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MOAEJb CUCTEMHU IUHAMIYHOI'O YIHPABJIIHHA ITPOITY CKHOIO
3JATHICTIO KAHAJY IHTETPOBAHOI WI-FI/GSM MEPEXI

© bhewneu M.1., Tkauyx B.I1., Byeunv b.A4,. Jlaspis O.A., 2014

OOrpyHTOBaHO MOKJIMBICTH MOJIMIIEHHS AKOCTI HAJaHHA MOCIYT MOOIIBHOIO omepa-
TOpa 3a paxyHoK BUKopHcTanHsa TexHouorii Unlicensed Mobile Access-Advanced (UMA-A).

Po3po0biaeno opurinanbHuii NporpaMHuii NPOAYKT, AKUIA 103BOJISA€ 3AilICHUTH ONTHMI3a-
nil0 MepeskeBOi iHQPaCcTPYKTypH MOOILHOTO oOmepaTopa, NepPepo3MOAiIsIIOUH MepexKeBi
pecypcu i3 ynpoBajkeHHsIM i po3BuTKOM B Hili enemenTiB NGN-TexHosoriii 1Jsi cnmizibHOTO
po3ropTanHs iHdoxkomyHikanilinoi Mepexi. Takoxk nojinmeHo sIKicTh 00CTyrOByBaHHS MO-
OlIbHUX a00HEHTIB PO3MOAiIeHUMH cepBicaMH B cCTeMaX MOOLJIBHOIO 3B A3KY i3 3acTOCyBaH-
HSIM 3aNPONOHOBAHOIO MeTOAy OUiHKHM 3aBaHTakeHocTi Wi-Fi kaHamy Ta amHamiuHoro pe-
3epBYBaHHS NMPONYCKHOI 3aTHOCTI A/ KiHIleBUX KOPHCTYBaviB y mpoueci iHnTerpauii Mepe:x.

HJocaimxena nopeaiHKka iHTErpOBaHOI Mepe:Ki B TOAMHY HAOLILIIOr0 HABAHTAKEHHS Ta
MeXaHi3MHM KepyBaHHSI Mepe:el il 4Yac mepeBaHTa:KeHHS HA OCHOBi imiTauiiinoi mogedi,
po3podJienoi B mporpamuomy cepeaosuii Opnet M odeler.

KarouoBi cioBa: iHTerpoBaHa Mepesxka, Tpadik, mapamerpu 3a0e3ledeHHSI SAKOCTI,
imiTaniiina Mogenb, MoOiTbHA Mepeka, Yepru.
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MODEL OF DYNAMIC MANAGEMENT SYSTEM THROUGHPUT
OF THE CHANNEL INTEGRATED WI-FI/GSM NETWORK
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In this paper the possibility of increasing quality of service for mobile operator based on
using of Unlicensed Mobile Access-Advanced (UM A-A) technology has been substantiated. It
has been proposed a new way of increasing the efficiency of resour ces allocation of conver gent
networ k. The use of UM A-A allows releasing part of the radio channel resour ces in the places
wher e overloads ar e observed.

It has been developed an original software product which allows optimization of
network infrastructure of mobile operator by redistribution of network resources when
implementing and developing in it elements of NGN technologies for common deployment of
infocommunication network. Also it has been increased quality of service for mobile users by
distributed services in mobile systems using the proposed method of evaluation of the Wi-Fi
channel load and dynamic reservation of throughput capacity for end users in the process of
networ ks integration.

Services that will be provided in the network and quality requirements for this services
have been formed. The behavior of intergrated network during the hour of the highest load
and mechanisms of network control during the overload based on immitation model developed
in softwar e environment Opnet Modeler wer e investigated.

Key words: integrated network, traffic, QoS parameters, simulation model, mobile
networ k, queues.
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Beryn. TenekomyHikaliiiHi Mepexi, 110 BAKOPHCTOBYIOTh PajlioKaHaN sIK 3aci0 JOCTYIy KiHIIEBOT'O
KOpHUCTyBada 0 IOCIYr Mepexi, HWHI Ha eTami OypXJIMBOTO PO3BHTKY 1 IIMPOKOTO BIIPOBAKCHHS.
Hamnpsim po3Butky, 1o HamituBces, orpuMaB Ha3By NGN-texnosorii [1]. Bin mMae Bci o3Haku yHidikarii
METOIB 1 3aC00iB, 1110 ICHYIOTh, 1 THX, 1110 CTBOPIOIOTHCS, B €MHY IHTErPOBaHY CTPYKTYpy. Llel mporec He
MOXe OYTH MPOCTUM 1 OJHO3HAYHHMM, OCKUTbKM TIOBMHEH BiJIOYBaTHCS B yMOBax MepeOyAOBU HAasSBHUX
MEpPEeK 1 TEXHOJOriH, IO YacTo BHUMAararTh KOpiHHMX 3MiH g iHterpanii B NGN-ctpykTypH.
KoHBepreHTHHH 1LISX PO3BUTKY TEICKOMYHIKAIIMHUX Mepex, MalOyTh, €IUHHNA NparMaTHYHO
OOTPYHTOBaHWIl HANpsIM JUISL ONEPaTOpiB, y SKUX CKIIABCA PUHOK KopuctyBadiB. I[lpore BiH morpebye
3BaKECHUX pIllICHb, 3 THM, 11100, 3100yBal0YM HOBI MOJKIIMBOCTI 3a paXyHOK I€PETBOPEHb, HE 3aIIKOAUTH
HAsSIBHOMY PUHKY.

[Mutannst KoHBepreHIii Ta 3abe3neueHHsS SKOCTI OOCIYrOBYBaHHS BKE aHAT3yBaIM (axiBIli
VYxpainu ta Pocii, 30kpema HajiaHHsT a00OHEHTY MOCIYT 13 3asBICHHUMH TapaMeTpaMH sSKOCTi Ta T0OYI0BY
MojieNiel 3a0e3MeUeHHs THYYKOro yrpasiiHHs Mepexero posrisaand FO.A. Cemenor, B. BuiHeBcbkuii,
A.B. Jlemeliko, MUTaHHSA KOHBEPreHIliT HEOAHOPA30BO MOCTiKyBan y cBoix mpaipix b.C. 1 A.B. 'onba-
mrernd. Cepel 1HO3EMHHMX JOCTIIHUKIB BiI3HAYMMO pPOOOTH 3 MHTaHb 3a0E3MEUCHHS SKOCTI B
MyJbTHCEpBiCHUX Mepexkax [1. depriocona, /1. Xelimana, B. IBepcena, JI. Kneitapoka.

Jns HajgaHHS MYyJIbTUMENIMHOT MOCIYTH B PEabHOMY 4Yaci 3 TapaHTOBAaHOKO SKICTIO HEOOXiIHO
kiacudikyBaTH Tpadik 3a KjaacaMu 00CITyroByBaHHs. BibIIICTh TOCHIIHKEHD IIOA0 3a0e3eUeHHs SKOCTI
JIAIUTA BUCHOBKY, IO yce MOKIIaJIeHO Oe3rmocepenHbo Ha Mepexy omepatopa. OmHaK e He J03BOJIHIO0
MOBHICTIO 3a0e3rneuntd QOS MiX KIHIICBUMU KOpHCTyBadamu. Lle muTaHHS goTerep 3aHIIA€ThCS
BIIKPUTHM 1 TOTpeOYy€E MOTANBIIOr0 AOCTIKEHHS. Y meskux myomikamisx [2, 5, 6] mpomonyeThes
wiarpopma, MO MTATPUMYE OOCITYrOBYBaHHS MYyJIbTHMENIHHOrO Tpadiky B peasbHOMY dYaci MikK
KIHIIEBUMH KopucTyBauamu. [ljis rapantyBaHHs QOS BCTaHOBIIOIOTH QOS-rapaHTOBaHMU IIISX MDK
By3JIaMU Mepexi /i BcraHoBieHoro ceancy SDP/SIP. 1s minatdopma Moke BUKOPHCTOBYBATHCS SIK Ha
cydacHux |P Mepexkax, Tak i Ha 6€3IpOTOBUX KOHBEPTEHTHHX MEpEKax MaliOyTHHOTO.

VY pealbHOCTI, A1 MOOUIBHOTO OIepaTopa 3aBJaHHS MOOYJAOBH 1 BIOCKOHAJICHHS KOHBEPTEHTHOI
MEpeKi YCKIAJIHIOEThCS 00MEKEHICTIO pecypciB icHyrouoi GSM Mepexi, 3HMKEHHIM HaJIHHOCTI HalaHHS
MOCAYr B YMOBax TIEepEBaHTAKEHHS pajioKaHaliB, CIa0Kow MpucrocoBaHicTio GSM-texHoorii s
mepenaBaHHsa gaHuX. [losBa i PO3BHUTOK HOBMX TEXHONOTiH, 30kpema Wi-Fi, 1110 MOTEHIIHO MOXKYTh
HazaTH OUTbIY KUTBKICTh MOCHYT, 3arpokye BimmauBoM “Tpamumniiiaunx” GSM-kopuctyBauis 10 Wi-Fi-
oreparopiB. IHTepec omepaTopiB MOOULIBHOTO 3B’fA3Ky JI0 CErMEHTa Oe3apOTOBOTO IIMPOKOCMYTOBOIO
JOCTYIY MPOSIBUBCS JIOCUTh JaBHO ¥ CriodaTKy OyB ITOB‘si3aHWE Oibllie 3 HAJAAHHSIM TOCIYT JOCTYITY B
Iarepuer 3a Ttexuomoriero Wi-Fi, Hix 3 moBHoiiHHUM yrnpoBamkeHHsMm kKoumernmii NGN. Cmigpne
BUKopucTaHHs1 MoxkuBocTeid Mepesk NGN 1 Mepexx MOOUTEHOTO 3B’ 3Ky, TOBHOI[IHHA X KOHBEPTEHIIis
3MaTHI 3a0e3nmeunuTH aOOHEHTIB YHIKaJbHHM Ha0OpOM MOXIHMBOCTEH 1 mocuyr. Skimio X HajaHHS
KOHBEPTEHTHHX TIOCIYT 3a0e3redye onepaTop MOOUTHHOro 3B’ 3Ky “3 ONHUX PYK', PI3KO MiJBHILYETHCS
MPHUBAOIUBICTh TAKOT MEPEXi JUIsl KITIEHTIB, 1 OTXKeE, OMEpaTop OTPUMYE KOHKYPEHTHI IepeBaru. PimeHHs
BUSBISIETHCSI, 0€3yMOBHO, €()EKTUBHUM 1 3 EKOHOMIYHOTO MOTJISTY.

ChOroiHi mpouec craHaapTu3allii B 00JacTi XMapHUX OOYHCIICHb MPOJOBXKYEThCS, TOOTO B IUIAHI
PO3pO0JICHOCTI Ili€l Tally3l MOYKHA BIICBHEHO CKa3aTH, IO BOHA JIMINE IoYayia CBif pO3BUTOK. Y pasi
BUKOpUCTaHHS cloud-TexHOMOrii KiHIIEBOMY KOPHCTYBady HE MOTPIOHO TypOyBaTHCs MpO amapaTHe Ta
MporpaMHe CepeloBHINE I HaJaHHSA HEOOXimHuUX pecypciB Mepexi abo mesuux Cloud cepsiciB
(mapasnenbHi 004MCIIeHHS, 30epiraHHs JaHUX), HOMY JOCTaTHbO TUTbKH MaTH MiAKIFOYCHHS 10 [HTEepHeTy
i3 KiHI[eBOr0 TepMiHasia (TUaHiieT, cMapThoH, HOYTOYK).

ToMmy akTyani3yeTbcsi 3aBAaHHS ONTHMI3allii MEpexeBoi iHPPacCTpyKTypr MOOULIBHOT'O oIepaTopa
GSM mepepo3noAiioM MEPEeXKEBUX PECypCiB 3 YIPOBA/DKEHHSAM 1 po3BUTKOM y Hiil enemenTiB NGN-
TEXHOJIOTIH JUIsl CHUIBHOTO PO3ropTaHHS IH(MOKOMYHIKAI[HOI Mepexi, a TaKoK IIIJIBHIICHHS SKOCTI
00CIIyroByBaHHS MOOLTBPHMX aOOHEHTIB PO3MOAUICHHMMH CEpBicaMH B CHCTeMaX MOOLIBHOIO 3B SI3KY
JpYyroro, TPEThOro Ta YETBEPTOTO MOKOIiHB, SKi TepeOyBarOTh Yy MpoIeci KOHBEPreHIi Ha OCHOBI
wiathopmu UMA-A, 3 BukopuctanasMm cloud-TexHouorii.



AHani3 koHuenuii mody10BH KoHBepreHTHoi Mepexi. 3 mosBoto konmenilii NGN 3'sBunacs
MOXIIUBICTh KOHBEPIreHIlli HassBHUX MEPEeX 3 KOMYTAIi€l0 KaHANIB 3 MEPEeKaMU 3 KOMYTAIi€I0 MaKeTiB.
UMA — 1e po3poOieHHWH HH3KOI MPOBIIHUX KOMMAHIW-BUPOOHHUKIB Ta OMEpaTopiB CTaHIApPT
ab0OHEHTCHKOTO JIOCTYITY JI0 CEPBICIB MEpeX MOOLIBHOTO 3B’ 3Ky 32 JOIMOMOI'0I0 pizHOro pony |P-mepex,
30kpeMa uepe3 I[nrepuer. Texnomorin UMA 1ae MOXIMBICTP BHKOPUCTAHHS IMUPOKOCMYTOBOT'O
6esmpoBigHoro inTepHer-3’equanus (Wi-Fi) mis mobinsHOro Ttemedonnoro 3B's3ky. Ile crocyerbes
TOJIOCOBUX BHKIIMKIB, MOOUTbHOTO IHTEpHery, enmekTponHoi momrd, MMS, SMS Ta Oynp-sikux iHIINX
MOOUIBHMX TMOCIYT, Ui SKAX HeoOXimHe MigKIYCHHS J0 MOOUIBHHUX Mepex. J[BopexuMHMi
aOOHEHTCHKUII TepMiHAaJ caM BU3HAYa€ MOXKJIMBICTh OTPUMAaHHs MOCIyr depe3 oaHy 3 mepex (GSM/Wi-
Fi), mpu 1boMy mpiopUTeT HaZA€THC MEPEXKI, KOTpa 3abe3reduye BUIMN PiBEHb SKOCTI HAaJaHHS MOCIYT, a
ii BuOip 3xilicHIOIOTH KOoHTposep Y Wi-Fi Mepexi Ta koHTposiep 0a30BHX CTaHIliil B orepaTopa MOOLIBHOTO
3B’ s13ky. Wi-Fi Touku moctymy BBIMKHEHI 0 HassBHOI TpaHCIOPTHOI |P-Mepexi, 1110 BHKOPUCTOBYETHCS
st TpancnoptyBanns makeriB EDGE. Ls |P-mepexa min ennyerbest 1o UMA kontponepa Network
Controller (UNC), 10, cBo€ro ueproro, BBiMkHeHu# y kiacuuanit M SC. IImosyBanus mixk MSC ta UNC
BinOyBaeTnes uepes nutiozn Wirdess Media Gateway (WMG) — mast miarpuMKu ToiocoBoi Hecydoi UMA
Ta Security Gateway (SeGW) — mutro3 6esmexu s 3axucty UMA. Ha UNC BinOyBaeThest makeTyBaHHS Ta
KOAyBaHHs Tojocy mpu poyminry Wi-Fi/GSM, ta po3nakyBaHHs 1 JEKOIyBaHHS y pa3i 3BOPOTHOrO
nepenaBaHHsI.
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Puc. 1. Peanizayis inmezposanoi mepeaici na 6aszi mexronoeii UMA-A

Kontponep UNC migkmrouaersest 10 omaoro MSC i mo Bysma SGSN mo intepdeiicax A i Gb
BianoBinHO. Sk moka3ano Buile, ¢pyHKIiT UNC ekBiBajgeHTHI (YHKIIISIM, 110 BUKOHYIOTHCS KOHTPOJICPOM
0a30BUX CTaHIIH Mepexi KoMipkoBoro 3B'si3ky. KoHTponep mix’emnyerbess no Touku noctyny WLAN
4epe3 TpaHcnopTHe cnony4deHHs |P. 3 mobinbHOIO cTanmieto konTponep UNC B3aeMogie uepes inTepdeiic
Up, skuii GyHKITIOHYE depe3 TpaHcmopTHy Mepexy |P i 3mificuioe mepenecenns curaaimizamii GSM/ mix
OITOPHOI0 MEPEXKEI0 1 MOOLIBHO CTaHIi€e. [IpOTOKONIBHI 1aHI MOOLTBHUX MEPEX MEPEHOCATHCS MPO30PO
Mk MoOinbHOIO cTaHIiero 1 MSC. Lle 3a0e3neuye moOinbHil cTaniii B Mmepexi WLAN goctym mo Bcix
nocuyr Mepexxi GSM, ski i MOKyTh OyTH JOCTYyNHI y mifgcucremi 0a30BuX craHIiii mepexi GSM.
OyHKIIOHYBaHHS TaKOi KOHBEPTEHTHOI MEpeXi MPOLTIOCTPOBaHO Ha puc. 1.

Peauizartist xeHoBepa y mporieci inrerpamii Mmepesk GSM/ Wi- Fi BuKoHy€eThCS B TaKi eTamu:

* MoOinbHu aboHeHT 3 JBopexHMMHHM TepMiHaioM UMA morpamisie B 30HY [Iii Mepexi
HEJTIIEH30BaHOr0 OS3MPOBIAHOrO A0CTYNY, 3 AKOIO Iiei Tepminan UMA B3aemopie.

e [Ticns min’ ennanus Tepminaga UMA 10 Todku JocTymy BiH 3B’ si3yeThes 3 konTposiepom UNC o
TpaHcnopTHiHA |P-Mepexi 3arajgbHOr0 KOPHCTYBaHHsS Ui aBTeHTH]IKaIlii, aBTOpu3alii Ta JOCTYIy [0
MOCITYT MOOUTHFHOTO 3B’ SI3Ky TI0 OE3MPOBIHIN MepeKi HETIIEeH30BaAHOTO JOCTYILY.
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*V pa3i ycHilHOi aBTOpH3allii BiIOYBa€TbCA OHOBJICHHS IH(OpMAIl MPO MICIE3HAXOMKECHHS
a0OHEHTa, sIKa 30epiraeThcs B OMOPHIN Mepexi.

* 3anexHO Big KoHbirypamii TepMminanra UMA MoOiUTbHHE 3B'S130K BCTAHOBIIIOETHCS a00 3
HEJTIIEH30BaHO MOOLIBHOI Mepexero goctyny UMA, abo 3 Mepexero GSM.

e Poyminr. Komum abonentr UMA BuUXOAMTH i3 30HM MOKPUTTS MEPEXKI HENIIIEH30BaHOTO
0e3npoBigHOro jaocrymny, a0 skoi BiH miakmodeHuit, UNC i tepminan UMA 3a0e3neuyioTh pOyMIHT 3
JIIICH30BaHOK MOOLUIbHOW Mepeketo. lleli mpoitec BigOyBa€eThCsl aBTOMATUYHO 1 HEMOMITHO IS
KOpHCTYBava.

* SIkio aOOHEHT BCTAaHOBUB akTHBHE 3'enHaHHd GSM, He NepepuBarO4yM HOro, yBIHIIOB B 30HY
MOKPHUTTsA (ab0 BHHMIIOB i3 30HH IOKPUTTS) HETIIEH30BaHOI OE3MpOBIIHOT Mepexi, MOTOYHE 3’ €IHAHHS
ABTOMAaTUYHO IICPEMHUKAETHCS Ha IHINY Mepexy Oe3 IepepuBaHHS IOCIYrH. XCHIOBEP BiIOyBaeThCs
HEIMOMITHO JJI1 KOPHUCTYyBava.

Jns BupimieHHs TpoOJeMH IEePEBaHTaXKCHHsI oOlepaTopa MOOLIBHOI'O 3B's3KYy, IIOB's3aHOI 3i
CKYIYEHHSIM YHCICHHUX aOOHEHTIB Ha OOMEXeHi TepuTopii, BapianT kouBeprexiii UMA TexHoorii €
epeKTUBHIIIMM TIOPIBHAHO 3 BHKOPHUCTAHHSAM MIKPOKOMIPOK [4], OCKiIIBKH, MO-TIepIlie, HE BUMAra€ Bil
orepaTopa Heperisay ICHYI040ro YacTOTHOIO IJIaHYBaHHs, a Mo-Ipyre, € Y AeKiIbKa pa3iB JICHICBIINM 3a
BCTaHOBJIEHHS 0a30BOi cTaHIii. 30KpeMa, 3HAYHO IEIIEBINe KOINTYE JileH3yBaHHs wactor migx Wi-Fi,
MOPIBHSHO 3 KPUTUYHO OOMEKEHUM Jiana3oHoM mig GSM.

MoaeaoBanHs mpoiecy o0cayropyBannsi aboHeHTiB y interposaniii Wi-Fi/GSM mepexki Ha
OCHORBi MeTOy TMHAMIYHOI0 PO3MOJLTY MPONMYCKHOI 3AaTHOCTI KaHamy. Pecypcu ¢isnyHoro kanany,
SK TPOBIAHOTO, TaK i OGe3mpoBimHOro 3 mpomyckuoro 3matHictio Cyr (y Hamomy Bumaaky 100 M6it/c),
3aBKJIM € OOMEXKEHHMHM 33 JOCTYIY A0 HbOro. [Jis CTBOPEHHsI HOBMX MEXaHI3MIB YIIPaBIIHHS PeCypcaMu
mpomyckuoi 3gataocti Wi-fi kanany HeoOXigHO po3rIstHYTH icHYIOuHii MeTox. OTxke, v hi3nuHOMY KaHai
OpraHi3oBaHO JeKinbka Joridamx (posrisHemMo TpH Joriudi (BipTyambhi)) kamamiBs (VC BipTyanbHi
KaHanu), BUAUTEHUX Ui meBHuX Wi-Fi aOOHEHTIB 3 CTaTHYHO 3aJaHUMHU MPOIYCKHUMH 31aTHOCTAMHU Cy i
Ch BiamoBigwo Bix 3aransuoi Cy, mpuuomy 3HadeHHs Ci1=Co=Cy=C5/2. OTKe, 3a 3BUYAMHOr0 JOCTYITY 0
Wi-Fi toukn N-10 KiTbKIiCTIO KOPHCTYBadiB IEBHUM TpadikoM BHIUIAETHCSA MPOMYCKHA 3IaTHICTH 3a
b opmyior0:

Ca
Cion =
N @)

IPUYOMY Cé_ =C, +C, +C (aus. puc. 2).

Puc. 2. Cmamuunuil po3nodin nponycknoi 30amuocmi
Qi3uUHO20 KAHALy MIJIC MPbLOMA TOSTUHUMU

VY mepmroMy 3 HEX HepemacThes iHGOPMAIlisS pealbHOro Jacy, UyTianBa J0 3aTPHUMOK i BTpaT (s
CHCTEM BicOKOH(DEPEHI3B I3KY), B APYroMy i TpeThoMy — apyropsana indopmaris (mawmi, WEB, FTP Ta
iH(opMarllis, sSKka He YyTIMBA IO 3aTPUMOK 1 BTpaT). BHHWKaEe 3aBIaHHS Haie(heKTHBHIIIOTO CIIOCO0Y
PO3JIiJIEHHs 3arajlbHOI MPOITYCKHOI 31aTHOCTI Cy (i3MYHOr0 KaHaly MK TpboMa JIOri4HUMHU. OCKiTbKH B
MEPIIOMY BIPTyaJbHOMY KaHajl MepeaaeThcs KPUTUYHA 10 BTpaT iH(opMallis, HeoOXiIHO 30UIbIIYyBaTH
nponyckHy 3aaTHicTh C; 1poro kauaiay. OmHaK TP [OMY 3MEHIIYETHCS €(PEKTUBHICTH HOTrO
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BHKOPHMCTaHHS 1 JOCTyIIHA MPOIMYCKHA 3AaTHICTh IS APYyroro kanamy. B pesynerarti pecypcu ¢GizuyHOro
KaHaJly BUTPA4aloThCsi Hee() eKTUBHO.

Puc. 3. Juuamivnuii po3nodin nponycknoi 30amuocmi Qizuuno2o kauauy
MIDIC OeKibKAMU TOSIYHUMU 8 NEGHULL MOMEHN HACY

Cug = Cé_ - Cino1~ Crog
(©)

HabGarato OuIbIIi MOMJIMBOCTI B IIbOMY BHIIQJKy MOJKE 3alpOIIOHYBAaTH CXeMa 3 JWHAMIYHHM
YIPaBIiHHAM IPOIMYCKHOK 3AaTHICTIO KaHaly 3 HaJaHHIM HEOOXIITHUX MEPESKEBUX PECYPCIB 3 METOIO
3abe3medyeHHs SKOCTi obOciayropyBanus B iH(okomynikamituii Wi-FI/GSM/WCDMA/LTE wMepexi
(puc. 9). OTke, 3a AMHAMIYHOIO PO3ITOALTY MPOITYCKHOI 31aTHOCTI 0 HACTaHHS MOMEHTY Yacy t cucrema
BHJIUISE JIJIS TIEPIIOTO CEPBICY HEOOXIMHHMM pecypc NpPOMYyCKHOI 3aaTHOCTI ais 3abesmedeHHs QOS,
PO3MOAUTHBIIN TPH I[BOMY JPYrOMY i TPEThOMY KaHaJIy BCIO PEIITY JOCTYITHOT MPOMYCKHOT 3MaTHOCTI. SIK
0aunMo 3 puc. 3, NPHUHIMI AWHAMIYHOIO YIIPABIIHHS IPOIMYCKHOK 3MaTHICTIO B I[bOMY MPHKJIaai
30ibIIye €(EKTUBHICTh BUKOPHCTAHHS IMPOMYCKHOI 37aTHOCTI B IEPIIOMY KaHajdl Ta Hajmae OuUIbIIe
PeCYpCiB It PYTOro i TPEThOro KaHaiB.

3a migcyMKaMH JOCHIKEHb PO3PO0JICHO OpHUTiHAIBHHIA MPOrpaMHHUN MPOAYKT, SKHHM Ha€ 3MOry
MPAKTUYHO 3MIMCHIOBATH ONTHMI3allil0 KOHBEPIeHTHOI MEPEeXKi 13 3aCTOCYBAHHSM 3alpOIIOHOBAHOTO
KpHuTepito ominku 3aBanTakeHocti Wi-Fi kamamy Ta mapamerpiB QOS 3a imterpartii Texuomoriit Wi-
Fi/GSM Ha ocHOBI IMHAMIYHOTO KEPYBaHHS MPOIYCKHOIO 3MaTHICTIO. 3aBIaHHAM MOICIIOBAHHS € OIliHKA
TaKHX TapaMeTpiB:

— BU3HAYEHHS MaKCHMMAaJIbHOI KUIBKOCTI aOOHEHTIB, IO MOXE OOCIYXHTH OIHA TOYKa JOCTYIY B
pa3i KOPUCTYBAHHS MYJIbTUCEPBICHUMHU MOCITyTaMHU;

— 3aTpUMKa MiJl Yac NepeaaBaHHs JaHHX KOPHCTYBAUeM;

— JDKUTEp TpH Iepenadi TaHuX;

— BTPATH MAKETIB;

— HepeBaHTaXXEHHs Oy(epiB MapIIpyTH3aTOPIB;

— HaBaHTAKCHHS HAa KaHAJIH 3B’ SI3KY;

— 3aTPUMKH Ta BTPATH 3a PI3HUX IMOJIITHK KEPYBaHHS YepraMu.

Bximgui mami imiTamifinoi Mopmenmi: mpomyckHa 3matHicte Wi-Fi kaHadgy TOUKM  IOCTYIy
C=100 M6im/c; xinpKicTh iHPOKOMYHIKAMIHHUX MOCIYT, SKi MATPHMYIOTCS TOUKOI0 goctymy i=6 (IPTV,
VolP, VoD, WEB, Bizaeoxoudepentrist, Cnyx00Bi maHi(curuamisaiis)); HeoOXigHa MpOMycKHA 3MaTHICTH
KaHaimy Ui 3a0e3leueHHs SKICHOTO HaJaHHS MoCIHyr MobOinpHMM abomentam: IPTV = 10 Mbéimlc,
VoIP = 128 K6imlc, VoD = 4 Mb6imlc, WEB =512 K6imlc, Bioeoxongepenyis = 2 Mbéiml/c, Cnyxc6o8i
oani(cuenanizayin ) = 64 K6imlc, iMOBIpHICTh 10CTYITy aOOHEHTIB i-i KaTeropii mocayr a0 pecypcis Wi-Fi
TOUKH JIOCTYIYy [3i; TPHBAICTh BHUKIHUKY T, Bill i-20 aOOHEHTa, 3T€HEpPOBAHMX 3a ITyaCCOHIBCHKUM
3aKOHOM PO3MOLTY i3 cepenHiM 3HadeHHsM A=1500 C; MOMEHTH MOYaTKIB BUKIHUKIB T .., 3TCHEPOBAHUX Y
BHITAJIKOBHI CIOCIO 3 PIBHOMIPHHUM 3aKOHOM PO3IMOJLTY; MOMEHTH KiHIIIB BHMKJIMKIB, BU3HAUYCHUX SIK
Tein = Tuout Tpus-; TPUBAIICTD MOAEITIOBAHHS T 6. =1 200.
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CymapHe HaBaHTaxeHHA Ha Wi-Fi Touky iHdokoMyHikauifHKMMKM nocyramm
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Yac zapaHTaweHHA Wi-Fi kanany [c]

Puc. 4. Mooeniosanns npoyecy ob6ciy208yeants aboHenmis
[HME2POBAHOL MEPeNCi HA OCHOBI 3aNPONOHOBAHO20 MEMOOy

Ha puc. 4 nokazano pesyiabrati 3aBaHTaxkeHocti Wi-Fi Toukn iH)OKOMYHIKaIHUMEU MOCITyraMu
MPOTATOM TOAMHHU 332 YMOBH, IO B IEBHUH MOMEHT Yacy KiHIICBUM KOPUCTyBauaM HaJaeThCsl OJMH CepBic
13 Habopy Bcix MoxHBHX TOcTyT. i rpadiku MOKa3yIoTh 3alIeKHICTh KUTBKOCTI BUKIIMKIB, SIKi HAJIXOSTh
Ha TOYKY JIOCTYITy MPOTATOM 4Yacy MOJENIOBAHHS, a TAKOX JIMHAMIiKy 3MiHH BUKOPHCTaHO! MPOITYCKHOI
3MaTHOCTI KIHIICBUMH KOpPHCTyBadaMHu B Tporieci oocimyroByBanHss Wi-Fi Toukowo ympomoBk dacy
MogentoBanHs. Tpadik VOIP y wiit poboTi cTBOPIOETBCS K KOPHCTyBadyaMH MOOUILHOTO 3B’ 3Ky B pasi
Bukopuctanus texHonorii UMA-A, Tak 1 KoprcTyBauamu JIOKallbHOT Mepexi 13 3abesnedenusm VOIP y
pa3i 3acrocyBanHs SIP cepeepa. 3 rpadika OaumMo, 1m0 B JesIKi MOMEHTH Yacy € BigMOBa B
o0cCiyropyBaHHi. Y I[bOMYy BHUIIQJKYy Take mepeBaHTakeHHs cTBoproeThes Ha 1800 ¢ 1 1895 ¢, kinmbkicTh
KOPHUCTYBayiB, SKAUM HAJAIOThCS TIOCHYTH 3 BUCOKOKO SKICTh, CTAaHOBUTH 24 i 25, abOHEHT OTpHMYye€
BiZIMOBY B 00CITyrOByBaHHI.

Jnst BupimeHHs Mie€l MpoOJeMH TMPOMOHYETHCS ITOCIYTH TOJOCOBHUX BHKIIMKIB TIEPEBOJUTH Ha
MEpEeXy orepaTopa MOOLIBHOTO 3B’ SI3KY, OCKLIBKH B IIei MOMEHT 4Yacy piBeHb QOS Moxxe OyTu Habararo
BUIIMH, HK B |P-opieHTOBaHMX Mepekax. AJie y mpolleci po3BaHTaKEHHS MOOLTBHHUX MEpex 3aco0amu
texHonorii UMA-A 3’ sBiseTbes iHmIa mpobiema — 3abe3neueHHs napamerpis QOS i pi3HUX MOCHIYT i
yac nepenaBanns Tpadiky yepes |P mepexy. Wi-Fi Touku moctyny Oyayre BMHKATHCS 10 icHyrouoi |P-
MEpexi oreparopa, IO HUHI BHUKOPHCTOBYEThCS JUIsi TpaHcnoptyBanHs mnakeriB EDGE. Ilpu upomy
MOXYTh BHHHUKHYTH TpOOJieMH 3 3a0e3neueHHsM 3aTpuMku nakeTiB VOIP. OmHuM 3 NUISXiB YCYHEHHS
3a3HaYCHOT'0 HEIONIKY B MeXax icHyto4oi |P-mepexi € po3poOieHHsl Ta BIIPOBAKEHHSI HOBHX METOJIIB
MPOTHO3YBAaHHS HABaHTAXKCHHS HAa ENEMEHTH MEpeXi, a TaKoX peajizaiis JUHAMIYHOTO YIpPaBIiHHSI
pecypcamu |P-mepexi, mo 3ampomoHoBarHo B poGorax [3, 5, 6]. Jlns po3poOIeHHS TakWX METOJIB
HEOOXiJIHO BPaxOBYBAaTH BIIACTHBOCTI pEalbHOrO MepeKeBOro Tpadiky Ta 3acTOCyBaHHS TIEBHUX
MeXaHi3MiB 00CITyTOBYBaHHS YepT Ta METO/IIB YHUKHEHHS ITEPEBAHTAXCHHS MEPEXKI.
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Mouarok

Iniyianisauia Macusis Ta KoHcTaHT :

i=1,2,3,4,5,6 — kinbkicTb cpeicie;

), k=0, krok=1;

€1=0.128, (=0.512, 52, C4=4, C5=10, C6=0.128

Tmod, k, , next=0;

KinbKicTb Bukankie 40 Wi-Fi Toukn Bia aBomeHTiB, aki reHepyioTs

pianuit Tun Tpadiky npotarom 1 roaN

TMouatkie BukAukie cepeicy: Tpoch; =[;

Kinuie Bukaukis cepaicy: Tkin =[];

TpusanocTelt TparcaAwi ceancie cepaicy: Ttruwy, =[];

Tpueanicts moaentorana: Tmod =[1;

Tponyckux 3aatHocTeit cepsicy: IPTV=[]; VoD=[]; Vidconf=[];
WEB=[]; Voip=[]; CLOUD=[];

Coprysanna macusy nouatkis

Busia, aaHix:
SUMMI],
Signaling: Videonf; IPTV;
WEB;VoD;VolP;

ZagTkin[2][k]==Cq

TEHEPALR MOMEHTIB MOCTYNAHHS BUKHKIE
3TeHEPOBaHIX BHN3AKOBMM unHom Tpoch;

TeHepaLin MacMBy 3aKineeHHa
Bukmkis Thin=Tpoch+Ttruy,

next<Max(ZagTkin)

Hi

ZagTkin[2][k]==C,

Hi

ZagTpoch[1][k]<next

ZagTpoch[2][k]==C, ZagTpoch[2][k]==C, ZagTpoch[2][k]==C5

PTV,IPTV,

SUMM=SUMMHCy

Voip,=Voip,+
SUMM=SUMM¢

Hi

ZagTpoch[2][k]==C, ZagTpoch[2][k]==Cs

ZagTpoch(2][k]==C, ZagTkin[2][k]==C,

idcont,=Vidcont,
SUMM=SUMMHC,

ZagTkin[2][k1]<next

Puc. 5. Brox-cxema aneopummy pobomu imimayitinoi Mooeni OUHAMINHO20 PO3NOOLTY MA pe3ep8ySaHHs
NpONYCKHOI 30amHOCE I3UMHO20 KAHATY MIJIC OEKITbKOMA T02IYHUMU 8 NEGHULL MOMEHM YaCy
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McTorpama posnoginy TpYBanocTe BUKIMKIB

KinbkicTs Buknukis

0
720 740 760 780 800 820 840 860 880 900
Tpueanicts BuKMKis [c]

Puc. 6. licmoepama po3nodiny mpusarocmeli UKIUKIG

OriHKa rmapameTpiB, HaBeICHUX BHUIILE, 3AIMCHIOBATUMETHCS JJI YaCTHHH MYJIBTHCEPBICHOT MEPEXI,
Ha OCHOBI iMiTaIliifiHOl Moje, po3pobiieHoi B mporpamuomy cepemopuiti Opnet Modeler. Ockinbku 115
YaCTHHA JOCTIDKYETHCS /IS TOAVHM HaMOLIBIIOr0 HABAHTAXKCHHS, PE3y/IbTaTH MOXKHA BUKOPUCTATH 1 JIS
HaJAMITYBaHHS 1HIIHX 00’ €KTIB.
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Puc. 7. Cmpyxmypa inmezposanoi Wi-Fi/GSM mepeaici, wio docrioscyemucs

Monens Mepexi moOymoBaHa 3a TPHUPIBHEBOIO apXiTeKTyporo (puc. 7), ToOTO Mae MapIipyTH3aTop
sIpa, SKUi MOXKe 00’ €IHYBATH IF0 YaCTHHY MEPEXKI 13 3arajbHOI0 MEPEKEI0 orepaTopa. MapIiupyTH3aTopH
PIBHS PO3MOJINY BHKOHYIOTH (YHKIII arperamii Tpadiky BiJi KOMYTaTOpiB JOCTYIy Ta BHU3HAYAIOTh
MapIIpyTH TepecyBaHHsl Tpadiky B Mepexi. TodkM JOCTyIy Mif €MHYIOTBCS O KOMYTaTOPiB TOCTYIY,
3a0e3Meuyourd MM MOXIUBICTh Oe37pOoTOBHM abOHEHTaM JicTaTtucs N0 pecypciB Mmepexi. KiHiesi
HOPUCTPOI — 1€ TUIAHIIETH, cCMapThOHH, HOyTOYKH, KoMl toTepu. Wi-fi KiieHTH, sKi MO3Ha4YeH] Ha Mepexi
TOYKaMH, JIJIsl JOCTYIY JIO MEPEXEBHX PECYpCiB BUKOPUCTOBYIOTH Oe3mpoBimHi MoOutbHI GSM-Mepexi,
cMaptdoHH, IIaHmerd 3 miarpuMkoro VOIP tenedonii, TOOTO 3aiHCHIOBATUMEThCS IIABHUM MEpexin
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BUKIHKIB (XxeHmoBep) Mixk GSM-mepexero i Wi-fi TexHomoriero, mo6 miaBHIMTH SKiCTH 00CTyTOBYBaHHS
MOOITEHIX aOOHEHTIB.

Cepen cepBiCiB, 110 HAJAOThCA B MEPEXKI Ta JOCTYIHI IS OE3IpOTOBHMX aOOHEHTIB, MOXHa
HasBatu: VOIP — mepenaBanus ronocy, WEB cepdinr, FTP nogarku. IlepenaBanHs rojocy, 3rimiHo 3
pekomenpariismu I TU-T, mamexuts mo 1 kmacy tpadiky Interactive Voice ta mae Bumorm o
3a0e3redyeHHs KOCTi, Taki K. KiHIIeBa 3aTprMKa MK aBoma aboHeHTamMu — 300 Mc, Bapiallisi 3aTpUMKH —
He Ounbire Hixk 50 Mc Ta mporeHT BrpadeHux nakeriB — 0.001. Cepsic FTP momaTkis HanexuTh 10 4 Kiacy
obciyroByBanns — Excellent Effort ta mae Taki BUMoOru — KiHiieBa 3aTpuMka — 1 ¢, IPOICHT BTPadeHUX
naketiB — 0.001. Cepeic WEB cepdinry moxe 00cayroByBaTHCs 32 OCTaHHIM KJIACOM Ta HE Ma€ JKOIHHUX
0oOMEKeHb o0 fAKOCTI. Jljis BpaxyBaHHS MapaMmerpiB, IO HaBEACHI BHINE, HEOOXITHO I0JATKOBO
KOperyBaTH iMiTaliiiHy Mojenb Ta BcTtaHoBmtoBatu mapamerpu QoS (Quality of Service) mist KoxHOro
BUYy cepaiciB. OIiHKa mapaMeTpiB Ma€e MPOBOAUTHUCS B TOAWHY HAHOLIBIIOr0 HABAaHTAXKEHHSI, BCS CHCTEMA
3arajioM MoJeNoBaTiCss He Oynme. Take MoOJemiOBaHHS Mae€ HAJIBUCOKY CKJIQJHICTh Ta TOTpeOye
HaA3BHYAfHO BUCOKUX pecypcis [TIK mis peamizarii.

MogentoBaHHS OHIET TOAMHN POOOTH MOAECI MOYKE 3alHATH JCKiIbKa 10 peabHOro Jacy.

Bumoru 1o MoaenroBaHHS.

- MOJICTTIOBAHHS 3IMCHIOETHCS Bia 0e3apoToBOro aboHEHTa /IO cepBepa i3 cepBicOM, SIKOTO IIeH
aOOHEHT BUMarac;

- apaMeTpH SKOCTI HaJJaHHS MOCIYT Tpeba OLIHUTH JUII 0€3pOTOBUX KIIIEHTIB;

- Ma€ BpaxoByBaTucs Tpadik B iHIIMX KaHaNaX 3B’ 13Ky y Bunaaxky ['HH.

Y wMopneni HasBHMHA nuine Tpadik cepBiciB, Oyab-skuil cepBicHWid abo (oHOBHI Tpadik He
BpPaxOBYETHCS.

HanamryBanHs Mojielni 3MiHCHIOEThCS TaK:

- CTBOPEHHSI TOIIOJIOTI] 3 BUKOPUCTaHHAM O0JIaIHAaHHS TAKHX KaHATIB 3B’ S3KY;

- cTBOpeHHsI npo(iniB KopuctyBaya (sKi CEpBiCM MOKHA BHKOPHUCTOBYBATH TOMY YH IHIIOMY
abOHEHTY);

- HaJamTyBaHHA TpoQiTiB cucremu (SKi cepBicH ICHYIOTH B MEpEXKi Ta sKi MapaMerpu IUX
CEpBICIB);

- HaJAIITYBaHHS [MOKa3HHKIB 3a0e3TeUeHHs SIKOCTI B MEpEeKi 3a JormoMororo moiist 10Sy | P makeri.

e M None M Custom Queuing O Priority Queving O WFQCB Wireless LAN Media Access Delay (sec)
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Puc. 8. 3ampumxu y WI-Fi mepeoici 3a pisnux mexanizmie obciyeosysanms uepe
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ITix yac MomenMOBaHHS BUKOPHUCTOBYBAIMCA MexaHi3mu obciayropyBanus gepr WFQ Class Based,
Priority Queuing, Custom Queuing. Yepru ¢GopMyIOTbCS Ha TOYKax JOCTYIly Ta MapIIpyTH3aTopax
Mepexi. PesynbraTH MonenmoBaHHsI HaBeleHO Ha puc. 8. Sk 6aunmo 3 puc. 8, BUKOPUCTAaHHS 4epr Jyis
KOpEryBaHHsI poOOTH MEPEKi B FOJMHM IepeBaHTakeHHs edektuBHe. Tak, Bukopucranus noaituku WFQ
Class Based (kmacoBHxX uepr) M03BOJISE 3MEHIIMTH 3aTPUMKH Mejia-IomaTKiB Maike B 2.5 pasy, Temep
3aTPUMKH 33JI0BOJBHSIOTH BUMOTH QOS.

[NopiBHsITPHA XapaKTEPUCTHKA 3aTPUMOK MYIbTHMEia-101aTKiB, nepenaBands aanux i WEB wmae

takuii Burisig (puc. 9).

B 'Wireless Lan.Delay (sec)
B Wwireless LanMedia Access Delay (3ec)
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Puc. 9. 3ampumxu myremumeodia-oooamxie ma \WEB

3a paxyHOK BHKOPHUCTAaHHS 4Yepr JJs JOJATKIB Y MepeXi BUHUKAIOTh MeJia-3aTPHUMKUA. Y TaKoOMy
pasi SIKIiCTh i Yac repefaBaHHs ToJIocy Habarato Kpaima Ta He BUHUKAIOTh MEPEBAHTAXKEHHS Y MEPEXi.
KinieBa 3aTpuMKa i yac repeaaBaHHs rojoCy TaAK0X 3MEHIIUIACS 3aBISIKH BUKOPUCTAHHIO MEXaHI3MIB
00CITyrOBYBaHHS Yepr.

Sk 6aurMo, KIlacoBa vepra JIa€ 3MOTy 3MEHIIIUTH 3aTPUMKH MPH MepeAaBanHi Meia-iHpopmailii Bif
aboHeHTa JI0 abOHEHTa B TPH pa3M B MIKOBI BiJPI3KH Yacy.

Ha puc. 11 mnokazano HaBaHTakeHHS Oydepa dYeprn Ha TrpaHUYHOMY MapUIPyTH3ATOpPi IO
inTepdeticax. HaiiOinbile HaBaHTa)KCHHsS CTBOPIOETHCS Ha iHTepdeiici, 1110 BUKOHYE POJb IUII03a s
cepBepiB i3 cepBicaMu. 3aBaHTaXKeHHS 70 16 kOalT He € AyXKe BEIMKHUM, OTOX HE CIPHUYMHSAE 3HAYHOL

KIiHIIEBOI 3aTPUMKH MiX aOOHEHTaMH y pa3i 3’ € JHaHHS.
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M None M Custom Queuing O Priority Quening O WFQCB “oice Packet Enclto-End Delay (350)
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Puc.11. Hasanmaoicenns 6yghepa 6 pasi 00¢c1yeo8y8anHst wepeu Mexanizmom
WFQ na epanuunomy mapuwipymusamopi

VY Tabn. 1 HaBesmeHO OCHOBHI TapaMeTpH, SKi BIUIMBATUMYTh HA BH3HAUYCHHS ONTHMAIBHOTO
MexaHi3My oOcimyroByBanHs depr. Cepen HHX KiHIIeBa 3aTpHMKa, JDKHTEp, 3aTPUMKH Yy Oe€3ApOTOBiH
MEpexKi, 4acTKa BTpayeHUX MAKETiB, AKicTh cpuiHATTS QOE. JIns omiHIOBaHHS SIKOCTI HAJAHHS MOCITYT
BHUKOPHCTOBYIOTh TOKAa3HHK OIIHIOBaHHS sKOCTI cupuitasartsa mocayr QOE (Quality of Experience), mio
BH3HAYAE, SIK CIIpUMaE KiHIIEBUH KOPUCTYBad IO MOCIYTY, 1 SKUH MPsIMO MPOIMOPIIIIHO 3aJeKHUTh Bij
MoKa3HMKa sKocTi HamaHHs cepicy QOS (Quality of Service). [lns dwiTkoro BHIUICHHS KOXHOTO i3
TEepMiHIB BU3Ha4MMo, 1110 QOE — 11e cy0’ eKTHBHA OIliHKa MMOCIYrd Ha MPHUKJIAJHOMY PiBHI KOPHUCTYBaydeM,
SKHH KOPUCTYETbCS mociyror, a QO0S — me Hadip TEXHONOTiH MepeKeBOro Ta KaHaJbHOTO PIBHIB,
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3aCTOCYBaHHS SIKMX JIAIOTh 3MOTy e(EeKTHBHIIIE BUKOPUCTOBYBATH PECYpPCH MEPEXi, OCOOIMBO i dac

nepenaBaHHs MOTOKOBUX BHIIB Tpadiky i 3abe3neueHHs HeoOxigHoro pisHs QOE.

Tabauys 1
IHopiBHsLIbHA XapaKTEPUCTUKA Pi3HUX BUAIB ()OPMYBAHHS Yepr
Kinnesa Jixirep 3-aT[-)I/IMKa y Yacrka
MexaHizm 3aTpUMKa, e ' Wi-Fi mepexi, MOS BTpalIeI-.II/IX
MC MC TIaKeTiB

Be3 ueprn 900 0,025 15 2.5 0.1
WFQ CB 300 0,0001 0,3 39 0.0
Custom 520 0,001 0,5 35 0.02
Queuing
Priority 430 0,006 0,6 34 0.0015
Queuing

[IpakTH4yHMI aHali3 Ta JIOCHI/DKCHHS JOBEIM, IO KEPyBaHHS MEPEKEH 3a JOMOMOTOH0
¢dopmyBanusg uyepr WFQ CB Ha ocHoBi mpioputesalii Tpadiky Iar0Th 3MOTY 3MEHIIUTH 3aTPUMKH B
MEpeKi B TOAUHY HaWOIIBIIOrO0 HaBAaHTAXEHHS 1O TPhOX pa3iB Ta 3aJ0BONBHSIIOTH BHUMOTH

3a0e3neyeHHs skocti QOS.

Tabnuys 2
PesynbTaTu anamizy norokisB JaHux
. Cepenns Yacrtka
Po3mip motoky, ., . . .
HaHpHMOK 6 /C 3aTpHUMKa B KaHaJl 3B A3KY, KinpkicTs xormiB BTpauCHUX
MC makeTis, %
Clientl — Vol P 64,000 0,007 6 0,0
Clientl - WEB 128,000 0,031 6 0,0
Clientl - FTP 64,000 0,024 6 0,0
Edge Router — 19,200,000 0,081 1 0,0
Core Router
Access SW5 — 32,000,000 0,135 1 0,0
Edge Router 2
Vol P— Edge 8,000,000 0,061 2 0,0
Router 2
FTP— Edge 16,000,000 0,067 2 0,0
Router 2
WEB — Edge 8,000,000 0,048 2 0,0
Router 2

HaiiGinbiri 3aTpuMKH y KaHaui 3B’ 13Ky MOXHa criocTepiratu Ha autsHii Access Switch 5 to Edge
Router 2. Lle nmosicHIOEThCS THM, IO BeCh Tpadik, 0 HAAXOIUTh J0 CEPBEPIB, He uepe3 oauH iHTepdeiic
TpaHUYHOTO MapuipyTu3aTopa. ToMy Ha IbOMY iHTepdelici crocTepiraloThcss HAOUIBIN Yepru, po3Mip

MOTOKY Ta CEPE/IHI 3aTPUMKH.

3aTpuMKH, MO € KPUTHYHUM IapaMerpoM sl TiepefaBaHHs TOJOCOBUX JAHUX, 3MEHIIHMIINCH 32
paxyHOK BUKOPHCTaHHS YepT JUIsl pi3HUX THIIB Tpadiky. Tak, KiHIeBa 3aTpUMKa JJIsl TOIOCOBOTO TpadiKy
cranoButh 310 Mc, 1110 3am0BoIbHSIE BuMoru QOS.
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Tabauys 3

PiBenb 3aTpuMoOK y KaHaJIaX PiBHA J0CTYIY 3B’ A3KY

Ta 4aCTKa BTPAYCHUX NnmaKeTiB

3aTpumMka 3aTpuMKa Mics Bapianis satpun Yacrka
Jlinauxa 1o QoS, QosS, e ' BTpAuEHUX
MC MC MaKEeTiB
3aTpumka Ha AiIsTHII 800 310 10 0,0
B aboHeHTa 10
TOYKH TOCTYITy
3aTpuMKa Ha TiasgHII 15 8 5 0,0
BiJl TOUKM J0CTYNY 10
KOMYTATOpa A0CTYIy
3aTpumka Ha AiIsTHII 880 320 25 0,0
Bij aboHeHTa 10
cepBepa
3arpuMmka Bigmosixi 0,07 0,07 0, 008 0,0
BijI cepBepa 10
aboHeHTa
Tabauys 4

PiBenb 3aTpuMoOK y cucTeMi y pa3i KOpucTyBaHHA KOKHUM 3 cepBiciB

Hasga cepBicy

PiBeHB 3aTpUMOK 10
KepyBaHHs, MC

PiBeHb 3aTpUMOK
MiCIIS KepYBaHHS, MC

| P-Tenedonist 900 310
FTP oomin nannmu 1500 390
WEB-cep¢inr 1000 900

Jlyis BCIX DOJATKIB, IO HAJAAKOThCS B MYJIBTHCEPBICHIM MEpexi, mapaMeTpH SKOCTI 3aJI0BOJIbHSIOTH
Bumoru QOS nipu interpamii GSM/Wi-Fi.

BucHoBok. JloCmiKEHO KOHIICMINIO MOOYJOBH KOHBEPI'CHTHOI MEPEXKi, BH3HAYCHO OCHOBHI
HampsIMM PO3BHTKY Ta 11 BIpoBakeHHS. OOIPYHTOBAHO MOXIJIMBICTh IMIIBUIICHHS HAIIMHOCTI HaJaHHS
nociayr MOOUTPHOTO orepaTopa 3a paxyHOK BukopuctanHs TtexHomorii Unlicensed Mobile Access-
Advanced (UMA-A).

[lepexin no mepenaBaHHs AaHHMX MAKSTHUM CIOCOOOM JACTh 3MOTY BIPOBAJWUTH HOBI a0OHEHTCHKI
CepBicH 3 MiHIMaJbHUMH BHUTpaTaMu. BcraHoBneHo Taki Buau Tpadiky mis interpoBanoi WiFi/GSM
Mepexi: mepemaBanas rtomocy (VOWIi-Fi), Bimeoms3BiHkH, BieOoKOH(EpEHIs, IepeJaBaHHs JaHUX,
iHTepHeT-cepdinr, nepenaBanHs romnocy (VOIP) mis koprnopaTHBHHX aOOHEHTIB, XMapHi OOYHCIICHHS,
posroptanHst peMTOCOT JUIsi KOPIIOPATUBHUX AOOHEHTIB.

Texnomoris UMA 103BONHTE 30UIBIIUTH KiIbKICTh aOOHEHTIB 32 PaxyHOK 3aJydeHHsI HasBHHUX 1
MOTCHI[IMHUX KOPUCTYBadiB CTallioHapHUX Mepex. SIkmo aboHeHT mae nomamuoo Wi-Fi mepexy, To
3apagkd UMA BiH 3MOKe 311MCHIOBaTH JI3BIHKM 4Yepe3 Hel, BUKOPHCTOBYIOUHM CBili MOOLIbHMI TenedoH.
Takox MOXXKHA BiJ3HAYWTH IEpeBard €IMHOTO HOMepa abOHEHTa, HW)KYOI BapTOCTI J3BIHKIB y Mexax
enuHoi |P-mepexi. Kpim Toro, UMA-cepBicaMu 3M0XyTh KOPHCTYBATUCh BiJBiyBadi Kade, pecTopaHis,
rorenis, jae ke BcraHoieHo Wi-Fi Touku gocrymy (Hot Spot). Le e oxHa nepeBara Takoro BUPIIICHHS
npoOeMu KOHBEpreHIlii Ta mooynosu MynbTrcepBicHOi NGN Mepexi.

Po3po0iieHo OpuriHAIBHUI NpOrpaMHUM MPOAYKT, SKUH Ja€ 3MOry 3MIMCHUTH ONTHMI3AIliio
pecypeu 3
yIpOBa/pKEHHsIM 1 po3BUTKOM y Hid eneMeHTiB NGN-TexHonmorii Ui CHUIBHOTO PO3ropTaHHS

MepexeBol  1HPPACTPyKTypy MOOLIBHOI'O —oOlepaTopa, IepepO3NOAUIUBIIN MEPSKEBI
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iHpOKOMYHIKamiHHOT Mepeki. A TakoXK MiJBHILEHO SKICTh OOCIYroByBaHHS MOOUTBHMX a0OHEHTIB
PO3MOIIICHUMH CEepPBiCaMH B CUCTEMax MOOUIBHOIO 3B's3KY 13 3aCTOCYBAaHHSM 3alPOIIOHOBAHOIO METOIY
oIiHKK 3aBaHTakeHocTi Wi-Fi kamamy Ta IHHAMIYHOTO pe3epBYBaHHS TMPOIYCKHOI 3MaTHOCTI IS
KIiHI[EBHX KOPHCTYBaYiB y MpOIleci IHTErpalii Mepex.

CdopmoBani cepBicH, 10 HaJaBaTUMYThCcS Yy Mepexi, Ta mapamerpu QOS, ski € 0a30BUMH IS
HaJaHHs TOCIyTH aOOHEHTOBI (3aTpUMKa, BTpaTH, [HKUTEp). JIOCTimKeHa MOBEeIiHKa IHTErPOBAHOI MepeKi
B TOAIMHY HalOLIBIIOro HaBaHTAXKEHHS Ta MEXaHI3MU KEpyBaHHS MEPEXEIO i/l 4ac MepeBaHTaXXCHHS Ha
OCHOBI iMIiTaIliifHOT MOz, po3po0IeHoi B mporpamHoMy cepenosuiii Opnet Modeler.

Bukopucranus kiaacoux uepr WFQ Class Based nae 3Mory quHaMiqHO peryioBaTi HaBaHTaKEHHS
Mepexi Ta 3aJ10BOJILHATH BUMOTH 3a0e3meueHHs sikocTi QOS.
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