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Abstract. The concept of a relatively modern multiservice switching structures, systems, networks implemented
with regard to the new paradigm in the development of telecommunications is described. The concept of architecture
formation of a multiservice structure is close to the basic ideas of SDN (Software-defined Networking), where the con-
trol level is separated from data transfer devices and implemented programmatically. The multiservice structure uses a
single channel for transmitting data of different types, makes it possible to reduce the diversity of equipment types,
apply common standards and technologies, and provide centralized management of the communication environment.

Particular attention has been paid to the task of ensuring intelligence, access invariance, comprehensiveness of
services in a single transport environment of multiservice structures implemented on the basis of 3D technologies. 3D
technology opens up a lot of opportunities for creating diverse topologies of the universal transport environment, which
will ensure flexibility of the environment and accelerated data transfer along the least loaded routes.

The N-dimensional switching element by Berezovsky (SEB) has been proposed, which allows creating "switch-
ing patterns" for new 2D, 3D topologies of the transport environment, represented in the form of 2D, 3D commutation
fabrics. 3D multiservice structure requires a complex and intelligent control system. The framework 3D models on the
switching elements by Berezovsky allow visualizing route data, carrying out operational and retrospective analysis of
these data in order to identify problems, simulate the effects of routing schemes on the operation of the structure, using
database archives, etc.

The importance of developing the concept, procedures and algorithms for managing the state (traffic) of the 3D
switching environment on the new "switching patterns" on the switching elements by Berezovsky has been emphasized.

The convergence of intelligent structures is becoming more and more noticeable, and 3D switching structures on
the SEB can become the basis for solving this problem.

Keywords: Berezovsky's switching element, 3D switching pattern by Berezovsky element, switching plant

Anomayin. Bukniadaemocs KoHyenyis w000 CyYACHUX MYTbMUCEPSICHUX KOMYMAYIHUX CMPYKMYp, CUCMEM,
Mepedic, peani3o8anux 3 YPaxyeauwHsM HO80I napaouemu 6 po3podyi menexomynixayiiu. Konyenyis gopmysanns apxi-
mexmypu myromucepgicnoi cmpykmypu 6auzeka oo 6azosux ioeii SDN (Software-defined Networking), oe pisens
YNpaeninHs 8i00iNeHUll 6i0 NPUCMpOoi6 nepedasamnts 0anux i peanizyemvca npoepamto. Mynemucepgicna cmpykmypa
BUKOPUCMOBYE €OUHULL KAHAT Ol Nepe0asanHs OAHUX DI3HUX MUNIB, 0AE MONCIUBICIb 3MEHWUUMU PI3HOMAHIMHICMb
Mmunie 001AOHAKHS, 3ACMOCY8AMU EOUHI CMAHOAPMU | MEXHO021l, YeHmpani308aHo Kepyeamu KOMYHIKAYIUHUM cepe-
oosuuyem.
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Ocobnu8y ygazy npudinreno 3a80anHI0 3a0e3nedents iHmenieKmyaibHOCmi, IH8APiaHMHOCIi 00CMYNY, KOMNJIeKC-
HOCMI nocnyz 6 €OUHOMY MPAHCHOPMHOMY CepedoUUyi MYTbMUCEPBICHUX CIMPYKMYpP, Wo peanizyiomucsa Ha baszi 3D
mexHonoziu. 3D mexnonoeii 8iokpusaome macy moxcaugocmeti 0 nob6y008uU pPisHOMAHIMHUX MONONO2IL YHIBEpCAlb-
HO20 MPAHCHOPMHO20 Cepedosuwd, Wo 3abe3neyums HyuKicmy cepedosuyd i npuckopere nepeoasants OaHux no
HaUMeHW 3a6aHMAICEHUX MAPULPYMAX.

Ipononyemovca N-mipruil komymayitinuii enemenm Bepesoscvkoco (KEB), axuii 0o3eonie gpopmyseamu “kKomy-
mayiuni namepuu” 0na Hosux 2D, 3D mononoecili mpamcnopmuozo cepedosuwyd, wio nooaemvca y euenioi 2D,
3D xomymayitnux ¢abpux. 3D myremucepsicuiti cmpykmypi HeoOXIOHa CKAAOHA Ui IHMeNeKMYalbHA CUCmemMd Ynpas-
ninHA. 3D modeni ¢ppeiimsopkie na komymayitinux eremenmax bepe3oscbkoco 003601a10mb 8i3yanizyeamu MapuipymHi
OaHi, 30IICHI08AMU ONEPAMUBHULL | PEMPOCNEKMUGHUL aHANI3 YUX OaHUX 3 MEMOI0 UABNEHHS NPod.aeM, MOOeno8amu
BNAUB CXEM Mapupymu3ayii Ha pooomy CmpyKmypu, 8 momy Yucii 3 GUKOPUCIMANHAM apxigy 6a3 oanux i m. 0.

Iiokpecmoembcs sascaugicms po3pobKu KoHyenyii, npoyedyp i aneopummie Ynpasninua cmarom (mpaghixom) 3D xo-
MYMayitiHo2o cepe0osuLya Ha HOBUX “Komymayitinux nameprax ™’ Ha Komymayitnux enemenmax bBepesoscvkoeo (KED).

Jleoani nomimuiwio cmae KOHEepeeHYis iHmeeKkmyaioHux cmpykmyp i 3D komymayiuni cmpykmypu va KEB
MOdHCYmb cmamu 643010 6 npoyeci po36 A3aHHA Yb020 3a80AHHSL.

Knrwuosi cnoea: komymayitinuti enemenm bepesoscvkoco, 3D komymayitinuti namepu eremenma Bepesoscvko-
20, Komymayiiina gabpuka

AHHOmayuA. Mznazaemcsi KOHYenyus OMHOCUMENbHO COBPEMEHHBIX MYAbMUCEPBUCHBIX KOMMYMAYUOHHBIX
CMpYKmyp, cucmem, cemeil, peaiu3yemuix ¢ y4émom HO80U napaouzmul 6 papabomke menekommynuxayui. Konyen-
yust popMUpOBanUs APXUMEKmypbl MyIbMUCepEUCHOU cmpykmypsl 6nuska k b6azosvim uoesim SDN (Software-defined
Networking), 2oe yposens ynpaenenus omoenén om ycmpoiicme nepedayu OaHHbIX U Peanu3yemcs npoepammuo. Myiv-
MUCEPBUCHAA CIPYKMYPA UCHOTb3Vem eOUHbIll Kauan Ona nepeoauu OaHHbIX PA3HBIX MUnog, 0aém 803MOICHOCMb
YMeHbUUMb pasHoobpasue munog 060pyo0sanus, NPUMEHUMb eOuHble CIaHOapmsl U MexXHOI02UU, YeHMPATUZOBAHHO
VYIPAGISIMb KOMMYHUKAYUOHHOU CPEOol.

Ocoboe enumanue yoeieno 3adaue o0Oecneyenusi UHMELIEeKNYAIbHOCHU, UHBAPUAHMHOCTU OOCMYRd, KOM-
NIEKCHOCMU YCIYe 8 eOUHOU MPAHCROPMHOU Cpede MYIbIMUCEPSUCHBIX CIMPYKMYD, pedanusyemvix Ha 6aze 3D mexnono-
eutl. 3D mexnono2uu OMKpuIGAIOM MACCY BO3MONCHOCMEN OISl NOCHMPOEHUSL MHO2000PA3HbIX MONOIOUL YHUBEPCATb-
HOU MPAHCNOPMHOU cpedbl, ymo obecneuum 2UOKOCMb Cpedbl U YCKOPEHHYI0 nepedayy OaHHbIX NO Haumeuee 3azpy-
JHCEHHBIM MAPUWPYMAM.

Ilpeonazaemcs N-mephuiii kommymayuonnuwli d1emenm bepesosckoeo (KOb), komopwitl nosgonsem gopmupo-
samv "kKommymayuonnvle nammepusl" 015 Hosvix 2D, 3D mononozuti mpaschopmHoil cpedvl, NPeoCmasisieMou 8 suoe
2D, 3D xommymayuonuvix gabpux. 3D mynvmucepsucHol cmpykmype HeobX00uma CIONCHAS U UHMELIeKMYalbHAS
cucmema ynpasnenusi. 3D modenu hpeimeopkoe Ha KOMMymayuonuvlx saemenmax bepezoeckoeo nozeoasom eusyanu-
3Uposamv MapuipymHule OaKHble, OCYWECmEIamb ONepamueHslll U pempoCcneKmueHblll AHaIU3 dMUX OAHHbIX C Yelblo
8bLAGNIEHUS NPODIEM, MOOEIUPOBAMb GIUAHUE CXeM MApupymu3ayuu na pabomy cmpykmypbl, 6 mom Yucie ¢ UCnolb-
308aHUeM apxuea 6a3 OaHHLIX U m. 0.

Toouéprusaemcs easxicHocmv pazpabomku KoHyenyuu, npoyeoyp u aieOpummos YRpaeieHusi COCHOSHUEM
(mpagpuxom) 3D KommymayuoHHol cpedbl HA HOBLIX "KOMMYMAYUOHHBIX nammepHax" Ha KOMMYMAYUOHHbIX 3/1eMeH-
max Bbepesosckozo.

Bce 3amemuee nposeisiemcsi kongepeeHyus uHMeNIeKmyanibovlx cmpykmyp, u 3D kommymayuonusle cmpykmy-
pot Ha KOB moeym cmams 6a306bimu 6 npoyecce peuieHus 3moi 3a0aqu.

Knrwoueevte cnoea.xommymayuonnvii snemenm bepezosckozo, 3D kommymayuonnsiti nammepn snemenma be-
PE306CKO20, KOMMYMAYUOHHAS (habpuKa.

INTRODUCTION

The concept of architecture formation of a multiservice structure is close to the basic ideas of
SDN (Software-defined Networking), where the control level is separated from data transfer devic-
es and implemented programmatically.

3D technology opens up a lot of opportunities for creating diverse topologies of the universal
transport environment, which will ensure flexibility of the environment and accelerated data trans-
fer along the least loaded routes.

MULTISERVICE SWITCHING STRUCTURES

Multiservice switching structures (MSS), systems, networks can be built on the basis of vari-
ous technologies, but today the paradigm prevails, according to which the structure management
level (control plane) is separated from data transfer devices - data transport medium (data plane).
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MSS is a hardware and software platform that can modify its state in real time, giving priority
to the prior data stream or selecting optimal quality parameters for this stream, taking into account
the topological features of the data transport medium and the server infrastructure.

In the MSS, it is possible to monitor not only the state of the channels of the data transmission
medium, but also the services and the state of the client devices.

The transport data transmission medium is a universal high-speed and, if possible, homogene-
ous switching structure (SS), which ensures the transfer of all the provided data formats. This ap-
proach allows us to raise the question of the unification of the SS as to save money, as well as ease
of operation and administration.

The modern topology of homogeneous SS is two-dimensional (2D) based on 2D switching el-
ements. It is regular and easily scaled upwards.

A special problem of SS is the absence of modern conditional-graphic notation for switching
elements for constructing spatial multidimensional SS.

The use of reprogrammable 2D, 3D switching structures on the element by Berezovsky [1]

3D MODELS OF THE FRAMEWORK OF THE SWITCHING ELEMENT
BY BEREZOVSKY

To solve the problem, the framework forming switching element has been synthesized and pa-
tented [1]:

> N-dimensional switching element of Berezovsky (conventional symbol (ﬁ)).

The main advantages of the SEB are full accessibility and minimal delays.

The switching element by Berezovsky (ﬁ) with N =1 is used as a switching framework.

The framework model of the Berezovsky switching element can be presented in black and
white B}, (B/W) or colored option without indicating the used color Bji,(C) model or indicating,
for exaﬁle, B_};‘jz(RGB) or B_};‘jz(HEX) [2]. o

Figure 1 — Framework model of the Berezovsky switching element B}/,

Application of SEB frame models opens up new possibilities for developers in the topology
and architecture of the MSS.

3D SWITCHING FIELD ON THE ELEMENTS OF BEREZOVSKY

The switching element by Berezovsky (SEB) is used as a “switching pattern” to form the base
element of the MSS field. The example of a planar field — a SS matrix is shown in Figure 2.
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Figure 2 — Packaged planar frame model of the switching field — matrix on SEB BJ,.

The use of switching patterns on the SEB allows synthesizing absolutely any physical topolo-
gy (planes, surfaces, shapes) of the switching field.

These topologies have incorporated a lot of proven ideas, some of which are used in the tech-
nologies of switching patterns formation on the SEB for commutation fabrics:
Fp:= {3, [ B2 (RGB)[n VP gam]|},
where B, is metric N=2,

An increase in the SEB pattern metrics provides an increase in the number of “input-output™
contact terminals (ports) of a packaged switching field planar frame model — a matrix [2].

Switching fields are combined into commutational fabrics (Fig. 3).

The new commutational fabric on the SEB has a block/modular architecture, which allows
users to avoid the necessity of a complete replacement of equipment when implementing next-
generation technologies in their environments.

The commutational fabric is represented by 2 matrix modules M¢and Hy on planar packaged
switching patterns of the SEB Fig.4

The flexible scalable structure of the commutational fabric allows users to start from the size
and scale that meets their current needs, and at the same time creates the conditions to meet the
growth of these needs in the future [2].

The ability to select hardware and software solutions for all levels of the network stack and
payment by principle “pay-as-it-grows” allows starting on a small scale and expand the commuta-
tional fabric gradually, without tying yourself to a fully integrated proprietary solution, and this is
the way to create a modern MSS.
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Figure 3 — 3D packaged frame monoblock k—planar painted on isometric patterns
with the metric N = 2 model of the switching field — the matrix on SEB

GENERALIZED MSS STRUCTURE

The main functions of multi-stream routing of data fall on the commutation fabric of
P.,r = 1,w controllers and are to determine the information transfer routes, as well as to control
devices that process Q, ,e = 1,a and balance data flows (Figure 4).

In the MSS, in some cases, there may be formed communication channels,. limiting the trans-
fer of information from one part of the structure to another, or even isolating one part from another.

The use of SEB-1, SEB-2 in the synthesis of new MSS allows more efficient and full use of
the structure.

A generalized block diagram of MSS switching field is shown in Figure 4.

The MSS is characterized by the fact that its switching field on the SEB commutes channels
through which information can be transmitted in both digital and analog form.

The algorithms and protocols of the control plane that ensure the interaction of intelligent pla-
nar, block-matrix MSS on the SEB are not included into the topic of work and are not considered.

The quality of the MSS is in large part determined by the effectiveness of routing algorithms.
It’s a difficult task, since it is necessary to take into account the topology of the switching structure
of the field, fabric. During the process of work, the state of the individual switching elements
change dynamically over time; in addition, failure of equipment and many other factors are possi-
ble.
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I

Figure 4 — Structural diagram of the MSS generalized switching field
FORMATION OF THE STATE OF SWITCHING STRUCTURE

For a given topology of the MSS switching structure containing M channelsy, (k =1,M),

it is necessary to ensure the switching of the basic "switching patterns™ to N states S, (i =1, N) on
the basis of the switching module (SM) — Berezovsky’s switching element. In its turn, the SM is
characterized by n commuting variablesx, (r :1,_n) and m commuted poles (variables)

z, (1 =1, m). At the same time, for SM there also exists a certain number Q of switching states

(8S) V; (J =1,Q)in the set of variables z.

Then the solution of the task of switching the considered MSS can be reduced to determining
a certain number of SMs, which, based on a number of V states under the control of n commuting
variables x, by variables z provide the switching of y channels for given states S.
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METHOD OF REVERSE SUBSTITUTION

As a second procedure, supplementing the basic approach outlined in [3], and allowing to
solve the considered task of forming a SS for the MSS based on SM, a reverse substitution method
(RSM) has been proposed, the essence of which is as follows.

The stage of constructing descriptions (12) and (13) in [3] is retained in RSM, as in the
MDS [3], and the step of specifying connections (14) in [3] is excluded. In the next step, in each set
(16) in [3] (v, -S,, ...V, =Sy, j=1Q) one expression is selected with mismatching values j:

V,-S =b,-a; Vy-S,=b;-2a, ,.., V,-Sy=b, —ay. 1)

From the se expressions (1), based on the fulfillment of requirements (16) in [3], the SSM SS
S; (i =1, N) are formed in the form (15) in [3]:

ST =YW =a, i-1N, (@ =c+a), @

k=ai

which are further equated to the original representations S, (i = 1,N ) (12) in [4]

S =8 =2 W= 0.0, i=IN 3
From equalities (3) it is easy to obtain the following relations
W, () =g,@), k=La, i=LN, @
which, in turn, make it possible to determine the desired compounds in the form
2o,23=Y,Ys: 2,2,=Y,Y, s 2.2, =YYy ®)
or
Yy =24 Ys=2p, Yo =Zo Yy =2, 0 Ye =24 Y, =1, (6)

The received connections should be coordinated for all S; (i =1, N), which in most cases

requires the use of complex switching. As in the previous method, the use of index tables (Table 7
and Table 8) in [3] in the reverse order can be quite effective here.

Let us take the following example as an illustration of the application of the proposed RSM.
Then, using the conditions of the task and the data of the representation (17), ..., (20) in [3], we con-
sider the following conditions of the type (1):
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Vy =Sy =Wy (1) + We (1) + Wg (1) — w5 (1) - wg (1) =1,

« « (7)
V3 =S, =W, (3) + Wy (3) + wys (3) — W, (2) —w, (2) =1,
from which we obtain equalities of the form (3)
0O+9,Q=w;Q+W;@);  9:(2)+950(2) =W, (2) +W; (2). (8)
Equation (8) can be represented in the form (4)
WD) =0, W@ =0,0; W,(2=0:(2; W;(2)=00(2). (9)
The relation (9) in view of the notation (13) in [3] takes the form(5):
2124 =Y1Y3: 2325 =YoVur L1z =Yi¥Yor 2324 =Y3Y4- (10)
Finally, the desired compounds (6) are determined on the basis of equality (10)
Yi=215 Y2=23 (Y2=125); Y3=24; Ya=12, (11)

Figure 5,a) shows the realization of SSS; by means of SSSMV4, and in Figure 5,b) presents
the implementation of S; based on Va. In this case, X;and X3 (20) [3] are fed to the CCSM.

Both in the first and second cases (Figure 5) the reoccurs a complicated commutation
(Y,23, ¥Yy25, 2525, Z,Z5) and (Y,Z5, Y,Z5). For clarity of the solution it is possible to use ta-
bles of indexes (table 7 and table 8) in [3].

METHOD OF HYBRID SUBSTITUTIONS

The third procedure, which has been proposed for solving the problem of the specified SS
formation for complex switching structures-fabrics of the MSS, includes both direct and reverse
substitution. It is a combined procedure called the hybrid substitution method (HSM).

In this method, at the first stage, descriptions (12), (13) in [3] are formed in accordance with
the conditions of the task. Further, they are set by separate compounds (14) in [3], and some of the
variable sy remain unknown:

Y1=24 Y2=25 v Ya =23 Yeu=X1 Y2 =X2 v Ym =Am-aa-  (12)
Then for the SSM SS S, (i =1, N) can be written as

aig &g, . —
Si =Sy +Si5, Syu=2W();, Spi=>w(), i=LN, (13)
k=q; k=p

where w, (i) - contains unknown connections based on y, (v =1,M —d —1)
In the next step, non-recurring requirements of the form (1), (16) in [3] are chosen for each
S, (i=1N) of the set (16) in [3]:
V, =Sy =S =b, —a;; Vg =Sy =Sy =by—ay ..., V,, =Sy =Sy, =b, —ay, (14)

on the basis of which

Si, = alzﬁ w (i), (a;=a+a), i=LN (15)
K=pi

are defined.
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Then we apply expressions (4), leading to relations of the form
2,2, =Xy Xsr Zely=XoXp v 202y = XXy (16)
by means of which we can determine the correlated between S, (i = 1L,N ) compounds (6):

Xy =20 Xs=Zwr Xv=2er Xp=Zyon Xe=Zor Xy = Iy (17)

The final solution (the desired connections) is formed on the basis of the expressions (12) and
(17) in the form of the following equations:

Yi=Zp Yo=Zg 00 Ya=2Z5 Yea =2y v Y =17, (18)

Here, as well as in the previous methods, in a number of cases it is useful to consider the use
of index tables (Table 7 and Table 8) in [3].

As an example illustrating the essence of the proposed MHS, MKS and the task of forming its
SS under conditions (17), ..., (20) in [3] can also be used.

Thus, we adopt the following notation (12):
Yi=123, Y3=X1 Y3=Ze» Ya= 2o (19)
Further, by virtue of formulas (13), we have

S; =S;;+Sp, Spy=wp@), S, = W: @;

N . (20)
S; =Sy +S5, Sy =W (2), Sy =w,(2),
where w, (1) = 2325, W, (D) = x122, W (2 =Z375, W,(2) = Zg 16
We formulate a record of requirements of the type (14):
V, =S =w, (2) + Wy (2) + Wyp (2) —wp, (1) —w; (1) =1 1)
V3 =S, =W, (3) + W, (3) + W5 (3) —w; (2) —w,(2) =1,
From which we obtain a relation of the form (15):
W, (2) =w; (1); w,(3) =w; (2); w5 (3) =w;,(2). (22)
These relations (20),(22) are the basis for obtaining descriptions of the type (16)
L1Zs =1 X2y Lil3 =130, Islg =1LgXe: (23)
which allow us to define expressions of the form (17)
X1=21 X2 = Is. (24)
The desired compounds are definitely determined on the basis of formulas (18), (19), (24)
Yi=123, Y2=11, Y3=1g, Y4 =15 (25)

These compounds (25) provide the implementation of SSS; and S, MSS, as illustrated in Fig-
ure 6, a and Figure 6, b, respectively. In this case, the CCSM is controlled for S; by the signal X»
(20) in [3], and the SSS; by the signal X3 (20) in [3].

In the example (Figure 6) there is no complicated commutation. Here, as in the previous cases
(Figure 5), tables of indices (Table 7—Table 12) in [3] can be used for greater clarity of the solution
obtained.
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CONCLUSION

In conclusion, we note that each of the proposed methods has its advantages and disad-
vantages. Thus MDS (12),...,(26) in [3] allows to get all possible solutions, it is simply
algorithmized and easily allows to take into account additional requirements when selecting connec-
tions. These requirements include restrictions on currents, voltages, power, speed, etc. MSS chan-
nels and their coordination with the SM capabilities. The short coming of this method is its chunki-
ness.

The second method of RSM allows to find quickly a solution, but it requires intelligent sup-
port, it hardly describes all the variety of solutions and has a number of difficulties in taking into
account the additional conditions imposed on the SS and the properties of the switched channels.

The third method of HSM, being a combined procedure, in case of its experimental applica-
tion can combine the advantages of the first two methods described above, and minimize the short
comings of MDS and RSM.

In the process of solving the problem, several CMs of one or various types can be used. In this
case, the description of the methods will become somewhat more complicated. It is important at the

same time to strive to comply with the requirements of Qs > N and mg > M, where Qy, My

denotes the total number of SSSM and their commutated poles. Equalities Qz =N and my =M
testifies to the existence of the risk of failing in the solution of the task.

In addition, we should note that the control variables x, (1 =1,n) can be considered as a

switching object, connecting the SM of the first level to the SM of the following levels. At the same
time successful application will find the proposed methods of forming a SS for solving switching
problems of all levels.

The third proposed procedure allows the condition that part of the variables y remains un-
known.

In this procedure, you can use algorithms of ternary associative memory (Ternary Content
Addressable Memory, TCAM). The use of ternary associative memory (AM) for the routing table
makes the search process very efficient and simplifies the design of the hardware for the implemen-
tation of the procedure. When selecting the index feature, a third value is added for comparison —
“not important”, for one or more bits in the saved word — the index.

Thus, when searching for a sign — the destination address in the AM, the correct index is im-
mediately retrieved — the input of the next switching element in the routing table; Both operations —
mask and comparison applications — are performed by hardware using the AM control plane.
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