Section 4. GN ICSFTI2018 319

UDC 004.7
Kynakos HOpii,
Ilyapenko €Brewiii,
Bapunin FOpiii

MOJJUPIKALIA AJII'OPUTMY
EHEPI'O3BEPITAIOYOI'O YIIPABJIIHHA TPA®IKOM
B I'BPUIHUX MATTCTPAJIBHUX SDN/IP MEPEKAX

MODIFICATION OF ENERGY SAVING
TRAFFIC MANAGEMENT ALGORITHM IN
HYBRID MAINLINE SDN/IP NETWORKS

Jlana crarTs mpucBsiueHa BUBYEHHIO Ta Moaudikamii amroputMaHEATHE.
[Tokpamiennst choKycoBaHO Ha BHUXIJHOMY alTOPUTMI IO TpECTaBICHUN Tpadom
MepesXi 3a HasIBHOCTI (DYHKIIIT IMOIIYKY CYCIJIB IO PETiOHY Ta (PYHKIIIT pO3MOJILTy MOTOKY.
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This article is devoted to the study and modification of the HEATHE algorithm.
Improvement is focused on the output algorithm represented by the graph of the
network in the presence of the search function of neighbors in the region and the
distribution function of the flow.
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AKTYaJILHICTh TeMH JOCTiIAKeHHs. Y 3B 513Ky 31 CTPIMKUM MOIIMPEHHIM XMapHUX
TEXHOJIOT1# B MPUBATHUI Ta Oi3HEC cdepax i, BIIMOBIIHO, BUCOKUMH TEMITAMH 3POCTaHHS
MepexeBoro Tpadiky, Bce OLIbIIe MEpPekK MOTPEOYIOTh IIEHTPATi30BaHUX, ITPOTPAMOBAHIX
3aco01B YIpaBIiHHA 11 €(PeKTUBHOTO KepyBaHHS TpadikoM. BpaxoByrodn TakoX CEKTOp
MOOUTBHUX TIPUCTPOIB, $KI CTAIM PETyJSIPHO BHUKOPHUCTOBYBATHUCS I JIOCTYITY 1O
XMapHUX CXOBHIII, TOCTAIOTh MPOOJIEMH YCKIIAHEHHS MEPEK Ta HEOOX1THOCTI THYUKIITIOTO
X peryJrOBaHHs.

IlocTanoBka npodaemu. B naniit po6oTi Oyie po3riasHyTo pobdaeMy eHepro-
30epirarouoro kepyBaHHs Tpadikom B riopuaaux SDN/IP mepekax, icHyOUl MUISIXH
il BUpIIEHHS Ta MOXJIMBOCTI IIOAO iX BJOCKOHAJICHHS Ta MPUCKOPEHHA. 3arajioMm
JIOBEJIEHO, IO MOCTaBlieHa 3a1a4da € NP-MmoBHOIO mpu ofHOYACHIN 3MiHI SK BaroBUX
Koe(iIieHTIB Tak 1 KOePIIIEHTIB pO3IieHHS Tpadiky.

AHai3 ocTtaHHiX aochaikeHb i1 myOaikamii.OgHEM 13 3aPONOHOBAHUX
eBpuctnuHux anroputmiB € HEATHE [5], mo 6a3yerbcs Ha imei ¢ikcaliii oHOTO 3
napameTpiB, a came ontumizaiii Baropux koedinientiB OSPF kanaiiB 3B’s3Ky, 110 Ja€
MOXKJIUBICTh OoOpaxyBaTH Koedili€eHT po3AUICHHS Tpadiky 3a MoJiHOMIaIbHUN dac.
OcHOBHa MeTa ajNropuTMy TIOJSATaE Yy 3HWKEHHI YTWIII3arii JiHIA mepenadyi, Mo
HallMEHIIIe 3aBaHTaXEHI 3 METOI0 iX OCTaTOYHOTO BIAKIIOYEHHS 1, SK HaCIIOK,
ekoHoMii eHeprii. [Ipu mboMy 3MIMCHIOETBCS TIEPEBIPKa 3aBAHTAKEHOCT] 3aJIUIITKOBUX
KaHaJliB, Oepy4H 70 yBard Koe(dimeHT MaKCUMaJIbHO JTOMYyCTHUMOI 3aBaHTaXEHOCTI [5,
Ha OCHOBI SKOTO MPUHMAETHCS PIIICHHS MIPO CTaTyC YEProBoi JJAHKU 3B’ SI3KY.
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BujgineHHss HegoCHiIKeHHX 4YACTHH 3arajbHoi mpooJemu.Buxinnuii
anroput™ [5] Moke OyTH MpeACTaBICHUH HACTYITHUM YUHOM:

Bxioni oami: tpadp mepexi G(N, L), ne N — nabip By3miB, L — nabip
HampaBleHUX (I3MUHUX JHINA 3B’SA3Ky; MaKCHUMaJbHO JONyCTHMa yTuii3amis f§ Ta
nepenada Tpadiky h,, A€ V — TOYATKOBUW BY30J, a t — BY30J MPU3HAYCHHS;
noyaTkoBa Bara W miHiil 3B’ 513Ky .

1. ImimianizyBatu Habip BUXITHUX 3B A3KiB S BXimHUM HaOopom L: S « L.

2. 3anyck ¢yHkuii Ilowyky cycidie no peeionwy Uil OHOBIIGHHS BaroBHX
Koe(DillieHTiB W,

3. Jns Bcix By3miB t € N moOyyBaTH epeBO HaWKOPOTIIMX LUIAXIB JI0 BCIX
IHIINX BY3IiB, 3HaiiTH nepmuii SDN-koMyTaTopu Ha HUIIXY 1 po3paxyBaTH JUIsl HbOT'O
BX1JHHUM MOTIK ;.

3.1. Bamyck dyukuii Poznodiny nomoxyl,.uist SDN-komyTaropa u.

4. Bunanutu 3 Ha0Opy aKTUBHUX 3B’S30K 3 HAlIMEHINIO0 yTuiizalieo: S = S — L

5. OHOBHUTH YTHIII3AII0 3AJMIIKOBUX 3B’S3KIB, SKIIO JXOJIHA HE IEPEBUIILYE
TPaHUYHOTO 3HA4YEHHS [5, TOBEPHYTHUCS N0 MYHKTY 2, 1HAKIIE 3aKiHYUTH POOOTY
QITOPUTMY 1 TIOBEPHYTH S.

Pe3zynvmam: Habip aKTUBHUX JIHINW3B 3Ky S.

DyHKILisl MOUIYKY CYCi/liB 110 periony:

Bxigni nani: [louatkoBuil Habip BaroBUX KOE(IIIEHTIB W;, MaKCUMaJIbHO
MOJKJIMBA yTHIII3AIlIs 3.

1. Jlns 3amanoi KiIbKOCTI iTepalliiii po3paxyBaTu:

1.1. HaiikopoTiie nepeBO MUISAXiB B MEpeKi Ha OCHOBI BHXITHUX
Koe(irieHTiB wy;
1.2. Yrtunizauiro JiHii 3B’S3Ky U; < Xx;/cy;
1.2.1. Sdxmo u; < 0.3-f,a60u; = (,30uIbIIUTH Bary JiHIL w; =

Pesynbrat: HoBuii Habip BaroBux KoeMImieHTIB W;.

DyHKIiS PO3MOALTY MOTOKY:

Bxioni 0ani: HaltkopoTIInii MIISX BiJl IHITKAX BY3/1B JI0 By37a t, Tpadik x;
BIIPOJIOBXK IHOTO HUISIXY, MPOMYCKHA 3AaTHICTh C;YCIX JIIHIH 3B’S3KYy LIbOTO NUIAXY Ta
nepunit SDN-cyMiCHHI KOMyTaTOp U HAa HbOMY, BXIJTHUI MOTIK Tpadiky I,
TpaHWYHA YTUJI3aris JiHii S.

1. Hns nepmoro SDN-koMyTaTopa u, SKIIO € ABUXIAHUX NUIAX1B, 00paxyBaTh
k; nalikopoTmmii muIAx 1 30epertu Moro a0 Habopy P.

2. OO6paxyBaTy MPOMYCKHY 37aTHICTh YCIX IUISXIB, 10 € P.

3. CopryBatu Ha0ip HUIAXiB P3a 3pOCTaHHSAM MPOMYCKHOT 3/TaTHOCTI.

4. Po3mainuTH BXITHUHN TOTIK I,;; 1O JIHIAM 3B 3Ky 3 HA00py P y TOPSIAKY BiJT
HaWMEHIIIOl 0 HAOJIBIIIOT €EMHOCTI, IO THX TIip, TOKH I,;; > 0.

Peszynomam: Po3noain BXimHoro Tpadiky mo kBUXITHUM JHISIM 3B’ SI3KY.

IloctanoBka 3aBaanusi. Hamm 3anpornonoBana wmonu@ikaiisi 1bOrO
AITOPUTMY, IO TOJISITa€ y MiHIMI3alii OOYMCIIOBAIBHOI CKJIQJHOCTI alTOPUTMY B
oMy, Ta, 30KpeMa, GyHKIIT [lowyky cycidie no peziony 3a paxyHOK BUKOPHUCTAHHS
JI0JIATKOBOT 3MIHHOT B TAOJMIISIX MapIIpyTH3allii By3miB, o miarpumyoTb SDN. Ils
3MiHHA MICTUTHUME B1JIOMOCTI IIPO arperoBaHy Bary HUIAXY A0 MYyHKTY MPU3HAYCHHS
MaKeTIB, /ISl KOXKHOTO 3 JIOCTYMHHUX IUISAXIB, JUHAMIYHO OHOBJIIOIOYHCH HA KOXKHIHN
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iTepanii 3MiHM Bar HUIsXiB. Maroun TaOiMIIO YCiX AOCTYMHUX IUISAXIB BiJ MOYaT-
KOBOT'O By3J1a V JI0 TEPMIHAJIBHOTO By3Ja t, 3alpOrOHOBAaHA 3MiHHA JI03BOJIUTH JIETKO
Ta MIBUJIKO OHOBJIOBATH BapTiCTh YEProBOr0 IUIAXY Yy Mpoueci (GyHKIIOHYBaHHS
anroputmy llowyk cyciodie no peciony. Ha ocHOBI po3mMpeHOi Ta0nuIll 3 CyMapHUMU
BaraMu 1UIAXiB, SDN-KOMyTaTropy ¥ AOCTaTHbO BHUOpAaTH HAMKOPOTIIMHA HUIAX 3
TaONuIli, M1 JOCTaBKM TMakeTiB a0 By3na t. TakuM YHHOM BUKIIOUAETHCS
HEOOXITHICTh PO3paxyHKIB JepeBa MOXJIMBUX LUISIXIB HAa KOXHIM iTeparii UKy
¢byukuii Ilowyky cycioié no peciony , MO CYTTEBO 3MEHIIY€E KIIbKICTh OOYMCIICHb Ta
n03BoJsie ipuckoputu podoty anroputmy HEATHE B minomy. OctaHHe TBEpKEHHS
OYEBHUJHE, BPAaXOBYIOUM PI3HMIIO B 4acl MOIIYKYy 3HAYEHHS B TaOMUII LUIIXIB, Ta
moOyI0BH YEProBOTO JIepeBa MUIAXIB 32 BUKOPUCTAHHSA anroputmy JleikcTpu.

BukiageHHs ocHOBHOro MaTtepiaay.MoaudikoBana (yHKIIisI MOLIYKY CYCIIiB
0 perioHy Moske OyTH Tpe/ICTaBlIeHa y BUTIISL AllTOPUTMY:

Bxioni Oawi: TlouaTkoBuit HaOlp BaroBux KOEQIIIEHTIB W;, MaKCHUMAaJIbHO
MOYKJIMBA yTHJII3aLlis f3.

1. Po3paxyBatu epeBO HAaHKOPOTIIMX HMUISIXIB B MEPEKI HA OCHOBI MOYAaTKOBHX
BaroBuX Koe(pimieHTiB w.

2. JInst 3amanoi KUTHKOCTI 1Tepalliiii po3paxyBaTH:

2.1. VYrumizaniro JiHi# 3B 3Ky U; < X;/c;:
2.1.1. SMxmo u; < 0.3-[,a60 u; = fB,30UIbIUUTH Bary JiHII w; =
2.1.2. OHOBUTH 3HAYEHHS CYMapHOi Barv HUIAXY B TAOIHISIX Mapii-
pyTH3arii.

Pe3zynvmam: TniianizoBani OCTaTOYHI 3HAYEHHS Bar IUISAXIB B TAOJIUIISIX MapIil-
pyTH3ariii.

3a paxyHOK 3MEHIICHHS KUIBKOCTI 00YMCIIeHh HAUKOPOTIIUX IUISXIB MEPEkKi B
i —1 paziB, obOuuciaroBaJbHA CKIaAHICTE (YHKIIT [lowyky cycidie no peciony
sHmKyeThest B ~(i — 1)? pasiB, Tak K pO3paxyHKOBA CKIAIHICTH MOOYIOBU JIepeBa
Halikopormux musaxiB - O(n?),me, B JaHOMy BUINAAKy, 7 — KUIBKICTh BEPIIMH
BXI1JTHOTO Tpady Mepexi.

MopentoBaHHs 3a JIOMIOMOTOI0 MPOTPaMHHUX 3ac00iB MOKa3ajao MPUCKOPEHHS
BuKoHaHHS MonudikoBanoro amroputMy HEATHEHa 20 — 30%B 3amexHOCTI BiA
KUTBKOCT1 BY3/1iB y Mepexi. ['padik 3a1eXHOCTI MPUCKOPEHHS BiJ PO3MIPHOCTI
BX1HOTO rpady mokazano Ha puc. 1. OKpiM BOro MPOBEIECHO TAKOX MOPIBHSIBHUIMA
aHaji3 4acy BHMKOHAHHS BUXITHOTO aJrOPUTMYy Ta MOJIU(PIKOBAHOTO BapiaHTy, 5K
B1J100pa)ke€HO Ha puC. 2.

[Ipu npomMy BapTO BIAMITHTH, 110 30€piraHHs JOJATKOBOTO 3HAUYEHHS JOBKUHU
nuiAxy y ¢opmaTri OJMHApPHOI TOYHOCTI 3 MJIaBalOUOK KOMOKO MOTpedyBatume ~4
0alTH\KOMIpKY, 110 301IBIIMTH 3arajbHi BUTPATH MaM’aTi Ha ~2 /n?, 1e n — KilIbKicTh
BY3JiB Mepexi. JlaHa 3alexHICTh BijoOpakeHa Ha puC. 3, IO € Pe3yabTaTOM
OPUKJIATHOTO TECTYBAaHHS BHUTpPAT MaM’sITI MOENIOIYOI0 MPOrpaMmor0 sl pi3HOI
BenMUMHU Mepexi. OCHOBOIO [uisi MOOYJOBH 3aJ€KHOCTI € BIJIHOIICHHS BUTpAT
nam’sTi 3a BUKOpucTaHHs BuxigHoro anroputmy HEATHETa moaudikoBanoi Bepcii.
Sk BUIHO 3 MaJIFOHKA, MPHU 30UIBIICHH] KIJTBKOCT1 BY3J1iB Mepexi, 00’ €M mam ATi, 110
BUJIIAETHCST T KOMIPKH JiJIsi 30epiraHHs 3MIHHOI-BarM NUISXY, € HE3HAYHOIO
BEJIMYMHOIO, KOTPOIO LIJIKOM MOKHA 3HEXTYBATH.
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BucnoBku. B pesynbrari mpoBeneHHUX JOCIHIKEHh MOYXHA CTBEPIXKYBATH, IO
3actocyBaHHsi MojudikoBanoro anmroputmy HEATHE 3 BukopucTaHHsM 3MIHHOI st
30epiraHHs CyMapHOi Bary IUIIXY B TaOJIMIII MapIIpyTHU3allil 1a€ repeBary HaJl BUX1IHAM
QITOPUTMOM B MIBHJKOMI, BUMAararoud JIMIIE HE3HAYHOTO 00’eMy mam’sTi s
30epiraHHs JaHUX Ta HE YCKIIAIHIOIOUH MPH IIbOMY 3arajibHy KOHIICTIIIII0 AJITOPUTMY 1 HE
30UTBIIYIOYM MOTO OOYMCITIOBATIbHY CKJIQJHICTh. BpaxoByroun €BpUCTUYHUN XapakTep
anroputMy HEATHE, MokHa TakoXk CTBEpXKYBaTH MPO JOLUIBHICTH Ta €EeKTUBHICTh
3aCTOCYBAHHS 3alPONIOHOBAHOT MOAU(DIKALIlT ATITOPUTMY.
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MODIFICATION OF ENERGY
SAVING TRAFFIC MANAGEMENT ALGORITHM
IN HYBRID MAINLINE SDN/IP NETWORKS

Relevance of research topic. Due to the rapid spreading of cloud-based
technologies in the private and business sectors and, consequently, the high growth
rates of network traffic, more and more networks require centralized, programmable
management tools to effectively manage traffic. Taking into account also the sector of
mobile devices that have become regularly used for access to cloud storage, there are
problems of network complication and the need for more flexible regulation.

Formulation of the problem. Absence of determined, optimum solution to the
problem of energy-saving traffic management in hybrid SDN/IP networks, numerous
ways of available algorithms’ improvement.

Analysis of recent research and publications. One of the proposed solutions
is HEATHE, a heuristic algorithm, which provides an opportunity to calculate the
traffic separation factor in polynomial time.

Selection of unexplored parts of the general problem.The original HEATHE
is a heuristic algorithm, which gives an opportunity to consider ways to optimize it in
different ways and directions.

Target setting. We propose a modification of this algorithm, which consists in
minimizing the computational complexity of the algorithm in general, and the function
of searching neighbors in the region in particular, by using an additional variable in
the node routing tables, that are supporting the SDN.

The statement of basic materials. By excluding repetitive calculations of the
shortest path tree from Neighboring Region Search Function, we significantly reduce
amount of computations performed and thereby speed up the whole algorithm. Latter
can be proven by software simulation, which has showed performance acceleration of
the modified HEATHE algorithm by 20-30% depending on the network size.

Conclusion.As a result of the research, it can be argued that the application of
the modified HEATHE algorithm using the variable for storing the total weight of the
path in the routing table gives an advantage over the original algorithm in speed,
requiring only a small amount of memory for data storage while decreasing its
computational complexity. Although various tests and comparison have been taken to
highlight the benefits of improved version, considering the heuristic nature of the
HEATHE algorithm, one can also argue the expediency and effectiveness of the
proposed modification of the original concept.



