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In this work we propose a method for organizing multipath routing for
SDN networks. It have two main parts. The fisrt one is a routing method
based on modified wave algorithm for finding paths, and second one is
load balancing method based on ECMP algorithm. Combination of these
methods can optimize using of network resources and provide a more
optimal load balancing of network. The basis of routing algorithm is the
search and use partially-overlapping routes. The basis of load balancing
algorithm is equal distribution network load between all found routes. A
comparative analysis with an existing algorithms for routing and load
balancing was conducted and the advantages of this development are

presented.
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acnipadm, KamoxHut O. O. Cnocib opezaHizauii 6azamouwlnsgxogoi
Mapuwpymusauii 8 npozpaMHo-KoHieyposaHuUx mepexxax / HauioHanbHul
mexHIiYHUU yHisepcumem YkpaiHu «Kuigcbkul rnosnimexHidyHul iHemumym
im. lzopsi CikopcbKko20o», YKpaiHa, Kuis.

Y uit pobomi Mu  POMOHYeEMO  MemoO  opeaHi3auil
6azamouwinisixoeoi Mmapuwpymus3sauii 0ns mepex SDN. BiH mae 08/ OCHOBHI
yacmuHu. [lepwa - uye wMemod Mapwpymu3auii, OCHogaHUlU Ha
MOOUGbIKOBaHOMY X8UITbOBOMY anz2opummi nowyKy wrisixie, a opyaud -

Memoad 5aﬂaHCy68HHFI HasaHmal>keHHs, wWo 6asyembc,q Ha aneopumMi



XXYPHAI HAYKOBUI Ornap Ne 7(60), 2019

ECMP. [loedHaHHA  yux memolige  0o380519€  onmumizysamu
BUKOPUCMAaHHSI ~ Mepexesux pecypcie ma 3abesneqyumu  6inbw
onmumarsibHe banaHcyeaHHs1 HagaHMaXHHs y Mepexi. B ocHosi
aneopummy  Mapupymusauii  nexums fNowyK ma 6UKOPUCMaHHS
Mapuwpymie, Wwo 4Yacmkoeo repemuHarombscs. OCHOB0K anzopummy
banaHcysaHHs HaBaHMAa)XeHHs € PIBHOMIPHUU po3ro0disl HagaHMa)XXeHHs
MiX ycima 3HauOeHUMU Mapuwpymamu. [lpogedeHo rnopieHsIbHUU aHari3
3 ICHyro4UMU arneopummamu Mapwpymu3auii ma 6anaHcyeaHHs
HasaHmMa)xeHHs1 ma npedcmasrieHi nepesaau makoi po3pobKu.

Knwouosi cnoesa: b6ascamouwnisixoea Mapuwpymu3auis, Xeusbosul
anzopumm, 4acmKo80-repeciyHi Mapuwpymu, Mepexi SDN,
banaHcysaHHs1 HaBaHMa)KeHHH.

acrniupadm, KantoxHbit A. O. Criocob opzaHusayuu MHO20rymegou
Mapwpymusauyuu 8  MpoepaMMHO-KOHuUaypupyeMmbix  cemsax  /
HauuoHarnbHbIi mexHu4yeckul yHueepcumem YKpauHbl «Kueeckul
rnonumexHu4deckul uHecmumym um. Mzopsi Cukopckoeo», YkpauHa, Kues.

B amou pabome MblI npednazaeM Memod  opaaHulauuu
MHozorymeeou Mmapwpymu3sayuu 0ns cemet SDN. Y Hezo ecmb Ose
OCHOBHbIe Yacmu. [lepsas - amo mMmemod mMapuwpymu3sayuu, OCHO8aHHbIU
Ha Mooughuyupo8aHHOM 80/THOBOM arizopumme Orisi HaxoxX0eHus rymed,
a emopou - memo0 banaHcuposKU Ha2py3KU, OCHO8aHHbIU Ha anz2opumme
ECMP. CouyemaHue amux memodo8 [10380siem OonmumMu3uposams
ucronb308aHuUe cemesbix pecypcos u obecriequms 6oriee onmumarbHyH
banaHcuposky Hazpy3ku cemu. OcHOB0U anzopumma mapuwpymusauyuu
s675195emcsi  MOUCK U UCMOIb308aHUE 4acmuYHO epeKpbli8aroUUXCs
mapuwipymos. OcHosol arneopumma b6anaHcUpOBKU Hazgpy3Ku sersiemcsi
pasHomepHoe pacripedesieHUe Hazpy3Ku Mexoy ecemMu HalOeHHbIMU

mapwpymamu.  Bbin  npoeedeH  cpasHUMesnbHbIU ~— aHanu3  C
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cywecmeyrwumMu anzopummamMu  Mapwpymusayuu U 6anaHcuposku

Ha2py3Ku, u npedcmaerneHb! npeumMyuiecmeaa amoti pa3pabomku.
Knroueebie criosa: MHo20rymeeasi Mapuwipymu3auusi, 60JIHo80U

arzopumm, 4YacmuyqHo-riepecekarowjuecss mapuwpymsi, cemu SDN,

68!78HCU,D06K8 HacpPy3KuU.

Introduction. One of the main tasks in SDN networks is to optimize
the use of available network resources. This can be achieved by
optimizing routing algorithms and load balancing within the network. The
main task of routing is - how to transfer the data packet from sender to
receiver? Basic routing schemes tend to focus on search one optimal
path for routing with a specific metric desired. These indicators include
jumps, distance, speed, delay, cost, etc. Accordingly, packets are always
redirected in one way, which often leads to significant costs on network
resources. An alternative approach is routing with multiple paths. This
approach allows you to send packets in several "good" ways, rather than
routing all packets in one "best" way.

Existing methods. Today, there are many algorithms for finding path
and load balancing. However, not always a combination of the best
solutions in each of the areas is the most effective.

Modern methods of forming a set of data transmission paths are
based on search algorithms in depth, width or combinatorial methods.
Most such routing methods [1, 2] are designed to search for non-
overlapping routes, which in turn can not fully utilize all network
resources.

In [3], the modification of the method of branches and boundaries
adapted for multipath routing is also considered. With this algorithm, a
tree of paths is constructed from the start to end node. The main

disadvantage of this algorithm, like all other algorithms of wave algorithms
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and search algorithms in depth or width, is a fairly large area of search
solutions.

However, quite often there are situations where in fairly large network
we can only find one extraordinary route. All further paths will have cross
sections with the given data.

One of the options for solving this problem is the choice of several
partial-overlapping routes.

Finding all partial-overlapping routes in the graph is not the best
option, although it is possible (for example, by modifying the search
algorithm in depth), since it actually searches for all possible paths
between the two nodes. In general, such a solution can be applied only in
an attempt to maximally distribute and balance traffic within the network.
However, this will result in very high costs for paths, data transmission
delays and some other QoS criteria.

In the case of load balancing, there are several basic algorithms
used, namely VLB[4] and ECMP[5]. When we must calculate network
load, better to take ECMP in basis, because it distribute packets equally
between all available routes.

Developed algorithms. In this work, we propose to use the wave
algorithm developed in [6]. The feature of this solution is the ability to form
a set of partial-overlapping routes using metric lengths and low time
complexity.

How searching algorithm works:

1. Get Start(A) and End(B) nodes of routes.

2. Set A node as start of first wave.

3. For each node in current wave, use all links and form transmissions
to next nodes and form a form temporary set of routes.

4. Remove routes that don't have nodes for next wave.

5. Add end-point nodes from step 3 to next wave.
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6. Delete all adjacent links between nodes in formed wave and
remove backlinks.

7. If route reaches node B, save it.

8. Return to step 3 until we cant form next wave or length of current
routes reaches [LengthOfShortestRoute + LengthOfShortestRoute/2].

As result, we have set of partially overlapping routes between A and
B nodes of network.

In the next step, we must divide data flow between the received
paths without overloading any network links.

For this task we can use modification of ECMP algorithm[7].

The main idea of this load balancing algorithm is redistribution load
from overloaded paths to those that have free bandwidth.

How load balancing algorithm works:

1. Divide data flow to all found paths equally.

2. Find overloaded paths.

3. Calculate current path overload.

4. Split overload to all paths that have free bandwidth (free bandwidth
calculates as the most loaded link of route).

5. Return to step 2 until we don’t have overload or reached maximum
count of repeats (can set by developer, default is 3).

Testing. For experiment, a simulator program was developed that
compares the number of elementary operations, number of used links
performed by the developed algorithm in comparison with the Dejkstra
algorithm, modified to search for partial-overlapping paths. For
comparison, 100 startup algorithms were performed on randomly
generated graphs of a given dimension. Fig. 1 and 2 shows the results of

work.
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Fig. 2. Number of found routes

As we can see, developed algorithm has better results than Dijkstra
algorithm. It perform lower number of operations and find more routes. So
we can say that it use more network links and we can split load between

that links.
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For testing the developed method with load balance, we use network

on Fig. 3

Fig. 3. Testing network

Network link bandwidth — 50 mb/s, pairs of nodes for which the
algorithms would be simulated are: (0, 22), (12, 24), (3, 21), (9, 14), size of
the input data flow is 40 mb/s.

The main idea of this test, is comparison developed method with
existed algorithms. On Fig. 4 we can see comparison of developed
algorithm with Dijkstra algorithm using classic ECMP for load balancing.
As we can see, both algorithms have overloaded links but Dijkstra have

more.

On Fig. 5 we can see comparison of developed routing method and
Dijkstra algorithm with using developed load balancing method. In result
we don't have any overloaded links with developed routing algorithm but

have more with Dijkstra. In comparison with previous test, we can say that
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developed routing algorithm + developed load balancing algorithm have

better results than other combinations.
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Fig. 4. Comparison of developed method with Dijkstra algorithm
using ECMP
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Fig. 5. Comparison of developed method with Dijkstra algorithm

in load balancing
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Conclusion. This paper presents a method of organizing multipath
routing in software-configured networks. The main task of the modification
was to increase the number of found routes by finding partially intersecting
data paths. This made it possible to create a rather optimal algorithm,
which can involve most of the network links and allows more optimally
distribute load in network. A modification of the classic ECMP algorithm for
load balancing was also presented in this work. This algorithm was
developed to optimally balance network load when using partially-

intersecting data transmission routes.

The simulation results showed that the solution developed in this work
fulfills the tasks and can compete with other routing algorithms used in
SDN networks. The simulation results also showed that the developed
algorithms at work allow to optimally distribute the load on the network,
which reduces the potential loss of packets and allows more efficient use

of available resources.
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