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Abstract. The proposed method is actualized for the optimal synthesis of a subscriber access
network during its reconstruction in order to ensure broadband availability and accessibility to new services
that require high transmission rates. The task of reconstructing the subscriber access network using FTTC
technology and the equipment of “active cabinets” has been set up and formalized in terms theory of graph.
The method for solving the problem is proposed, which ensures the determination of the optimal number of
active cabinets in and the achievement of a minimum of the total length of cable routes. The method had
been tested in the framework of the all-Ukrainian project of Ukrtelecom and involves the dismantling of
classic automatic telephone system (PBX/DPBX) and the organization of a network infrastructure using so-
called “active cabinets” based on FTTC (Fiber-to-the-Curb) technology. From the cabinet to the subscribers
copper cables can be used, and fiber-optic lines using any modern access technology (ADSL, VDSL, FTTB,
FTTH, PON). As a result, the subscriber receives not only high speeds, but also access to new services
(digital telephony, interactive TV, “cloud” solutions etc).

Key words: optimal synthesis of subscriber access network, reconstruction of the network, FTTC,
technology, optimization of placement of "active cabinets.

AHoTauis. B pobGoti nponoHyeTbcs  MeTod  ONTUMArNbHOTO  CMHTE3Y  LUMPOKOCMYroBOi
MYNbTUCEPBICHOI Mepexi abOHEHTCbKOro AO0CTyny, sika HagacTb KOPUCTYBavyaM MOXIMBICTb OTpUMATK
OOCTYyN A0 HOBMX CydacCHMX MOCHyr, L0 BUCYBatoTb Oinbll BUCOKI BUMOMM OO LUBMAKOCTEN NepedaBaHHs
AaHmx. Metog 3abesnevye eekTMBHE NPOBeOEHHS PEKOHCTPYKLiT Mepex aboOHEHTCbKOro JocTyny Ha 6asi
koHuenuii Fiber to the Cube (FTTC) 3 BUKOPUCTAHHAM TEXHOJOTNiT «aKTMBHMX wWad». MNocTaBneHa 3agava
ONTMMarnbHOro CUHTE3Y LUMPOKOCMYIrOBOi MYSbTUCEPBICHOI Mepexi aboHeHTCbKOro 4ocTyny hopmarizoBaHa
y TepmiHax Teopii rpagiB. 3anponoHOBAHO MEeTO[ pPO3B'A3aHHs 3a3Ha4vyeHoi 3afjadi, SKMM O03BOSISIE
BM3HA4YaTV ONTMMarbHYy KiNbKiCTb Ta MiCUs po3TallyBaHHsS cneumdivyHOro MepexHoro obnapHaHHs, Tak
3BaHMX «aKTUBHUX wWad», 3a YMOBU MiHiMi3aLii 3aranbHOi JOBXMHU KabenbHUX Tpac Mepexi Ta micus
po3TallyBaHHS LUMO3IB A0 TpaHCNOPTHOI Mepexi. MeToa onTMManbHOro CUHTE3y  LUMPOKOCMYroBol
MYNbTUCEPBICHOI Mepexi aboOHEHTCLKOro A0CTyny hopmani3oBaHo y BUMMSAAI anroputmy. 3anponoHoBaHWN
mMeToa Oyno BMKOpUCTaHO B YKpaiHi HauioHansHUM onepaTtopom enekTpo3s'asky MNAT «YkpTenekom» nig vac
PEKOHCTPYKLii Mepex OOoCTyny, Lo NPOBOAUTLCHA Y MeXax BCeyKpaiHCbKOro npoekTy B6, skun nepenbayae
aemoHTax knacudHux ATC/PATC Ta opraHizaudito MepexeBoi iHdpacTpyktypu Ha 6asi FTTC 3
BMKOPUCTAHHSIM B SIKOCTi TOYKM MiAKMHOYEHHSA aDOHEHTIB «aKTMBHMX Wad». ADOHEHTU MOXYTb MigKMYaTmcA
0o wadwu 3a gonomorok byab-Akoi cydacHoi TexHonorii goctyn (ADSL, VDSL, FTTB, FTTH, PON),
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BHACMiAOK Yoro aboHEHTN OTPMMYIOTb 3HAYHO Oinblui WBUAKOCTI Ta MOXITUBICTb CMOXMBATK HOBI MOCIYIM
(iHTEepaKTUBHI CepBiCK, XMapHi «NOCNyrn» TOLLO).

Knio4yoBi cnoBa: onTumManbHUM CUMHTE3 Mepexi aboHeHTCbkoro poctyny, TexHonoris FTTC,
PEKOHCTPYKLIA Mepexi, onTuMisaLis po3TalllyBaHHA «aKTUBHUX Wady, rpad.moaens.

AHHOTaumsa. B pabote npegnaraetca MeTo4 ONTMMAnbHOrO CUHTE3a  LUMPOKOMOSIOCHOM
MynbTUCEPBUCHOW CeTU AO0CTyNa, KoTopas npefocTaBnaeT nonb3oBaTensdam AOCTYN K HOBbIM COBPEMEHHbLIM
ycnyram, KoTopble TpebyloT ©Oornee BbICOKMX CKOPOCTEM Mepedayn pJdaHHbiXx. Metog obecneymBaet
ahbdeKkTUBHOE NPOBEAEHNE PEKOHCTPYKLMKN ceTel aboHeHTCKoro goctyna Ha 6ase koHuenuuun Fiber to the
Cube (FTTC) ¢ mcnonb3oBaHMEM TEXHOMOIM «aKTUBHbIX LKadoB». [NocTaBneHHas 3agada onTMMaribHOro
C/YHTE3a LUMPOKOMOMOCHON MyIbTUCEPBUCHOW CeTu opmanu3oBaHa B TepMumHax Teopun rpados.
MpeanoxeHo MeTon peLleHUs AaHHOW 3alayn, KOTOpbIA NO3BOMSIeT onpeaenuTs onTUMansHoOe KONMyYecTBo
N MECTO PacnoSIOKEHUS «aKTUBHbIX LWKaoB», NPU YCNOBUN MUHMMM3aLNK OOLLEV ANHBLI KabernbHbIX Tpacc
CeTM U MeCTO pacrofnoXeHns LWM30B K TpaHCNopTHoW ceTu. Metoa dopmanu3oBaH B BuAe anroputma.
MpennoxeHHbI MeTon, Obin MCMONb30BaH B YKpauHe HauMOHamnbHbIM onepaTtopom anekTtpoceasn YAO
«YKpTEnekom» BO BpeMS PEKOHCTPYKLMW, KOTopasi NMpOBOAMTCA B paMKax BCeyKpamHcKoro npoekta B6,
KOTOpbIN NpegycmaTpmBaeT geMoHTax knaccudeckux ATC/PATC v opraHnsauuio ceteBov MHPacTpyKTypbl
Ha Gasze FTTC c ucnonb3oBaHMEM B Ka4yecTBe TOYKU MOAKMOYEHMS abDOHEHTOB «aKTMBHBIX LUKadOB»
ABGOHEHTBI MOTYT noAknoyaTbes K Wwkady ¢ nomoLbio Nobor coBpemeHHon TexHonorum goctyna (ADSL,
VDSL, FTTB, FTTH , PON, B cneactBum 3TOro OHW MOfy4aloT 3HAYUTENbHO Goree BbICOKME CKOPOCTU U
BO3MOXHOCTb NOTPEONSATL HOBLIE YCIYTN (MHTEPAKTMBHLIE CEPBUCDHI, 0OaYHble KCEPBUCHI» U T.4.).

KniouyeBble cnoBa: oONTMManbHbI CUHTE3 CETU abOHEHTCKOro A0CTYMa, PEKOHCTPYKLUMS CeTw,
TexHonorua FTTC, onTMMu3aumsi pa3meLleHnst «akTUBHbIX LLUKadoBy, rpady, MOAENb.

The modernization of telecommunications networks carried out in Ukraine within the
framework of the all-Ukrainian project of Ukrtelecom involves the dismantling of classic
ATS/RATS and the organization of a network infrastructure using so-called “active cabinets” based
on FTTC (Fiber-to-the-Curb) technology, which allows each cabinet to be connected with an optical
cable (Fig 1). From the cabinet to the subscribers copper cables can be used, and fiber-optic lines
using any modern access technology (ADSL, VDSL, FTTB, FTTH, PON). As a result, the
subscriber receives not only high speeds, but also access to new services (digital telephony,
interactive TV, “cloud” solutions, etc).

The guarantee of ensuring the required transmission speed is in compliance with the
condition that the distance from the cabinet to the subscriber does not exceed 500 m. Since only part
of the objects of the area serviced earlier by one DPBX can be connected to one active cabinet,
when establishing a regional broadband subscriber access network, the problem arises of finding the
optimal number of cabinets for a given area.

The task of optimal synthesis of a broadband subscriber access network in the specified
conditions of its reconstruction is as follows:

— determination of the necessary and sufficient number and location of active cabinets for
connection of subscriber lines, subject to the conditions for limiting the distance from the subscriber
to the cabinet and the capacity (the number of ports for connecting subscriber lines) of one cabinet;

— finding the configuration of a ring network that joins the active cabinets of a given area,
subject to minimizing the total length of cable routes;

— determination of the location of the active cabinet in which it is advisable to locate a
gateway that provides the interface between the optical fiber ring of the regional network of
subscriber access and the city optical network.

The consecutive reconstruction of subscriber access networks in all districts of the city or
region and the use of fiber optic cable on the METRO scale will provide a complete reconstruction
of the telecommunications network both at the access level and at the kernel level (see Fig. 1).
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Figure 1 — Metro telecommunications network based on the concept of “active cabinets"

The purpose of this work is to build a mathematical model for the optimal synthesis of a
broadband subscriber access network, which guarantees finding the required number of active
cabinets for a given area, subject to minimization of the total length of cable lines and developing a
method for solving it.

The task of optimal synthesis of a broadband subscriber access network in the above-
mentioned conditions for its reconstruction can be formalized in terms of graph theory as follows
[1].

Let the initial regional network be represented as a fully connected weighted undirected
graph G (N,E), in correspondence to the variety of vertices N, the power n, of which the residential
objects of the district are delivered, and the variety of edges £ , the power of e - the length of the
paths between the objects along which there can be laid lines of communication. As weight
characteristics {A4;} the vertices of the graph are assigned the number of subscribers in i-th
residential object (i € N, i = 1, ..., n), and as weight characteristics of the edges {r;}} the distance
between the vertices of the graph along permissible lines of laying cable lines.
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It is required to synthesize a network representable by the graph G*(N",E"), where of N'-
vertices variety of power #, in accordance with which the residential objects of the district (points of
the network) are placed, including k locations for the desired number of active cabinets, and E” is
the set of edges with capacity e*, in accordance with which the required lengths of cable lines
connecting the objects are delivered.

The graph G* is a subgraph of the original graph G, the distinctive structural feature of
which is the fact that it represents the variety of K, the power k , the subnets of subscriber
connection to the active cabinets, the integrated ring network, i.e.

G (Giiwns G GV GT(K),
where G, - subnet graph of the i- th active cabinet (i = 1, 2, ..., k); G"(K) - subgraph of the desired
network combining the desired variety of active cabinets.

When finding the desired number of & active cabinets for a specific district and constructing
the corresponding subnets G (i =1, 2, ..., k), the following allowances and limitations are taken
into account:

— the position points of active cabinets coincide with the corresponding vertices of the
graph G”. In one vertex, more than one cabinet can be located,;

— the network graph combining the vertices in which the desired active cabinets are located
has the configuration of a cycle of the smallest length;

— distance L = r; from the subscriber to the active cabinet must not exceed the maximum
allowable Lmax;

— the number of ports D involved in one active cabinet, determined by the total number of
subscriber lines from objects to the cabinet, must not exceed the maximum allowable Dax.

The task of optimal synthesis of the reconstructed network of subscriber access can be
formulated in the following form:

1. Find the minimum of the objective function:

iEK imek JEN,

m

-

where N is the number of vertices of the subgraph 67, N: = N*, i=1, ..,
2. Under the following limitations:

D(i)=A,+XA =D, i=j i=1..k (2)

Wi G 3)

nax

L=r,

=~
-

: ]

<

The solution of this task can is provided as a result of the following step-by-step procedures
[2].

Step 0. We form the matrix R = | r| , of dimensions (nxn) whose elements correspond to
the weight characteristics of the edges of the initial graph G. Let be A = (A,, A,,...,A_), a vector
whose elements are the weight characteristics vertices of the graph G. We assume:
K=0,N' =0,i=1,2..;

L=0;D(i)=0,i=1.2...

Step 1. In the matrix R we find the element 7;; with the smallest value. We check condition

(3) of the task.

If the limitation is satisfied, we assume D (i) = A. and vertex i becomes the location of the
active cabinet, i.e. i € K,i € N.". Go to step 2, otherwise - go to step 5.
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Step 2. For vertex i we check condition:
D(i)=D(i)+ A; = D, .. 4)

If the limitation is not satisfied at point i you can arrange two active cabinets, the value
D, .. while doubling. Go to step 3.

Step 3. We assume i,j € N, edge(i,j) belongs to the graph G , and all elements j- th
column and j- th row of the matrix R is assigned the values “o0”.

Step 4. In the row i of the matrix R we search an element 7;; with the smallest value for
which we check condition (3) of the task.

In case of non-fulfillment of the limitation (3), go to step 1.

If limitation (3) is satisfied, to the value D (i) for the vertex i we add the value 4;, and we
check condition (4).

If condition (4) is satisfied, go to step 3, otherwise go to step 1.

Step 5. If K = @ we find the cycle of the smallest length [4] (determine the configuration of
the ring network) for the variety of vertices K, which are the desired points of the location of active
cabinets for in a given district. Otherwise, go to step 7.

Step 6. If N7 = Oand E/ =0 i=1,..,k, we calculate the total length L% edges of all
formed subgraphs G i=1,.., k:
Z (5)

m
m
m

Calculate the total length L% edges of the cycle G (K):
=) Yr, ©)
i=1 ;=1
Calculate the total length of all edges of the graph G™:
Z —

L+ L3, 7

L

Step 7. The end of the algorithm.

In the active cabinet, where the number of ports involved is the smallest and, consequently,
a smaller amount of equipment, a gateway can be installed that allows the optical fiber ring of the
regional subscriber access network to be interfaced with the urban optical network.

Fig. 2 shows the block diagram of the algorithm.
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Figure 2 — Structural scheme of the algorithm

In the paper are formulated the problem of optimal synthesis of subscriber access network

reconstruction and the proposed method for its solution. The solution method is formalized in the
form of an algorithm and allows the determination of the necessary and sufficient number of active

cabinets that need to be installed in an area serviced earlier by a single DPBX, which as a result of
reconstruction is to be dismantled. In addition, there is ensured structural optimization of the

synthesized network, which guarantees minimization of the total length of the fiber optic cable

spent for reconstruction.

Springer, 2013, p. 216, in press.

Diestel R. Graph Theory / R.Diestel —

REFERENCES:

. Diestel R.Graph Theory NY, Springer-Verlag, 2005, p. 422., electronic edition.
Santanu S. R.,Graph Theory with Algorithms and its Applications,in Applied Science and Technology.

D.Applegate, R.E. Bixby, V.Chvatal, W. Cook, The traveling salesman problem. A computational
study. Princeton University Press, 2006,

593 p., in press.

JITEPATYPA:

NY, Springer-Verlag. — 2005, — P. 422., — electronic edition.
Santanu S. R. Graph Theory with Algorithms and its Applications,in Applied Science and Technology /

S. R. Santanu // Springer. — 2013. — P. 216. — In press.

Applegate D. The traveling salesman

problem A computational study / D.Applegate, R.E. Bixby,

V.Chvatal, W. Cook // Princeton University Press. — 2006. — 593 p. — In press.

DOI 10.33243/2518-7139-2018-1-2-59-64

64

Nikityuk Lesya, Tsaryov Roman, Lavreka Kateryna, Shulakova Kateryna

The method of optimal synthesis of the broadband subscriber access network



