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Posrasinyro koHuenuii Mepexi mocraBkum koutenty (CDN) Ta OasancyBaHHs Ha-
BaHTaxkeHHsi. OcHoBHe 3aBaanHsi Mepexki (CDN) — 3a6e3meueHHsi IKiCHOI q0cTaBKHU iH(oOp-
Malii KiHIeBOMY KOpHCTYBady. 3alpoONOHOBAHO apXiTeKTypy A BHOOPY ONTHMAJIBLHOIO
MapuIpyTy i cepBepa 1 00p00JieHHS 3aMMTIB KOPUCTYBA4iB HAa OCHOBi HiNbOBOI PyHKILII.
OCHOBHMMM KpHUTEpiAsMHM LiILOBOI (YyHKUiI BHOpPaHO Yac 3aTPUMKH, HABAHTAKEHHS Ha
cepBep po3AaBaHHSA KOHTEHTY i iIMOBIpHICTh BTPaTH NMaKeTiB.

Y po0oTi NpoBeeHO eKCIepUMEHTANIbHE JTOCTiKeHHsI BineokoHTeHTY B Mepexi CDN.
IIpencraBiaeno rpadgiyuni 3aje:kHOCTi iHTeHCMBHOCTI Tpadiky, AKUH HAIXOOMTH HAa cepBepH
pocaimxyBanoi Mepexi. IloOynoBaHo 3aneXHOCTI 4Yacy 3aTpUMKH Ta JKUTepa Bil
iHTeHCUBHOCTI HAAXO/:KEHHSl JaHUX HA KellyIo4i cepBepu 3a Pi3HUX 3HAYeHb iHTEHCHMBHOCTI
o0cayropyBaHHsl. Po3riisiHyTo OCHOBHI MeTOaHM OaqaHCYBAaHHSA HABAHTAKEHHS, sIKe AACThb
3MOry panlioHAJIbHO PO3NOAITUTH HABAHTAXKEHHS MizK cepeBepaMH Mepexi.

KurouoBi cioBa: mepexa nocraBkun koutenty (CDN), 6anaHcyBaHHsSI HaBaHTa)KeHHS,
SIKiCTH 00CJIYrOBYBaHHS, Yac 3aTPUMKH, JLKUTEP, HJILOBA (PYHKIifA.
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STUDY OF THE LOAD MANAGEMENT MECHANISM S
IN CONTENT DELIVERY NETWORKS
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Concept content delivery network (CDN) system and load balancing mechanisms were
considered in this paper. The main task of the CND network - providing the qualitative
information delivery to the end user. Content Delivery Network (CDN) — is a geogr aphically
distributed network, that contains a number of content servers and routers. As a rule, it
consists of a main node (Origin), and caching nodes (Edges) — points of presence, which can be
located in various parts of the world. All content are stored and updated on the Origin server.
The main advantages of the CDN ar e the next:

- increasing the content delivery speed;

- reducing theload on the Origin server;

- reducing theload on the primary server.

We propose architecture, for select the optimum route and server for a user request,
based on the objective functions. The main criterions of the objective function were taken
delay time, server load and probability of packet lost. All user requests are sent to the near est
or lowest-load server to quicken the response.

As part of this paper experimental research video content in CDN network was
conducted. The main attention was focused on the primary server to broadcast video content
and one of Edge servers. The intensity of the packets flow to Origin server and Edge server
were presented. With the increasing load on the Edge server, server resources increase is
needed. The load balancing technology can ensure that the user request points to the nearest
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edge server with minimum load in the network, so that network content is efficiently
distributed. Load balancing system performs the following tasks: monitoring of servers and
network equipment; choosing the server that will respond to the client’s request; traffic
control between client and server.

Dependencies delay time of the intensity receipt of user requests on a Edge server was
presented. Aswe can see from the presented dependencies, delay time and jitter increases with
the intensity of the input stream. Load balancing mechanism will allow more efficiently
redirect user requests to the Edge servers. This makes it possible to provide services of better
quality, ielesslatency and jitter, which is critical for real-time services.

Key words. content delivery network, load balancing, QoS, delay time, jitter, objective
function.

Beryn

Bucoka iHTEHCHBHICTh 3pocTaHHs Tpadiky B Mepexi [HTepHeT Npu3BOAMTH 10 30LIBIICHHS
KUTBKOCTI 3aIUTIB JI0 MOMYJISIPHUX PECYPCiB, 10 JIOBOJII YaCTO CTBOPIOE TpadikK, SIKUH 1aleKo BUXOJHUTH 32
MEKI MOXIMBOCTEH OJHOrO ceppepa. Y 3B'S3Ky 3 IIMM MOXIIWBI TpPHBaJi 3aTPUMKH Yy JOCTYII
KOPHUCTYBaUiB JI0 MEPEXKEBHX JOAATKIB. 3MiHa iH(pacTpyKTypHu caiiTa 4 Oy/b SIKOTO 1HIIOTO CEPBEPHOIO
JI07aTKa Ha JIOKaJbHHUN KJIacTep He 3a0e3nedye TOBHOTO BHUPIIIECHHS i€l mpo0ieMH, OCKITbKH KaHall MiK
KJIACTEpOM 1 TTI00aTbHOI0 MEPEKEI0 MOXKE CTaTH BY3bKHUM MicIieM IIi€i iHppacTpykTypu. EdexTuBHimmm
PIIICHHSAM € PO3MOILT CepBepiB reorpadiuyHo Tak, 1100 BOHHW PO3TAIOBYBAIHMCS B OKPEMHUX MeEpexax. 3a
BHUKOPHUCTaHHSI TaKoi apXiTEeKTypH poib OanmaHCyBaHHs HaBaHTaXXEHHsS icTOTHO 3poctae. Lle 3ymoBieHO
TUM, IO 00 €KT, SAKUW PO3MOAUISIE 3alHUTH, MOXKE 3IIMCHIOBATH IEpEHAIPABJICHHS SK Ha OCHOBI
3aBaHTa)KEHHS MEPEXi Ta CEpBEPiB, TaK i HA OCHOBI BiJICTaHi MIXK KITIEHTOM 1 CEpBEPaMH.

Pobora crpsiMmoBaHa Ha TMOJIMIIEHHS SKOCTI poOOTH aNropUTMIB OanmaHCyBaHHS HaBaHTaXKCHHS 3
METO0 TIOKpAIIEHHS SKOCTI 00CIyroByBaHHs B Mepexax po3mnoainy kourenty CDN [1].

Apxitektypa CDN mepex

Mepexa moctaBkd (po3MOiy) KOHTEHTY SBJISE€ €000 reorpadidHo pPO3MOAUICHY MEpeKy
nepenaBaHHs JIaHWX, SKa MICTUTh BEIUKY KUIBKICTh cepBepiB OOpOOKM Ta TpaHCIANil KOHTEHTY i
MepexeBux MapipyTiB. OCHOBHE 3aBIaHHs TaKol MEpeKi — 3a0e3neueHHs AKICHOT TOCTaBKH iH(opmMaIrii
JI0 KiHIIEBOTO KOPUCTYBaya. Sk mpaBuiio, Mepeka CKIQIaeThes 13 TOJIOBHOTO CEpBepa, Ha SIKOMY MiCTUTBCS
KOHTEHT, Ta KEIIyIOUUX CEepBEpiB, AKI poO3TalloBaHi B pi3HUX reorpadiuHux Toukax. Komm kopucryBad
BIJIIpaBIIsie 3alHUT JO TOJNOBHOIO cepBepa, Iied 3amuT Oynae IMepeHanpaBiIeHU 0 HaHOImK4Oro
KCEIIYIOUoro cepBepa. 3aBASKH I[bOMY MapmIpyT MK KiHIIEBUM KOPHUCTYBadeM Ta CEpBEpOM TPAaHCIISIIi
KOHTEHTY i1CTOTHO CKOPOYYETHCS 1 KIIIEHT Ma€ 3MOTY OTPHMATH PECYpC 3 OUTBIIO HAIHHICTIO.

OcHoBHi nepeBaru Bukopucranisg CDN:
U 3pocmanns weudxocmi docmasku kowmenmy. KopucTyBadi i3 ychOro CBITY MalOTh 3MOI'Y

OTPUMATH KOHTEHT IO ONTHMAILHOMY MEPEKEBOMY MapIIPYTY i3 MiHIMAJIbHOIO 3aTPUMKOIO;

U 3HUdMCenHs HABAHMAICEHHSI HA OCHOGHUL cepsep. Bcl cratnuni naHi OymyTh 30epiraTuch Ha
KEIIYIOUMX cepBepax 1 BCl 3amuTH OyAyTh ONpPallbOBYBaTH, SIK NPAaBUJIO, caMe BOHU. Ha OCHOBHOMY
cepBepl 3aJMIIATUMETHCSA TUTBKM AMHAMIYHUN KoHTeHT. Jlnst mnpuknagy, skmo wMepexa CDN
BHKOPHCTOBYETHCS JUIS TPAHCHALIl BiICOKOHTEHTY, TO KOHTEHT, SKHH iJ¢ B peajJbHOMY 4aci, Oymae
TPAaHCIIIOBATUCH 13 OCHOBHOTO CepBepa, a BECh IHINHWI, Hamepesa 3amvucaHuil KOHTEHT, BiIIaBaTUMYTh
KeIlIyIo4i cepBepH;

U suxopucmanHs @aiinosux oOMIHHUKIG 01 nepedaéanHsi Oauux. barato KOpHUCTyBadiB
BHUKOPHCTOBYIOTh CXOBHINA AaHuX (Storage) mis obMiny manumu. SIk mpaBuiio, TaMm 30epiraloThCs BENHKI
¢atinu Bimeo, aymio Ta ¢orto. 3aBasaku BukopucranHio CDN i daiimu Moyt OyTH 3aBaHTa)KeHI Ha
BHCOKIH IBUIKOCTI 13 OY/b-KOT TOYKH CBITY.

Bazoga apxitekrypa mepexi CDN HaBenena Ha puc. 1.
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Puc. 1. Apximexmypa mepesici CND

Bci 3anuty, 1110 HAIXOAATH BiJl KOPUCTYBAYiB, HAPABIIAIOTHCS 10 HAHOIMKIOro a0o K 10 HaMEHII
3aBaHTAYKCHOTO CepBepa JUIs OTPMMAaHHS IIBMIKOI BimmoBimi. SIk mpaBwmiio, MexaHism pobotu CDN
noJisirae y BUOOpi cepBepa BiJiavi KOHTEHTY JUIsl KOKHOTO KOpUCTyBada. HalinommpeHinn mMeroan BUGOpy
TakKi:

- BUOIp cepBepa, HAMOIMKYOTO 10 KOPUCTYBaya, HA OCHOBI ciTyk0u toMeHHHX iMeH DNS;

- BHW3HAYCHHS 3aBaHTAXKECHOCTI KOKHOTO CepBepa Ta BUOIP HaWMEHII 3aBaHTaKEHOIO;

- BUOIp cepBepa, sKuUil 3a0e3nedye MiHiMaIbHE 3HAUCHHSI 3aTPUMKH TIiJ1 Yac TepeaBaHHs TaHUX
Ha NUISIXY JI0 KiHIIEBOrO KOpucTyBaya [2].

Bei i Meroau HeoOXimHi ajis 3a0e3reueHHs eEKTUBHOINO BHUKOPHUCTaHHS PECYPCIB MEpPExXi Ta
By3JiB JocTaBku KOHTeHTY [3]. He moxna 3a0yBaTh 1 mpo siKicTh 00ciyroByBanHs QOS y Takiii Mepexi.
st 3abe3medenHHst 3aJI0BUTBHOI SIKOCTI OOCITYrOBYBaHHSI Yy Halliii poOOTi BBEACHO TOHSATTS MUTBOBOT
¢yHkiii. OcHoBHa 11 yMOBa — 11e 3a0e3nedycHHs 3a7aHoi skocTi ceppicy B CDN mepexi. LinboBy GyHKITiIO
M0JIaMO y TAKOMY BHIJISIII

F:mln(ti,li,pl), (@)
ne t; — wac saTpumKku TepenaBaHHs JaHuX BiA i-ro kemyrodoro (EdgeE) cepsepa 10 KiHieBoro
KOPHCTYyBaya; Ii — 3aBaHTAKEHICTh i -ro Kerytouoro (EAgeE) cepsepa; Pj — iMOBIPHICTB TOrO, IO TIAKET

Oyme BTpadeHHil Ha LULIXY mepenaBaHHs Bim i-ro kemyrodoro (Edge) cepsepa a0 KiHIIEBOrO
KOpHUCTYBaua.

3HaueHHsl Yacy 3aTPUMKH, HABAaHTaXXCHHS HAa cCepBep Ta IMOBIPHICTh BTPATH IAKETiB Ha MUIAXY
nepeaaBaHHs TIOBUHHI BIAMOBIAATH MEBHUM BUMOI'aM, a caMe:

ti<T',|i<Li,pi<P, 2
ne T; — MakcHManbHO 103BOJNIEHE 3HAYECHHS 4acy 3aTPUMKH IepelaBaHHsA JaHuX; Lj — MakcHMMaibHO

JI03BOJICHE 3HAYEHHs 3aBAHTAXKEHOCTI cepepa; F — MakcumanbHO jomycTHMe 3HAYEHHS IMOBIPHOCTI

BTpaTH MAKETIB IiJ Yac rnepeaaBaHHs JaHUX.

OTe, BUKOPUCTAHHS LUTBOBOI (DYHKINI JACTh MOXJIUBICTh BHOMPATH ONTHMANBHUA KEUTYIOUHH
cepBep, KU ONpanbOBYBaTHME 3aIIUTH KOPUCTYBAUIB.

Y wMexax 1€l poOOTH TpoOBeACHO ekcrepuMeHTanbHi mocmimkenHs CDN mepexi mocraBku
BiJICOKOHTEHTY. YBary 30CEpe/DKEHO IepelyciM Ha OCHOBHOMY cepBepl TpaHCIAIIl BiJICOKOHTEHTY
(Origin) Ta omHomy i3 kemytounx (EAge) ceprepiB. IHTEHCHBHICTh HAaaXOKEHHS Tpadiky Ha OCHOBHHI
cepBep Ta BiJl HhOTO BiJIoOpa)keHo Ha puc. 2.
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6
Week 18 Week 19 Week 20 Week 21 Week 22
From 2016/05/04 15:50:34 To 2016/06/04 13:52:16

B Inbound Current: 437.8B2 M Average: 453.17 M Maximum: 608.49 M
B Outbound Current: 57.80 M Average: 132.72 M Maximum: 241.41 M

Puc. 2. Inmencusnicmo mpaixy na ocnosrnomy cepsepi CDN mepeoici

Sk 6aunMo i3 puc. 2, Ha OCHOBHHUI CcepBep HAIXOAUTh IOTIK JaHUX JOBOJII BUCOKOI IHTEHCHBHOCTI
(Inbound), 1o sBNIsIE cO6OXO0 BiMEOKOHTEHT JUIA KiHIIEBHX KOPHCTyBadiB. BUXigHMiI MOTIK i3 OCHOBHOTO
cepBepa — IIe JaHi, sAKi MepemarThcs KIiHIEBUM KOpPHCTyBadaM uepe3 kemryrodi cepepu (Outbund). Sk
OaunMo i3 rpadika, cepeAHs IHTEHCHBHICTh BXiJHOrO IIOTOKY CcTaHOBHTH 453 MO6it/c, cepemus
iHTeHCHBHICTE BHXigHOrO — 132 M6it/c. Ha prc. 3 momano Tpadik, SKuii ompaI-oBye KeIIyIounii cepBep.

Ha puc. 3 Gaunmo, 110 Ha KEIIyrouMid cepBep MOTpaIuie JUHAMIUYHKI Tpadik i3 OCHOBHOIO cepBepa, a
KOHTGHT € 3aKCIIOBAaHMM 1 IOTpaIUIiE J0 KOPUCTYBAadiB CEPBICY MpsMO Bin HBOro. Bximumii Tpadik Ha
KEIIYI0UOMY CepBepi € YaCTHHOIO BHXimHOro Tpadiky i3 ocHoBHOro cepsepa (pric. 2. Outbound traffic), sxwmit
BiIlTa€ KOHTEHT TaKOXK M IHIIMM KEIIyFouuM cepBepaM. BuxigHuii Tpadik repeBakae BXITHUN 1 B CEPEIHBOMY
fioro iHTeHCHBHICTH cTaHoBUTH 150-200 M6it/c. Bech 1ieii Tpadik reHepyIoTh 3aIUTH Ha KOHTEHT BiJl KIHIIEBHX
KOpHCTyBadiB cepBicy, sikuii Hamae 151 CDN mepexa. I[IpoaHamizyBaBimM pe3yibTaTH EKCIIEPUMEHTAIBHUX
JIOCJT/DKEHb, MOYKHA CKa3aTH, IO BUKOPHUCTAHHS KEIYIOUHX CEPBEPIB JA€ 3MOrY iCTOTHO 3MEHIIMTH 3aBaHTa-
JKEHICTh OCHOBHOI'O CEpBEpa, 3HM3UTH 3aTPUMKY, sIKa BUHHUKA€E y KIHIIEBOrO KOPHCTYBaua ITijJi YaCc OTPUMAHHS
KOHTEHTY, a TAaKOK 3HIDKYE IMOBIPHICTh BTpaTH aHUX Ha ILIIXY MepenaBaHHs. Bci 11 mepeBard BiAloBiIAIOTh
KPHUTEPIAM IUTHOBOI (DYHKIIIT T IAFOTh 3MOT'Y TIOKpAIIyBaTH SIKICTh CEPBICY B MEpeXkKax repeaBaHHs TaHUX.

L1 | Uil

Week 19 Week 20 Week 21 Week 22
From 2016/05/05 20:45:00 To 2016/06/05 20:45:00

|
300 M |

200 M |

100 M

bits per second

B Inbound Current: 167.B3 M Average: 113,1B M Maximum: 194.24 M
B Outbound Current: 197.39 M Average: 156.53 M Maximum: 356.80 M

Puc. 3. Inmencusnicmo mpaixy na keuryiowomy cepsepi CDN mepeorci

Mexanizmu 6anancyBanHsi HapanTa:keHHsi y CDN mepeskax

Konu 3pocrae HaBaHTaKEHHS Ha KEIIYOUl CEpBEPH, BHHMKAE IoTpeda y MiIBUIICHHI iXHBOI
MPOAYKTUBHOCTI 200 7 30UIBIICHH] iX KUTBKOCTI. Y pa3i BUKOPUCTAHHS APYroro MPUHIUIY HaBaHTaKECHHS
MDK CepBEepaMHM MOYKHA PIBHOMIPHO pO3MOJUIATH, BHUKOPHCTOBYIOYHM TEXHOJIOTiH0 OajdaHCyBaHHS
HaBaHTa)keHHS. TexHooris OaJaHCyBaHHS HaBaHTAXKEHHS € OJHUM 3 OCHOBHHX enementiB y CDN [4].
BukopucranHs 11i€l TEXHONOril MOXKE€ rapaHTyBaTH, IO 3allUTH KOPHCTYBadiB OyAyTh CHpPSIMOBaHI [0
HaHOJMKIOr0 KEIIyHo4yoro cepBepa 3 MiHIMAJbHMM HABAaHTAKCHHSAM Y MEPEXKi, PO3MOAUISIOUH I[UM
edextuBHe BukopucTanHs pecypcie CND mepexi. Ha puc. 4 mogano cxemy OalaHCyBaHHS HaBaHTAXKCHHS
y mepexxi CDN, sika MicTHTB N cepBepiB.
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Kopucrysay
Baaancep HaBaHTa#eHHA 7
{

| | |
|

WEB cepsep WEB cepeep  WEB cepsep

Pennikauia Ba3 ganux
Puc. 4. Cxema b6anancysanns nasanmasicennsi y CDN mepeorci

Baxkatumemo, mo | i ,1 =1..N — 1e IHTEHCHUBHICTh HAIXOMKEHHS ITAKETIB Ha BY30I | y MOMEHT

yacy t. Y TakoMy BUIaJKy CyMapHa IHTEHCHBHICTh y MEPEXi BU3HAYaTUMEThCS SIK:

| = & |, 3
i=1"'

BapTto 3a3HaunTH, 1110 OKPIM BJIACHUX 3aIMTIB, KOXKECH KEIIYIOUHH CEPBEP MOXKE TAKOXK OTPUMYBATH
3amuTH BiJ I1HIHX cepepiB. OUeBHIIHO, IO MPOIEHT 3aBAHTAXEHOCTI CEPBEPHHUX PECypciB, sKi
BHJIUISIOTBHCS Ha OIpAIFOBAHHS 3alMTIB BiJ IHIIMX CEpPBEPIB, 3alieKaTUME Bia Oarathox ¢akropis. OTiKe,
IHTEHCHUBHICTb 3aITUTIB, SIKI HAIXOAATh BiJl IHIIUX CEpBEPiB, Oy/e BU3HAYATUCH 32 TAKOK (hOPMYIIOIO:

n
ai=éli>w-i, (4)
j=1' |
ne Wji -— YaCTWHA TOTOKY | j » flia TepeHapaBIseTbCS Bin cepsepa | 10 cepsepa i. B pesymbrari

CEpEHIO IHTEHCHBHICTh BXiHONO HaBaHTA)KEHHS, 110 HAJXOIUTh HA BY30J | y KOHKPETHHUH Iepioj Jacy,
MOKHA BU3HAYUTH 32 (HOPMYJIOH0:

[1 n
a; =1y - aI|>W”+aI- (5)
[Meprumit 10MaHOK BU3HAYAE YACTHHY HABAHTAXKCHHS, 1[0 BY30JI | IMEpPEagpecoBye 10 iHIINX BY3JIiB,
HACTYITHHUI — YaCTUHY HaBAaHTa)KCHHsI, IKE OTPHUMAB BY30JI | BiJ iHIIHX cepBepiB. IHTEHCHBHICTH 0OPOOKH

MAKeTiB rr} y By31i | Mae OyTu OUIBINOK, HIK IHTEHCHBHICTH NMpPUIMAHHS MaKeTiB |i y pexumi

HOPMaJIbHOT pOOOTH.

Komu imerbest ipo AOCTPKEHHS SKOCTI 0OCTYTOBYBaHHSI B MEPEKax JOCTABKA KOHTEHTY YH IPO METOIH
ONTUMI3AILIi Ta PO3MOILTY HABAHTAXXEHHS MK BY3JIaMH MEpPEXi, BXKIIMBE 3HAUCHHS Ma€ CepeIHiil Yac 3aTpHMKH
MepeaBaHHs TAHUX JI0 KIHIIEBOIO KOPHCTYBaya. byneMo BBakaTH, IO IOTIK 3asBOK, SIKI HAIXOIATh HAa BY30J
00CITyTOBYBaHHS, € TyacCOHIBChKUM. KojkeH BY30JI pO3IJIIHEMO SIK CHCTEMY MacOBOTO OOCITyrOBYBaHHS THITY
M/M/1[5-8]. B TakoMy BHITaJIKy Cepe/IHiii Yac 3aTpUMKH Oy/1e BU3HAYATUCH SIK

n n L
:lxé aixT_ EXa ( aI
=g T Tj=1m- a.

BpaxoByrouu 3aTpuMKYy IIiJ] 4ac TepelaBaHHs JaHUX MDK 00CITyrOBYFOUMMH MPUCTPOSIMH, IHTCHCHBHICTh

00pOOKY MaKeTiB Ta IHTEHCHBHICT HaIXO/PKCHHS z[o BY3J1a, CEPEIHIO 3aTPIMKY MOYKHA BU3HAYNTH TaK:

_1 F
T_Txa (C |:+TFi)’ ()

(6)

me Tp: — 3aTpuMKa TmepemnaBaHHs MK kemryiounmu cepBepamu, C. — IHTEHCHBHICTH 0OCITYTOBYBAHHS
Fi i Yrosys

By3J1a OOpOOJICHHST KOHTEHTY, SKa B I[bOMY BHIIQJKy BH3HAYaTHMETHCS MPOIYCKHOIO 3JIaTHICTIO; Fi -
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IHTEHCHBHICTh HAIXOMKEHHS IMaKeTiB Ha By30l oOcmyroByBaHHs. I3 dopmymu (6) odueBHIHO, MO
3aTpHMKa 3pOCTaTUME, KOIU BY30JI MEpeBaHTaXEHUH 00poOKoro 3amuTiB. OMHIE 3 TPOOIEeM pO3IOALTY
pecypciB y CHUCTEMi JOCTaBKM KOHTEHTY € BHOIp ONTHMAIbHOI CTPYKTYpu Mepexi Bysmi [9, 10]. [lns
MIHIMI3allii 3aTPUMKH MOTPIOHO 3MEHIIMTH HABAHTAKEHHS HA KOXEH 13 CEpBEpIB Ta MPOKIACTH
ONTHMAaNbHI MapImIpyTH MK cepBepaMu O0OpoOKM KoHTeHTy. HaBememo rpadiuHi 3aJeXHOCTI Yacy
3aTPUMKH BiJI KUTBKOCTI KEUIYIOUHUX CEpBEPIB Ta IHTEHCUBHOCTI MOTOKY, SIKUIl BOHH ONPAIlbOBYIOTh.

Sx 6aunmo i3 puc. 5, 6, 3aTpuMKa Ta JKUTEP 30UTBIIYIOTHCS 31 3pOCTAHHSM IHTEHCUBHOCTI BXiZTHOTO
motoky. [ljis Toro, 1mo0 MiHIMI3yBaTH II¢ 3HAYEHHS, MOTPIOHO 30UIBLIMTH MPOAYKTHBHICTH OOCIyro-
BYIOUHX TPUCTPOIB ab0 X MIHIMI3yBaTH 3aTPUMKH MDK KEIIylOunMH cepBepaMu. OCKITBKH HE 3aBXKIH
JOITFHO HApOIYyBaTH PeCypcd OOCIYrOBYIOUHX TWPUCTPOIB, TO OIWH 3 BapiaHTIB 3MEHIICHHS
3aBaHTaKEHOCTI cepBepiB OOpOOKHM 3amUTIB KiHIIEBHX KOPHCTYBAadiB — BHKOPUCTAHHS OallaHCYBaHHS
HaBaHTaXeHHS MK cepBepamu CDN wmepexi. MexaHi3m OanaHCyBaHHS HAaBaHTKCHHS JacTh 3MOTY
palioHabHiIle MepeHanpaBiIiaTH 3aluTH JI0 CEpBEPIB, AKi 3MOXKYTh HAJAaTH CEPBIC 13 KPAIIOK SKICTIO, a
came 3 MECHIIIOK 3aTPUMKOIO Ta JPKUTEPOM, 10 KPUTHYHO JUTSI ITOCIIYT PEATbHOTO Yacy.
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BuchHoeku
Y pobOTi PO3MISIHYTO KOHIENIif0 Mepexi goctaBku kKoHTeHTY CDN Ta OCHOBHI NpHHIMITH
OanaHCyBaHHSI HaBaHTaXXCHHS MDK cepBepaMH. 3alpoIOHOBAHO apXITEKTypy sl BUOOPY ONTHMAIBHOTO
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MapIIpyTy i cepBepa ajisi OOpOOKHM 3amuUTIB KOPUCTYBAadiB Ha OCHOBI IIbOBOI (yHKII. OCHOBHHUMHU
KpPHUTEPISIMU IMITbOBOI (YHKIIIT B3ATO 4Yac 3aTPUMKH, HABaHTAXXKEHHS Ha cepBep 1 WMOBIPHICTH BTpaTH
nakeriB. EkcriepuMeHTanbHO JOCTiKEHO POOOTY KEIIYIOYHX CepBEPiB MEPEXi JOCTABKH BiJICOKOHTEHTY.
[pencraBieHo iHTEHCMBHOCTI Tpadiky HAa OCHOBHOMY CepBepi Mepeki Ta oJHOMY i3 Kemryrounx Edge
cepBepiB. [IpoaHanizyBaBIIM pe3ybTaTH EKCIEPUMEHTAIBHUX JIOCTIPKEHb, MOKHA CTBEP/KYBATH, IO
BHUKOPHUCTaHHS KEIIYIOUMX CEPBEPIB JIa€ 3MOTY iCTOTHO 3MEHIIMTH 3aBaHTAXKEHICTh OCHOBHOI'O CEpBeEpa,
3HU3HUTH 3aTPUMKY, SIKa BHHMKA€E y KIHIIEBOI'O KOpHCTyBaya IIiJi 4ac OTPUMAaHHsS KOHTEHTY, a TaKOX
3HMXKYE IMOBIPHICTh BTPaTH JaHWX Ha MUIAXY MNepeaaBaHHs. Bci 1i mepeBard BiANOBiNAIOTh KPUTEPIM
TbOBOT (YHKIIT Ta JalOTh 3MOTY IOKpallyBaTH SIKICTh CEpBiCY B Mepekax IepelaBaHHS JaHHX.
[ToOymoBaHO 3aJeKHOCTI Yacy 3aTPUMKH Ta JDKATEPA BiJl IHTEHCHBHOCTI HAJXO/DKCHHS JaHUX Ha KEIIYIo4i
CepBepy 3a pI3HMX 3HAYCHb IHTEHCHBHOCTI 00OCIyroByBaHHs. 3 TrpadikiB crae 3po3ymisio, mo 3i
3pOCTaHHSIM HAaBaHTAKCHHS 30UIBIIYEThCA 1 3aTPUMKa OOCITYTOBYBaHHS. 3 II€I0 METOI IPOIOHYIOTHCS
MeToar OallaHCyBaHHS HAaBaHTAKEHHS MDK cepBepamMH pO3JaBaHHS KOHTEHTY. PO3rIsHYyTO OCHOBHI
MeTo OallaHCYBaHHS HaBaHTAXKEHHS, SKi JaJyTh 3MOTY PalliOHAILHO PO3MOAUIMUTA HABAHTAXEHHS MK
cepBepaMH Mepexi i MOKpaluTH SIKiCTh 00cyroByBanHs QOS.
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