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CALCULATIONS OF EXCESS LOAD
ON THE NETWORK

Abstract. In the modern world, digital technologies have an important role in the development of national eco-
nomies. Digital technologies have advantages: facilitating public and business access to public services, accelerating
the exchange of information, the emergence of new business opportunities, creating new digital products, etc. Acces-
sibility, stability and security of data transmission on the Internet are the technological basis for the development of
all industries, as well as the high quality of life of the population. The exchange of information in communication
networks in digital form has several advantages such as: a high level of noise immunity and the highest quality in
data transmission; the ability to use standard reliable and cheap integrated circuits, which significantly reduces the
cost of switching and compaction systems, which are decisive in the cost of the entire network; a great opportunity
when combining and processing information of various types in digital form. Currently, most methods for assessing
the quality of user service on communication networks used in the design either consider the problem in relation to
one-dimensional traffic or do not take into account the influence of a finite number of load sources. This limits its
using in solving design problems of multiservice networks, including in areas of subscriber access networks. In this
regard, this article discusses a broadband digital network with service integration, based on the ATM technology,
which implements an iterative method where the flow distribution is specified by the route matrix, and the load
distribution between nodes of each pair of nodes is made through the path tree, obtained by the route matrix when
calculating this pair, as well as the development of a mathematical method for calculating the excess load of an
asynchronous network when transmitting information traffic by the method of channel switching and packet
switching.

Keywords: broadband digital network, service integration, asynchronous network, circuit switching, packet
switching, switching nodes.

Introduction. At the moment, the state program "Digital Kazakhstan" is being implemented. Five
main directions have been identified, the third of which is "Implementation of the digital Silk Road",
aimed at the development of a high-speed and secure infrastructure for data transmission, storage and pro-
cessing. The program, which will be implemented in the period 2018-2022, will provide an additional im-
petus for technological modernization of the country's flagship industries and will form the conditions [1].

As a basis for a high-speed and secure data transmission, storage and processing infrastructure, a
broadband digital network with service integration can be used. The increase in the volume of transmitted
information and the emergence of broadband channels created the prerequisites for the development of
broadband digital networks with the integration of services (services) - W-ISDN (B-ISDN) [2]. Broadband
well-protected from interference channels are created thanks to fiber optics. At the same time, the
transmission speed of user information can reach tens of Tb/s. Such high-speed modes guarantee high qua-
lity of information transfer of various services (television, video on demand, multimedia messages, etc.).

The development of automatic switching technology, the mutual penetration of computer technology
into communication technology and communication technology into computer technology led to the
development of highly organized adaptive systems for managing communication networks, information
flows and processes for servicing subscribers requests for information transfer. Such adaptive control
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systems ensure on the ATM network the elimination or weakening of the effect of emerging faults of
individual network elements and changes in the time flows of information between subscribers and nodes
of the network on the quality of customer requests and the quality of information transfer.

The quality of servicing requests for information transfer on the ATM network depends on a number
of parameters that, when the ATM network operates, are usually determined in averaged form, and
therefore these parameters are often called statistical [3]. The statistical parameters of the ATM network
are understood to mean some average physical quantities characterizing the quality of service on the net-
work. For the ATM network, the main statistical parameters are: the capacity of the branches (throughput)
of the subnetworks of the circuit switching(CS) and packet switching(PS) in the ATM network, the
structural reliability and survivability of the ATM network communication system, the magnitude and
nature of the load as incoming to each hybrid node switching in the modes CS and PS [4], and the total
load determined on each integral group path of the ATM network, the probability of losses on the
branches and between each pair of nodes of the subnetwork CS, as well as the distribution of these losses
along the paths and transit network nodes, the value of the average delay in the transmission of messages
PC subnet as part of the ATM network.

When developing a model for calculating the statistical parameters of the quality of ATM network
service, we will assume that basically this network is intended for transport through multimedia com-
munication channels, that is, mainly for the transmission of video and audio information. This type of
information uses the channel switching method, namely, before this information is transmitted, it is
necessary to connect virtual channels between the corresponding subscribers of the network. Such a
connection of virtual paths is provided by means of special packages called multichannel calls.

Quality of service on the subnetwork CS is usually estimated by the probabilities of losses on the
branches of the network and it is known that the quality of incoming calls is characterized by the possi-
bility of connections or the length of waiting for the provision of connections. There are two main ways of
servicing incoming calls: lossless and with losses [5,6]. Lossless service is a discipline in which an
incoming call is immediately serviced, and with losses, if the incoming call is either denied service or the
service is delayed for some time.

Main part. Let for some time interval in a node-sender some call flow, destined to a node with the
specified address arrives. In general, the address is the coded designation of the point of departure or
destination of information data. The address of the object is determined by the number, code, phrase. The
list of objects includes registers, memory cells, external devices, communication channels, processes,
systems, networks. The recipient objects are usually called recipients. Often the address is associated with
the name of the object. As a subnet CS traffic, a random flow of calls arriving in the ATM network to the
destination node and intended for the destination node is considered, that is, the call arrival times are
random values. In this case, it is assumed that the considered call flow is Poisson (the simplest flow), that
is, the ordinary flow without aftereffect. It is known that the simplest call flow is the most common model
of the real call flow used in queuing systems, including in teletraffic theory. Using the hypothesis of the
Poisson character of the call flow allows one to most adequately reflect the process of processing of each
service packet representing the connection request in the CS mode and obtain analytically expressions for
calculating all necessary probabilistic and temporal characteristics [7]. Indeed, as noted when considering
the principles of classification of call flows, a call flow that transmits in CS mode from a large group of
subscribers is characterized by the absence of aftereffects. It can be considered ordinary, and when the
time interval is limited and stationary .

One of the most important characteristics of switching systems is their efficiency [8,9]. As indicators
of efficiency, along with economic indicators, a technical indicator such as capacity is widely used. Under
the capacity of the switching system is meant the intensity of the load serviced by the switching system
with a given quality of service. The throughput of the switching system depends on the amount of losses,
the capacity of the bundles of lines included in the outputs of the switching system, from the method
(scheme) of combining these outputs, the class of the call flow, the structure of the switching system, the
distribution of the service time and the service discipline. The amount of losses is normalized either to the
switching system as a whole, or for each direction of communication, or for sources of each category. The
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larger the allowable loss rate, the greater the throughput of the switching system and the poorer quality of
communication.

The main purpose of designing a sub-network CS with roundabout directions is to determine the
statistical parameters (probabilistic characteristics) that determine the quality of service on the subnet:

— The magnitude and nature of the total load (arriving at each branch or missed for each branch);

— The probability of losses on each branch;

— Loss probabilities between each pair of nodes, as well as the distribution of these losses along the
paths and transit nodes of the subnet.

The listed parameters are calculated for the given ATM network structure, the gravity between the
pairs of nodes and the static static distribution plan for the subnet of the CS. As a subnet CS flow, the
flow of calls arriving in the ATM network to the sender node and intended for the gatekeeper is
considered. In general, the address is the coded designation of the point of departure or destination of
the data. The address of the object is determined by the number, code, phrase. The list of objects
includes registers, memory cells, external devices, communication channels, processes, systems,
networks. The recipient objects are usually called recipients. Often the address is associated with the
name of the object.

Let ri(j) be the average intensity of the multichannel calls flow (MC) flowing into the ATM network
to the sending node 7 and destined for the gatekeeper j [10]. The quantity r;(j) will be called the input load
of the ATM network. It is the average value of the incoming load between the corresponding pairs of
nodes in the NNP.

Let ti(j) — be the average intensity of the total flow of MC passing through the node 7 and destined for
the node j. The quantity ti(j) — will be called the node load of the ATM network. It includes both the input
load 1(j), and the loads ti(j), coming to the node i from all adjacent nodes /. At the preliminary stage of
calculating the probabilistic characteristics of CS on the subnet, the following assumptions are usually
assumed [11]:

— The initial call flows arriving at the network in the considered time interval are stationary and
Poisson;

— The Poisson nature of the fluxes is retained both for excess and for missed loads;

— The system is in a state of statistical equilibrium;

— System with obvious losses;

— Losses in switching and control devices are not taken into account;

— Connection establishment time is 0.

These listed assumptions determine the degree of approximation of the model under consideration to
the real subnetwork of the CS and the accuracy of calculating its characteristics. The initial data when
determining the quality of service parameters on the subnet of the CS are (without taking into account the
subnet of the PS):

— ATM network structure (location of nodes, capacity of branches);

— Input load for servicing in hour of maximum load between nodes of each pair of nodes;

— Plan for the distribution of flows on the subnet of the CS;

— The probability of loss between the nodes of each pair.

During the calculations, the following parameters are determined for the CS subnetwork [12, 13]:

— Probability of losses on branches;

— Probability of load maintenance by each branch;

— The values of the total load (arriving at each branch, missed by each branch and excessive for each
branch);

— Probability of losses in the average on the network (the ratio of the load lost on the whole network
to the incoming for maintenance);

— The values of the loads served and lost in each transit node and the entire network as a whole.

Of the listed parameters, the most important are the probability of losses on branches or the
probability of servicing by each branch [14, 15], since the remaining parameters can be easily calculated
through these quantities.
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The order of selecting outgoing directions from the node i for transferring the load ti(j) to all other
neighboring nodes, 7. E. the plan for its distribution is represented by the matrix of routes M for the
node 7.

1 2 . n _
iy | Mgy M 0 Mg
iy | M1 Mo 0 Mg

M, =
lkSl_ | Hikg, 1 Hikg 1 7 Hikg |

In the matrix of routes, the number of columns is equal #—1 (the column in the matrix M; for the
node 7 is absent), and the number of rows are the number of nodes S, , incident with the node 7. The M;

matrix element /uikS j is the sequence number of the branch selection (l'kS_ ) when connecting to the
i B 1

node J, i.c. My € {1,2,..., S, } If a set of routing matrices YW/, ,i = l,n}, is specified, this means that an

information distribution plan is defined for the entire subnet of the CS. With a static information
distribution plan, static (fixed) routing in the CS subnetwork is performed [16]. However, the most
efficient use of network resources is achieved with adaptive routing, when the information distribution
plan changes in accordance with changing network conditions (overloads in certain directions or sections
of the network, damage to canals or their bundles, damage to CS, etc.).

Let's assume that the switching nodes and the communication branches are absolutely reliable.
Between each pair of nodes i and j the network, a number of routes for transmitting loads

Lij ,i=1n,j=1n, of the subnetwork of the CS are defined, which form a fully accessible beam. The

load ti(j) can be serviced by any route /, , where the node & is an adjacent node & with respect to the
nodel , k =1,2,.... . The order of routes is determined by the route matrix. Each next route is handled if it

is impossible to service the previous route route route. In each branch Ll.j entering the route when

servicing one message, one unused device is simultancously engaged. In the absence of free instruments
and any branch of one route, the path is considered to be blocked [17]. If all routes of the set /, are

blocked, the load ti(j) receives a denial of service. Under the assumed assumptions, the subnetwork of the
CS is a Markov system with a finite phase space whose state changes occur at discrete instants of time
corresponding to the arrival times of messages to the subnetwork of the CS.

Let be the U, set of admissible strategies for managing a network in a state =, € /. For a

subnetwork with failures, two strategies are typical, since each £, € E can accept one of the control
(service) strategies - to service the message on a certain route matrix route, or for lack of free channels - to
refuse service. We will assume that the management of the network U = {U 4,d= 0,1,2,...} is Markov,

then the functioning of the network can be represented as a controlled Markov process.

For more efficient use of the temporary channels of the path, modern automatic switching systems
located on the nodes make it possible to use the roundabout ways (the paths of the subsequent elections) in
addition to the main ways of establishing the connection (the way of the first choice) [16]. Assume that the
branch (ik;) is part of the path of the first choice. Then the bulk of the load distributed to this branch will

be served by time channelsmy , or we will say that the load is serviced by a branch (ik:). At times when

all the temporary branch channels (ik;) are occupied, some of this load remains un-served and a branch
(ik,) that enters the path of the second choice is used for its servicing. As a result, the branch (ik,), serves
the total load, consisting of loads, both intended for it directly under the plan, and not served by the branch
(ik1). If the time channels of the branch (ikz) are not able to completely serve this total load, then its
remainder is transferred to the branch (iks), ete. This process will continue until all the outgoing directions
i are used. If all these branches are occupied, the resulting load balance on the last direction will be lost. A
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load served by a branch is called missed, and vice versa, a load that is not serviced by a branch is not
missing or redundant.

For clarity, the above described use of bypass directions of load transfer of the subnet CS will be
illustrated on a fragment of the network, consisting of the i-th switching node and outgoing from it to

neighboring nodes ,,k,,k; the direction of the load transfer 7, (figure 1). Assume that the branches (ik;),
(ik2) and (iks) and are part of the path of the first, second and third choice, respectively. Then the bulk of
the load 7, with probability pl. k will be served by temporary channels, or in this case we will say that the

load is serviced by a branch (ik:). At the point in time when all the time channels of the branch (ik;) are
occupied, some zl, (1-p. " ) of the load 7; will be served by the branch (iki) and this part will reach the
z 1

node k&, . The other, the remaining part?,, p., . from the load 7, will be blocked by the branch (ik,) and
1 i plk i 1
1

for its servicing the branch (ik»), entering the path of the second choice is used.
As a result, the branch (iks) serves the total load, consisting of loads, both intended for it directly

according to the plan, and unloaded (ik:) by the load 7, pl. . If the time channels of the branch (ik) are
1
not able to fully service this total load, then its maintenance balance 7, pl. i pl. I is transferred to the
1 2

branch (iks). Since the branch is the last possible direction of transmission, the remainder of the load 7,
pl. k pl. , pl. , after its maintenance is lost.

We introduce the following notation. Let Ki(j) - be an ordered set of such nodes k& , which for address
j form all outgoing from the node i of the direction of transmission (ik). In what follows, for quantities
indicated by means of an index &, it is considered as k£ € K,(j) . The ordering of the elements of the set
Ki(j) is made in accordance with the choice for the j - the outgoing direction of the priority order in the
route matrix M . For example, let from the node 1 -network, represented in Figure 1, the order of load
distribution ti(j) is specified by the route matrix:

] ] ]
(ik ) 3
(hy)| - 4
CT (k) |
(ikg)| -+ 2 i

In accordance with the elements of this matrix, the branch of the first choice path (iks) is first used.
When it is overloaded, an excess flow is generated, which is served by a sequence of branches (ik;),
(ik,) (ik,) and(ik,) . Then set K, (j) = ks, k, k., k, }.

The amount of the missed or overload depends on the probability of loss of traffic ti(j), distributed to
the branch (ik). Let jeJ, where is J - the set of all destination nodes. Then for the multicast case, i.c.

when the number of addresses |J] > 1, is assumed that the load balancing system CS located at each node
operates in the mode of divided service (for each addressee separately). This means that on the branch (ik)

the number of time channels my is divided into bits 71, ( j) , each of which is a group of serving devices in
the time cycle necessary for transferring the load only at the destination j.

We denote by pi(j) — the probability of loss of load ti(j) on the branches (ik). Since the subnetwork
CS is represented by a maintenance system with obvious losses, the value pi(j) takes values in the interval
(0; 1] for each branch (ik), participating in the load ti(j) transfer. If the branch(ik) does not participate in
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the transfer of the load ti(j), or (ik) ¢ L, in this case, we assume that pi(j) = 0. The value pu(j) will

depend on the load distributed to the branch (ik) and the time channels mix allocated for its servicing.

The main purpose of constructing a subnet model of the CS is to determine the probability of losses
pi(j), on each branch (ik), according to which it is possible to calculate all the quality parameters of this
subnet. Calculation of the probability of loss relative to each addressee in the CS sub-network with bypass
directions is complicated by the fact that these probabilitics in the general case depend on the loss
probabilities in all other branches. This dependence, taking into account the given plan for the distribution
of information flows, is represented by a complex system of nonlinear equations, which will be described
below.

To simplify the form of writing such a system of equations, we introduce the following quantity. Let
¢ik(j) — the parameter characterizing the value of the excess load of the subnet of the CS for all branches
preceding the direction, as desired (ik). In other words, the value @i(j) is the fraction of the load ti(j),
coming into the branch (ik) in accordance with the distribution plan. It is equal to 0 if the branch (ik) is not
used in any of the paths connecting nodes 7, j and is equal to 1 if the branch (ik) is a branch of the path of

the first choice. The share of the share @i(j) includes the probability of loss of all preceding branches (ik)
of the trend. Let us denote K (j) by the set of such nodes k ., that from the node i form all outgoing

branches (ik) outgoing directions. The value @i(j) represents the probability of employment by referral
service (1k), 1.c.

ex(N=0zDpz(D=_[IprzQ) (1)

keK;(§)
Since p,(j)e (O;l], theng, (j) € (O;l], for all (ik) € L . For example, for the network shown in

figure 2, according to the elements of the route matrix, the values 0y (]) are:
Py D=0y Dy D=y (D-py ()
l/’c1 | lk4 | lk4 | lk3 | lk4 | |
Vit ()= Pik, () Pik, (D= Pik, (- Pik, (- Pik, (-

The results. The product @, (j)* p. ( ]) is the proportion of the excess load on the branch (ik),

which, depending on the load distribution plan, will be transmitted to other directions that are free for
node 1, and in the absence of such directions, it will generally be lost at the node:. In this case, the load ti(j)

is considered lost in the node, if the time channels are occupied on all outgoing directions (ik), £ € K ( j),
rae K ( ]) = {kl,kz,...,ks }, where s - the number of directions originating from the node 7. In this case, the
probability of ti(j) load loss I'i(j) in a node j is determined by the formula

I,(j)= ljp,-k (J), I1:(j) €(01). )

Depending on the load condition of each of the subnets included in the ATM network, it is possible to
calculate the necessary parameters for the operation of each of the subnets, thereby determining the
network resources of the ATM network in a given mode of servicing the subscribers connected to it. Thus,
due to the effective redistribution of the bandwidth of the integrated circuits of the network, it is possible
to achieve optimal parameters for the quality of service for subscribers of the ATM network; in this case
the performance of the subnets CS and PS that are part of the ATM network is growing.

All these factors mentioned above, connected with the problem of optimal allocation of bandwidth
between the subnets of the CS and the PS, ultimately significantly improve the efficiency of the integrated
network, communication as a whole, and this actually makes the transition to the creation of more
economical networks.
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Note that since p,, () € (O;l] ,thenll (j) e (O;l] .

Discussions. Studies of the distribution of the probability of load losses of the CS mode over
permissible paths and transit nodes of an asynchronous network using bypass directions for transferring
excess loads have been carried out. Building a tree of paths by route matrices. Let the network shown in
Figurel and the route matrix for each node be given.

G\

O
YO

{1
§

G

Figure 1 — Transmission network

The rows of the route matrix correspond to the numbers of outgoing directions in the order of their
choice, and the columns correspond to the numbers of destination nodes [18]. The matrix element is the
number of the neighboring node in the ith bypass direction to the jth node. We construct a path tree for a
pair of nodes (1,2), assuming that the length of each path does not exceed four transit sections. To build a
tree, we select the corresponding columns of the route matrices of the initial and transit nodes:

18, 18
]1 LA

]\/[1 —12 120 "
Ly 10,

From the matrix Mi we determine the branches 1 and 2 of the tree, ending in nodes 2 and 12, respec-
tively (figure 2).

@

> © ® ©) )
Figure 2 — Tree of paths between pairs of nodes (1,2)
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In the figure, unpainted circles indicate the numbers of the IHT. The throughput and the number of
channels for each path is = 10 bits / s, = 50. The service time of one call to the QC network is j = 60 sec.

The direction through the node 10 is not selected, since the path length through this node to the node
2 exceeds four transit sections (see. Fig. 3). At node 12, the procedure is repeated and nodes 8 and 9 are
selected, and so on.

Findings. The distribution of excess load on the path tree. For each pair of nodes, the load distribution
along the path tree is based on the probability of loss on the branches calculated at the previous iteration.
An assumption is made that the probability of losses on each branch characterizes some statistical
properties of this branch as a service system and does not depend on the probabilities of losses on other
branches and on the size of the distributed load (in the distribution process).

g 122)=t'1(1,2)* hix(2);

g 12(2)=t1(2,2)* hi2(2)s;

g'12(2)=th(2.2)* hi2(2)s:

t'1(1,2)1= t'1(1,2)* hi2(2);

hi2(2)1=11(2) * @12(2)2 * 912(2)3 * (1-p12(2));

h12(2)2=11(2) * Q1220 * 912(2)3 * (1-p112(2))* (1-p12s(2)) *(1-psa(2));

h12(2)=1(2) * 012021 * 912(2)2 * (1-p112(2))*(1-p129(2)) *(1-psx(2));

This article explores in detail the subnetwork switching channels, using the bypass direction of the
flow of multi-channel calls. At the same time for subnetting the commutation channel is given the initial
data of the problem of calculating probabilistic characteristics, list the characteristics that are determined
in the process of solving the problem and describes some assumptions that allow to adequately appro-
ximate the study of such a model to the functioning of a real network. As a result, we obtained a mathe-
matical model for calculating the loss probabilities, both for the communication channels and for the
nodes of the circuit switching subnetwork that is part of the ATM network. Here was calculated the
probabilities of load losses of the CS mode of an asynchronous network using bypass directions to transfer
excess loads.

0. 3. Cemoues, /K. C. Kemenngerxona, K. P. YmapoBa

M. Oyesos arsiHAaFEI OHTYCTiIK KA3aKCTaH MECMIICKETTIK YHHBCPCHTETI,
Iemmkenr, Kazakcran

KEJINETT APTBIK " KYKTEMEHI ECEIITEY

Annotamust. Kazipri oaeMae caHABIK TEXHOJOTHSUIAP CNCP SKOHOMMKACHIH JAMBITY/Ia MAHBI3ABI POI aTka-
pazsl. LudpIiblk TEXHOTOTHUIAPABIH TOMEHICTIACH apTHIKIIBUIBIKTAPBI Oap: XaIbIKTHIH YKOHE OW3HECTIH MEMIICKET-
TIK KBI3METTEPIE KOJ >KETKi3yiH KEHLUTIETY, aKImapaT aaMacy bl KeACIIeTy, ON3HECT] KYPri3y YIIIH >KaHA MYMKIiH-
TIKTCPAIH maiaa OOMyHI, ’KAHA CAHABIK OHIMACP Kypy koHe T.0. MHTCpHET KemiciHAC ACpeKTepai OCpyaiH KOJDKE-
TIMZIIITL, TYPAKTBLIBIFBI SKOHE KAy IICI3AITi — OyJ1 OapJIbIK catanapAbl JAMBITY IbIH TEXHOIOTHSUIBIK HETi31, COHMal-aK
XAITBIKTBIH ©Mip CYPYiHIH >KOFaphl camachl. baWIaHbIC JKCIICPIHAC aKmapar anmMacy DU(PIBIK HbICAaHAA OipKarap
apTHIKIIBUIBIKTAPFA He: 06reyil OPHBIKTBLIBFBIHBIH >KOFAPHI ACHICHI KOHE ACPEKTEPAl OCpyAiH HEFYPIbIM SKOFaphI
Camachl, CTAHTAPTTHI CCHIMII MKOHC ap3aH MHTCTPANIBI CXCMAajapabl MalmamaHy MYMKIHZITi, Oy OyKin skem Ky-
HBIHAA AHBIKTAYIIBI OOJBIM TAOBLTATHIH KOMMYTALHS JKOHC THIFBI3AAY JKYHCICPIHIH KYHBIH CIOVip TOMCHIACTCII,
OPTYPII TYPZETI akmapaTThl H(PIBIK HBICAHAA OIPIKTIPY MKOHE OHICY KE3iHAC YIKeH MYMKiHIIK. Kasipri yaksirra
Jko0anay Ke3iHAC MaiTaTaHbUIATRIH OAHIAHBIC JKSIIICPIHAC MAliTaTaHy IMBIIAPFA KBI3MCET KOPCCTY CANAChIH Oarajiay
QMICTEpPiHIH KONmmIijiri 0ip emmieMai TpapHKKE KATHICTHI TANICHBIPMAHBI KAPACTHIPAABI HEMECE JKYKTCMC KO3ICPIHIH
COHFBI CAaHBIHBIH dCEPiH ecKepMeiial. Byl My TbTHCEPBHCTIK Kemitepi sko0anay MiHACTTECPIH MICHTy KE3iHIE, COHBIH
I HAC JKeNUTEPAiH A00HEHTTIK KAThIHAY YYAaCKEIEPIiHAC ONapAabl KOAaHy Abl miekreiinl. OchiFaH 0aiiIaHbICTHI, OCHI
fanTa KpI3METTEPAIH HHTCTPANMICH 0ap KCHXKOJAKTHI IM(QPIBIK Kl KapacThIPhUIANBI, OHAA aFBIHAAPABI 06y
MapIIpyTTap MATPHOACBIMCH OCPINICTIH HTCPAIMAIBIK OiC iICKE acHIphIIaThiH ATM-TEXHOIOTHA Heri3iHae, al opdip
Oy TOopamTaphIHBIH TOPANTAPBI APACKIHAAFHI KYKTEMEHI 061y OCBI Oy/bI €CENTEy KE3IHAE MAPIIPYTTap MATPHIACHI
OOMBIHINA ANBIHATHIH KOJAAP AFammbl OOMBIHINA >KYPTi3iieni, COHIAH-aK apHAjaap MCH KOMMYTAIMHMAIBIK MAKSTTCP
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KOMMYTaIFACHI 9AICIMECH aKIMAPaTTHIK TpaQuKTi Oepy Ke3iHAE aCHHXPOHIBI JKEIIHIH apTHIK KYKTEMECIH E€CETTEY AiH
MATCMATHKAJIBIK OTICIH 93ipiey.

Tyiiin ce3jep: KCH KOIAKTHI IH(PIBIK >KeMi, KBI3METTEPAl MHTCTPAUMSANAY, ACHHXPOHIBI JKEJ, apHAIAPbI
KOMMYTaIILIay, TaKETTEPAl KOMMY TALMSLIAY , TYHIHACP KOMMY TallHSUIAPHI.
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IOsxH0-KazaxcraHCkuil TOCY TAPCTBCHHBIN YHUBSPCHTET HM. M. Aye30Ba,
IIemmkenT, Kazaxcran

PACUYETHI U3EBITOYHOM HATPY3KH B CETH

AnHotamus. B coppemMeHHOM Mupe 1m()POBBIC TEXHOJOTHH HTPAIOT BAXKHYIO POJb B PA3BUTHH SKOHOMHKH
crpaH. L{ndposbic TEXHOIOTHH UMCIOT IMPEHMYIICCTBA: OOIETHCHNUE JOCTYIIAa HACENCHUS W OM3HECA K TOCyJapcT-
BCHHBIM YCIIyTaM, yCKOpeHHe oOMeHa nH(OpManueH, MOsSBICHHE HOBBIX BO3MOKHOCTCH A1 BeACHHUS OWM3HECa, CO-
3JAHAE HOBBIX IE()POBBIX MPOIYKTOB U T. . JJOCTYITHOCTH, CTAOMIBLHOCTS B OE30MACHOCTh NIEPEIAYH JAHHBIX B CETH
HHTEpHET — 3TO TEXHOIOTHYECKAA OCHOBA PA3BUTHS BCEX OTPACIICH, a TAKXKE BBICOKOC KAUCCTBO KH3HU HACCIICHH.
OOmeH nH(pOpMAINH B CETAX CBA3M B NU(PPOBOH (hOpME UMEET P MPEUMY IECTB, TAKUX KaK: BBICOKHH YPOBEHB I10-
MEXOYCTOMYHBOCTH M HanOOJIEE BBHICOKOE KAYECTBO B IEPEIAYN JAHHBIX, BO3MOKHOCTb MCIOJIB30BAHMUS CTAHAAPT-
HBIX HAJCKHBIX M JCIICBBIX HMHTCTPAIBHBIX CXCM, YTO 3HAYMUTCIBHO CHIXKACT CTOMMOCTH CHCTEM KOMMYTAUHH H
VIUIOTHCHUSI, KOTOPBIE SBILIFOTCS OTPEICIFOINMA B CTOMMOCTH BCCH CETH, OOMIBINYI0 BO3ZMOXHOCTh IPH O0OBEIH-
HEHHHU 1 00paboTKH MH(MOPMAIMA PA3IMYHBIX BUIOB B H(ppoBoi Gopme. B HacTosmee BpeMs OOIBITHHCTBO METO-
JIOB OLICHKM Ka4eCTBa OOCIY KHBAHMS IIOJIb30BATEICH HA CETAX CBSI3HU, UCIOIBb3YEMbIX IIPH MPOCKTHPOBAHHH, JHOO
paccMaTpUBAIOT 33734y MPUMEHHTEIBFHO K OZHOMEPHOMY TpauKy, MO0 HE YUHTHIBAOT BIMSHHI KOHCUHOTO YHCIA
HCTOYHHKOB HArPY3KH. JTO OTPAHWYMBACT WX NMPUMCHEHHC NMPH PEIICHUH 33134 IMPOCKTHPOBAHUS MYJIbTHCCPBHUC-
HBIX CETCH, B TOM HYHCIIC HAa Y4aCTKaX aDOHEHTCKOTO JAOCTYTA CeTei. B cBA3W C 3THM, B JaHHOH CTaThe paccMarpu-
BACTCH IHUPOKOTIOIOCHAS TU(PPOBAT CCTh ¢ MHTCTpamucii ciy k0 Ha 0cHOBE ATM-TEXHOIOTHH, B KOTOPOH peaH-
3yeTCsl UTCPANMOHHBIA METOX, TJE pacIpelelcHHE MOTOKOB 3aJacTCA MATPHICH MapHIPpyTOB, a PACIpEICIICHHUC
HATPY3KH MEXIY Y3JIaMH KOKIOH Mapod y3710B IPOU3BOIAHUTCS IO JCPEBY IMyTEH, IOJIYyYacMOMY IO MAaTPHIEC
MapUIPyTOB IIPH pacyeTe AAHHOM Maphl, a TaKke pa3paboTKa MATEMATHYECKOTO METOJA pacdeTa M30BITOYHOH Ha-
TPY3KH aCHHXPOHHOHM CeTH IpH mepegaue WHYOPMAIHOHHOTO Tpaduka METOA0M KOMMYTAIMH KAHAIOB M KOMMY-
TALHOHHBIX TAKCTOB.

KimoueBbie ciioBa: MHPOKOTONOCHA NH(POBAS CETh, HHTCTPALMS CIYKO, ACHHXPOHHAS CETh, KOMMYTaIII
KaHAIIOB, KOMMYTalHsI MAKETOB, V3716l KOMMY TAIIHH.
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