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CIIOCOB JTMHAMUWYECKOM BAJIAHCUPOBKHA HAT'PY3KU B
INPOTPAMMHO-KOHOUT'YPUPYEMBIX CETAX

Aunomayus. TIporpaMMHO-KOHQUTYpUPYEMBIE CETH MO3BOJISIFOT 3HAYHTEIBHO PACIIH-
pPUTH (PYHKIIMOHATBHOCTH CETeBOro oOopynoBaHms. llenpto paboOTH sBIsSETCS pa3paboTka
croco0a TUHAMAYECKON OalaHCHPOBKH HArpy3KH B pacHpeeiEHHOM MPHIIOKEHHH, KOTOPOe
BBITIOJIHSIETCSL Ha KiacTepe. bamaHcupoBka Harpy3Kd BBINOJTHSETCS Ha KoHTposuiepe SDN.
[IpemtosxeHHBIH croco0 MO3BOJISET PAlMOHATIBLHO UCIIOIB30BATh PECYPCHl KiacTepa, a TaKxke
o0ecrieuynBaeT yCTOMYMBOCTh MPHIIOKEHHS K BHICOKUM Harpy3KaM.

Knoueswvie cnosa: mporpammHO-KOHGUTYpupyembie ceTr, SDN-koHTposuiep, Oanancu-
POBKa Harpy3ku, ruOpuHoe 061ako, mininet.

BBenenue

CoBpeMeHHbIM Web-npuioKeHUsIM HEeoOXOJUMO BBIJIEPKUBATh KojieOaHUsI Ha-
IPY3KH, KOTOPhIE MOTYT OBITh BHI3BaHBI M3MEHSIIOIINMCSI KOJTMYECTBOM TI0JIh30BaTENEH.
JJ1s1 yBeMUueHHST KOJIMIECTBA TOJIb30BaTeNIeid, KOTOPHIX CUCTEMa MOXKET 00CITyKUBaTh B
orpeieJIEHHBIE MOMEHT BpeMEeHM, HEO0OXOIUMO Mpou3BecTu MacintabupoBanue. Bep-
TUKAJIBHOE: IyTEM HapalluBaHUsS MOIIHOCTU CepBepa, WM TOPU30HTAJIBHOE: IMyTEM
MOJTEPXKKH HECKOIBKHX YK3EMILISIPOB MPHUIIOKESHHUS ¥ OaTaHCUPOBKOI HArpy3KH MEXTY
Humu. CpejicTBa NporpaMMHO-KOH(DUTYPUPYEMBIX CETel MO3BOJISIIOT peaiu30BaTh CIO-
co0 JMHAMHUYECKO OaTaHCUPOBKU Harpy3ku Ha KoHTpoJuiepe SDN.

O030p cymecTBYONHUX pPemeHuil

B [1] u [2] paccMOTpeHBI BO3MOYKHOCTH TPOTPAMMHO-KOH(HUTYPHPYEMBIX CETel B
KOHTEKCTE paclpe/ielieHus1 Harpy3Ku Ha y3ibl. OJTHaKko, HE MpeyCMOTPEHa ONTUMU3ALMS
WCTIOJNIF30BAHMSI BEIYHCIUTENBHBIX PECYPCOB B YCIOBHSAX M3MEHSIOIICHCS HArpy3ku. Tak-
’Ke, B CIlydae HEXBATKH PECyPCOB BO3MOYKHA CUTY IS, B KOTOPOI MPHIIOKEHHUIO HE XBATUT
pecypcoB Jyisi 00pabOTKK BCEX 3allpOCOB, MOCTYHAIOUIUX OT MOJb30BaTeseil. ITO MOXKET
MPUBECTH K mepebosiM B paboTe MM TIOTHOMY BBIXO/y cepBuca u3 crpos. [Ipeamaraemprii
croco0 peraeT ATy npobiaeMy My TEM MO IKITIOYESHHS T He0OXO0IMMOTO KOJIMYEeCcTBa y3-
JIOB, U, TIPY HEOOXOMMOCTH, TTO/IKIFOUEHUSI 0O0JaUHBIX PECYPCOB.

ITocTanoBKka 3agaum

Jliist opranmsanun 3¢GheKkTHBHOM paboThl pactpeeIEHHOrO MPHIIOKEHUS B yCIIO-
BUSIX U3MEHSIIOIIEHCS] HArpy3KH HEOOXOIMMO paIiMOHAILHO MCIIONL30BaTh PECypChl Kia-
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cTepa M UMETh BOBMOXKHOCTH TIOJKJIFOYATh JTOTIOJTHUTETHHBIC BEIYMCIUTELHBIE MOIITHO-
CTH, B CIIy4yae, €ClI PeCypCcoB JIOKATBHOTO KilacTepa HejocTarouHo. B [3] u [4] pacemor-
pEeHO MpUMEeHeHne THOPUITHOTO 00JIaKa KaK pe3epBHOTO pecypca, MOJKII0IaeMOro B CIy-
Yyae HeJ0CTaTKa JIOKATLHBIX pecypcoB. Bo3MOXKHOCTH TPOrpaMMHO-KOHPUTYPUPYEMBIX
CeTeil TMO3BOJISIOT PEANTN30BaTh CIOCO0 OaJTaHCHMPOBKU HArpy3Kd B pacmpeelEHHOM
MIPUIIOKEHUU, KOTOPBIA 00JIafaeT CleIyIoIMUMU NPEUMYIIIeCTBAMU: TOJIKIFOYEHUE JI0-
MOJTHUTEIIHHBIX PECYPCOB MPH HEOOXOAMMOCTH U ONTUMATIFHOE UCTIOHL30BaHIE PECYPCOB
KJIacTepa, Kak CJIeJICTBHE - YMEHBIIIEHUE 3aTPpaT Ha BEIYUCIUTEIbHBIE PECYPCHI.

Penlenue nocraBjieHHO# 3a1a4u

Jlnst  nuHaMuueckod  OalaHCUPOBKU HArpy3KM KOHTPOJUIEp MPOrpaMMHO-
KOH(QUTYpUPYEMOI CeTH JOJDKEH pacrojiaraTh JaHHBIMHA O 3arpy3Ke cucTeMbl. Jljis
MOy YEHHUSI DTUX JAHHBIX UCMOJb3YETCSI areHT MOHUTOPUHIA PECYPCOB - IPOrPaMMHOE
oOecrieyeHue, MO3BOJISIIONIEE KOHTPOJUIEPY OTCIIEKUBATH 3arpy3Ky Kaxkjaoro ysia. B
areHTe HacTpauBaeTcsl pacuéT KOd(PdUIMEeHTa HArpy3Kku B 3aBUCUMOCTH OT 3aJlau:
JUISL pa3HbIX 3a/1ay 0oJiee NPUOPUTETHBIMU SIBJISIFOTCS pa3Hble pecypcbl. [lockoibky B
MPOrpaMMHO-KOH(GUTYPUPYEMBIX ceTsiX KoHTpoiuiep ocHamEH REST-untepdeiicom u
BO3MOKHOCTBIO TOJIKJIFOYEHUSI TIJIarMHOB, B POJIM ar€HTa MOHUTOPUHIA PECYPCOB MO-
’KET BBICTYIATh MpOCTeiilee nmporpaMMHoe olecriedyeHne, pazpaboTaHHOE HA MPOU3-
BOJILHOM SI3bIKE MPOTrPaAaMMUPOBAHUS U TIOJJIEPKUBAIOIIEE TOT ke MHTepdeiic, uTo u
KOHTPOJLIEP.

B nanHoit paGote paccmaTpuBaeTcsl KiacTep, Y3Jbl KOTOPOTro HaXOASITCS B OJTHOM
(bu3MIECKOl CeTH, a y3JIbI 3a/IeHCTBOBAaHHbBIE B pa00Te MPIIOKEHUSI HAXOAATCS B MPO-
rpaMMHO-KoHurypupyemoit cetu (SDN). MacimtabupoBanue NpUIOKEHUE MPOUC-
xomuT myTtéMm pacummpenus SDN. [lpuiokeHne aBTOMATHYECKH OIPEIECSET HOBBIN
cepep B SDN u 3ajeiicTByeT ero B o0ciayKuBaHUU 3anpocoB. [laHHblil criocod mac-
mTabupoBaHUs MPUTIOKEHUS paccMaTrpuBaercs B [S].

B ciyuae, eciiu Bce IOCTyNHbBIE Y3JIbI KJacTepa 3aHSThI, B KAUECTBE PE3EPBHOTO
pecypca nojakiroyaercs y3ei B oonake. [TocraBimuky 00JauHbIX BEIUMCIUTEIBHBIX pe-
CYPCOB pacrojiaraloT WHTepPeicoM s IporpaMMHOTO KOH(PUTYPHUPOBAHUS CEpBE-
POB, UTO JAET BO3MOXHOCTh KOHTPOJUIEPY MOJKIIOYATh U MEPEHANpaBsATh Tyjla 3a-
npocel. Ilociie cHKEHHSI Harpy3Kd KOHTpPOJUIEp OTKJIIOYaeT o00J1aKko, 3alpochl
00CITyKUBAIOTCS TOJIBKO KIACTEPOM.

banancupoBka Harpy3kd MeX]y y3jJ1amMu B JIOKAJTLHOM KJIacTepe MPOUCXOAUT 3a
cu€T U3MEHEeHHUs TabJIMIIBI MapHIpyTH3aluy B KoHTpoJiepe. Co3/laHue y3JI0B B 001ake
ocyliecTBisieTcsl aBToMarnuecku uepe3 APl mocraBiuka o00JIAYHBIX PECYPCOB
(Amazon, Azure). IlepeHarpaBieHue 3anpocoB B 00J1aKO ¢ KOHTpoJIepa OCYIIECTBIIs-
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etrcs uepe3 REST-unrepoeiic, Takxke MOXXHO MCIIONIB30BATh JTO0YIO cricTeMy oOMeHa
coobmenussMu (RabbitMQ, JMS, Amazon SQS), mis KoTOpoil peanm3oBaHa TO/I-
JIEprKKa SA3bIKa IPOrPaMMHUPOBAHUSL, HA KOTOPOM pEeAIM30BaHa JIOrMKa KOHTPOJIIEpA.

— @uU3MYecKan ceTb

> [porpamMMHO KOHDUTYpUpyemas ceTb

CucTemMa MOHUTOPMHIA pecypcoB

cmp cmp cMP CMP CMP CMP cMP

Puc. 1. - Koudurypanus kiactepa s pacipeaenéHHOro MPHI0KeHUs

JInst mpuHATHS pelieHus: 0 MaciiTadupoBaHUU KiacTepa, cucTemMa JoJDKHA pac-
roJiaraTh MHMOpMaIeilt 00 UCIOIE30BAHUH PECYPCOB YiKe paboTaromux y3ioB. Kpu-
TEpUN OLUEHKH 3aBUCUT OT MPWIOKEHUS: MPUIIOKEHUE MOXKET MCHOJIB30BATh MHOTO
OIepaTUBHON TaMATH, HO HE COXpaHATh (Daiiibl Ha JMCKOBOE MPOCTPAHCTBO, JHOO
CIIyKUTh XPAHWIUIIEM JaHHBIX, IJie KIIOUEBON XapaKTEPUCTHKOUN SIBISETCS O0BEM
JIOCTYITHOTO JIUCKOBOTO TpocTpaHcTBa. Pa3paboTKka CIOXKHBIX KPUTEPUEB 3arpyiKeH-
HOCTU CE€THU MOJKET SIBISITbCS TEMOM ISl OTHENbHOro uccienoBanus. it npumepa
MPUMEM 32 KPUTEPUMN KOJIUYECTBO JIOCTYITHOW ONIEPATUBHOMN MTAMSTH.

[TocTpoum TOMOJIOTUIO CETH, YKa3aHHYIO Ha pUCYHKe 1 B aMyJisiTope mininet. 3a-
JaIiM Hamgue BbljieieHHOU O3Y 1Sl IPUII0KEHUS HA KaXKJI0M U3 CEPBEPOB.

Tabnuya 1
O61bém Borigeasiemoit O3Y 1151 Kaska0oro u3 y3J0B KJacTepa

Ne y3a 1 2 3 4 5 6 7
O0wéM BrIIeneHHoi O3Y, Mb 700 800 1400 | 500 1500 | 2300 | 1200

Jlnst skcnepuMeHTa BO3bMEM OTpPE30K BpeMeHM nTelibHOCThI0 1000 cexyH.
Kaxxpiid y3en crocobeH oOpabareiBaTh jJaHHBIE 00BEMOM J10 500 Mb/s, mosTomy,
KOHTPOJUIEP JOJKEH NPeIOTBPATUTh nepernosinenne O3Y Kaxk0oro u3 y3iIo0B. 3a OTBe-
JICHHBIN TIPOMEKYTOK BpEMEHH Harpy3ka Ha MPHUIOKEHUE M3MEHSEeTCS KaK MoKa3aHo
Ha puc. 2.
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Puc. 2. - I'paduk 3aBUCUMOCTHU TIOCTYIUICHUS TpaduKa Ha IPUIOKEHUS OT BPEMEHH

Jlia kaxzoro ysia crpaseyuBo yciosue LGy = Kk x Gy, roe C; — O3V Ha kax-
oM i-om y3ie. LC (Limit Capacity) — rpanuusbiii 006EM 3ajelictBoBanHol O3V, B
cilydae, €cJii MEHBIIHNN 00BEM 3aHSAT 00padOTKOM 3aMpocoB, Mojjaua HOBBIX 3alPOCOB
Ha y3eJI KOHTPOJUIEPOM He MPON3BOAUTCS. TakuM 0O0pa3oM, mociie 00paboTKH JTaHHBIX,
KOTOpBIE YK€ HaXOJATCS Ha y3Jie, CEpBep MOXKET ObITh OTKJIIOUEH OT MPOrpamMMHO-
KOH(MUTYpUpYeMOli ceTH 3a HeHaJ0OHOCThIO. Takoil Mo IX0/1 MO3BOJISET palliOHAIEHO
KCIIOJIb30BaTh PECyPChl KJIacTepa, HE BKIIOYAs JIMIIHKUE y3JIbl, MAKCUMAJIbHO UCIOJIb-

3ysl YK€ MOJAKIIOUYEHHBIE.
A

25 |Q
GB

ek
C€ ke ke ce ce e [ce Jou
%> 1 P8 /s /pe /ps /ps Jps /ps/ d-

ep’ e ep ep ep ep e
2 No Ne No Mo No Ne +
¢ m
[~
w

[0 T e N e T T T e = I | gs
S mMmw o m Y oW
i 0 oo d

-
8

Puc. 3. - I'paduk 3aBHCHMOCTH TIOCTYTUICHUS TpaduKa HA KaXKIIbI U3 Y3II0B OT BpEMEHU
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KonTtposep SDN ocyiecTBiiseT 3apoc Ha CUCTEMbl MOHUTOPUHTA PECYpPCOB Ha
KaXJI0M M3 33JIeliCTBOBAHHBIX y3JIOB KXYy CEKYH[y, HA OCHOBAaHHMH TOJYyYCHHBIX
JTAHHBIX IPUHUMAET PEIICHUE O PeKOH(QUTY pAIUU CETH.

Kak M0OXHO yBUETh Ha TpauKe 3aBUCUMOCTU MOCTYTUICHUS Tpaduka Ha Kax-
JBI U3 Y3JI0B OT BPEMEHU, HOBBIE Y3JIbl MOJIKIIOYAIOTCS B TOT MOMEHT, KOT/Ia Ha yKe
MOJIKITIOYCHHBIE Y3JIbI TIOCTYTIAeT MUKOBAsl Harpy3Ka, KOTopasi IpOJA0JDKaeT pacTu (CM.
puc 2). Koraa Bce cepBepa MakCUMAalTbHO 3arpy’KeHBI, TIOAKIIOYAETCs pecypc B 00ia-
ke. B gannoit amyssauuu cloud-pecype He orpaHudeH, Tak Kak AJis OOJBIIMHCTBA 3a-
J1ad BO3MOYKHO TMOJIKIIIOYUTH CTOJBKO PECYpPCOB B 00J1aKe, CKOIBKO HEOOXO0TUMO.

BriBoabl u fasibHelimas padora

B nanHoO#i craThe mpejiokeH croco® OaJlaHCUPOBKU HArpy3KU B MPOrPaMMHO-
KOHQUTYpUpYeMBIX ceTsx. lIpeioskeHHbId coco0 MO3BONSIET, HE HCIIOJIB3YS CTO-
pOHHEe MpOorpaMMHOE OOeclieyeHe peain30BaTh OaJaHCUPOBKY HArpy3Kd CpeJicTBa-
Mu SDN. Crioco6 1mo3BoJisieT HacTpauBaTh XapaKTEPUCTUKH Y3JIOB, OTJIaBas MPUOPH-
TeT HanloJiee BaXKHBIM JUIsl KOHKpeTHOH 3ajgaud. [IpoBesieHo TecTupoBaHME criocoda
Ha SMYJIATOpe mininet. DMyJIAINA MOKa3aia, 4To crmocod paboTocnocoOeH u 001aaeT
JIOCTaTOYHON T'MOKOCTBIO JJIsi pa0OThl B peajbHBIX yCIOBUSIX U3MEHSIONICHCS Harpy3-
k. B kauecTBe nanbHeilield paboThl, BO3MOKHO YCOBEPIIEHCTBOBAaHUE criocoba Imy-
TEM J00aBICHUSI MEXaHU3Ma IPOrHO3UPOBAHUS HArpy3KHU.
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