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3nilicHeHo imiTauniliHe MoAeJIOBaHHA PO0OTH KeUIYIOYMX CepBepiB Mepexi J10CTaBKH
KkoHTeHTY (CDN). Po3riisiHyT0 OCHOBHI MeTOIM (ajlaHCYyBaHHSI HABAHTAKEHHsI, SIKi Jal0Th 3MOT'Y
pamioHATbHO PO3MOALIMTH HABAHTAXKEHHA MiK cepBepamu Mepexi. OmnmcaHo mnpomec
MapIIpyTH3alii 3anuTiB KiHIeBUX KOPHCTYBaYiB, IKUi Aa€ 3MOTy BUOpPaTH ONTHMAJILHUM cepBep
A1 OTPUMAHHS KOHTEHTY i3 MaKCMMAJIbHO A03BOJIEHOI0 SIKICTIO. 3aIIPONIOHOBAHO BUKOPUCTAHHS
cHcTeM MOHITOPHHIY MepeKeBHUX pecypciB Ta By3JIiB 00CIYroByBaHHs, 10 JACTh 3MOIy AIKiCHO
OLIHIOBATH CTaH po0OTH MepesKi Ta BYACHO MOBITOMIIATH MPO MOKJINBI HEMOJIAAKY.

Ha ocHoBi oTpumaHux pe3yJabTaTiB MOJEJTIOBAHHA MOAAHO TIpagiuHi 3ajexHOCTI
epexTuBHOCTI BUKOopucTanHst CDN, koedimienTa momaganHsi Ta 4acy Bignmomimi Bim 3minm
po3mipy kemy. OTpuMaHi 3a/1e;KHOCTI IeMOHCTPYIOTh Ba)KJIMBY 0COOJIUBICTb, a came Te, IO
30LIbIIEHHsT PO3Mipy Kellly He 3aB)KIHM Ja€ MOKJMBICTh edekTHBHO BUKOpucToByBaTH CDN.
Onnak Big po3mipy kemy 0e3mocepeIHbO 3ajekaTHMe 4Yac BilmoBini cepBepa Ha 3anmuTH
kiHneBux KopucryBauiB. BeranoBiaeno, mo Bukopucraniss CDN ictotHo ekoHOMUTDH Tpadik,
CKOpOYY€ Yac BiANOBiAi cepBepa HA OTPUMAHHS KOHTEHTY i TUM caMuM 3a0e3neyye HaaAaHHs
MOCJYT i3 33/10BIJILHOIO SIKICTIO TA ONTUMAJILHUM BUKOPHCTAHHSIM Mepe:KeBUX pecypciB.

KurouoBi cioBa: mepexa nocraBkun koHteHTy (CDN), 6anaHcyBaHHSI HABaHTA:KEHHS,
AIKiCTh 00CJYrOBYBaHHS, Yac BilNoOBii, cucTeMa MOHITOPHHTY.
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The network architecture of the content delivery network (CDN) and methods of the
load balancing were examined in this paper. We have described the algorithm of end users
request routing which allows selecting the optimum edge server to receive a content with
maximum quality. The use of network system monitoring was offered. This system allows to
efficiently assess the status of the network and promptly report possible problems. It was
defined which parameters are needed to be monitor ed.

Graphic dependencies of CDN networks efficiency, hit ratio and response time
depending on resizing cache were presented as result of the simulation. The dependencies
demonstrate an important feature which means that increasing of the cache size doesn’t allow
an effective use of CDNs. However, server response time to end users' requests depends on a
size of the cache. It was established that the use of CDN gives an opportunity to significantly
save bandwidth, reduce server response time and in that way to provide services with a
satisfactory quality and optimal use of network resour ces.

Key words:. content delivery network, load balancing, quality of service, response time,
system monitoring, caching rule.
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Beryn

IBuakuii pO3BUTOK IHTEPHET-TEXHOJOTH MPHUBIB IO CHTYyaIlil, B AKili CEpBEpU NAICKO HE 3aBXKIN
MOXYTh BUTPHMYBATH HABaHTa)XCHHS Ta SKICHO HAJIaBaTH CEPBICH KIHIIEBUM KOpUCTyBadaM. PaHiie OyB
JIOBOJII MOIIMPEHUM TEPMIH “cepBepHi pepMu”, 10 SBIUIM COOOK CYKYIHICTh CEpPBEPIB PI3HMX THIIB 3
OJTHAKOBMM T'eorpa)iyHMM po3TalllyBaHHSM. Temnep i MOHATTS BiAXOAATh Ha 3ajHIM IUIaH, a Ha 3MiHY iM
npuxoaats xmapHi (cloud) pimmenns Ta CDN mepesxi. ['omoBHe 3aBIaHHs, SKe CTaBIATh MEPEN CyIaCHHMHU
mpoBaiiiepaMy TIOCIYr Ta KOHTEHTY, — MOXIIMBICTh MacIITaOyBaHHS MEPEKEBOi iHPPACTPYKTypH B
YMOBaX MOCTIHHOTO 3pOcTaHHs Tpadiky Ta po3Moail HaBaHTXKEHHSI IO PI3HHUX JIOKaIlisix. J{ist BUpilIeHHS
TaKWX 3aBJaHb BUKOPHCTOBYIOTH pi3Hi TexHoioril. OqHa 3 HuX — crBopeHHs Mepexi CDN, sika nae 3mory
3MEHIINTH HaBaHTAKEHHS, MOCHINTH 3axucT Bi DDOS i npuckopuTH 3aBaHTaKEHHS caiiTa y BijJlaJIeHUX
nokarisix [1].

Apxitektypa Ta cepicu CDN

Mepexa nocraBku (posmominy) koutenty (amrin. Content Delivery Network a6o Content
Distribution Network, CDN) — reorpagiuno posmofiieHa MepekeBa iHGpacTpykTypa, IO JA€ 3MOTY
ONTHMI3YBaTH JOCTaBKY 1 PO3IMONLT KOHTEHTY KIHIICBUM KOpHCTyBadaM Yy Mepexi IHTepHer. Buko-
pucranus koHTeHT-TIpoBaiiaepamMu CDN mepex cripusie 30UIbIICHHIO IBUKOCTI 3aBaHTAXKCHHS IHTEPHET-
KOpUCTyBa4YaMHU ayjio-, BiIEONPOrpaMHOro, irpOBOTO Ta IHIIMX BUIIB IU(GPOBOr0 KOHTEHTY B TOYKaX
HasiBHOCTI Mepexi CDN. OcHoBHe 3aBaanHs CDN — makcumanbHe HaOMMKEHHS KOHTEHTY JI0 KIHIICBOT'O
KopucTyBaya [2].
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Puc. 1. Apximexmypa naameopmu CDN

IMporiec otpumanus kouTeHTy yepe3 CDN morkHa onrcatu Kimbkoma eranamu (puc. 1):

1. KopucryBau 3anutye pecypc (BeO-caiT 4m BiZeomoaaTok) i ioro Opay3ep HaJCHIA€ 3alHT 0
nokanpHOro DNS it orpumansst | P-anpecn.

2. BukopuCTOBYIOUM CTaHIApTHY MONITUKY poboTm ciyx0Ou DNS, nokanbHHi cepBep 3amuTye
IP-ampecy B aBTopuTerHoro (auri. authoritative) DNS.

3. DNS ceprep mae Biamoiapb, Bkarouatoun 3anmuc CNAME i3 mocumanmsm (ip-alias) ma CDN
posaiiaepa.

4. Jlokampuuii DNS 3Bepraetbcss 10 DNS cepsepa CDN mpoaiimepa s oTpUMaHHS
ONTHUMAaJILHOTO MapIIPYTY J0 3aIUTYBAHOT'O KOHTEHTY.

5. DNS cepsepu CDN mpoBaiinepa BiiIaroTh CIIHCOK aJpec CepBepPiB 13 ONTUMAIBHUM MapIipyToM
JI0 KOPHCTYyBaya, SIKAH 3anuTye KOHTEHT.

6. Jlokanpamit DNS Biampasnse onHy i3 azapec Opaysepy 4HM IHIIOMY JOJAaTKy KiHIIEBOTO
KOpHUCTYBaua.

7. OrpuMaBIIH aJIpecy cepBepa, KIHIIEBUH KOPHCTYBad 3BEPTAETHCS 32 KOHTEHTOM JIO KOHKPETHOTO
cepBepa, SKHii HaJlae HOro KOPUCTYBaveBi.
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Bapro 3a3naumTH, 110 MiJ 4ac BUOOPY cepBepa BiIIaBaHHS 31 CIIMCKY ajpec, sKi moBepraioTh DNS
cepBepu nposaiiziepa CDN, BpaxoByeThCst 3aBaHTaKEHICTh Ta JJOCTYIHICTh CEPBEPIB BifJaBaHHs KOHTEHTY [3].

Ocnosni cepsicu CDN maxi:

TIlomokoese moenenns 8ideo 6 pesicumi peanviozo yacy (Live Streaming). MoskinBa TPaHCIIAIIS i3
cepBepa IMocTavalibHUKa KOHTEHTY abo Oesmocepentbo 3 |P-kamepu. Inmma cdepa 3acrocyBanus Live
Streaming — Tpancsiist mpsiMoro edipy TenekaHaiB yepe3 [HTepHerT.

- ITomokose mosnenns gioeo 3a zanumom (Video on Demand Streaming). Ilependavae meperisi
BiJICOKOHTEHTY B OyJIb-SIKHII MOMEHT 4acy, 3pyYHHI KiHIIEBOMY KOpUCTyBady. MOXIIUBUII eperisi Bigeo
3 OyIb-SIKOTO MicCIls 0€3 3aBaHTa)KEHHS BCHOT'O BMICTY.

Http-xewysanns. Http-koHTeHT y Mipy MOTPEOH KEIIYETHCS Ha cepBepax po3JaBaHHS 1 BiJIa€ThCS
3 ONITUMAIILHOTO CEpBepa 3a 3alMTOM KOpHCTyBaya.

- Kooysanns 6ideo @ peoicumi peanvrozo uacy. KoHBepTallis Ta mepeKoayBaHHsI OTHOTO Gopmary
¢aiiniB y iHmi GpopMaTH M KOHTEHHEPH.

Tpanckooysanns eioeonomoxis. IleperBopenns tumy Kommpecii (Hanpuxinax, MPEG2 B H.264),
3MiHa OiTpelTy 4u po3Mipy Bizeo [4].

BapTo 3a3HauuTH, II0 KpiM ICTOTHOI'O 3MEHIICHHS HaBaHTa)XEHHS Ha cepBepu momatkis, CDN
Mepexa BHKOHYe ¥ iHmI ¢yHkmii. Bei cydacHi nmpoBaiiiepy po3MilIyroTh KOIii CBOIX M0JAaTKIiB Ha YCiX
JOCTYITHHX JJISl HUX KEIIYIOUNX CepBepax, sIKi ImepeHanpapisioTh 3alUTH KOPUCTYBAYiB 10 HAUOIMKIHNX 3
HUX. Pe3ynpTaT — 3HaYHO MEHIIIA 3aTPUMKa Y JIOCTABIICHHI JIAHMX KIHIIEBOMY KOPUCTYBaueBi Ta SKiCHIIIE
HaJaHHS TOCHyT. BiacHe icToTHE 3MEHIIIEHHS Yacy JOCTaBKH KOHTEHTY i CTaJl0 OHIEIO i3 HAWBAaroMilInx
nepeBar BukopuctanHss CDN mepex. Buxopucranns CDN Takox gae MOXIHBICTh CYTTEBO €KOHOMHUTH
tpadik. [lepenatn Ha iHIMKA KOHTHHEHT (ailiii OJWH pa3, 30epiraTv iX TaM Ha JIOKaJbHOMY cepBepi i
po3naBaTH depe3 JIOKallbHI KaHalM JelIeBlle, aHDK MepefaBaTH Toi camuil Tpadik THCsUl pas3iB uepes
MDKKOHTUHEHTAJIbHI KaHaJIM IepeJaBaHHS JaHuX. Bci Iii MeroaM HeoOXimHi i 3a0e3nedeHHs
e(heKTHBHOTO BUKOPUCTaHHS PECypCiB MEpPEXi Ta By3JIiB JJOCTABKH KOHTEHTY [5—0].

Jlist Toro, 1100 MBHUIKO BiIyIaBaTH KOHTEHT 3 JIOKaJIbHOTO cepBepa (Edge server) 6e3 3BepHeHHS 10
opurinansHoro cepsepa (Origin server), Tpeda, 106 1eif KOHTeHT Ha HboMy 3’ siBUBCs (i 3anuiuascs). IcHye
0araTo cxeMm KellyBaHHsI, HAUTIOIUPEHIIIi cepe]| sSIKKX TaKi:

- Pennixayis écvoeo xonmenmy. IlepeBaroro Takoro METOAY € BEIHMKa IIBUAKOJIS, HABITh MEPIIOT
BinmoBiai. Jlo HemoikiB MOXHa 3apaxyBaTH BUCOKY BapTiCTh Takol peajizaiii.

- Pennixayisa 3a nepwum 36epnennsm (Hainomupenimna cxema). Ilepiie 3BepHEHHs MOBIIbHE, a BCI
HACTYITHI TIBH/IIII.

- Acunxpouna pennikayis 3a TIEPEBUIICHHIM IIEBHOTO MMOpOra 3BepHEHb. ExoHOMIiYHINmIA Bepcis,
OJTHaK 00CIIyrOBYBaHHsI OUTBIIOCTI KITIEHTIB IOBUIbHE.

[Mopsin 3 MONITHKOIO KEIIyBaHHS peayi3yeThcsl MOJITHKA OYMIICHHS KEIly: KOMH came 00 €KT
BUJAIISIETHCS 13 cepBepa B TOUIII PUCYTHOCTI? HaiinomupeHninii BapianTu:

3a IeBHUH 4ac “TaiM-ayT”, 3a SIKUi He OyJio 3BEpHEHb JI0 pecypcy;

SIKIIIO KUTBbKICTh 3BEPHEHb MEHIIIA BiJl ACAKOI BEIHYUHH;

“mikonn”, yepe3 QikcoBaHUIT yac.

Metoau 6anancyBanus HapanTaxkeHHs1 y CDN

3aBagKH MOCTIHHOMY MOHITOPHHTY JOCTYIMHOCTI KemyBansaux (EAQE) cepBepis Gamamcep HaBaH-
Ta)KEHHS JIa€ 3MOTY ONTHMAJBHO PO3MOAUIATH 3aIIUTH MK HUMH. BapTo 3a3HauuTH, 110 MPOCTI METOAH
OanmaHCyBaHHs, Taki sk, Hanpukiaa, DNS, He MOXyTh 3a0€31eUNTH PO3IOALT HaBaHTaXKECHHS, OCKIJIbKU HE
KOHTPOJIIOIOTh (hakTHUHOro Tpadiky, SKHi HaIXOAWTh HAa KemryBaibHi cepBepu [7]. s 3abe3nedeHHs
ONTHUMAJILHOTO PO3IOLTY HaBaHTaXEHHS MOTPiOHO, 1100 MPHUCTPil, MO BUKOHYE Ii¢ OanaHCyBaHHS, MaB
iH(OpMAIIifo PO 3aBAaHTAXKEHICTh Ta KiTBKICTh 3aITUTIB, IKi 00CIyroBy€e KOXeH cepsep [8-9].

Jnst xpamioro MacintaOyBaHHs 6ajaHcyBaHHS Tpadiky Mix cepBepamH, PO3MIIICHUMH B OJIHOMY YH
KUIBKOX [JaTalleHTpax, BapTo BukoHyBath B xmapi (cloud). HaBaHTakeHHsS pIBHOMIPHO pPO3IOMLIS-
TUMETBCSI MDK yciMa po3JIaBalbHUMH CepBepamMH Ta ePEeKTHBHO BiIOyBaTUMETHCS MEpepo3noiisl y pasi
HEJIOCTYITHOCTI Oyb-SIKOT'0 13 cepBepiB po3/laBaHHS KOHTEHTY.
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3rigHo i3 puc. 2, OanaHCyBaHHs HaBaHTaKEHHS MOXe BiIOyBaTHCh 3a JIBOMa KPUTEPISIMHU.
[Mepmmii — mepioUUHO ONMUTYBATH CEPBEPH PO3JABAHHS KOHTEHTY JUIsl BU3HAYCHHS KUTbKOCTI 3aMUTIB, SIKi
BOHH OIPAllbOBYIOTH B 1€ MOMEHT 4acy, Ta BIANPABIATH 3alIUTH HA HAMEHIII 3aBaHTaXKEHI.

[Hmmit crocié — mepeBipATH KUTBKICTh JOCTYIMHHX 3’ €THAHb HA KOXXHOMY CEpBEpl Ta HAMpaBIISATH
3aIUTH J0 cepBepa 3 HalOLIBIIO KUTBKICTIO IOMYCTUMUX 3’ €THAHb.

———>
———>
———>
Traffic E

Data Center
Puc. 3. 3abesneuenns siomosocmiiikocmi pycypcy

Ha puc. 3 HaBenmeHO cxeMy pe3epByBaHHSI pecypciB, siki mepenaBatuMyTthes depe3 CDN, 1o
YMOXJIMBIIIOE MHTTEBE ITICPEMUKAHHS HA pE3EPBHUN JaTalleHTp Yy pa3i BUHHUKHEHHS IpoOjeM Ha
OCHOBHOMY. 3po3yMmiNio, 1o 3a0e3ledeHHs] TaKOoro pe3epBYBaHHsS 30UTBIINTH (iHAHCOBI BUTpaTH Ha
opranizaiito CDN.

MeTtoau MOHITOPUHTY Ta CHOBillleHHA

OueBHIHO Ta 3pO3yMiNIO, MO JJIsI TOrO, MO0 CepBepU Ta JaTalleHTPH MpalloBAId HAJIHHO Ta
OesriepebiiiHo, HEOOXiHA CHCTeMa, SIKa CTeKHUTUME 3a iXHBbOI0 POOOTOI0 Ta HAJCHIATUME CIOBIIICHHS B
pa3i BUHHKHEHHS HECIPaBHOCTi. BUKOPHUCTaHHS Takoi CHCTEMH TaKOX Ja€ 3MOTY 3aBXKIU OTPHUMYBATH
aKTyaJibHy 1H(oOpMalii0 npo cTaH Oyab-AKOro CcepBepa Ta 3AIHCHIOBATH ONTHMAJIbHHHM PO3MOILT
HABaHT@XEHHS MDK TpaHWYHUMH  cepBepamu. SIki K mapamMeTpd  JIONUIBHO  MOHITOPUTH?
HaiikputiuHilmuMu € iHTEHCUBHICTD Tpadiky Ha iHTepdelici 00CIyroByOvoro By3ia, KiIbKIiCTh 3’ €IHaHb,
3aBaHTa)KEHICTh AMCKIB Ta iHIml. Ha puc. 4-5 HaBeneHo NesKi 3 HUX.

Sk 6aunmo Ha puc. 4-5, IHTEHCHBHICTh TpadiKy Ta KUIBKICTh 3’ €IHAHb JOCTaTHBO BHCOKI B TIKOBI
MepioJin Ta ICTOTHO 3HWXKYIOTBCS TMiJl 9aC HHU3bKOI akTUBHOCTI. Bepyun 1o yBaru 11i 3Ha4eHHs, IPUCTPIi,
IO 3MIHCHIOE DPO3MOALT HAaBaHTKEHHS, BU3HAYATHME CTaH CEpBEpa Ta HANPaBISATHME ONTHMAIBHY
KUTBKICTh 3aIHTIB JI0 1[bOT0 By3Ja. L{i 3HaYeHHS MOYKHA BHKOPUCTOBYBATH 1 JIjIsl 30MpaHHS CTATUCTUKH, 1
JUISl IPUAHATTS PIlIEHHS 1010 3aBaHTaXKEHOCTI BY3JIa Ta MOXKITUBOCTI BUOpATH HOT0 [Tt 00CITyrOBYBaHHS
OKpPEMHX pecypCiB.

He Bapro TakoX HEIOOLIHIOBATH POOOTY CHCTEMH CIIOBIIICHb Ta IepeadauycHb BUHHKHCHHS
MOMHJIOK, @ TAKOXK KPUTUYHUX MPOOJIEM 13 poOOTOI0 KelryBalbHUX cepBepiB. OCHOBHOIO (YHKITIEIO TaKOi
CHCTEMH € TIOBIJIOMJICHHS BJIaCHUKIB 00CITYTOBYIOUHMX TPUCTPOIB PO MOXKIIMBI IpoOIeMH B poOOTi BY3IiB,
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a TaKoX PO MEepenyMOBH 1X BUHUKHEHHs. [Ipukian croBillieHHs OHIET 13 CHCTEM MOHITOPUHTY, a came
CHOBIIIICHHS TPO JIMIT IIBHIKOCTI TepeAaBaHHS JaHUX Ha iHTepdeiici 00CIyroByHYOro MPUCTPOLO,

HaBeJeHO Ha puc. 6.
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Puc. 5. Kinbkicme 3' eOnans Ha 06Cy208y040omy 8y3ii

|:| [2017-05-07 15:27:04] SERVICE ALERT: 93.170.216.18;check_network;OK;HARD;4;0utgoing speed: 1150.5443 Mbps
m [2017-05-07 15:17:04] SERVICE ALERT: 93.170.216.18;check_network;CRITICAL;HARD;4;0utgoing speed: 1340.2505 Mbps
E] [2017-05-07 15:15:23] Nagios 3.4.1 starting... (PID=3154)
ﬁ [2017-05-07 15:15:23] Caught SIGHUP, restarting...
m [2017-05-07 15:14:57] SERVICE ALERT: 93.170.216.18;check_network;CRITICAL;SOFT;3;0utgoing speed: 1277.6790 Mbps
|I| [2017-05-07 15:12:57] SERVICE ALERT: 93.170.216.18;check_network;WARNING;SOFT;2;0utgoing speed: 1213.2487 Mbps
|I| [2017-05-07 15:10:57] SERVICE ALERT: 93.170.216.18;check_network;WARNING;SOFT;1;0utgoing speed: 1203.0727 Mbps
|:| [2017-05-07 15:05:57] SERVICE ALERT: 93.170.216.18;check_network;OK;SOFT;3;0utgoing speed: 1180.7533 Mbps
m [2017-05-07 15:03:57] SERVICE ALERT: 93.170.216.18;check_network;CRITICAL;SOFT;2;0utgoing speed: 1289.1538 Mbps
m [2017-05-07 15:01:57] SERVICE ALERT: 93.170.216.18;check_network;CRITICAL;SOFT,1;0utgoing speed: 1339.2250 Mbps
[&] [2017-05-07 15:00:16] Nagios 3.4.1 starting... (PID=3154)

Puc. 6. [lpuxnao cnogiwjenns cucmemu MOHIMOPUH2Y

Komu moxe BUHHMKATH Take crioBimieHHs? Iy mpukiany BBa)KaTHMEMO, IO Halll KellyBajlbHHH
cepBep min eqHaHuil qBoma iHTepdeiicamu 1 I'0iT/c, BUKOPHCTOBYIOUM TEXHOJOTIIO arperyBaHHs KaHaiB
(bond). T'panuuHO MOMYCTHMOIO MIBHAKICTIO IS IEepeJaBaHHS KOHTEHTY BBakaTmmemo 1350 Moit/cC.
BinnoBinHo, KOMM IIBUAKICTH IepeaaBaHHs Ha iHTepdeiici mepeBunryBatume 90 % Big rpaHudYHO
JOIYCTHMOI, CHCTeMa HaJCHIIaTUME IMOBIIOMJICHHS MPO Takuil cratyc. lle macTb MOKIHBICTh BIACHUKY
cepBepa ab0 30UIBIIMTH CMYTYy IMPONYyCKaHHS, abo X J0AaTH Ie OAMH OOCIYrOBYIOUMH MPUCTPIN s
SIKICHOT'O HaJlaHHS IIOCIIyT.

JlocKoHAMIII CUCTEMH MOHITOPUHTY MOXXYTh CAMOCTIMHO MPHHMATH PIlIEHHS IONO MOJAIBIIOT
pobOTH TBOrO MPHCTPOIO. SIK BapiaHT, CUCTEMa MOHITOPHHTY MOXKE JCAKTUBYBAaTH MPHCTPid, 1100
3aro0irTH BTpaTi 3alMTiB, SKi BiH HE 3MOXKe 00CITY)KUTH. [HIIMM BapiaHTOM MoKe OyTH TiepeHanpaBIeHHS
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BCIX 3aIUTIB Ha CyCIIHIN cepBep, PO3MIIIEHHUM B Tild caMiil 30HI 00CIYrOBYBaHHS, 3 METOK ITiIBUIICHHS
piBHS 0OCITyrOBYBaHHS.

Hocainkenns npoayktuBHocti po6oru CDN

JloBoyli YacTO TMOCTAalOTh NHUTaHHS JAomiIbHOCTI BuKopucTaHHs CDN  mMepexi, KiTbKOCTI
KEIIyBAILHUX CEpBepiB, HEOOXiTHOT IS SIKICHOrO OOCIyroBYBaHHsS MepeKeBUX pecypciB. Hikue
HABEIEHO pe3yNbTaTd iMmitaniiiHoro moxentoBanas pobotn CDN 3 BHKOpUCTaHHSM IPOTPaMHOTO
cepemosuiia MomemoBanus CDNsSiM, sxe mpusnadeHo mias tectoBoro omintoBanus CDN mepex i
no0yIoBU eKCIiepruMeHTaNbHIX Mosenei [10-11].

VY pobori mocnimkeno mepexy, mo mictuth 100 kemysansHux (EAQE) cepBepiB, KOXKEH 3 SKUX
snatHui oociyropyBatd 1000 ogHOYACHUX MiAKIFOYEHb KOPUCTYBadiB. Po3Mip mam'sTi, 110 BUALISETHCS
Ha KelTyBaHHS KOHTCHTY, BU3HAUYATHMETHCS BiZICOTKOM BiJl 3arajlbHOTO PO3MIPY JaHUX O0OCIYTrOBYHOUOT'O
pecypcey.

[lin wac MopenroBaHHS TaKoK OyJ0 BPaxOBaHO ICHYBAaHHS MAapHIPYTH3aTOpPIiB HA NUIAXY Bif
MocTavalbHUKAa KOHTEHTY [0 KIHIIEBOrO KOpHCTyBada. MapHipyTH3aTopyd YTBOPIOIOTH MEpPEeKeBi
Marictpalii, e MiAKII0YarThCs HII eneMenTr Mepexi [12-13].

3amuTH TEHEpPYIOThCS CHUMYISITOPOM, SKHU BPaXOBYE CTPYKTYPY peCypciB, TeHEpye 3aluTh y
BUTJISZI TTOCTIOBHOCT] CTOPIHOK, CXOXKI1 Ha Ti, IO TE€HEPYIOTh peallbHi KOpUCTyBadi. BBegeMo MOHATTS
nomysspHocti 00’ ekta CDN pecypey. [TonyssipHiCTs BU3HAYAETHCS IMOBIPHICTIO 3alMTY IOr0 00 €KTa.
CriBBiTHOIICHHS TIOMYJISIPHOCTI Ta PO3Mipy KoiuBaeThesi y Mexax [—1..1]. [To3uTuBHE CHiBBiIHOIICHHS
BKa3ye Ha Te, IO BEJHKI 00’ €KTH MOMyISpHIlI, HibK JpiOoHi. HynboBe criBBigHOIIEHHS Nepeadayae, 1o
PO3MIp i MOMYJSIPHICTh HisIK HE TIOB’ sI3aHi.

Hit ratio — 1e chiBBiAHOIICHHS 3amMTIB, sKi Oyau oOOCIyKeHi 0e3 BHKOPUCTAHHS IHIIMX
KeIIyBaJIbHUX CEepBEpiB ab0 cepBepa MOXODKEHHs, 10 3arajbHOI KUIBKOCTI 3amuTiB. Lle 3HaYeHHS MOXe
komuBatucs B Mexax [0..1]. Bucoki 3HauyeHHs KkoedilieHTa mnonamaHHs OakaHi, OCKUIbKH iCTOTHO

3MEHINYIOTh Yac Binnosini. [lapamerpu MojenmtoBaHHS HABEICHO Y TaOJHUII.

IMapamerpu moxesoBanHsi poooru CDN

[Mapamerpu Hocmig 1 JHocming 2 Hocmig 3 Hocnin 4
Pozmip koHTEHTY 1Tb 1Tb 1Th 1Th
Kinexkicts 06’ exriB, mo | 50000 50000 50000 50000
3aMUTYIOTHCS
CriBBiIHOIIEHHS 0 0 -1,0,1 0
MOMY/ISIPHOCTI Ta
posmipy
KinbkicTh 3amuTiB 1000000 1000000 1000000 1000000
Yacoswuii iHTEepBal lc lc lc lc
3aITUTY
YacoBuii po3MOALT Excron. Excron. Excrion. Excrion.
IHTEpBaiB
[IBuakicTs 3’ €fHAHHSA 1T6it/c 1T6it/c 1T6it/c 1T6it/c
Tun mepexeBoi AS, Waxman, | AS AS AS
TOIOJIOTI] Transit stub,

Random
Kinbkicts 3037,1000, 1008, | 3037 3037 3037
MapHIpyTU3aTOPiB 1000
Kinekicts 100 100 100 100
rpannunnx (Edge)
cepBepiB
KinbKicTh KIi€HTIB 100 100 100 100
Po3smip kemry, % Bin 25%, 5%, 10%, | 2,5%, 5%, 10 %, 2,5%, 5%, 10 %, 2,5%, 5%, 10 %,
po3Mipy Beb-caiita 20%, 40% 1|20%,40%i80% | 20%,40%i80% 20 %, 40%1 80 %
80 %
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s oniHtoBaHHs npoaykTuBHOCTI poootu CDN BBeaemo tepmin “ mouineHicts CDN”. JloninabpHICTD
CDN — 11e HOpMaJTi30BaHE BiIHOIICHHS BiJBAaHTa)KCHUX JaHUX 110 3aBaHTaxeHUX. [le 3HaueHHs MoXxe OyTH
B Mexax [0..1]. 3posymino, mo mis HopmasibHo HamaromkeHoi CDN Mepexi e 3Ha4deHHsS Mae OyTh
Oinpmmm 3a 0.5.

Ha puc. 7 nmokazano 3Ha4eHHs 3aJIeKHOCTI poxykTuBHOCTI BukopucTanHs CDN Bix po3mipy kenry
JUIsl pI3HUX MEpEeKeBUX Tonoioriid. Ha rpadiky 4iTko BHJHO OAWH TIK, KOIU po3Mip Keury cranoBUTh 10 %
BiJ] 3arallbHOrO pOo3Mipy 00CITyroBYBaHOTO pecypcy. Mo)kHa TaKoK BBaXKaTH, IO MiKOBA MPOJYKTUBHICTh
NpHOJIM3HO OJTHAKOBA JUIsl BCIX JMOCHIDKYBAHHX TOMOJNOTIH. JJo MOMEHTY JOCSTHEHHS ITiKa Po3Mip Keury
Haaro manuii i B camiii CDN Mepesxi Iyxe Malio KOHTEHTY, SIKHH 3alUTY€EThCs. B pe3ynbpTari mpakTHIHO
BCi 3amuTu OyIayTh NepeHamnpaBiIsATHCh Ha opwuriHaipHuii cepep (Origin). B Ttakomy BapiaHTi
edexruBHicTh BHUKOpUcTaHHA Mepexki CDN Huzpka. Y Mipy 30UIbIIEHHS PO3MIpYy KeIly KUIBKICTb
peIuTiKaiiid 3MIiCTy 30UTBIIYETHCS Ta OOMIH JaHUMH MDK KeIIyBaJbHUMH CepBEpaMM 3pocTae. SIKIIo
pO3Mip Kelly 3aHaJTO BEIUKHIA, TO OOMIH JaHUMU MK KemryBanbHUMHU (ECQE) cepBepaMu MpUITHHUTHCS,
OCKUTBKH BECh KOHTEHT OyJie 30epexkeHnH y maM’ iTi KOKHOT'O cepBepa.

He tpeba 3abyBatm i Te, 1m0 3akemyBatd kKoHTeHT Ha 100 % HeMOXIHMBO TOMYy, IO YacCTHHA
KOHTCHTY TIOCTIfHO OHOBIIOEThCS (IMHAMIYHHIA KOHTEHT). J[MHAMIUHHMII KOHTEHT 3aBXIU MOTPIOHO
3alMTYBaTH Bijl OPUTIHAIBLHOTO cepBepa [13-14].
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CON utity

0.7

0.68

0.66

0.4 ; : : ; ;
cache size percentage

Puc. 7. 3aneaxcuicmo npodyxmuenocmi suxopucmaniuss CDN 6i0 posmipy keuty

I3 HaBeneHOT 3aJIeKHOCTI MOYKHA 3pOOUTH BUCHOBKH, IO 301TBIICHHS PO3MIPY KEIIy HE 3aBXKAU Ja€
3mory edekruBHo BukopucroByBatH CDN. Ile BapTo BpaxoByBatH mijg 4ac BHOOpPY ONTHMAJIbHOTO
po3Mipy Kelly, SIKHii MO)Ke BUKOPUCTOBYBaTHUCh Ha rpannuHux (EAQeE) cepeepax. 3a HeBENUKOro po3mipy
BMICTY PECypcy CIIOCTEpiraeThes mkK e)eKTHBHOCTI W rapaHTYIOThCS 33J0BUIBHI pe3yabTaTH 3a PaxyHOK
3HMKeHHs Tpadiky. Takok BapTo mam’ sTaTH, 10 30UTBIIEHHS IPOIYCKHOT 3J]ATHOCTI Ta PO3MIpY maM’ sITi
BIMBae Ha 1iHy mocayr CDN.

Ha puc. 8 nopano 3anexHicTs KoedilieHTa nonaianHs Bif po3mipy kerry. Koedimient monaganns — me
CITIBBIHOIIIEHHS 3aITUTIB, 00CIy)KeHMX 0e3 B3aeMoIil 3 iHmmmu rpanmunnmu (EAQE) cepepamu abo cepBepoM
moxomkenns (Origin), Ta 3aramsHOl KimbKocTi 3amuTiB. Ll Bemunua komuBaerhes B Mexax [0..1]. Bucoki
3HAYeHHs Koe(illieHTa rmonaaHHs OaXkaHi, OCKUILKY BOHH HPHUBOIATH JI0 3MEHIIICHHS Yacy BIATYKY.

Sk 6aunMo 13 €T 3aJISKHOCTI, 31 30UIBIICHHSM pO3MIpy MaM’ sITi 3HAYeHHs Koe]illieHTa MmornajaHHs
TEX 3pPOCTAE.

Buii 3Ha4eHHs Z npuBoAATh 10 BUIOL poaykTuBHOCTI CDN. Lle miaTBepokyeThes 1 Ha puc. 8, ne
3a z=0 00’€KTH PIBHOMIPHO 3alUTyBaHI W KOCQIIIEHT IMOMaJaHHsA Iy)KE HU3bKUH HABITH ISl BEITUKUX
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po3MipiB kemry. SAkiio z=1, koedillieHT MonaxaHHs Jy>Ke BUCOKHH, HABITh SKIIO JIy>KE MaJli pO3MIpH Kely.
B takomy Bumnaaky po3Mip ¢aiiiiB 10CTaTHBO BEIUKHM 1 JOBIO 30€pira€ThbCs B KEIlli.

QO e S PR PR e SRR KRR .
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Puc. 8. 3anexcnicmo koepiyicnma nonadanms 6i0 posmipy Keut-nam’ smi

BaxauBUM TMOKa3HUKOM Ui OliHIOBaHHS sikocTi podotn CDN € yac BIAMOBIAI 3amMTyBaHOIO
pecypcy. Came meii mapamerp BH3HAuae, SIK MIBUIKO KOPUCTYBad OTPHMAE 3alUTyBaHWN KOHTEHT. Ha
puc. 9 mokaszaHo, SIK 4ac BIII'YKY 3aJIGKHUTh BiJl pO3MIpy Kelly JUTsl Pi3HUX METOJIIB epeHanpaBiIcHHS .

26
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Puc. 9. 3anexcuicmo uacy 6ionosioi 6i0 posmipy Keut-nam’ smi

Haiikpanry sikicTh MO)KHa OTPHUMATH, BUKOPHCTOBYIOUH TPaHUYHI CEpBEPH 13 B3aEMOi€I0. Tpoxu
OuThIIMM OyJe yac 3a crocoOy MepeHanpaBieHHS 0e3 B3aeMOIii, OCKUIBKA B TAKOMY BHIIQJKy 3allMTH
OyAyTh HAJIXOIUTH OE3MOCEPEIHBO 10 OPUTIHATIBLHOIO cepBepa. Y pa3i BUIAIKOBOI'O IPAHUYHOIO cepBepa
13 B3aEMOJII€I0 CepeHill Yac BiAMOBiAI OLTBIIMI MOPIBHAHO 13 MONEpeAHIMH MeTomaMu. lle cripuurnHeHo
BHIIQIKOBIM PO3IOJIIIOM 3aMUTIB 03 ypaxyBaHHS Oy/b-sIKMX YMOB OJM3bKOCTI MEPEXi.

OueBuHO, IO 31 30UTBIICHHSM PO3MIPY KEIIy 4Yac BIAMOBIAI OyJe 3MEHIIYBAaTHUCh, OCKUIbKH
OUIBIIICTh KOHTEHTY MiCTUTHMEThCSl Ha TPAaHUYHHUX CepBEpax, HAOMMKINX J0 KIHIIEBOrO KOPUCTyBaya.
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BucHoeku

V wiit poboTi pO3TISIHYTO KOHIIETIIIIF0 MEPEXi IOCTAaBKA KOHTEHTY, HABENIEHO apXiTEKTypy MEpexKi.
OnwucaHo MpHHIUI POoOOTH Ta BHOOPY ONTHMAIBHOIO MapUIpyTy 1 cepBepa uisi OoOpOOJCHHS 3aluTiB
KopucTyBadiB. HaBenmeHo Ta oxapaKTepU30BaHO TIEpelik OCHOBHHUX CEPBICIB, SIKIi MOXYTh SIKICHO
HagaBaTHch y Mepexkax CDN. Po3risiHyTo ocHOBHI MeTO/IM OajlaHCyBaHHS HABaHTa)KEHHS Ta MOHITOPHHTY
pobotn CDN, ski maroTh 3MOTY pallioHaJbHO PO3MOJUINTH HAaBAaHTAXECHHS MDK CepBEpaMH MeEpexi i
MOKPAIIUTH SKICTh 00ciayroByBanHs QOS. BukopucTraHHs Takoi CHCTEMH Ja€ 3MOTY 3aBXIW MaTH
aKTyaJibHy 1H(OpMAIIi0 PO CTaH OYyIb-IKOr'0 CepBepa Ta 3MIHCHIOBATH ONTHMAJIbHHHA PO3IOILT HaBaH-
TaXEHHS MDK TPaHWYHUMH cepBepaMu. Bu3HaueHo, siki came mapaMeTpH MOTPIOHO MOHITOPUTH IS
OTpUMAaHHS SIKICHOT OIIHKK poOoTH Mepexi 3aramoM. KpiM 1boro, 3a3HadeHO MPO MOMKIUBICTH BHKO-
pHUCTaHHS CUCTEM MOHITOPHHTY B KEpyBaHHI pOOOTOIO MIPUCTPOIB Ta YIPABIiHHI 3aMUTAMU KOPUCTYBaviB

JlocKoHAMIII CUCTEMH MOHITOPHHTY MOXYTh CAMOCTIMHO MpHHMATH PIMIEHHS MIONO MONAIBIIOT
poboTu mpucTporo. SIK BapiaHT, cHCTeMa MOHITOPUHTY MOXE JICAKTHBYBATH MPHUCTPIH, 100 3amobirTu
BTpAaTi 3allUTiB, sIKi BIH HE 3MOXKe OOCIHYKUTH. [HIIMM BapiaHTOM MOKe OyTH IepeHamnpaBiCHHS BCiX
3aMUTIB Ha CYCIZHIA cepBep, pO3TAIlOBaHHMI B Til camiil 30HI OOCIYroByBaHHS, 3 METON ITiIBUIICHHS
piBHS 00CITyrOBYBaHHS.

BukonaHo iMiTariiiHe MOJENOBaHHSI POOOTH KEUIYIOUHX CEpPBEPIB MEPEXki JOCTAaBKH KOHTEHTY i3
BpaxyBaHHSIM 0araThbOX TapaMmeTpiB, a came. po3Mipy pecypcy, mo mnepenaerbesi B CDN, kimbkocti
3BEpPHEHBb JI0 KOHKPETHOI'O0 pecypcy, iHTepBally yacy MDK 3BEPHEHHSIMH, PO3MIpYy KemIylodoi mam’ sTi,
KUTBKOCT1 KEITYIOUHX CePBEPIB Ta MapUIPYTH3ATOPIB, TOMOJIOTII Mepexi.

[Momano rpadiyHe BigOOpaXkeHHS pe3y/abTaTiB MOJCTIOBAHHSA. 3aJIOKHOCTI IIOKa3ylTh, SK
3MIHIOEThCS epeKTUBHICTh BuKoprcTaHHs CDN, koedillieHT momajaHHs Ta 4ac BIiANOBIAl y pasi 3MiHU
posmipy kemry. Ha oCHOBI pe3ynbTaTiB MOJACIIOBaHHS MOXKHA CTBEPIKYBAaTH, IO JOLLUIBHICT
Bukopuctanis CDN MakcuMmasbHa, K0 po3Mip kerry — 0imu3bko 10 % Bin moBHOT0 po3Mipy pecypcy. 3a
OUTbIMX 00'€MiB Kelly OUTBIIICTh JaHUX BKe OynyTh 30epekeHi Ha KEpYIUuX cepBepax i1 KIIEHT
OTPUMYBATHUME BiJIIIOBIb caMe 3 HUX.

o crocyeThbest yacy BIAMOBiAL, TYT ACHIO iHII MOKa3HUKH. SIK Oa4MMO 13 OTpUMaHHUX PE3yIbTATIB,
Yac BIAMOBII MPSAMO 3aJIKUTh BiJl pO3MIpy Kelly, micis 30utbineHHs Kemr-mam’ sti 10 80 % 4ac Bianosimi
3HM3MBCS TPakTU4HO BIBivi. OpHak He ciif 3a0yBaTH 1 NMPO EKOHOMIYHI 3aTpaTtd, MOTPIOHI JyIs
3a0e3MeYeHHs TAKHX MTOKa3HUKIB.

[IpoanamnizyBaBIIM pe3ylbTaTH EKCHEPUMEHTAIBHUX JOCTIIKEHb, MOXXHA CTBEPKYBATH, IO
BUKOPUCTaHHSI KEIIYIOUMX CEpPBEPIB Ja€ MOXIHUBICTh CYTTEBO 3MEHINMTH 3aBaHTAXKEHICTh OCHOBHOI'O
cepBepa, 3HU3UTH 3aTPUMKY KiHI[EBOI'O KOPUCTYBaya ITijI 4aC OTPUMaHHs KOHTEHTY, a TAKOK HMOBIPHICTh
BTpaTH JaHMX Ha NUIAXY IepeaaBaHHs. Bci 1l mepeBaru naroTh 3MOT'Y IOKpallyBaTH SIKICTh CEPBICY y
Mepexax nepeaadi JaHuX.
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