastic Models and Data Analysis (ASMDAZ2011), The 14th
Conference of the ASMDA International, June 7-10, 2011, Rome, Italy
8th International Scientific and Practical Conference “Environment.
Technology. Resources.” June 20-22, 2011, Rezekne, Latvia
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The author of the doctoral thesis is the author and co-author of 8 scientific
research publications.
List of publications:

1.

Andronovs A., Kashurin A. On a problem of spatial arrangement of
service stations // Computer modelling and new technologies. - 2007,
Vol.11, N. (2007) pp. 31-37.

Kashurin A. Statistical description of a distribution of population density
over the Latvian territory // Scientific journal of RTU. 5th series.
Datorzinatne. - Vol. 36 (2008), pp. 108-115.

Kashurin A. Problem of optimal spatial arrangement of service stations
/I Third international conference on accelerated life testing, Reliability-
based analysis and design, France, Clermont-Ferrand, May 18-21, 2010.
— pp. 249-254.

Kashurin A. A problem of arrangement of service stations on the given
territory // Scientific journal of RTU. 6th series., Masinzinatne un
transports. - 34. vol. (2010), pp. 111-116.

Kashurin A., Parkova |. Genetic algorithm of optimal spatial
arrangement of service stations // Scientific proceedings of the 14th
conference of the ASMDA International Society, Italy, Rome, June 7-
10, 2011. pp. 667.

Parkova 1., Kashurin A., Valishevsky A., Vilumsone A. Making
decisions on arrangement of electronics in smart garment // Proceedings
of the 8th International Scientific and Practical Conference
“Environment. Technology. Resources.”, Latvia, Rezekne, 20.-22. June,
2011. pp. 202-211.

Parkova I., Valishevsky A., Kashurin A., Vilumsone A. Integration of
flexible keypad into clothing // Proceedings of the 8th International
Scientific and Practical Conference “Environment. Technology.
Resources.”, Latvia, Rezekne, 20.-22. June, 2011. pp. 173-181.
Kashurin A. Application of the problem of optimal location of service
stations // Scientific journal of RTU. Masinzinatne un transports, 6th
series - Riga: RTU, 2011. - vol.34. Accepted for publication.
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2. SUMMARY OF RESEARCH RESULTS

2.1. Statistical description of a distribution of population’s density on the
territory of Latvia

A number of vital practical problems require the description of a
distribution of population on the considered territory. In this connection we
have set the task to describe the available data in an analytical form on the
population of Latvia.

Our problem consists of working out the analytical dependences,
allowing for the specified coordinate of territory of the Latvia to calculate
corresponding population’s density.

On this basis the following problem is solved: a weighted average centre
of Latvia is found, i.e. coordinate, for which the total distance from all points of
Latvia (subject to density) is minimum.

On the Tables 2.1 and 2.2 the data about the population and the square
of the territory of Latvia on cities and districts is represented, as well as their
coordinates. Before July 1, 2009 territory of Latvia was divided into 26 districts
and 7 cities. All the statistical data provided to us by Central Statistical Bureau
of Latvia. On the Figure 2.1 the map of population’s density of Latvia is
shown. Information source is Latvian Association of Local and Regional
Governments (LPS, http://www.lps.Iv). The different colors correspond with
different allocation in the given region.

I 13.0-17.9
8 18.0-199.9
8 200.0 - 2490.0

Figure 2.1 Map of population’s density of Latvia
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Characteristics of big cities of Latvia

N = <mA N
S 1 -
= 3 3 g n
(@) @) o

1 Riga 190 150 722485 307

2 Daugavpils 340 30 108 091 73

3 Jelgava 170 110 66051 60

4 Jarmala 150 180 55408 100

S  Liepaja 10 100 85477 60

6  Rezekne 390 100 36345 18

7 Ventspils 50 200 43544 55

Characteristics of districts of Latvia
R !
g g s 83 £ 5F
= a 8 8 g 3
@) @) o
Aizkraukles
1 district 270 110 40116 2567
2 Aluksnes district 360 210 24 483 2 245
3  Balvudistrict 390 170 27245 2381
4 Bauskas district 210 100 50 988 1881
5  Cesu district 270 180 56614 2973
Daugavpils

6 i r?ct P 340 40 39496 2526
7 Dobeles district 130 100 37980 1632
8  Gulbenes district 340 180 26 281 1876
9  Jelgavas district 170 110 36941 1605
10  Jekabpils district 300 90 52593 2997
11 Kiraslavas district 400 50 33313 2 288
12 Kuldigas district 60 150 35822 2500
13  Liepajas district 30 110 43849 3593
14  LimbaZu district 230 230 37798 2602
15  Ludzas district 420 110 31305 2412
16  Madonas district 330 140 42 918 3 349
17 Ogres district 240 130 64060 1843
18  Preilu district 340 80 38317 2042
19  Rezeknes district 380 100 40442 2809
20 Rigas district 210 150 161119 3132
21  Saldus district 50 110 36735 2182
22  Talsu district 100 200 46680 2748
23 Tukuma district 130 150 54813 2457
24 Valkas district 300 220 31723 2441
25  Valmieras district 260 240 58 328 2373
26  Ventspils district 60 190 13945 2462
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Reasonably the population of districts and big cities to be examined
separately.

The districts population

Let : be an district index, : =1, 2, ..., w, where w is a number of the
considered districts. Let's use following designations:

SR, be the territory of the :-th district (it’s point (z,y)e SR));

&(z,y) be the indicator’s function of the :-th district:

1,if (zy) € SR,
&(zy)= {

0, otherwise,

H, be population of the :-th district,

P, be square of the :-th district, km?,

h, be population’s density for the -th district: h, = H,/ P, .

We assume that every district is represented by a circle. Then the
territory of Latvia is divided into circles, which characteristics are given in
Table 2.4. The circle radius is calculated judging by a condition, that the square
of the circle and district coincide. Let

Z, y,, be coordinates of the centre of the ;-th district

r, be radius of the :-th district r,, calculated by the formula

n=7,. 2.1)

For the considered case function & (z,y) is described as following

{ 1, if (yl—n<y<yl+n)Alzl—\/ N =(y-y,)’ <2<z +y n)z—(y—yl)ZJ
& (zy)=

0, otherwise.

(2.2)

We suppose that objects are placed uniformly on the given territory.
Therefore population density in point (z,y) is described as following function

(Y = he@y). (2.3)
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The population of big cities

Now we consider big cities.

Let y be a city’s index, y=1, 2, ..., m, where m is a number of considered
big cities. Let’s denote:

SP, be the territory of the y-th city;

z,Y,, are coordinates of the centre of the y-th city;

w,(z,y) be an indicator’s function of the y-th city:

1,if (zy) € SP,,
w(2,Y)= {
0, otherwise.

Indicator’s function y, (z,y) is described as following

{1, if (y, —1, <y<y, +ry)A[zy B =(y=y,) <2<z, +/(r,) —(y—yy)zJ
vy(2,Y)=

0, otherwise.

(2.4)

z, Y,, - coordinates of the centre of the y-th city;

r, — radius of the y—th city, calculated by the formula (2.1).

The populations densities of the cities calculated by formula h, = A,/ P,,
where

H, - population of the y-th city;

P, — is square of the y-th city, km”.

The density of distribution of the population of y-th city on territory will
be described by two-dimensional normal density:

h 1
fP(zy) =—"5exp -
@) 2762 p{ 2

4

[z-z) (- yy)z]}, (2.5)

2
4

where o;j is a standard deviation for the density of distribution of the population
calculated by the formula:

o,=pr,,, (2.6)

where p>0,5 — is a coefficient of city’s attraction.
General expression for population density in a point (z, y) will be

f(z,y)=f"(z, y)+iwy(z, y)fP(z,y). (2.7)

7=l
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The main characteristics of the districts and the cities are presented in
the Table 2.3 and Table 2.4.

Population’s density, radius and standard deviation for the cities

City

Density

Radius

Oj
Riga 2353,37 9,89 6,92
Daugavpils 1480,70 4,82 3,37
Jelgava 1100,85 4,37 3,06
Jarmala 554,08 5,64 3,95
Liepaja 1424,62 4,37 3,06
Re&zekne 2019,17 2,39 1,68
Ventspils 791,71 4,18 2,93
Population’s density, radius of district
City/ District Density Radius
Aizkraukles district 15,63 28,59
Aluksnes district 10,91 26,73
Balvu district 11,44 27,53
Bauskas district 27,11 24,47
Cesu district 19,04 30,76
Daugavpils district 15,64 28,36
Dobeles district 23,27 22,79
Gulbenes district 14,01 24,44
Jelgavas district 23,02 22,60
Jekabpils district 17,55 30,89
Kraslavas district 14,56 26,99
Kuldigas district 14,33 28,21
Liepajas district 12,20 33,82
LimbaZu district 14,53 28,78
Ludzas district 12,98 27,71
Madonas district 12,82 32,65
Ogres district 34,76 24,22
Preilu district 18,76 25,50
Rezeknes district 14,40 29,90
Rigas district 51,44 31,57
Saldus district 16,84 26,35
Talsu district 16,99 29,58
Tukuma district 22,31 27,97
Valkas district 13,00 27,88
Valmieras district 24,58 27,48
Ventspils district 5,66 27,99

17
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Weighted average coordinates of Latvia

The weighted average coordinate of Latvia is a point (u, v) for which the
following condition is satisfied: if all inhabitants of Latvia have to gather in
one point, that (u, v) is a point, for which the total distance passed by all, will
be minimum.

For simplification we will consider all population of y-th city
concentrated in coordinate of its centre (z, y,). This is a reasonable assumption,
because the squares of cities are essentially less then squares of districts.

Now mathematically the problem is formed in such way: to find a point
(u, v) which minimizes objective function

Y+, 2 -y, )? m A
gu=3N0 [ [ a-uf+@-vrdzo+ Yo -0 +(y, v .. (28)
Y 2oy, 7

It is possible to find the minimum point (u, v) by a gradient method.
Gradient of function (2.8) is given by expression:

Zguy)
vg(u,v)=| ¢ =
—og(uv)
W Ve 2 (oY,
~>h | [(q 02 +(@—v)] 2 (q—u)dader Z[z —U) +(y, - vy (2, ~u)H
=y z,—\/rlzT

2 I [(q 0 + @y’ (0-v)dade- Z[(Z 07+, -0 20y, WM,

Note, that we must apply gradient method carefully, because our
objective function has ruptures on borders of districts. Therefore we have
entered some changes into standard algorithm of a gradient method. As we
cannot trust a gradient method completely, we have also checked it up by
means of minimization function. Experiments have shown efficiency of a
method at a small step.

Special software in Mathcad 14 has been developed. The complex of the
programs allows calculating the population’s density of Latvia for the given
coordinate (z, y) by the formula (2.7). For example, for some coordinates (z, y)
these densities are presented in Table 2.5.
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Table 2.5
Population densities for coordinates (z,y)

Coordinate, (z,y) 190, 150 360, 80 320, 160 40, 100 100, 180

Density, f(z,y) 52.216 33.16 12.82 29.04 16.99

Thus, we see that the weakest coordinate on density is (320, 160). It is
situated on the borders of Madona and Gulbene districts.

Table 2.6
Value of the objective function for different coordinates

Coordinate, (u, V) 190, 150 360, 80 320, 160 40, 100 100, 180

Objective function, g(u,v)  1.856 *10° 3.946 *10° 3.184 *10° 4.284 *10° 3.228 * 10°

As we see the minimum value of objective function is found at the point
(190, 150).

This complex of programs allows define the weighted average
coordinate of Latvia by using a gradient method too. Calculations have shown
that the weight average coordinate of Latvia is (189.94, 149.80). These
coordinates correspond to city of Riga.

CONCLUSION

A problem of working out the analytical dependences, allowing for the
specified coordinate of territory of the Latvia to calculate corresponding
population’s density is considered. The elaborated algorithm of the problem
solution is based on the gradient method. A weighted average centre of Latvia
is found. The considered numerical examples show its efficiency.

2.2. Mathematical model for problem of spatial location of service objects

The formal description of the problem is the following. Let us consider a
real space X for that concrete point will be marked by x, for plane it is two-
dimensional vector (it is available to consider another dimension too). A
distance I(x,x*) is determined for points x and x*, that satisfies usual
conditional of distance axioms: I(x,x)=0, I(x,x*) >0,
1(x, x*) <1(x,x") + (X", x*).

Some objects are located in the space (for example men, animals, sport
facilities). Let us name as x—object, the object that is at the point x. A density of

19



object location is described by known density function f(x) > 0, so

jf(x)x:l.

xeX

Some service objects must be located in the space, their number is k. It
is necessary to determine those coordinates x®,x® .., x®. If a x—object is
serviced by i-th object then corresponding loss is equal to gx(x“)), for example
g, (x?)=g(x—x®). Let us call g, () as loss function and suppose that it is
symmetrical according to zero: (g (x®)=g,(-x")) and convex (down).

Probability that the x—object service that belongs to the i-th object is

5i(x) =

Now a problem can be formulated as follows: to find coordinates
x®,x® .. x® of service object location that minimizes the total loss

D(x‘l),x‘z),...,x‘k)):.[;

k

i)

i=1

16xO) g, X"y F()dx.  (2.9)

We union unknown variables of interest as vector x = x®,x® ..., x%.
Further let us use the following distance function and loss function:

I(x,t) = \/(xl —t, )" +(x, -t,)*, (2.10)

g(x,t) =[x, —t,|+|x, —t,]. (2.11)

2.3. Methods of optimization

2.3.1. Gradient optimization

Let the coordinates of an object bex =(x, x,)" € R? = (=o0,0) x (—0,0),

coordinates of the j-st object be x" =(x1“) x§”)T. We will use a gradient
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method for the minimization of criteria (2.9). For that aim let us calculate a
corresponding gradient. For a partial gradient with respect to the j-th object we
have the following expression:

0
ox )

where

Sk ) g, 00) (b=

i=1

=] (Z('()“ X(i)))l) l((gx(x(j))(—('(K XN ) 20 1 x)+ (1 ) %0 gx(x(”)]]f(x)dx— 2.12)
[t S okt s o s

® (2) k)
(J) D( )(( (J) J.

-1
x(')

Now we can present the gradient of (2.9) as (2xk)-matrix of the partial
derivatives

0 9 D(x®,x@ . x®) 0 % DO, x? . x®)
O @ oy | K o
VD(x*,x*” ..., X)) = 5 .y k 5 .y k .(2.13)
axél) —D(x®,x@ ... x®) . 8x§k) ——D(x?,x@ ... x%)
Then we have the following derivatives:
0 1
—I(x,t)= (x —t,), (2.14)
a, Vo, 1, +(x
0 X, ) (t, 1if x, <t;,
v =2 - . 2.15
ot, g( t ot, g(( J(QD {—1 otherwise. (2.15)

For the optimization we use the two-stage procedure. At the first stage
the component-wise (coordinate-wise) optimization is used as follows. During
the j-th iteration (j = 1, 2, ..., k) function (2.9) is minimized with respect to
both coordinates of the j-st object x@ =(x{” x{), at the same time other
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coordinates do not change. According to the gradient method we move along
the gradient with respect to(x”  x{”), recalculating the one continually. At the
second stage we work with the full gradient (2.13).

2.3.2. Quasi-Newton methods. The BFGS method

Quasi-Newton methods, like steepest descent, require only the gradient
of the objective function D(x)=D(x®,x®....,x*) to be supplied at each iterate.
By measuring the changes in gradients, they construct a model of the objective
function that is good enough to produce superlinear convergence.

The most popular quasi-Newton algorithm is the BFGS method, named
for its discoverers Broyden, Fletcher, Goldfarb, and Shanno.

The search direction py at stage K is given by

p, =-B.'VD,,

where By is an n x n symmetric positive definite matrix that will be revised or
updated at every iteration;

Let initial value xq is fixed. VDy is (2xk)-matrix of the partial derivatives
of the function (2.9);

The new iterate determines

X =X+ Py

where the step length « is chosen to satisfy the Wolfe conditions.

The Wolfe conditions is a popular inexact line search condition
stipulates that « should first of all give sufficient decrease in the objective
function D, as measured by the following inequality:

D(X, +ap, ) <D(x, )+Ce, VD, p,

for some constant ¢ € (0, 1) (typical values of ¢ are 0.9 when the search
direction py is chosen by a Newton or quasi-Newton method). In other words,
the reduction in D should be proportional both the step length ax and the
directional derivative V D ' p.

To realize BFGS method step length oy is computed from a line search
procedure to satisfy the Wolfe conditions.

22



Algorithm 1 (Backtracking line search)

Choose a>0,p € (0,1),c € (0,1); Seta «— a
repeat until D(x, +op,) <D(x,)+ca, VD, p,
Set a < pa;
end (repeat)
Terminate with o =«

In this procedure, the initial step length a is chosen to be 1 in Newton
and quasi-Newton methods. In practice, the contraction factor p is often
allowed to vary at each iteration of the line search.

We can derive a version of the BFGS algorithm that works with the
Hessian approximation By.

Algorithm 2 (BFGS Method)

Given starting point x,, convergence tolerance ¢ > 0,
inverse Hessian approximation By;
k — 0;

while [VD,|>¢;
Compute VDy and search direction

P, =—B. VD,

Set X+1= X + ok Px Where oy is computed from a line search
procedure to satisfy the Wolfe conditions;
Define sy = X1 — X¢ and &, =VD, ,, —VD,;

T T
Compute B, =B, — BKTS S By +§k§k ; (2.16)
Sk Bksk é/k Sk
Setk «— k +1;
end (while)

The algorithm is robust, and its rate of convergence is superlinear, which
is fast enough for most practical purposes. Even though Newton’s method
converges more rapidly (that is, quadratically), its cost per iteration usually is
higher.

Tables 2.7 and 2.8 contain the results of sequential cycles of the
optimization procedure.

23



Table 2.7

Results of gradient optimization

Iteration number

1 2 3 4 5

x®D 40 4165 4324 4478  46.33
x{ 8 8257 8508 87.72  90.38
x? 100 10322 106.48 109.79 113.17
x{? 130 13154 13305 13439 13573
x® 60 6163 6318 6465 66.16
x 60 6217 6434 6647 6870
x® 190 19653 203.16 209.98 216.74

x{ 100 10526 110.47 11545 120.39

D 224% 219%  211*  204* 198*
*108 *108 *108 *108 *108

Table 2.8

Results of the BFGS method

Iteration number

1 2 3 4 5

X" 40 40.16 32.24 70.98 68.61
Xz’ 80 80.25 96.67 77.74 93.93
X 100 100.32 131.69 157.11 165.91
Xz 130 130.15 184.13 103.24 114.68
X" 60 60.16 57.16 92.99 93.76
X" 60 60.21 78.57 71.16 83.64
X" 190 190.65 225.14 29156 289.96

100 100.52 196.24  35.93 60.91
a 1 1 1 0.5 0.5

D 224 223* 202* 207* 188*
108 108 108 108 108
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From the tables we can see how the gradient and BFGS methods
improves the criteria value continually. As we can see, both methods are of
equal value; therefore we can use gradient method as a simpler.

CONCLUSION

A problem of service object location in spatial space is considered. The
elaborated algorithms of the problem solution are based on the gradient and
quasi-Newton methods. The considered numerical examples show its
efficiency.

2.3.3. Genetic algorithm

The genetic algorithm is a method for solving both constrained and
unconstrained optimization problems that is based on natural selection, the
process that drives biological evolution.

Every current considered vector X=(x® x@,.,x®)is called an
acceptable chromosome. The acceptability means that all elements of satisfies
to condition (2.24). Large set of chromosomes is called a generation, it’s
denoted by n. In other words, generation is a setP ={x, X,,...,X,} [6].

The genetic algorithm uses three main types of rules at each step to
create the next generation from the current population:

. Selection rules select the chromosomes from current generation,
called parents, to form the next generation.

. Crossover rules combine two parents from current generation to
form new chromosome (children) for the next generation.

. Mutation rules improve individual chromosome by random
changes of chromosome element [25].

The traditional genetic algorithm uses single point crossover where the
two mating chromosomes X, = (x,x?,...x!)and X, =(x{",x{?,...,x{)are cut
once at corresponding points and the sections after the cuts are exchanged.

Here, the cross-site or crossover point R is selected randomly along the
length of the mated strings within the interval [1, 2, ..., k ]. In the point R,
chromosomes divide into two parts: X =(x",x?,.., x® x®D  x),

X, = (X, %, x$0 xFD L x{9) . Finally, the position values are swapped
between the two strings following the cross site. Thus new chromosomes are
obtained:
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Sy L@ (R) (R+1) Ky T _(y@® @ (R) (RH) (k)
X, = (X7 X e X X X0), Xy = (X5 X e X X e X5 ). (2.17)

For example, if R=5, k=11 and

X, =(10110011100), X, =(01100110011),
then
Yl =(10110110011), YZ =(01100011100).

Mutation is a genetic operation for algorithm chromosome
X =(xP,x?,...,x¥) aiming to maintain genetic diversity. More precisely,
mutation changes x® value 0 or 1 of the R-th component by the opposite
value x®:

X =(x® x® . xGY g® y®D yky (2.18)

R wvalue is selected randomly. For example, if R = 2 and
X =(10110110011) is the last obtained chromosome, after the mutation

X = (11110110011).

Selection operation is meant for the selection of population’s
chromosomes for reproduction. The fitter is the chromosome, the more times it
is likely to be selected for reproduction. Chromosome X, = (x&,x{?,...,x{)
from the old generation is selected for the new generation due its objective
function value D(x) see formula (2.9). In case of maximization, probability p;,

that chromosome YJ. is chosen, is calculated as

p,=D(X,)/Y D). (2.19)

In case of minimization problem:

1 (& 1)
p":D(‘x*,-)@ D('x‘V)J | (2:20)

To create a new generation, it is necessary to make n independent
random attempts. In each attempt, one chromosome will be chosen for the new
generation. The uniformly distributed random variable R from the interval (O,
1) is generated. The chromosome under number j will be chosen if the
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following inequality takes place:
FL<R<F, j=12..n, (2.21)

where F, =0, F, =1 and

i
F,=>p, j=1 2..,n-1

v=1

The same chromosome can be chosen many times in the new generation.

After the generation is formed, crossover and mutation take place.
Furthermore, crossover probability p. and mutation probability p,, are provided.
The mutation probability determines how often the elements of a chromosome
will be mutated. Crossover probability is a parameter determining how often
crossover will be performed. Crossover probability and mutation probability
are the main factors affecting balanced search ability (global search ability and
local search ability).

Crossover starts with the selection of chromosomes for this operation.
First, independent attempts n are made. In current attempt, the uniformly
distributed random variable R from interval (0, 1) is generated. If

R<p., (2.22)

then chromosome x;is chosen for crossover. Let sk be a number of chosen
chromosomes.

Then the chromosomes are grouped in pairs and the crossover is
performed (2.17). Then the mutation is performed. Independent attempts are
repeated by n times. In current attempt, the uniformly distributed random
variable R from interval (0, 1) is generated. If

R<p (2.23)

the chromosome is chosen for mutation (2.18). Let sm be a number of chosen

chromosomes.
Below we describe corresponding algorithm.

Input data:

1) objective function (2.9) for optimization;

2) considered set T from (2.24);

3) algorithm parameters: n — size of population; h — number of
investigated populations; p. and p, — crossover (we assume p. =0.95) and
mutation (we assume p,,=0.01) probabilities.
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Output data: the best solution to the problem found by the genetic
algorithm.

Algorithm 3

1) Start with randomly generated population, so-called old population (OP)
as k x n matrix. Assume that t=1.
2) Continue if t<h.
a) Selection. With the help of selection, by using old population OP,
create new population NP as k x n matrix.
b) Crossover.

i) Create (by using formula (2.22)) a vector V=(Vi, V2, ..., V&),
which contains the numbers of sk chromosomes from new
population NP.

i) Continue if sk >2.

Perform crossover for chromosomes x, and X, ,and create new

chromosomes X, andX, ,. If X, satisfies the conditions (2.24)
and D(ik) value is better thanD(X,), the chromosome X, in
generation NP should be substituted by X,. Repeat this

procedure with X, _,and X, _,. Set sk=sk-2.
c) Mutation
i) Create (by using formula (2.23)) a vector W=(Wy, Wy, ..., Wgp),
which contains the numbers of sm chromosomes from new
population NP.
if) Perform mutation for each chromosomeX;, where jew, and

obtain chromosome X, . If X satisfies the conditions (2.24) and
D(ij) value is better thanD(X;), then the chromosome X;in

generation NP should be substituted by ?i :
iii) Set OP=NP, t=t+1 and go to step 2.

3) Finally we must select chromosome x~ from the last population NP with
the best objective function value and accept it as a solution to the problem
[6].

In our case we use function D(x) from (2.9) as objective function. A
problem is formulated as follows: to find coordinates x®,x,..,x% of object
location that minimizes the total loss

D(x‘l),x‘z) ..... x‘k)):.[;

k

St

i=1

(10, x9 ) g, (x?) f (x)dx
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on condition that
xWeT, (2.24)

where T means a considered territory.

Further ~we union unknown variables of interest as
vector X = (x®,x®..,x®). In our case the considered vector is the vector
containing all coordinates (set of coordinates). Each coordinate is 2 numbers.
Chromosome X = (x,x$,x?,x,...x, x{9), where (x,x{")coordinates of
the 1-st service object, (x*,x{?)coordinates of the 2-nd service object,
(x{¥, x$) coordinates of the k-th service object.

A matrix A (see Figure 2.2) describes the territory of Latvia T. Each
element of a matrix corresponds to an elementary square of Latvia territory

which is perceived as a point (pair of coordinates (x,;,x, ;)).

xf" 00000000000 000000000000011100000000000000000
000000000000000000000011111100000000000000020
000000000000000000001111111110000000000000020
00000000000 00000000031313131311111100000000000000
000000001100000000001111111111100000000000020
00000011111 00000000031113111111111000110000000
000003111111 00000000003131313131313131313131313131313131100000
00001111111100000000011111111111111111110000
0001111111111 000000003131313131313131313131313131313131313131000
0001111111111190000000111111311111111111111000
000111111111110000001111313131313131313131313131313113131000
0001311311111111000000313131313131313131313131313131313131313131000
00111111111111110011111111111111111111111000
A= 01111311131313131313131313131313131313131313131313131313131313131313131313131040
0111113113131313131313131313131313131313131313131313131313131313131313131313100
111111111111311311313131313131313113131313131313131313131311313113111111100
11111131313131313131313131313131313131313131313131313131313131313131313131313110
1111111111111111131113113113113113113113131131313131311313113131131111111109
1111113131313131313131313131313131313131313131313131313131313131313131313131311311311
111111313131313131313131313131313131313131313131313131313131313131313131313131131131
1110000000000100001111001313131313131313131313131311111111
11000000000000000000000003113131313131313131313131313131111
100000000000000000000000003131313131313131313131313131313110
00000000000000000000000000000111111111111100
0000000000000 00000000000000000031313131313131313131000
90000000000000000000000000000000111111111000
000000000000000000000000000000001111100000020
0000000000000 00000000000000000000131100000000

Figure 2.2 Matrix A
The matrix A contains the following information:
1, if coordinates (x{",x$)) belong to the territory of Latvia,

)]

0, otherwise.
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Therefore
x® = (x,x87) = (%, %,,;) is satisfied if A =1.

acceptable

condition

(2.24)

for

point

Special programs in MATLAB R2009b have been developed. The
complex of the programs allows optimize objective function (2.9) using genetic
algorithm (Algorithm 3).

Ten experiments with different data have been made.

Table 2.9
Overall results of the experiments
® ® 2 2 ®d) (©)] 4 4)
Xl X2 Xl X2 Xl X2 Xl X2
Experiment Nr.1 356.07 88.23 223.32 240.16 121.71 149.57 120.21 169.95 1.355*10°
Experiment Nr.2 281.82 193.94 316.75 144.44 98.64 168.61 108.42 140.61 1.42*10°
Experiment Nr.3 259.28 82.88 338.03 101.86 235.19 151.56 100.08 82.55 1.581*10°
Experiment Nr.4 308.51 69.19 262.68 254.46 167.39 121.61 60.328 135.21 1.485*10°
Experiment Nr.5 312.77 200.88 134.49 182.98 191.22 157.82 301.90 75.87 2.018*10°
Experiment Nr.6 292.74 239.88 287.96 89.80 76.70 96.68 68.05 103.77 1.702*10°
Experiment Nr.7 252.45 204.64 258.57 116.63 117.52 147.01 166.07 123.40 1.438*10°
Experiment Nr.8 284.12 227.05 190.30 153.10 161.50 134.91 163.03 91.54 1.486*10°
Experiment Nr.9 344.01 205.073 266.68 74.60 94.96 135.02 175.912 143.33 1.324*10°
Experiment Nr.10  232.52 98.51 283.07 180.0 102.57 113.39 215.02 138.34 1.468*10°

On the Table 2.9 points are the coordinates of the optimal decision and
D is the meaning of the objective function. From the table we can see how the
genetic algorithm improves the criteria value continually.

The genetic algorithm yields the best results, than gradient method. The
reason in that is the following: gradient method ends work in a local minimum.
Our problem is multiextreme one, therefore last case constantly repeats. The
genetic algorithm not so strongly suffers from multiextremeness. The best
results turn out by a combination of both methods. On the Table 2.10 we see
results of the gradient method, started from points, received by genetic

algorithm.
Table 2.10
Combination of the genetic algorithm and gradient method

Optimizati O] @ @ 2 (©)] ©)] 4 4

ptimization X]_ X2 X1 X2 X]_ X2 X1 X2
methods
Genetic Algorithm 232.52 98.51 283.07 180.0 102.57 113.39 215.02 138.34 1.468*10°
Gradient method 244.30 116.62 292.96 174.69 103.82 128.33 22491 142.14 1.39*10°
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From the table we can see that value of the objective function improves.
At the further start of the gradient optimization value of the function didn't
change. All received coordinates lie on territory of Latvia.

CONCLUSION

A problem of service object location in spatial space is considered. The
elaborated algorithm of the problem solution is based on the combination of the
genetic algorithm and gradient method. The considered numerical examples
show its efficiency.

2.4. Application of the considered methods

There is track and field arenas shortage in the Latvia (see Figure 2.3).
Today this is one of the actual sports facilities shortage problems.

Figure 2.3 Location of existing track and field arenas

List and coordinates of the existing track and field arenas is given in the
Table 2.11. Data is taken form the Ministry of Education and Science of the
Republic of Latvia data base  “Sports facilities  register”
(http://sportabazes.izm.gov.lv/sbdb/), which one was created in collaboration
with the author of the doctoral thesis.
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Table 2.11

Location and coordinates of the existing track and field arenas

Name of the sports facility Location Coordinate Coordinate
z y
Baldones sporta komplekss Baldones novads 211 115,823
Biedribas “Latvijas Olimpiska Riga, Ziemelu rajons 194,71 140,968
komiteja” olimpiskais sporta centrs
Daugavpils SP Bérnu jaunatnes sporta  Daugavpils 346,951 23,536
skola
Jekabpils 3.vidusskola Jekabpils novads 303,432 91,219
Jelgavas sporta halle Jelgava 170,102 104,807
»Kuldigas sporta agentiiras” Kuldigas novads 63,441 142,434
vieglatlgtikas mangza
Latvijas sporta pedagogijas akademija  Riga, Vidzemes priekSpilseta 199,735 142,838
Liepajas sporta man&Za Liepaja 3,54 97,194
Ludzas novada Sporta skola Ludzas novads 416,199 99,553
Murjanu sporta gimnazija S&jas novads 228,147 160,663
Preilu 2.vidusskola Preilu novads 355,835 68,565
Rigas padvaldibas sporta iestade Riga, Latgales priek3pilseta 196,239 137,278
"Rigas Nacionala sporta mangza"
SIA "Olimpiskais centrs "Limbazi" Limbazu novads 229,747 201,126
"sporta komplekss
SIA "Olimpiskais centrs "Ventspils™  Ventspils 41,152 190,074
sporta komplekss
Sporta biedriba "Varpa" Aizkraukles novads 263,39 100,547
Sporta komplekss "Varpa" Ludzas novads 416,449 99,02
Ugales vidusskola Ventspils novads 67,471 177,187
VSIA "Kultaras un sporta centrs Riga, Latgales priek3pilséta 196,74 139,302

"Daugavas stadions""

According to this information we set our problem as following. We have

request from the Sports Department to locate 4 new track and field arenas on
the territory of Latvia. Final solution must depend from the distribution of
population on the territory of Latvia. Corresponding data and analytical
expressions were given in the Chapter 2.1.

For optimization genetic algorithm (Algorithm 3) is used. The following
results of experiments are presented below. 10 experiments have been made.
Each experiment corresponds to the new initial data. Received results are
shown in the Table 2.12. Pair (x,x{) determines the coordinates of the

location of the k-th object. D is the value of the objective function.
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Overall results of the experiments

Table 2.12

X](_l) Xgl) sz) XéZ) X1(3) X§3) X](_4) X§4) b
Experiment Nr.1 299.64 223.65 336.06 99.49 204.53 147.73 112.34 121.50 1.365*10°
Experiment Nr.2 326.42 62.61 259.02 198.14 117.28 123.25 175.80 136.60 1.351*10°
Experiment Nr.3 254.50 224.45 361.68 64.48 136.34 154.27 112.18 128.87 1.341*10°
Experiment Nr.4 345.01 121.24 253.81 225.09 95.07 144.89 164.73 140.55 1.333*10°
Experiment Nr.5 344.90 64.92 24491 225.32 104.12 134.88 135.13 164.83 1.334*10°
Experiment Nr.6 354.12 114.43 275.27 225.09 94.79 139.85 170.20 135.64 1.3272*10°
Experiment Nr.7 262.18 224.88 337.47 92.13 177.30 134.99 95.18 136.21 1.329*10°
Experiment Nr.8 256.99 87.04 345.26 212.43 156.96 144.75 95.98 142.67 1.332*10°
Experiment Nr.9 361.14 65.17 275.37 222.70 105.03 135.03 168.53 134.89 1.332*10°
Experiment Nr.10 ~ 343.62 114.31 274.40 225.99 95.40 135.23 176.63 134.97 1.3274*10°

From the table we can see how the genetic algorithm improves the
criteria value continually. Experiment Nr. 6 gives the best results (see Figure

2.4). Here the new track and field arenas indicated with white points.

Figure 2.4 Location of the new track and field arenas

A problem of track and field arenas on the territory of Latvia is
considered. The elaborated algorithm of the problem solution is based on the
genetic algorithm. Special program in MATLAB R2009b has been developed.
The considered numerical examples show its efficiency. Our experience shows
that the program works well, and the received results are approved by the

requester.
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3. CONCLUSIONS

I. SCIENTIFIC NOVELTY AND MAIN RESULTS

1. Doctoral thesis is devoted to development of the mathematical models,
methods, algorithms and computer programs for the problem of optimal
location of service objects within the existing transport infrastructure,
investigation of the elaborated methods efficiency and obtained results
application to practical problem solution. As nowadays an optimal
location of service objects is practically very important problem, the
presented work is actual one.

2. All the tasks defined in the beginning of the doctoral thesis were
completed.

3. Analysis of the statistical data about population distribution on the
territory of Latvia has been performed. As result an analytical
expression for population density has been obtained. On this basis the
following problem is solved: a weighted average centre of Latvia is
found, i.e. coordinate, for which the total distance from all points of
Latvia (subject to density) is minimal one. Necessary statistical
information has been received from Central Statistical Bureau of Latvia.

4. The original mathematical model for problem of optimal spatial location
of service objects has been developed. Modern optimization methods
and algorithms such a line search methods (step length, the Wolfe
conditions, backtracking line search), gradient optimization, quasi-
Newton methods (the BFGS method), and genetic algorithm are used.
Special computer programs in Mathcad and MATLAB environment for
these methods has been elaborated.

5. The developed model and software are suitable for any interpretation of
“transport expenses”. The only essential is that these expenses depend
(possibly nonlinearly) on the distance between the dislocation of a
customer and an object. There can be the following distances
(depending on the conditions of the task being considered): geographical
distance, distance in kilometres within the existing road network, time
necessary to overcome the required distance, fare.

6. The experimental research of efficiency of the developed methods and
programs has been performed. Advantage of genetic algorithm in
comparison with the algorithms based on a method of a gradient, for
multiextreme problems, is shown. It is established that the best results
are given by a combination of genetic algorithm and a gradient method.
It was stated, that the best results are obtained, when the initial points
for optimization are chosen by experts.
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APPROBATION

Developed models and methods of the description of a population
distribution on the territory of Latvia were used in the scientific project
“Creation of mathematical models, algorithms and computer programs
for Latvia’s transport system’s analysis, development prognosis and
optimization”, which was a component of the Scientific Project
“Zinatniskas darbibas attistiba augstskolas” and lasted from June 1 till
December 31, 2008.

On the basis of the obtained results a part of lectures and practical works
on the study discipline “Computer Methods for Engineering Problem
Solving” for the first year student of master’s studies programme of the
Riga Technical University Institute of Transport Vehicle Technologies
IS prepared.

The problem of the optimal location of the new track and field arenas on
the territory of Latvia is solved in collaboration with the Sports
Department of the Ministry of Education and Science of the Republic of
Latvia. Statistical data are taken from the data base “Sports facilities
register” maintained by the Ministry of Education and Science of the
Republic of Latvia, which was created in collaboration with the author
of the doctoral thesis.

The obtained models and algorithms can be used by private and
government companies for the optimal location of the service objects,
i.e. car technical maintenance objects, sports facilities, filling objects
and others.

The main results of the present investigation are published in 8 articles
and presented at 9 international scientific conferences in Latvia, France
and lItaly.

35



10.

11.

12.

13.

14.

REFERENCES

Administrativo teritoriju un apdzivoto vietu likums (in Latvian). /
Internet. http://www.likumi.lv/doc.php?id=185993

An introductory course in MATLAB Internet. /
www.est.uc3m.es/afrodrig/Matlab/Tutorial_completo.pdf

Andronov A. On Some Approach to an Estimation of Correspondence
Matrix of Transport Network // Proceedings of the International
Conference “Mathematical Methods for Analysis and Optimisation of
Information Telecommunication Networks”. — Minsk: Belarusian State
University, 2009. — pp. 261-267.

Andronov A., Santalova D. On Nonlinear Regression Model for
Correspondence Matrix of Transport Network // ASMDA-2009 Selected
papers. L.Sakalauskas, C.Skiadas and E.K.Zavadskas (Eds.). — Vilnius,
2009. — pp. 90-94.

Andronov A., Kashurin A. On a problem of spatial arrangement of
service stations // Computer Modeling and New Technologies - Riga:
TSI, 2007. - Vol.11, No.1, - pp. 31-37.

Andronovs A. Sarezgitu sisttmu vadibas logiskie pamati: Macibu
lidzeklis. — RTU lzdevnieciba, Riga, 2006. — p. 70.

Brimberg J., Hansen P., Mladenovic N., Taillard E.D. Improvements
and comparison of heuristics for solving the uncapacitated multi source
Weber problem. Oper Res, 2000. - pp. 444-460.

Brimberg J., Mladenovic N. Solving the continuous Location-Allocation
problem with tabu search. Stud Locational Ann, 1996. - pp. 23-32.
Busetti F.  Simulated annealing  overview. Internet.  /
http://www.cs.ubbcluj.ro/~csatol/mestint/pdfs/Busetti _Annealingintro.p
df

Cao Y.J.,, Wu Q.H. Teaching genetic algorithm using Matlab // Int. J.
Elect. Enging. Educ. - Manchester: Manchester U.P., 1999. - Vol. 36,
pp. 139-153.

Central Statistical Bureau of Latvia / Internet. - http://www.csb.gov.lv
Chapman S.J. MATLAB Programming for Engineers. 2 edition - CL-
Engineering, 2001. - p. 496.

Chipperfield A., Fleming P., Pohlheim H., Fonseca C. Genetic
Algorithm TOOLBOX For Use with MATLAB. - Department of
automatic contral and systems engineering University of Sheffield,
2002. - p. 94.

COMMIN - the Baltic spatial conceptshare. National Planning Systems:
Latvia / Internet. - http://www.nationsencyclopedia.com/Europe/Latvia-
POPULATION.html

36



15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Cooper L. Location-Allocation problems. Oper Res, 1963. - pp. 331-
343.

Davidon W.C., Variable metric method for minimization, Technical
ReportANL-5990 (revised). Argonne, IL: Argonne National Laboratory,
19509.

Drezner Z, Wesolowsky G. On the collection depots location problem.
Eur J Oper Res, 2001. - pp. 510-518.

Drezner Z., Hamacher H.W. Facility location: Applications and theory. -
Springer-Verlag Berlin Heidelberg, 2008. - p. 457.

Eko U. Ka uzrakstit diplomdarbu. Riga: Jana Rozes apgads, 2006. - p.
3109.

Ernst A.T., Krishnamoorthy M. Solution algorithms for the capacitated
single allocation hub location problem. Ann Oper Res, 1999. - pp. 141-
159.

Ezilon maps. / Internet. http://www.ezilon.com/maps/europe/latvia-
maps.html

Fellows M., H. Fernau. Facility Location Problems: A Parameterized
View // AAIM '08 Proceedings of the 4th international conference on
Algorithmic Aspects in Information and Management - Springer-Verlag
Berlin, Heidelberg, 2008. - pp. 188 — 199.

Floudas C.A., Pardalos P.M. Encyclopedia of Optimization. Second
Edition. - Springer, 2009. - p. 4626.

Fouard C., Malandain G. 3-D chamfer distances and norms in
anisotropic grids. Image Vision Comput, 2005. - pp. 143-158.

Genetic Algorithm and Direct Search Toolbox For Use with MATLAB
User’s Guide Version 1. - The MathWorks, Inc., Natick, MA, 2005. - p.
222.

Gill P., Murray W., Wright M. Practical Optimization. — London:
Academic Press, 1981. — p. 402.

Gong D., Gen M., Yamazaki G., Xu W. Hybrid evolutionary method for
capacitated locationallocation problem. Comput Ind Eng, 1997. - pp.
577-580.

Hansen P., Jaumard B., Taillard E. Heuristic solution of the multi source
Weber problem as a p-median problem. Oper Res Lett, 1998. - pp. 55—
62.

Heragu S.S. Facilities design. PWS publishing company, a division of
International Thomson Publishing Inc. Boston, 1997.

Holland J. H. Adaptation in Natural and Artificial Systems: An
Introductory Analysis with Applications to Biology, Control, and
Acrtificial Intelligence. - The MIT Press., 1992. - p. 228.

37



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

Kashurin A. A problem of arrangement of service stations on the given
territory // Scientific journal of RTU. MaSinzinatne un transports, 6th
series - Riga: RTU, 2010. - vol.34, pp. 111-116.

Kashurin A. Statistical description of a distribution of population density
over the Latvian territory // Scientific proceedings of Riga Technical
University, Computer science, 5th series - Riga: RTU, 2008. - Vol.36,
pp. 108-115.

Kashurin A., Parkova |. Genetic algorithm of optimal spatial
arrangement of service stations// Scientific proceedings of Applied
Stochastic Models and Data Analysis (ASMDAZ2011), The 14th
Conference of the ASMDA International Society - Rome, Italy: 2011. —
pp. 667

Kashurin A. Problem of optimal spatial arrangement of service stations
/[ Third International Conference on Accelerated Life Testing,
Reliability-based Analysis and Design - France, Clermont-Ferrand:
Polytech Clermont-Ferrand, 2010. - pp. 249-254.

Kashurin A. Application of the problem of optimal location of service
stations // Scientific journal of RTU. MaSinzinatne un transports, 6th
series - Riga: RTU, 2011. - vol.34, Accepted for publication.

Latvian environment agency. Sustainable Development Indicators in
Latvia 2003. - Riga: Jelgavas tipografija, 2003. — p. 164.

Maxfield B. Essential Mathcad for Engineering, Science, and Math.
United States of America: Academic Press; 2 edition, 2009. - p. 490.
Melo T., Nickel S., Saldanha da Gama F. Facility Location and Supply
Chain. Management — A comprehensive review. - Berichte des
Fraunhofer ITWM, Berichte des Fraunhofer ITWM, Nr. 130, Germany,
2007, - p. 63.

Ministry of Regional Development and Local Government and State
Regional Development Agency, Latvia. National report of Latvia on
implementation of cemat guiding principles for sustainable spatial
development of the European continent / Internet. -
http://www.coe.int/t/dg4/cultureheritage/heritage/cemat/confminist1-
15/15eCEMAT _National_Report_Latvia_2010_EN.pdf

Mitchell M. An Introduction to Genetic Algorithms. Cambridge,
Massachusetts, London, England: Massachusetts Institute of
Technology, 1999. - p. 162.

Municipalities of Latvia. / Internet. http://www.statoids.com/ulv.html
Murray A.T, Church RL (1996) Applying simulated annealing to
location-planning models. J Heuristics pp. - 31-53

Nacionala sporta attistibas programma 2006. — 2012.gadam. / Internet.
http://izm.izm.gov.lv/upload_file/Sports/nacionala-sporta-attistibas-
programma.doc

38



44,

45.

46.

47.

48.

49.

50.

o1.

52.

53.

54.

55.

56.

S7.

58.

59.

Nocedal J., Wright S.J. Numerical Optimization. - Springer-Verlag New
York, Inc., 1999. - p. 634.

Nocedal J., Wright S.J. Numerical Optimization. Second Edition. -
Springer Science+Business Media, LLC., 2006. - p. 664.

Ogryczak W. Inequality measures and equitable approaches to location
problems. Eur J Oper Res, 2000. - pp. 347-391.

Ohlemuller M. Tabu search for large location-allocation problems. J
Oper Res Soc, 1997. - pp. 745-750.

Parametric Technology Corporation. Mathcad 14.0. Internet. /
http://www.ptc.com/products/mathcad/.

Parkova 1., Kasurins A., ValiSevskis A., Vilumsone A. Making
Decisions on Arrangement of Electronics in Smart Garment //
Proceedings of the 8th International Scientific and Practical Conference
“Environment. Technology. Resources.” - Rezekne: 2011. — pp. 202-
211.

Parkova I., ValiSevskis A., Kasurins A., Vilumsone A. Integration of
Flexible Keypad into Clothing // Proceedings of the 8th International
Scientific and Practical Conference “Environment. Technology.
Resources.” - Rezekne: 2011. — pp. 173-181.

Parna K., Viiart A. Algorithm for Finding Optimal Circles to Cover n
Points on Plane // Tartu Conference on Computational Statistics &
Statistical Education. Abstracts — Tartu, Estonia: IASE, 1996. - p. 43.
Plastria F., Nickel S., Puerto J. Location Theory: A Unified Approach //
Springer, 2005. - pp. 523-525.

R2010b MathWorks Documentation / Internet.
http://www.mathworks.com/help/index.htmi
R2010b MathWorks Documentation / Internet.

http://www.mathworks.com/help/index.htmi

Register A.H. A Guide to MATLAB Object-Oriented Programming -
Chapman & Hall/CRC Taylor & Francis Group, 2007. - p. 382.

ReVelle C.S., Eiselt H.A. Location analysis: A synthesis and survey //
European Journal of Operational Research, 2005. - p. 1-19.

Santalova D. Semi-parametric regression models for analysis and
forecasting of freight and passenger transportation volumes. Doctoral
thesis. — Riga: Riga Technical University, 2009. — p. 162.

Santalova D. Vairumtirdzniecibas noliktavas pardoSanu lieluma
regresijas modelis // RTU zinatniskie raksti: MasSinzinatne un
Transports. — Riga: RTU, 2005. — pp. 67-73.

Shopova E.G., Vaklieva-Bancheva N.G. BASIC—A genetic algorithm
for engineering problems solution // Computers and Chemical
Engineering (2006) - Sofia, Bulgaria: Institute of Chemical Engineering,
Bulgarian Academy of Sciences, 2005. — p. 17.

39



60.

61.

62.
63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Sivanandam S.N., Deepa S.N. Introduction to Genetic Algorithms. -
Springer-Verlag Berlin Heidelberg, 2008. - p. 453.

Spatial Statistics / Internet. -
www.math.wright.edu/people/Thad_Tarpey/spatial.pdf

Sporta bazu registrs. / Internet. http://sportabazes.izm.gov.lv/sbdb/
Sporta likums. / Internet.
http://izm.izm.gov.Iv/upload_file/Sports/Sporta-likums.pdf

Sporta politikas pmatnostadnes 2004.-2009.gadam. / Internet.
http://izm.izm.gov.lv/upload_file/Sports/sporta-politikas-
pamatnostadnes.doc

Sports Administration Report “Sports Facilities in Latvia”, Riga, 2007. -
p. 28.

Srivastava M.S. Methods of Multivariate Statistics. Wiley Series in
Probability and Statistics. New York: John Wiley & Sons, Inc., 2002. -
p. 728.

Sumathi S., Hamsapriya T., Surekha P. Evolutionary Intelligence - An
Introduction to Theory and Applications with Matlab. - Springer-Verlag
Berlin Heidelberg, 2008. - p. 599.

The MathWorks — Matlab - Genetic Algorithm / Internet. -
http://www.mathworks.com/access/helpdesk/help/toolbox/gads/ga.html
Turkington D.A. Matrix Calculation and Zero-One Matrices: Statistical
and Econometric Applications. Cambridge: Cambridge University Press,
2002. - p. 250.

Uster H, Love R.F. Formulation of confidence intervals for estimated
actual distances. Eur J Oper Res, 2003. - pp. 586—60L1.

Variable metric method for minimization, SIAM Journal on
Optimization, 1991, pp. 1-17.

White J.A, Francis R.L. Facility layout and location: An analytical
approach. Prentice Hall, Englewood Cliffs, NJ, 1974.

Wilson H.B., Turcotte L.H., Halpern D. Advanced mathematics and
mechanics applications using MATLAB. 3rd ed. - Chapman &
Hall/CRC, 2003. - p. 665.

Working with Functions in Files: Functions and Scripts (MATLAB®). /

Internet. www.mathworks.com/help/techdoc/matlab_prog/f7-
41453.html

Yang X. Mathematical Optimization — From Linear Programming to
Metaheuristics. — University of Cambridge, United Kingdom:

Cambridge International Science Publishing, 2008. — p. 161.

Ying Y., Pontil M. Online Gradient Descent Learning Algorithms //
Foundations of Computational Mathematics - New York: Springer-
Verlag, 2008. - Volume 8, Issue 5, p. 561-596.

40



77.

78.

79.

80.

81.

Zanjirani F., Hekmatfar M. (Eds.). Facility Location Concepts, Models,
Algorithms and Case Studies. -A Physica Verlag Heidelberg product -
Singapore, 2009. — p. 549.

Zukovska J. Pasazieru avioparvadajumu plasmu prognozesana.
Promocijas darbs. — Riga: Rigas Tehniska universitate, 2008. — p. 177.
AunnponoB A.M., KonsitoB E.A., I'punrnas JI.5. Teopust BeposaTHOCTEM
U MaTeMaTuyeckas cratuctuka: Yueonuk misa BY3os. — CII6, Ilurep,
2004. — 461 p. 28.

Anyppue M. MATLAB 7 B mnommuuuke. Haumbomee momHoe
pykoBoactBo. - Cankr Ilerepoypr: bXb Cankr IlerepOypr, 2005. — p.
1097.

JpsikonoB B.I1. Mathcad 11/12/13 B maremaruke. - ['opsu.JIuxus-
Tenexom, Mocksa, 2007. — p. 958.

41



