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SYNTHESIS OF LOCAL AREA NETWORK STRUCTURE IN UNCERTAIN CONDITIONS OF INITIAL
INFORMATION

The problem of taking into account the uncertainty of the initial information is identified in the tasks of the structure synthesis of local area networks.
The analysis of the factors generating uncertainty is carried out, the sources of uncertainty are singled out and the approaches to formalization and
research of uncertainty are systematized. Probabilistic-statistical, interval, fuzzy and deterministic approaches were reviewed, as well as statistical,
subjective, logical interpretations of probability and stochastic description, concept of interval-probabilistic approach, continuously determined and
discretely determined models. The formulation of the problem was formed and it was proposed to apply the theory of fuzzy sets to formalize and study
an uncertainty in synthesizing the structure of the local computing network, the main elements of which are user points, the centers of processing of the
information, switching devices and communication channels. The implementation of information and computing works which sources are subscriber
points, is assigned to the centers of information processing. It is assumed the popularity of volumes of information and computing works and geographical
coordinates of the location of network elements. A model for a research problem based on a cost criterion has been developed. Cost parameters are
divided into well-defined and having an uncertain nature. Fuzzy parameters are proposed to describe the membership functions of the form
"approximately equal” or "is approximately in the interval". Restrictions on technical capabilities of information processing centers, switching devices,
traffic in communication channels are singled out. The technology of model research based on the idea of solving the problems of linear programming
in fuzzy statement is proposed. The technology provides the decision maker with information about the network structure, its cost and the level of
ownership of the solution. The results of the work can be used in the analysis of approaches to solving problems of structural-topological synthesis of
local area networks, design, development and implementation of appropriate software solutions.

Keywords: local area network, uncertainty, probabilistic and statistical approaches, interval approach, fuzzy approach, deterministic approaches,
structure synthesis, model, fuzzy cost criteria, research technology
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CHUHTE3 CTPYKTYPH JIOKAJIbHOI OBYACJTIIOBAJIBHOI MEPEKI B YMOBAX
HEBU3HAYEHOCTI BUXITHOI IH®OPMAIIIL

InenTudikoBana npobiiemMa BpaXyBaHHsS HEBH3HAYCHOCTI BUXiaHOI iH(OpMaLil B 3amadax CHHTE3y CTPYKTYPH JOKATbHUX OOYHCIIOBAIBHIX MEPEXK.
TIpoBeneHo aHamiz (HakTopiB, IO MOPOKYIOTh HEBU3HAYCHICTh, BUAICHI /PKepelia HEBU3HAUCHOCTI 1 CHCTEMATH30BaHI Miaxoau o (opmaiszamii i
JIOCITI[DKEHHST HeBU3HAYCHOCTI. PO3IIIHYTI #IMOBIpHICHO-CTATHCTUYHHHN, IHTEPBAILHUMN, HEUITKHI 1 AETEPMiHOBAHHHN IMiIXO/IH, @ TAKOXK CTATUCTHYHA,
Cy0'eKTHBHA, JIOTiYHA IHTEPIPETALliss WMOBIPHOCTI 1 CTOXaCTHYHHI OITHC, KOHLEIILis 1HTePBaIbHO-HMOBIPHICHOTO MiAXO/Y, MOIENIb Oe3rnepepBHO-
JIeTepMiHOBaHa 1 JUCKpETHO-AeTepMiHOBaHa. C(OpMyYIIbOBAHO MMOCTAHOBKY 3aj]ayi i 3alpOIOHOBAHO 3aCTOCOBYBATH TEOPIH0 HEYITKUX MHOKHH JIO
(dopmanizaii i JocIiKEHHS HEBU3HAYESHOCTI IPU CHHTE31 CTPYKTYPH JIOKAJIbHOI 00UMCITIOBATIBHOT MEPEXKi, OCHOBHUMH €IEMEHTAMHU K0T € a0OHEHTChHKI
MYHKTH, IEHTPH 00poOKH iH(OpMaIIil, KOMyTAIiiHI IPUIaIH Ta KaHAIM 3B'S13KY. BukoHaHHs iHQOpMaIiiiHo-009HCIIOBATEHEX POOIT, KEPETaMi SIKHX
€ abOHEHTCHKI IyHKTH, MOKJIa/IeHO Ha eHTpH 00pobku iHdopmanii. [TpumyckaeTses, mo obcsarn indopmaniiiHo-064nCIOBaTBHAX PoOiT i reorpadivHi
KOOPJMHATU PO3TAIlyBaHHs €JIEMEHTIB Mepexi € Bimomumu. Po3pobieHo Mozenb 3agayi AOCIIDKEHHS Ha OCHOBI KpuTepilo BaprocTi. [TapameTpu
BapTOCTI PO3JUICHI HA YiTKO 3aJlaHi i Ti, 110 MalOTh HEBU3HAYEHY NMpupoay. HewiTki mapameTpu 3alporOHOBAHO OMUCYBATH (YHKILISIMH HAJIEKHOCTI
BUIy "MpuONM3HO nopiBHIOE" abo "3HaxomuThes MpuOIM3HO B iHTepBami'. BuuineHo OOMEXEHHS Ha TEXHIYHI MOXIMBOCTI IEHTPiB 00pOOKH
iH(popMmarlii, KomyTaniiHUX npuIaaiB, Tpadik B KaHaIaX 3B'13Ky. 3alpONOHOBAHO TEXHOJOTIIO TOCHIIPKEHHS MOJIENI, sIKa 3aCHOBAHA Ha i/ei BUPILIEHHS
3aJ1a4 JIiHIFHOTO MporpaMyBaHHs B HEUYITKOT MOCTaHOBII. TexHomoris 3abe3neuye ocoly, sika npuiiMae pilieHHs, iHGopMari€elo Mpo CTPYKTypy Mepexi,
i BapTiCTh Ta PiBEHb MPHHAIEKHOCTI pileHHs. Pe3ynbrati po60TH MOKYTh OyTH BUKOPHCTaHI MPH aHAMi31 MiXO0iB 10 BUPIIIEHHS 33]1a4 CTPYKTYPHO-
TOMOJIOTTYHOT'O CUHTE3Y JIOKAJTBHUX 00UMCITIOBAIbHUX MEPEXK, MPOSKTYBAHHI, pO3po0IIi Ta BIPOBA/UKEHHI BiIMOBIIHUX IPOTPAMHUX PIllICHb.

KuarouoBi ciioBa: jiokanpHa 00YMCIIOBAJIbHA Mepeka, HEBH3HAUEHICTh, WMOBIPHICHO-CTATUCTUYHI MiJIXOH, IHTEPBATBHUNA MiAXiJ, HEUiTKUH
IIIX1, TeTepMiHOBaHI MiIXOH, CHHTE3 CTPYKTYPH, MOJIENb, HEiTKHIl KpUTEepiil BAPTOCTI, TEXHOJIOTIS JOCIIIKESHHS

A.A. MULIIEHKO, B. 10. BOJIOBHIUKOB, B. ®. LIAIIO, M. A. TPHUHYEHKO

CHUHTE3 CTPYKTYPbI JIOKAJBHOM BEIYMCJIUTEJIBHOM CETH B YCJIOBUSX
HEOIPEJAEJEHHOCTH UCXOJHOM HH®OPMAIIUM

VnenTndumpopana npodiema ydaeTra HeolpeaeeHHOCTH HCXOTHOW HH(OPMAILIHH B 331a4aX CHHTE3a CTPYKTYPhI JIOKAJIbHBIX BEIYUCIUTEIBHBIX CETEH.
IpoBesieH aHamu3 (HaKTOPOB, MOPOXKIAIOMINX HEOIPEICTCHHOCT, BBIICICHB MCTOYHHKHM HEONMPEIENCHHOCTH M IMOAXOAbI K (hopMaan3aluu u
HCCIICZIOBAHUIO HEOIPEICICHHOCTH. PacCMOTPEHBI BEpPOSTHOCTHO-CTATHCTHYECKUH, MHTEPBAIbHBIM, HEUSTKU U JACTCPMUHUPOBAHHBIN ITOJAXOMIBI, a
TAKOKe CTATHCTHYECKAs, CyOBEKTHBHAs, JIOTMYECKash WHTEPIpEeTalds BEPOSITHOCTH M CTOXACTHYECKOE OIMCAHWE, KOHLENIUs HHTePBAJIBHO-
BEPOSITHOCTHOTO MO/IX0/1a, MOJE/Ib HEMPEpPhIBHO-ACTEPMUHUPOBAHHAS M AUCKPETHO-AeTepMuHIpoBaHHas. CHopMyIHpoBaHa MOCTAHOBKA 331a4d H
MPETIOKCHO MPUMEHSTh TCOPUIO HEYETKUX MHOXKECTB K (JOPMAIM3AIMH M HCCICJOBAHUIO HEOMPEACICHHOCTH IPU CHHTE3€ CTPYKTYPHI JIOKAIBHOI
BBEIYUCIIMTEIBHON CETH, OCHOBHBIMH JICMEHTAMH KOTOPOW SIBISIIOTCSI aOOHEHTCKHE ITyHKTBI, LIEHTPbI 00paboTKH MH(OpMamyy, KOMMYTAI[HOHHEIE
IpHOOPEl M KaHANBI CBS3M. BhIMONHEHNE HH(OPMAIMOHHO-BBIYUCIUTENBHBIX PAa0OT, MCTOYHUKAMH KOTOPBIX SIBISIFOTCS aOOHEHTCKHE IMYHKTEI,
BO3JIOXKEHO Ha IEHTPBl 00paboTku mHpopmarmu. [Ipennonaraercs, 4to 00beMbl WH()OPMAIMOHHO-BBIUMCIUTEIBHBIX Pa0dOT M reorpapuyeckue
KOOP/IMHATHI PACIOJIOKEHHS DJIEMEHTOB CETH M3BeCTHBI. Pa3paboTaHa MoOjeNb 3a1auyl UCCISOBAHHS HA OCHOBE KpHTEpHsi cToMMocTH. Ilapamerpsl
CTOMMOCTH PA3/Ie/ICHbl Ha YETKO 3aJaHHBIC M MMEIOIINE HEONpeIeIeHHY0 npupoay. Hederkue mapamMeTpsl MPEIOXKEHO OMUCHIBATE (DYHKIMSIMU
MPUHAUISKHOCTH BUAA "TPUONU3UTENLHO PaBHO" WIIM "HAXOJUTCS NMPUOIM3UTENHLHO B MHTEpBasie". BhIIENeHbl OrpaHUYeHUS HAa TEXHUYECKHE
BO3MOXXHOCTH IIGHTPOB 00paboTKH MH(pOpPMAINH, KOMMYTallHOHHBIX NMPUOOPOB, TpaduK B KaHamax CBs3U. IIpeokeHa TEXHOJOTHS MCCICIOBAHUS
MOJIENH, OCHOBaHHAsi Ha WJEC PEIICHHs 3a/1a4 JIMHEHHOTO MPOrpaMMHpPOBAHMS B HEYETKOil mocTaHoBKe. TexHomorumst oOecreduBacT JIHIIA,
MPHHAMAIOIIETO pelieHus], nHpOpMAIMEH O CTPYKType CETH, €¢ CTOMMOCTH M YPOBHE MPHHAUICKHOCTH PelICHHs. Pe3yabTaTel paboThl MOTYT OBITH
HCIIONB30BaHBl MNPH aHaIHM3e IIOJXOJ0B K PpEHICHHIO 3aJad CTPYKTYPHO-TONOJOIMYECKOTO CHHTE3a JIOKAIBHBIX BBIYUCIUTEIBHBIX CETeH,
[IPOCKTUPOBAHNH, Pa3pabOTKE U BHEAPECHNH COOTBETCTBYIOIIUX TPOrPAMMHBIX PEIICHHIL.

KiroueBble ¢J10Ba: JOKaNbHAS BHIYUCIUTEIBHAS CETh, HEONPECICHHOCTh, BEPOSTHOCTHO-CTATHCTHYECKUE MOIXO0/bI, HHTCPBAIBHBIIN TTOAXO,
HEYETKHI OJXO0JI, IETEPMUHUPOBAHHBIC TTOAXO/bI, CHHTE3 CTPYKTYPbI, MOJICIIb, HEUETKUH KPUTEPUI CTOMMOCTH, TEXHOJIOTUSI HCCIICI0OBAHUS
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Introduction. The efficiency of using computing and
peripheral equipment is increased due to the imple-
mentation of local area networks (LAN) [1].

It is necessary to go through many stages to get
benefits from using the LAN: determine the purpose,
choose the implementation option, analyze information
flows, identify data storage and processing centers, form
the structure, configure and test the LAN. One of the key
stages is the LAN structure formation. It is important to
take into account many different parameters, including
those that may have an indefinite nature. Therefore, issues
of formalization and uncertainty research are important and
relevant.

Analysis of approaches to the formulization and
study of uncertainty. We can identify factors causing
uncertainty [2]: complexity, human and environmental
factors. Then the sources of uncertainty can be divided into
three groups: the randomness of the processes under
consideration, the distortion and inaccessibility of infor-
mation about possible events and processes, and opposition
from other systems.

Systematizing [3-7], we single out approaches to
formalization and the study of uncertainty.

Probabilistic-statistical approaches. This class of ap-
proaches is based on a statistical, subjective, and logical
interpretation of probability with a stochastic description.
The statistical interpretation of probability identifies
probability with the relative frequency of a mass random
event occurrence at sufficiently long tests. In conditions of
limited experiment we are limited to selective estimates.
The reliability of the results obtained on their basis depends
on the existence of qualitative and voluminous statistical
information. In a subjective interpretation of the
probability, the probability is interpreted as the "degree of
confidence" in the value of the uncertainty factor under
consideration. The logical interpretation of probability is
associated with an attempt to validate hypotheses based on
logical considerations. Stochastic description is expedient
if uncertainty factors can be attributed to probabilistic
character and their probability density can be set.

The interval approach assumes the description of un-
certainty factors in the interval form by the range of pos-
sible values of variables or dependencies. Accordingly, the
length of the range is interpreted as a natural measure of
uncertainty. The concept of the interval-probabilistic
approach describes the available data by a set of close
probability distributions, and weakens the assumption of
statistical homogeneity of the observed events in the con-
struction of probability hypotheses.

The fuzzy approach assumes that the elements of
human thinking are not numbers, but sets, for which the
transition from "belonging™ to "non-belonging" is continu-
ous. The main features of the approach are: the use of fuzzy
and linguistic variables, the use of simple and complex
relationships.

Deterministic approaches to accounting for uncertain
factors play a significant role in the practice of creating
various systems. Input and output variables are deter-
ministic, internal connections in the system are known. It is
assumed that there is a causal relationship between the

choice of a certain alternative and the onset of a corre-
sponding outcome. Continuously deterministic and dis-
cretely deterministic models can be used to model systems.

Formulation of the problem. When building the
structure of a LAN, it is important to take into account its
constituent elements, the links between them, the presence
of information flows, and the impact of external and
internal environmental factors. This leads to the fact that
the synthesis of the LAN structure can be influenced by
uncertainty. Ignoring the accounting for uncertainty may
lead to inadequate models and the adoption of unjustified
decisions. Probabilistic-statistical, deterministic interval
and fuzzy approaches can be used to formalize and assess
uncertainties. If there is a lack of information for the
application of probabilistic models, difficulties in operation
with random variables, the ability to work with interval
values within the limits of the fuzzy approach, it is
expedient to apply the theory of fuzzy sets.

Thus, the paper proposes to consider the problem of
the synthesis of the LAN structure in the conditions of
uncertainty of the initial information, the generating factor
of which we will consider the external environment. A
fuzzy approach is applied to formalize uncertainty.

When building a LAN structure, problem statements
based on the following criteria may be relevant depending
on the performance indicator: cost, performance, reliability
[8, 9]. Since the external environment has the greatest
influence on the parameters that are independent of the
internal processes of the enterprise, attention is paid to the
cost criterion.

Among the variety of topological realizations of LAN
[10], the paper considers radial node with an arbitrary
number of levels of data switching.

Based on the ideology of the implementation and use
of LAN, we will assume that the LAN has the task of
serving the set I (i € I) subscriber stations (SS). SS are the
sources of informational computational works (ICW), the
execution of which is entrusted to the set J (j € J) of
information processing centers (PIC). The transfer of the
ICW from the SS to the PIC is performed via communi-
cation channels (CC) using the set K (k € K) of switching
devices (SD). It is assumed that the ICW volumes {h;;}, the
geographical coordinates of the SS, PIC and SD are known,
and the distance vector d = {d,,, }, where v, w € IUJUK,
v # w is defined accordingly.

Thus, the aim of the work is to develop a model for
the synthesis of the LAN structure based on the cost crite-
rion, taking into account the uncertainty of the initial data.
The development of technology for the study of the syn-
thesis model of the LAN structure is also given special
attention in the work.

Model of synthesis of LAN structure. From the
point of view of the presence in the LAN structure of the
SS, PIC, SD, each of which can be implemented by one of
the valid options s € S;, g € Q;, m € M,,, we introduce the
vector of Boolean variables x = {x;;}, y = {y,}, z=
{z;.m}, and the topology and variants of the implementation
of the CC with the type [ from the admissible set L will be
described with o = {af;}, B={Bl;}, v ={¥%} and e =
{€kn}. Moreover, let of; be a Boolean variable, which
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determines the variant of connecting the SS i to the output
of the SD k using CC [, B}(]- —PICj to the output of the SD
k using CC I, v} — PIC j to the output of the SD k using
CC L, and €},, — from SD n to SD k using CC L. o build a
LAN cost function, we define the vector of parameters a =
{ais}, c={cq}, r={nm} and w={w;}, which we
associate with the costs of using SS, PIC, SD and CC
models with various technical characteristics.

Analysis [11] showed the expediency of separating all
cost parameters into two subsets. Let the first subset form a
set of parameters that can be clearly specified a = {a;},
¢={cjq}, 7 = {rim} and w = {w}.

We associate the second subset with a set of parame-
ters, the formation of which can be influenced by the ex-
ternal environment and which can have an indefinite nature
a ={a;}, ¢ ={¢,}, ¥ = {fim} and W = {W,}. To describe
the latter, we will use the elements of the fuzzy sets theory
and put in conformity with each fuzzy parameter the
accessory function (AF) of the form "approximately equal
to" or “is approximately in the range" p(d;s), w(éq).
W(Fiem) and p(iw,).

The physical connection of the PIC j of the variant g
to the SD is possible if the PIC has active g;, network
interfaces. The maximum number of connections to the SD
SS, PIC and SD is limited by the permissible number of
ports ., of the SD k with technical characteristics m. In
order to avoid packet loss, the total traffic of the f;,, channel
(t, p) connected to the SD p must not exceed the
bandwidth ,,, of this SD. At the same time, the total
traffic of each channel (¢, p) must not exceed the band-
width of the CC b,fp when it is implemented by type [.

Therefore, the LAN structure must satisfy the fol-
lowing constraints.

Limitations on the technical capabilities of the PIC for
connecting to them the SD:

N;(vja} {9)a} i) 2 0.5 €.
Limitations on the technical capabilities of the SD to
connect to them the SS, PIC and SD:
Pk ({a%(i}7 {65(]}7 {skn}:{zkm}a {ﬁkm}) = 0’ k EK.
Limitations on traffic entering to SD:

T’% ({ﬁk}a {ka}> {ﬁkm}) 2 07 k e K
Restrictions on traffic in the CC between the SS and
SD, PIC and SD, SD and SD:

Tee (i) {0}, {bhi}) > 0.k €K, i €Iy
T (i} {viid: {Bjic}) > 0. €1, k € K;;
Tlfn({fkn}a {E;m}a {bllm}) >0,kn€K.

We define the fuzzy criterion of LAN cost, in the form
of a function F, as the algebraic sum of the function F with
clearly defined parameters and fuzzy F:

F(ax,c,y,r, z,w,apB,y.ed);
F(a.x,e,y.7,z,w,0.B,y.d).

Model research technology. The technology will be
based on the results of [12]. Then the AF of fuzzy parame-

ters can be represented as exponential functions. For ex-
ample, for @;; an AF, that provides a value equal to 1 in @,

. % \2
will take the form p(a;;) = e~(@is=@is)"/2Dis \where D;; is
a parameter of the Gaussian fuzzy value d;;. Therefore, the
AF F will have the form:

u(F) =e —(F-m(x.y,2,0,8.Y,8)" /2D (x.y.2.0.B.y.€) .

If to suppose that it is required to get such alternative,
the generalized characteristic of which as a level of
belonging of decision must be not worse than the
predetermined value 6, we equate p(F) to 6. Using
classical transformations, we get:

(F — m(x,y,z,(x,B,y,zz))2 = —2D(x,y,z,a,B,y,€)In0.
Following the optimistic scenario of the synthesis of
the LAN structure, the cost criterion F can be represented
as:
m(x,y.z,o.B,y.8) — (—2D(x,y,z,a,B,Y,£)In0) 5.
The pessimistic scenario should comply with the cost
criterion F, defined follows:

m(x,y,z,&,B,y.€) + (—2D (x.y,7,0,8,y,€)In8)**.

Then, by optimizing the obtained function F with the
limitations of the model for the synthesis of the LAN
structure, we can find an alternative (x,y,z,a,B,v,€),
providing the decision maker with information about the
network structure, its cost and the level of the decision not
worse than 6.

Conclusion. The paper deals with the problem of
formalization and the study of uncertainty. Probabilistic-
statistical, interval, fuzzy and deterministic approaches are
analyzed. The problem of the synthesis of the LAN structure in
the conditions of uncertainty of the initial information is
formulated. The model for the synthesis of the LAN structure
formalizes the uncertainty using a fuzzy approach. The model
research technology illustrates the peculiarities of solving the
problem of LAN structure synthesis in fuzzy formulation.

Further studies will focus on the analysis of approaches to
solving problems of structural-topological synthesis of LAN and
the development of appropriate software solutions.
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