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The paper considers traffic engineering (TE) in software-defined networks
(SDN). A brief overview of the features of the SDN that allows improving of traffic
engineering efficiency is presented. Given the features of the SDN technology, we
propose a traffic engineering method that reduces packet loss and forwarding delay
through dynamic re-routing. An example of the traffic engineering process in the
conditions of an estimated link load changes is given.
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VY poGoti po3rnsHyTi nutaHHS KoHCTpyroBaHHs Tpadika (TE) B mporpamuo-
KoH(pirypoBanux mepexax (SDN). HaBenennii kopoTkuii orysan ocodnmuBocteit SDN,
SK1 TMO3BOJIAIOTH MiABUINNATH €(EKTHUBHICTh KOHCTPYIOBaHHS Tpadika. 3 ypaxyBaHHIM
ocobmmBocteit Texnosorii SDN 3ampornoHoBanuii crmocid KOHCTpyIOBaHHS Tpadika,
SKHI T03BOJISIE€ 3HU3UTH BTPATY MAKETIB Ta 3aTPUMKY MEPECUIIAHHS JaHUX 32 PaXyHOK
IMHAMIYHOI ~ pemapmipyTtusanii. HaBeneHo mpukiazg MOAETIOBAHHSA — IMPOLECY
KOHCTpYIOBaHHS Tpadika B yMOBaX MPOTHO30BAHOI 3MIHU 3aBaHTAXCHHS KaHAIB
3B'SI3KY.

KawouoBi cjoBa: koHcTpyroBaHHs Tpadika, AMHaMIYHA peMapuIpyTH3allis,
POrpaMHO-KOH(ITYpOBaHI MEpexi.
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Relevance of research topic. Modern trends in the rapid growth of cloud
computing, Big Data, the Internet of Things and other technologies require greater
flexibility and speed from computer networks. Also, modern networks are
characterized by their large size and heterogeneity of equipment from different
vendors. This complicates the task of traffic engineering (TE), which aims to optimize
the network. One of the main tasks of traffic engineering for large networks is the task
of load balancing of the network links.
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Target setting. In order to solve the problem of traffic engineering, the use of
technology of software-defined networks (SDN) is becoming promising, as it allows
easier traffic management and more effective utilization of network resources [1].
Unlike traditional computer networks, SDN has a global view of the network state and
can control its processes in a flexible way. This is achieved with the help of a
centralized controller, which is responsible for the configuration and management of
the network at the software level.

Analysis of recent research and publications. In [2] an overview of different
traffic engineering methods for SDN is presented. The advantages of using SDN
technology to solve the problem of load balancing are given.

In order to increase the efficiency of traffic management in networks, multipath
routing methods are widely used. A centralized generation of multiple paths in SDN
based on multipath routing can reduce traffic engineering time and improve the quality
of service (QoS) [2]. Equal-Cost-Multi-Path (ECMP) algorithm is a popular solution
for multipath routing in SDN, however it does not consider the load of network
resources [3].

In [4] and [5] authors propose to determine big traffic flows that are routed on
the least loaded paths. In [6] authors suggest distributing traffic based on pre-
calculated optimal and suboptimal routes. These methods, however, lack sufficient
flexibility to be able to dynamically respond to changes in network load. This is taken
into account in [7], whose authors propose a traffic engineering method with the
ability to perform dynamic re-routing.

Defining the unexplored parts of the general problem. The dynamic nature
of the networks requires a quick response to changes in the state of network links.
Therefore, the task is to develop a method for traffic engineering with the ability to
perform dynamic re-routing to avoid links overloading.

The research objective. The task is to develop a method for traffic engineering
in software-defined networks with the ability to dynamically reroute packets for
predicted download of communication lines.

Statement of the main material. Statement of the main material. In this paper,
we propose a method for traffic engineering that allows performing load balancing for
links in the network

The calculation of the paths takes place centrally in the SDN controller. With
the help of the modified wave algorithm [8] a set of all paths is formed between
different nodes of the network. The advantage of this algorithm is that when paths are
formed between two nodes of the network, paths between nodes arranged between
them are formed simultaneously. The path information is stored in the routing tables
on the network switches that are updated by the SDN controller. Since the SDN
controller has a global view of the entire network, it can quickly update route
information on switches.



216 ICSFTI2019 Section 4. GN

The task that is to be solved during traffic engineering depends on the choice of
the metric which will be used by controller to determine the best routes. This can be
the length of the path, the delay time, the load capacity of the channel, and so on. In
this paper, as a metric, the link utilization at the given time, as well as the predicted
link utilization is used. The link utilization for link d; is calculated by formula:

di = (1)

Bi,

where Vir is traffic volume, and Bi is link’s bandwidth.

Forecasted link utilization is defined as maximum value of the forecasted link
utilization change over a given time period Az. We consider that SDN has the
forecasted statistic of link utilization change over some time, for example, over a day.

When traffic enters the network, it is routed on the best path. The best path is
defined as a path that has a minimum current utilization, and the forecasted utilization
for which is not the maximum among other alternative paths. The SDN controller
updates the route metric with some specified frequency. If the current link utilization
value or its forecasted value reaches the maximum, then there is a need for re-routing
to avoid overloading the channel, otherwise network performance will be degraded.

If the traffic has been assigned to a route in which the maximum utilization is
observed or expected, another optimal path will be selected for the transfer of the next
packet. Consider the re-routing process as an example. Let us consider a traffic flow
that needs to be forwarded from node 1 to 5(Fig.1).

Fig.1. A graph for a part of network topology

Consider that the traffic flow was assigned to the route 1-2-5, for which a full
utilization of link 2-5 is forecasted. A new route needs to be determined to re-route the
traffic in order to avoid packet loss. For this, the SDN controller, knowing the required
packet transfer time ¢, compares the forecasted utilization of alternatives routes over ¢
(Fig.2).

Route which has the minimum link utilization over time t among other routes
will be chosen as an optimal route. In the example above, this is route 1-4-5. Although
the current utilization for this route is greater than the one for route 1-3-5, if traffic is
sent there, there is a possibility of overloading the route, which will lead to degrading
of network performance.

This allows us to distribute traffic more evenly and to avoid future need for
additional re-routing because of the maximum link utilization.
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Fig.2. Forecasted change of utilization for routes 1-3-5 (1) and 1-4-5 (2).
Maximum link utilization is 1

Conclusions. The problem of traffic engineering in modern networks was
considered. And overview of existing solutions was made and the task of developing
an effective way of traffic engineering in software-defined networks was defined. A
method for traffic engineering with the ability of dynamic re-routing, which
reconfigures traffic based on information about the forecasted link utilization change,
was proposed. The proposed method allows increasing the efficiency of traffic
engineering and ensuring a more even loading of communication links in the network.
As a further study, the task of forecasting the link utilization can be considered.
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PO3SHINPEHA AHOTALIA

Jlapina Ipuna CepriiBna, Koran Anna BikropiBHa

CIIOCIb KOHCTPYIOBAHHS TPA®IKA
B ITPOI'PAMHO-KOH®ITI'YPOBAHUX MEPEKAX

AKTyaJbHicTh TeMH J0caizkeHHsl. CydacHi TeHIEHIII CTPIMKOTO 3pOCTaHHS
XMapHHX oOumcienb, Big Data, [aTepHery pedeid Ta IHIIMX TEXHOJOTiIH BUMararoThb
Bil KOMI'IOTEPHUX MepeX OUIBIIOI THYYKOCTI Ta MMBHAKOAIL. TakoX Cy4acHUM
MepexaM XapaKTEpHI BEIMKHN pO3Mip Ta HEOJHOPIAHICTH OOJMAHAHHS BiJ PI3HHX
BupoOHHKIB. Lle yckmanuioe 3amauy xoncrpyoBanua tpadika (TE), sxa mae 3a mety
ONITUMI3aIlit0 POOOTH MEPEXKi.

IHocTranoBka npo6Jemu. /{5 BupiieHHs 33724l KOHCTPYIOBaHHs Tpadika Bce
OUTBII MEPCIIEKTUBHUM CTa€ BUKOPUCTAHHS TEXHOJIOTIi MPOTrpaMHO-KOH(DIrypoBaHHX
mepex (SDN). Texuomoriss mpeacTaBise IHTEpeC 3aBISKH — apXITEKTypHIN
0COONMMBOCTI, fKa TOJNSITa€ B HASBHOCTI ILEHTPATi30BAaHOTO KOHTPOJIEPY, IO
BIJINIOB1/1a€ 32 KOH(Iryparito Ta KepyBaHHS MEPEKEIO.

AHaJi3 ocraHHix aociaizkenb i myOuikamii. IIpoTsrom ocrtaHHIX KUTBKOX
POKIB 3pOCTa€ KiIbKICTh POOIT, MPHUCBSUEHUX MPOOJIeMi KOHCTPYIOBaHHA Tpadiky B
mepexax SDN. bararonuisxoBi MeTonn MapiipyTH3allii MHUPOKO BUKOPHCTOBYIOTHCS
IUISL TABULICHHS €(EKTUBHOCTI KOHCTPYIOBaHHS Tpadiky B Mepekax, M0 CKOpPOUye
Jac KOHCTPYIOBaHHs Tpadiky i mokpamrye skicTh oocayroByBanHs (QoS). Po3pobneni
criocoOM KOHCTPYIOBaHHS Tpadiky, M0 BpPaxoBYIOTh 00’€éM MOTOKIB Tpadiky i
MOTOYHUI CTaH KaHATIB JJIsl ONITUMAJILHOTO PO3MOALTY TpadiKy B MEpPExi.

BujginenHss HegocHiIKeHUX YACTHH 3arajbHoOi mpodjemu. JlMHamiuyHWii Xa-
paKTep Mepex MmoTpedye MBHUIKOI PEAKIlii Ha 3MIHH CTaHy JIiHIH 3B’s13Ky. TOMYy MocTaBjeHe
3aBIaHHS PO3POOHUTH CrHoOCi0 KOHCTpYIOBaHHA Tpadika 3 MOXKIMBICTIO CBOEYACHOI
IMHAMIYHOI peMapIIpyTH3AIlii TAKETiB U1 yHUKHEHHSI IepeHABaHTA)KEHHS KaHAJIIB.

IlocTanoBka 3aBAaHHA. 3aBAaHHAM € PO3POOUTH CIOCIO KOHCTPYIOBAHHS
Tpadika B TPOrpaMHO-KOH(IrypoBaHMX Mepekax 3 MOXIHUBICTIO IMHAMIYHOI
peMapIIpyTH3aIlii MaKeTiB 3a MPOTHO30BAHUM 3aBAHTAXKECHHSM JIiHIN 3B’ SI3KY.

BukJ/ageHHs1 0OCHOBHOI0 MaTepiajy. Y naHiil poOoTi 3aIporoOHOBaHUN CIIOCIO
KOHCTpYIOBaHHS Tpadika, SKHA J03BOJIsi€ 3abe3nmeunTH OUThIl  PiBHOMIpHE
3aBaHTAXECHHA KaHAJIiB B MeEpeXi. 3amporoHOBaHWN CHOCIO BKIO4ae B cebe
MO>JIMBICTh TUHAMIYHO peMapIIpyTH3allii, KO0 KOHTPOJIEP crocTepirae abo ovikye
MaKCUMaJbHE 3aBaHTAKCHHSI KaHAJIB Ha IUIAXY Tpadiky.

BucnoBku. byB 3amponoHoBaHWii crmoci0 KOHCTpyroBaHHS Tpadika 3
MOJIMBICTIO JAMHAMIYHOI peMapiipyTu3amii, SKAHd TPOBOAUTH pPEKOH(Iryparito
Tpadika Ha OCHOBI iH(OpPMAIIit0 TPO MPOTHO30BAHY 3MiHY HaBaHTA)KCHHS KaHAIIB.

KawouoBi cjoBa: koHCTpyroBaHHsS Tpadika, AMHAMIYHA peMapuIpyTH3allis,
POTrpaMHO-KOH(ITYpOBaHI MEpexi.



