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Abstract. Infocommunication network on formal grounds is a complex system that functions in a
disturbing environment, evolves over time and is characterized by non-stationary fault flow of its subsystems
and elements. In this paper the infocommunication network is considered as an object of adaptation within its
life cycle including optimal planning, management, reconstruction and development forecast. A generalized
architecture of the infocommunication network is presented reflecting the hierarchy of epistemological levels
of its model representation. A generalized characteristic of system tasks in infocommunications and the role
of adaptation in their solution are presented. The general description of the adaptation problem for the
infocommunication network is formulated and a dynamic model of the formalization of the adaptation process
of the object is considered. Specific features of the construction of genetic algorithms for solving the problem
of adaptation of the infocommunication network are indicated.
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AHoTauif. IHpokoMyHiKauinHa mMepexa 3a popManbHUMKM O3HaKaMW € CKNagHOK CUCTEMOID, sika
PYHKUiOHYE y 30yplOHOYOMYy 30BHILLHBOMY CepefoBWLli, €BOJIIOLIOHYE B 4aci i XapakTepusyeTbcs
HecTaLioHapHICTIO NOTOKY HecnpaBHOCTEW ii migcucTeM i enemMmeHTiB. Y AaHii cTaTtTi iHPOKOMYHiKaLinHa
Mepexa po3rnsgaeTbes sk ob6'ekT aganTauil B pamkax ii XKUTTEBOro LMKITY, WO BKIOYAE OnNTUMarbHe
NPOEKTYBaHHS, KepyBaHHS, PEKOHCTPYKLi0 Ta NPOrHo3 po3suTKy. NpeactasneHa ysaranbHeHa apxiTekTypa
iHOKOMYHiKaUiNHOT Mepexi, Ska Bigobpaxae iepapxilo enicTeMONOriYHMX PiBHIB ii MOAENbHOrO YSABIEHHS.
HapaHa ysaranbHeHa xapakTepucTMka CUCTEMHMX 3agady B iH(POKOMYHiKauisx i ponb agantauii B iX
posB’asaHHi. ChopmynbLoBaHa 3aranbHa MNOCTAHOBKA 3afadi aganTauii onga iHPOKOMYHiKaLinHOT Mepexi Ta
3anponoHoBaHa AuMHaMiYHa Mogenb chopmanisauii aganTauiiHoro npouecy ob'ekta. HasaHi ocobnuBocTi
nobya0oBU reHETUYHNX anropmuTMIB AN PO3B’sA3aHHA 3adadi aganTauii iHpoKoMyHiKaLUinHOT Mepexi.
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KnroueBi cnoBa: iHHpOKOMYHikaLiiHa Mmepexa, nraHyBaHHSA, KepyBaHHSA, PEKOHCTPYKLiS, CUCTEMHUNA
niaxia, aganuinHa moaesnb, reHeTUYHI anropuTMu.

AHHoTaumA. MHdoKkoMMyHUKaLMoHHas ceTb Mo opManbHbIM NpuU3HakaM npeacTaBnseT cobon
CMOXHYIO cuUCTeMy, KOoTopas (YHKUMOHMPYET B BO3MYyLLaloOLWed BHELWHen cpeae, 3BOMOLMOHUPYET BO
BPEMEHU N XapaKTepu3yeTcs HeCTaLuMOHapHOCTLIO NOTOKa HEMCNPABHOCTEN ee NOACUCTEM U aneMeHToB. B
AaHHon paboTe MHGOKOMMYMKALMOHHAas CeTb paccMaTpvBaeTcsi kak oObekT ajanTaumMm B pamMKax ee
XW3HEHHOrO LMKNa, BKMNoYalLero onTuManbHoe nNpoekTupoBaHne, ynpasneHue, peKoOHCTPYKLMIO U NPOrHo3
pa3sutusa. [pegctaBrneHa o0006wWeHHas apxuTekTypa WHGOKOMMYHUKALMOHHON CeTW, OTpaxatolias
nepapxuio 3MUCTEMONOrMYECKMX YPOBHEN ee MoAenbHOro npeactasneHus. lNMpeacTtaeBneHa obobLieHHas
XapakTepuctuka CUCTEMHbIX 3afavy B WH(OKOMMYHMKaUMaX W pornb ajantauMmM B WX peLueHum.
CdopmynmpoBaHa obuwas nocTaHOBKa 3ajayn ajantaumvM AN MHOKOMMYHWKALMOHHOW CeTu U
npeafnioxeHa AuHamudeckas mogenb dopManusaunM aganTauMoHHOro npouecca obbekTa. YkasaHbl
OCODOEHHOCTU  MOCTPOEHMS  FEHETWYECKMX  anropuTMOB  Ans  peleHns  3ajayn  agantauuu
WH(POKOMMYHUKaLIMOHHON CeTu.

Knro4yeBble cnoBa: I/IHd)OKOMMyHVIKaLWIOHHaFI CeTb, NniiaHnpoBaHue, ynpasJieHNe, PEKOHCTPYKUNA,
CUCTEMHBIN noaxon, agantaunMoHHaa Mmogerb, reHeTn4eckne anropnTtmbl.

The process of building the Global Information Infrastructure is realized through the
continuous integration of telecommunication and information technologies. Thanks to this, by the
beginning of the 21st century, a new communication paradigm was finally formed -
infocommunications [1, 2].

Today the term infocommunications is quite popular and understood as a set of means for
information processing, accumulation, storage and transferring through the space, as well as
subscriber terminal units, implemented into the common network structure, providing public access
to informational, software, computing resources and information exchange is ensured [3].

One of the main research objects, in accordance with the new paradigm, is the
infocommunication network which should be considered as a system set of information, computing,
and software resources interacting and accessed by means of a telecommunication network.

It is out of question that, by formal attributes, we deal with a complex system which
functions in noisy environment and is evolving through time. It is also characterized by non-
stationary flow of failures of its elements and subsystems. Changes in state characteristics of such
complex system are hardly predictable; it is highly difficult to obtain adequate models for research
object, to formalize and search for optimal solutions for main system tasks such as optimal
planning, management, reconstruction, development prognosis [4].

This work offers to examine general approach to solution of the mentioned system tasks
considering the adaptation of complex systems [5, 6].

Adaptation can be broadly defined as a process of purposeful changes in parameters and
structure of the system. The process determines the criteria for system functioning and achieving
fulfillment of these criteria. There is no clearly defined requirements for a given optimization
criterion and complex systems, as a rule, do not have the sole criterion of functioning. The system
matching an infocommunication network operates in a multicriteria environment; these criteria may
be not only extreme, but they have restrictions. This results in the need to specify multiple criteria
and vary their choice depending on the task set. Thus, the very choice of criteria in a changing
external environment and the internal needs of the system is an adaptive process.

The procedure for selecting the optimal criterion in the process of adaptation extends the
notion of adaptation and brings it to the interpretation of biology and sociology. This is a very
important factor that the technique is still not operating effectively in adaptive systems.

The aim of this work is to formulate and formalize the task of adaptation for the
infocommunication network within its life cycle on the basis of a dynamic model of formalization
of the adaptation process of the object.
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Infocommunication network as an adaptation object Infocommunication network is a
complex system with multiple adaptation tasks at different levels of its organization. Info-
communication network is characterized by:

— the lack of the necessary mathematical description, i.e. the lack of the F algorithm for

obtaining object states Y depending on states of inputs (controlled U and uncontrolled X)
thatis Y = F(X,U);

— non-stationary nature results in system characteristics drift, unpredictability of failures
flow, evolution through time. All these make adaptation an essential measure for keeping
the object in an optimum state with environment;

— unpredictability of environment which results in varying range of subscribers needs, in
unpredictability of probabilistic properties, in unpredictable nature of service requests
flow, in changes of user requirements to resources involved in service;

— necessity to vary parameters and structure. Notable structure variations have much greater
effect compared to parametric.

Thus, infocommunication network as an adaptation object is an extremely complex object
and implementation of adaptation is a least-evil solution. It is not an exaggeration to state that
mentioned systems can not exist in their optimum state under conditions when environment and
systems themselves change without adaptation algorithms — genetic algorithms.

Hierarchy of epistemological levels of the infocommunication network model
representation Hierarchy of epistemological levels creates taxonomy mainframe of any system [6].
It 1s based on the representation of a system as a model of research object and rather depicts
multilevel interaction between a scientist and object than the object itself. Such a hierarchy
methodologically simplifies a set of methods for solving system tasks. The methods involve
computing technique.

At the lowest epistemological level (level 0) system is defined with the help of a set of
variables representing researched characteristics of an object, its elements and states. This set can be
divided into subsets according to different criteria: for example, input and output, internal and
external variables. Input and internal variables are independent variables because they are
considered to be determined by some factor (environment, variation of internal states) residing
outside the examined system.

At the first epistemological level system is added with values achievable by variables.
Depending on a task values can be obtained through measurement, statistically or directly set (in
tasks of planning). If there is knowledge about some invariant characteristics of relations between
variables, then data can be generated by means of simulation.

At the second epistemological level invariant nature of variables is represented by a general
characteristic setting restriction for the given multitude. The task of parametric invariant restriction
is description of process of variables’ values generation.

Structure of a system model is described at higher epistemological levels. The structure is
represented by interconnected structured elements and subsystems with connectivity provided by
some common variables or in other way.

General characteristic of system tasks architecture in infocommunications and a role
of adaptation for their solution Multitude of system tasks is huge and diverse. However, for a
certain artificial object (infocommunication network in this case) it can be fully represented by a
finite set of system tasks. Extent of systems tasks specification can be researched using the
hierarchy of epistemological levels shown above.

Actual user needs, purpose and practical principles of system organization are determined at
the highest level of abstraction. In this case we refer to planning. Tasks of planning in info-
communications include optimum synthesis of a network in general, its segments and synthesis of
different service platforms (distributed computing, cloud services). Distinctive feature of system
planning is the fact that parametric invariant restrictions for variables are mainly defined by a user.
It is known that complexity of computation for planning tasks increases rapidly with increase of
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number of variables involved. The way to decrease planning complexity is to drive down objective
criteria. Instead of optimum approach “good” or “satisfying” one is implemented. Such an approach
to system planning assumes usage of heuristic methods, which actualizes application of adaptation
in planning. Adaptation in this case is equivalent to search optimization under interference
associated with uncertainty of environment and an object. It replaces compensation requiring
adequate model of an object.

Effective operation of the system is impossible without solving the task of control since any
complex system operates in changing environment and a system changes itself.

Control is a process of dedicated influence on an object that shifts the object to the required
(purpose) state. Control requires solutions for the following tasks: monitoring of states of system
elements and environment, specification of control purposes, structural synthesis of a control
model, parametric synthesis of a control model, synthesis of control (algorithm of controlled
parameters behavior in time) and its implementation. Peculiarity of the examined object requires
adding a task of adaptation (correction of control while its precise model is absent). It is convenient
to classify adaptation in this case as well as control according to the ways the object changes. If its
parameters change, then it is parametric adaptation; if their structure changes, then it is parametric
adaptation.

The task of identification as a rule supplements the task of system reconstruction (rebuilding
according to new principals). The task of identification is to select from a reconstruction multitude
of systems a system that is the best hypothetical reconstruction for the initial system. Solution
assumes generation of a reconstruction multitude for a given system under reconstruction. The
multitude is formed according to intuitively selected criteria, which means it may not include the
best variant of a system. The latter fact makes identification questionable because it involves
information obtained solely on the basis of the generated reconstruction multitude. In the case of
lacking full information the task of adaptation is risen allowing us to identify the weakest possible
restriction for variables or the most imprecise subset of all states of variables for the given
structured system.

Forecast of a complex system development is also associated with adaptation because it
simulates the process of system evolution and is reduced to an algorithm of its structure variations
in the form of random mutations changing performance effectiveness of an adapted object.

Thus, it is possible to conclude that system tasks in infocommunications are content
subtasks of a general adaptation process arising at different stages of infocommunications life cycle.
They can be described operationally; however, general methodology for solving them must be
based on adaptation methods that involve the use of genetic algorithms.

General tasks statement of adaptation The task of adapting the infocommunication
network should be considered as a sequential chain of steps performed at different stages of its life
cycle in the absence of sufficient information to clearly formalize the goal, due to the uncertainty of
the environment and the complexity of the object itself. Thus, it can be stated that the formalization
of such a task is a dynamic model of the life cycle of the study object.

Herewith, adaptation is not considered as the task of compensation requiring adequate model
of an object with known state of environment.

Let us consider adaptation as particular case of control consisting in changes of controlled
factor in the way of maintaining some preset functionality of the object in required state despite
internal and external influences.

Let object G be down-dropped in environment with state X affecting the state Y of the
object. Moreover, the state Y of the object can be changed with the help of adaptive factors:

U = (uy, ..., ug) — object parameters.

The purpose of adaptation determines requirements to criteria set for the Y state of object.

These requirements may have different structure.
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Criteria of inequality:

H(U) = (), ..., h(U)) 2 0. (1)

Criteria of equality:
o) = (q1(V), ..., gn(U)) =0. (2)

Minimized criteria:
W(U) = (wi(U), ..., wp(U)) — min, 3)

where:

hl([’/) = Mrh/i/(Y) = Mrh/i/(G(X U)) [ = 1’ oy (4)
g(U) = Mg )(Y) = Mg ; (GIX, U))  j=1....m; )
wi(U) = Mw(Y) =Mwi(GX, U) k=1,...,p, (6)

where M, — operator of averaging over X.

Criteria of adaptation are represented by functionality defined over Y states of the object as
averaged values of the h'j(G(X, U)), ¢ (G(X, U), wi(G(X, U)) functions that must be set.

The purpose of adaptation is to solve tasks of the following kind:

W(U) — min = U';
UeC, (7
where C: HU)>0,; Q(U)=0.

Simplification of the task (7) is the single-criterion task for adapted parameters of object in
discrete time instants while states of environment create a random process in time similar to white
noise.

We illustrate this with the example of constructing a model of structural adaptation for the
infocommunication network

Let the structure St be described by the graph G (N, B), where N is the set of vertices of the
graph, the power of n, and B is the set of arcs of power m with the parameters || b,-,_,” , where b;; is
the parameter of the arc connecting the vertex i with vertex j (i, j = 1,2, ...,n). On the graph G a
functional is specified, which must be minimized:

W (G) — min,
GeS,
where S is the constraint that the adapted graph G must satisfy in accordance with conditions of the
task (7).

We describe the set = of possible variations of the graph G. It can consist, for example, of
the following changes:

E= ((tbl’ (toz’ E.>3’ E.>4’ E.>5’ &6""5 ép)’

where &; — is union of two randomly selected vertices of the graph into one;

&, — is the introduction of a new (m + 1)-th vertex with random constraints b;+;; (i=i,...,i)

and bj w1 (=1, - j0);

&; — 1s elimination of a randomly selected vertex together with its connections;

&s4— 1s introduction of a new connection of two randomly selected vertices;

&s — 1s elimination of a randomly selected edge;

& — 1s accidental switching of a randomly selected arc, etc.

As can be seen the spectrum of possible random mutations of the graph can be sufficiently
large, which ensures the evolution of the great variety needed to find the optimal graph.

The values of the parameters of the arcs of the graph can be purposefully changed, at the
stage of parametric adaptation, preceding the selection of the best structures. This can be done for
each discrete time point based on the simulation results.

Peculiarities of the constructions of genetic algorithms for solving the adaptation
problem for the infocommunication network When constructing genetic algorithms for solving
the problem of adaptation for an infocommunication network, one should take into account the
hierarchical nature of the adaptation itself for such an object. At the upper level the structure of the
St object is adapted and at the bottom - its parameters U. It is obvious that these two adaptation
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levels work in different time modes, namely: the rate of parametric adaptation is much higher than
the rate of structural adaptation. So, for every step of structural changes in the object the entire
cycle of parametric adaptation must occur, since otherwise the effectiveness of the changed
structure can not be fully appreciated.

Obviously, the methods for solving the problems of structural and parametric adaptation are
different which makes them differentiate. In turn, structural adaptation is conveniently divided into
alternative and evolutionary.

The alternative adaptation is characterized by the fact that the set of admissible structures
{St} is small and contains some alternative structures.

Evolutionary adaptation models a process analogous to biological evolution. Such an
algorithm is distinguished by the introduction of insignificant variations of the St structure
modeling random mutations which also slightly change the Q efficiency of the adaptive object.
There is a relation of the type of the Lipschitz inequality:

| O (St + ASH - 0 (S) | < Ast], (8)
where p = const, and the norm of the variation of the structure | ASt| should be understood as the
number characterizing the degree of structure change with this variation AS?.

Modifications ("mutation") of the structure A4St and the rule of selection of the most suitable
variations form a mechanism of evolution, allowing to construct a sequence of improving
structures:

St(1)—>S1(2)—St(3)—St(n)— 9)
having the property:
Q(St(n — 1)) < O(St(n)). (10)

In the development of the algorithm, the violation of the relation (10) is permissible, for
example, in the case when the structure is not changed by its change. In this case, the best of the
"mutated" structures is selected, which violates (10), but provides the evolutionary procedure with
global properties most valuable in structural adjustment problems.

In conclusion, we can note the following.

If object’s changes in adaptation process are conveniently performed with the U = (uy,...,u,)
parameters, then we dial with parametric adaptation. Notable every u, parameter may take on a

finite or infinite value.

Frequently it is convenient to perform adaptation of object not by changing its parameters
but modifying its structure. In this case we have structure adaptation and control factor is
represented by the U = (S, P) pair; where S denotes structure parameters while P denotes multitude
of adapted during structural changes parameters allowing, at the same time, parametric adaptation
as well.

When solving system problems in infocommunications, in contrast to applied mathematics,
it is expedient to use adaptation as an integral part of the decision process itself. Adaptation of the
decision search process occurs when the algorithm needs to be changed in the search process in
order to maintain its effectiveness at the desired level.

This will allow us to realize the solution of problems in their natural formulation, without
resorting to simplifying assumptions. A similar problem occurs when optimizing complex objects
for which deterministic decision algorithms can not be created in advance.

It is obvious that methods for solving tasks of structural and parametric adaptations are
different, which forces to use such a differentiation.

Conclusion Modern communication networks cannot be considered only at the level of
telecommunications. Their functional capabilities in the 21st century reach a fundamentally new
level which is defined as "infocommunication".

The main system tasks in infocommunications such as design, management, reconstruction,
development forecast, should be considered as tasks of adaptation of complex systems within the
life cycle of the infocommunication network.
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The formalization of the tasks of adapting the infocommunication network is carried out
using a model that allows us to take into account changes in the controlled factor in such a way as to
maintain the given functional of the object in the required state regardless of the action of external
and internal influences.

When constructing genetic algorithms for solving the adaptation problem of the
infocommunication network it is necessary to take into account the hierarchical nature of the
adaptation itself for such an object. Often the adaptation of an object is more convenient not by
changing its parameters, but by modifying its structure.

The tasks of the adaptation of complex objects are connected, first of all, with the decision
of tasks of increasing the efficiency of their functioning throughout the whole life cycle. Methods
and algorithms for solving such problems are the main mechanisms of the processes of targeted
improvement and optimal design of complex systems in the conditions of uncertainty of their
subsequent functioning.
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