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BAJTIAHCYBAHHSA HABAHTAXKEHHA Y KJIACTEPI IPOI'PAMHO-

En

Ru

KOH®II'YPOBAHOI MEPEXI

With the trend of amplifying in network scale and application, traditional network
protocols and functions are becoming increasingly large and complex. The core idea
of SDN is to decouple network control from data transmission. OpenFlow switches
implement data transmission function, so as to simplify the design of switches, and
control functions are provided by controllers. In order to improve the performance of
data transmission in SDN, this paper proposes a load balance solution scheme by tak-
ing advantage of the global network view of SDN. By updating topology information
of global network, SDN controller can discover all paths between each source node to
each destination node. For the purpose of choosing real-time least loaded path, load
balancer immediately calculate the integrated load condition of multiple path when
receiving the path information transmitted from SDN controller. The contrast exper-
iment results show that load balancing strategy proposed in this paper can select more
rational transmission path for data-flow.

PaccmoTpena 3amava OGanmaHCHPOBKH HArpy3KH B KllacTepe cepBepoB. B ocHoBe
MPEJIOKEHHOW CHCTEMBbI OallaHCUPOBKH JISKUT MPOTPAMMHO OIpejensieMasi CeTb,
9TO 0OecIieurnBaeT cOATAaHCUPOBAHHYIO HAarpy3Ky Ha ITyTH KJlacTepa.

1 . o . . .. . . .
HTYY «Kuiscokuii norimexuiunuu incmumym im. leops Cikopcovrozo», paxynemem ingpopmamuxu ma oouuc-
JII08ANLHOI MEXHIKU
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Beryn

[IporpamHo-KoH(bIrypoBaHa Mepeka — II€ BIJHOCHO HOBa KOHIICIIIIIS
MEpeKeBOi apXiTEKTypH, OCHOBHA 1]ies SIKO1 MoJIsTrae y BUIIUICHH] PIBHS YIIpaB-
JIHHSI MEPEXKEI0 B/l MPUCTPOIB Mepeiadil JaHuX 1 peatizyeTbes nmporpamMuo[1].

JlaHi mepenarThes BIAMOBIIHO A0 TaOIUIlb MapLIpyTH3allii, 1o 30epira-
IOTHCSl Ha alapaTHUX CUCTeMaXx, SIK 1 paHimie. Ase 1l TaOJuIll HEeHTPaTi30BaHO
YIPABJISIIOTHCS BIIIAIICHOIO CUCTEMOTO, Y 3B’ 513Ky 3 UMM aJMiHICTpaTOpy HE I0-
TpiOHO 3MIHIOBAaTH TaONHIIl HA KOKHOMY KOMYTaTopi. V 1/€ajJbHOMY BHIIAJIKY
BCl MEpEKeBl KOMIIOHEHTH MOBHUHHI YIPABISATUCS 1 HAJIAIITOBYBATUCS y XOIi
onHiel oneparttii. CiibHa poOOTa KOMIIOHEHTIB MPOrPaMHO 0OYMOBJIEHOI Mepe-
X1 Moke OyTh 3acHoBaHa Ha ctanmapTi OpenFlow (miaTtpumyerbest GhoHmIOM
Open Networking Foundation, ONF).

s Toro, mo6 3abe3neunTy OalaHCYBaHHS HAaBaHTAKEHHS MDK JICKLJIb-
KOMa cepBepaMu, PO3pOOHUKY MOTPIOHO BUPIMIMTH 1Bl 3a]a4l — SKUM YHHOM
HaIpaBJISATH 3alUTH KIIIEHTIB HA KOHKPETHUIN cepBep 1 MO SIKUM KPUTEPISIM pO3-
MOJIUIATA HABAHTAXKEHHSI HA CEPBEPHU.

IcHye Garato pi3HUX aITrOPUTMIB 1 METO/11B OallaHCYBaHHS HaBAaHTAXKECHHSI.
Bubuparoun KOHKpETHUH aliroputm, noTpiGHO BuxoauTH 3i CIIENU(]PIKA KOHKPETHO-
T'O MPOECKTY Ta i3 IiJIeH, SKUX TUTAHYETHCS JOCSTTH.

ITocTanoBKka 3axaui

[Ipu OanaHcyBaHHI HaBaHTaXEHHS HEOOXIAHO 3BaKaTh Ha Taki
kputepii[2]:

—  CHOpaBEJUIMBICTh: MOTPIOHO rapaHTyBaTH, 1100 Ha 0OPOOKY KOXKHOTO 3aMUTY
BUJIIJISUTUCS. CHCTEMHI PECYPCH 1 HE IOMYCTUTH BUHUKHEHHS CUTYaIlld, KOJU
OJIMH 3aITUT 00POOJISETHCS, a BC1 1HII YEKAIOTh CBOET Uepr;

— e(eKxTuBHICTh: BCI CepBepH, IKi 0OpOOJISIOTH 3aUTH, TOBUHHI OyTH 3alHATI
Ha 100%; GaxaHO HE TIOMyCKAaTH CUTYallli, KOJIU OJIUH 13 CEPBEPIB MPOCTOIOE
y OUIKYBaHHI 3aIUTIB HA 00POOKY;

— CKOpOYEHHS Yacy BUKOHAHHS 3allUTy: NOTPIOHO 3a0€3MeUnTH MIHIMaIbHUMA
yac Mk IOYaTKOM 00poOKH 3anuTy (200 oro MOCTaHOBKOIO y Uepry Ha 00-
poOKy) 1 fioro 3aBEpIICHHS;

— CKOpPOYEHHS 4acy BIATYKY: MOTPiOHO MiHIMI3yBaTH 4Yac BIAMOBIAI Ha 3aIUT
KOpHCTYyBaya.

VY Toil ke yac, anroput™ OajaHCyBaHHS Ma€ BOJIOJITH TaKUMHU BJIACTUBO-

CTSIMU:

— nepeadavyBaHICTh: y SKMX CUTYallsX 1 3a IKMX HaBaHTaXEHb aJlTOPUTM Oy-
1€ €(PEKTUBHUM J1JIs1 BUPILLIEHHS IOCTABJIEHUX 3aB/IaHb;

— PpIBHOMIpHE 3aBaHTAKCHHS PECYPCIB CUCTEMH;

— MacimTa0OBaHICTh: AJTOPUTM MOBHHEH 30epiraTv Mpaine3JaTHICTh y pasi
30UIbIIICHHS! HABAHTAKEHHS.
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IIponoHoBaHa apxiTeKkTypa

Hwxkde Oyme po3rissHyTO MOJIEIh pealizarii KiacTepa y MpOorpaMHO-
KOH(}ITypOBaHiit Mepexi.

Xoya TpaauIiiiHI MapIIPyTU3aTOPH 30€PIraroTh TaOIUIIl MapIIpyTH3aIlli,
OCTaHH1 MICTATh TUTBKH 1H(OPMAIIiIO PO BY3JIM MIPU3HAYCHHS 1 MapIIpyTHU3aTO-
pH MOXXYTh OOYHMCIIIOBATH TUIBKH 1H(OpPMALII0 PO MEPEXi HACTYMHOTO Tepe-
xoxy 0e3 rimobanbHoro 6aueHHs mepexi. Ognak koHTposep SDN orpumye Mox-
JUBICTh MOKa3aTH TI00aIbHE YSIBICHHS MEPEXi Ha MOYATKY n06yﬂ0}31/1 MEpexKi.
OnoBiror0ud 1H(pOPMAIIiO PO TOMONOTII0 TT00ansHOT Mepexi, konTposep SDN
MO’K€ BUSBHUTH BCI MOXKJIMBI IUISIXH MK KOKHUM BUXIJHUM BY3JIOM 1 IO KOX-
HOT'O BYy3Jla MpU3HA4YECHH. BUKOpHUCTOBYIOUM 110 IIepeBary rio0aibHOro OavyeH-
Hs Mepexxi SDN, MO)KHA OIIIHUTH CTaH HABaHTAXKEHHSI KOKHOTO TJIO0AJIBHOTO
HUIAXY.

MepexeBa apxiTeKTypa IPOIOHOBAHOI CUCTEMHU OajlaHCyBaHHSI HaBaHTa-
xenHs SDN nokaszana Ha puc. 1.

BanascyBanbHUK
HaBaHTa)XEHHS

SDN xoHTpoOnep

= =

XocCT NpH3Ha4YeHHS

OpenFlow cBiu

XocT BiApaBHUKA

Puc. 1. ApxiTekTypa 3alpOornOHOBaHOT CUCTEMHU OaJIaHCYBaHHS

s Toro, mo6 nosermut HaBaHTaxeHHS Ha SDN xoHTpoIep, 3amporno-
HOBaHa apXiTEKTypa BUKOPUCTOBYE OKPEMHUI CEpBEp I OaTaHCYBaHHSI HaBaH-
TaXKeHHsI HAa KOXKHOMY LUIAXy. st Toro, mo0 B pekumMi peabHOro yacy BUOU-
paTH HaMEHI 3aBaHTAXXCHUH MIISAX, OaTaHCYBATbHUK MUTTEBO OOUYHUCITIOE 310-
pany iH(pOpMaIli0 TPO CTaH 3aBAHTAKEHHS NUIAXiB, oTpuManoi Bijy SDN koHT-
poisiepa. TakuM YMHOM, Y IPOTIOHOBAHIM CXEMI, KOHTPOJIEP NEPIOIUYHO MEepeae
iHpOpMaIlit0 TTPO HABAHTAKEHHS KOXKHOTO NUIIXY OalaHCyBaJIbHHKY HaBaHTa-
»keHHs. | ko SDN xoHTposiep BukoHaB (DYHKIIIIO OallaHCYyBaHHS HaBaHTaKEH-
Hs1, OajaHCyBaJbHUK HaBAaHTKEHHS MOBEPTA€ HAWMEHI 3aBAaHTAKECHUN ILIAX
koHTposepy. Ilicas toro, sk kouTposiep SDN oTpumye nuisix s nepeaadi, BiH
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BUIAUIATE (uioy-Tadmuiro st OpenFlow cBiTuepiB 100 BUKOHATH ILIaH IIEpe-

Jladi MOTOKY JIaHUX.

[Tporteaypa kepyBaHHS JaHUMH y 3alpOTIOHOBaHiN CHUCTEMIi IMOKa3aHa Ha

puc. 2.

1. Komau HOBHIi MOTIK AaHMX nepenaeTbes y gomen SDN, OpenFlow Bkiouae
nporec Bianoinae iH(opmaiii 3aroioBKy makera i Quoy-tabmauii. SKio
dbaoy-Tabmung Biamosinae iHGopmarlrii 3aroioBKy MmakeTa, e MOTiK JTaHuX
Oyne mepenaBatucst Action mosieM y ¢uioy-tadimiii. A sKmo HeMae (ioy-
Tabmui, sika 0 BignoBizana oMy nakery, OpenFlow komyraropu OyayTh
nepenaBaTy iH(OpPMALIiIO 3aroJIOBKY IIOT0 makeTa Ha KoHTposiep SDN, mo6
BU3HAYMTH NMUIAX VIS TIEpeIadi.

2. Y pa3i 3HAXO/PKEHHS TUIBKU OJIHOTO NUISXY IMepenadi JaHuX, KOHTPOJEp
SDN ctBOpuTh HOBI (ut0y-TabMIN 1 Tpu3HaYuTh iM OpenFlow ceiTuepu mis
aKTUBHOI Mepeayvl TaHux

3. 3a 3HaXo/KeHHS JEKUIBKOX MIIAXIB Mepenayl ganux, kontpojep SDN Oymae
nepeaaBaTH MHOKMHY 1H(GOpMaIlli HaBaHTaXEHHS NUIAXY 10 OajaHCyBaHHS
HABAHTAKCHHS.

4. BupiBHIOBaY HABAHTAKEHHS OOYMCIIIOE HABAHTAXKEHHS 1HTETPOBAHUN IS
KOKHOT'O HUISXY 1 BUOMpaAEe OJIHY 13 HUX HAWMEHIIIEC 3aBAaHTAXKCHUU HUIAX SIK
pe3ynbTar, o0 MoBEepHYTHCS Ha3ald 10 KoHTposepa SDN.

5. Kontponep SDN orpumye oOpanuii nuisix Bij OanaHcyBada HaBaHTAXKCHHS 1
cTBOprO€E (hoy-Tadmuii mo6 npusHaunts OpenFlow ceituepwu.

ExcnepyMeHTAIBHI pe3yjibTaTH Ta OLIHKA

VY nawniit poboTi Mu BukopucToByemMo Mmininet [3] — mepexeBuii iHCTpY-
meHT monemoBanHs 1 Floodlight [4] — SDN konTponep ans imitarii cepenoBu-
nra Oarato nuaxoBoi mepexki SDN st omiHkM edeKTHBHOCTI MPOMOHOBAHOI
cTparerii OallaHCyBaHHS HaBaHTaXKeHHA. 3MmojenboBaHa SDN Tomosnoris moka-
3aHa Ha puC. 2:

Ha puc. 2 nokazaHo kiJibka TOMOJIOT1# Mepexi nuisixy. g Tomonoris mic-
TUTh TPU LUISXM BiJ XocTa 1 10 X0cTa 7:

1. Csiu 1-> Csiu 2-> CBiu 6;
2. Csiu 1-> CBiu 4-> CBiu4 3-> CBiy 6;
3. Cgiu 1-> Cgiu 4-> Cgiu 5-> CBiu 6.

VY peabHOMY MEPEKEBOMY CEPEIOBUII MepeKeBUi Tpadik € XaOTUIHUM
1 HeBU3HAYEHUM. TakuM YMHOM y JaHiii poOOTI eKCHEPUMEHT NpU3HAYCHUM 1Jis
IMiTaIlii MepekeBoi cepeloBuIa y peabHoMy daci. Tpadik Oyne mepenaBatucs
BHUITaJIKOBUM YMHOM Mi’K XOCTOM 2, XOCTOM 3, XO0CTOM 4, XOCTOM 5, XOCTOM 6 1
xoctoM 7. Ilix yac mepenaui Tpadiky, yMOBU 3aBaHTaXEHHS TPbOX IUISIXIB Bij
xocta 1 g0 xocta 7 OyayTh JOBOJII CepiO3HO BiAPI3HATHUCS. [loTiM MM TTOUMHaE-
MO KOHTpPOJIIOBaTH XOCT 1 1 mocusiatu Tpadik XOCTy 7, AKUN pO3IIISAAETHCS Y
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SIKOCT1 HOBOT'O BX1JTHOTO MOTOKY naHux y kiactepl SDN. KinmeBa mera 1j1s exc-
NEPUMEHTY, 11100 BUOpAaTH OJWH HaMEHII 3aBaHTAKEHUH NUIIX BiA XocTta 1 110
xocTa 7 y SKOCTI HOBOTO BXIJIHOTO KaHay mepezadi, 1 Js TOCSTHEHHs OallaH-
CyBaHHS HaBaHTaXXEHHA B Mepexi./[ms Toro, mo0 OWHUTH 3ampONOHOBAHY
cTpaTerito OaJlaHCyBaHHS HaBaHTa)KEHHS, MU B3sUIM JB1 1HIIUX cTpaTerii 6aiaH-
CYBaHHS HaBaHTaXEHHs Yy sKOCTi mopiBHsHHA. [lepmia e DLB (dynamic load
balance anropurm) i crarmaauii Round Robin.

XocT 6

Xoct 7

Puc. 2. Tononorist SDN exkciepumenTty

Cepenniit koe(illieHT BUKOPUCTAHHS MPOMYCKHOI 37aTHOCTI Ta cepe-
HbOKBAJIpAaTUYHE BIJAXUJICHHS BUKOPUCTAHHS TPOITYCKHOI 3/IaTHOCTI MOKa3aHi
Tabm. 1.

Tabnuuys 1.
Cepennili koe(illiEHT BUKOPUCTAHHS MPOMYCKHOI 3AaTHOCTI 1
CepeTHbOKBAAPATUIHE BiIXMICHHS BUKOPUCTAHHS MPOITYCKHOT 3AaTHOCTI

IIportoHoBana DLB RR
apxiTeKTypa
Mmax 1 0,738 0,855 0,917
msx 2 0,450 0,744 0,398
[Mlnax 3 0,644 0,395 0,311
CepeHbOKBaIpaTUYHE 0157 0.249 0335
BIIXWJIECHHS ’ ’ ’
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Sk moka3aHo B Ta6i. 1, CepeTHbOKBAIPATHUHE BiAXUJICHHS 3apPOTIOHOBA-
HO1 apXITEKTYpH € HaWMEHIIIUM Cepel yCiX IHIIMX, II0 03HaYae Koe]illieHT BU-
KOPHCTaHHS MPOMYCKHOI 3AaTHOCTI yCIX HUISAXIB OJU3BKUMHU OJHWH JO OJHOTO 1
CIPHATIMBUIN PE3ybTaT JOCATAETHCS 32 PAXyHOK BHKOPHUCTAHHS 3alpONOHOBA-
HOi apxiTekTypu. Ockinbku crpateris DLB irHopye rnobansHuil craH HaBaHTa-
KEHHS NIIAXY, MUISX i3 HaWKpaliMHU YMOBaMH HE OOpaHWH, 1 1Ie Hece IMOTraHi
HaCMiIKA. Aje 1 cTpareris 6amaHCyBaHHS HABaHTA)XCHHS BCE OJIHO TMPAITIOE y
skiiice Mipi. Round Robin BimHOCHTBCS 10 CTaTHYHOI cTparterii OalaHCyBaHHS
HaBaHTa)XCHHS, TOMY BiH HE MOXKE aHAJI3yBaTH y PEKUMI peajbHOrO Jacy CTaH
HABAHTAXKEHHA HA NULIXU. | pe3ynpTaT I11i€1 CTpaTerii € HaluTipImm.

BucHoBOK

TakuM 4YHWHOM, 3ampoOMOHOBaHA CHUCTEMa OaTaHCYBaHHS KOPHCTYIOUHCH
100aNbHUM OAUYEeHHSM MEPEK1 BUPILIYE MpodieMy OanaHCyBaHHS. V takoMy pasi
BOHA OCHOBAHA Ha aHaJi31 CTaHy HaBaHTaXEHHS IUIAXIB y peaJibHOMY 4aci. L4
CTpareria 30upae KOe(ilieHT BUKOPUCTAHHS MPOIMYCKHOI 3[aTHOCTI, BIJCOTOK
BTpaTH MaKEeTIB, 3aTPUMKH 1 CTPUOKH y Mepeadi.

Crparteris OanaHCyBaHHS HABaHTAXEHHS, 3aIIPOIIOHOBAHA y JaH1A POOOTI
3aCTOCOBYIOTHCS B IMITAllIMHOMY €KCIIEPUMEHTI. Y MOPIBHSAHHI 3i CTATUYHOIO
Round Robin crpareriero, ekcriepuMeHTalIbHI Pe3yJIbTaTH MOKa3yTh, IO 3a-
IIPOTIOHOBAHA y JaH1id poOOTI cTpaTeris, 3a0e3nevuye OUIbII BUCOKY MPOIYKTHUB-
HICTh Mepexl i gocsarae 19,3% 3HuKEeHHs JaTEHTHOCTI MEPEexi.
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