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HaBeneno pe3yJbTaTH 4YHMCI0BOr0 MOJEJIOBAHHA CEPBICHOI JOCTYIHOCTI XMapHHUX
cepBiCHUX cHcTeM VIS Pi3HUX iX KOH(irypauiii, xapakTepucTuk Tpadiky Ta pexxumiB podoTH,
a TaKOX NPOBeJAeHO OWIHIOBAHHA e(eKTHUBHOCTI 3aCTOCYBAHHSI 3alPOIIOHOBAHOIO METOLY
NiABUIEHHS MOKA3HUKIB I0CTYMHOCTI BY3JiB XMapHOI miaTgopmu.
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This paper is devoted to the numerical investigation of the availability at cloud service
systems. In this paper criteria and constraints calculations were performed and obtained
results were analyzed for synthesis purposes of distributed service platforms based on the
cloud service-oriented architecture such as availability and system performance index
variations by defined set of the main parameters. The method of synthesis has been
numerically generalized considering the type of service workload in statistical form by Hurst
parameter application for each integrated service that requires implementation within the
service delivery platform, which is synthesized by structural matching of virtual machines
using combination of elementary servicing components up to functionality into a best-of-breed
solution. As a result of restrictions from Amdahl’s Law the necessity of cloud-networks
clustering was shown, which makes it possible to break the complex dynamic network into
separ ate segments that simplifies access to the resources of virtual machines and, in general, to
the " clouds" and respectively simplifies complex topological structure, enhancing the overall
system performance. In overall, proposed approaches and obtained results numerically
justifying and algorithmically describing the process of structural and functional synthesis of
efficient distributed service platforms, which under process of their configuring and
exploitation provides an opportunity to act on the dynamic environment in terms of
compr ehensive services range and nomadic users workload pulsing. It was also proved that
using proposed approach and algorithm promotes us to determine structural-topological
changes operatively in dynamics. It allows improving workload balancing in the servicing
nodes, avoiding the proximity of wor kflows and components of complex services to structural
irregularities. The whole spatial workflow distribution on the servicing network is optimized
and smoothed in accordance with operatively determined workload and structural features.
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Cloud system service node's availability isimproved. Prospective usage of proposed algorithm
is looking effectively within distance-vector routing protocols (such as BGP) and, in particular
at hyperbolic virtual coordinates mapping, where hyper-aggregation of the flows on the edges
of Poincaredisk’sirregularitiesis observed.

Key words. SDP, structural-functional synthesis, cloud computing, cloud service
delivery platform, distributed service platfor ms.

Beryn

CyuacHa mapagurma opratizailii iHpOKOMYHIKAIIIMHUX CHCTEM JUIsl HaJIAaHHS EIEKTPOHHHX CEpBICIB
nepeadavae MOCTYIMOBY TpaHC(HOPMAIIII0 TPATUIIIMHOIO MIAXOLy A0 MOOYJIOBH 3aXHILNCHHX HPUBATHUX
MEpeXkK, a TAKOK YIPABIIHHS HUMH Ha OCHOBI BHKOPHUCTAHHS 3arajbHOJOCTYITHHUX TENCKOMYHIKaliiftHUX
pecypciB. OueBHIHO, 10 AKTUBHA yYacTh Y TAKOMY ITPOIIEC] MPUBATHUX MEPEKEBUX OMEPaTOpiB 3a0e3neuye
YTBOpEHHS TJI00aIbHOT XMapHOI OOYMCITIOBAIIBHOI iH(PACTPYKTYpH. 3a3BHYail y XMapHOMY MEpEKEBOMY
CepeoBHUIIl TPAAMIIiiHI (QYHKIT Ta MOCIYTH, HANPHKIAM, 3B s3HICTh (MepexeBa MOCTYIHICTB), Oe3reka,
MEpPEKEBE YIPaBIIHHSA Ta MOHITOPHHI IPEACTABIIAIOTH SK HOro HEBil €MHI CepBicH, TOOTO CepBiCH camol
XMapHOi iH(poKoMyHiKaIiliHOi raTdopmu. ChOroaHi BitOyBaroThesl TpaHchOpMAITil Y XMapHUX MEPEKEBUX
CHCTEMax 3 IIEPeX0JIOM BiJl POIECY MEPEKeBOl KOHBEpreHilii Ta yTBopeHHs cermenTiB Buay Cloud-Enabled
Networking (CEN) mo emmnoro mepexesoro cepemosuia Cloud-Based Networking (CBN). Tlepima
Karteropiss iHpokomyHikariianx cucreM CEN mepeHOcHTh acneKTH MepeKeBOro YIPaBIiHHS, 30KpeMa
BU3HAUCHHS (YHKIIOHANBHUX TIONITHK O€3MeKW TOIlo, B “XMapy’, NpOTE 3alWIIAE MiIATPUMYBaHHS
MEpEKEBOI JTOCTYITHOCTI OOJIaIHAHHS TEICKOMYHIKAI[IHHOT CHCTEeMH, MOTOKOBHI MEHEHKMEHT (Mapipy-
THU3aIif0, KOMYTaIlif0 Ta Oe3MeKy iHpOpMAIIfHIX MOTOKIB) HA JIOKAIBHOMY PIBHI, SIK MPABUIIO, PeaTi3yI0uH
i QyHKIIT anapaTHo, K y OUTBIIOCTI Cy4acHOTO MEPEKEBOTro 00JIaHAHHSI.

VYnpoBakKeHHSI CydaCHHX IMHPOKOCMYTOBHX MEPEKEBUX CEpBICIB Ta, 30KpeMa, KoHienii |nternet
of Thinks (10T) icToTHO 3MiHIOE KyT 30py Ha CEpBicH Ta iHPPACTPYKTYPY CEPBICHUX MEPEIKEBHX CHCTEM,
3MIMIyI0uM yci MepexeBi (yHKIII ajpecamnii Ta ynpaBliHHS MOTOKaMH 10 cdepH BILTMBY XMapHOTO
CEpEeIOBHIIA, HIBEIIOIOYM MOTPEOH Yy JIOKAJbHOMY MEPEKEBOMY OOJIaJHAHHI, M0 HE € MPOrpaMHO-
koHpirypoanuMm (SDN) abo x OesmocepenHbo He 3a0esnedye 3 €IHAHHS 3 MeEpeKaMH 3B SI3KY
(Internet’ om). ITro kateropiro iHpokoMmyHikamitinux crucreM — CBN po3BuBaroTh y CBOI#l MiSIBHOCTI Taki
komnanii, sk Petrino ta Aryaka [1]. Ilpomonyetbcsi BusHaueHHsi Network-as-a-Service (NaaS) mis
y3araipHeHHs HaBereHux BiactuBocteii CBN indoxomyHikamiiinux cucrtem [2]. B pobGorax [3-6]
posrisamaroThes minxomu go opranizamii CEN cucrem, 30kpemMa B 4acTMHI ONTHMI3alii poOOTH
BIJIMIOBITHOTO TeIeKOMYHIKaIlifiHoro oonamgnanusa. Konneniii SDN, BipTyamizaiii MmepexxeBux (YHKIIIH, K
PO3MOIUIEHNX TUIATPOPM, TaK i EEMEHTIB CEPBICHOT MEepexeBoi iHPPaCTPYKTypH, € 6a3UCOM ISl ONUCY
ta nmociimkenb CBN cepBicHux cuctem [7]. ¥ poborax [8-9] BHMKOHAHO CTPYKTypHO-IapaMeTpHUHi
JOCITIDKCHHS. XMapHUX CEPBICHUX CHCTEM ¥ OTPUMAHO aHAJITHYHI 3aJ&KHOCTI OCHOBHUX MOKa3HMKIB iX
(bYHKIIIOHYBaHHS, a TaKOX SIKOCTiI CepBicy (iK Aeskoi (yHKIii Bif /DKUTEpa, dacy 3aTPHMKH ITaKeTiB,
MPOITYCKHOI 3[IaTHOCTI CUCTEMH, HMOBIPHOCTI BTpaTH makeriB). 1100 BUSBUTH MOKJIMBOCTI TOKpPAIICHHS
SIKOCTi CEepBiCy 3a paXyHOK MiJIBHIIEHHS MOKAa3HHUKIB JOCTYITHOCTI TENEKOMYHIKAIIHHUX BY3JiB XMapHOI
wiatpopmu, Ha ocHOBI mpomo3uitiii [10] mpomozenboBaHO 3acTOCYBaHHS 3alpPOMOHOBAHOIO METOIY
JMHAMIYHOI KOPEKIil MapIpyTHHX METPHK 13 HACKPI3HUM CTPYKTYPHUM TPacyBaHHSIM y MacIITaOOBaHHX
CEpPBICHUX MEpPEKEBUX cucTemax. [l BUKOHAHHS CUHTE3y ¢()EKTUBHUX CHCTEM HaJaHHS €JIeKTPOHHHUX
CEpBICIB 3a KPHUTEPIEM CEPBICHOI JOCTYMHOCTI (Ka BPaxOBY€ MOKA3HUKU HAIIHHOCTI Ta JKHUBYYOCTi, a
TakoX iHTerpanbHoi QOS) HEOOXiHO AKICHO TOCITIIUTH YHCIOBI XapaKTEPUCTUKH JOCTYITHOCTI Y XMapHHUX
CepBICHUX cucTeMax. /i1 MOAEIOBaHHS WX XapaKTepPUCTHK Y Iiil poOOTI BUKOPUCTAHO PE3yNbTaTH Ta
byHKIioHa bHI 3anekHocTi, otpumani B [11]. TloemHaHHs pe3ynbTaTiB, SIKi MPOMOHYIOTHCS B I
myOmiKaIlii, YMOXJIMBIIIOE OLIHIOBAHHS AJIbTEPHATHBHUX MIJIXOMIB HIO0 MOOYIOBH CEIMEHTIB XMapHHUX
CEpPBICHUX CHCTEM i3 HEOOXIJTHUMH MapaMerpamMu Juist eQEeKTUBHOTO ONPAIFOBAHHS CTPATETiH X pO3BUTKY
Ta BJIOCKOHAJICHHSI.

MeTto10 po0OTH € MOJICIIOBAHHS CEPBICHOI JOCTYITHOCTI XMapHUX CEPBICHUX CHCTEM JJIsl PI3HUX X
KoH(irypariid, xapakTepucTuk Tpadiky Ta pexHUMiB PoOOTH, a TAKOX OIIHIOBaHHS €(EKTHBHOCTI 3aCTO-
CYBaHHS 3aITPOIMIOHOBAHOI'0 METOY ITiIBUINEHHS MOKa3HHUKIB JOCTYITHOCTI BY3JiB XMapHOT 11aThopMH.
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OuinoBaHHs e()eKTUBHOCTI MeTOAY MiIBUIEHHSA
JAOCTYMHOCTI BY3J1iB XMapHoi niargopmu

BucnoBumo rimore3y mpo Te, 1m0 aaroputMmidHa peamizaiiis merony [10] B mporeci ympaBiiHHS
MOTOKaMu Oyzie epeKTUBHOIO /I MacIITaDOBaHMX Ta BUCOKOHABAHTAXKEHUX IMOTOKAMH 3aIIUTIB CEPBICHUX
MepexeBux cucreM. OueBuaHO, MO Oyab-sKa XMapHa CHUCTEMa BOJIOAIE 30BHIIIHIMH MEPEKEBUMHU
iHTepdeticaMu 111 00CIyrOByBaHHS MHOKMHHM KOPHCTYBadiB a00 B3a€MOIIIA’ €JHAHHS J0 1HIIUX MEPEK.
I'panununi mapuipyrusatopu (Border gateways), sik mpaBmiio, peaiizoBani 3a miarpumku Border Gateway
Protocol (BGP). BpaxoByroun pe3yabTaTH JOCTIIKEHb HAIIMHOCTI MapHIpyTH3allil, amapaTHUX BiMOB,
BIIMOB JIIiHIH 3B’SI3Ky TPAaHCIOPTHOI TEICKOMYHIKALliHHOI mMmigcucTeMd Ta 300iB y pobOTi caMoro
nporokoiny BGP, MmoxxeMo po3risiiaTy HenpaBuibHE KOH(IrypyBaHHS MaplIpyTH3aTopiB Ta BinmoBu BGP
SIK OCHOBHI NPHYMHU HENOCTYMHOCTI XMapHuX cucrteM [12]. OTmke, BUKOPUCTAHHS BiJIMOBOCTIMKHX
migxodiB 0 KoH(pirypyBaHHsS Ta migrpumyBanHs BGP mapmpyTuzanii 3HaA4HO IOKpallye XMapHy
noctynHictb. ChOTOJHI SIKICTh TEIEKOMYHIKAIIfHUX 3aco0iB Jae 3MOTy He po3risimaTe  (i3udHi
BIIACTUBOCTI €JIEMEHTIB PO3MOJiIeHHX MmiatdopM HaJaHHS cepBiciB. BiacHe, mpoTokon mapuipyrusaiii
BGP yacro kmacudikyeTbes SIK MPOTOKON “BEKTOpa NUIIXY”, aje 1HKOIM HOro pO3TisaloTh TaKOXK SK
JMCTaHIIHHO-BEKTOPHUH. OCKUIBKM BiH IIHPOKO BUKOPHCTOBYETHCS JIsl OOCITYrOBYBaHHS IOTOKIB
KOPUCTYBa4iB K BCEPEIWHI, TaK 1 30BHI XMapHOI CHUCTEMH, IOBUIbHA PEAKIiS HAa PECTPYKTYPH3AIlil0
Mepexi Ta BIIMOBH 11 €IEMEHTIB, a TAaKOXK, SK HACIiJ0K, HECTAOUIBHICTD JIOT1KM HaJaHHS CEPBICIB ICTOTHO
BIUIMBAIOTh Ha CHCTEMHY Ipaie3iaTHiCTh (POOACTHICTh) Ta MPOMYKTHBHICTh. [10/1i0HO BIUIMBAE TaKOX
Horo peaxiist Ha 3MiHH y o0csiraX HaBaHTAXXEHHS Ta CTPYKTYPi camMoi cepBicHOI rraThopMH.

MoxHa 3pOOMTH BHCHOBOK, IO pO3pOOJIEHHS Ta IMIUIEMEHTAIlisl METONy, SIKHi 3a0e3reduye
HalloriepaTUBHIIIE BH3HAYCHHS CTPYKTYPHHX 3MiH, a OTXKE — i BiIMOB MEPEKEBUX CIEMEHTIB, & TaKOX
(daykryartii o0cariB Tpadiky B CUCTEMI, 0 TPU3BOIATH JI0 HOro An30aJaHCyBaHHs, — € JIOTIYHUM KPOKOM
JI0 PO3BUTKY XMapHHX TeXHOIOTiH. e 1ae 3Mory YHUKHYTH HAJTUIIIKOBOTO 3aBaHTAKEHHS JISSIKMX BY3ITiB
XMapHOI CepBiCHOI CHCTEMH, a OTKE, — IX HEIOCTYITHOCTI.

Jnst MozieTfoBaHHST pOOOTH alNTOpUTMY MH BH3HAUMIHN Ta (popMalizyBalld pO3MOAUICHY MEPEKEBY
CHCTEMY 3 METOI0 e() eKTHBHOTO BUPIBHIOBAaHHS HABAHTA)KEHHSI HA CEPBiCHI By31H. MU 3acTOCYBalH BiloMi
QJITOPUTMH BU3HAYCHHS BHYTPIIIHIX Ta 30BHILIHIX TpaHeil rpady mepexeBoi cucremu [13]. B pesynbrati
BCi TpaHWYHI BY3]IM YBIMIIUIM O BIAMOBIJTHUX MHOXXHH BEPIIUH, TPHYOMY BEpPIIMHU 30BHINIHIX I'paHeH
BHJILJICHO OKPEMO IS BIUIUICHHS BHYTPIIIHIX CUCTEMHHMX HEOJHOPiIHOCTEH. 3a3Ha4MMO, M0 BXiTHUMH
JaHUMU TSl KOPEKTHOI poboTH anroputMmis [13] € 3acrocyBanHs miaHapHOro rpady, 3BeICHHS 0 SKOro
MOXKJIMBO BUKOHATH Ha OCHOBI PE3YJNbTATIB, siKi oTpuMano y [14]. ITicast Takux Aiii MO>KEMO BCTaHOBUTH
BaroBi Koe(illieHTH MapIIPYTHUX METPUK BCEPEIMHI XMapHOI cUcTeMH, siki nopisaioroTs 1.0 (W=1).

OTmxe, OTPUMYEMO MHOXHMHHU BEpIIMH, SKI HaleXaTh KOKHOMY 3 TepuMmerpiB (abo TpaHuUIIb)
XMapHOi cucTeMd. BHyTpimHi rpaHi (mepumerpu) € CTPYKTYPHO HEOMHOPIAHUMH. TakoX BY3IH, IO
HAJIeKATh JI0 BHYTPIIIHIX TPAHUIh CUCTEMH, € HAUOIMKIMMU [0 sIIpa XMapHOi IaTGOpMHU Ta OCHOBHUX
KOMIIOHEHTIB CEpBICIB, fKi BOHAa HaJa€, TOMY IIi BY3JIM 3a3HAIOTh HAWOUIBIIMX IepEBaHTAXKCHb abo
CTPYKTYpHHX 30ypeHb. OUeBHIIHO, 1110 BY3JIH, SKi HaJekKaTh JI0 30BHINIHIX TPAHMIIb CUCTEMH, € 00’ EKTaMH
CKJIJJHUX METOJIB YIPABIIHHSI TMOTOKAMH Ta TNPAIIOIOTh K IUo3u. OTKe, MOXIUBE BUHUKHCHHS
MOTEHIIIHHO HEBUKOPUCTAHUX PECypciB, MIO MAIOTh OyTH PO3MillleHI MiX BHYTPIIIHIMH Ta 30BHIIIHIMH
TPaHMIISIMU XMapHOi cUcTeMH. BianoBigHO, esiki 00CATH TTOTOKOBOTO TpadiKy Ta CEpBiICHUX KOMIIOHEHTIB
MOXYTh OyTH IEepeHeceHi abo MIrpyBaTH Bij OUIbII 3aBaHTAKCHHX JIO MCHII 3aBaHTAKCHUX CEPBICHUX
BY3JIiB. Y BHIAQJKY, KOJW BHUSBISIETHCS aHOMAJbHE 3aBAHTAXKEHHS B CTPYKTYpPI CEpPBICHOI MepeKeBoi
CHUCTEMHU Y BY3JIax, IO HE HaJXKaTh il TPAHMIISIM, JJIS MPUKIALy, BHACTIIOK CEPHO3HUX 3MIH Y JIOTIII
HaJaHHS cepBiciB abo BIIMOB €JIEMEHTIB CTPYKTYpH IUIATOPMH HaJaHHS CEepBiciB, BIIMOBIIHI cepBicHI
MOTOKH TaKOX IMOBHHHI MITPYBaTH.

[puiiMarouun onucany BHUIIIE TiNOTE3y, MU BHOUPAIH T MOJIEThOBaHOI XMAapPHOI CHCTEMH JIOCTYIIHY
BEpIUIMHY Ha 30BHIIHIK TpaHi ii rpady. [Ticns mporo 0yio 3acTocoBaHe HACKpi3HE MapIIPyTHE TPACYBaHHS
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3a MPHHIMIIOM HACTYITHOTO CTpUOKAa B HANpsMi, MI0 € TPOTUJICKHHM JO TOYaTKOBOTO BY3Ja, SKHH
BimoBinae BuOpaHii BepmuHi. [Iporec MapmpyTHOro TpacyBaHHSI TPUBaB, JIOMOKH HEe OyB JOCATHYTHH
BY30J1, [0 HAJIOKHUThH 30BHINIHINA 200 BHYTPINIHINA IpaHHIll XMapHOI ITATPOPMH.

VY pesyipTati mBOro (GikCyeMo MpPOXOmKeHHs 3a MaprpyroM R Tta #ioro mosxkuny L . 3Haroun
MapupyT, SKuii Oyno mpoiaeHo, 3adikcyBaBIIM MapaMeTpH 3aBaHTAKEHOCTI BIiAMOBIIHUX BY3MiB Ta
KaHaNiB 3B’ 53Ky, a TAKO)X BHKOPHUCTOBYIOYH HOTr0 y 3BOPOTHOMY HAIpPsMi, MH TIOBEPTAEMOCH HA3aJl IO
MOYaTKOBOI'O BYy3Jla Ta OJHOYACHO KOPEKTYEMO BaroBi Koe(illieHTH MapmpyTHHUX METpHK W Y
BIIMOBIJIHUX By3JaX, SIKI BXOAWJIM JI0 CKJIAJy OCTAaHHBOI'O MPOiIeHOro Mapuipyry R, BUKOpHCTOBYyHOUH
MeTo]1 MO (DiKOBaHOT'O KOB3HOTO CEPEHBbOro 3 L sk TOBKHHY MPOHICHOr0 MapIIpyTy:

N , ) ) K 6L/2) L
T2/L7|L/2- K[+(n- 1)wf, &2 WS- 1w Vg e
| A (Wag old a old old ’
i n i=2 i=gL/2g+1
Woew = | ; o
i(1- (20 L2 K))+(n-D)owy & e
I el ( old'Wold)"' a ( old_wold)>e’
|

1 n i=2 i=gl/2g+1

K :

(D

. . i Kk . ..
ne K e nocninoBanm HomepoMm Bysna y mapupyti R; Wi, € MoaudikoBanuM BaroBuM KoedilieHTOM

. . . . k o . vy
BIIIOBIZHOI MapUIPYTHOI METPUKH; W, € HOro IONEpeaHIM 3HaYeHHAM; N NPUHHATO SK 3HAYCHHS 3IJIaJUKY-

BAJIHOrO iHTEpBay (BCTAHOBIIEHE TaKWM, IO JOPIBHIOE 3); € € MOPOrOBHM 3HAYEHHSIM JUIA IPOIECY
HACKPI3HOTO CTPYKTYPHOI'O MapIIpyTHOTO TpacyBaHHs (IJ1s1 MoJIeFOBaHHs npuitHsaTo 3nadeHus 0,4) [10].

3a3Ha4uMMO, 110 AJTOPUTMOM MapIIpyTH3alil iHGOopMaIifHIX MOTOKIB MepeadadeHo, Mo Kpaiiui
MapmpyT TMOBHHEH MaTH MEHINY MaplIpyTHY METpHKY. [licis MOBHOro BUKOHAHHS OMKHCAHOTO IHKITY,
KU MO)KHA peaii3yBaTH I[ICHTPaIi30BaHOK IMIUIEMEHTAIIIEI0 alroOpuTMy, HaBEACHOro Ha puc. 1, Mu
HelepepBHO MOBEPTAEMOCH Ha HOTr0 MOYATOK 1 MPOIeC TOBTOPIOETHCS ISl IHIIOTO MOYaTKOBOT'O BY3JA.
[Micns  pmeskoi KIMBKOCT iTepamiii  3araqbHUK CTPYKTYpHHH pO3MOAUT TOTOKIB y rpadi Oyzae
ONTHMI3YBaTHCh BIIMOBIMHO /O ONEPAaTHBHOTO OallaHCYBaHHS HABAHTAXKEHHS Ta CTPYKTYPHHUX
0COOIMBOCTEH XMapHOI TIaTGOPMH 3TiAHO i3 CHCTEMOIO criBBiaHOmIEeHD (1).

[ ITouarok ]
4
A 3. BusnaueHns N
1. ®dopmaizanis ta BHYTPIIIHIX Ta 3BOPOTHE HACKPI3HE
11o0Oy10Ba IMOYaTKOBOTO 30BHIMIHINA TpaHeH CTPYKTYpHE
rpacy posnozineHoi rpady TpacyBaHHS;
CEPBICHOI MEPEKEBO] KOPEKTYBaHHS
CHCTEMH / BaroBHX
2. BeraHoB/eHHS BCIX 4. Bubip 1mo4aTKOBOTO KOe(illieHTIB MapIIL.
BaroBux KoeiiieHTin By3J1a Ha 30BH. TPAHHII MeTpHK 3rigHo 3 (1)
MapoipyTHHX METPHK 5. HackpisHe cTpyKTypHE
(w=1) TpacyBaHHS

Puc. 1. Aneopumm xopexmysanis 6a208ux KoehiyicHmie MapupymHux Mempux
07151 OANAHCYBAHHS CEPBICHO20 HABAHMAICEHHS. 3d OONOMO20I0 HACKPIZHO2O
CMPYKMYPHO2O MPACYSAHHS Y XMAPHIU Mepedicesiil niamgopmi

MojenboBaHy XMapHy MEPEXKEBY CHCTEMY AOCITIDKEHO 13 BUKOpUCTaHHsIM cuctemu MATLAB y

nBox Bapiantax macmTa®y — mis 50 Ta 100 cepBicHuxX By3imiB. PesynbTaTé MopentoBaHHs MOJAHO HA
puc. 2, a, 6 BIANIOBIAHO.
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50 60 70 80 90 100 50 60 70 80 90 100
50 A % 100 50 AN % 100

a o
Puc. 2. Pesynomamu xomn’ omepro2o MoOent08anHs eqheKmueHocmi 3aCmocy8anhs
aAneoOpummy OUHAMIYHOT KOPEKYIi Mapuipymuux Mempux i3 HACKPIZHUM CIPYKNYPHUM MPACYEAHHIM
v xmapnit mepexcesivi niameopmi 3. a —50; 6 — 100 cepsichumu syznamu.
A — 6iOHOCHE HABAHMANCEHHS] XMAPHOL NAAMDOPMU Y 8i0COMKAX 00 MAKCUMALHOZO,
Pn — oocmynnicme 6y3zna menexomynikayitinoi xmaproi niamegopmu
3 QUCMAHYIUHO-8eKMOPHOIO Mapuipymusayicio; PNl — docmynnicme 6y3na menexomyHikayitinoi
XmapHoi niameopmu 3a yMosu 3aCmocy8antsi 3anponoHO8aH020 Ai20PUmmy

Sk MOkHA OauWTH 3 PUC. 2, 3aCTOCYBAaHHS 3aIIPONIOHOBAHOIO MIIXOAY Ta aNTOPUTMY MPOIOHYE HAM
OTEPaTHBHO 1 JUHAMIYHO BH3HAYATH CTPYKTYPHO-TOIOJIOTIUHI 3MiHM B XMapHiil cepBicHil miardopmi, a
e Ja€ 3MOr'y TOKpamuTH OajaHCyBaHHS HABAaHTAXKEHHsS y CEPBICHUX BY3JaX, BHKOHYIOUM IUIABHY
MIrpallif0 OCHOBHHUX IH(GOpPMAI[IfHMX IIOTOKIB Ta, BIAMOBITHO, CEPBICHMX KOMIIOHEHTIB 3 00JacTel
CHCTEMH 13 BUCOKHM 3aBaHTAXKCHHSM 1 CTPYKTYPHUMH HEOJHOPITHOCTAMH. J{OCTYITHICTh CEPBICHUX BY3TiB
y XMapHill cepBicHili cucremi migBuimryetbess 1o 4 % y macmrabi xmapHoi 1uiatdpopmu B Mexkax 50
CEpBICHUX BY3IIiB, a JMHaMika TokpameHHs 3pocrae 10 10 % y macmrabi xmapHoi miuarhopMu B Mexax
100 cepBicHUX BY3IIiB.

Mopes1l0BaHHSI cepBiCHOI JOCTYNHOCTI
B MaclITA00BAHUX XMAPHHUX CEPBiCHUX Mepeskax

CtpykTypHO-(pyHKIIIOHAIbHA IUTICHICTh CY4YacHOI MapagurMyd XMapHHX MEpPEKEBUX 00UHcC-
JIeHb BAXJIMBA JIJIsl MOOYJOBU MacIITa0OBAaHUX Ta HaJAIMHUX CEPBICHHX MIaT(GOpPM i3 BHKOPUCTAHHSIM
ceppicHO-opieHTOBaHO1 apxirektypu (SOA). IcHye 6arato 3acTOCyBaHb, sIKi BUKOPHUCTOBYIOTH IO
apXiTEeKTYpHY KOHIEMIII0 AN TOTO, MO0 cTath eQeKTUBHIIIMMHU Yy CBiTi, Je OiIbIIicTh Oi3HEc-
MpoILleCiB MapalelbHi: eNeKTPOHHUN Oi3Hec, eIeKTPOHHA KOMepIlis, MepCcoHaIbHUN 3B’ 30K Ta iHIII
[9, 15] i Taki MepekeBi KOHIENTH OCTAHHIMH pPOKamMH HaOyBalOTh BCE OLIBIIOTO MOIIUPCHHS.
BHacninok BHCOKOI CKJIIAJIHOCTI MPOEKTYBaHHS, a TaKOXX BHUCOKOI KOMEpIIHHOI BapTOCTI TakKuUxX
MepexeBux pimedb B [11] M po3poOHIM aHaNITHYHHKA METOX CHHTE3y 3 METOI0 ONTHMizamii
CTPYKTYPHUX Ta (YHKI[IOHAJIBHUX MapaMeTpiB i3 3aJlaHUMU OOMEKEHHSIMH ISl THIIOBHX XMapHUX
wiatpopm Hanauus cepiciB (SDP).

OueBuIHO, IO XMapHi CEPBICHI CUCTEMH ChOT'OJIHI HAOyJIHM MOIMIMPEHHS Ha PUHKY, POOJISYM €IeKT-
poHHU# 6i3Hec epeKTUBHIMMM Ta MacirradoBaHimmM [15]. Haiigimomiini Ha pUHKY iHPOKOMYHIKAIIHHIX
cuctem pimenns Big Microsoft (Microsoft Azure), Google (Google Apps Engine), Amazon (Elastic
CloudComputing, Simple Storage Service), IBM (Blue Cloud), Nimbus, Oracle Ta imrmi. OKpiM BETHKHX
KOPIIOPAaTUBHUX XMAapHMX CHUCTEM, XMAapHi OOYHMCIIOBaJbHI CEPBICM HAJAalOTh TAaKOX HEBEIIHUKI
iHpOKOMYHIKaMilHI onepaTopu. ICHYIOTh TakoX IOCTYIHI a00 OE3KOIITOBHI XMapHi pillleHHs, Taki sK
iCloud, Cloudo, FreeZoho, SalesForce tomo. Bci BOHM Bigpi3HSAIOTECS 3a TEPETiKOM IIPOMOHOBAHKX
MOCIIYT, a TAKOX 3a THUIIOM CEPBICY, 1110 HamalTh: SaaS (software as a service — nporpamue 3a0e3meueHHs
sk cepgic), PaaS (platform as a service — mrardopma sk cepeic) ta laaS (infrastructure as a service —
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iHdpacTpykTypa sik cepBic). s Bunanky 3aBepiienoi Tpancdopmaiii inppactpykrypu Bix CEN no CBN
napagurmMu BHIULIIOTE Takok HaaS (hardware as a service — obmagnanHs sk cepsic). He3Bakaroun Ha
pI3HOMAHITTS cepBiciB (KOTpi 3arajgoM HasHBalOTh XaaS), iCHye Kilbka THITOBMX allapaTHHUX Ta
MPOrpaMHUX 3aco0iB, 10 BUKOPUCTOBYIOThCS SIK Oa3WcH JUis TOOYNOBH XMapHHX CHUCTeM. Bonwu
3a0e3meuytoTh (YHKI[IOHYBaHHS CHUCTEMH, 1110 oOymoBaHa Ha ocHOBI SOA apXiTeKTypH, a peali3oBaHa sK
MHOXMHA BIPTyaTi30BaHUX CEPBICHUX BY3NiB a00 BIPTyaJIbHUX MaIlMH, IO PEIUTKYIOThCS 3ayis
MaciTabyBaHHS Ta MATPUMKH JIESIKOi MHOXHHH €JIEKTPOHHHX CEPBICIB i3 THYYKICTIO Ta BIIMOBIIHO JO
KOPHUCTYBAIIbKHX TTOTPED.

AnapaTHi Ta mporpamHi 3aco0M XxMapHOT OOYHCIIOBalbHOI TUIATQPOPMH 1HOJI MOXYTh
(YHKIIOHYBAaTH HeCTaOlIbHO a00 HeHaaiifHO BHACIIIOK HEJOCKOHAIOCTI abo Jerpanaii 3a 1esIKuMHU
CTATUCTUYHUMHU 3aKoHamu. J[1sg MiHIMi3alii Takoi HMOBIPHOCTI Ta 3MEHIICHHS 4Yacy BiJHOBIICHHS
HOPMaJbHOI'O MPOIECY HaJaHHS CEPBICIB Y XMapHOMY OOUYMCIIIOBAIIBHOMY CEPEIOBHUINI HEOOXIITHO
3aCTOCOBYBATH CIElialbHI MPUHIUIH, OUTBIIICTh 3 SKUX XapaKTepHl Ui pealizalii mporecis
posmomainerHoro o6pobaeHHs AaHuX (pe3epByBaHHs, Mapajeisalis, Iepepo3noaial 00YHUCITIOBATbHIX
pecypciB ToIIo).

Omnwcani MiIXoay HallIeHi Ha YacTKOBE MPUXOBYBAHHS BijIl KOPHCTYBayiB peaibHOI CHTYaIIii 010
CHCTEMHOT JIOCTYITHOCTI, 1100 CTBOPHUTH 1II03if0 6€3B1IMOBHOTO (DYHKITIOHYBaHHS PO3MOALICHOI CEepBICHOT
wiathopmu. He3Baxaroun Ha 1€, iCHYE CTATUCTHKA BiIMOB XMapHHX IJIathopM HagaHHs cepsiciB [16].
Bona cBimuuTh, 1110 MOXKJIMBI CHUTYyallil, Koiu Bukopucrtani y SDP pimenns mjis 3a0e3rnedeHHs BUCOKOT
CEPBICHOI JIOCTYITHOCTI CTalOTh HeePEKTUBHUMHU. AHAJI3yHOud IIMOIIE, MOKHA TAaKOX 3ayBajXKUTH, IO
CHUCTEMHA HEIOCTYIHICTh MOYKE OYTH HE €JIMHUM HACJIiJIKOM BIIMOB XMapHHUX CHCTEM. Y BHIAJKy BIIMOBH
Microsoft Sidekick Gymam BTpaueHi mepcoHadbHI JaHi KOPHUCTYBadiB, SIKi 3rOJOM BiIHOBWJIM, aje He
MOBHOIO Miporo [16].

He3Bakaroun Ha BHCOKHMH piBeHb peanizaiii 3arajJbHOBIIOMHUX pIIICHb JJIS IiABHIICHHS
JOCTYITHOCTI B CEpPBICHHX CHCTEMaX, ChOTOJIHI XMapHi CUCTEMH BCE II¢ MPOIOBKYIOTh aHalli3yBaTH, 100
BHSIBUTH BY3bki Micusg B ix SOA, 3 MeTOW MiABHIICHHS HaIiHOCTI iX po0OOTH, PIBHSA CEPBICHOL
JOCTYITHOCTI, CHCTEMHOI mpoaykTuBHOCTI [17, 18]. MokHa CTBepIKyBaTH, II0 aKTYaIbHICTh JTOCTIHKEHb
3a Ii€I0 TEeMaTHKOO JOBOJII BUCOKA.

Otxe, 1100 BUKOHATH MOJCIIOBAHHS CEPBICHOI JOCTYIMHOCTI B MacmTa0OBaHUX XMapHHX
CEpBICHHX MepekaxX, BU3HAYMMO SIK TEPMIiH “CTPYKTYpHI mapamerpu” KUTbKICHI MOKa3HHKHU LI0J0
CIEMEHTApPHUX CEPBICHUX KOMIIOHEHTIB, fIKi y TMeBHHH cmnoci0 ckoHdirypoBaHi y CcTpyKTypi
BIpTyaJlbHUX MaIllMH Ha BY3JlaX TeleKOMYHiKaliiHoi xmapHoi mmatdopmu. CTpyKTypa MepekeBUx
3’enHaHb Ta (i3UYHA TOIMOJIOrisS MEpeXi BU3HAYEHI HEUITKO, 110 XapaKTEPHO JUIsI XMapHUX CHUCTEM,
BIIpI3HAIOUM IX BiJ TPaAHMIIHHUX MEpPEKEBUX apXiTEKTyp. 3arajioMm, TOIOJOTIYHA KOHQIryparis
BIpTyaJlbHUX MallMH € JWHAMIYHO-3MIHHOIO, SIK 1 KOH(irypamis mpomoHOBaHOI Ta 3amUTyBaHOI
MHOXXHHHM cepBiciB. BipTyanabHi MallMHU MITpyIOTh Ta pEIUTIKYIOTh €JIIEMEHTapH1 cepBicH, sK
KOMITOHCHTH KOMILJICKCHUX arulikamii (3acToCyBaHb), BIJAMOBIHO 10 PO3MOAINTY BHMOI KOPHCTY-
BauiB y cucrtemi. ToOTO cepBicHO-opieHTOBaHa apxitektypa (SOA) Bosiofi€ CYyKYIHICTIO pecypciB,
IO MITPYIOTh BCEpEIUHI XMapHOI CHCTEMH, sIKa € HaJA3BUYAWHO CKIIAJHUM PO3MOAUICHIM 00’ €KTOM,
YTBOPIOIOYM KOHKPETHY peainizamito miaatdpopmu HagaHHs cepBiciB (SDP). MoxHa BUIUIATH
cnenudivyHi TPynu cepBiCHUX KOMIIOHEHTIB, IO BUKOPHCTOBYIOTHCA Y MpoIleci opkectparmii, 3a
PaxyHOK SIKOTO KOMIIJIEKCHE 3aCTOCYBaHHS MOXYTh BUKOpHCTaTH KopucTysaui SDP. Kinacudikamito
CEpBICHHX KOMIIOHEHTIB, SK TpeliB abo MOTOKiB, IO peali3yloThCA BIpTyaJlbHUMH MalllHHAMH,
MOYKHA MPHUHHATH BIAMOBIAHO 10 BU3HA4YeHb 3akoHy Ampaana [19]. Omxke, mjis HaIIOi iHTErpalbHOT
MOJIEeNIl MM MOKEMO BUUTHTH TiEepPBi30pH Ta iHIII MOCTiJOBHI 32 XapaKTepoM eleMeHTapH1 cepBicHi
komrnonentd (ESC) cykymHocTi cepBicHUX 3acTocyBaHb (o) B omHy rpymy, a takox ESC, ski
(GYHKIIOHYIOTh, 00CIYrOBYIOUHM MOTOKH 3aIUTIB, MapaieabHo — B iHIIY (7=N - a) Ae N -— BigoOpaxkae
3arajbHy KiJIbKICTh €IEMEHTAPHUX CEPBICHUX KOMITOHEHTIB (puc. 3).
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ES1

HV Po3snapaneneHHs — ES) O6'egHaHHA HV

MocnipoBHI cermeHTH
enemMeHTapHMUX cepseicie

ESn
HV - rinepsisop abo
NOCNifOBHI cepBicHi
KOMMOHEHTH MapanenbHi cermeHTM
ES - napanenbHi eNeMeHTapHUX cepeicie

cepBicHi KOMMOHEHTH

Puc. 3. I[lapanenvri ma nociioosui cezmenmu 3acmocy8ais
5K eapianm enemenmapuoi cepsicnoi cmpyxkmypu ¢ SOA

OTke, BpaXOBYIOUH HEUITKO 33J1aHy Ta JWHAMIYHO-3MiHHY CTPYKTYPY XMapHOI MEPEKEBOi CHCTEMH,
3a7a9y ONTUMAIILHOTO CTPYKTYPHO-()YHKIIIOHAIBHOTO CHHTE3Y MOXKHA 3BECTH JI0 BUOOPY ONTHMAIBHOTO
CHIBBIJHOIICHHS KiJIbKOCTI CEPBICHMX KOMIIOHEHTIB, SIKI HAJIKATh J0 PI3HMX BH3HAYCHUX IPYN y MEKax
iX KOMOIHOBAaHOTO MOEIHAHHS IMiJi Yac YTBOPEHHS Ta BHOYJOBYBaHHS KOMIUIEKCHHUX 3aCTOCYBaHb Yy
CEPBICHO-OPIEHTOBAHIN apxiTeKTypi. Ha kanb, OCHOBHI TPYyAHOII, OB’ sI3aHi 3 PO3B’ I3aHHAM IIi€T 3aaaui,
CTIIpUYMHSE Opak JOCTIHKEHb 100 WMOBIPHICHUX MPOIIECiB 00CTYroByBaHHS TpadiKy po3mOIiUICHIMH
CEPBICHUMH 3aCTOCYBaHHSIMH B CHCTEMHOMY acIeKTi, 3a yMOB Bapiaiii HaBaHTaxeHHs Ha SDP, mio
TEHEePYEThCS 3allMTaMKU KOPUCTYBaviB 10 cepBiciB pizHux BuaiB [8, 18]. ®yHKIiOHANBHI BIACTUBOCTI
CEpBICIB MOBHHHI PO3TIIATHCH Y TEPMIHAX CTOXACTUYHUX MPOIIECIB, BPAXOBYIOUH iX MPSMY 3aJIEKHICTh
BiJl CTaTUCTUYHHMX BJIACTUBOCTEH HABaHTAXEHHsS, IO OOCIyroByeTbcs. Jlmsa xapakrepuszyBaHHS
CTaTUCTUYHUX OCOOMMBOCTEH Tpadiky HABaHTAXKEHHS Ha XMapHY CHCTEMY MOXKHA BUKOPUCTATH ITapaMeTp
camomonionocti Xepcera. BiamosigHo, y po6orti [20] My BuzHaummm crenudidHi 0COOIMBOCTI TAKUX THITIB
tpadiky, sk VoIP, VoD, IPTV Multicast, Web-aani Toro. Omke, BU3HAYNMO MOHATTS “ (PYHKITIOHATBEHOTO
napamerpa”’ Ui BiIIIOBIIHOTO BHIY CEPBICY, 1110 Mae OyTH oOCIykeHuid B XMapHid miatdopmi i3 SOA, sk
MOMEPEHF0 CTATUCTHYHO BH3HAYEHOTO Ta pPO3PaxOBAaHOrO TMapameTpa XepcTa, WIO BiANOBigae
crienugpigHOMY IS IIHOTO CEpBicy TUMY TpadikKy.

Omxe, mIsi KOKHOI CHHTE30BaHOI peamizailii XMapHOi apXiTeKTypH BIANOBIIHUI MOKa3HHK
y3arajibHEHOI CEpBICHOI JOCTYMHOCTI MOXKHAa TOAATH Ta pO3paxyBaTd Ui KOXKHOTO (YHKIIOHATBHOTO
BUJIy CepBicy, 110 nponoHyeThest SDP, Tak camo, siK 1 MOKa3HUK BiJHOCHOI MpoayKTuBHOCTI [11, puc. 2]
ISl 3amaHol CTPYKTypHOI peamizarii (koMOiHallii) eleMeHTapHUX CEpBICHMX KOMITOHEeHTiB. OO0uiBa
3a3HavyeHi MOKa3HUKH MH BHOpaJM SK KpPHUTEpil /Ui ONTHMAIBHOTO CTPYKTYPHOTO Ta ()YHKIIOHATBHOTO
CHHTE3Y IU1aThopM HajaHHs cepsicis [11].

Hani HaBeneMo pe3ylbTaTH MOJICIIOBAHHS CEPBICHOI JOCTYIMHOCTI B MacIITa0OBaHii XMapHii
CepBiCHIl Mepexi, BUKOHaHE Ha OCHOBI YHCIOBHUX PO3pPaXyHKIB Ta ampoKcHUMalii po3B’s3KiB
aHAMTHYHUX 3anexHocred poboru [11] (puc. 4-5). PoOumo npumyiieHHs, o0 IS BUOAIKY
MOJICNIIOBAHHS, pe3yJdbTaTH SIKOTO MoJaHi Ha puc. 4, peamni3aiis cepBiCHOro mapy xXmapHoi
nnathopMu BigOyBaeThcsi 0€3 ONTHUMAIBHOTO PO3MOJINY OOpOOHMKIB HaBaHTAXKEHHS CEPBICHUX
MOTOKIB (Mirpamii BipTyaJdbHHUX MAaIlMH); BHIMAI0K, KOJH pO3MOAINT OOpOOHHKIB HaBaHTAXKCHHS
CEpBICHHX IOTOKIB MOXHa aJalTHBHO CKOPEKTYBaTH, y pasi morpedu, Mirpamicio BipTyaJdbHUX
maruH [21], BigoOpakeHo Ha puc. 5.
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Puc. 4. Pesynomamu mMoOenosanHs cepsicHoi 00CmynHocmi 8 Maculmabosaniti XmapHiil cepsichiil mepedici. Bunadox
HeonmuManibHo20 KOHpieypyeants pecypcie xmapHoi mepedicesoi niam@popmu (HeobXionuti pecypc ons
00C1Y208Y8aHHA KOMNIEKCHUX 3ACMOCY8AHb NEPesUIye OOCHYNHI pecypCu GipmyanbHUX MAuun y 6y31ax cepeicHoi
Mepedicesoi cucmemut, wo niompumyoms 6I0NOGIOHI eleMeHmapHi cepgicHi komnonenmu). [lapamempu
Haeanmaoicentst A (8I0HOCHE 00 MAKCUMATLHO MONCIUBO20 Y 8I0COMKAX) ma 3HayeHHs napamempa Xepcma H
07151 A2pe208an020 6XiOH020 MpaghiKy exazani nio ionosionuMU 3anexchocmamu. Pa —yszazanvnena cepgicna
docmynuicms XmapHoi mepesicesoi niamgopmu; n —uacmrxa ESC, axi ¢pynkyionyroms, 0bcnyeoeyouu nomoxu
sanumie napaienvro, %, Na — kizexicms cepsicnux 8y3nie y XMapHill mepedicesitl niam@opmi

4=0,9; H=0,2 )=0,9: H=0,5 4=0,9; H=0,8

Puc. 5. Pesynomamu mooenosarnHsi cepicHoi 00CHynHochi 6 Macumabo8aHiil XMapHiti cepeicHitl mepedici. Bunadok
a0anmueHo20 KOHGI2ypy6anHs Pecypcie XMapHoi Mepesceol naamgopmu Micpayicro eipmyanvrux mauwur (HeoOxionuil
pecypc 0isi 00CY208Y8aHHS KOMIIEKCHUX 3ACHIOCYBAHb NPUOTIUZHO 6I0N0GI0AE OOCTIYIHUM PECYPCam GIPIYAIbHUX MAWUH )
BY3IAX CEPBICHOL MEPEeHCce8oi cucmemut, o RIOMPUMYIOMs NOMPIOHY KOHQIZYPayiio enemMeHmapHux cepeiCHUX KOMINOHEHINIB).
Tapamempu nasanmaoicensi . (6iOHOCHe 00 MAKCUMATBHO MOJICTUBO20 Y 6iI0COMKAX) ma 3HauenHs napamempa Xepcma H
0151 azpe2o8aH020 GXIOHO20 MpapiKy 6KA3aHI Ni0 6I0NOBIOHUMU 3anexcHocmamu. Pa—ysazamvnena cepsicna docmynHicme
Xmaproi mepedicesoi niamagopmu;, 1 —uacmia ESC, sxi hynkyionyioms, 06¢1y208y104u nOMOKY 3anumie napaieibho,
siocomkie, Na — KkinbKichb cepeicHux 83716 y XMAPHiLl Mepedicesitl niamgopmi
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AHamni3yroun pe3ylbTaTH, MojiaHi Ha puc. 4 Ta puc. 5, MOXHa 3pOOUTH BUCHOBOK TIPO 3aKOHOMIpHE
MOCTYNIOBE 3HIKEHHSI CEpPBICHOI JOCTYIMHOCTI B XMapHii MepeKeBili cucreMi y pasi 3pOCTaHHS
HABaHTa)XEHHS 10 MaKCHMAJIBHOTO, MPHYOMY BOHO BiJOYBA€THCS TOBLIBHINIE Yy peamizallisiX CUCTEMH, y
SKHX YacTKa TNapayieIbHUX eJIeMEHTApHUX CEPBICHUX KOMITOHEHTIB, SIKi (PYHKI[IOHYIOTH, OOCITYTOBYIOUH
MOTOKH 3aITUTIB, MEPEBAYKAE HAJ YACTKOI TOCHITOBHUX. SIKIIO KUIBKICTh CEPBICHHX BY3JIB y XMapHid
wiatpopMi  OinmbIna, 3a YMOBH 30UIBIICHHS YACTKH pO3MApalieieHUX eIEMEHTapHHX CEPBICHUX
KOMITOHEHTIB, CEpBiCHa JOCTYIHICTh 3pOCTae MIBHIIE. 3a il MOKAa3HWKaMH, OTPUMaHUMH B IIpolleci
MOJICTIOBAHHS, MOYKHA TIPUITYCTHTH, IO SK ONTHMajbHE CIiBBiAHOIMEHHsS /o MoxkHaA mpuitHatH 60/40.
Brme mokasnuka XepcTa Ha CepBiCHY JOCTYIHICTh SIKICHO MPOSIBISIETHCS 32 HOr'0 BUCOKHX 3HAYCHB,
BKa3yluHu Ha Te, 10 CaMOonoaiOHui Tpadik BimuyTHO 3HIKYE 1i. Binrak, Ha puc. 4 BUIHO, 110 B YMOBaX
nedinuTy pecypciB abo0 HEONTUMANBHOrO KOH(IrypyBaHHS XMapHOI cepBicHOI matdopmu, Uis
camonoioHoro Tpadiky MOXKJIMBE MOTIPIIEHHS I[LOI0 MOKa3HUKa B cepeanbomy Bin 15 %, skio 4=0,2, no
30 %, sixmro 4=0,9. 3a yMOB 3acTOoCcyBaHHS aJallTHBHOI'O KOH(IrypyBaHHS pecypciB XMapHOI MepekeBoi
miaTGopMu 3 Mirpaii€r BIpTyaJbHMX MAaIllMH TaKe 3HUXKCHHS CEPBICHOI JOCTYIHOCTI HE IEPEBHUIIMTH
5-10 % (muB. puc. 5), a sxuo cepBicHuX By3iB moHaa 40 — crae HEBIQUYTHHUM. 3a3HAYNUMO, IO BHCOKI
MOKa3HUKKM CaMOITOMIOHOCTI Mae Tpadik CepBiciB TeHepyBaHHS iHTEpPHET-TaHMX (HEpealsbHOro Yacy) —
H € 0,685, IP-trenedonii — H € 0,981, Bineo 3a 3amutom (VoD) — H (€ 0,608, nepenaBantst ciy:x00BUX
nanux —H € 0,719 [20, Tab6x. 5].

BucHoBku

VY crarti BHKOHAaHO YHCIOBE JOCHIPKEHHS CEpBICHOT JIOCTYIHOCTI PO3MOJIEHOI cepBicHOT
iatpopmu. Ha ocHOBI oziepkaHUX pe3ysIbTaTiB MOXKIIMBO BUKOHYBAaTH epEKTUBHUI CHHTE3 KOH(Iryparii
MaciTaboBaHUX XMapHUX CEPBICHMX CHUCTEM 13 ypaxyBaHHSM THITy Ta BEIWYMHU HABaHTAXKEHHS, IO
nmorpedye 00CIyroByBaHHs Iijl Yac BUOYIOBYBaHHS BIIIOBIIHOTO CEPBICY 3 KOMOIHYBaHHSIM IapaieIbHUX
Ta TOCTIIOBHUX EIIEMEHTAPHUX CEPBICHUX KOMIIOHEHTIB 3aiJisi JOCATHEHHS HaWKpaIlUX ITOKa3HUKIB
MPOIYKTHBHOCTI Ta CHCTEMHOI TIpare31aTHOCTI (PiBHS CEePBICHOI JOCTYITHOCTI).

3 ypaxyBauHsIM 3akoHy Ampaana [11, puc. 2; 19] MoKHA TaKOXK MOCTYJIIOBATH, IO KIIACTEPH3ALlist
XMapHHX CHCTeM MoOe OyTH eeKTHBHOIO uisi MacmTaly kinactepa He MeHmie Hixk 100 cepBicHUX BY3IiB,
O Y3TOMKYETbCS 3 PE3YJIbTaTaMU MOJICTIOBAHHS CEPBICHOI JTOCTYITHOCTI PO3MOMUIEHOI CepBiCHOI
mwiathpopmu (puc. 4-5). Tlpore 30imbImeHHS pO3Mipy KiacTepa XMapHOi MmaatGopMu MpU3BENE 0
HEOOX1THOCTI BIOCKOHAJICHHS METOJIB YIIPABJIHHS IMOTOKaMH, 30KpeMa 3aCTOCYBaHHS MOIU(IKOBaHUX
METOJIB IIJBHMIIEHHS JOCTYIMHOCTI 11 TEICKOMYHIKAI[IHHUX BY3JiB, HAIPHUKIA], 3a JOMOMOI'OIO
CTPYKTYPHO-T€HHOI'0 JUHAMIUYHOTO OallaHCyBaHHS.

3acTocyBaHHs 3alPOIIOHOBAHOTO MiAX0/y Ta aNTrOPUTMY JUHAMIYHOT KOPEKIIii MapIIpyTHIX METPHK
13 HAcCKpi3HMM CTPYKTYPHHM TpacyBaHHSM TIIPONIOHYE HaM OIEPATUBHO 1 JAMHAMIYHO BHU3HAYATH
CTPYKTYPHO-TOIIOJIOTIYHI 3MiHM B XMapHiid cepBicHi mmardopmi, a me Jgae 3MOry MOKPallUuTH
OanaHCyBaHHSI HaBaHTAXXCHHS B CEPBICHUX BY3JaX, BHKOHYIOUM TIUIABHY MIrpamil0 OCHOBHHX
iHhOpMaIlifHMX TOTOKIB Ta, BIANOBIIHO, CEPBICHUX KOMIIOHEHTIB 3 00JacTell CHCTEMH 13 BHCOKHUM
3aBaHTAXXCHHSIM 1 CTPYKTYPHHMH HEOTHOPIJHOCTSIMH, a OTXKE, — MIABHIIATH IOCTYIHICTH CEPBICHUX
BY3JIiB Y XMapHiii MEpeKEBil CUCTEMI.

1. URL: https.//fenwikipedia.orgiiki/Cloud-based networking. 2. URL: hitps.//enwikipedia.org/wiki/
Network_as a_service. 3. [Tiosuwenns skocmi 06Cny208Y8aHHs 8 KOHEEPEHMHUX MOOLIbHUX CUCIEMAX HA
ocnosi naamegopmu UMA-A | M. M. Knumaw, M. I. Bewneti, 5. M. Cmpuxamox, I'. B. Xonsexa I/
Ipobnemu menexomynixayin. 2014. M 1 (13). C. 3-19. URL: http://pt.journal.kh.ua/2014/
1/2/141 Klymash_uma.pdf. 4. Mooderv nadanns cepsicie Ha 0cCHO8i memody adanmayii A02iuHOT
cmpykmypu cloud-cucmemu | M. M. Knumaw, b. M. Cmpuxanox, O. M. IlInyp, M. I. Bewneu I Hayxosi
sanucku YHI3. 2014. Ne 5(33). C. 27-36. 5. SOA quality management subsystem on the basis of load
balancing method using fuzzy sets/ M. Beshley, M. Klymash, B. Srykhalyuk, O. Shpur, B. Bugil, |. Kagalo /
International Journal of Computer Science and Software Engineering (IJCSSE). 2015. Vol. 4. Issue 1.
P. 10-21. URL: http://ijcsse.org/published/volumed/issuel/p3-VAl 1.pdf. Hazsa 3 expana. 6. Knumaw M. M.,
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