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METOJ AEKOMIIO3HIII CTPYKTYPH MEPEKHOI'O ITIPUCTPOIO 3
BIPTYAJII3BAIIE€IO PECYPCIB

B.1. Pomanuyk., M.1. berneii., A.M. Ilpucnyncekuii., [. B. benneit

Hayionanvnuii ynisepcumem ‘“‘Jlvgiécoxa nonimexuixa”,
eyn. Cmenana banoepu 12, Jlvgis, 79013, Vrpaina

3anpononosano nHosuii nioxio 00 nobYO08u Myremucepaicrol inghpacmpykmypu
3 gipmyanizayicio mepedcesux npucmpois. Mynomucepgicna mepedica 3 sipmyaniza-
yielo — ye mepeosica 6 AKil HA OOHOMY A0O OEKINbKOX MepedtcesUx NPUCMpPOSIX GUKO-
pucmosyemuvcs pedicum poobomu 3 gipmyanizayicio. Bipmyanizayis mepesicesoeo npu-
cmpoio nepedbauac cmeopeHHs 060X ado OilbuLe GIPMYATLHUX MEPENCeGUX MAULUH,
SAKI GUKOHYIOMb YHKYIL KOMYMamopa yu Mapupymu3amopa 3 iHougioyaieHum o0o-
CIY208Y8AHHAM NOMOKIE. Po3pobieno memoo 0exomMno3uyii cmpyKmypu MepeicHo-
20 NPUCMPOIO 3 GipMyanizayicio pecypcis, GUKOPUCMAHHS AKUX 68 MYTbIMUCEPBICHIT
inghpacmpyxmypi 3abe3neuums eghexmugHuUll PO3NOOIN MIdIC PISHUMU MePedceaUMU
HOMOKAMU MA 0ACMb 3MO2Y NIOGUWUMU SKICIb 00CTY208Y8AHHS NOMOKIG PeanbHO-
20 Yacy i3 HAOAHHAM eapaHmosanozo pighs QoS cepeicie yymausux 00 empam ma
HeYymaugux 00 3ampumox.

Knwuosi cnosa: napavempu QoS, eipmyanizayis, komMymamop, mepedicesi pe-
cypcu, MynbmucepsicHa mepedica.

MMocTranoBka npo6saemu. CyvacHi TenekomyHikauiiii mepexi (TKM) opienro-
BaHi Ha HaJlaHHA aOOHEHTaM IIMPOKOTO CMEKTPY MOCIYT, KOXKHA 3 SIKHUX MPH Tnepe-
JaBaHHI XapaKTepU3y€eThCs PI3HOTUITHUMHU BUMOTaMH IIOAO MEPEXKEBHUX PecypciB
[1-3]. HepnuHHe 3pocTaHHs MOTOKiB iH(pOpMAaLil NPUBOANUTE 10 MOIEpHi3alii Te-
JICKOMYHIKalliIHHUX MepeX SIK B 4aCTUHI oOJIaHaHHS BY3JIiB MEpexi, Tak i 1010
MOCTIHOTO PO3LIMPEHHS MPOMYCKHUX 3JaTHOCTEl KaHalliB mepeJaBaHHs i 3po-
CTArOUOro 00cAry MOTOKOBOro Tpadiky Ta 3a0e3reueHHs AKOCTi HOTOo rnepeaBaHHs.
30inbieHHsT 00cATiB Tpadiky peasibHOTO Yacy (Tooc, Bifle0) CTBOPIOE psij TPoO-
071eM Ta BUMarae 3acTOCyBaHHs HOBHMX METOJIB pecypcHOi ONTHUMi3alii, MPOTOKOJIiB
YIPaBIiHHS i, BIAMOBIAHO, 3aMiHU oOyiagHaHHsA. OXHUM i3 METOJiB 3a0e3redeHHs
SIKOCTi 00CTyTroByBaHHS Pi3HUX BUAIB Tpadiky € BUKOPUCTAHHS CUCTEMH OOCITyTo-
ByBaHHs 3 npiopuretamu. [Ipu upoMy crictema 00CIyroByBaHHS Ha OCHOBI (ikco-
BaHUX TNPIOPUTETIB Mae icTOTHUH HeAomik. /laHa cuctema He B 3M031 3a0e3MeunTH
HeoOXigHui piBeHb QO0S HU3BKOMPIOPUTETHUM TNOTOKaM [4-6]. JleTanbHuii aHami3
BKa3aHHX MPOOJIeM, ONTUMI3allisl i HATAITyBaHHS BUKOPUCTOBYBAHOTO 001 THAHHS
TKM moxe 3abe3neunTtH 3pocTtarodi BUMord. [Ipu uboMy BUTpaTy Ha MpoBeNeHHS
TakUX poOIT 3HAYHO HWKYi BiJl MOXKITUBUX 3aTPaT HA 3aKyMIBJIIO Ta BCTAHOBJICHHS
HOBOTO TEJICKOMYHIKallifHOTO O0JIaJHAHHS.

Haiibinb1u nepcrnekTMBHUM pillleHHsIM cTocoBHO 3abe3neueHHs QoS Ta 30amaHco-
BAHOTO BUKOPHCTaHHS MEPEKHHUX PECYpPCiB, a TAKOK Y3TOIKEHOCTI MiX PO3B’SI3KAMU
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3aBJaHb MapLIpyTH3aLii, KOMyTaLii, ypaB/IiHHS JOCTYIIOM Ta pe3epByBaHHS pecypciB €
BUKOPHUCTaHHS I onTuMi3arlii oonmanHanas [P-mepex TexHouorii BipTyanizarii Mmepe-
JKEBUX MPUCTPOIB, SIKi FOTYIOTh Oa3uC IS paAMKaIbHUX 3MiH Y cepi HagaHHs MyJIbTH-
MeAiIHHMX TOCTyT uepe3 Mepexy Internet. BipTyanbHi KOMyTaTopy BiIKpUBAIOTh LILISX
HOBUM cepBicam Interet, siki OynyThb i307b0BaHi Bif Tpadiky iHIIMX cepBiciB Mepexi
i 3abe3neyarb KOHTPONIb Hal MPOAYKTUBHICTIO, aMIHICTPyBaHHSIM aipec, 3acobamu
YIpaBIliHHS 1 MepeKeBOIO Oe3MeKor0. Y 3B’S13Ky 3 MM TeMaTuka poOOTH, SKa MPUCBS-
YyeHa IOCIiKEHHIO BipTyali3allil MepeKeBOro MPUCTPOIO 3 METOIO MOKPALLEHHSI SIKOCTI
00cmyroByBaHHsl Tpaiky B MyIBETHCEPBICHUX MEpEexkax, € akTyasbHoIo [7].

Meta crarTi — NOKpAIUMTH 4acoBi MOKAa3HUKHU SIKOCTI OOCITyroByBaHHs Ta
THYUYKOCTi yNpaBiliHHS MEPEXKHUMU pecypcaMu LISIXOM PO3pOOKM METOLY AEKOM-
MO3ULIT CTPYKTYPH MEPEKEBOr0O MPUCTPOIO 3 BipTyaslizalicio pecypciB.

Po3po0bsennst MeToxy 1€KOMNO3HLII CTPYKTYPH MePEKHOI0 MAPLIPyTH3aTOpa
HA OCHOBI Teopil CHCTEM Ta MepeK MACOBOro 06¢cIyroByBanHsi. Y poOOTi 3anpono-
HOBaHO METOJ JEKOMIMO3HLIiT CTPYKTYPU MEPEKHOI0 MapLIpyTH3aTopa Ha OCHOBI T€O-
pii cucTeM Ta MepeK MacOBOro 00CIYrOBYBaHHS, IO JaB 3MOTY 3MEHILUTH (1yKTya-
i YacoBUX MapameTpiB 00CTYroByBaHHS Pi3HUX BUIiB TpadiKy, iKi BAHUKAIOTh Yepe3
KOJIMBaHHS iX IHTEHCUBHOCTI i3 3a0e3neueHHsM QoS. MepexxeBuii npuctpiii 3 Biprya-
Ji3auiero 3rixHo Teopii cucteM MacoBoro oocayroByBaHHs (CMO) MoxkHa 300pa3uTi
3a JONOMOTO KackaJHOro BKIIIOUeHHS OydepHOT nam’siTi, 00CTyroByOUMX NPUCTPOIB
Ta MeHeKepa pecypcis (rinepsizopa) (puc.la). Brparu npoaykTuBHOCTI Ha 00Cy-
rOBYBaHHs TinepBi3opa € HEBUCOKI, MPOTe HeOOXiAHO BpaxyBaTH BIUIMB BipTyasi3aLii
Ha MPOLYKTUBHICTb CUCTEMH B 3aJIEKHOCTI BiJl BUKOPUCTOBYBAaHOI TEXHOJOT'iH BipTya-
Ji3auii B mpolieci NpoeKTyBaHHs KOpNopaTHBHUX Mepesx. BinnosinHo Ha BiaMiHy Bij
BiZIOMUX Y pOOOTi 3AIHCHEHO YIOCKOHAJIeHHs, a came 3anpornoHOBaHO BUKOPUCTATH
koedillieHT BIJMBY BipTyasli3alii Ha MPOAYKTUBHICTL cucTeMHu -k . [loBeniHka Tpa-
¢iky myneTucepBicHOiI IP-mMepexi Xapakrepu3yeTbes pi3HUMM 3aKOHAMU PO3MOAITY i
TOMY TpH BipTyati3allii MepeKeBOro MpUCTPOIO KOXKEH BipTyallbHUH MapLIpyTH3aTop
NpaLtoe i3 CBOIM KJ1acOM TMOCHYT, KOXEH 3 SIKMX OMUCYETHCS BiAMOBIAHOI (QYHKLL-
€10 PO3MOLTY iIHTEpBaliB MiXK MakeTaMu Ta QyHKLI€IO po3MOAiTy TPUBANOCTI 00Cy-
ropyBaHHs. [IpOBIBIIM JEKOMITO3MIIIFO MOJENi MapIIpyTHU3aTopa 3 BipTyallizalliero
(puc. 16) anis ogHoro Tumny Tpadiky OTPUMAEMO CPOLIEHY OQHOCEPBEPHY MOAEb.

~TTIITHe
0)

Puc. 1. Monenb MepekeBOTo PUCTPOIO 3 BipTyaltizaiiero (a) Ta MOIENb BipTyallbHOTO
MmappyTu3aropa (6)
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Jns onucy Takoi MoAeni MO)XKHa BHUKOPMCTAaTW AOBUIbHY CHCTEMY MacOBOIO
obcnyroByBanHs [28]. Jlns npukiany Bukopucraemo cuctemy M/M/1/n, ne Ha BXig
NOCTYMAIOTh BUKJIMKM 3 MyacOHIBCHKMM 3aKOHOM PO3MOALTY, MpU 00’ €qHAHHI SKUX
YTBOPIOEThCS MYJIBTUCEPBICHUI arperopaHuii moTik. OTxke, Ajis 3arpoOrOHOBAHOI
cucremu M/M/1/n HMOBIpHICTb BTpaT B i-My BIpTyaJlbHOMY MaplpyTH3aTopi BU3HA4a-
€TBCS:

p —_ MK MK (1)

i€ /, — IHTEHCUBHICTb MOCTYIUIEHHS MAKETIB i-ro MOTOKY i-r0 BipTyalbHOrO Mapli-
pyTu3aropa ;
M, — IHTEHCHUBHICTb OOCIyrOByBaHHsS MAaKETiB i-r0 TMOTOKY i-FO BipTyalbHOIro
MapIpyTH3aTopa;
1, — KUTbKICTb MicLb B Gy@?pl i —T0 BipTyaNbHOrO MapLIpyTH3aTOpa .
CepenHs KiTbKicTh MakeTiB B Oydepi /-ro BipTyaJlbHOro MapLipyTH3aropa:
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BinmoeigHo cepeaHiii 4Wac miepeOyBaHHS TaKeTa B i-My BIipTyaJIbHOMY
MapLIpyTH3aTOpi MOXKHA BU3HAYUTH Ha OcHOBI (hopmynu JliTTna:
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Y pobori Bniepiiie 3anponoHoBaHo Bukopuctatu ¢opmyay Hopocca nis ouiHku
KIJIbKOCTI MakKeTiB i-ro MOTOKYy B Oydepi i-ro BipTyanbHOro MapuipyTv3aropa, ae
KOJKeH MOTIK XapaKTepU3yeThCsl CBOIMU BJIACTUBOCTAMM Ta BJIACHUM MapamMeTpoM
Xepcra:

L)
ll' lui.K
N[: i H ° (5)
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ne H — mapamerp XepcTa i-ro MOTOKY, IO HAAXOAMTH Ha i-d BipTyasjbHUH
MapLupyTH3aTop.

O06car nam’siTi Oydepa BipTyaabHOro MapLupyTHU3aTopa, 1o NoTpedyeThCs, BU-
3HAYAETHCS 32 HPOPMYIIOHO:

Qi = Ni : ch.i > (6)
ne ch.,- — cepelHs JOBKHUHA MaKeTYy.

Jocaimkenns nponecy aekommnosuuii ¢pizmanoi TOMOIOTIT MyJIbTHCEPBiCHOT
Mepeski Ha BipTyaJbHi MOHOCePBiCHI Ha OCHOBi po3podsenoro meroxy. OTxe,
3aB/IaHHS TUTAHYBaHHS PECypciB 3BOAWTHCS 10 BHOOPY MapameTpiB CTPYKTYpHO-
(dyHKIiOHANBHOT MOZIeTi By3J1a OOCIYTOBYBaHHS, SKi 3a0€3MeuyroTh JIOTPUMaHHS
HeoOXiJTHUX TapaMeTPiBIKOCTi 00CTYTrOBY BAHHS 11151 iH(DOpMaLiiTHUX Gy HKITIOHATTLHO-
OpIEHTOBaHHUX KOPMOpaTUBHUX Mepex. CiyxOu, 10 BUKOPUCTOBYIOTh BipTyasibHi
MaricTpajibHi MapUIpyTH3aTOPH, JIAI0Th 3MOTY KIIIEHTOBi, 6e3 OCOOIMBHMX BUTpAT,
BCTAHOBUTH KOHTPOJIb HAJl MPHUBATHOK MAricTpalbHOK Mepekero i 3abe3neunTu
il Ge3neky, a TakoX OpPraHi3oBYBaTH i3 MYJBTHCEPBICHOT Mepeki BipTyasibHi
MoHoOcepBicHi Mepexi (puc.2.). Tlpu Takiii opraHizailii MyJIBTHCEPBICHUX Mepex
CTIPOILIYEThCA 3a/ja4a BU3HAYCHHS MOJIENi BXiJJHOTO Tpadiky, fKi 6e3 JeKOMIO3UILIiT
BUKOPHCTOBYBAJIM CKJIA/IHI BIACTHBOCTI CaMOTOAIOHOCTI.

Bipryaimnna Mepexa
JUIH TONOCOBMX JAHUX
@
[4 E

Bipryansna mepema
JUIS BiJIEO JIANHX

Qiseas Mepeas
3 Bipryanisanieso

Puc. 2. Mepexesa BipTyaiizailisi 3 1€KOMIIO3HUIII€I0 HA MOHOCEPBiCHI Mepexi

YV poboti 3anpornoHoBaHo ynockoHaneHo ¢opmyny Hopocca ans Bu3HaueHHs
cepelHbOl  KINBbKOCTI MAaKeTiB MeBHOI mociayrd y Oydepi BipTyaabHOro
MapuIpyTH3aTopa. 3anpornoHOBaHO (OpMyNly BH3HA4YEHHS TPUBAJIOCTI 3aTPUMKH
NaKeTiB MOCIYIrd i-ro BipTYaJlbHOTO MEPEXKHOIo MPUCTPOI0 HA BChOMY LIUISAXY
nepenaBaHHs Bij jpkepena Ao azapecara (7) Ta GopMyiny BU3HAYEHHS KiJbKOCTI
BipTyanbHUX BY3JiB Juis 3a0e3neueHHs QoS (8) .
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nie: M — 3arajbHe YMCIIO KaHAJIB 3B 3Ky MiX JJBoMa aDOHEeHTaMU CepBicy;
T, — BEJIMYMHA Yacy 3aTPUMKH PO3IOBCIOMUKEHHS AKETY MOCIYTH i-I0 IPIOPUTETY
no k-kaHaiy 3B’3Ky i-T0 BipTyaJbHOIO MapuLIpyTH3aTOpPa;
N — 3arajibHe 4YMCJIO MEpEeKeBUX MNPUCTPOIB 3 BipTyalizali€lo pecypciB
PO3MillIEeHUX MK JBOMa aDOHEHTaMU CepBicy;
C, - IpoIycKHa 31aTHICTh j KaHaiy.

JocnigkeHHs TPUBaIOCTi3aTPUMKH OCIYT 1 i-rO BipTyallbHOrO MapLUpy TU3aTopa
Ha BCbOMY LIISIXY MepeAaBaHHsl Bi Jxepena A0 ajpecara 31iliCHIOBalIoCh Ha OCHOBI
Mozesli Mepexi Mnoka3aHol Ha puc. 3 i3 BUKOPUCTAHHIM 3anporoOHOBaHOT (GOPMYH
7. Ta eheKTUBHOCTI ii BUKOPUCTAHHS MOPIBHSAHO i3 Bimomor dopmynoro Hoppoca,
sKa He BpaxOBY€ CEpPedHIO KUIbKICTIO makeTiB. BenuuuHy TpuBanocTi 3aTpuMKH
PO3MOBCIOMKEHHSI MaKeTy MOCIYTd i-ro MpiopuTeTy Mo k-kaHamy 3B’3KY B3STO
A7 BCIX OIHAKOBOKO 7, =IMC BUXOASYM 3 TOTO, LIO BMIAJAKOBUM IIPOLIECOM Yacy
3aTPUMKH € TpuBalicTh Oydepusalii naketiB y By3nax, sKMHA BayKKO NPOTHO3YBaTH
3a paxyHOK BIUIMBY 0araTbOX YMHHMKIB, OCOONMBO MpU CKIIAQJAHUX AJITOPUTMaxX
00poOKHM uepr, 110 BUKOPUCTOBYIOTh MPIOPUTETH.

Taetay = K*X [ms] <100 [ms
Diffserv

Puc. 3. Mozens 10ciikyBaHoi BipTyani3oBaHOi Mepexi MPOrHO3YBaHHS TPUBATOCTI 3aTPHUMKH

Sk 6aunMo 3 puc. 3 MoJeNb MoOY0BaHa TaK, MO0 MiJl Yac MPOXOIKESHHS MaKeTy
BiJl JKepelna 70 ajpecara BpaxXyBaTd pi3Hi BUMaAKK KoeillieHTIB 3aBaHTa)KeHHS



116 KOMIT'IOTEPHI TEXHOJIOTTT JIPYKAPCTBA 2018/1 (39)

BIpTyalbHUX BY3/iB MPU SKUMX BHUHUKAIOTh Yepru i3 pi3HUMHU BipTyaJlbHUMHU
30HaMM 3aBaHTaxeHHs OydepHoro pecypcey. [IporHosyBanHs 3ailicHIOBanOChH
Ui TpadiKy CTBOPIOBAHOTO TphOMa IpyNaMM KOPUCTYBadiB, SIKi KOPUCTYIOTHCS
pi3HMMHU MociyramMu B pi3HOMY o0cs3i. [ KoXKHOT i3 rpynu nokaszaHo rpadiku
NPOrHO3yBaHHS YaciB 3aTPUMOK MOCIYT i-r0 BipTyajbHOTO MapLIpyTH3aTopa.

I TNpOrHO3YBa HHA 33 TPHMEKN
Be3 BAOCKOHA NEHHA

&

ETpadix curHanizauii

w
=]

wilonocosi gaHi

M Bi georondepenuin

TpusaAlcts satpumMkn (mc)
[ h
=) =]

MIPTV

(=]

MiuTepuer gaHi

MMegja 3a 3anuTom

Mlurepaxkmeni aaHi

Puc. 4. [Iporto3yBaHHs TPUBAIOCTI 3aTPUMOK MAKETiB MIOCIYT i-r0 BipTyalbHOIro MaplIpyTH3aTopa
JIOCITIPKEHOT MEpexKi JUisl IOMAIIHIX KOPUCTYBaviB

I3 puc.5 6aunMo edeKTHBHICTH BHKOPHCTAHHS 3ampoONOHOBaHOT (opmy-
mu (7), ika BU3HAYa€e TPUBAIICTh 3aTPUMKH MAKETIiB MOCIYT i-r0 BipTyalbHOTO
MapuIpyTHU3aTopa Ha BCbOMY IIJISXY MepeJaBaHHS BiA Jpkepena 0 axpecara.
[TopiBHsAHO i3 pe3ynbTaTaMu MPOTHO3YBAHHS TPHUBAIOCTI 3aTPUMKH MAaKeTiB
BHU3HAYEHUX 3a (HOPMYJIOI0 KOJIM MM HE 3HAEMO KUIBKICTh MaKeTiB i-1 MOCIyTH,
aki nepebyparoth y Oydepi . A came 3a Qopmysor Bigomoro— t= 36.1mc,
a 3a (opmyJoro ynockoHasneHow — t=9.8 mc. Ik 6auuMo epeKTUBHICTL MpoO-
IHO3YBaHHS TPHMBAJIOCTI 3aTPUMKH MaKeTiB TOJOCY MiABMIIMIAchk y 3.6 pasu
Tpadiky CTBOPIOBAHOTO TPYIOI0 JIOMAIIHIX KOPUCTTYBauiB. 3 puc. 5 BU3HAYCHO
e(eKTUBHOCTI MPOTHO3YyBaHHS TPHUBAJIOCTI 3aTPUMKHU MAKETIB BCIX MOCHYT, 10
nepealoThes Y MepexKi rpyrnoro JOMAaIHIX KOPUCTYBaYiB, SIKi MOKa3aHO B Ta0l.
1, ne k — koedilieHT NiABUIICHHS €(PEKTUBHOCTI MPOrHO3YBaHHS TPHUBAIOCTI
3aTPUMKH TaKeTiB MOCIYT.

Tabnuys 1

EdexTuBHICTS NPOrHO3yBaHHA TPUBAJIOCTI 3aTPUMKH NAKETIB
NOCJIYT 3alPOIOHOBAHOI (hopMy.JIH

Ilocayra K
Tonocosi nani 3,656941813
Bineoxondepentis 2,056688548
IPTV 1,589633977
Iarepuer nani 1,093147158
Mejtia 3a 3a1TUTOM 1,0520732
InTepakTuBHI naHi 1,022597916
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3 puc. 5 Bu3HaYeHO e(EeKTUBHOCTI MPOrHO3YBaHHS TPUBAJIOCTI 3aTPUMKH
NakKeTiB BCIX MOCIYT, 110 NEPEAaloThCs rPynoto oicHUX KOPUCTyBayi

Tpusanicte sarpumkm (me)

_| NMporHo3yeaHHA 3aTpumMes bes
BAOCKOHA NEHHA

@ Tpadik curnanizanii

u Nonocosi pani

& BigeokondepeHuin

M IPTV

& iHTepHeT paHi

& Mepia 3a 3anMTom

& IHTEpaKMBHI AaHi

Puc. 5. [IporHo3yBaHHS TPUBAJIOCTI 3aTPUMOK TMAKETIB MOCIYT i-TO BipTyaibHOro
MapIHIpyTH3aTOpa A0CIiIKeHOT Mepesxi s 0iCHUX KOPUCTYBadiB

Tabnuys 2

EdexTuBHICTS NPOrHO3yBAHHA TPHBAJIOCTI 3aTPUMKH NAKETIB
MOCJIYT 3aNpoNoHOBaHoI popmyJin

ITocayra K
lonocoBi nani 5,242391304
Bineoxondpepentiis 2,492031981
IPTV 1,048893775
Inreprer naHi 1,419830823

Mejiia 3a 3a1IUTOM

1,159452151

InTepakTuBHI naHi

1,247084569

Tpuaanicte 3aTpumKn (mc)

KoediuwicHmH 3asaHTaMeHHA NpUCTPOIB

| NporHo3ysaHHA 3aTpumkm Ge3
BAOCKOHANEHHA
 Tpadik curHanizauji
u Nlonocosi paHi
@ Bi geokondepenuin
W IPTV
M iHTEepHeT gaHi

& Megja 3a3andTom

M IHTEpaKTMBHI AaHI

Puc. 6. [IporHo3yBaHHs 4aciB 3aTPUMOK MOCIYT i-r0 NPIOPUTETY JOCHIIKEHOT Mepexi s

LEeHTpY 00pOoOKH NaHUX
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3 puc. 6 Bu3HAYCHO €(EeKTUBHOCTI MPOrHO3YBaHHS TPUBAJIOCTI 3aTPUMKH
MaKeTiB BCIX MOCHYT, IO MepelaloThCsl Y MEepeXKi rpymnoro HEeHTPiB 00poOKH JaHHMX,
sIKi ToKa3aHo B Tabmuii 3, Ae k — koedillieHT migBUIlleHHs! €)EKTUBHOCTI MPOTHO-
3yBaHHS TPUBAJIOCTI 3aTPUMKM MakeTiB nociyr. Sk 6auuMo oTpuMaHi pe3ynsraTu
NPOrHO3yBaHHS TPUBAJIOCTI 3aTPUMKHU NAKETiB MOCIYT CHIiBNAAaloTh i3 pe3ybTaTaMu
HE BIIOCKOHAJIEHOT OPMYIH, Lie MOXKHA MOSICHUTH TUM, 1O KOPUCTYBayaM LICHTPiB
00poOKM JaHUX HE € BaKJIMBUMM MOCIYTH T0J0CY, TOMY BOHH OOpOOIATUMYTbCS
i3 TIpIIOK SIKICTh 32 PaXyHOK TMOMIIIIEHHS MaKeTiB y 30HY BipTyaibHOro Oydepa
NpU3HAYEHOro AJ1s1 00CIyroByBaHHs LEHTpPiB 00poOku aanux. Takuii nigxia MoxHa
BUKOPUCTATH Ha eTarli MPOEKTYyBaHHS, a TakoX AJS MiABULIEHHS €(eKTUBHOCTI
(yHKLIOHYBaHHS peajlbHOI KOPIIOPaTUBHOI MEpExi.

Tabnuys 3

EdexTuBHiCTS NPOrHO3yBaHHS TPHBAJIOCTI 3aTPHMKH NAKETIB
NMOCJIYI 3aNPONOHOBAHOI hopMyJIH

ITociyra K
T'onocosi mani 1,044663908
Bineoxongepentiis 1,0301216

IPTV

1,005460956

Inreprer nani

1,253073463

Megaia 3a 3anuTom

1,017641898

IHTepakTUBHI aHi

1,05376165

3 puc. 7 — 9 BU3HAYEHO, MPOTHO3YBAHHS KiJIbKOCTI BIpTyallbHUX BY3J1iB B MEpexKi,
sika 3abe3neuye QoS Mmpu pi3HUX 3HAYSHHAX CepeTHbOTO Koe(illieHTa 3aBaHTaKESHHSI
Mepexi A TPhOX rpyn KopucTyBauiB. Ta nokazaHo e(heKTHBHICTh MPOrHO3YBaHHS
i3 3aCTOCYBaHHs BIOCKOHAJICHOT (POPMYITH ISl TOCITYT PeaibHOTO Yacy.
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Cepenne a2t poedmiciiTa Jasan Taueng Mepei

W T AN PEATRMOND WACY MIPH CTAMAAPTHOMY MPOrHGIIR MM
ik AIEE TOROCY MPH BAGCKOHATEHOMY MPOTHOIBAHI
deiek 108 BiTeOROMH(EpeHLEE MPE BAOCKOHATEHOMY MPOrHOTYBAHMI

Puc. 7. Ilporuo3yBaHHs KiIbKOCTi BipTyaJbHUX BY3JiB B MEPEXi,
sika 3abesnedye QOS [uist rpyIy AOMAIIHIX KOPUCTYBadiB
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Odvicrn xopicTyBas

Kttt s 1 Wepeskl jum seboieenios Qo3
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Cepemae  mammeni KosiLrHTa I8 AHTIEEHHE MEpeii

S0 LI SAHIE PEATRHOTO SACY MPH CTAHIAPTHOMY MPOTHOTYBAHHI
Wik AT FOROCY FIPH BAOCKOHANSHOMY NpOrHOTyE Mt
A Y

ee 208 B P ATHOMY 3 T

Puc. 8. [Iporao3yBaHHs KiTbKOCTI BipTya/ibHUX By3J1iB B MEPEKI,
ska 3abesneaye QOS mist rpynu oicHUX KOpUCTyBadiB

Hentp obpoben samnx

Kismgicts myanin B sepesi s sabovonen s QoS

-
.6 [ o8 03 1

Cepeane 1HaMEHHa KoABRICHTA 2AR TR OHME Mepeni
SR INE JANIE PEATLHOND SMACY NPEH CTAHNIAPTHOMY MpOrHorymai
il ITE POAOCY NP BOOCKOHATCHOMY POrHOIYE aHHI

was Ona B il P ¥ MPOrHOTYBAHHE

Puc. 9. [IporHo3yBaHHA KUTBKOCTI BipTyanbHUX BY3JIB B MEPEXi,
ska 3a0esneuye QOS st rpynu HeHTpu 0OPOOKH JaHUX

3 rpadikiB 6auMMO TepeBard BUKOPUCTAHHS 3alpONOHOBAHUX (OPMYI SIKi 1at0Th
3Mory e)eKTUBHIIIIE YIPABIATH MEPSKEBUMHU pecypcamy, i3 3abe3redeHHsIM HeoOXi-
HOT SKOCTi 00C/TyroByBaHHs a0OHEHTIB. A TaKoX J03BOJISIE OTPUMATH Pe3yJBTaTH 3 BU-
11010 TouHicTIO (Tabn. 1 —3), 3arayibHoi TprBasiocTi Oydepuzallii MakeTiB MEBHOTO CEpPBi-
Cy MpH MPOXOKEHHI Yepe3 BipTyallbHi By3JTH i3 pi3HUM KoediLlieHTOM 3aBaHTa)KEHHs! Ha
eTari MpOeKTyBaHHs Ta MPOrHO3YBAHHAM KUIBKOCTI BY3JIiB B Mepexi, ka 3abe3neuye
QoS a7 naHMX peanbHOro Yacy CTBOPIOBAHUMH Pi3HUMH TpyNaMy KOPUCTYBaUiB.

BucnoBkH. 3arponoHOBaHO MaTeMaTHYHY MOJIENIb MEPEKEBOTO MPUCTPOIO 3 Bip-
TyaJIbHUIMH MapLIpyTH3aTopaMu. 3a JOMOMOrol0 AaHOr0 MaTreMaTH4yHOro MpencTaB-
JIeHHs! po3po0IeHO METOA AEKOMIMO3HLT CTPYKTYPH By3Ja, IO Ja€ 3MOTY BU3HAYMTH
OCHOBHI TTapaMeTpH CUCTEMH BIpTyaJibHHUX 4epr, 1110 0a3yroTbes Ha anroputMi FIFO
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3 METOIO MPOBEAEHHS aHajli3y e(pEeKTMBHOCTI BUKOPUCTAHHS MEPEKHUX pecypciB, a
TaKO)K BU3HAUSHHS1 apaMeTpiB sIKOCTi 00CTyroByBaHHs MOTOKIB TpadiKy cepBicCiB, 110
HaJaloThes, 47151 331aH01 IHTEHCHBHOCTI HaAXOKEHH:I TAKeTiB Ha BXinHUH iHTepdeiic
MEPEKHOIO eIeMEHTY. 3arponoHOBaHO MiXif 1OA0 NPOrHO3yBaHHS TPUBAJIOCTI 3a-
TPUMKH NIAKETIB MOCIIYTH i-r0 BIpTyanbHOr0 MapuIpyTU3aTopa Ha OCHOBI SIKOTO MOKHA
OTpPUMAaTH Pe3y/IbTaTy 3 BUIIOK JOCTOBIPHICTIO, 3arajibHOro yacy Oydepu3sanii nake-
TiB MIEBHOT'O CepBicy MpPHU MPOXOPKEHHI Uepe3 BIpTyaslbHi BY3/M i3 pi3HUM KoeiLlieH-
TOM 3aBaHTAXKEHHS Ha eTarli NPOEKTYBaHHs U151 Pi3HUX (yHKLIOHATbHO-OPIEHTOBaHUX
KOPIOPaTUBHUX MEpex. A TaKOoX pO3paxOBaHO MaKCMMalbHY KiJIbKiCTb TPAH3UTHUX
BY3J1iB, sika MOke OyTH BCTaHOBJIEHA /115 IKICHOTO HalaHHSI MYJIBTUCEPBICHUX MOCIIYT.
J1st ronocoBux aHUX MPOrHO30BaHA JOMYCTHUMA KUTbKICTh TPAH3UTHUX BY3J1iB 301/1b-
mmnach y 3.6 pasiB miciist 3acTocyBaHHS BipTyanizauil.
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METHOD OF DECOMPOSITION OF NETWORK DEVICE STRUCTURE
WITH VIRTUALIZATION OF RESOURCES

M. M. Klymash., M.I Beshley., Y.L Deschynskyy., O.M. Panchenko

Lviv Polytechnic National University,
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A new approach to the construction of multiservice infrastructure with virtual-
ization of network devices is proposed. A multiservice network with virtualization is
a network in which on one or several network devices the mode of work with virtu-
alization is used. Virtualization of a network device involves the creation of two or
more virtual network machines that perform the functions of a switch or router with
individual service streams. The method of decomposing the structure of a network
device with virtualization of resources is developed. This method will provide an
efficient allocation between different network streams and allow you to improve the
quality of real-time streaming services, providing a guaranteed level of QoS services

that are loss-sensitive and delay-insensitive in a multiservice infrastructure.
Keywords: QoS parameters, virtualization, switch, network resources, multi-
service network.
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information from reading of laser acoustic intelligence systems has been carried
out, as well as the study of the spectral characteristics of deposited films in the
range of waves from 300 to 1500 nm. The spectra of films for different types of
glass have been shown.

Novelty. As a result of studies of the spectral characteristics of the sprayed films,
it has been established that protective films reduce the effectiveness of the laser
intercepting means of speech information due to a sharp decrease in the power of the
reflected signal. The high reflection coefficient of the visible light makes it unlikely
(virtually impossible) to make the optical exploration of the premises, including
control of information on the PC display screens through windows with glued films
in the daytime.

Practical Significance. The development of specialized films is of interest for
the protection of information from laser acoustic intelligence systems, and can also
be used in the field of modern technologies for the protection of objects.
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METHOD OF DECOMPOSITION OF NETWORK DEVICE
STRUCTURE WITH VIRTUALIZATION OF RESOURCES

V.L.LRomanchuk, M.I Beshley, A.M.Pryslupskiy, H.V.Beshley

National University “Lviv Polytechnic” 12, S. Bandera St., Lviv, 79013, Ukraine
mklimash@Ip.edu.ua, romanchuk@|Ip.edu.ua

Research Methodology. The method of adaptive structural-functional synthesis
of'the logical infrastructure of the corporate network has been suggested for ensuring
the requirements to the network's performance, the efficiency of data delivery and
the quality of customer service. In the course of research, the following theoretical
principles such as the theory of mass service systems, the theory of optimization,
the theory of telecommunication systems, the theory of hierarchical systems,
mathematical and simulation modeling have been used.

Results. The reliability of the estimation of the admissible number of virtual
nodes of the multiservice corporate network from 1.1 to 5.1 times has increased and
the forecasting of the latency of service from end to end in conditions of fluctuation
of heterogeneous traffic from 4 to 30%, depending on the target orientation of the
network infrastructure.

Novelty. For the first time, the method of decomposing the structure of a network
router has been suggested. This method is based on the structural and functional
model of virtualization of its resources, which made it possible to reduce the
fluctuations of the time parameters of service of different types of traffic that arise
due to fluctuations in their intensity, maintain specified service quality parameters,
and evaluate the efficiency of scalable network solutions of corporate class.
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Practical Significance. The results of the work can be applied in the development
of methods of adaptive management of resources in network devices for specialized
multiservice telecommunication networks with high requirements for the efficiency
and guarantee the exchange of information within the tendency to create networks
of the new generation.
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SIGNAL SIMULATOR OF THE ELECTRONIC CONTROL BLOCK OF
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Research Methodology. Different methods of signal simulation of automobile
electronic control units have been analyzed. Modeling an automobile ABS is to
compile a car dynamic model, an algorithm for the antiblocking system for each
wheel, the modeling of the executive part of ABS, and contact interaction of the
road wheel with the road surface. When implementing the simulator of signals, the
flat dynamics of a car wheel in the braking mode has been used. Simulation of ABS
signals is done using the Simulink application in the MATLAB environment.

Results. In the work the simulator of sensor signals and actuators of the
electronic antiblocking system of the laboratory stand on the basis of Opel Vectra A
vehicle in the MATLAB environment has been developed. The simulator allows you
to model different modes of operation and malfunction with subsequent diagnosis
using automobile scanners.

Novelty. The novelty of the study is the new approach to the creation of a
dynamic ABS vehicle model. The simulator provides a flexible system for forming
the signals of sensors and actuators using the Simulink application in the MATLAB
environment.

Practical Significance. The realized simulator is an integral part of the training
stand on the basis of the Opel Vectra automobile and it is used in the educational
process for the training of automobile electronics specialists at the Department of
Computerized Automation Systems at National University “Lviv Polytechnic”. The
method can be used at service stations during repairing and diagnostics of ABS of
a car.



