Institute of Information and
Communication Technologies

BULGARIAN ACADEMY OF

MODELLING AND YMPABINEHME HA
MANAGEMENT OF MHOOPMALIMOHHM
INFORMATION FLOWS noToLM

AT :_]‘_j f_,l"_fj - FFi {;fffdf_')' -'r"r il JJ el pf B AL P

FBTODGHIBATH B DUCEDwaUIM

UHCTUTYT No MHhOPMaLIMOHHU U
KOMYHUKAUMOHHWN TeXHONMOrmmu

EbIITAPCKA AKALEMUA HA HAYKUTE




Tlopeouyama ,,Aémopeghepamu na oOucepmauyuu Ha
Hucmumyma no ungopmayuonnu u KOMyHUKAUUOHHU
mexunonocuu  npu  bvneapckama  axademusn  na
Haykume*  npeocmass 6  eleKmpoHeH — gopmam
asmopegepamu  Ha Oucepmayuu 34 NOLYHAGAHE HA
Hayunama cmenen ,,Jlokmop Ha Haykume” uiu Ha
obpaszoeamennama u HayuHama cmenen ,,J[okmop”,
sawumenu 6 Hncmumyma no uH@opmayuomHu u
KOMYHUKAYUOHHU — mexHonozuu  npu  bwreapckama
akademuss Ha Haykume. I[Ipeocmasenume mpyooge
ompasasam HOBU HAYYHU U HAYYHO-NPULOINCHU NPUHOCU 8
peouya obnacmu Ha uHQOpMayUOHHUME u
KoMyHUuKayuonnume mexnonocuu kamo Komniomwvpuu
mpedicu u apxumexmypu, Ilapanennu aneopummu, Hayunu
NpeCMsmanus, Junzeucmuuno Modenupane,
Mamemamuuecku memoou 3a o0bpabomka HA CeH30pHA
ungopmayus, Hupopmayuonnu MexHono2Uul 8
cueypnocmma, Texnonozuu 3a ynpaeienue u obpabomka
Ha  3Hanusi,  [puo-mexwonoeuu U - NPULONCEHUS,
Onmumusayus u esemane Ha peutenusi, Obpabomra Ha
cueHanu u pasnosmasane Ha obpasu, Humenucenmuu
cucmemu, Hngopmayuonnu npoyecu u  cucmemu,
Bepadenu ummenucenmnu  mexnonoeuu, Hepapxuunu
cucmemu, Komynuxayuonnu cucmemu u ycayeu u op.

Penaxkropu

Tenaouii Aepe

WHCTUTYT 10 WHPOPMAIMOHHH W KOMYHHKAIHOHHH
TEXHOJOTHH, bhirapcka akageMusi Ha HAyKUTe

E-mail: agre@iinf.bas.bg

Paiina I'eopeuesa

WHctutyr mno WHPOPMALMOHHM M KOMYHHUKAIIMOHHH
TEXHOJIOTHH, bhirapcka akagemus Ha

E-mail: rayna@parallel.bas.bg

Lanuena bopucosa

WHCTHTYT 1O WMHQOPMAMOHHM M KOMYHUKALMIOHHH
TEXHOJIOTHH, briirapcka akagemus Ha HayKuTe

E-mail: dborissova@iit.bas.bg

Hacmoswemo uzdanue e obekm Ha asmopcko npaeo.
Bcuuku npasa ca sanazenu npu npesoo, pasneuameane,
usnonseame Ha unoCmpayu, yumupanusi,
pasnpocmpanenue, 8b3NPoU3EHcCOane Ha MUKPODUIMU
un no Opyeu HAYUHU, KAKmMo U CvbXpamenue 6 Oasu om
OaHHU HA 6CUMKU UIU HAC OmM Mamepuaiume 6
Hacmosiwemo uzoanue. Konupanemo na uzoanuemo uiu
Ha 4acm om CbObPIUCAHUEMO MY € PAPEUEHO CAMO CbC
cvenacuemo Ha asmopume u/uiu peoaKmopume

The series Abstracts of Dissertations of the Institute of
Information and Communication Technologies at the
Bulgarian Academy of Sciences presents in an
electronic format the abstracts of Doctor of Sciences
and PhD dissertations defended in the Institute of
Information and Communication Technologies at the
Bulgarian Academy of Sciences. The studies provide
new original results in such areas of Information and
Communication Technologies as Computer Networks
and  Architectures, Parallel Algorithms, Scientific
Computations, Linguistic Modelling, Mathematical
Methods for Sensor Data Processing, Information
Technologies for Security, Technologies for Knowledge
management and processing, Grid Technologies and
Applications, Optimization and Decision Making, Signal
Processing and Pattern Recognition, Information
Processing and Systems, Intelligent Systems, Embedded
Intelligent  Technologies,  Hierarchical  Systems,
Communication Systems and Services, etc.

Editors

Gennady Agre

Institute  of Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: agre@iinf.bas.bg

Rayna Georgieva

Institute  of  Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: rayna@parallel.bas.bg

Daniela Borissova

Institute  of Information and Communication
Technologies, Bulgarian Academy of Sciences

E-mail: dborissova@iit.bas.bg

This work is subjected to copyright. All rights are
reserved, whether the whole or part of the materials is
concerned, specifically the rights of translation,
reprinting, re-use  of illustrations, recitation,
broadcasting, reproduction on microfilms or in other
ways, and storage in data banks. Duplication of this
work or part thereof is only permitted under the
provisions of the authors and/or editor.

e-ISSN: 1314-6351

© IICT-BAS 2012

www.iict.bas.bg/dissertations



L L

TEEBATAEERT.  BULGARIAN ACADEMY OF SCIENCES

MODELLING AND MANAGEMENT OF INFORMATION
FLOWS

Krasimir Dimitrov Trichkov

Supervisor: Prof. Todor Stoilov

Approved by Supervising Committee:

Prof. Grisha Spasov

Assoc. Prof. Nikolay Kakanakov
Assoc. Prof. Georgi Kirov

Prof. Dimitar Karastoyanov
Prof. Todor Stoilov

INSTITUTE OF INFORMATION AND

COMMUNICATION TECHNOLOGIES




4 Krasimir Trichkov

The PhD thesis was discussed and allowed to be defended during an extended session
of the Department of Hierarchical Systems at IICT-BAS, which had been held on
June 12, 2014.

The full volume of the dissertation is 115 pages. It consists of an introduction, four
chapters and conclusion. The text of the dissertation includes 92 figures, 18 tables
and 7 pages bibliography, incliding 121 titles.

The defense of the PhD thesis had been held on September 15, 2014 at 11:00 am in
Room ........ , Block 2, IICT-BAS.

Abstracts of Dissertations 2 (2014) 3-19



5 MODELLING AND MANAGEMENT OF INFORMATION FLOWS
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Introduction

The aim of the PhD thesis is to offer a topology synthesis through modelling and management of
information flows. The thesis proposes an optimal decision for changing the existing
communication network from type “star” to a dual- or triple-connected topology, as well as a model
for quantifying the quality, the continuity and fault tolerance of services provided to achieve a
technologic and structural improvement of the communication network.

Information and communication systems are applied intensively in the production and business
practice [15, 16, 17]. Building of a technically heterogeniuos structure requires defining a suitable
network topology which will allow an optimal execution of the information tasks of the
communication network customers. Therefore the optimaziation of the network structure will lead
to optimizations of the information flows in the computer communication networks and in this
respect the customer applications will be performed better for achieving the guaranteed quality [18,
19, 20].

The reasons above define the scope of the PhD thesis, namely to find out a suitable network
topology, which will affect the management of information flows. A topology synthesis is proposed
in the PhD thesis and an optimanl decision for transforming the existing communication network
from type “star” to a dual- or triple-connected topology. Moreover, a model for quantified
evaluation of quality is proposed as well as fault tolerance of services for technological and
structural improvement of the communication network [21].

The main working task of the PhD thesis is to define and solve an optimization problem for
identifying the network connectivity type. Furthermore, based on the measurement results for time
delays and the failures of the communication network a decision will be made regarding
transformion of the existing communication network from type “star” to a dual- or triple-connected
topology.

The following tasks are defined, based on the main working task:

1) Analyzing models for formalization of information and communication flows in networks
through graphs and evaluating their features, advantages and disadvantages; identifying of
problems for finding out the shortest route from one node to the rest nodes in the network,
for which the price of the arch may vary.

2) Defining and analyzing the bandwidth and time-delays in the network regarding the
information flows; evaluating the failures of connecting a pair of nodes as a feature of fault
tolerance of the existing communication network from type “star”.

3) Proposing an algorithm for determining the theoretical time-delays between the nodes of the
additional alternative communication channels; determining an optimization problem for
identification of the network connectivity based on the measurement results of time-delays
and failures of the communication network.

4) Solving the optimization problem regarding the structure identification of the
communication network as a dual- or triple-connected one; analyzing the decisions obtained;
preparing a quantitative analysis of the results obtained.

1. Analysis of the problem for finding out the shortest route in the network
Models for formalization of information and communication flows in networks through graphs are
analyzed in Chapter 1. Their features, advantages and disadvantages are evaluated. Furthermore, the
problems for finding out the shortest route from one node to the rest nodes in networks are analyzed
for which the price of the arch may vary. These problems influence the identifying of the optimal
topology of the communication network. Main conclusions are drawn based on a profound research
of scientific sources, as well as a task definition of the PhD thesis is proposed.

Abstracts of Dissertations 2 (2014) 3-19



6 Krasimir Trichkov

2. Definition of channel bandwidth through time measurements

The bandwidth and time-delays in the network regarding the information flows are defined and
analyzed in Chapter 2. The failures of connecting a pair of nodes as a feature of the fault tolerance
of the existing communication network from type “star” are evaluated as well. An algorithm for
defining the time delays for reaching the respective nodes is proposed also and the average time-
delays between the nodes within the existing topology are defined also. The capacity of the
information network is calculated and the calculation is performed between the node Information
Services (IS) - Sofia and the rest nodes.

The tools for calculating the bandwidth based on time-delays are presented as well as the definition
of the bandwidth of a communication channel. There are three methods for measuring the time
delays of a communication network — active measurement, passive measurement and hybrid
measurement. Bearing in mind the main tasks of the PhD thesis the active measurement is used and
the ping tool as well.

A model is presented also and a formula for calculation the bandwidth of each node based on time-
delays. The bandwidth reached between two hosts [105] is calculated using two measurements with
two different sizes of the package - 100 bytes and 1300 bytes. The analysed communication
network is presented also, which reveals a subsidiary network of 27 nodes (See table 2.1. and fig.
2.3.). There is a centralized management - topology from type “star” and the central point is located
in IS-Sofia.

Table 2.1

Node City Node City Node City

1 Sofia 10 Pazardzhik 19 Razgrad

2 Pernik 11 Smolyan 20 Targovischte

3 Kyustendil 12 Plovdiv 21 Sliven

4 Blagoevgrad 13 Kardzhali 22 Yambol

5 Vidin 14 Haskovo 23 Burgas

6 Montana 15 Stara Zagora 24 Shumen

7 Vratsa 16 Gabrovo 25 Silistra

8 Pleven 17 Veliko Tarnovo 26 Dobrich

9 Lovech 18 Ruse 27 Varna

Fig. 2.3 Communication subsidiary- network from type “star” with 27 nodes

The software product PRTG Network Monitor is applied for calculating the bandwidth of the
communication network to the respective nodes. The results of all calculations made are
summarized in the table 2.2.
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7  MODELLING AND MANAGEMENT OF INFORMATION FLOWS

Table 2.2
Node City 100 bytes 1300 bytes R — bandwidth, M bits/s Up, % Down, %

1 Sofia 0 ms 0 ms 0 100 0

Pernik 12,10 ms 17,74 ms 3.4 99,922 0,078
3 Kyustendil 13,71 ms 19,38 ms 338 99,922 0,078
4 Blagoevgrad 14,36 ms 19,97 ms 3,42 99,913 0,087
5 Vidin 14,61 ms 20,58 ms 3,22 99,905 0,095
6 Montana 13,51 ms 19,27 ms 333 99,922 0,078
7 Vratsa 13,75 ms 19,66 ms 3,25 88 12
8 Pleven 22,10 ms 27,05 ms 3,88 98,922 1,078
9 Lovech 19,09 ms 24,71 ms 3,42 99,375 0,625
10 Pazardzhik 13,72 ms 19,09 ms 3,58 99,844 0,156
11 Smolyan 11,28 ms 16,88 ms 3,43 99,922 0,078
12 Plovdiv 8,86 ms 14,28 ms 3,54 99,514 0,486
13 Kardzhali 9,92 ms 16,00 ms 3,16 99,828 0,172
14 Haskovo 9,17 ms 15,02 ms 3,28 99,922 0,078
15 Stara Zagora 14,19 ms 20,27 ms 3,16 99,922 0,078
16 Gabrovo 9,37 ms 13,64 ms 4,97 99,687 0,313
17 Veliko Tarnovo 11,72 ms 17,29 ms 3,45 99,749 0,251
18 Ruse 5,51 ms 11,16 ms 34 99,913 0,087
19 Razgrad 6,86 ms 12,63 ms 3,33 99,905 0,095
20 Targovishte 3,93 ms 9,97 ms 3,18 99,913 0,087
21 Sliven 11,42 ms 17,11 ms 3,37 99,158 0,842
22 Yambol 5,94 ms 11,77 ms 3,29 99,905 0,095
23 Burgas 5,19 ms 9,82 ms 4,15 99,913 0,087
24 Shumen 4,08 ms 9,16 ms 3,78 99,913 0,087
25 Silistra 724 ms 13,48 ms 3,08 99,922 0,078
26 Dobrich 3,86 ms 9,03 ms 3,71 97,665 2,335
27 Varna 1,98 ms 5,68 ms 5,19 100 0

Based on the results obtained we can summarize the following: the existing already communication
network from type “star” causes failures in the information communication between the individual
nodes. This will lead to problems accessing the subsidiary network and the normal connectivity as
well. The lack of connectivity between the individual nodes in the network varies from 10 min. up
to 23 hours, which is unacceptable. The calculated bandwidth shows approximately equal capacities
of the network between the individual endpoints.

3. Designing a triple-connected network considering the existing topology from
type “star”

The architecture of the existing network from type “star” has been synthesized in Chapter 3. The
additional alternative communication channels for transition from a dual- to a triple-connected
architecture is defined in this chapter also. An algorithm for defining the theoretical time-delays
between the nodes of the additional alternative communication channels is proposed in chapter 3, as
well. The optimization problem is solved for defining and classifying the structure of the network
either as a dual- or as a triple-connected one. Furthermore, the obtained decisions are analysed also.

The actual information network with an exact location of the individual points, which connectivity
is from type “star”, is presented in fig. 3.1. The network of 27 nodes, which represents the
subsidiaries in the different cities providing information services. Due to the centralized
management (as the whole information flow runs through a single node) this connectivity leads to
job losses and isolation between the single nodes of the communication network in case of failures
of the connection between the single points.

Decision for improving the connectivity between the single nodes using the multi-connected
topology is presented in fig. 3.2. Based on it, the exchange of information flows will be improved.
Moreover, in case of failure of the central communication node it will not be possible to block the
job of all endpoints. In this case an interchangeability between the communication channels will be
achieved and the opportunity of breaking the information flows will be eliminated. The added
virtual channels are presented in this chapter also. Within the defined new connectivity, the time-
delays between the single nodes of the virtual network, that are directly connected, are calculated
theoretically as well.

The additional connections between the nodes are defined according to their geographical location
and the following rule is considered in this case: each point representing a node has to have at least
4 additional routes excluding the ones of the exitsing network.
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8 Krasimir Trichkov

The defined network is presented in fig. 3.3. Based on it calculations regarding the choice of the
alternative routes are performed. For the research purposes the virtual weights are defined also. The
compliance between the number of the node/ subsidiary and the respective city is revealed in table
3.1.

&

s 4

Fig. 3.3 Weights of the virtual alternative channels

3 it

The formula (37) is derived in chapter 3. Based on it the theoretical time-delays between the nodes
of the added virtual channels are defined also:

T#.-_.‘-’ = Tos + Tn:—.-? + T:rn..? + £y + Tn:r.-_.'-' + Tm.-_.‘-’ + “_.‘-’ (37)
Based on the defined new connectivity and according to the theoretically defined model the time-
delays of the additionally channels between the end points are calculated in order to receive
interchangeability between the channels. All calculated time-delays between the end points,
connected to the alternative virtual routes, according to the formula 3.7., are presented in table 3.3.
The average time-delays of the existing network as well as the theoretically calculated ones are
shown in table 3.5.

Table 3.5
Time-delays in ms between the individual subsidiaries Average time-delays, ms Theoretically calculated time-delays, ms
Sofia
Pernik 15 0,555
Kyustendil 16 0,830
Blagoevgrad 16 0,880
Vidin 23 1,640
Montana 17 1,135
Vratsa 15 0,945
Pleven 21 1,215
Lovech 21 1,185
Pazardzhik 15 0,955
Smolyan 17 1,610
Plovdiv 16 1,110
Kardzhali 23 1,610
Haskovo 23 1,530
Stara Zagora 20 1,555
Gabrovo 19 1,415
Veliko Tarnovo 18 1,510
Ruse 19 1,955
Razgrad 6 2,060
Targovishte 6 1,990
Sliven 21 1,935
‘Yambol 7 1,885
Burgas 5 2,315
Shumen 5 2,210
Silistra 7 2,540
Dobrich 5 2,805
Varna 3 2,645

The results obtained show a significant difference between them, which is a prerequisite for a
decreased bandwidth among the measured ones in practice. This causes delays and greater
opportunities for problems emerging when communicating between the nodes and fault tolerance.
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9  MODELLING AND MANAGEMENT OF INFORMATION FLOWS

The main purpose of the research in the PhD thesis is to identify and solve an optimizing problem
for defining the connectivity of the network, based on the results for time-delays measuring and the
failures of the communication network. Furthermore, a decision is proposed for the transition from
type “star” to a dual- and triple-connectivity. The time-delays measured in practice as well as the
theoretically measured time-delays between the individual nodes are used as parameters for this
problem. These measured and calculated time-delays are used as weights in the criterion function of
the defined and solved optimization problem.
The optimizing problem is defined as a linear optimizing problem, which identifies the maximal
information flow between all pairs of nodes and the information that can be transported through the
network. It is defined and solved [117, 118]. The problem that determines the maximal flow in the
network is based on the following:
¢ Given network topology,
e Given matrix of the traffic volume which has to be transferred between each pair of nodes in
the network;
e Given weights of the archs in the network, that define the “price” of transferring unit volume
traftic along the respective arch.
Solving this problem shows clearly the necessary bandwidth of the channels. After that we can
receive the given matrix of the volumes traffic between the individual nodes.
The problem is defined as a problem of linear programming.
min¢’ x katod.x = b
Where,
¢ - is the “price” matrix for transferring a unit volume along the respective arch of the network;
L - is the matrix of the traffic volume which has to be transferred between each pair of nodes in the
network;
x - 1s the decision of the problem, where x is the bandwidth of the respective arch in the network;
This problem is used and modified in the PhD thesis in order to sinthesyze the topology of a dual-
and triple-connected network. These modifications are as follows:
¢ An initial full-connected topology of the network is used. The decisions of the problem
define which lines of the full-connected topology has to omitted in order to reach the wished
dual- and triple-connected network.
e The decisions x are determided so that to belong to the set 0 or 1. If the value is x; = 1, the

respective arch remains in the network topology. If the value is x, = 0, the arch will not be

in the network topology. So the basic problem for defining the maximal flow will be
modified into a linear problem of integer programming.

e The matrix of the necessary traffic volume, b, which has to be transferred in the network is
modified and accepts values 2 or 3 for each pair of nodes. In such way the topology for a
dual- or triple-connected network is synthesized.

The criterion function for a synthesis of topology is the following [119]:
o)
rE A

{g:(x) = byt = L} (38)

c(x) — criterion functiomn
Where,
§:(x) — restriction function
x — solution

In the PhD thesis the matrix ¢ has an enginerial content of the delays in the individual line. The
numerical values of the delays are obtained by the measurements done in chapter 2. and presented
in table 3.4 as well as theoretically calculated in the current chapter (table 3.3).

The problem solution x is limited within [0 and 1]. Moreover, the value of the variable x;
determines if either there is a communication channel (x; = 1) or there is no channel at all (x; = @).
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10 Krasimir Trichkov

We have to point out that there is the following technical particularity — when defining the variables
x; an index is used, instead of the explanations in the text regarding x;; which is interpreted as an

arch between nodes i u j.

The problem constraints are determined according to the model in [117, 118] for defining the
maximal flow in the network. Constraints are the possible sections of archs which removal
separates all connections between the analyzed pair of nodes.

The criterion function of the problem can be defined analytically as follows:
111

min Z C, X, (39)

The following constraints for the non-negativity have to be respected also:
111

Zaixi 2b,,j=23
i=1

x; is a binary number
a, - vector conditions that determine whether the connection between two nodes exists or not; the

possible values are either 1 or 0.
The solutions x have values either 1 or 0.

The constraints vector b, has two parametric states as follows:

e Parametric state one, which determines constraint 2. of the criterion function for finding the
best two routes between the nodes (synthesis of a dual-connected network).
e Parametric state two, which determines constraint 3. of the criterion function for finding the
best three routes between the nodes (synthesis of a triple-connected network).
The generalized view of the constraints of the criterion function is the following:
@y @y + @yt tax, 2 b, (41)
In order to receive a dual- (triple-) connected network it is necessary to point out all sections of each
pair of nodes in the network. In this way the constraints of the problem will increase drastically.
The generalized view of the determined optimization problem is the following:
.F"l..'f-i. =k

ts a binary number (49)

mine,’ x,
&

Where,

¢; — measurad really and theoratically calculated tims — delays between the nodes
The solution x defines the topology of the communication network that can be synthesized.
The problem constraints consider the connectivity between the individual nodes, according to the
conditions set for synthesizing a dual- and triple-connected network. The solutions of the
optimizing problem determine the new topology of the dual- or triple-connected network. The
solution obtained can be interpreted as a potential for improving the determined communication
network [120]. The understanding of the optimization means defining the topology of the network
that can be synthesized at a minimal price, when the condition for reliability is met also. The
reliability is determined quantified by the network connectivity.

The optimizing problem is solved using the Matlab product and its function bintprog, which is as
follows:

Aux, = b

s
min ¢ i @ binary number

(50)

Where,
c and b are vectors, 4 is a matrix, and the solution x can be determined as a binary vector integer
number that means the possible values of x are either 0 or 1.
The problem (50) according to the Matlab format is as follows:
x = bintprog(c, 4. &) (51)
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11 MODELLING AND MANAGEMENT OF INFORMATION FLOWS

These problems are determined as binary integer programming and therefore the problem (50) will
be transformed as follows:

min, ¢¥ x keTo d.x, = & (52)
Where, x has possible values of 0 and 1.
In order to receive exact and correct values, the matrix A parameters are inverted and the same has
to be done for the constraint b also. Therefore the end function used in the PhD thesis is the
following [121]:

min, c¥ x kaTo — A.x, = —b; (53)
Where, x has possible values of 0 and 1.
The problem determined in the PhD thesis refers to 27 nodes. Matching of each variable number
with the respective pair of nodes is presented in the table 3.7. The matching between a node number
(subsidiary number) and the respective city is presented in table 3.1.

Table 3.7

1 2 3 4 5 6 7 8 9o 10 1 12 13 14 15 6] 17 [ 18] 19 20 21 22 23 24 25 26 27 A
1T < x2 x3 | x4 | x5 | x6 | x7 | x8 | x9 | x10 | xll | xI12 | xI13 | xI14 | xI5 | x16 | x17 | x18 | x19 | x20 | x21 x22 | x23 | x24 | x25 | x26 26
2| x1 I 27 | x31 | x28  x29 x30 5
30 x| x27 Il <34 x32 x33 3
4 x| x31 | x3¢ R x35 | x36 2
5| x4 | x28 Bl 37 38 | x39 | x40 4
6| x5 | x29 | x32 x37 [ 42 | x41 2
7] x6 x38 | x42 [ x43 | x44 | x45 3
8| x7 x39 | x41 | x43 [ x50 x49 | x46 | x47 | x48 5
9 | x8 x40 x44 | x50 [ x56 x55 x54 | x53 | x51 | x52 6
10 | x9 | x30 | x33 | x35 x45 x56 M x60 | x58  x59 x57 4
11 | xI10 x36 x60 [ x61 | x63  x62 3
12 | xlIl x55 | x58 | x61 M x67 x66 | x65 x64 4
13 | xI2 x59 | x63 | x67 [ xc8 1
14 | xI3 x62 | x66 | x68 [ xc9 x70 x71 x72 4
15 | x14 x65 x6¢9 M <73 | x74 x75 x76 4
16 | xI5 x54 | x57 x64 x73 I <7 x78 x79 3
17 | xlI6 x49 | x53 x74 | x77 I x30 | x81  x82 | x83 4
18 | x17 x46 | x51 x80 [ x36 x84 x85 3
19 | xI8 x47 | x52 x81 | xs6 [ o1 x90 | x87 x88 x89 5
20 | x19 x48 x82 x91 Il 97 x96 x95 x93 x92 x94 6
21 | x20 x70 | x75 | x78 | x83 x97 I x101 | x100 @ x98 x99 4
22 | x2l x71 | x76 | x79 x96 | x101 [ x04  x102 x103 3
23 | x22 X72 x95 | x100 | x104 [ x105 x106 2
24 | x23 x90 | x93 | x98 | x102 | xt05 [ x107 | x108 | x109 3
25 | x24 x84 | x87 | x92 x107 [ xi10 1
26 | x25 x85 | x88 x108 | x110 [ x11! 1
1

27 | x26 x89 | x94 | x99 | x103 | x106 | x109 xit1 [

Matrix A has a rectangular shape and over 360 constraints which are determined according to the
equations for a maximal flow in the network. Among these constraints there are such repeating
inequalities, although they refer to a different pair of nodes. The reason for these repeating
inequalities is that the respective component from matrix b is one and the same number, 2 or 3. So
that when determining the optimization problem in the PhD thesis the same inequalities are reduced
to a single inequality, which is applied in the optimization problem. After reducing the repeating
inequalities there are 141 inequalities included and matrix A is transformed to 111 columns and 141
rows. So that the deteremined problem in the PhD thesis has 111 variales. The optimization problem
is solved with 111 variables and 141 constraints. The problem is modified in such a way to receive
solutions for a dual- and triple-connected network. All solutions obtained are presented graphically
for a better interpretation of the results. These solutions are presented in the following chapter
through the analysed three models with the respective parametric states.

4. Analysis of the results of designing the communication network

The three models for determining the optimal option for improving the existing communication
network are presented and analysed in Chapter 4. There is a quantified evaluation of the results
obtained also. Based on a topology synthesis the best model with the respective parametric state is
selected for the transition from the existing topology type “star” to a distributed triple-connected
network between the single node points. The aim is to achieve a continuity of the information flows.
The first model for a quantified analysis of the results obtained is presented. The weights of the
existing network correspond to the table 3.4 from the previous chapter. The rest weights correspond
to the table 3.3 and present the theoretically calculated values.

Model 1. and the results for the parametric state 1 for a topology synthesis of the two best routes are
shown in fig. 4.1. It is revealed that from the existing network from type “star” there are only two
connections left. Moreover, some of the nodes groups are isolated and this is the reason why this
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12 Krasimir Trichkov

parametric state cannot be applied for the purposes and tasks of the PhD thesis.

Model 1. and the results for the parametric state 2 for a topology synthesis of the three best routes
are shown in fig. 4.2. It is revealed that from the existing network there are only there connections
left. In comparison to the previous parametric state, there are no isolated nodes from the main idea
of the network. On the other hand, there is an asymmetry as node 1. has no connection to the
neighbouring points but it is connected to the end points - 23, 26, 27.

This parametric state is acceptable having in mind the comprehensive distribution of the alternative
routes and their interchangeability. Based on the results obtained, the following conclusion can be
drawn - the parametric state 2 is an acceptable option to some extent as it is possible to improve the
existing communication network.

Fig. 4.1 Model 1. for thé pafametric sfate 1 fora Fig. 4.2 Model 1. for t_.he.parametric state 2 for a
topology synthesis of the two best routes topology synthesis of the three best routes

Furthermore, the second model of the results obtained is analysed quantitatively. The weights of the
existing network are with their minimal values and for this given case we use the factor 0. This
means that the existing network has already a solid connection with the rest endpoints. The rest
weights are according to the table 3.3 and represent the theoretically calculated values.

Model 2. and the results for the parametric state 1 for a topology synthesis of the two best routes are
shown in fig. 4.3. The existing network is with zero values, in order to retain all available
connections. Based on the results obtained the connections between nodes 1 and 3 are removed, as
well as the connections between the nodes 1 and 6. The obtained network is not acceptable because
if there is an interruption of the central node, connection failures between the individual subsidiaries
are expected.

Fig. 4.3 Model 2. for the parametric state 1 for a Fig. 4.4 Model 2. for .t"he.pararnetric state 2 for a
topology synthesis of the two best routes topology synthesis of the three best routes

Model 2. and the parametric state 2 for the topology synthesis of the three best routes are shown in
fig. 4.4. In this case all connections of the existing network are retained. The obtained topology is
not acceptable either. The reason is that if there is an interruption of the central node, the
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communication between the individual subsidiaries will be lost and it will lead to failures and lost
of information resources.

The results obtained from model 2. lead to the conclusion that the model is not applicable for the
purposes and tasks of the PhD thesis because there is no improvement of the continuity of servicing
the information resources, neither any improvement of the communication network structure.
Afterwards model 3. is analysed quantitatively with the results obtained also. The weights of the
existing network are according to table 3.3 of the previous chapter, where the theoretically
calculated time-delays of all individual nodes are shown.

Model 3 and the results of the parametric state 1 for a topology synthesis of the two best routes are
presented in fig. 4.5. There is a fragmentation of the network as the results obtained lead to 6
entirely independent groups of nodes. Due to this reason the network topology obtained does not
contributes for improving of the existing communication structure. Therefore it cannot be used as
an alternative for providing continuity of information flows and services.

Fig. 45 Model 3. for ‘thle pérametric étate 1 fora Fig. 4.6 Model 3. fér the pafametric sfate 2 fora
topology synthesis of the two best routes topology synthesis of the three best routes

Model 3. and the parametric state 2 for a topology synthesis of the three best routes are presented in
fig. 4.6. The result obtained is relaitively good as there are no isolated nodes in comparison to the
previous state. At the same time there are some critical node points (between nodes 1 and 7, nodes 8
and 9, nodes 3 and 10, noes 14 and 15). But their elimination is possible through appropriate
planning and adding of additional spare cconnection channels. This parametric state is an acceptable
one considering the overall distribution of the alternative routes and their interchangeability. Based
on the results obtained the conclusion is that the parametric state 2 of the model is a suitable
alternative for improving the existing communication network.
After developing the three possible models with their respective parametric states we can proceed
with their graphical visualization. That is why we present all 27 nodes in a square matrix (27 x 27)
where each row and column fits each individual node (from 1 up to 27). The table 4.2 presents all
criteria used for evaluation of the three scenarios.

Table 4.2

A. Sum of the connections of a single node to the rest nodes

B. Sum of the time delays of the connections of a single node with the rest nodes

The A. criterion is a sum of all connections of a given node. The respective symmetric values are
not included in this sum as the sum includes just the connections located to the right of the main
diagonal. The B. criterion is a sum of the time-delays of the connnections of a given node with the
rest nodes, presented in the respective row. Similarly this sum does not include any symmetric
values, just the time-delays located to the right of the main diagonal.

In the following two consecutive columns after each table the number of the connections of the
node, presented in the respective row is summed as well as the time-delays (Sum A. and Sum B.).
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Both sums A. and B. do not include the respective symmetric values, just the values of the
connections located to the right of the main diagonal. Moreover, two additional criteria are added -
a C. criterion (system dependence on a single node) and a D. criterion (number of nodes groups).
Both tables 4.3 and 4.4 present the results obtained when analyzing model 1. with both parametric
states — 1. and 2. It is clearly shown that there are 5 groups of connected nodes in table 4.3, which
are marked in different colours respectively. On the other hand, it is shown that in table 4.4 all
nodes are connected with each other, just in one group and respectively marked in one colour only.
In this model we use the actual measurements of the time-delays as weights. The results obtained
for the parametric state one show isolation of the nodes groups. This is the reson why this model for
the parametric state one cannot be used further for the improvement of the network connectivity.

On the other hand, for the parametric state 2 of this model we obtain an acceptable result but there
is a disadvantage due to the asymmetry. The node 1. has no connection with its neighbouring nodes
located geographically near the node 1. For this state there are some critical access points.

The results obtained for both parametric states of model 2 are presented in tables 4.5 and 4.6. In
both tables all nodes are connected to each other in one group and are marked in just one colour
respectively. There is a complete dependence on the node 1. as it is connected with all the rest
nodes.

Except for the nodes connectivity in both tables the values for the selected criteria A. and B. are
included. As it was mentioned above, each row in the A. column shows the number of connections
of a given node with the rest nodes, without their symmetric values. Each row in the B. column
shows the respective sum of the time-delays of the given node. After that the results of these criteria
will be used for a comparison and evaluation of the different options.

According to the results obtained for both parametric states of the model 2. the following
conclusions can be drawn: it is not appropriate for any improvements due the retaining of the
existing structure and asymmetry of the newly added connections. This would lead to a lack of a
secure and reliable connection between the nodes in the subsidiary network of the analyzed
structure.

The results obtained regarding the two parametric states of model 3 are presented in tables 4.7. and
table 4.8. 6 groups of connected noded, marked in 6 different colurs, are revealed in table 4.7. All
nodes that are connected with each other in just one group are presented in table 4.8. They are
marked in just one colour respectively.

Analyzing model 3. and its parametric state 1, we can sum up that it leads to a constant isolation of
the nods groups. This topology is not applicable, similarly to the mentioned above states. Analyzing
model 3. and its parametric state 2, the best optimal topology location of the alternative routes
obtained is presented, although there are some critical points.
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Table 4.3
1 2 | 3 ‘ 4 | 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 | A B

1 5,000 3,000 2 8,000
2 2 1,500
3 1 0,745
4 0 0,000
5 2 2,035
6 1 0,595
7 0 0,000
8 0,575 1,150 2 1,725
9 0,575 0,865 1 0,865
10 2 1,670
11 1 1,165
12 1 0,790
13 1 0,635
14 0 0,000
15 0,805 0,755 2 1,560
16 0,805 0,620 1 0,620
17 0,865 0,620 0 0,000
18 1,150 1,005 1 1,005
19 2 1,245
20 1 0,615
21 0,755 1 0,545
22 1 0,860
23 5,000 0 0,000
24 0 0,000
25 1,005 0,850 1 0,850
26 0,850 0,670 | 1 0,670
27 | 3,000 0,670 0 0
27 27,695

Table 4.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 | A B

1 5,000 5,000 3,000 3 13,000
2 0,690 0,810 1,835 3 3,335
3 0,690 0,745 1,370 2 2,115
4 0,810 | 0,745 1,420 1 1,420
5 1,835 0,920 1,115 2 2,035
6 0,920 0,595 1,035 2 1,630
7 1,115 0,595 0,940 1 0,940
8 1,035 0,940 0,575 1 0,575
9 0,575 0,770 0,865 2 1,635
10 1,370 | 1,420 0,590 1 0,590
11 0,890 1,165 1,265 3 3,320
12 0,590 0,890 1,040 1 1,040
13 1,165 1,040 0,635 1 0,635
14 1,265 0,635 0,710 1 0,710
15 0,710 0,805 0,755 2 1,560
16 0,770 0,805 0,620 1 0,620
17 0,865 0,620 0,945 1 0,945
18 0,945 0,730 1,005 2 1,735
19 0,730 0,590 0,655 2 1,245
20 0,590 1,025 0,615 2 1,640
21 0,755 0,545 | 0975 2 1,520
2 1,025 0,545 0,860 1 0,860
23 5,000 0,975 0,860 0 0,000
24 0,655 0,615 0,975 0,845 2 1,820
25 1,005 0,975 0,850 1 0,850
26 5,000 0,850 0,670 1 0,670
27 | 3,000 0,845 0,670 0 0
41 46,445
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Table 4.7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 | A B
1 0,555 0,880 2 1,435
2 0,555 0,690 1 0,690
3 0,690 0,745 1 0,745
4 0,880 0,745 0 0,000
5 2 2,035
6 1 0,595
7 0 0,000
8 2 1,650
9 1 0,770
10 2 1,670
11 1 1,165
12 1 0,910
13 1 0,635
14 1 0,710
15 0 0,000
16 1 0,620
17 0 0,000
18 2 1,735
19 1 0,590
20 1 0,615
21 2 1,520
22 1 0,860
23 0 0,000
24 1 0,845
25 1 0,850
26 1 0,670
27 0 0
27 21,315
Table 4.8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 | A B
1 0,555 0,380 0,945 3 2,380
2 0,555 0,690 0,810 2 1,500
3 0,690 0,745 0,865 2 1,610
4 0,880 0,810 0,745 0 0,000
5 0920 | 1,115 | 1,155 3 3,190
6 0,920 0,595 1,035 2 1,630
7 0,945 1,115 0,595 0 0,000
8 1,155 1,035 0,575 1 0,575
9 0,575 0,770 0,865 2 1,635
10 0,865 1,080 0,590 1,230 3 2,900
11 1,080 0,890 | 1,165 2 2,055
12 0,590 0,890 0,790 1 0,790
13 1,230 1,165 0,635 1 0,635
14 0,790 0,635 0,710 1 0,710
15 0,710 0,805 0,840 2 1,645
16 0,770 0,805 0,620 1 0,620
17 0,865 0,620 0,945 1 0,945
18 0,945 0,730 1,005 2 1,735
19 0,730 0,590 1,055 2 1,645
20 0,590 1,060 0,615 2 1,675
21 1,060 0,545 | 0,975 2 1,520
22 0,840 0,545 0,860 1 0,860
23 0,975 0,860 1,050 1 1,050
24 0,615 1,035 0,845 2 1,880
25 1,005 1,055 0,850 1 0,850
26 1,035 | 0,850 0,670 | 1 0,670
27 1,050 | 0,845 0,670 0 0
41 34,705
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The quantified analysis of the three models with the respective parametric states is presented in
table 4.9. It shows a comparison between the values of the sums obtained for both criteria A. and B.

Table 4.9
Table Model Parametric state A B
4.3 Model 1. Parametric state 1. 27 27,695
4.4 Model 1. Parametric state 2. 41 46,445
4.5 Model 2. Parametric state 1. 38 10,400
4.6 Model 2. Parametric state 2. 52 20,690
4.7 Model 3. Parametric state 1. 27 21,315
4.8 Model 3. Parametric state 2. 41 34,705 Low 1

According to the results obtained from the analysis of the model 2. with its two parametric states 1
and 2 in both tables 4.5. and 4.6. it is seen that the values of sum of time-delays (the B. criterion)
are the lowest and there are no interruptions between the nodes. But on the other hand, they are
sternly dependent on each other (1. Node).

Table 4.3. (model 1. for the parametric state 1) and table 4.7. (model 3. for the parametric state 1)
are the next two low values of the B. criterion. In both cases there are interruptions between the
nodes as there are 5 and 6 groups of independent nods groups respectively.

Table 4.4. (model 1 for the parametric state 2) and table 4.8. (model 3 for the parametric state 2)
present the highest values of the B. criterion but on the other hand, there are no interruptions
between the nodes and no dependence on a single node. Therefore model 3. for the parametric state
2 presents the best option for a distributed network as the sum of the time-delays is the lowest.
Based on the analysis of the three models for improving the continuity of tcommunication and
information services as well as the quality of the services provided, we can sum up that the last
model (3.) for its parametric state 2 is the optimal one. In this case the level of the alternative routes
is acceptable and will lead to a continuity and security of the information resources.

The main contributions of the PhD thesis are focused on the improving of the communication
structure of the analyzed network through a topology synthesis. This will lead to a substantial
reduction of failures and connection losses between the single endpoints. The main results are the
optimal connectivity and reducing the losses of information resources due to improvements of the
fault tolerance of the proposed communication network.

The data used and the measurements done in the PhD thesis refer to the actual existing
communication network in the practice of the company Information services (IS) Plc.

Contributions of the PhD thesis
The main results have scientific features and can be applied in the practice as well.

1. The models for formalization of information and communication flows in networks are
analyzed through graphs and further the network topology influence is evaluated as well as
their features, advantages and disadvantages. Problmes for finding out the shortest route
from a single node to the rest nodes of the network are also presented, considering the
variable price of the arch.

2. Bandwidth and time-delays in the network are defined through measurements and analyzed
regarding the information flows. Furthermore, it is evaluated the failures of nodes
connections as a fault tolerance feature of the existing communication network from type
“star”.

3. An algorithm is synthesized for determining the theoretical time-delays between the nodes
of the additional alternative communication channels. The measured and theoretically
calculated time-delays are used when determining the problem for an optimal synthesis of
the network topology.

4. The optimization problem is determined and solved regarding the structure identification of
the communication network with 27 nodes as a dual- or triple-connected one. The decisions
obtained are analyzed in details and a quantitative analysis is proposed of the results
obtained in order to achieve information flows continuity.
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O01ma xapakTepucTUKA HA IMCEPTANUATA

AKTYaJIHOCT HA TeMAaTa U 0030P HA OCHOBHUTE Pe3yJITATH B 00J1aCTTA

Ilen Ha [uCepTallMOHHMSA TPYX € TIOCPEACTBOM MOJEIHMpPaHEe M YIpPaBJICHHE Ha
H(OPMAIIMOHHHU MTOTOIH J1a C€ HApPaBU TOMOJIOTMYEH CUHTE3 U MPEAJIOKU ONTUMAJIHO pelleHue 3a
IIpeMUHABaHE Ha ChHIIECTBYBAllla KOMYHHKAllMOHHA MpeXa OT CBBP3aHOCT THUN ,,3Be3l1a‘ KbM
JIBYCBbp3aHa W TpUCBbp3aHa Tomoijorus. [la ce pa3paboTu Monen 3a KOJIMYECTBEHA OIEHKa Ha
KaueCTBOTO, HEMPEKBHCBAEMOCTTA U OTKA30yCTOMUMBOCTTA Ha OOCIYKBAHETO C OTJIEN TEXHOJIOTHYHO
U CTPYKTYPHO MogoOpsiBaHE HA KOMYHUKAIMOHHATA MpPEXkKa.

AKkmyannocm na npoonema

KoMmoTspHHTE KOMYHUKAIIMOHHU MpPEXH (QYHKUMOHHpAT B HECTALIMOHAPHU YCJIOBUSA Ha
BBb3HUKBaHE Ha 3asiBKU 3a OOCITy)XBaHE: TpelaBaHe Ha JaHHU, (ailioB 0OMEH, TUCTAHIIMOHHO
MOJI3BAaHE HAa W3UYUCIMUTEIHH PEeCypcH, MYyIATHUMEIuNHU mnpuiokeHus. HecrannonapHoctra Ha
HATOBAPBAHETO € OCHOBHA TPYIHOCT 3a TOYHOCTTA Ha aHaJHM3a, MOAEIMPAHETO, ONTUMHU3AUATA HA
KOMITIOThPHO-KOMYHHUKAIIMOHHUTE MpexH [1, 2].

TononoruyHust cCUHTE3 Ha U300P HA KOMYHUKAIIMOHHH KaHAJIHM B KOMITIOTbPHA MpEXa OKa3Ba
BIMSIHUE Ha MHOXECTBO 3a/laud, CBbp3aHHM C EKCIUloaTalluiTa M YIpPaBIEHUETO Ha
KOMYHHKAIMOHHATa Mpexa. TOIONIOTHYHUAT CUHTE3 BIIMAC Ha 33/1a4M KaTo: 3a/1a4a 3a IMpe/iaBaHe Ha
CBHOOIIEHNE OT U3TOYHMK 10 Totpeduten [3, 4, 5, 6] npu 3a7aaeHa TOMOJOTHS U MPOIMYCKATSITHA
CIOCOOHOCTH Ha KaHaluTe, U 00eM TpapuK MEXIYy BCAKa JBOWKA M3TOYHMK - moiydyaren [7, 8] e
Heo0X0MMO Ja ce OoIpeneisT HH(HOPMAIMOHHUTE MOTOLM B MpekKara; olnpeAesssHe Ha MaplIpyThT
Ha chOOIICHNE, 32 BCSIKA JIBOIMKA M3TOYHHK - ITOJTy4YaTe, IPH KOETO CE YOBIETBOPSBAT U3UCKBAHUS
3a MUHUMAaJeH BT, BPEME3aKbCHEHUS, LleHa U Jp. Te3u ONTUMHU3ALMOHHM 3a/laud UMaT royisMa
pasMepHOCT U rosisiM Opoii orpanudenus [9, 10, 11] u TexHUTE pENICHUS C€ BIUSAT OT TOMOJIOTHSITA
Ha KOMyHHKaIIHOHHATa Mpexa.

B exenneBHaTa cu JEHHOCT ce CTPEMUM KbM OIPEENICHH LIEJIH, 32 MOCTUTAaHETO Ha KOUTO €
HEOOXOAMMO J1a peliaBaMe B3auMHO CBbp3aHu mpooOsemu [12, 13]. Bcekm ot Te3m mpoOmemu
OOMKHOBEHO MMa MHOXKECTBO pelieHHus. EcTecTBeHO € MpeAnoYuTaHrueTo 1a u30epeM OT MHOTOTO
BB3MOYKHU pELICHUS Hali-100pOTO, T.€. ONTUMAIHOTO pelieHue [14].

NudopmaiimoHHuTe W KOMYHHKAIlMOHHU CHUCTEMH MHTEH3MBHO C€ U3ION3BaT B
MPOU3BOJICTBEHATA M CTOIAHCKa MpakTuka [15, 16, 17]. U3rpaxxganeTo Ha TEXHUYECKa XETEPOreHHA
CTPYKTypa M3HCKBA JIa C€ OIpeNeNH yAauHa TOMOJOTrHs Ha Mpexkara. ToBa Ie TMO3BOJIH YAa4HO U
ONTUMAIHO Ja C€ W3NBIHABAT WH()OpPMAIMOHHHWTE 3aJa4d Ha  MOTpeOUTeNuTe Ha
KOMYHUKAI[MOHHATa Mpeka. Taka ONTUMHU3UPAHETO Ha CTPYKTypara Ha Mpeara Iie MO3BOJH J1a ce
ONTUMH3UPAT ¥ MHPOPMAIIMOHHUTE TMOTOIHM B KOMIIOTHPHH KOMYHHKAIIMOHHW MpPEXH 3a Jla ce
W3MBIHABAT MOTPEOUTEIICKU MPUIIOKEHHUS, KOUTO U3UCKBAT TapaHTUPAHO KaueCTBO Ha OOCITyKBaHE
[18, 19, 20]. Toa onpenenu o0XxBaTa Ha AUCEPTALIMOHHUS TPY/, 32 HAMUPAHE HA yAa4HA TOMOJIOTHS
Ha Mpexka, KOeTo Ile BIMsSe Ha yNpaBlIeHHETO Ha MH(OpPMAlMOHHHM MOTOIM. B nuceprannoHHara
paboTa ce U3BbPIIBA TOMOJOTHYEH CHHTE3 U C€ OTPEeeNs ONTUMAIHO PEHICHUE 3a TIPpEeMUHaBaHe Ha
CHILIECTBYBAllla KOMYHHMKAIlMOHHAa MpeXa OT CBBbP3aHOCT THN ,3Be3da” KbM JABYCBbp3aHa U
TpUCBbp3aHa Tomojorus. Pa3paboTBa ce Mozaen 3a KOJMYECTBEHA OILIEHKA Ha KaueCTBOTO H
OTKa30yCTOMYMBOCTTa Ha OOCIY>KBAaHETO C OIVIe[] TEXHOJIOTUYHO U CTPYKTYpHO MOAOOpsBaHE Ha
KOMYHHKAIMOHHaTa Mpexa [21].

OcHognama pabomua 3a0aya, KOATO CH TOCTaBsl AUCEPTALIMOHHUS TPYH € Ja AePUHHpa U
pely ONTUMHU3ALMOHHA 3ajada 3a OINpeNessiHE Ha CBbP3aHOCTTa Ha MpEKa Karo ce H3MOI3BaT
pe3yaTatu OT U3MEpBaHUS Ha BpeMe3aKbCHEHUATA U MPOMaJaHusITa B KOMyHUKAIIMOHHATA MPEXa U
Cce OIpeeNu pelIeHne 3a TPEMUHABaHEe Ha CHIIECTBYBAIda KOMyHHKAIIMOHHA MPEXa OT CBP3aHOCT
TUN ,3Be37a” KbM JABYCBbp3aHAa M TpUCBbp3aHa Tomonorusa. C 1en momoOpsiBaHe KauecTBOTO,
HENPEKbCBAEMOCTTa W OTKa30yCTOMYMBOCTTA Ha OOCITYXBAaHETO W C OIVIE] TEXHOJIIOTUYHO, WU
CTPYKTYpHO Moao0OpsiBaHE Ha KOMyHUKAI[MOHHATa MpeXa J1a C€ HalmpaBu KOJMYECTBEHA OIICHKA Ha
MOJICITUTE ChC CHOTBETHUTE MMAPAMETPHYHH CHCTOSTHHUS.

Lenume u 3a0ayume na oucepmayuama ca U3JI0KEHU B Kpasi Ha IlaBa IIbpBa.
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Cmpyxkmypa na oucepmayuama

JlvcepTallMOHHUAT TPYZ € pa3/ielieH Ha yBOJ, YeTUPH IVIaBH U 3akitodueHue. [luceprauusra
ceabpka 115 crpanmnm, 92 durypm m 18 Tabmumm, 121 nuTupanu nuTepaTypHH W3TOYHUKA U
CIMCHK Ha W3IMON3BaHUTE chKpamieHus. [1o aucepranuoHHus Tpya ca myOnuKyBaHU § MyOIuKaluy,
Kato 4 OT TAX ca JOKIaAM OT MEXIyHapoaHu KoHpepeHuuu. M3cnenBaHusatra ca dYacT OT
MOJYYEHUTE pe3yITaTH Ha 6 HayYHOU3CIIEJOBATEICKHU MPOEKTA.

B mepBa maBa ca aHamM3uMpaHW MoAENTUTE 3a (opMaTU3upaHe HAa WHPOPMAIMOHHU U
KOMYHHKAIIMOHHU MOTOLM B MpeXxH 4pe3 rpadu. OLeHeHn ca TEXHUTEe 0COOEHOCTH, MPEAUMCTBA U
HepocTaTblM. Pasmenanu ca mpoOnemMuTe 3a HaMHpaHe Ha Hal-KpaTbK BT OT €AMH Bb3E€l KbM
BCHUYKH OCTaHAJIM BB3JIM B MPEXH, 32 KOUTO LIeHaTa Ha JbraTa MoXe Ja Bapupa. Te3u 3agaun umar
BIMSIHUE 32 ONpEZAeisiHE Ha ONTHMajHa TONOJOTUS Ha KOMYyHHMKAallMOHHa Mpeka. HampaBenu ca
OCHOBHM M3BOJM Ha 0a3aTa Ha NPOyYEHUTE JIMTEPaTypHU U3TOYHHULIU U ca (OPMYIUPAHU LEIUTE U
3aJa4nTe Ha JUCEPTALUATA.

BeB BTOpa mMaBa e ompeieneHa M aHAJIM3MpaHa MPOMYyCKaTeIHaTa CIOCOOHOCT U
BpEME3aKbCHEHHUATA B Mpexara Mpu IperaBaHe Ha HH(POpMaUMOHHU mnoTtouu. OueHsBaHO €
MIPONaJlaHeTO Ha BPb3Ka MEKIY JBOWMKA Bb3JIM KAaTO XapaKTEPUCTHUKA Ha OTKa30yCTOWYMBOCTTA Ha
ChILIECTBYBallla KOMyHHKAIlMOHHA MpeXa ChC CBbP3aHOCT THII ,,3Be3Aa". JlepuHUpaH € alropurbM
3a OIpenelisiHe MPOIyCKAaTeIHUTEe CHOCOOHOCTH Ha 0a3a BpeME3aKbCHEHHETO Ha JIOCThIa [0
CbhOTBETHHUTE Bb3IM. ONpeesieHn ca CPETHUTE BPEMEBU 3aKbCHEHUSI MEXKJy OTIEIHUTE Bb3JIU MpPU
ChIIECTBYBaIaTa Tonojorus. M3uucnien e kananurersT Ha MHQOPMAIIMOHHATA MPEXa.

B Tpera maBa e cuHTe3upaHa apXUTEKTypa Ha ChILECTBYBAllla MpeXa OT CBbP3aHOCT THII
,»3B€371a“ ¢ ONpeeNeH! JONBIHUTEIHH ANTEPHATUBHU KOMYHHMKAIIMOHHU KaHAJIM 33 IPEXoi KbM
JBYCBbp3aHa M TPHUCBbp3aHa apxuTekrypa. CUHTE3UpaH € ajropuTbM 3a OIpeleIsiHE Ha
TEOPETUYHUTE BPEME3aKbCHEHUSI MEX/y Bb3JIMTE Ha 100ABEHUTE alTepPHATUBHU KOMYHHKAllMOHHU
kaHanu. JleprHupaHa e oNTUMU3AIMOHHA 33/1a4a 3a OIpE/EIsIHE HAa CBbP3aHOCTTa HAa MpeXara KaTo
ca M3MNOJN3BaHM pe3ylTaTUTe OT H3MEpBaHUATAa Ha BpEME3aKbCHEHUSATAa M MPOINAJaHUATa B
KOMYHUKallMOHHaTa Mpexa. ONTUMHU3allMOHHATA 3aja4a € pelaBaHa 3a ONpEEIsHE Ha CTPYKTypa
Ha KOMyHHMKallMUOHHaTa MpEKa KaTo JBYCBbp3aHa M TPUCBbP3aHA. AHAIM3MPAHU Ca IOJTy4aBaHUTE
pelieHus.

B uyerBppra miaBa ca pasmieaHM W aHANU3UPAHU TPU MOAENA 3a ONpeAesHe Ha
ONITUMAJIHUS BapUaHT 3a MonoOpsiBaHE Ha CHIIECTBYBAllla KOMYHUKAIlMOHHa Mpexa. Hampasena e
KOJIMUYECTBEHA OILIEHKa Ha IoiydyeHuTe pesyinrard. Ha 6a3a TomonoruyeH cuHTe3 € M30paH Hail-
JIOOpUAT MOIEN ChC CHOTBETHO MApaMETPHUYHO CHCTOSHUE 3a NMPEMHHABAaHE OT ChINECTBYBAIlA
TOIOJIOTHS ,,3B€34a° KbM pa3lpesielieHa TPUCBbP3aHa MpeXka MEXKAY OTAETHUTE Bb3JIOBU TOUKH C
1eJI TOCTUTaHEe Ha HEMPEKbCBAEMOCT Ha MH(POPMAITMOHHUTE MOTOLIH.

B 3axioueHueTo ca omMcaHu pazIMYHUTE JCHHOCTH, W3BBPUIEHW NPU U3IBIHECHUETO Ha
OT/CIHUTE eTanu. BKIIOYeHH ca NMPUHOCUTE HA JUCEPTALMOHHHS TPYyH, ObJCIIMTE HACOKH Ha
pabota, HayuyHHUTE MyOIUKalMK O JUCEePTALUATA, KAKTO U HAyYHO-U3CIIEJ0BATEICKUTE TPOEKTH, MO
KOUTO € pabOTEeHO BbB BPB3Ka C M3CIIEABAHUATA 110 TUCEPTALIMOHHUS TPY/.

enau 1 3a1a4u HA AUCEPTANUATA

Hen: TlocpencTBoM MopenupaHe U yrpapieHUE Ha WH(OOPMAIIMOHHU TIOTOIH JIa CE HAIlpaBu
TOTIOJIOTUYEH CHHTE3 W MPEAJIONKH ONTHUMANHO pEeUIeHHE 3a MpEeMUHABaHE Ha ChIIEeCTBYyBalla
KOMYHUKAI[MOHHA MpeXka OT CBBP3aHOCT THI ,3Be3da” KbM JBYCBbp3aHa H TPHCBbpP3aHA
torosiorud. Jla ce pa3paboTu Mozen 3a KOJIMYeCTBeHa OI[EHKa Ha KaueCTBOTO, HEMIPEKbCBAEMOCTTA
U OTKa30yCTOMYMBOCTTA HAa OOCITY>KBaHETO C OIVIEA TEXHOJOTHYHO U CTPYKTYpHO MOJAOOpsBaHE Ha
KOMYHUKAI[MOHHATa Mpexa.
3agauu:

1) Jla ce anamu3upar moaenute 3a (popmanusupane Ha WHPOPMAITMOHHU U KOMYHUKAITMOHHHU
MOTOIM B MPEXHU upe3 Trpadu M Ja Ce OICHIT TEXHUTE OCOOCHOCTH, MPEANMCTBA W
HegocTaThlM. Jla ce pasrienar npoOieMHuTe 3a HAMUpPaHe Ha Hall-KpaThK BT OT €IMH Bb3el
KbM BCUYKH OCTAHAJIM BB3JIM B MPEXKH, 32 KOUTO I[eHaTa Ha Jbrata MOXe Jia Bapupa.
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2) Jla ce ompenend W aHaNM3Wpa NPOITyCKATEIHATAa CIOCOOHOCT W BPEME3aKbCHEHHSTA B
MpeXkaTa IMpH IpelaBaHe Ha HH(pOpMAIMOHHM MOTonM. [la ce oleHM NpomnajaHeTo Ha
Bpb3Ka MEXJy [BOMKAa BB3JIM KaTO XapaKTEpUCTUKAa Ha OTKa30yCTOMYMBOCTTa Ha
ChIIECTBYBAIlla KOMYHHUKAIIMOHHA Mpe’a ChC CBbP3aHOCT THUI ,,3Be37a".

3) Ha ce cuHTe3upa ajIropuThbM 3a OINpPEAESHE Ha TEOPUTUYHHUTE BPEME3AKbCHEHUS MEXIY
BB3JIUTE Ha J00AaBEHUTE AITEPHATUBHM KOMYHHUKAIlMOHHM KaHanu. Jla ce pedunupa
ONTHMHU3AlMOHHA 3aj]auya 3a ONpEJEeNsIHE Ha CBBbP3aHOCTTA Ha MpeXkaTa KaTo Ce M3IMOJI3BaT
pe3yaTaTuTe  OT  M3MEpBaHUATa Ha  BPEME3aKbCHEHMATa M NpOMaJaHHUATa B
KOMYHHKAI[MOHHATa MpEeXka.

4) Ha ce pemM ONTUMM3ALMOHHA 33a/1a4a 3a ONpeAesIHEe Ha CTPYKTypa Ha KOMyHHKallMOHHATa
Mpeka KaTo JIByCBbp3aHa U TpUCBbp3aHa. Jla ce aHaiu3upaT noiayyaBaHuTe pemieHusd. Jla ce
HampaBy KOJUYECTBEH aHAJIN3 Ha MOJIyYE€HUTE Pe3yITaTH.

Hacrosimara qucepranus ce CbCTOU OT YBOJ, YETHPH IVIABH, 3AKJIIOUEHUE U CIIUCHK Ha

nuTHpaHara quTeparypa. OCHOBHOTO ChABP)KaHHUE € IIOMECTEHO Ha 115 cTpaHuIy, a U3JI0)KeHUETO
€ npuapyxeHo ¢ ¢purypu u Tabnunu. CouchbKbT Ha UTHpaHaTa JUTepaTypa BKiItouBa 121 3armaBus.

I'masa 1. Anaiu3 Ha npo0JieMa 3a HaMHpPaHe HA HAl-KPaTbK BT B MpesKa

B mppBa mnaBa ce aHamusupar mozaenurte 3a (opmanusupaHe Ha HUHPOPMAIMOHHU U
KOMYHHUKAllMOHHH TIOTOIM B MpPEXH dpe3 Tpadu, KOUTO HMAT OTHOIIEHHE KbM TeMmaTa Ha
nucepramnmsata. ONEHsABAT Ce TEXHUTE OCOOCHOCTH, MPEAMMCTBA M HENOCTaThIM. Pasriexnar ce
npoOieMHuTe 32 HaMHpaHE Ha Ha-KpaTbK IBT OT €IMH BB3EN KbM BCHYKHM OCTAHAIM BB3JIU B
MpEeXH, 32 KOUTO IIeHaTa Ha Jbrara Moxke na Bapupa. ChIIO Taka Ce W3BBPIIBA TEOPETUUHO
W3CIIeIBAaHE M aHAJIM3UpaHEe Ha AacCleKTHTE, CBbP3aHU C MOJCIUPAHETO M YMPABICHUETO Ha
MH(OPMAIIMOHHH MOTOIH B MPEXH.

B mppBa cekuusi ce mpeacTaBs KpaThK aHATU3 Ha 33/1a4MTe, pelllaBaHy B ITbPBA IJIaBa.

B®B BTOpa cekuus € pasrienaH npodieMa 3a HaMUpaHe Ha Hal-KpaThk MbT. Hamupanero Ha
Hal-KpaTbK BT MMa MHOTO MOJIE3HM NpwiokeHus. [lo Ta3um mpuumHa, ToBa € OMIIO OOEKT Ha
3a1b100YEHU uscnenBanus. Jluiikerpa [23] e mpencraBuil A00pe M3BECTHHUS AITOPUTHM, KOWUTO

-
pemaBa mpobieMa 3a a(n") Bpeme. @noup [24] nomycka OrpaHUYEHUETO, Y€ BCUYKU TEITIOBU
koeuuumenTu TpsaO6Ba na Opaar He orpuuareaHu. Oroux e mpeacTaBuil aIropuThM, KOWTO pelraBa

g
TO3U MO-0011 MpodseM 3a O(n") Bpeme. Koraro TermoBuTe KOSHUIIMEHTH CE TPOMEHST Karo

(GYyHKIMST Ha BpPEMETO 'F‘-?*;Eﬂ’ TaKMBa MPEXH Ca HApEUYeHU AMHAMUYHU Mpexu. B nuHammuHa
MpeKa, TETJIOBUTE KOS(UIIMEHTH MMOKa3BaT JUHAMHYEH MOJICIT.

B tpeta cexnus ca nedpuHrpaHy OCHOBHUTE aJTOPUTMU 32 HAMUpPAHE HA Hall-KpaTbK BT U €
OIMCAHO MPEACTaBsIHE Ha KOMYHUKAIIHOHHUTE MPEXH U CHCTeMH upe3 rpadu [78].

B uerBbpTa Ccekuus ca pasrienaHd JBa METO/A 3a ONpenessiHe Ha BCHUUKH MBTUIIA MEXIY
3a/laZicHu JBa Bb3ela OT rpad - peKypcHBEH METOJA 4Ype3 M3YMCISBAHE Ha IMOAJCTCpMUHAHTATa
(pecypcoemMbK METO/T) M METO Upe3 0OXOXKTaHE B IMUPOYNHA (ONTUMHU3AIIMOHEH METO).

3a CTPYKTypHHUS aHAJIN3 HAa KOMYHHKAIIMOHHUTE MpEXH (HaMUpaHE HA MBTUINA, CCUCHHS U
TEXHUTEC XapaKTePUCTUKH), TPEACTaBEHU 4dYpe3 Tpadu € 1enecho0pa3HO Ja Ce€ M3IMoI3BaT
CTPYKTYpPHHU MATPUIIH, KAKTO U HSKOM OCHOBHM OyJIeBH olepamuu ¢ TAX. Bceku mbT (cedeHne) ce
MpeCTaBs KaTo KOHIOHKITUS Ha pedpaTa, o0pa3yBally TO3U BT (CEUCHHUE).

B mera cekmus e omucaHO ONpEeNsHEe Ha CEYEHHUs IOCPEACTBOM METoJ ¢ OyJeBo
WHBEPTUpaHE U ONTHUMHU3UpPAHE Ha pe3yJTara.

B miecra cexiust ca pasriefaHy 3a/1auud 3a B3eMaHe Ha PelIeHHeE.

B cenma cexmus ca pasmienaHu 3aaqu 3a JMHEHHO MPOrpaMHUpaHe.

e OO0mI BUI HA MaTeMaTHYECKH MOJIET Ha 3ajia4ya 3a JIMHEWHO nporpamupane [82] - B o6 Bux
3a/1auaTa 3a JIMHEHHO MPOorpaMHUpaHe MOXKeE Jia C€ MPEICTaBU MO CISIHUS HAUYWH:

Ja ce Hamepu HaOOp OT yIpaBisieMH napaMeTpu X = (X,,X,,.....X, ) , KOUTO HOCTUraT Hai-

royieMu (Hail-MaaKu) CTOMHOCTH Ha TOKa3aress 3a €)eKTUBHOCT
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_ o
F(x) =) c;x; — max(min) (7)
Jj=1

IIPY U3ITBJIHEHUE HA ONPECIICHN OIPAHUYCHUS.

3ajauaTta 3a JMHEWHOTO NPOrpaMHUpaHE C€ Hapuya paspelinma, ako MMa JIOpU U caMO €JHO
ontuManHo pemieHue. Ilpu HepazpemmmuTe 3a7auyd WM € Ipa3Ha oOiacTTa Ha JAONMYCTUMHUTE
peleHus, Wix 1eneBara GyHKLUUSA HE € OrpaHHYeHa.

e @dopmu Ha 3aJa4ara 3a JMHEMHO porpaMHupaHe - B 3aBUCUMOCT OT BUJa HA OTPAaHUYECHUETO

ce paznuyasar Tpu (popmu 3a1auu [82] - KAHOHWYHA, CHMETPUYHA U 0011a.

I'maBa 2. OmnpenessiHe Ha NPOIYCKATEJIHUTE CIHOCOOHOCTHM HAa KaHAJM 4pe3

BpeMeBH U3MEpPBaHUS

BsB BTOpa m1aBa e ompeneneHa M aHAIM3MpPaHa MPOMYyCKaTeJIHaTa CIIOCOOHOCT U
BpEME3aKbCHEHUATA B MpekaTra IpU IpenaBaHe Ha MHpopMalMoHHU mnorouu. OmpeneneHu ca
CPEIHUTE BPEMEBHU 3aKbCHEHUS MEXIYy OTACITHUTE BB3JIM INPH CHIIECCTBYyBAIAaTa TOMOJOTHS.
W3uucnen e xkamauuteThbT Ha MHGOPMAILIMOHHATA MpeXa, KaTO U3YHCIECHUETO € U3BbPIICHO MEXKIY
Bb3es1 MO-Codust u octananute Bb311. OLEHEHO € MPOoMaJaHeTo Ha BPbh3KaTa MEX/y JTBOWKA Bb3IIU
KaTo XapaKTEepHCTHKAa Ha OTKAa30yCTOMYMBOCTTA Ha ChHLIECTBYBallla KOMYHHMKAllUOHHA MpEXa CbhC
CBBP3aHOCT THII ,,3Be37a°.

B mppBa ceknus ca onucaHu 3a1auuTe U NpodieMuTe, pelaBaHi BbB BTOpa IU1aBa.

B®B BTOpa cekuusi ca mpencTaBeHM HHCTPYMEHTH 3a W3YMCISIBAHE Ha IPOITyCKaTesIHA
crocoOHocT Ha 0a3a Bpeme3akbcHeHHEeTo. JlepuHUpaHO € ompeneieHue 3a MpPOIMyCKaTelHa
CHOCOOHOCT Ha KOMYHHUKAllMOHEH KaHaj. Pasmienanum ca Tpu MeTOAM 3a HM3MEpBaHE Ha
BPEME3aKbCHEHUATA B KOMYHHMKAIIMOHHA MpeKa - aKTHUBHO HM3MepBaHE, MacHBHO H3MEpBaHe,
XHOpPUIHO HM3MepBaHe. 3a ILEJIUTEe Ha AMCEPTALMOHHUS TPYH CE H3IO0J3Ba AaKTUBHO MPEKOBO
H3MEpBaHe.

B Tpera cekums e mpenctaBeH Mojen M € pasmienaHa (opmyna 3a HM3YMCIsABaHE Ha
MpoIycKaTeiHa CIIOCOOHOCT Ha OT/ICIIHU BB3JIM Ha 0aza Bpeme3akbcHeHneTo. C naBe n3MepBaHus (C
JIBa pa3IMYHU IO CTOMHOCT pa3Mepa Ha IaKeTa) ce M3YUCIsABA IMOCTUTHATAaTa MpOIMyCKaTeIHa
criocobHocT Mexay aBa xocta [105]. Tlpu m3crnenBane Ha BpPEeME3aKbCHEHHETO Ca HM3IOI3BaHU
nmakeTu ¢ JBa pasnuuHu pasmepa - 100 bytes u 1300 bytes. IlpencraBena e pasmiexnaHara
KOMYHHKAITMOHHA MPEKa, KOSATO MpECTaBIsiBa KJIOHOBA Mpexa ¢ 27 Bb3ena (tabmuua 2.1, ¢urypa

2.3) 1 UEHTPaTU3UPaHO YMPABICHHUE - TOMOJOTHS ,,3Be3/a", KaTo IIEHTpaJHaTa TOYKa Ce HaMUpa B
HNO-Codus.

Tabnuna 2.1

Buwsen /knon Ipao

1 Codust

2 IMepuuk

3 Kiocrenauin

4 Brnaroesrpan

5 Bungun

6 MoHuTana

7 Bpana

8 IInesen

9 Jloseu

10 Mazapmxuk

11 CMmonsiH

12 IlnoBouB

13 Kbpmxamm

14 XackoBo

15 Crapa 3aropa

16 T'abpoBo

17 Benuko TepHOBO

18 Pyce

19 Pasrpan

20 Toprosuie

21 CrnuseH

22 SIm6on

23 Byprac

24 ymen

25 Cuincrpa

26 Jo6puu

27 Bapna
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3a H3YHCIISIBAHETO IIpOoITyCKaTeiHaTa CIIOCOOHOCT Ha KOMYHHMKaIlUOHHAaTa Mpexa [0

CHOTBETHHUTE B3I ¢ m3noi3Ban codpryepuus npoaykt PRTG Network Monitor.

Ha ¢urypa 2.6 u ¢urypa 2.7 e nokazana uHdpopmauus 3a Bb3en MO - Bapua npu

M3CJIeIBAaHE HAa BPEME3aKbCHEHUETO 3a Mepuoa oT 24 yaca M € n3o0pa3eHa CTaTUCTUKaTa Ha
MOJy4YeHUTE pe3yaTatu npu pasmep Ha makerute 100 bytes u 1300 bytes. Ilpu T031 BB3en He ce
HaOJTI0/IaBaT CPUBOBE B MH(POPMAIIIOHHATA KOMYHHUKAIIHS.

Report for Ping 26

Report Time Span: 6/17/2012 12:00:00 AM - 6/17/2012 11:59:00 PM
Sensor Type: Ping (50 s Interval)
Probe, Group, Device: Local probe > 1st group > MO-Codurs
Uptime Stats: Up: [ 100 % W[ [23h59m34s] [pown: [ o%Ml[ios]
Request Stats; Good: | 100 %l|[1435] [Faled: | o%M[0
Average (Ping Time): 1.98 msec
Sensor: Ping 26
1st group [/ MO-Codma
s0.0 Max: sxfa msec FL0
40.0 | | " ‘ [ | || ‘ ‘ i
| | | | X
5 30.0 | | | [ | ‘ | il | os _
SO L O T I A 0 [
st 1 I |
oo | | [ 11— 1] ¥ ro2
\ [ | | I I
Tt I 0T DO /WO U VRN 1| VOO T W e
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d 4 & & F b o6 o~ & 5 45 &8 & 6 @ ¥ m o©o K & & 5 o
o S 4 H | =
“o

s etk P 122530
[l Downtime (%)

[ Ping Time (msec)

@urypa 2.6 CratucTukara Ha pe3yaTaru npu pazmep Ha naketa 100 bytes
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Report for Ping 26

HA NH®OPMALIMOHHUM NOTOLIU

Report Time Span: 6/17/2012 12:00:00 AM - 6/17/2012 11:58:00 PM
Sensor Type: Ping (50 = Interval)
Probe, Group, Device: Local probe > 2st group > MO-Cotia
Uptime Stats: Up: [ 100 %[ [23hsom23s] [oown: | o%B[0:)
Request Stats: Good: 100 % W[ [1433] | Failed: 0%l
Average {Ping Time): 5.68 msec
Sensar: Ping 26
2st group { MO-Codma
60.0 Max: 59,00 msec 10
50.0 Los
U4D'D Loe
% 30,0 )
E Fo4
20.0
Loz
180 Wing 400 mesc -
B T S I
553352553325z EEEEEEEEEEEE
g 8828888838888 8 2383888838818 3838 838
§ A & & ¥ B o6 R @ & 5 4 6 A 6 A F 68 F & &6 5 4

[l Downtime (%)

@urypa 2.7 CrarucTukara Ha pe3yaTatu npu pazmep Ha naketa 1300 bytes

Ha ¢urypa 2.22 u ¢urypa 2.23 e mokazana uHdopmanms 3a Bb3en MO - Bpama mpwu
M3ClIe/IBaHEe Ha BPEME3aKbCHEHUETO 3a TIEPHOJ OT €Ha CEIMHIA U € M300pa3eHa CTaTUCTHKATa Ha
MoJy4YeHuTe pesyartaru npu pazmep Ha makerute 100 bytes m 1300 bytes. IIpu To3u BB3EN ce
HaOJIIoaBaT Hail-rojleMd CPHBOBE B KOMYHHUKAallMOHHATa BPB3Ka, KOETO JOBEXIa J0 MpoliemMu C

[0 Ping Time (msec)

JOCThIIA 10 UHPOPMAIIMOHHUTE YCIYTH U HapylleHa HOpMalHa CBbP3aHOCT.

Report for Ping 20

Report Time Span:

6/17/2012 12:00:00 AM - 6/24/2012 11:59:00 PM

Sensor Type:

Ping (60 5 Interval)

Probe, Group, Device:

Local probe > 1st group > NO-Bpaua

Uptime Stats: Up: [ 88 %l [7dihomaz] [pown: [ 12 ol [22ha6mats]
Request Stats: Good: | 88 %M|[10152] |Faled: [ 12%M[[z3s2
Average (Ping Time): 13.75 msec

Sensor: Ping 20
1st group [ MO-Bpaua

Max; 196,00 msec. - 100.0

200,0
- 80.0
150.0
& - 60.0
o s
£ 1000 F
- 40.0
200 +20.0
Min: 12.00 msec *
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I o o o o o o o o o o o o o o o
= z = z = z = z = z = = = z = =
4% o& 2% Q& 5% Q& §F o4& g% o& gF 98 g9 o& gF g
fpo 8g 8o 8g Spg 8g g g 8pg g 8o S8g 8o g &0 &g
e e §9 ¥2 5390 2 §59 §2 52 52 a2 G2 0 A2 §2 F2
do o Odn Dol 0o del ol Sl el flep el Blap 8ol Slap fel ool fny
NG AT g (AT g g At e gt @erh g O et agen! (et (BT
M powntime (%) [E Ping Time (msec)

@urypa 2.22 CraTucTuKkara Ha pe3ynrTaTy npu pa3mep Ha nakera 100 bytes

Report for Ping 20

Report Time Span:

6/17/2012 12:00:00 AM - 6/24/2012 11:53:00 PM

Sensar Type: Ping (50 s Interval)

Probe, Group, Device: Local probe > 2st group > MO-Bpaua

Uptime Stats: Up: [ ss%M[[dthzmsz] [pown: [ 12 %W [2zh47m0s]
Request Stats: Good: | sa %0141 |Faled: | 12%M|[132
Average (Ping Time}: 19,66 msec

Sensor: Ping 20
Zst group [ MO-Bpaua

TMax: 208,00 msec {-100.0
200.0
|- 80.0
150.0
o 60,0
2
2 100.0
£ 100.0 | 400
50.0 200
Min: 18,00 msec
0.0 T T T T T T T T T T T T T T T T 0.0
fls fls s fls Os Mg s Os fs fs s Ns Ns Sls ols 0
= g ¥z ¥z 4= 9z M=z ¥z ¥z 4z f= 4= z U= fs U=
Z% D& =% oA oF oA o= D& o= oA o= oA Do oA g $a
Hg Bg fig 8g 8o fg 8o Ag g 8g fg g g 8g 8o g
F2 E2 @2 @2 d2 42 2 o2 29 S22 g2 g2 @2 @2 29
S oa 85 88 25 38 68 88 M Ae Mg 88 88 88 &8 88
SH SO 24 34 34 349 54 59 24 $9 54 54 4249 54 549

[l Dovintime (%)

@urypa 2.23 CrarucTikara Ha pe3yJaTaTy npu pasMep Ha nakera 1300 bytes

[0 Ping Tme (msec)
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28 Kpacumup Amumutpos Tpuukos

B tabnuna 2.2 ca nokazanu o00OLIEHHU pe3yaTaTy OT HAalPaBEHNUTE U3MEPBAHUS.

Tabmuna 2.2
Buv3sen /knon Ipao 100 bytes 1300 bytes R - nponyc cnocoonocm, M bits/s Up, % Down, %

1 Codust 0 ms 0 ms 0 100 0

2 Ilepuux 12,10 ms 17,74 ms 34 99,922 0,078
3 Krocrenauin 13,71 ms 19,38 ms 3,38 99,922 0,078
4 Brnaroesrpan 14,36 ms 19,97 ms 3,42 99,913 0,087
5 Buun 14,61 ms 20,58 ms 3,22 99,905 0,095
6 MoHTaHa 13,51 ms 19,27 ms 3,33 99,922 0,078
7 Bpama 13,75 ms 19,66 ms 3,25 88 12

8 ITeBen 22,10 ms 27,05 ms 3,38 98,922 1,078
9 JloBeu 19,09 ms 24,71 ms 3,42 99,375 0,625
10 TTazapmxux 13,72 ms 19,09 ms 3,58 99,844 0,156
11 CMoitsiH 11,28 ms 16,88 ms 3,43 99,922 0,078
12 TTnoBauB 8,86 ms 14,28 ms 3,54 99,514 0,486
13 Kbpmxanu 9,92 ms 16,00 ms 3,16 99,828 0,172
14 XackoBo 9,17 ms 15,02 ms 3,28 99,922 0,078
15 Crapa 3aropa 14,19 ms 20,27 ms 3,16 99,922 0,078
16 TaGpoBo 9,37 ms 13,64 ms 4,97 99,687 0,313
17 Benuko TepHOBO 11,72 ms 17,29 ms 3,45 99,749 0,251
18 Pyce 5,51 ms 11,16 ms 34 99,913 0,087
19 Pasrpan 6,86 ms 12,63 ms 3,33 99,905 0,095
20 Toprosuie 3,93 ms 9,97 ms 3,18 99,913 0,087
21 CnuBen 11,42 ms 17,11 ms 3,37 99,158 0,842
22 SImGon 5,94 ms 11,77 ms 3,29 99,905 0,095
23 Byprac 5,19 ms 9,82 ms 4,15 99,913 0,087
24 [lymen 4,08 ms 9,16 ms 3,78 99,913 0,087
25 Cuimctpa 7,24 ms 13,48 ms 3,08 99,922 0,078
26 Jlobpuu 3,86 ms 9,03 ms 3,71 97,665 2,335
27 Bapna 1,98 ms 5,68 ms 5,19 100 0

OT nony4yeHuTe pe3ynTaTM Moxe Ja ce 0000mM, 4Ye Taka ChILECTByBallaTa
KOMYHUKAIlMOHHAa MpeXa C TOMOJOIMs 3Be3Jda NIpeIu3BUKBAa CPUBOBE B MH(OpPMalMOHHATa
KOMYHHUKAIUsI MEXKAY OTAEIHM Bb3JIM, KOETO OT CBOS CTpaHa BOAM 110 MPOOJIEeMH € AOCTBIA 0
KJIOHOBATa MpeXa U HOpMaJHaTa CBbP3aHOCT. JIuncara Ha CBbP3aHOCT MEKAY OTACIHHUTE B3I Ha
Mpexkara Bapupa or 10 MuH. 10 23 yaca, KOETO € HelomycTHMMO. M3uucieHuTe npoIycKaTelaHu
CIIOCOOHOCTH TMOKa3BaT MPUOMM3UTEIHO €IHAKBUTE KalallUTETH Ha Mpexara MEXIy OTICIHUTE
KpailHU TOYKH.

I'naBa 3. IIpoexkTupaHe Ha TpPHUCBBbP3aHA MpeKa TMPUH OTYUTAHE HA

ChbIeCTBYBAaIlla TOMOJOIdA TUII 3BE€31a

B Tpeta miaBa e cMHTE3UpaH aNropyuThM 3a ONpeessiHE Ha TEOPETUYHUTE BPEME3aKbCHEHUS
MEXJy BB3JIUTE Ha J00AaBEHHTE AaJITEPHATUBHU KOMYHHKAIIMOHHM KaHald MU € JedUHHpaHa
ONTHMHU3AIMOHHA 3a/1a4a 3a ONpeeNisHE Ha CBbP3aHOCTTa HA MpeXkara KaTo ca H3MO0JI3BaHU
PE3YJITATUTEC OT U3MCpPBAaHUATA HA BPCMC3AaKLCHCHUATA W NpPONaJaHUsATAa B KOMYHHKAIlMOHHATa
Mpexa. PelieHa e onTUMH3allMOHHA 3ajada 3a OIpelesiHe Ha CTPYKTypa Ha KOMYHHMKAllMOHHATa
Mperka KaTo ABYCBbp3aHa U TPUCBbP3aHa. AHAIIM3UPAHU ca MOJIyYEHUTE PELEHUS.

B mbpBa cekius ca omucaHW 3aJauyuTe, CBbP3aHM C MPOEKTHpaHe Ha TPUCBbP3aHa Mpexka
IpH OTUUTAHC HA CHIICCTBYBAIllAa TOIIOJOT WA THUII 3BC3/1A.

BbB BrOpa cekmus e ompenenaeH Mojella Ha KOMyHUKallMOHHAa Mpeka 3a Iojy4yaBaHe Ha
TPUCBBP3AHOCT MeXy oThenHure Touku. Ha ¢urypa 3.1 e npeacraBeHa peanna uHpopMaoHHA
Mpexa C TOYHO Pa3MoJIOKEeHNE Ha OTAEIHUTE TOYKU, YHUATO CBBP3aHOCT € TUI ,,3Be3/a‘“, ChCTOsIIA
ce or 27 Bb3€Na, KOUTO IIPEACTaBIsIBaT KJIOHOBE B pa3JIMYHU TIPajoBe, NPEAOCTABSIIN
nHpopManmonuu yciyru. [lopagu neHTpaan3upaHoTo cu ynpapieHue (UenusT HWHOpMaluOHEH
MOTOK J1a TPEeMHHAaBa Tpe3 €Ha BB3JIOBa TOYKA), Ta3W CBHP3AHOCT JOIMYCKa TPU CPUBOBE BBHB
Bpb3KaTa MEXIYy OTICJIHUTE TOUKHM Ja c€ MojyyaT 3aryOu mpu paboTa M OTKBCHATOCT MEXKIY
OTACIIHUTC BB3JIM OT KOMYHUKAITMOHHATA MPCIKaA.

Ha ¢urypa 3.2 e npencraBeHo pemieHue 3a MogoopsiBaHE CBbP3aHOCTTA MEXKIY OTACITHUTE
KIIOHOBE KaTro C€ M3MO0JI3Ba MHOTOCBBp3aHa Tomosorus. Ha Tasu 6a3a ce momoOpsiBa OOMEHBT Ha
MH(OPMAIIMOHHU TMOTOIM M C€ EJIMMHHHMpAa BBb3MOKHOCTTA NIpPHU OTMAJaHE Ha LEHTPATHUAT
KOMYHUKAI[MOHEH BB3EN Ja C€ JOCTUTHE N0 OloKupaHe paborara Ha BCHYKHM KpaitHU Touku. [lo
TO3M HAuWH C€ IMOoJydyaBa M B3aMMO3aMEHSEMOCT Ha KOMYHHMKAIIMOHHUTE KaHajil W OTHajaa
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29 MOQAENUPAHE U YNPAB/IEHUE HA UHOOPMALIMOHHU NOTOLM

BB3MOKHOCTTAa 3a MpeKbCcBaHe Ha wuH(poOpManuoHHWTE ToTomW. [IpencraBeHM ca JO0aBEHHUTE
BUpTyanHu KaHanu. [Ipu Taka neduHHMpaHara HOBa CBBP3AHOCT, TEOPETUYHO CE€ M3UUCISIBAT
BPEME3aKbCHEHMSITA MEXIY OTIACIHHUTE TUPEKTHO CBBbpP3aHU BH3JIM HA BUpPTyaJIHaTa Mpexa, Karo
LeNTa € U3MEeXAy BCUYKH BBb3MOXKHU aJITEpHATUBHM MBTHUINA Ja ce u30epar Hail-moOpurte 1Ba U
3a€IHO ChC CBHIIECTBYBAIIUTE TAKWBA Jla C€ IMOJYYH TPUCBBbpP3aHA TOMOJIOTHS Ha pasmiiekIaHaTa

UH(OpPMAIIMOHHA MpEXKa.
ST % 3 N=ay
’Pf_—fﬂ y \'_3—_\%;

e 4 ey ‘}\ iy % __:__ﬂ{_‘\{" -
®durypa 3.2 Peanna undopmarionsa Mpexa ¢ 27 Bb3elna U 100aBeHH BUPTYaIHU alTEPHATUBHU
KaHaJ1

JIObITHUTEITHUTE BPB3KU MEXKIy BB3IIUTE ca Je(UHUpaHu Ha reorpad)CKu MPUHIIMII, KaTo €
OIpCaACIICHO YCJIOBHC, BCAKAa Bb3JIOBA TOYKA Jd KMa MUHHUMYM YCTUPH JOIMIBJIHUTCIIHU ITBTA, B KOUTO
HE C€ BKIIIOUBAT TE3U OT ChIIECTBYBAIaTa MPEXKa.

Ha ¢urypa 3.3 ¢ mnokazana aepuHHpaHaTa Mpexa, Ha UYMATO 0a3a ce W3BBPIIBAT
W3YHCIICHUATA 3a W300p Ha aJTCPHATHBHH WBTUINA, C ONPEIACICHH BUPTYaJHH TEIJIOBU
KOe(DUIIMEHTH 3a LEeNUTe Ha u3cieqBaHeTo. B Tabmuua 3.1 € moka3aHO ChOTBETCTBHUETO MEXKIY
HOMED Ha Bb3eJ / KIIOH, CbBMECTHM KbM TPUIICHKAIIHUS TPAI.

ﬁ{_ i\ <

o e 5 =
| Y PR g, PO, | 11t Bt 2 A -4 L e \,- ST

k ) oA -
1 KOe(DUIIMEHTH Ha BUPTYaJIHU AITEPHATHBHU KaHAIIN

CI)ﬁrypa 3.3 Teron

ABmopegpepamu na oucepmayuu 2 (2014) 20-54



30 Kpacumup JumnTtpos Tpruukos

B Ttpera cekuus ce uzBexna ¢opmyna 37, KOATO CIy>KH 3a OCHOBAa Jla C€ OIpPEeIsT

TEOPETUYHUTE BPEME3aKbCHEHUSI MEK/Y BB3IIUTE Ha JT0OABEHU BUPTYATHU KaHAJIH.
Tt,}' = Taa + Tsm + Tm,i‘ + oy + TEI-.-_.‘-' + Tm,}' + “_F (37)

B yerBbpTa cexmus, mpu Taka AeQUHUpaHATa HOBA CBBP3AHOCT M CBHINIACHO TEOPETUYHO
OTIpENICJICHUs] MOJIENI C€ H3YMCISBAT BPEME3aKbCHEHUATA HA JOMBIHUTEIHUTE KaHAIU MEXIY
OT/ICJTHUTE KpaiiHM TOYKHM 3a MOJTydaBaHE HA B3aMMO3aMEHSEMOCT Ha KaHanute. [IpecMsaranero ce
U3BbpIIBA Ha 0a3a M3UMCIIABAHETO HA BPEME3aKbCHEHHETO MEXAy OTAEIHMTE Bb3JIM Ha
OIIpezieIeHaTa BUPTyallHa MpPexa.

B Tabnuua 3.3 ca majgeHn BCUUKU M3YMCIIEHU BPEME3aKbCHEHUS] MEXKy OTIACITHUTE KpaHU
TOYKH, CBbP3aHH C AITEPHATHBHUTE BUPTYaAIHU ITBTHILA, ChIIIACHO opmyra 37.

Cnbe 3eneH LBAT ca MOKa3aHU TEOPETHMYHO U3YHCICHUTE BPEME3aKbCHEHUS MEXIY Bb3IIUTE
MIPU Cera ChIIeCTBYBAIaTa Mpexka, TOmoJaorus 38e3aa. ChC CHH IBAT € BbBeeHa HH(OpMAIHATa 32
BPEME3aKbCHEHMATA Ha JIe(PMHUPAHUTE AITEPHATUBHU BUPTYaJIHU IBTUIA MEX]y KpailHUTE TOUKH,
cbIilacHo urypa 3.3, a ocTaHaIMTE JaHHU MPEACTABISABAT BPEME3aKbCHEHUATA MEXKAY OCTaHAJINTE
BB3JIH.
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Tabmuma 3.3
BpCMeSaK'bCHCHI/IC B MPU'[]/ICCKyHJ:[I/I MC)KI[y OTACITHUTE KIIOHOBEC.
Knonose 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Codust 1] 0400 | 0,555| 0,830 | 0,880 | 1,640 | 1,135 | 0,945 | 1,215| 1,185 | 0,955 | 1,610 | 1,110 | 1,610 | 1,530 | 1,555 | 1,415 | 1,510 | 1,955 | 2,060 | 1,990 | 1,935 | 1,885 | 2,315 | 2,210 | 2,540 | 2,805 | 2,645
Tepaux 2 [10,555 | 0,400 | 0,690 | 0,810 | 1,835 | 1,335 | 1,140 | 1,375 | 1,375 | 1,095 | 1,825 | 1,275 | 1,930 | 1,900 | 1,695 | 1,610 | 1,695 | 2,115 | 2,655 | 2,150 | 2,070 | 2,225 | 2,595 | 2,375 | 2,700 | 3,010 | 2,770
Krocrenaun 3| 0,830 0,400 [ 0,745 | 1,760 | 1,605 [ 1,380 | 1,650 | 1,650 | 1,370 | 2,105 | 1,550 | 2,205 | 2,175 | 1,970 | 1,885 | 1,975 | 2,420 | 2,780 | 2,460 | 2,345 | 2,440 | 2,885 | 2,655 | 2,975 | 3,250 | 3,045
Brnaroesrpan 41 0,880 0,400 | 2,140 | 1,625 | 1,430 | 1,700 | 1,705 | 1,420 | 2,080 | 1,620 | 2,200 | 2,040 | 2,025 | 1,905 | 1,990 | 2,435 | 2,835 | 2,475 | 2,395 | 2,495 | 2,925 | 2,705 | 3,025 | 3,300 | 3,100
Buun 5| 1,640 1,760 | 2,140 | 0,400 | 0,920 | 1,115 | 1,555 | 1,725 | 2,150 | 2,835 | 2,320 | 3,190 | 2,945 | 2,740 | 2,090 | 2,180 | 2,660 | 2,915 | 2,665 | 2,780 | 2,865 | 3,500 | 2,880 | 3,235 | 3,495 | 3,290
MoHTaHa 6| L135 1,625 0,400 | 0,595 | 1,035 | 1,205 | 1,630 | 2,320 | 1,810 | 2,670 | 2,435 | 2,230 | 1,580 | 1,665 | 2,115 | 2,405 | 2,155 | 2,240 | 2,335 | 2,795 | 2,370 | 2,705 | 2,980 | 2,775
Bparna 71 0,945 | 1,140 | 1,380 [ 1,430 0,400 | 0,940 | 1,120 | 1,430 | 2,125 | 1,615 | 2,475 | 2,240 | 2,035 | 1,385 | 1,475 | 1,920 | 2,215 | 1,960 | 2,075 | 2,170 | 2,840 | 2,175 | 2,510 | 2,785 | 2,585
IIneBen 8| 1,215 | 1,375 | 1,650 [ 1,700 0,400 | 0,575 | 1,710 | 2,395 | 1,885 | 1,965 | 1,700 | 1,350 | 0,945 | 1,075 | 1,150 | 1,450 | 1,310 | 1,605 | 1,700 | 2,130 | 1,735 | 1,730 | 2,345 | 2,140
JloBeu 9| L185| 1,375 | 1,650 | 1,705 1,205 0,400 | 1,675 | 2,360 | 1,830 | 1,755 | 1,475| 1,170 | 0,770 | 0,865 | 1,325 | 1,625 | 1,340 | 1,425 | 1,520 | 1,955 | 1,555 | 1,905 | 2,165 | 1,965
Tasap KK 10 | 0,955 2,150 | 1,630 1,710 0,400 | 1,080 | 0,590 | 1,230 | 1,290 | 1,085 | 1,500 | 1,715 | 2,235 | 2,550 | 2,220 | 1,460 | 1,555 | 1,990 | 2,380 | 2,825 | 2,875 | 2,610
CMoustH 11| 1,610 | 1,825 | 2,105 2,835 | 2,320 | 2,125 | 2,395 | 2,360 0,400 | 0,890 | 1,165 | 1,265 | 1,560 | 1,970 | 2,185 | 2,700 | 3,045 | 2,665 | 1,935 | 2,030 | 2,460 | 2,885 | 3,335 | 3,345 | 3,115
TInoBaus 12| L,110| 1,275| 1,550 | 1,620 | 2,320 | 1,810 [ 1,615 | 1,885 0,400 [ 1,040 | 0,790 | 0,910 | 1,320 | 1,530 | 2,075 | 2,390 | 2,065 | 1,280 | 1,375 | 1,805 | 2,115 | 2,645 | 2,695 | 2,425
Knpukanm 13| 1,610 | 1,930 | 2,205 | 2,200 | 3,190 | 2,670 | 2475 | 1,965 | 1,755 0,400 | 0,635 | 0,925 | 1,335 | 1,560 | 2,100 | 2,420 | 2,055 | 1,300 | 1,410 | 1,840 | 2,130 | 3,210 | 2,775 | 2,375
XackoBo 14 | 1,530 | 1,900 | 2,175 | 2,040 | 2,945 | 2,435 | 2,240 | 1,700 | 1,475 | 1,290 0,400 | 0,710 | 1,145 | 1,335 | 1,875 | 2,190 | 1,825 | 1,085 | 1,035 | 1,465 | 1,940 | 3,015 | 2,585 | 2,160
Crapa 3aropa 15| 1,555 | 1,695 | 1,970 | 2,025 | 2,740 | 2,230 | 2,035 | 1,350 [ 1,170 | 1,085 | 1,560 0,925 0,400 | 0,805 | 1,015 | 1,545 | 1,860 | 1,500 | 0,755 [ 0,840 [ 1,355 | 1,665 | 2,675 | 2,240 | 1,975
T"abposo 16 | 1,415 | 1,610 | 1,885 | 1,905 | 2,090 | 1,580 | 1,385 | 0,945 1,970 1,335 | 1,145 0,400 [ 0,620 | 1,150 | 1,465 | 1,105 | 1,070 | 1,160 | 1,590 | 1,320 | 2,400 | 1,965 | 1,715
Benuko TepHOBO 17 | 1,510 | 1,695 | 1,975 1,990 | 2,180 | 1,665 | 1,475 1,715 | 2,185 | 1,530 | 1,560 | 1,335 0,400 | 0945 | 1,070 | 0,895 | 0,960 | 1,370 | 1,800 | 1,110 | 2,185 | 1,755 | 1,505
Pyce 18 | 1,955 | 2,115 | 2,420 | 2,435 | 2,660 | 2,115 | 1,920 2,235 | 2,700 | 2,075 | 2,100 | 1,875 | 1,545 | 1,150 0,400 | 0,730 | 1,065 | 1,835 | 1,685 | 2,020 | 0,965 | 1,005 | 1,570 | 1,370
Pasrpan 19 m 2,655 | 2,780 | 2,835 | 2,915 | 2,405 | 2,215 2,550 | 3,045 | 2,390 | 2,420 | 2,190 | 1,860 | 1,465 0,400 [ 0,590 | 1,405 | 1,370 | 1,705 | 0,655 | 1,055 | 1,255 | 1,060
Toprosuie 20 | 1,990 | 2,150 | 2,460 | 2,475 | 2,665 | 2,155 | 1,960 1,340 | 2,220 | 2,665 | 2,065 | 2,055 | 1,825 | 1,500 | 1,105 1,065 0,400 | 1,060 | 1,025 | 1,310 | 0,615 | 1,235 | 1,215 | 1,020
Crnsent 21 | 1,935 | 2,070 | 2,345 | 2,395 | 2,780 | 2,240 | 2,075 | 1,605 | 1,425 | 1,460 | 1,935 | 1,280 | 1,300 1,835 | 1,405 0,400 | 0,545 | 0,975 | 1,295 | 2,270 | 1,840 | 1,595
SImbon 22 | 1,885 | 2,225 | 2,440 | 2495 | 2,865 | 2,335 | 2,170 | 1,700 | 1,520 | 1,555 | 2,030 | 1,375 | 1,410 1,370 | 1,685 | 1,370 0,400 | 0,860 | 1,230 | 2,235 | 1,820 | 1,480
Byprac 23 | 2,315 | 2,595 | 2,885 | 2,925 | 3,500 | 2,795 | 2,840 | 2,130 | 1,955 | 1,990 | 2,460 | 1,805 | 1,840 1,355 1,590 [ 1,800 | 2,020 [ 1,705 0,400 | 1,165 | 1,750 | 1,320 | 1,050
Llymen 24 | 2,210 2,375 | 2,655 | 2,705 | 2,880 | 2,370 | 2,175 | 1,735 | 1,555 | 2,380 | 2,885 | 2,115 | 2,130 | 1,940 | 1,665 | 1,320 | 1,110 | 0,965 0,400 | 0,975 | 1,035 | 0,845
Cuncrpa 25| 2,540 | 2,700 | 2,975 | 3,025 | 3,235] 2,705 | 2,510 | 1,730 | 1,905 | 2,825 | 3,335 | 2,645 | 3,210 | 3,015 | 2,675 | 2,400 | 2,185 2,270 | 2,235 | 1,750 0,400 [ 0,850 | 1,105
Jobpua 26 | 2,805 | 3,010 | 3,250 | 3,300 | 3,495 | 2,980 | 2,785 | 2,345 | 2,165 | 2,875 | 3,345 | 2,695 | 2,775 | 2,585 | 2,240 | 1,965 | 1,755 1,215 | 1,840 | 1,820 | 1,320 0,400 | 0,660
BapHa 27 | 2,645 | 2,770 | 3,045 | 3,100 | 3,290 | 2,775 | 2,585 | 2,140 | 1,965 | 2,610 | 3,115 | 2425 | 2,375 | 2,160 | 1,975 | 1,715 | 1,505 | 1,370 1,105 0,400
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B Tabmuma 3.4 ca moka3aHW peaHUTE CPETHU BPEME3aKbCHCHHS, KAaKTO W HAN-TOJICMUTE
(MMKOBH) BpeME3aKbCHEHHS Ha ChIIECTBYBAIlaTa MpEXa 3a TIEPUOJ OT €IUH MECEII.

Ta6muma 3.4

BpemesakbcHeHHE B MS MEXy OTAeIHHUTE KiIoHOBe | CpeaHo BpeMe3akbcHeHue, ms | Haii-ronsmo BpemesakbCHEHeUe, ms
Codust

Iepaux 15 2900
Krocrenaun 16 2900
Brnaroesrpan 16 2900
Buauu 23 2901
Momurana 17 2901
Bpana 15 2901
IneBen 21 2901
Jloeu 21 2901
Mazapmxuk 15 2901
CmonsH 17 2902
ITnoBaus 16 2887
Kepmxam 23 2902
XackoBo 23 2902
Crapa 3aropa 20 2887
T'abpoBo 19 2886
Bennko TrpHOBO 18 2887
Pyce 19 2887
Pasrpan 6 2887
Toprosumie 6 2887
CnuBeH 21 2888
Smbon 7 2887
Byprac 5 2887
Hlymen 5 2887
Cucrpa 7 2887
Jo6puu 5 2887
Bapna 3 2871

B Ta6n1/1ua 3.5 ca mokas3aHu CpEAHUTE HU3MCPCHU BPEMC3AKbCHCHUS Ha CHUICCTBYBAILlATa
MpPCKa, KaKTO U TCOPCTUYIHU U3YNCIICHUTC TaKHBA.

Tabmuna 3.5

BpemesakbcHeHHE B MS MEsK/Ly oTientuTe KioHoe | Cpeno BpemesakbcHeHre, ms | TeopHTHYHO BpeMe3aKbCHEHene, ms
Codus

[epuux 15 0,555
Krocrenaun 16 0,830
brnaroeBrpan 16 0,880
Buaun 23 1,640
MoHTaHa 17 1,135
Bpana 15 0,945
Ilnesen 21 1,215
JloBeu 21 1,185
Mazapmxuk 15 0,955
CMOJISTH 17 1,610
ITnonuB 16 1,110
Kbpmxanu 23 1,610
XackoBO 23 1,530
Crapa 3aropa 20 1,555
I"abposo 19 1,415
Bemko TspHOBO 18 1,510
Pyce 19 1,955
Pasrpan 6 2,060
Twprosurie 6 1,990
CnuBeH 21 1,935
SImbon 7 1,885
Byprac 5 2,315
1ymen 5 2,210
Cumuctpa 7 2,540
Jobpuu 5 2,805
Bapha 3 2,645

[TomyueHnuTe pe3ynTaT MOKa3BaT ChILECTBEHA pa3jiMKa MEXIY TAX, KOETO € MPEeANnocTaBKa
70 HaMaJieHa IMpOIyCKaTelHa CIIOCOOHOCT MpHU peasHO M3MEpPEHHUTE, KOETO IbK OT CBOSl CTpaHa
MpEIN3BUKBA 320aBsSHE U MO-TOJIIMA BE3MOXKHOCT 32 Bb3HUKBAaHE Ha MPOOJIEMH IPU KOMYHHUKAIHATA
MEX]y Bb3JIUTE U OTKa30yCTONYNBOCT.

B mera cexmnus ce neduHupa 3amadara 3a ONTUMH3ALUS 33 ONPEJEISTHE CBBP3aHOCTTA Ha
MpeKara.
WscnenBanusara B JucepTallMOHHATa paboTa LENAT Ja ce AeuHUpa W pelH ONTHMH3AIHOHHA
3aJaya 3a oIpe/elisiHe Ha CBbP3aHOCTTa Ha MpeXa KaTo ce M3I0JI3BaT pe3yiITaTH OT U3MEepBaHMs Ha
BpPEME3aKbCHEHUATA U MPOMAJAaHUSATA B KOMYHHUKAIIMOHHATa MpEkKa U C€ MPENJIOKH pEIIeHHE 3a
IIPEMUHAaBaHE Ha ChHIIECTBYBAllla KOMYHHMKAllUOHHAa MpeXa OT CBBP3aHOCT THUIN ,,3Be371a‘ KbM
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JIBYyCBbp3aHa M TPHCBBp3aHa Tomoyorus. Karo mapamerpu Ha Ta3u 3a/ada ca M3MOI3BAHHU PEATHO
W3MEPEHUTE U TEOPETHYHO M3UMCICHHUTE BPEME3aKbCHEHUS MEXIYy OMNpEIeNICHUTE BB3NIU. Te3u
M3MEPEHU M W3YHCICHN BPEME3aKbCHEHHS Ca M3IIOJI3BAHU KAaTO TETJIOBH KOC(HIIMEHTH B IiejieBaTa
¢dbyHK1Ms Ha qedMHUpaHaTa U pellaBaHa ONTHMH3AI[MOHHA 33/1a4a.

OntuMu3anonHara 3a1ada € AeuHupaHa KaTo JIMHEHHA ONTHMH3AlMOHHA 33]a4a, KOSITO
orpesens MaKCUMAJIHUA MOTOK OT WH(OpMalvs MEXAy BCUYKH JBOHWKU BB3JIH, KOSITO MOXE J1a Ce
IIpeHece Mpe3 Mpexka, MpH 3a4aJeHa TONOJOrus Ha Mpexara. Ta3u 3ajaya € 3a OInpeleisHe Ha
MaKCHMMaJeH MOTOK B Mpeska u e nedunupana u pemansana B [117, 118].
3amauara 3a ornpesensiHe Ha MaKCHMAaJIeH TIOTOK B Mpexa ce geuHupa karo:
® 3aJa/IeHa € TOIOJIOTHUATA Ha MpexaTa
e 33/1aJicHa € MaTpuiata or obemu Tpaduk, KOWTO TpsOBa na ce mpemaae MEXAy BCsKa
JIBOMKA BB3JIH B MpekKaTa
® 33/1aJICHU Ca TETJIOBU KOS(UIIMEHTH IO AbIUTE HA MpeXkara, KOUTO ONPEIEIsT ,,lieHaTa” 3a
MpOKapBaHe Ha eAMHUIA 00eM TpaduK MO ChOTBETHATA Jbra
Pemennero Ha 3amayara rmoka3Ba KakBH TpsOBa Ja ce€ MPOIMYCKAaTETHUTE CIIOCOOHOCTH Ha
KaHaJuTe, Taka, 4e Jla MOXe Jla ce MpeAaze 3aJajieHarta Marpuia oT odemMu Tpaduk 3a mpeaaBaHe
MEX]y OTACITHUTE Bb3IIH.

3amauara ce neuHUpPA KaTo 3aja4a Ha JMHEHHO MPOTpaMUpaHe.

mine’ x katod.x=> b

KBETO,
¢ - € MaTpullaTa Ha ,,[IEHUTE” 3a MPOKapBaHe Ha equHUIIA TpadUK [0 ChOTBETHA bra Ha Mpexkara
b - e marpunata Ha obema TpaduK, KOWTO TpsIOBa Ja ce mpenaae MEXIY BCSKa JBOHKA BB3JIH B
Mpexara
X - € PELICHHETO Ha 3a/ayara, KbAETO CTOMHOCTTa Ha X € NpOITyCKaTelIHaTa CIIOCOOHOCT Ha
ChOTBETHATa JIbra B MpeKara

Tasu 3agavya e u3non3BaHa U MoAM(UIMpaHa B AUCEpTAL[MOHHATa padoTa 3a J1a CHHTE3Upa
TOTIOJIOTHS Ha JABYCBbpP3aHa U TPUCBbP3aHa Mpexka. MoaudukaluuuTe ce ChCTOoAT B:

e l3mon3Ba ce HayalHA MBJIHOCBBpP3aHA TOMOJOTHA HAa Mpexara. PemieHusita Ha 3amavara
OTIpeNeNIAT, KOM JIMHUU OT IThJIHOCBBp3aHaTa TOMOJOTHsA Ja OTMagHaT 3a Ja CE IMOJIy4d
JKeJlaHa ABYCBbp3aHa WM TPUCBbP3aHa Mpexka.

e Pemenudara x ce ompenenar ga npuHaiexaT Ha MHoxecTBoTo O mmm 1. Ilpu croitHocT
x; =1, choTBETHATA Abra OCTaBa B TOMNOJIOTHUATA HA MpekaTa. B ciaydas Ha x; = 0, 1prata

HE MPHUCHCTBA B TOMOJIOTUATA. Taka U3XOAHATA 33a/a4a 32 HAMHPAHEe Ha MaKCHMAJICH TTOTOK
ce MoauGuIpa 10 TMHEWHA 3a/1a49a Ha [IEeJI0YHCICHOTO IPOrpaMupaHe.

e Marpunara Ha HeoOxoauM obeM Tpaduk, b, KOUTO TpsAOBa 1da ce Mpeaajae B MpexaTa ce
MouduImpa Ja MprueMa CTOWHOCTH 2 WM 3 3a BCsKa JBOWKa BB3IH. Taka ce CHHTE3Hpa
TOIIOJIOTHS C JIBYCBBP3aHa WM TPUCBBP3aHA MPEKA.

OOuwmsT BU Ha IieneBata (yHKIUS Ha 3ajadyara 3a CHHTE3 Ha TOMOJOTHS IMPEICTaBIIsIBA
[119]:
minec(x)
*F A
{g(x) = bt =L n} (38)
KBIETO, ¢(x) — ysaeBa GyHxLMA

g(x) $yanusa Ha orpaENTeHHATA
X — PeISHES

B nmceprammonnara pabora marpuIiiata ¢ MMa MHXXEHEPHO ChIbp)KaHHE Ha 3aKbCHEHHSATA
110 OTACIHUTC JIMHUH. YucmoBuTe CTOMHOCTH HA 3aKbCHEHHUATA ca OpUETH OT U3MCPBAHUATA,
HalpaBeHH B IVIaBa 2 M MOKa3aHHW B Tabnuua 3.4, KaKTO U OT TEOPUTUYHO M3YHCICHUTE TAaKUBA B
TeKylIaTa rasa (tabnuua 3.3).
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Pemenuero Ha 3agauata x e orpanuueHo B auana3zoHa [0 wmm 1]. Taka croitHocTTa Ha
IIPOMEHJIMBATA X; ONpeNeNs Jajli MMa KOMYHUKAl[MOHEeH KaHai (x; = 1) niu Hama kanan (x; = ).
Texauuecka 0CoOEHOCT €, ue Mpu AePUHUPAHETO HA MPOMEHIMBHUTE X; CE M3MOJI3BA €IMH MHJEKC,
BMECTO IIPUJIaTaHUTE B TEKCTA OOSACHEHHS 32 X, KOETO CE ThJIKYBa KaToO bra MEXIy Bb3JIU i U /.

3a wioctpupane Ha AeQuHHpaHaTa 1eneBa (PyHKIMsS 32 MOCTaBeHATa 3ajJadya Ce M3IMOJI3Ba
4acT OT OIpejelieHaTa KOMyHHKallMOHHA Mpexa, chrmacHo d¢urypa 3.3. Ha d¢urypa 3.4 ca
pasrienaHu celieM Bh3ella ChbC ChOTBETHU CTOMHOCTH Ha BPB3KUTE MEXKIY TsX, a Ha durypa 3.5 e
MOKa3aHO OMpE/ENISIHE HAa CEUEeHHUE 32 HaMHpaHe Ha OrpaHUYECHUATa Ha ONTUMU3AlMOHHATa 3a/1a4a.

®urypa 3.5 CedyeHue 3a HaMUpaHe Ha OTPAHUYCHUSITA

OrpannyeHusTa Ha 3aja4dara ce qeuHUpaT, chrilacHo Mozena Ha [117, 118] 3a onpenensine
Ha MaKCHMAJIeH IOTOK B MPEXH, KaTo OTpaHMYCHUATA ce Ne(PUHUPAT KaTO BH3MOXKHU CEYCHUS OT
OB, YUCTO NPEMAXBAHE OTACIA BCUYKH BPB3KHU MCKY Pa3IC)KAaHaTa )IBOI\/JIKa BB3JIH.
LleneBara yHKIHMS 3a MOCTaBEeHATa 33/1a4a aHAIMTHYHO ce Ae(DUHHUPA KaTo:

mxin Zcixi (39)

HpI/I HU3I'BJIHCHUEC HA CIICAHUTC OIrpaHUYCHUSA U YCIIOBUA 3da HCOTPHULIATCIIHOCT:
111

ax,>2b.,j=2;3
2% 2 b,

B (40)
X, € OMHApHO YKCIOo

a, - BEKTOp Ha yCJIOBHUsITA, OIPCACIIAIL AaJId ChICCTBYBAa UJIM HC BPb3Ka MCKAY ABa Bb3CjIa U

HpI/IeMa CTOI‘/’IHOCTI/I HyJIa HUJIN €OHO.
Penrenusara x umat ctorHocT wiu 1 miu 0.

ABmopegpepamu na oucepmayuu 2 (2014) 20-54



BCKTOpa Ha OrpaHUYCHUATA b j npuema ABC mapaMeTpuiIHnu CbCTOSAHUA:

e [lapameTpuuHO ChCTOSIHUE €HO, KOETO Ae(UHUpPA OrpaHUUYEHHE /IBE Ha lLiejeBaTa (pyHKLIUSI
3a HaMHUpaHEe Ha Hai-IoOpUTE /Ba IIBTS MEXIY BB3IUTE (CHHTE3WpaHE Ha JByCBbp3aHa
Mpexa).

e [lapameTpuuHO CBHCTOSHHE JIBE, KOETO Ne(PUHMpA OrpaHHMUYCHHE TPU Ha IieneBaTa (PyHKIUSA
3a HaMHUpaHEe Ha Hai-IOOpUTE TPH BT MEXIy BB3JIUTE (CHHTE3MpaHe Ha TPUCBBp3aHa
MpeKa).

O06001IeH s n3pa3 3a OrpaHUYCHUATA Ha 1efieBara (PyHKIUS IpreMa BUa:
g ¥y & Gy & Gy ¥ Fayy, 2 b (41)
[Ipu 3amanmeHa Tomosorust B Mpexara OT 7 Bb3ela, cbriacHo ¢urypa 3.5, ce aeuHHpar
CEUEHMSITA, IIpe3 KOUTO MUHABA TOTOKA MEX/y ChOTBETHUTE BB3JIH. Te3U ceueHus ce JepuHUpar 1o
HAuYWH, Y€ MPU IpeMaxBaHe Ha CbOTBETHUTE JbI'H, BH3JIUTE I1Ie ObJIaT OTKHCHATH.
3a ceyeHUe @4 MPU MPEMaXBaHE HA JbIU Kq,%q,%g,¥ g, Xz M X Bb3CN 1 1€ ce OTAEIH OT
ocTtaHanute. ToBa ceueHue ornpenens OrpaHuYeHUETO:
. EyFEyt gt r,trtr, =22
JIsicHaTa yacT, ChIABPKAILO YUCIOTO 2 ONpeens, ue TpsaoBa 1a ce npenaae oouio 2 equHuIu
Tpauk Mexny Bb3nuTe. Ha pemieHneTo Ha 3ajauara, ToBa ce OTpa3siBa KaTo Ce CHHTE3MpaT MOHE
JIB€ BPB3KH 3a BCEKH OT pasliexjaaHara jaBoiika Bb3nu. [Ipu mpomsHa Ha [scHaTa 4acT Ha
HEpaBEHCTBOTO HA TPU C€ CUHTE3UPa TPUCBbP3aHA MPEXKa 32 CbOTBETHATA JBOMKA Bb3JIH.
3a ceyeHue @,: TO ChAbPIKA YSTUPH ABIHM U IPU MIPEMAXBAHETO UM Xy, Xqp,X15 HX 14, Bb3ET
5 me ce oraenu or ocraHaiuTe. ToBa cedeHue onpenens aHAIUTUYHOTO OTPaHMYEHHMETO J1a “Ma
BUA:
. X Xyt X, St 31
3a npumepa, najaeH Ha ¢urypa 3.4 u ciea U3IIbJIIHEHHE Ha CEUEHUSTA 32 BCEKH €AMH Bb3el
(purypa 3.5) 3a orpanuyeHusATa Ha IejeBata (PyHKIHMS TPU MAPAMETPUYHO CHCTOSIHUE €HO
MoJy4yaBaMe CIICHUTE aHATUTUYHU U3Pa3H:
e Bwnzenl
xytxgtaxgtaxygtagtx, =3
Hyd MgF Xyt Xyt Xt =+, =1
gty txgtagtxgtastagta =2
g lag Lwg lxg &g | mg | g 2 (42)
gt tagtagtag T AT AT 22
LR R T R PR TR P SN PP
Tyt taxgtagtagtr,trg=a
e Bwnzen2
#ptarTagtagTapy =2
ot rgtrgtrgtrgtae, byt =22
.'-El"'.'-f-g +R—'E+ .'-T-r_;."l'.'-f-m'l' .'-f-u_"'.'-:f--]_-l =&
Xy Fagta-tagtagtr, =2 (43)
.'?Fg_l.'?i'-.; |.'?ﬁ'-llu:|.'?ﬁ'-9|.'?€-u|.'?€-ﬂ |?€-14E3
A T T N R o ST
e Bwnzen3
L e e A e PR
Tyt g Fagt gt tatata, =3
Xyt xgtxgt gttt xy Tr 22 (44)
Fp ok g e gk ¥y, =2
Xyt Xyt Xst Xg T+ Xy TXgTRg2 2
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e Bmnizen4
b, +x, 32
Tyt x, Tyt Fagtag2 2 (45)
Xyt hgt Xt At Xyt Xy, 22
gt xgtrstagtag,, =22
e Bwizens
Tgtaptay tagyzd
ot txgt ezttt Xt tr,22
Eptxgtxstagtay txpytxy,223 (46)
gt xpgtxptaptxptx 22
gl wg gy | mqg | wp = 3
e Bup3enb6
ot wg, g, Fw, e, =3
g tagtagta,trtaxytrp gt =2
xi—l'x;—l'x-;—l'xa.—l'xm—l'xig—I'xﬂ—l'xi;EZ (47)
gt agTta-Ttagtay TagTag=23
vt gttt b2
gt Xty Txptxtr,22
e Bnzen7
Xt Xy txg =22
Xyt Xyt Xyt x,taxgTxtxg=a (48)
we | mg D eqp | mqg | qg =3
Xptxetaxy Fxatratr,22

3a KOHKTEpHUS [IPUMeEp, MapaMeTbpa [ IpuemMa cToiHocT 15.

3a monyuyaBaHe Ha JBYyCBbp3aHa (TPUCBbpP3aHA) Mpexka € HeoOXOOuMO Ja Ce 3aluilaT
CEUCHMSATA Ha BCSKA BOWKA BB3IM OT Mpekara. Taka OposT Ha OTpaHMYCHHATA HA 3a/1a4aTa PSI3KO
Ce YBEIn4aBa.

OOuwmsT aHAIMTHYEH BT Ha Je(UHUPAHATA 3a/1a4a 33 ONTHMU3ALUs TIpUeMa BUIA:

miucfrﬁleél ﬁﬁl'xt =5 (49)
" & DHHapPHO MHCI0
KBJETO,
¢; HIMEREHH PEeadHH i TEORETHMHC HEHCAISHR EReMeSaNhCHe i M ey FhSANTe

Pemienuero x ompenens TOMOJOTUATA HA CHHTE3UpyeMaTa KOMyHHKALMOHHA MPEXa.

OrpanuueHusaTa Ha 3ajadara OTYUTAT CBHP3AHOCTTA MEXIY OTIEIHUTE BB3JIH, CHIVIACHO
MIOCTaBEHUTE yCIIOBHS 32 CHHTE3HpaHE Ha JIPyCBbp3aHa U TPUCBbpP3aHa MPEXa.

Pemenusita Ha onTHMU3AalMOHHATA 33/1a4a ONPENESAT HOBAa TOMOJIOTUS HA BYCBbP3aHa WU
TpUCBBbp3aHa Mpexa. [lomydyaBaHOTO pelIeHHe MOXE Ja Ce MHTepHpeTHpa M KaTo MOTEHLHUAN 3a
ooOpsiBaHE CBhP3aHOCTTA Ha JAehUHUpaHATa KOMyHUKaIIMOHHA Mpexa [120].

Pazbupanero 3a ONTUMANHOCTTa C€ CBHCTOM B OIpENENIssHE Ha TONOJOIMATAa Ha
CUHTE3upyeMara Mpeka Mpu MHUHHMMAaJIHA II€Ha, Karo € HU3IBJIHEHO YCJIOBHUETO 3a HaJEKIHOCT.
HanexHocTTa KOTUYECTBEHO C€ ONPEAETs OT CBbP3aHOCTTA HAa MpeKaTa.

OnTuMH3alMOHHATa 3ajjadya € pelleHa C IporpameH mnpoaykT Marna® ype3 Heromara
¢ynkuus bintprog. Ta3u QyHKIMS UMa CASTHUS BU:

min, cT x E Axy 2 b (50)
¥ & QHHapHO YHCIe
KBETO,
¢, 1 b ca BekTOpH, 4 € MaTpula, U PpelIeHUeTo X Ce ONpeAess KaTo LEJIOUNCIeHO OMHAPHO BEKTOPHO
YHCIIO - TOBAa O3HAYaBa, Y€ CTOMHOCTUTE HA X Morat ja Obar 0 nim 1.
3amayva (50) cermano gopmara Ha Matnab ce nmpeacTaBsi BbB BHIA:

x = bintpreg(c A &) (51)
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To3m cuHTakcuc pemaa 3amaddrte, JAeGUHUpPAHW KATO OWHAPHO  IEJIOYHCIICHO
MporpaMupane, OTKbJIETO CJIe/Ba, e 3a pa3miekaaHus ciydait 3agada (50) no6uBa Buaa:
min, ¢¥ x keTo d.x, = & (52)
KbJIETO, X TpueMa croitHocTu 0 mim 1.

3a npumepa, naneH Ha ¢urypa 3.4, Ha 6a3a MOJTyUYEHUTE aHATUTHYHM u3pa3u (42 - 48) u
cle] MpeMaxBaHE Ha IOBTapsIIUTE CE PENOBE, 3a MaTpulara Ha ycloBusita 4 ce IojydaBa
(Tabmuna 3.6):

TaOmuma 3.6

x1 x2 X x7 x8 x9 x10 x11 x12 x13 x14 x15
1 1

1

—_—— =
—_— O
_— = N
—— = — —
—_—— o — O
—
—

—_—

—_—

3a BCKTOpa Ha OI'paHUYCHHATA IIPpHU HM3IOJI3BAHC HaA 3adaJCHUTC OBC IMapaMCTPUYIHH

CbCTOSAHUA CC ITOJTyYaBa:
2

[N ]

b= IIpY CUHTE3UpaHE Ha JBYCBbp3aHa Mpexka

[ bl =

LRt

& = |.| mpu cuHTE3MpaHe HA TPUCBBP3aHA MpEXKa

3

3a mojyyaBaHe Ha TOYHHM U KOPEKTHU JaHHH, IapaMeTpUTe Ha MaTpuiara A ce MHBEpTUPAT,
KaTo CBIIOTO JCHCTBHE CE€ M3BBPIIBA M 3a OrpaHndeHnero b. CiemoBarenHO, 3a OKOHYATETHATa
(hyHKIIMS, U3T0I3BaHa B IUCEPTAIMOHHUSA TPy ce monydana [121]:

min, c¥ x kate —A.x, = =k (53)

KbJIETO, X TpueMa ctoitHoctu 0 wnu 1.

B mucepraunonnara pabota e neduHupana 3amada ¢ 27 Bp3ena. ChOTBETCTBHETO HA HOMeEpa
Ha MPOMEHJIMBATa KbM CHOTBETHATA JABOWKA BBIU € MpEACTaBeHO B Tabnuia 3.7, a ChOTBETCTBUETO
MEXTy HOMEp Ha Bb3e / KIIOH, ChBMECTUM KbM MPUIICIKAIIHS Tpaj € JajieHo B Tadbmuma 3.1.
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Tabmuma 3.7

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18] 19] 20 21 22 23 24 25 26 27 A

1 - x1 x2 X3 x4 x5 X6 x7 x8 X9 x10 x11 x12 | xI13 x14 | xI5 x16 | x17 | xI18 @ xI19 x20 x21 x22 x23 x24 x25 x26 26
2| x1 M 27 | <31 | x28  x29 x30 5
30 x2  x27 Il 34 x32 x33 3
4 x3 | x31 | x3¢ R x35 | x36 2
5] x4 | x28 Bl 7 x38 | x39 | x40 4
6| x5 | x29 | x32 x37 [ 42 | x41 2
7] x6 x38 | x42 [ x43 | x44 | x45 3
8| x7 x39 | x41 | x43 [ x50 x49 | x46 | x47 | x48 5
9 | x8 x40 x44 | x50 [ x56 x55 x54 | x53 | x51 | x52 6
10 | x9 | x30 | x33 | x35 x45 x56 [ x60 | x58 | x59 x57 4
11 | x10 x36 x60 [ x61 | x63  x62 3
12 | xlIl x55 | x58 | x61 (M x67 @ x66 | x65 | x64 4
13 | xI2 x59 | x63 | x67 [ xc8 1
14 | x13 x62 | x66 | x68 [ xc9 x70 x71 x72 4
15 | x14 x65 x6¢9 [ <73 | x74 x75 x76 4
16 | xI5 x54 | x57 x64 x73 Il <77 x78 x79 3
17 | x16 x49 | x53 x74 | x77 [ x80  x81 | x82 | x83 4
18 | x17 x46 | x51 x80 [ x36 x84 x85 3
19 | xI8 x47 | x52 x81 | xs6 [ o1 x90 x87 x88 x89 5
20 | x19 x48 x82 x1 T 97 x96 x95 x93 x92 x94 6
21 | x20 x70 | x75 | x78 | x83 x97 [ x01 | x100 | x98 x99 4
22 | x21 x71 | x76 | x79 x96 | x101 [ x4 | xi02 x103 3
23 | x22 x72 x95 | x100 | xto4 [N x105 x106 2
24 | x23 x00 | x93 | x98 | x102 | xto5 [ x107 | x108 | x109 3
25 | x24 x84 | x87 | x92 x107 [ x110 1
26 | x25 x85 | x88 x108 | x110 [ x11! 1
27 | x26 x89 | x94 | x99 | x103 | x106 | x109 xi11 [l 1

Marpuuara A uMa npaBobI'biHa ¢opma ¢ Haa 360 orpaHUYEHUs, ONPENENIEeHU ChIJIACHO
YpaBHEHHUATA 32 MAaKCUMaJIeH MOTOK B Mpexara. B To3u Opoil orpaHnyeHHs UMa MOBTAPSIIM CE
HEpaBEHCTBA HE3aBUCHUMO, Y€ T€ C€ OTHACAT 3a pa3jIdHU JBOWKM Bb3IU. [lpuumHara 3a
MOBTOPEHHUATA €A, Y€ CHOTBETHATa KOMIIOHEHTa OT Marpula b € €IHO W ChIIO 4Mcio, 2 uiu 3.
3atoBa npu AePUHUPAHETO HAa ONTUMM3ALMOHHATAa 3ajJaya B JAUCEPTALMOHHMS TPy €AHAKBHUTE
HEpaBEHCTBAa ca pPeayLHUpaHH A0 €JHO HEPAaBEHCTBO, KOETO C€ Mpuiara B ONTHMHU3ALMOHHATa
3agaya. Ilpu mpemaxBaHe Ha TOBTOpPEHHMATAa B 3ajJadaTa 3a ONTHMMM3aLUsA ca BKIoueHH 141
HepaBeHcTBa. ChOTBETHO MaTpuuara A ce ceexxaa 10 111 xononu u 141 pena. Taka nedpunupanara
U pelllaBaHa 3ajaya B AUcepTaluoHHara padora uma 111 npomennusu. 3ajadaTa 3a ONTUMH3ALNSA €
pemaBana cbe 111 HeusBecTHu u 141 orpannyeHus.

3amayara e MoAM(UUUpaHa 3a MOJy4yaBaHE HA PELICHUs 3a JIBYCBbpP3aHAa M TPUCBbp3aHa
Mpexa.

[Tonyyenurte pemieHus ca NpEACTaBEHM TpagUUHO 3a MO JIECHO MHTEPIpPETUpaHe Ha
pe3yaTarure.

Pemenusita Ha oNnTUMHU3AIMOHHATA 33/1a4a C€ Pa3IIeKIaT B ClIeABallara IJaBa ocpeICTBOM
MIPEJICTaBEHU U aHAJM3UPaHU TPU MOJEIIA CbC ChOTBETHU MapaMETPUUHU ChCTOSIHUSL.

I'naBa 4. Anaju3 Ha PE3YJIATATUTE OT INPOCKTUPAHCTO HA KOMYHUKAIlMOHHATA
MpeKa

B derBbpra maBa ca pasmielaHM M aHAJIM3UpPAaHU TPU MOJAENIA 3a OIpElesHE Ha
ONTHMAaJHUS BapUaHT 3a MoJoOpsiBaHe Ha ChIIECTBYBalllaTa KOMyHUKallMOHHA Mpexka. HampaseH e
KOJIMYCCTBCH QaHAJIM3 HaA IMOJIYYCHHUTC PE3YJITATU C HOCII IOCTUIaHC Ha HCHUPCKHCBACMOCT Ha
nHpopmarmonHuTe norory. Ha 0a3a TomojornueH cuUHTE3 € W30paH HaW-AOOPHAT MOIET ChC
CbOTBCTHO MApaMCTPUYHO CBHCTOSAHHUC 3a MPCMHUHABAHC OT CHUICCTBYBAIlllaTa TOIIOJIOTUA ,,3Be3na“
KbM pa3mpe/esieHa TPUCBbP3aHa Mpeka MEXy OT/IETHUTE Bb3JIOBH TOUKH.

B I'bpBa CCKIHA CC PA3ITICKAAT OCHOBHHUTC 3aa4YUTC, U3IIBJIHCHU B UCTBbPTA IJ1aBa.

BbB BTOpa cekius ce pasmiexja IMbPBU MOJEN 3a KOJUYECTBEH aHalW3 Ha MOJIY4YEHHUTE
pesynratu. TermoBuTe KOeQHUIMEHTH Ha ChUIECTBYBAlllaTa MpEXa ce B3UMar chIilacHO Tabnuina 3.4
oT mpeaxonHara maBa. OcTaHanuTe TeMIOBU KOe(PUIIMEHTH ce B3UMAT ChIIacHO Tabnuna 3.3, KouTo
OpCaACTaBIABAT TCOPCTUIHO U3YUCIICHUTC CTOMHOCTH.

Ha ¢urypa 4.1 e mokazan pe3ynrara OT MmapaMETPUYHO CHCTOSHHUE €IHO 3a TOTOJOTHYEH
CHHTE3 Ha JiBaTa Hail-noOpu mbTs, a Ha gurypa 4.2, napaMeTpU4HU CHCTOSHUE JIBE 3a TOTIOJIOTUYEH
CUHTE3 Ha TPUTE Hal-100pU MIBTS.
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@urypa 4.1 Monen ¢ mapaMeTpuIHO ChCTOSIHHE €HO 32 TOIOJIOTHYCH CHHTE3 Ha JBaTa Hal-100pu
BTS

IbTA

Ha mepBara ¢urypa ce BukIa, ue OT HacTosllara Mpexa THII ,,3Be3[a‘ OCTaBaT caMO JBE
Bpb3ku. ChIlo Taka ce 3a0ensa3Ba, 4e ce€ IMOJydyaBa OTKBCHATOCT HAa HSKOJIKO IPYNU BB3IM OT
OCHOBHATa MpeXa M MOpaad Ta3u MPUYMHA, TOBA MapaMETPUUYHO CHCTOSIHHUE € HEMPUIIOKUMO 32
LEeTUTE Ha AUCEPTALMOHHUS TPY.

Ha cneppamara ¢urypa, or Bede ChILIECTByBalllaTa Mpeka OCTaBaT TpU Bpb3ku. Hsma
OTKBbCHAaTH BB3JIM OT OCHOBHATa HJes Ha Mpexara (KakTo ce€ CiyuyBa HIpU HPEAUIIHOTO
napaMeTpU4HO ChCTOSIHKE), HO CE IMOy4yaBa HECUMETPHUYHOCT, Thil KaTo Bb3en 1 HAMa Bpb3Ka ChC
ChCEJITHUTE CH TOYKH, a € CBbP3aH C KpaliHUTe TakuBa - 23, 26, 27. ToBa napaMeTpU4HO CHCTOSIHUE €
NPUEMIIMBO C OIVIe[ LSJIOCTHOTO paslpefesieHue Ha aJTepHATUBHHUTE IbTHINA M TIXHATa
B3aNMO3aMEHSAEMOCT.

Ha Ga3a nosryueHuTe pe3ynTaTti, MOXKE Ja C€ HallpaBU U3BOJA, Y€ NapaMETPUYHO ChCTOSIHUE
7IBE € IPUEMJIMB BapHAHT B HAKAKBA CTEITICH, KaTO Bh3MOXKEH 3a IMOJOOpsABaHE HA CHIIECTBYBAIIATA
KOMYHHKAIIMOHHA MPEKa.
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B Tpera cekmus ce pasmiexkaa BTOPH MOJEN 3a KOJMYSCTBEH aHAIU3 HA TOIYYCHHUTE
pesyntatu. TermoBuTe KoedUIIMEHTH Ha ChIIECTBYBAlllaTa MpeXa ce€ B3UMAaT C MHUHHUMAajHa
CTOWHOCT, 32 KOHKPETHHS CIIy4ail ce H3IO0JI3Ba KOCHUIIMEHT HyJa, KOCTO H3pa3siBa, ue BeUe
u3rpajzieHaTa Mpeka MMa TBbpAa Bpb3Ka C OCTaHanuTe KpailHu Touku. OcTaHanuTe TErIOBU
KOC(UITMCHTH C€ B3UMAT ChIVIACHO Tabiwima 3.3, KOUTO MPEICTABISIBAT TCOPCTUYHO M3YHCICHUTE
CTOMHOCTH.

Ha ¢urypa 4.3 e mokazan pesyarara OoT MapaMETPUYHO CHCTOSHHUE €JHO 3a TOMOJOTHYCH
CUHTE3 Ha JBaTa Hali-1o0pu MbTs, a Ha ¢urypa 4.4, napaMeTpuyHHU ChCTOSHUE JIBE 32 TOMOJIOTHYEH
CUHTE3 Ha TPUTE HAW-T00PH MIBTSL.

25
5
"
;

Qurypa 4.3 Mozen ¢ napaMeTpu4HO ChbCTOSIHUE €HO 3a TOMOJIOTUYEH CUHTE3 Ha JBaTa Hail-1o0pu
BTS

Ourypa 4.4 Mopnen ¢ napaMeTpuyHO ChCTOSIHUE JIBE 32 TOMOJIOTUYEH CUHTE3 Ha TPUTE Hal-100pu
BTS
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Ha nbpBara ¢urypa ce Buxaa, 4e NMpH MapaMETPUYHO CBHCTOSIHUE €QHO 3a TO3M MOJE,
BBIPEKH 3a/1aJICHU HYJE€BU CTOMHOCTH Ha ChILECTBYBalllaTa MpeXa, ¢ LIeJl 3ara3BaHe Ha BCUUKU
HaJIMYHM BPbB3KHM, Ha 0a3za MOJy4yEHUTE PE3yJTaTu ce MpEeMaxBaT BPb3KUTE MEXAY Bb3IU 1 u 3,
KakTo U Mexay | m 6. Taka momyuyeHara Mpeka HE € NMPHUEMJIMBA, Thil KaTo MpU MPEKbCBAaHE Ha
LIEHTPAJIHUS Bb3€Jl, OTHOBO I11€ UMa CPUB BbB BPB3KUTE MEXKAY OTAETHUTE KIOHOBE.

Ha Bropara ¢urypa, mpu napamMeTpu4HO CBCTOSIHME JBE 3a MOIENa W 33JaJeHO
TOIOJIOTMYHO peIlIeHUe 32 MUHUMYM TpPHU AJITEpPHATHBHM ITBTHILA, CE€ 3ala3BaT BCUUYKH BPB3KH Ha
ChILlECTBYBalllaTa Mpeka. Taka moiydyeHara TOIOJIOTHS OTHOBO € HENpPUEMIIMBA, Thi KaTo Mpu
M0Jly4YaBaHE Ha MPEKbCBAHE B LIEHTPAJIHUS Bb3€J, 1€ C€ 3aryOu KOMyHHKALUATa MEXIY OTIECTHUTE
KJIOHOBE, KOETO I1I€ IOPOAM CPUB U 3ary0a Ha WHPOPMALMOHHHU PECypCH.

OT momyueHUTe pe3yinTaTd 3a TO3M MOJAET MOXE Ja Ce HampaBU H3BOJ, Y€ TOW He €
NPWIOKUM Jla LEJIUTE Ha JAMCEPTAllMOHHUS TpyA, ThHA Karo HE BOAM [0 HOAOOpsiBaHE
HENpPeKbCBAEMOCTTa Ha OOCIY’KBAaHETO Ha MH()OPMALMOHHUTE PECYpPCH, KaKTO M HE MoJo0psBa
CTpyKTypara Ha KOMYHUKAallHOHHATa Mpexa C LeJl OINpeaeiasHe Ha B3aUMHO3aMEHSEMU
aJITepHATUBHU MapIIPyTH.

B uerBbpTa Ccexuus ce pasmiexaa TPETH MOJEN 3a KOJIMYECTBEH aHalIW3 Ha IOJIy4YeHHUTE
pesynratu. TeroBuTe KOeQUIMEHTH Ha ChLIECTBYBAlllaTa MpEeXa ce B3UMar chIilacHO Tabnuna 3.3
OT IIPEIXOJHATA [VIaBa, KbJIETO Ca MOKa3aHU TEOPETUYHO M3YMCIIEHUTE BPEME3aKbCHEHMSI HA BCUUKU
OTIpEICIIEHH BB3JIH.

Ha ¢urypa 4.5 e mokazan pesynrara OT mapaMeTPUYHO CHCTOSTHHE €HO 3a TOIOJOTHYEH
CHHTE3 Ha JiBaTa Hail-n1oOpu mbTs, a Ha Gurypa 4.6, napaMeTpUUHU CbCTOSHUE JIBE 3a TOMOJIOTUYEH
CHHTE3 Ha TPUTE Hal-100pHU IIBTA.

: = e =
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®urypa 4.5 Mozen ¢ napaMeTpUyHO ChCTOSHHUE €HO 3a TOMOJIOTHYEH CUHTE3 Ha JiBaTa Hail-100pu
BT
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@urypa 4.6 Mozen ¢ mapaMeTpuyHO ChCTOSHUE JIBE 32 TOTIOJIOTUYEH CHHTE3 Ha TPUTE Hail-100pu
BT

Ha mepBara ¢urypa ce BuxIa, 4e NMpH MapaMEeTPUYHO ChCTOSHUE €IHO 33 TO3HM MOJIElN, Ce
MoJy4yaBa pPAa3MOKBCAHOCT Ha MpeXkara, KaTo TONYYEHHUST pe3ylTar BOAM 1O IIECT, HAIBJIHO
caMoCTOATENIHO 000c00eHU Tpymu Bb3u. [lopaau Ta3u npudnHa, nojyyeHara TOMOJIOTHs Ha Mpeka
HE BOAM 10 MOMOOpsiBaHE Ha CeralHaTa KOMYHHKAIlMOHHA CTPYKTypa W HE MOXKE Jla CE HM3II0JI3Ba
KaTo aJTepHaTHBA 3a OCUTYpPsBaHE HEMIPEKbCHATOCT HA MH()OPMAILIMOHHUTE TIOTOLH U YCIYTH.

Ha Bropara ¢urypa, nmpu napaMeTpudHO ChCTOSHHE JIBE 32 MOJIEJIA, CE TIOCTUTa JJOCTAThYHO
N00Bp pe3ynTar, KaTo HsAMa OTKbCHATHU Bb3JIM, KaKTO C€ IOJyyaBa MPH MPEIUIIHOTO ChCTOSHHE.
BBb3HHMKBAT HIAKOJIKO KPUTUYHH Bb3JI0BU ToukH (Mexay 1 u7,8u 9, 3 u 10, 14 u 15 Bb31n), HO upe3
MOAXOAAIIO IJIAHUPaHE € Bb3MOXKHO IPEMaxBaHETO UM, OCPEJICTBOM J0OaBsIHE HA JOMBIHUTEIHU
pEe3epBHU KaHaJM 3a Bpb3Ka. ToBa mapaMeTpUYHO CHCTOSHHE € MPHEMIIMBO C OIVIe] ISTIOCTHOTO
pasnpezeseHre Ha adTepHATUBHUTE IbTUINA U TAXHATA B3aMMO3aMEHIEMOCT.

Ha 06asa momydeHuTe pe3ynrar, HMapaMEeTpUYHO CHCTOSIHHME JBE 3a MOJENa ce SBsBa
MOJXOAAI 3a MOA00psBaHE HA ChILIECTBYBAIlaTa KOMYHHUKAIIMOHHA MPEXKa.

B nera cexuust ce n3BbpIIa KOJTUYECTBEH aHAIN3 Ha TIOYYEHUTE PE3YINITATH.

Cera cepliecTByBallaTa KOMYyHMKAallMOHHA MpeXa THI ,,3Be34a” BOAM 1O IPEKbCBAHE,
nponasaHe ¥ HeCTaOMITHOCT 3a MOIIbp)KaHe Ha TMOCTOSHHA BPB3Ka MEXIY OTIEIHUTE KIOHOBE U
TSIXHATa BPb3Ka €UH C IPYL.

Cnen pa3paboTBaHe Ha TPHUTE BB3MOXHH MOJENa ChC CHOTBETHHUTE MM IapaMEeTPHUYHU
CbCTOSIHUS, PEMHHAaBaMe KbM IpauHO UM H300pa3siBaHe. 3a Ta3u L€ NpeacTaBsimMe 27-Te Bb3IU
B KBaJlpaTHa marpuua (27 x 27), kaTo BCEKM pell U KOJIOHA OTroBapsi Ha eAuH Bb3ed (oT 1 no 27).
MaxkcumaaHuAT Opoi Ha Bb3MOXKHUTE KOMOMHALIMK MOXKE /1a Ce U3YUCIH 110 Gopmyra 54.

Ot o0mus B3MOXKeH Opoit komOuHanmu (351) ca u3bpanu camo 111, o3HaueHu mo-rope ¢
enementute ot x1 mo x111 (tabnuua 4.1).

B Ttabmuma 4.2 ca moxa3aHM KpUTEPUUTE, KOMTO C€ H3IOJI3BAT NPU OIEHKA HA TPUTE
CLICHapHs.

Tabnuna 4.2

A  Cyma Ha BPB3KHTE HA 1ajieH Bb3ell ¢ IPyruTe Bh3JIH
b  Cyma Ha BpeMe3aKbCHEHHSITa HA BpPb3KHTE HA 1aJieH Bb3eJl ¢ 0CTaHAJUTe

Kpurepnii A e cyma Ha Opos Ha BPB3KHTE Ha [aJ€H BB3EJ, KaTO HE CE BKIIIOYBAT
ChOTBETHUTE CUMETPUYHM CTOWHOCTH, @ CaMO CTOWHOCTHTE Ha BPB3KHUTE, HAJSCHO OT INIaBHUSA
nuaroHan. Kpurepuii b BkiIrouBa cyma Ha BpEME3aKbCHEHHATA IO BPB3KUTE Ha [JAZCH Bb3el,
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MpPEJICTaBEH Ha CBOTBETHHUA pEI C OCTaHAJIWTE BH3JIM. 3a I[OJlydaBaHE Ha cyMmara Ha
BpeMe3aKbCHEHUSTA 10 Kputeprii b cbhillo He ca BKIIOYEHH ChOTBETHUTE CUMETPUYHU CTOMHOCTH,
a caMO BpEME3aKbCHEHUSATA MO BPBH3KHUTE, HAASCHO OT IVIaBHUS JuaroHan. B nBe mocnenoBartenHu
KOJIOHM ClIe]] BCAKa Tabnuila ca cymMUpaHd Opos Ha BPB3KUTE Ha JaJEHUS BB3eJ, MPEICTaBEeH Ha
CBbOTBETHHS pell, KakTo U BpeMe3akbcHeHusTa (Cyma A u cyma b). JIere cymu A u b He BritouBar
CHOTBETHUTE CHUMETPUYHH CTOWHOCTH, @ CaMO CTOWHOCTHTE Ha BPB3KHUTE, HAJSCHO OT TIABHUS
JMaroHal.

KbM Taka onpeneneHuTe aABa KpuTepus 1o0aBsiMe TOMBIHUTENHO KpuTepuil B (3aBucuMoOCT

Ha CHUCTeMaTa OT €IMH Bb3el) U Kputepuit [' (Opoii rpynu Bb3iM).
B tabmuuu 4.3 u 4.4 ca noka3aHu MOJyYEHHUTE PE3YITAaTH OT ABETE MapaMETPUYHU CHhCTOSHUS Ha
mppBU MoJeNl. B mbpBaTta Tabmuia ce moimy4aBa 000coOsiBAHE HA 5 TPYNH HAa CBBP3aHOCT MEXITY
BB3JIM, OLBETEHU B NET PA3NUYHU LBATAa. BBB BTOpara Tabnuia BCHYKU BB3IU Ca CBbP3aHU
IIOMEX/1y CH B €JHa IPpyIla, OLBETEHA B €IUH LIBSIT.

[Ipu TO3M Mozen, H3MON3BAWKU pEalHO H3MEPEHUTE BpPEME3aKbCHEHHSI 3a TEIJIOBU
KoepuIMeHTH, 32 MapaMeTPUYHO CHCTOSIHHE €THO, C€ TOJy4aBa OTKBCHATOCT HAa OTICIHU TPYyNU
BB3IM M MO Ta3W NMPUYMHA HE MOXe Ja ObJe M3MON3BaHO 3a MONOOpsSBaHE CBBHP3aHOCTTA Ha
Mpexara. 3a mapaMeTpUYHO ChCTOSIHUE JIBE HAa TO3U MOJEJ C€ IMOJlyuyaBa NMPUEMIIUB PE3yJTaT, HO
HEJOCTaThKbBT € MOTyYaBaHETO HA HECHUMETPUYHOCT, Thil KaTO Bb3eJ €THO HsIMa BPb3Ka ChC CBOUTE
ChCEIHM TOYKHM, Oasupanu Ha reorpadcku npuHnmn. [Ipm ToBa chCTOsIHME ce HaOmOmaBaT U
KPUTUYHU TOYKHU Ha TOCTBHII.

B rtabmuum 4.5 m 4.6 ca noka3zaHu NOJIYYEHUTE pe3yATaTd OT JBETE€ MMapaMeTpUUHU
CHhCTOSIHMSI Ha BTOpU Mojen. M B aBeTe Tabnuiy, BCUHUKH BB3JIM Ca CBbP3aHU MOMEXKIY CH B €IHA
rpyna, oluBeTeHa B euH LUBAT. Hanuile e mbyiHa 3aBUCUMOCT OT Bb3ed 1, KOUTO € CBbp3aH ¢ BCUUKU
OCTaHaIH.

OcBeH CBbP3aHOCTTa MEXAY Bb3JIMTE, B TAOIMLIUTE ca BKJIIOUEHU CTOMHOCTUTE MO JABara
n30panu kputepus A u b. Kakro 6e cmomenaro mo-rope, Ha BCEKH pe/l B KOJOHKAa A ca MOCOYCHH
Oposi Ha BPB3KUTE Ha BCEKHU BH3EN C JPYTUTE BBH3IH (0€3 TEXHUTE CUMETPUYHU CTOWHOCTH). Ha
BCEKHM pell B KOJOHKa b e mocoueHa chOTBeTHaTa cymMa OT BPEME3aKbCHEHHUATA Ha JaJCH Bb3ell.
BriocneactBue pesyaTarute OT T€3M KPUTEPUU 1€ ObJaT U3MOJI3BaHU 32 CPABHEHUE HA pa3IMYHHUTE
BapHaHTHU U OLICHKA.

Hanpumep, ako pasriename IbpBU pell, Bb3ell 1 € cBbp3aH ¢ ocTaHanute 24 Bb3ena, 6e3
BBb3ea 3 u Bb3en 6. Cymara Ha Bpeme3zakbcHeHUsITa € 0. Ha BTopu pen, Bb3en 2 € CBbp3aH C Bb3el 3
CbC CTOMHOCT Ha Bpeme3akbcHeHueTo 0,69. Te3um pesynratu ca OTpa3eHU B IIOCIEAHUTE [IBE
kosionku (A, B) Ha BTOpHM pen - chotBeTHO 1 M 0,69. [locmenoBarenHo pas3miekaaMe TPETH pea U
CBBbP3aHOCTTa Ha Bb3eNl 3 - CHOTBETHO C Bb3el 2 M 4. Ho kakTO mocoumxme, CUMETPUYHUTE
CTOMHOCTH Ce M3KJII0UBAT OT CyMapHUTE pe3yiaTaru B Tabnuuara. [lo Ta3u npuuuHa Ha TpeTu pen, B
KOJIOHKa A e m3mucaHo camo 1 (CBbp3aHOCTTa ¢ Bb3el 4) U ChOTBETHOTO BpeMe3akbcHeHue - 0,745.
3a Bceku cieaBall pe Mo €QUH M ChIIM HAaYMH CE€ MOJy4yaBaT CTOMHOCTUTE 3a BCEKU Bb3el, a Ha
MIOCJIEHUS Pell - TEXHUTE CyMapHU CTOMHOCTH.

CepIacHO MONYyYEHHUTE PE3YNITaTH 3a JBETE MapaMEeTPUYHH CHCTOSHUS OT BTOPU MOJEI,

MOJXKE J]a C€ 3aKJIIOud, Y€ TOW He € MOAXOIAL] 3a M3I0J3BaHe, IOPaJau 3ala3BaHe Ha HacTosllara
CTPYKTypa U HECUMETPUYHOCT Ha 100aBEHHUTE HOBU BPB3KU. ToBa OW JI0BEJNO OTHOBO JI0 JIUIICA Ha
CUTYPHA U HaJIe’KJHA Bpb3Ka MEX1y KJIOHOBaTa MpeXKa B pa3IiekJaHara CTpyKTypa.
B Tabnuiu 4.7 u 4.8 ca mokazaHW MOJYYCHUTE PE3YJITaTH OT JIBETE MapaMETPUYHU CHCTOSHHS Ha
Tpetu Mozen. B mbpBata Tabnuma ca 060cobeHu 6 Tpyu Ha CBbP3aHOCT MEX]y Bb3JIMTE, OLBETCHU
B IIECT pa3jvyHU LBATAa. BB BrOpara Talbmuia, BCUYKU BB3JIM Ca CBHP3aHU MOMEXKAY CHU B €IHA
rpyna, OLlBETEHA B €IMH LIBAT.

Pasmexnaiiku mocnenHus MOAEN, MapaMeTPUYHO CHCTOSHHE €JHO BOAM JI0 TMOCTOSIHHA
OTKBCHATOCT MEKIY OTACIHU IPYyIH Bb3JIM U Ta3H TOIOJOTUS HE € MPUIOKUMA, KAKTO OCTaHAJINTE
Jocera croMeHatu cheTosiHus. [Ipu mapaMeTpu4HO ChCTOSHUE JBE 3a TO3U MOJEN C€ MOCTUra Haii-
ONTHMAJHO TOMOJOIMYHO PA3MOJIO0KEHUE HA MOITYYEHUTE aNTEPHATUBHU I'BTUILA, BBIPEKH HIKOU
KPUTHUYHU TOYKH.
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Tabmuua 4.3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 A b
1 5,000 3000 2| 8,000
2 ii 2 1,500
4 ‘ 0 0,000
5 j— 2 2,035
6 0920 055 I 0595
7 CLus 0S5 0 0000
8 0,575 1,150 2 1,725
9 0,575 0,865 1 0,865
10 2 1,670
11 1 1,165
12 1 0,790
13 1 0,635
14 0 0,000
15 0,805 0,755 2 1,560
16 0,805 0,620 1 0,620
17 0,865 0,620 0 0,000
18 1,150 1,005 1 1,005
19 2 1,245
20 1 0,615
21 0,755 0,545 1| 0,545
22 0,545 0,860 1] 0860
23 | 5,000 0,860 0| 0,000
24 0 0,000
25 1,005 0,850 1] 0850
26 0,850 0670 1| 0,670
27 @ 3,000 0,670 0 0
27 | 27,695
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Tabnuna 4.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 | A b
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Tabmuua 4.5
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Tabnuna 4.6

0,000

0,845
0,850

20,690

52
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Tabmuna 4.7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 A b
1 0,555 0,880 2 1,435
2 0,555 0,690 1 0,690
3 0,690 0,745 1 0,745
4 0,880 0,745 0 0,000
5 2 2,035
6 1 0,595
7 0 0,000
8 2 1,650
9 1 0,770
10 2 1,670
11 1 1,165
12 1 0,910
13 1 0,635
14 1 0,710
15 0 0,000
16 1 0,620
17 0 0,000
18 2 1,735
19 1 0,590
20 1 0,615
21 2 1,520
22 1 0,860
23 0 0,000
24 1 0,845
25 1 0,850
26 1 0,670
27 0 0
27 | 21,315
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Tabmuna 4.8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25 26 27/ A| B

1 0,555 0,880 0,945 3| 2380
2| 0555 0,690 | 0,810 2| 1,500
3 0,690 0,745 0,865 2| 1,610
4| 0,880 0810 0,745 0 0,000
5 0,920 | 1,115 | 1,155 3 3,190
6 0,920 0,595 | 1,035 2| 1,630
7] 0,945 1,115 | 0,595 0 0,000
8 1,155 | 1,035 0,575 1 0575
9 0,575 0,770 | 0,865 2| 1,635
10 0,865 1,080 | 0,590 1230 3| 2,900
11 1,080 0,890 | 1,165 2| 2,055
12 0,590 | 0,890 0,790 1| 0,79
13 1,230 | 1,165 0,635 1 0635
14 0,790 | 0,635 0,710 1/ 0710
15 0,710 0,805 0,840 2| 1,645
16 0,770 0,805 0,620 1. 0,620
17 0,865 0,620 0,945 1. 0945
18 0,945 0,730 1,005 2| 1,735
19 0,730 0,590 1,055 2| 1,645
20 0,590 1,060 0,615 2| 1,675
21 1,060 0,545 | 0,975 2| 1,520
22 0,840 0,545 0,360 1. 0,860
23 0,975 | 0,860 1,050 1| 1,050
24 0,615 1,035 0,845 2| 1,880
25 1,005 | 1,055 0,850 1. 0850
26 1,035 0,850 0,670 1| 0,670
27 1,050 | 0,845 0,670 0 0
41 34,705
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KonnuecTBeHUT aHanu3 Ha TPUTE MOJENIa CbC CHOTBETHUTE MAapaMETPUUYHHU CHCTOSHUS €
npefcTaBeH B Tabnuia 4.9 u npeacTapisBa CPaBHEHUE MEXAYy CTOMHOCTUTE HA MOJTYYEHUTE CyMHU
o Bata kpurepus A u b.

Ta6muna 4.9

Tabauma Monea ITapameTpH4HO CHCTOSIHHE A b _-
4.3 II'spBu Mogen ITapameTpH4HO CHCTOSIHHE €HO 27 27,695 _-
4.4 II'spBu Mogen ITapameTpU4YHO CHCTOSIHHE BE 41 46,445 | mmeka | |
4.5 Bropu mogen ITapameTpH4HO CHCTOSIHHE €HO 38 10,400 _-
4.6 Bropu mogen ITapameTpu4HO ChCTOSIHHE 1BE 52 20,690 _-
4.7 Tperu Mogen ITapameTpH4HO CHCTOSIHHE €HO 27 21,315 _-
4.8 Tpetn MmoaeJ I[MapamMeTpu4HO CHCTOSIHME ABE 41 34,705  HHCcKa 1

CepIacHO monydeHuTe pesyaTard, Tabnuuu 4.5 u 4.6, kouto u300pa3saBaT BTOPU MOJAET C
MapaMeTpUYHU CHCTOSIHUSI €IHO M JIB€, UMAT HAaW-HUCKU CTOMHOCTHM Mo Kputepuit b (cyma Ha
BpPEME3aKbCHEHHUATA) M JIUIICBAT MPEKBHCBAHMS MEXKIY BB3IUTE, HO Ca CHUJIHO 3aBHCUMHU OT €IHH
Bb3e1 (Bb3en 1).

Tabmuuu 4.3 (TbpBU MOJEN C MapaMeTPUYHO CHCTOSHHUE eAHO) M 4.7 (TpeTh Momen ¢
MapaMeTpUYHO CHCTOSTHUE €HO) ca CJENBalllMTe JIB€ CTOWHOCTU MO Kkputepuidi b (cyma Ha
BpEMe3aKbCHEHUATA), HO NPU TIX Ca HaJHIe MPEKbCBAHHUS MEXKAY BB3NIUTE (CHOTBETHO 5 U 6
000Cc00eHN HE3aBUCUMU TPYIIH).

Tabmuuu 4.4 (ITbpBU MOAEN C MapaMETPUYHO ChCTOsIHHE ABe) U 4.8 (Tpetu Mofen ¢
MapaMEeTpU4YHO CBHCTOSHUE JIB€) MMaT Hal-BUCOKM CTOMHOCTH IO KpuTepuid b, HO mnumncsar
MPEKBHCBAHMS MEXKAY BB3IUTE U 3aBUCUMOCT OT €uH Bb3el. CrenoBaTenHo, Hail-noOpHusIT BapHaHT
3a n300p Ha pa3mpeseeHa MpeXka ce SBSIBa TPETH MOJIEN C MAapaMETPUIHO ChCTOSHHE JIBE, Thil KaTo
€ C MO-HUCKA CTOMHOCT Ha cyMaTa OT BpEMe3aKbCHEHHUSATA.

Ha 0a3a pasmiemanure Tpu Mozena 3a MOA0OpsBaHE HENPEKbCBAEMOCTTAa Ha
KOMYHUKAITMOHHOTO U MH(OPMAIIMOHHO 00CTYy>KBaHE, KAKTO M Kau€CTBOTO HA JOCTABSIHUTE YCIYTH,
MOXKE Jla C€ HallpaBU H3BOJAA, Y€ MOCJEIHUS pasmiefaH MOAeN (TpeTh MOAEN ¢ MapaMeTpU4yHO
CHCTOSIHHE JIB€) € ONTUMAJICH 3a MOoTy4YaBaHe Ha MPUEMIIMBO HUBO Ha aNTepHATHBHH MBTHUIIA, KOETO
1€ JI0BE/IE 0 HEMPEKHCBAEMOCT U CUTYPHOCT Ha MH(POPMAITMOHHUS PECYPC.

[IpyHOCHT Ha AUCEPTALMOHHUS TPYA CE€ ChCTOM B MOAOOpsIBaHE HAa KOMYHHKAI[MOHHATA
CTPYKTypa Ha pasIIeKJaHaTa MpeKa IOCPEICTBOM HANPAaBEH TOINOJIOTMYEH CHUHTE3, KOETO Ja
JIOBEZie /10 Oce3aTellHO HaMalsBaHE Ha MPOMaJaHUsATa M 3aryda Ha Bpb3Ka MEXIY OTIETHHTE
Kpaitau Touku. ToBa BOIM 0 ONTHMAJIHA CBBP3aHOCT M HaMaJsiBaHE 3aryOnTe Ha WH(OPMAIMOHHU
pecypcu BCIENCTBUE MOA0OpsiBaHE OTKAa30yCTOMYMBOCTTA Ha MpEAsIOKeHaTa KOMYHHUKAIMOHHA
Mpexa.

3akioueHune

3a HyXIWTE Ha IUCepTalusATa ca aHaiIu3upaHu 121 nurepaTypHu M3TOYHUKA, CBBpP3aHU C
OCHOBHHUTE TMOJIOKEHHSI, METOIU, MOZACIN U aIrOpUTMH 3a (opManu3upane Ha WHGOPMAIMOHHU U
KOMYHHUKAIlHOHHU TIOTOIIM B MPEXH 4pe3 Tpadu, HEOOXOOUMH 3a TpEeMHUHABaHE Ha
nH(pOpMallMOHHATA MpeXka OT CBBP3aHOCT THI ,,3Be3[a“ KbM JIByCBbpP3aHa U TPHUCBbp3aHA
tonosiorusd. OLIEHEHW ca TEXHUTE OCOOEHOCTH, MPEAMMCTBa M HeAoCTarbl. Pasmienanu ca
MpoOieMUTe 3a HaMUpaHE Ha HaW-KpaTbK MBT OT €AMH Bb3ed KbM BCHUYKH OCTAaHAIH BB3JIH B
MpEXH, 32 KOUTO LIeHaTa Ha JbraTta MOXe /a Bapupa. Te3u 3aJauu uMar BIUSHUE 32 ONPEICIIIHE Ha
ONTHMAaJHa TOMOJIOTHS Ha KOMYHHKAIlMOHHA Mpexa. HampaBeHu ca OCHOBHU M3BOIW Ha 0Oa3aTa Ha
MIPOYUYEHUTE JTUTEPATYPHU U3TOUHULIH.

Omnpenenenn ca ype3 WM3MEpPBaHHUS U Ca aHAIM3UPAHU MPOIyCKaTelHaTa CIOCOOHOCT U
BpPEME3aKbCHEHHUATa B MpeKaTa IMpH TpeAaBaHe Ha HH()OPMAIMOHHHM TOTOIM, KaTO € OLIEHEHO
MPOMaJaHeTO Ha BPb3Ka MEXIy ABOWKA BB3IM KaTO XapaKTEPHCTHKA HA OTKa30yCTOWYMBOCTTA Ha
CBIIIECTBYBAIlla KOMYHHMKAlMOHHA MPE’Ka ChC CBBP3aHOCT THUI ,,3Be37a°.

Ha 0a3ara Ha cnernuanusupaHa JuTepaTypa MO TO3M BBIPOC € CHHTE3UpaH alroOpuThM 3a
OTpe/IeNIiHE Ha TEOPETUYHUTE BPEME3aKbCHEHHSI MEXIy Bb3JIUTE Ha J00aBEHUTE aJITEPHATUBHU
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KOMYHUKAallMOHHU KaHalu W € JeduHUpaHa ONTUMHU3ALMOHHA 3a7ada 3a ONpEeNisHE Ha
CBbP3aHOCTTAa Ha Mpekara KaTo ca H3MOJ3BaHU pe3ylITaTUTe OT U3MEpBaHMATa Ha
BpPEME3aKbCHEHUSATA U NPOMNAJaHUsATa B KOMYHHUKAlIMOHHATA MPEKa.

Pemena e ontumu3anMoHHa 3ajaya 3a ONpEAEsiHE Ha CTPYKTypa Ha KOMYHHUKallMOHHATa
Mpexa KaTo JIByCBbp3aHa M TPUCBbP3aHa. AHAJIU3MPaHU ca MOJTyYaBaHUTE PELICHUS U € HAalPaBeH
KOJMYECTBEH AaHajM3 Ha IOJy4YEHUTE pe3ylITaTH C IeJ INOCTUIaHe Ha HENpeKbCBAEMOCT Ha
MH(OPMALMOHHUTE MOTOLIH.

ITocpencTBOM mMONydeHUTE pE3yATaTd OT ONTHUMHU3ALMOHHATA 3a7aya ca pasniefaHd U
aHAJIM3MpPAaHU TPU MoJeNa 3a OIpeleNsiHE Ha ONTHMAajHUS BapuaHT 3a NoAO0OpsBaHE Ha
ChIIECTBYBAllla KOMYHUKAI[MOHHa Mpexa. HampaBeHa e KOIMuUeCTBEHa OLCHKA Ha IOJYyYCHHUTE
pesynratn. Ha ©0a3za TomomormdyeH cuHTe3 € W30paH HaW-mOOpPHAT MOHIENT ChC CHOTBETHO
napaMeTpu4yHoO ChCTOSHHE 3a MpPEMUHAaBaHE OT ChILIECTBYBAlllda TOIMOJOTHUS ,,3BE3/1a* KbM
pasmpeneieHa TPUCBbpP3aHa MpEkKa MEXAYy OTICIHUTE BB3JIOBHM TOYKM C L€ MOCTUraHE Ha
HEeNpPeKbCBAEMOCT Ha MH(POPMAIIMOHHUTE TOTOLH.

JlaHHUTEe W W3MEpBaHMSTA B JUCEPTALMITA Ca HAlPaBEHM Ha PEaJHO ChIIECTBYBallaTa
KOMYHHMKAllMOHHA MpeXa, KOSITO Cc€ M3MOoi3Ba B MpakTukara Ha (upma HMHpopmanmoHHO
obcmyxBane AJl.

IIpuHocH Ha (UCcePTALMOHHUSA TPYA

OCHOBHMTE Pe3y/TaT UMAT HAy4YHO MPUIOKEH U IPUITIOKEH XapaKTep.

1. Amnanu3upanu ca moenute 3a ¢opManu3upaHe Ha MHPOPMAIMOHHU M KOMYHHUKAIMOHHU
MOTOLM B MpPEXHU upe3 rpadu U BIUSHUETO HA TOMOJIOTHATAa Ha Mpexkata. OueHeHH ca
TEXHUTE OCOOCHOCTH, NpEeaUMCTBAa W HemocTarhliu. Pasrmemanu ca mnpoOnemure 3a
HaMHpaHC Ha Haﬁ-KpaT’bK ObT OT €AMH BBH3CJI KbM BCHYKHU OCTAaHAJIMW BB3JIM B MPCXKHU, 3a
KOUTO 1IeHaTa Ha IbraTa MOXe J1a BapHupa.

2. OmnpeneneHu ca 4ype3 M3MEPBAHHMS W Ca aHAIM3UPAHU IMPOITyCKaTeIHaTa CHOCOOHOCT M
BpeMe3aKbCHEHHATA B MpeXxaTa Ipu MnpeaBaHe Ha WHGOpMAaMOHHH NOToI. OUEHSIBAaHO €
nmpomnaga"neTo Ha BPb3Ka MCXKIAY )IBOIZK& BB3JIN KaTo XapaKTCPUCTHUKA Ha
OTKa30yCTOMYMBOCTTa Ha CHIIECTBYBAllla KOMYHUKAIIMOHHA MpEXa ChC CBBP3AHOCT THUI
,,3Be3ma’’.

3. CuHTe3uWpaH € alIropuThbM 3a OMNpEAeNsHE Ha TEOPUTHUYHUTE BPEME3aKbCHEHUS MEXKITY
BB3JIUTC Ha I[O63,BCHI/ITC AITCPHATUBHU KOMYHUKAIMOHHW KaHAJIH. I/I3MepeHI/ITC n
TEOPUTHUYHO M3YUCIICHU BPEME3aKChCHEHUS ca M3MOJ3BaHU MpHU ASPUHUPAHETO HA 3aJaya
3a ONTHMAJICH CHHTE3 Ha TOTIOJIOTHS Ha MpeKara.

4. JlebunupaHa e u e peliaBaHa ONTUMHU3ALMOHHA 3a/ladya 3a ONpEIENsIHE Ha CTPYKTypa Ha
KOMYHHUKAI[MOHHATa Mpeka ¢ 27 Bb3ela KaTo JBYCBbp3aHa W TPUCBBP3aHA. AHAIM3UPAHU
ca moy4yaBaHHWTe peuieHus. HampaBeH € KOMMYeCTBEH aHaIu3 Ha MOJyYEHUTE Pe3yiTaT C
1€ OCTUTaHe Ha HeMIPEKBCBAEMOCT HAa MHPOPMAITMOHHUTE TIOTOIIH.

bbaemn Hacoku 3a pabora
Ha ocHoBaHue monydeHusi pe3yaTar OT ONpeAeieHaTa ONTUMajlHa KOMYHHKallMOHHA MpEkKa,
ObemiaTa padboTa 111e MPOABIKU B HAKOIKO HACOKH:
® CHGI[GHG CBCTOSSHUETO U HAACKIHOCTTA HA MpexcaTa 34 Bb3HHUKBAHC Ha KpI/ITI/ILIHI/I TOYKMN.
e JloBuiaBaHe KaueCTBOTO Ha OOCIYy>KBaHE C OrJie/l HEAOMyCKaHe MpoMaJaHus Ha Bpb3KaTa
MCKIY BB3JIUTEC.
e J[loBuinaBaHe Ha IMPOAYKTUBHOCTTA HA MpEXKaTa C LIC]I HaMaJIsIBAHC BPEMC3aKbCHCHUATA.
e [loBummasaune Ha IpOoIyCKaTeCIIHATA CHOCO6HOCT Ha KOMYHUKAalIUOHHHUTC KaHaJIH.
® AHaJ'II/I3I/IpaHe Ha HeO6XO,Z[I/IMOCTTa oT ,Z[O6aB${He Wi TIIpoMsHa Ha OIPCACIICHUTC
aHTepHaTI/IBHI/I II'bTHUIIIA HA MpencaTa.
e [lonoOpsiBaHe TOYHOCTTa Ha AJIrOpPUTbMAa 3a ONPEICNIIHE Ha BpPEME3aKbCHEHUSTA MpPU
BBBCKAAHC HAa B3AUMHO3aMCHACMH KOMYHHUKAIIUOHHU BPB3KU.

ABmopegpepamu na oucepmayuu 2 (2014) 20-54



52

Kpacumup Amumutpos Tpuukos

IMyonukanumn, CBbpP3aHM C JUCEPTANUITA

1.

Krasimir Trichkov, Elisaveta Trichkova, Elena Ivanova. Application Aspects of Web
Services. E-learning Conference’07, Istanbul, Turkey, 27-28 August, 2007, ISBN: 978-975-
6437-75-9, p. 167-171.

Krasimir Trichkov, Elisaveta Trichkova, Elena Ivanova. Integrated Information System
Based on Web Services. International Conference on Computer Systems and Technologies
- CompSysTech'2007, Rousse, Bulgaria, 14-15 June, 2007, ISBN: 978-954-9641-50-9,
[IA.16-1 —IILA.16.5.

. Trichkov Kr. Distributed Searching in Global Network. Preprints of the International IFAC

Workshop DECOM-TT 2004, Automatic Systems for Building the Infrastructure in
Developing Countries, Regional and Global Aspects, October 3-5, 2004, Bansko, Bulgaria,
p.235-238, ISBN 954-9641-41-4

. Trichkov Kr. Standardization Approach for Information Retrieval in WAN. Proceedings of

the International Conference of Computer Systems and Technologies (e-learning),
CompSysTech, 2004, Rousse, Bulgaria, 17-18 June, p.I11B.6-1-I11B.6-6

. Trichkova E., K.Trichkov, Network management systems and security management in web

services. MexayHapoiaHa HaydHa KoHgepeHius "MHpopmaTtika B HaydyHOTO MO3HAHUE
2008", 26-28 ronu 2008 1., Bapna, bearapus, ISSN 1313-4345, p.194-204.

. Trichkov K., Elisaveta Trichkova, Modeling and Execution on Web Services in the Web

Information Systems, National Scientific Conference "Mathematics, Informatics and
Computer Sciences"- St. Cyril and St. Methodius University of Veliko Tarnovo, Veliko
Tarnovo, Bulgaria, 12-13 May, 2006, 184-189.

Enena MBanosa, Togop Crounos, Kpacumup Tpuukos, Enucasera Tpuukosa. 3amura Ha
Web yciyru B miobamau Mpexku. Kondepenuuss Apromaruka um Wudopmaruka’07, 3-6
Oxromspu 2007, ISSN 1313-1850, cTp. VI-35 — VI-38.

Enena Manosa, Togop Crounos, Kpacumup Tpuuxos, EnncaBera Tpuukosa, CbBpeMeHHI
MHGOPMALMOHHU pelleHnss Ha Web yciyru B o0aaHu MpeKd B UHTEPEC HAa CUTYPHOCTTA.
Hayuna momapmikka Ha TpaHcopMmamusTa Ha CEKTOpa 3a CHUTYPHOCT, AKaIeMUIHO
U3AATENCTBO ,, pod. Mapun Jpunos” - BAH, 2006, Codus, ct. 172-183. ISBN-10: 954-
322-175-8, ISBN-13: 978-954-322-175-2, ISBN-10: 954-91827-2-X, ISBN-13: 978-954-
91872-2-9.

Hay‘-lHOI/I3C.TIe)IOBaTeJICKI/I IMPOEKTHN
HN3cnenBanusara B AUCCPTAlMOHHUA TpyAd Ca 4YaCT OT NOJNYYCHHUTC PE3YJITATU HaA CICAHUTC
HAaYyYHOU3CJICAOBATCIICKH IMPOCKTH:

1.

MexnayHaponeH mpoekT 1o 6-tra PamkoBa mnporpama Ha EBpomneiickata komucwus,
WNudopmanmonno obmectBo. Project EC FP6, program IST No. 027178 “Virtual Internet
Service Provider VISP”

JloroBop 3a oTHmyckaHe Ha (pMHAHCOBA MOJAKpENa 3a MPOEKT 3a MOOWMIHOCT IO CEKTOpHA
nporpama ,,Jleonapno na Bunun”. Ilporpama ,,Yuene npes uenus xusor”. 2008-1-BG1-
LEOO03-00374. Tema ,,O0MsiHa Ha ONMWUT 3a WHOBAIIMOHHU TMPHUJIOKEHHUS HA PEIICHUS 3a
€JIEKTPOHHO O0y4YeHHe” .

MexyHapolieH HpoekT mo mnporpama ,,O0yueHue mpe3 uenus xuBor” - EPACMYVYC.
Horosop ¢ EBponelickara komucus: 142399-LLP-1-2008-1-BG-ERASMUS-ENW Ha Tema:
,ETN Teaching, Research, Innovation in Computing Education”.

The thematic Network Teaching, Research and Innovation in Computing Education - TRICE
is established in accordance with the ERASMUS Programme of the EUROPEAN
COMMISION.

EBpomneiicku Counanen ®onzg 2007-2013 I Ilporpama "Pa3sutue Ha Hosewmkure Pecypen”
. Ilonkpena Ha TBOPYECKOTO Pa3BUTHE HA JOKTOPAHTH, NOCT-IOKTOPAHTH U MJIAJU YUEHU B
obmacrra Ha KoMIIOTEpHUTE Hayku, BG 051P0O001-3.3.04/13.

ABmopegpepamu na oucepmayuu 2 (2014) 20-54



[Ipoekt 4D-02-87/7.3.2008 ,,UuTerpupane Ha GPS pyHKIIMOHAIHOCTH B MHPOPMAIIHOHHA
CUCTEMa 3a ONTUMHU3UPAHE HAa MEXTYBEIOMCTBEHH YIIPABICHCKHU IEHHOCTH C MPHIOKEHHUE
3a KOOpJAWHUpaHE Ha CHEIUAIN3UpaHu CiIyxou’ KbM M3mbaHuTenHa areHuus 3a
HachpYyaBaHE HA MAJIKUTE U CPEIHU MPEANPUATUS - MUHUCTEPCTBO HA MPOMUIIIEHOCTTA.

budauorpagusn

1.

11.

12.

13.

14.

15.

16.

17.

18.

CrownoB T. Excnepumentanna WAN u LAN Mmpexa 3a MozenupaHe M ONTHUMH3ALMs Ha
tpaduk. COopHuk pnokimanu, HanuoHamHa KOHQEpPEHIUs ¢ MEKIYHAPOIHO YYacTHe
"Kommiorepau cuctemu 1 TexHoaoruu KomnCucTex'20007, 22-23 rouu 2000, Codus. ctp.
IV-4.1-1V-4.5.

Deo N., Pang C.Y., ‘‘Shortest Path Algorithms: Taxonomy and Annotation,”” Networks 14
pp., 275-323 (1984).

. Carlos J., M.Papageorgiou, C.Schaffner. Integrated Optimal routing and congestion control

in packet-switched network. IFAC Symposium Large Scale Systems: Theory and
Applications, Aug.23-25, 1992, Beijing China, Vol.1, p.59-64.

. Crounos T. OnTtumu3anus Ha JocThlla A0 OOL] KOMyHHKAallMOHEH KaHail. HarnuonanHa

KoH(pepeHMsa 1o ABTomMatuka M HH(popMmaTuka'98.  COopHHMK noknagu. Cumnosuym
"IIpobaemu na ungopmayuonnume mexuonoeuu”, Tom 1, Codus , 20-23 oxTomBpu 1998,
cTp. 9-12.

. HakoB O., P. Tpudonos, I'. Tloros, I1. Baukos, C. Mano:nos, P. MommmHos. MpexoBa u

HpopmannonHa curypHocT. Codus, Uzn. “Asanrapn I[Ipuma” — 2013, 367 ctp. ISBN 978-
619-160-183-7.

Castro J., N.Nabona. Nonlinear multicommodity network flows through primal partitioning
and comparison with allternative methods. IFIP Conference on Systems Modeling and
Optimization, Compiegne, France 5-9 July 1993,p.875-887.

. Kirov G., Soft computing models for network routing, International Conference

“Automatics and Informatics’2002”, Sofia, Bulgaria, November 5-7.

Chen Z., T. Berger. Performance analysis of random routing algorithm for n-D connected
networks. , TENCON’93 | Beijing, China, october 19-21 1993,p.233-236.

Huitema Chr. Routing in the Internet. Prentice Hall, New Jersey, 1995, 319 p.

. Pitsillides A., J.F.Lambert, R.E.Warfield. A hierarhical control approach for broadband

ISDN Communication networks. 13 IFAC Congress 1993, Sidney, Australia, vol.7, p.223-
226.

Woo, S. H.,Yang S.B., An improved network clustering method for I/O-efficient query
processing. In ACM-GIS, pages 62—68, 2000.

Shekhar S., Liu D.R., CCAM: A connectivity-clustered access method for networks and
network computations. IEEE Trans. Knowl. Data Eng., 9(1):102—-119, 1997.

Jiang B., I/O-efficiency of shortest path algorithms: An analysis. In ICDE, pages 12—19,
1992.

Tipper D., M. Sundareshan. Numerical Methods for Modeling Computer Networks under
Nonstationary Conditions. IEEE Journal on selected area in communications, vol.8, N9,
1990, p.1682-1695.

Jing N., Huang Y.W., Rundensteiner E. A., Hierarchicaloptimization of optimal path finding
for transportation applications. In CIKM, pages 261-268, 1996.

Kimura T. Approximations for the waiting time in the GI/G/S queue. Journal of the
O.R.Society of Japan, 34, 1992, 2(June), p.173-186.

G. Spasov, “Future Internet Technology”, Journal Automatics & Informatics, Year XLIII, Ne
3/2009, pp. 11-15, ISSN 0861-7562.

Crounos T. Ilpo6nemu npu excriepuMeHTHpaneTo B KoMmioThpHH WAN u LAN mpexwu.
Mexnaynaponna Kondepennus "ABtomatnka u uHpopmatuka '2000", 24-26 oxTOMBpH
2000, Coopuuk moxnaau, T.1, Cummno3znym KoMIIOTBpHH M KOMYHHKAllUOHHU CHUCTEMHU B

ABmopegpepamu na oucepmayuu 2 (2014) 20-54



54

Kpacumup Amumutpos Tpuukos

NPUWIOXKEHUsT C TOBHUIIEHa OTroBopHOCT. Cummnosumym HWHPOpMAMOHHM TEXHOJIOTHH.
Codus, cTp.5-7.

19. HakoB O., P. Tpudonos, I'. Tlonos, I1. Baukos, C. Mano:nos, P. NommmHos. MpexoBa u
HpopmannonHa curypHocT. Codus, Uzn. “Asanrapn I[Ipuma” — 2013, 367 ctp. ISBN 978-
619-160-183-7.

20. Ling S.T., Furuno K., Tezuka Y., Optimal Path in Networks with Time-Varying Traverse
Time and Expenses Branches, Technological Reports of Osaka University, Japan (1972).

21. Dochev, D., Yoshinov, R. Pavlov. (2000) An Open Distributed Computer Environment for
Educational Telematics, in Proceedings of the EDEN Fourth Open Classroom Conference,
Barcelona, Spain, November 19-21, pp.247-252.

23. E.W. Dijkstra, A note on two papers in connection with graphs, Numeriske Mathematics 1
(1959) 269-271.

24. R.W. Floyd, Algorithm 97: Shortest paths, Communications of the ACM 5 (1962) 345.

78. Even S., Graph Algorithms, Computer Science Press, New York (1979).

82. I'pomuunkuit  B.C. Mertonst ontumusanuu, Kypc nekmuit, ['ocymapcTBeHHoe
oOpasoBaTenbHOe YUPEIKIACHUE BBICIIIETO npopeCCUOHATHLHOTO o0pa3oBaHus
«Hmwxkeropoackuii  rocyaapcTBeHHbIH — yHUBepcuteT uM. H.M.  JloGaueBckoroy,
OxoHomuueckuit (axynbrer, Kadeapa skoHomuueckoit mnpopmaruku, YK 65.012.122
(075.8) BBK YB6s173 I" 87

105. N. Kakanakov, E. Kostadinova, G. Spasov, “Using SNMP for Remote Measurement
and Automation”, Proc. Conf. Electronics ET07, 20-22 Sept 2007, Book 2, pp. 85-90,
ISBN: 1313-1842.

117. JI. P. ®opa, . P. dankepcon, [lotoku ¢ cersix, UznarenscTBo ,,Mup*“, Mocksa,
1966.

118. JI. C. JIacoon, Ontumu3zanus Oonbmux cucteMm, MzmarensctBo ,,Hayka®, Mocksa,
1975.

119. CrounoB T. HeureparuBHa koopauHauus B HepapXUYHU CUCTEMH. AKaJEMHUYHO
m3narenctso Ha BAH, "IIpod.M./Ipuno", Codus, 1998, cTp.272

120. . Mnanenos, K. CrounoBa, T.CrounoB. Teopuss u IpakTHKa Ha HEpapXUUHUTE
cuctemu. M3narenctBo Ha bearapckara akagemust Ha Haykute, Codus, 1989.

121. Stoilova K., T. Stoilov, R. Yoshinov. Predictive Coordination in Two Level

Hierarchical Systems. WSEAS Transaction of Mathematics. Issue 3, Volume 3, July 2004.
p.631-636.

ABmopegpepamu na oucepmayuu 2 (2014) 20-54



ADSUAGISTOi DISSextations

Number 2, 2014

INSTITUTE OF INFORMATION AND COMMUNICATION TECHNOLOGIES
BULGARIAN ACADEMY OF SCIENCES

E'bﬂl' ﬂPCKﬁ ﬁKA}JEMHFI HA HAYKHTE

ABmonedienanvinaroveenTaumy




	Slide1.JPG
	2-ра страница - абстракти.pdf
	Slide2.JPG
	K.Trichkov_avtoreferat_EN.pdf
	Slide3.JPG
	K.Trichkov_avtoreferat_BG.pdf
	Slide4.JPG

