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MATHEMATICAL MODEL OF OPTIMAL DISTRIBUTION OF APPLIED
PROBLEMS OF SAFETY-CRITICAL SYSTEMSOVER THE NODES
OF THE INFORMATION AND TELECOMMUNICATION NETWORK

The subject matter of the article is the processes of synthesis of the information and telecommunication network (ITN)
for solving applied problems of safety-critical systems (SCS). The goal is to develop a mathematical model for the
optimal distribution of applied tasks of safety-critical systems over the ITN nodes. The tasks to be solved are: to
formalize the procedure of distribution of applied tasks and SCS software over the ITN nodes; to develop a
mathematical model of optimal distribution in order to minimize the cost of network resources; to select an effective
algorithm for solving it. The methods used are: alternative-graph approach, mathematical optimization models, methods
for solving nonlinear integer programming problems with Boolean variables. The following results were obtained: the
task of selecting the ITN optimal structure was formulated according to the alternative-graph model of information
processing; in addition to structural characteristics, the requirements for the parameters necessary for performing
applied tasks were taken into account while constructing a mathematical model; when minimizing the cost of a
computing resource, constraints related to the capabilities for financing the development and operation of the network
are taken into account; the costs for organizing additional connections among the network nodes are considered as well.
As a result, a mathematical model of distributing SCS applied problems over the ITN environment was obtained in
order to minimize the total costs of computing resource, data transmission, network setting and maintenance. This
model is a non-linear integer programming problem with Boolean variables. Taking into account the specific nature of
the objective function and model constraints with the use of pseudo-Boolean functions, the original task is reduced to a
linear form. The obtained model represents the canonical form of the linear optimizing problem of large-dimensional
Boolean programming, for which the method of the recession vector is effective. Conclusions. The scientific novelty of
the results obtained is as follows: 1) the optimization model of distributing applied tasks over the nodes of the computer
network was improved by defining the objective function in order to minimize the costs of both computational and data
transmission and the constraints caused by the requirements for the technical and information structure of the network;
2) methods for solving the problems of optimizing the ITN structure on the basis of models of nonlinear Boolean
programming by transforming the initial task into a linear form and applying the recession vector method was further
developed, which makes obtaining a quasi-optimal solution of the problem in the context of large dimension possible.

Keywords: information and telecommunication network; applied problems; optimal distribution; cost minimization;
nonlinear model; Boolean variables.

nodes of ITN should be solved [1]. Requirements for
efficiency, reliability, continuity and completeness of
information should be ensured.

Introduction

High-quality information and telecommunications

processes should be provided so that safety-critical
systems (SCS), which belong to complex distributed
systems, can operate. In the context of continuously
improving concepts of developing information and
telecommunication networks (ITN) and new network
technologies there is a tendency of their "convergence",
i.e. integration into more complex structures and
technologies. Due to the heterogeneity and inequality of
hardware and software, there is an interpenetration of
information and software environments that are
different in origin and principles of operation. While
developing distributed and local information and
telecommunication networks there is a number of
unresolved tasks that is a complex scientific and
technical problem.

Problem analysis
and task setting

The development of a reliable and efficient ITN on
the basis of available hardware and software is very
important. At the same time, the problem of distribution
of applied tasks and SCS special software over the

The literature review [2—5] showed that the
heterogeneity and convergence of the network are not
taken into consideration in existing approaches to the
distribution of applied tasks of complex systems over
ITN nodes. Besides, the main index of ITN performance
is data timeliness. Little attention is paid to the problem
of minimizing the total costs of network resources [6].

Mathematical models based on the use of results of
graph theory and queuing theory [2] do not take into
account the dependence of the characteristics of the
network structure on the parameters of applied tasks that
are solved in a networked environment, which leads to
the loss of accuracy in the results of modelling.

Therefore, the goal of this article is to develop a
mathematical model for the optimal distribution of
applied tasks of safety-critical systems (SCS) over ITN
nodes, based on minimizing the cost of network
resources. Taking into account the fact that the task is
characterized by a large dimension (due to a large
number of applied tasks, program modules and nodes of
a distributed network), an effective algorithm of its
solution should be selected.
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Problem solution

When developing the functional structure of the
ITN of a distributed system, it is necessary to solve the
following problem [5, 9, 10]: to distribute the applied
tasks and SCS software modules over the network nodes
taking into consideration the network technical structure
(as a set of nodes and the links among them). The
synthesis of the ITN structure is closely related to the
task of optimizing its efficiency in terms of minimizing
the costs of network resources [11].

Thus, it is necessary to develop a mathematical
model that enables solving the task of selecting:

— variants of performing various types of applied
tasks of the distributed system;

- variants of the ITN development in view of
mapping a set of applied SCS tasks and software for
their implementation at a number of interconnected ITN
nodes, optimal in the context of the cost minimization
criterion.

Alternative-graph model of information processing
is the basis for describing the process of synthesizing
the ITN structure and software [12].

The tasks of the SCS information and
communication support are solved with the help of a set
of system and application software. Let us define graph
Gp=(P,I'p) for a number of applied tasks

P={pk},k=1,_l, and I'p that is a set of arcs
representing the interrelations among them.

To implement the information and
telecommunication tasks, the ITN technical structure
was developed. Let us define graph G, =(U,[;) that
describes the structure of the ITN nodes,
U={ut},c=1d is a set

corresponding to the nodes of the network, /7, is a set

where

of graph vertices

of arcs representing the system of nodes commutation.

It is necessary to assign the applied SCS tasks to
the nodes of the network taking into account special
software and channels of information interaction. The
result can be represented as a mutual mapping of the
following sets: Gp <> Gy; are the options for assigning

application tasks to the network nodes.

The considered sets of elements of graph structures
P and U have large dimensions and include applied
tasks, software, hardware, means of communication,
etc. Subsets of homogeneous objects are distinguished
at each set. Each stage can be considered as a separate
element of the structure for performing tasks that consist
of several stages and are performed at the different
nodes of the ITN in a homogeneous software
environment, each stage can be considered to be a
separate element of the set. To establish the
correspondence, it is necessary to know the set of
required properties of the structure and to select such an
option among the set of admissible ones that will ensure
the achievement of these properties in the context of the
given criterion of optimality.

Let us define matrix X = ||ka || with  the

dimensions of /xd , where

{is 1 if task k is completed at node c;
Xk =

otherwise is 0.

Since each applied task is solved only at one node
of the network,

d _
D X =Lk=11. )
c=l1

For the subset of tasks P'c P that are solved only
at certain nodes of the system, let us define the matrix

A= "“kc” with the dimensions of /xd :

is 1 if the node admits
the solution of task &; 2)

otherwise is 0.

e =

The equation (2) results in

I d
Z Zakcxkc =1/ . (3)

k=lc=1

In addition to the structural characteristics, let us
take into account the requirements to the parameters for
performing the applied tasks, in particular, the
constraints on the permissible tasks performance time at
specific nodes of the network. Let us introduce matrix

T = "tkc || with the dimensions of /xd , whose element
t;. represents the duration that is not greater than the

time necessary for performing the k™ task at the c"
node. If in vector

dop _ | dop
T =i

element tZOp denotes the time limit for performing the
k™ task, then

d —
> texpe L7 k=11 (4)
c=l1
Let us define the cost matrix of the network
processor time Z = ||sz || with the dimensions of /xd ,
where z;. represents the processor time spent for

performing the k™ task at the ¢ node. In this case, the
total network processor time spent is

I d
D zpexpe =2

k=lc=1

Let us select the subset of tasks P, < P whose
input data should be entered only from a certain
network node, and the task can be performed at another
node. While data transmitting, there happens the
network computational burden. To describe these costs,

let us introduce matrix V' = "ch " with the dimensions of

Ixd whose element v,

computing resource for transmitting the information unit

represents the cost of the
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of the applied level from node ¢ to node j. Note that if
c=j ,then v;=0.

Matrix B = ”bkc || with the dimensions of /xd for

tasks p, € P, describes the amount of input

information from nodes c. In the case, if py« ¢ P, or

Pr* €
is not entered, byx;x=0. Then the total cost of the

P,, but the information from node j* (j*eU)

computing resource for transmitting the input
information (denoted as z';,. ) from task py to node u.is:

d — —
Zbki*vci* =Z’kc,k=1,l,c=1,d.
o

Note that:

a) ppeP,, z;.=0,c=1,

b) p, €P,, z,.=0 when b, =0,c# j*

When the k™ task is completed, the transmitted
data is distributed over the network nodes that make up

subset U,;, cU. Let us introduce matrix B' =||b ke ||

with the dimensions of /xd, whose element by,
denotes the amounts of information of the applied level
obtained after its solution that is transmitted by the k™
task to the ¢ node of the network.

Since set U consists of elementary units, the
computing facilities at the nodes of the network make
only one-program mode possible. A real network node
will be subset of U; eU, whose power is at least 1.
Then the total costs for the distribution of information
of the i" task over the nodes will be:

d
kacb’kc = Zk,k =l,l .

c=l1

Let us introduce matrix B"=||b"km|| with the

dimensions of /x/, whose element b",,, is equal to the
number of information units of the applied level
transmitted from task p; to task p, . If b",, =0,
while performing the task the information for the task is
not transmitted. In this case, the amount of information
transmitted for the k™ task at the ¢ node will be:

[ d J—
Z Z b"cc* b"kk* Xpxex = Z"kc’k = 1,1,0 = l,d .

k*=1c*=1

Now let us take into account the cost resources for
the ITN development and operation. When minimizing
the cost of a computing resource, constraints related to
the financing capabilities for the development and
operation of the network are considered. If the amount
of expenses for hardware at the nodes should not exceed

amount F? , the constraint will be:
I d
Zchpxkc <FP, (5)
k=lc=1

where [/ is the cost for re-equipment or installation of
the ¢™ node.

Let the amount sum that does not exceed F“ be
given for the ITN operation for a certain period of time.
Consequently,

ZZfC”xkc <F", (6)

where f,' is the cost of technical operation of unit c.

Thus, the total costs will be F = FP +F" |

fo=fP+fle=1d
After summing (5) and (6)

[ d
>3 fo X SF is obtained. (7
k=lc=1

When developing a mathematical model, the costs
for organizing additional connections among different
nodes of the network should be taken into consideration.
When the nodes are significantly removed from one
another the costs for technical operation of the
communication line should be considered as well. Let

Z' be maximum allowable one-off costs for the
communication among nodes, Z'(z) is the upper limit

of the cost for maintaining communication for a certain
period of time t, then the total costs are:

Z=7"+7"(r).

Let’s denote the costs for the organization and
operation of communication between nodes ¢ and ; as

zij . Then the costs for the node c are:

/
Z xkc —Z

T [\/]&

In this case, the total costs must satisfy the constraint

d d 1
ZZZZéjxkc <Z. (8)

c=1 j=lk=1

The costs at the ¢ node of the network for solving
problem Z,. consist of direct costs of computing

resources for its solution summed up with the costs for
receiving and transmitting data while preparing for
performing, while performing the task, and after
performing. They are defined by the expression:

Zhe =2kt 2+ 2 ket 2 e T Zpe t

d d I d
+Z vk/b’k/ + Z bkl*vq* + Z Z b"cc* b"kk* Xk .
=1 J*=l k*=1c*=1
J#c J¥#c

Let us develop a mathematical model, according to
which the total costs for solving the k™ problem at node

Z, P and U are

. over all the elements of sets

minimized:
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d
Zhe + D gDk +Veibig ) +

I d 1
> Xje —min,  (9)
k=lc=1
¢ + Z Z b"cc* b"kk* Xk
k*=1c*=1

taking into account the system of constraints (1), (3),
(4), (7) and (8).

As a result, a mathematical model for distributing
SCS applied tasks in the ITN environment is obtained;
while performing it, the task of minimizing the total
costs of the computing resource, data transmission,
network settings and maintenance should be solved.
This mathematical model is a non-linear integer
programming problem with Boolean variables of
dimension

R=Ild+2d+1.

The constraints in the model are linear, and in the
objective function the fourth augends is nonlinear. Such
problems are solved basically by the search method[13].
However, the complexity of the method increases
exponentially when the problem dimension increases.
To reduce the computational complexity of the method
of its solution, an algorithm that has a polynomial
complexity should be selected, i.e. the model should be
considered as P-task whose performance time depends
on its dimension in the following way:

t(n)=f(nr),

where 7 is a polynomial factor, and a is the problem
dimension.

Taking into account the specific nature of the
objective function and the constraints of the model (9),
pseudo-Boolean functions should be used and the initial
task should be reduced to a linear form. However, that
will lead to a significant increase in the number of
variables and constraints, the problem dimension will
become equal to

R=(ld+1)* +1(d+2)+2.

However, under real-life conditions, a number of
non-zero elements of a simplex table of a transformed
mathematical model is not great for applied tasks that
are solved at the ITN nodes.

So, for the considered problem, the dimension
does not increase significantly, and therefore, the
objective function (9) should be reduced to the linear P-
task if the computational complexity of the algorithm
for its solution decreases. Let us replace the nonlinear
factor that is the last augends in expression (9):

Xk Xke = Vid*ec* -
Then the objective function is:

[ d
> Z{ch + 2, (b + "cibki)}xkc +

k=lc=1 j=1

/ d
+ Z Z b"cc* b"kk* YVik*ect min
k,k*=1c,c*=1

and two more types of inequalities will be added to the
initial constraint system:

Xpe T Xjoxese — 2ykk*cc* > O,
Xie T Xjxex = Vigekee* < 1,
X € {0,1},ykk*cc* € {0,1},k =1,_l,c =1,_d .

Let us reduce this problem to the canonical form.
To do this, the following variables are determined
(e=re’, c’=l,d+l):

£ - Xe» Whene=1(k-1)+c,
© | Vpreer> when e = Id + kk * cc*;

d
ch + Z (vk/b’k/ +quk/), When e = l(k —1)+C;
J=1
e=Y1 1 4
Z Z b" . oxb" i+, when e =Id +kk* cc*,
k,k*=1c,c*=1
0, when [c’ <d, c'k<e< (c’—l)}
or [¢'=d+1, e>kd];
ac'e = ' 1 '
1, when [c <d, (¢-1)l+1<I<c¢ l};
a., when [c’=d+1, e=d(k—1)+c},
0, when [c's d+2,c'd<e< d(c'—l)};
lye» when [c'<d, d(c'-1)+1<e<c'd];
a'vo =9 fre» When [¢'=d +1, e<ld];
Z;’,leéj, when [¢'=d +2, e<Id];
a "ppreer, When e>d,
where a"jx.+ are coefficients of additional
constraints.
Let us also define the variables
L, if ¢'<d;
€' = .
d, if ¢=d+1;
Tjs ecmn j< d,;
e; =<
7| B, ecmn >,
where T and ﬂj are free members of additional
constraints.

Then the linear model of assigning the applied
SCS tasks to the ITN nodes in order to minimize total
costs is reduced to finding the values of wvector

(&,.-0,.br) . that provide a minimum of the
objective function




Advanced Information Systems. 2017. Vol. 1, No. 2

ISSN 2522-9052

Chin = 2_7ebe » (10)
e=1
and satisfying the constraint system:
o
D' by =eoc'=1d+1;
e=1
. _
Ze=la./‘e§e_e/’]=l’ ’ (11)

The mathematical model (10), (11) represents the
canonical form of the linear optimization problem of large-
dimensional Boolean programming; there are a large
number of methods and algorithms for solving it [14]:

- cutting-plane methods;

- branches and bounds method;

- methods for sequential analysis of options;

- additive methods;

- approximate methods of local optimization;

- lexicographical methods.

The method of the recession vector is relative to
approximate methods of local optimization of discrete
programming problems. It enables finding the optimal
solution by narrowing the local open neighborhoods of
the initial approximation in the direction of decreasing
the values of the specially formed vector.

Conclusions

According to the suggested pattern of
formalization, the problem of selecting the ITN optimal
structure is formulated, which enables considering the
problem of developing a mathematical model for the
distribution of application software over the ITN
environment.

The scientific novelty of the results obtained
includes:

1) the improvement of optimization model of
distributing the applied tasks over the nodes of the
computer network by determining the objective function
for minimizing the costs for both computing and
transmitting the data, and the constraints caused by the
requirements for the technical and information structure
of the network. The result is a non-linear optimization
problem of Boolean programming, whose solution is the
basis for the synthesis of the network structure, taking
into account the applied tasks of the distributed safety-
critical system;

2) further development of methods for solving the
problems of optimizing the ITN structure on the basis of
models of nonlinear Boolean programming by
converting the initial problem into a linear one and
applying the method of the recession vector, which
makes it possible to obtain a quasi-optimal solution of
the problem in the context of large dimensions.
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MATEMATHYHA MOJEJIb ONTUMAJIBHOTO PO3IIOALTY NPUKJIAJHUX 3AJAY CHCTEM
KPUTAYHOI'O ITPU3HAUYEHHS 110 BY3JAX IHGOKOMYHIKAIIITHOI MEPEXKI

B. B. Kocenko

IIpeqmerom BHBUEHHS B CTATTi € NPOLECH CHHTE3Y iH(OpMaliliHo-TenekomyHikauiiinoi Mepexi (ITM) st BupileHHs
NPUKIAIHUX 3aBJaHb cucreM KputuuHoro mpusHaueHHs (CKH). Meroro € po3poOka MaTeMaTH4HOI MOAEIN ONTHMAJIbHOIO
PO3NOAITY NPUKIAJHUX 337ad CHCTEM KPUTHYHOIO INpU3HaueHHd no Bysnax [TM. 3aBmanns: ¢dopMmainizyBaTH HpoLELypy
po3nonity mpuKIaaHUX 3amad 1 nporpamuoro 3abesnedenHs CKH mo Bysmax ITM; po3poOuTH MaTeMaTwdHy MOJIENb
ONTHUMAJIBHOTO PO3MOUTY UL MiHIMi3alii BapTOCTI MEpeXeBUX pecypciB; BUOpaTH e(EeKTHBHHMI anroputM i BHUpILIEHHS.
BukopucroByBaHHMH MeTOZAMM €: aJbTEPHATUBHO-TPAOBUIA Mi/IXiJ, MaTeMaTHIHI MOJEJ ONTHUMi3aLii, METOIH PO3B'I3aHHS
HENIHIMHUX 3aJa4 LJIOYMCENILHOrO IporpaMyBaHHs 3 OyneBuMu 3MiHHMMH. OtpumaHi Taki pe3yjabTaTH. 3rifgHoO
aJpTepHaTUBHO-rpa)oBOI Mozeni npouecy o0podku iHdopmanii chopmynboBaHa 3a1a4a BUOOPY ONTUMAIIbHOI cTpyKTypu ITM.
Ilpn noOynoBi MaTemMaTW4HOI MOJENi KPIM CTPYKTYPHUX XapaKT€PUCTHK BPaxOBaHI BHMOTM /IO IapaMeTpiB BUKOHAHHS
NPUKIAAHUX 3aBAaHb. [lpu MiHiMmi3alii BHMTpaT OOYMCIIOBAIBHOIO PECypCy BpAaXOBYIOTbCS OOMEXEHHS, IIOB'sI3aHI 3
MOJMJIMBOCTSAIMU (DiHAHCYBAaHHS PO3BUTKY Ta eKCIUIyaTalil Mepei. BpaxoByloTbCsl TakoK BUTPATH Ha OpraHizalilo J0AaTKOBUX
3B'I3KiB MIXX By3JIaMH Mepexi. B pe3ynprari orprMana MaTeMaTiuHa MoJielb po3noaity npukiaaaux 3agad CKH B cepenosumi
ITM nnst MiHiMi3auii cyMapHUX BUTPaT OOYMCIIOBAJIBHOTO Pecypcey, INepeladi JaHUX, HaJAIITYBaHHSA Ta OOCIYroBYBaHHS
Mmepexi. [laHa Mozenb siBiste cOOO0I0 HEJlHIHHY 3a/1a4uy LJIOUUCENIBHOrO IPOrpaMyBaHHs 3 OyJIeBUMU 3MiHHUMH. 3 ypaXyBaHHAM
crieriky niTboBOI PyHKIIT 1 0OMekeHb MOJIENi 3 BUKOPHCTAHHAM IICeBIOOYIeBUX (YHKIIHM BUXiJHA 3a/1a4a TPHUBOIUTECS J10
ni”iiHOI dopmi. OTpuMaHa MOJIENb SABJIsIE KAHOHIYHUN BUJ JIIHIHHOT onTHUMIi3auiiHOl 3aa4i OyJIeBoro nporpaMyBaHHs BEITHKOL
PO3MIPHOCTI, JUIsl BUPILIIEHHS SIKOi e)eKTUBHUM € MeTO BekTopa crany. BucHoBku. HaykoBa HOBHU3HA OTPUMaHHX pe3y/IbTaTiB
IOJISIra€ B HACTYITHOMY: MU BIOCKOHAJIWIN ONTUMI3alliiiHy MOZEJIb PO3IIONUTY NPUKIAJHUX 33/a4 110 BY3JIaX OOUYMCIIIOBAIIBHOL
Mepexi IULIXOM BU3HAYCHHS [ITLOBOI (PYHKIT [U1st MiHIMI3aIli BUTpaT K OOYHCIIOBAIBHUX, TAK 1 Ilepeaadi JaHuX, i 0OMeKEHb,
3YMOBJICHHX BHMMOraMH [0 TEXHIYHOI Ta iH(pOpPMAIHHOI CTPYKTYpi Mepexi; OTpPUMAaJIM IOAAIBIIMI PO3BUTOK METOAU
po3B'a3aHHA 3amad onruMmizauii crpykrypu ITM Ha oOcHOBI Mozeniel HeniHiMHOro OyiieBa IPOrpaMyBaHHS MUIIXOM
MepPEeTBOPEHHS BHXIZHOI 3ajaui B JHIMHMI BHA 1 3aCTOCYBaHHS METOLYy BEKTOpa Chajay, IO JO3BOJNSE OTPUMATH
KBa310NTHMANIBHI PIICHHS 33124l B yMOBaxX BEJIMKOI PO3MipPHOCTI.

KawuyoBi caoBa: inpopmamiiiHi Ta TeleKOMYyHIKaliiHI Mepexi; NPHUKIAIHI 3aBAaHHS; ONTHMAaJbHUH PO3IOALT;
MiHiMi3allis BUTpaT; HelliHiliHa MoJienIb; OyleBi 3MiHHI.

MATEMATHUYECKAS MOJEJIb OIITUMAJIBHOI'O PACIIPEJEJEHUS ITPUKJIA/THBIX 3AJTAY
CHACTEM KPUTHYECKOI'O HASHAYEHUA 110 Y3JIAM HHO®OKOMMYHUKALIMOHHOM CETH

B. B. Kocenko

IIpenmeToM u3ydeHHs B CTAaThe SIBISIOTCS HPOLECCHI CHHTE3a MH(OpPMaIMOHHO-TeJIeKoMMyHuKannoHHoi cetu (MUTC)
JUISL pPelIeHHs] MPUKIAIHBIX 3a1ad cucteM Kputnaeckoro HasHaueHws: (CKH). Heablo sBisiercs pa3paboTka MaTeMaTHIEeCKOH
MOJIEJIM ONTUMAJIBHOTO PaClpe/iesieHus] NMPUKIAJHBIX 3aady CUCTEM KpUTHUYecKoro HaszHaueHus no ysinam WUTC. 3apaum:
(dbopmanu3oBaTh HpOLELYPY paclpeleneHusl NPUKIafHbIX 3afad ¥ nporpammuoro obecrneuennss CKH mo ysmam HWTC;
pa3paboraTh MaTeMaTHYECKyI0 MOJENb ONTHMAJIBHOIO paCIpeieNieHns] JUIi MHHUMHU3AIUN CTOMMOCTH CETEBBIX PECYpCOB;
BEIOpaTh 3((EKTUBHBIA anropuT™M ee perieHus. crnomp3yeMbIMH MeTOIaMU SIBISIOTCS: albTepHATHBHO-TPadoOBEIA TOIXO,
MaTeMaTHYECKUE MOJEJIM ONTUMM3ALMKY, METOIbl PELICHUS HEeIUMHEHHBIX 3a7ad LEJOYMUCIECHHOIO INPOrpaMMHpPOBaHHS C
OyneBbIMH TIepeMeHHBIMHU. [lomydeHsl ciemyromue pe3yiabTaThl. CorllacHO ajbTepPHATUBHO-TPadOBOM Mojenu Iporecca
o0paboTky nHpOpManuy chopMyIHpoBaHa 3aj1a4a Beioopa ontuManbHoi crpykrypsl UTC. Ilpn mocTpoeHnn MaTeMaTnaecKon
MOZENH KpPOME CTPYKTYPHBIX XapaKTEPUCTHK YYTEHHI TpeOOBaHHs K IapamMeTpaM BBINOJHEHUs MPUKIAAHBIX 3amad. [Ipum
MHHUMHM3AIHN 3aTPAT BEIYHUCIHTEIBHOIO PECYpCa YIUTHIBAIOTCS OTPaHIYEHHsI, CBSI3aHHBIE C BOSMO)KHOCTSIMH (DMHAHCUPOBAHHUS
Pa3BUTHA U SKCIUTyaTalluu CETU. Y UUTBIBAIOTCS TAKOKE PAcXO/ibl Ha OPraHU3aLUIO0 IONOIHUTEIbHBIX CBSA3€CH MEXIy y3/1aMu CETH.
B pesynpraTe nomydeHa mMaremarudeckas Mojenb pacipenenenus npuknaiaasix 3agad CKH B cpene UTC g MuHMMuB3anuu
CYMMapHBIX 3aTpaT BBIYHUCIHTEIBHOIO pecypca, Iepeiadd IaHHBIX, HACTPOMKHM W OOCITYyKHBaHHsA ceTH. JlaHHas Moneib
MIPE/ICTaBIsIeT COOOM HEIMHEWHYI0 33/ady LEIOYHCICHHOIO MPOrpaMMHUpPOBAHMS C OyneBbIMH IepeMeHHbIMH. C ydeToM
crieUKN 11eeBoi (QYHKIUMM M OTpaHHYCHUH MOJEIH C HCIIOJIb30BaHHEM IICeBHOOYNIEBBIX (DYHKIMI HCXOmHas 3agada
MIPUBOANTCS K JIMHEHHOH opme. [TonydeHHas Moaenb npeacTaBisieT KaHOHUYECKUH BT JIMHEWHOW ONTUMH3AIIMOHHON 3a1a4n
OyJIEBOTO TIPOrpaMMHUPOBaHUS OOJBINOH Pa3MEPHOCTH, ISl PEIIeHUs] KOTOpoil A peKkTUBHBIM SBISETCS METOJ BEKTOpa CHaja.
BoiBonbl. Hayunas HOBH3Ha IOMY4EHHBIX PE3YJIbTATOB COCTOMT B CIIEAYIOILEM: YCOBEpIICHCTBOBAHA ONTHMU3ALMOHHAS MOJEIb
pactipenieneHysl IpUKIaaHbIX 3a/a4 110 Y37IaM BBIUKMCIUTENHHOW CETH ITyTeM ONpeeseHUs LIeNEeBOM (YHKIMU JUTsI MUHIMH3ALNN
3aTpaT KakK BBIYMCIWTENBHBIX, TaK W TIepefaud JaHHBIX, W OrpaHHMYEHHH, OOYCIOBICHHBIX TpPEOOBAHHMSMHU K TEXHUYSCKOH M
HMH(POPMALMOHHOH CTPYKTYpPE CETH; HMOMY4YWIH JNalbHEeWIee pa3BUTHE METOIbI pelIeHus 3axad ontumusaimu crpykrypsl UTC Ha
OCHOBE MOJIeNel HelTMHEHOro OyieBa MporpaMMUPOBAHHS ITyTeM IPe0OPa30BaHUs HCXOIHOM 3a1aUr B JINHEHHBIN BA/I M IPHIMEHEHHUS
METO/Ia BEKTOpa CIa/ia, YTO MO3BOJISIET ITOTYIUTh KBAa3HONTHMAIILHOE PEIICHHE 33Ja4H B YCIIOBHSIX OONIBIION Pa3MEPHOCTH.

KawoueBnle ciaoBa: I/IHq)OpMaLII/IOHHBIe U TCJICKOMMYHHKAIlMOHHBIC CCTH; IPUKIIAAHBIC 3aja4du; OITHMaJIbHOC
pacnpeaciaeHne; MUMHUMU3alus 3aTpaT, HEJIMHCWHAS MOJCIIb, 6yJ'leBI>I TNIEPEMEHHBIC.




