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VY 10CKOHAJIEHHS aIrOPUTMY K€pyBaHHS iH(popMalliiHUMU

MOTOKAMHU Y BY3JIaX TEJEKOMYHIKAI[IHHUX MEPEK
M. A. Cxynum

Cesacmononbcokuil Hayionanvuitl mexniynui ynieepcumem, Ykpauna

Bricokne TpeGoBaHMS K KadecTBY Iepeaaddl HHPOPMAIMOHHBIX TOTOKOB MOOYXKIAIOT
YUEHHBIX pa3pabaThIBaTh Bce HOBBIE W HOBBIE METOJBI MOBHIMEHHS 3(deKTHBHOCTH
paboTBl  TENEeKOMMYHHKAIlMOHHBIX ceTell. B pamkax pmaHHOW cTathu OBLIH
uccnenoBanbl nokazarenu QoS, crmocoObl paclpeneieHus CETeBOro pecypca u
IpUBEEH HOBBIM anroput™m obcmyxuBanusi ouepeneil. HeoOxomumocTs B HOBOM
AIMOPUTME BO3HUKACT B MYJIbBTUCEPBUCHBIX CETAX, TAC HCO6X0)II/IMO nepeaasarb
BBICOKOIIPHOPUTETHbIE MHMOPMALMOHHBIE IIOTOKH. TakoW anropurM MCKIIOYaer
9pJAHTOBCKHE TIOTEPH TMAKeTOB TIOTOKOB 33JaHHOTO THUNAa U OOeclednBaeT
2 PeKTUBHYIO TIepeaady TpapUKOB HIH3KOTO IIPHOPUTETA.

Kniouegvie cnosa: menekoMMYHUKAYUOHHBIE CeMU, MYIbIMUCEPSUCHbIE —Ceml, An20PUMM
obcryacusanus oepeoetl, 5pranz08ckue Nomepu, Mmpagpux HuU3K020 NPUOPUMema.

Bucoki BUMoru 0 SKOCTI mepenadi iHpopMaliiHUX IMOTOKIB CIOHYKAIOTh HAYKOBIIIB
po3po0yATH Bce HOBI i 1 HOBI MeTOOM MiABHINEHHS e(EeKTHBHOCTI poboTu
TeJeKOMYHIKaIiifHuX mMepex. B pamkax manoi crarti Oyjau AOCHIIKEHI MOKa3HUKH
QoS, cmoco0u po3momily MEpeXeBOro pecypcy Ta HaBEACHHHM HOBHI alroputM
obcayrosysaunnst uepr. [Torpe6a y HOBOMY anroputmi BUHHMKAE y MYJIBTHCEPBICHHUX
Mepexax, [e HEeOoOXiJHO IepejaBaTd BHUCOKOIpiopuTeTHi iHpopmauiiini MnOTOKH.
Taknif anropuT™M BHKIIIOYAE epIIAHTIBCHKI BTPATH IaKeTiB MOTOKIB 3aJaHOTO THIY Ta
3abe3nedye eeKTUBHY Nepenady HU3bKO MPiopUTETHHX TpadikiB.

Knrouoei cnoea: menexomynixayiina mepeosica, myremucepsicna mepeoica, ,an20pumm
obcryzo8yeantis yepe, epranziécbki empamu, Hu3bko npiopumemnui mpagpix

Requirements to quality of transmission of information treads induce the research
workers to develop all new and new methods of increase the efficiency of work of
telecommunication networks. In this article the QoS indexes were explored, methods
of distributing of network resource. A new algorithm of maintenance of turns was
presented in the article. A necessity in a new algorithm arises up in multiservice
networks, where is nessusary to pass the high-expedited informative treads. Such
algorithm exclude the Erlangs losses of packages of streams of the set type and
provides the effective transmission of low-expedited traffics.

Keywords: telecommunication networks, multiservice networks, algorithm of service queues,
Erlang loss, low priority traffic

1. Beryn

TesekomyHiKallitiHi TEXHOJIOTT, SIK 1 1HIIII TEXHOJIOTIYHI MPOLIECH, 3MIHIOIOTHCSI ITi]]
BIUTHBOM BHMOT HaBKOJHIIHBOTO CBiTY. | 0JJOBHAa MeTa IMX 3MiH, NPHU BUIPABIaHUX
BUTpaTax Ha MoOJepHizamilo abo moOymoBy Mepexi, € 30UTbIIeHHS SKOCTi Ta
301JIbIICHHST CHEKTPY iHQoMalliliHo-TeeKkoMyHiKalifinux nociayr. Cepell roJOBHUX
3MiH CJi BigMmiTHTH BUKOpucTaHHS TexHonorii all-over-IP («Bce mo IP») 3
KOHBEPTeHIli€lo pizHOpimHOTO Tpadiky B paMkax eauHoil [P-mepexi, miaBHIIEHHS
BUMOT JI0 MIBUAKOCTI TIepeJadi Ha BCIX JMUISTHKAX MEPEXKi, a TaKOX BUHUKHEHHS
notped KOPUCTYBaviB y JICKiTHKOX BUIAX MOCIYT (TenedoHis, nepeaada JaHuX, Bigeo)

i3 3aJaHNM piBHEM SIKOCTi 00CITyroBYBaHHs [1].
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2. 3a6e3neyeHHsI SIKiCHOTO 00CJIyrOByBaHHSI A00HEHTIB

3 ornsmy Ha 0OMEXKEHICTh MepeXkeBHX pecypciB (OydepHOTro mpocTopy Ha By3lax
Mepexi, MPOIYCKHOT 3JlaTHOCTI TPaKTIB INepeiadi, po3paxyHKOBUX MOTYXKHOCTEH Ta
yacy Ha NMPHUHHATTA KepiBHUX DIllleHb) MYJIhTHCEpPBICHA TeJEKOMYyHiKalliifHa Mepexa
MOBMHHA MaTH eeKTHUBHI 3acobm 3abe3nedeHHS QoS. TepMiH «IKiCTh TOCTYyT» B
pexomennarii E.800 MCE po3ymieTbes sk gesika iHTerpaibHa OIliHKa, 10 BU3HAYAE
CTYMiHb 3aJI0BOJICHHS KOPHCTyBaya IMOCIYTOI0 3B 3Ky, 10 oMy Hamaetbes [S]. Y
Mepekax HACTYIMHOTO MOKOJIHHS pimeHHs 3a7ad QoS 3MiiCHIOEThCS Ha KOXKHOMY 3
TPHOX PIBHIB y MijicHcTeMaxX aJMiHICTPaTUBHOTO KepYyBaHHS, KePYBaHHS TEXHIYHOIO
eKCIUTyaTali€o Ta JuHaMidHoro kepyBaHHs [2]. EdekTuBHICTh TeleKoMyHiKaIiifHuX
Mepex, o0y qoBanux Ha npuHiunax NGN, 6arato B YoMy 3aJIeKUTh Bijl KOPEKTHOCTI
po3B*s3Ky 3amau QoS [3].

SIkicne  oOciyroByBaHHs — 3a0e3rneuyerhcsi  pisHUMHM  criocobamu.  Mera
3abe3neueHHs sikocTi 00ciyroByBanHst aboHeHTiB y TKM — HajiaHHs rapaHTOBaHMX Ta
mudepeHniioBaHuX MOCIYT y MacInTabax Mepexi 0JJHOTO onepaTtopa. B pamkax qaHoi
ctatti posrisinaeTees [P-mepexa. Jlmdepenmiamis mocayr oOyMOBIIOE HasBHICTH
JICKITPKOX PIBHIB SKOCTI OOCIYTrOBYBaHHS, KOXHOMY 3 SIKHMX Bi/IOBila€ BiacHa
apxiTeKTypHa MOJIenh 3abe3neueHHs GyHKid QoS.

Tunose pimenHs 3aaa4 QoS 0XOIIIIOE HACTYIHI 00acTi [4]:

kinacugikaiis TNPUKIATHOTO MPOTpaMHOro 3abe3ledeHHs 3 MpHU3HAYCHHSIM
NpiOpUTETIB Ta JUdEpEHIIFOBAaHHM TpadiKy;

npodimroBaHHs iHPOpMaIIiiiHOTO Tpadiky;

oOMexeHHS iH(hOpMAaIlifHIX TIOTOKIB, IO HAIXOASTh BiJl KOPUCTYBAiB;

KepyBaHHs d4epramMu i3 BCTAHOBJICHHSIM MOC/iJI0BHOCTI OOpOOKM NaKeTiB Ha
MEpEKeHUX BY3JIax;

MapIpyTH3AIlisi MEpEXKEHOTO Tpadiky.

KnacugikyBarn OCHOBHI MOCIyTH, 10 HAJIAIOTHCSl B MYJIBTUCEPBICHUX MEpexkax B
pamMkax 3abe3neueHnst QoS MOXKHA MO TPhOX OCHOBHUX XapaKTEPUCTUKAX [S]:

Yy TIUBICTH J0 BETMYUHH MPOITY CKHOT 3/JaTHOCTI, IO HAaJIA€ThCS;

Yy TJIUBICT JI0 3aTPUMOK;

Yy TJIMBICTH JIO BTpaT.

KinpkicHO CTymiHb YyTIWBOCTI TPHUKIATHOTO TPOTPAMHOTO 3abe3meueHHs
OI[IHIOETHCA TO BiJNOBITHUX MOKA3HUKAX AKOCTI OOCIYroByBaHHS iH(opMaIiiftHux
TpadikiB. /I0 0CHOBHHX TOKa3HWKIB QOS BiTHOCATHCS TOKA3HWKHU TPOTYyKTHBHOCTI
(mBHIKiCHI BapiaHTH), TOKA3HWKH YacOBOi MPO30pOCTi  (YacoBi TOKa3HUKH),
MOKa3HUKUA CEMAHTUIHOT TIPO30pOCTi (TTOKa3HUKHU HAJIITHOCTI Ta JJOCTOBIPHOCTI).

JIo OCHOBHUMX TOKa3HHUKIB MPOJAYKTUBHOCTI CETH BiJIHOCSATh €(EKTHUBHY, ITIKOBY,
CTIfiKy Ta MiHIMallbHy HIBMJKOCTI Iepeaadyi, 10 BUMIPIOIOTh SIK MpaBHJIO B OiT/C.
MiniManbHe 3HAUEHHS NPOJAYKTHBHOCTI 3a3BHYall TapaHTYEThCsS MOCTABIIMKOM
MOCIIYT, SIKU B CBOIO 4epry, NMOBMHEH MarTu TapaHTil BiJl MEpEeXHOro npoaaiiiepa.
[TapameTpyn ToOB‘s13aHi e()EKTHBHOIO MIBHAKICTIO TMepeaadi MOXYTh OyTH BH3HA4YEHi
yepes neckpuntop tpadiky [P-mepexi, mo onucanmii B pekomeraamisx MCE-T.1221.

Jpyruit BaxnuBuil KpuTepiii Kiacudikailii 3acTocyBaHb 3a TUIOM Tpadiky ix
YyTIMBICTh JI0 3aTpUMOK makeTiB. B pexkomenmamii MCE-T.1540 3atpumka €
OCHOBHUM TMapamMeTpoM, IO XapaKTepu3ye JOCTaBKy makeriB [P-mepexi, i
BUpaxkaeThcsi depe3 mapamerp 3atpumku IPTD (IP packet transfer delay), mio



BicHuk XapkiBcbkoro HaujoHanbHoro yHisepeuteTy Ne863, 2009 239

BU3HAYAETHCS IK 4ac JIOCTABKM MMAKETy MK JDKEPEIOM Ta OTpUMYBAueM JUIsl BCiX
MAKETIB SIK YCIIITHUX TaK i MaKeTiB 3 MOMILIKAMHU.

3. Orasa 3aco0iB po3noaijy kaHaJdbHUX Ta OydepHux pecypciB B TKM

VY Bumajkax, KoJdu Mepexa ONu3bKa 0 CTaHy MEepeBaHTAXKCHHS, /Ui PIMICHHS
3agad QoS I OKpeMoro mOTOKY iHdopmariiiHoro Tpadiky BHKOPHUCTOBYIOTHCS
3acO0M KepyBaHHS dYepraMd. YMOBHO iX MOXHA TOMIITUTH Ha alTOpPUTMH
00CIyroByBaHHS 4Yepr Ta aTOPUTMH MPEBEHTUBHOTO oOMexeHHs yepr. Ha mpakruri
HaliO17IbIIIe OMUPEHHST OTPHMANN HACTYITHI alTOPUTMH:

- PQ (Priority Queuing) —anroputM oOOCIYroByBaHHsS 4Yepr 3 aOCOIMIOTHUM
MPiOPUTETOM;

- CBQ (Class-Based Queuing) — anroput™ 00CcIyroByBaHHS 4epr Ha OCHOBI KJIaciB
TpadikiB, mo nepeadavyae BUIUICHHS BCIM KjacaM HOMIHAJIBHOT [POIYCKHOI
3JIaTHOCTI;

- WFQ (Weighted Fair Queuing) — 3BaxeHWiI aJlropuT™M pPiBHOMIPHOTO
00CIyroByBaHHS 4epr Ha OCHOBI PO3paxyHKy MOPSAKOBOTO HOMEpPY MaKeTy, SKHit
nependaydae 30iMbIIeHHST a00 3MEHIICHHS PO3Mipy Yeprd B 3aJeXHOCTI BiJ PiBHS
npiopuTery;

- DWFQ (Flow-Based Distributed WFQ) — po3noainennii 3BaKeHuil aaroputm
PpiBHOMIpHOTO 00CITyTOBYBaHHS Y€pT Ha OCHOBI MOTOKY;

- CBWFQ (Class-Based Distributed WFQ) — po3noisieHuii 3Ba)K€HUI allrOpUTM
PIBHOMIpHOTO OOCITYTOBYBaHHS 4epr Ha OCHOBI KJacy, IO JIO3BOJISIE BKa3aTH
NoTpiOHY MiHIMANBHY MPOITYCKHY 3/1aTHICTh JJIsl KOXKHOTO Kiacy Tpadiky;

- WRR (Weighted Round Robin) — 3Baxenuii ajroputm KpyroBoro
00CITyTOBYBaHHS,

- DRR — anropuT™ KpyroBoro o0CiIyroByBaHHS 3 JIEQIIUTOM.

AnropurMu oOciyroByBaHHs dyepr B IP-mepexax ta ATM-mepexax € oJHUM 3
pimenp 3amad QoS NUIAXOM 3aBYaCHOTO BCTAHOBICHHS MOPSAKY BUKOPUCTAHHS
KaHaTpbHUX Ta OydepHuX pecypciB Mepexi TOOTO caMm MpPOIEC PO3MOALTY Ma€ JiTKO
BUPXCHUI CTATHCTHYHUX XapakTep.

[IpiopuTteTHe 0OCTYrOBYBaHHS YepT JIO3BOJISE TapaHTyBaTH HaJaHHSA BCi€i cMyrH
npomnyckanHg Tpadiky, HEOOXiTHOMY sl PIMICHHA KPUTHYHO BAXKIMBHUX 33724 MPHU
irHopyBaHHi permrtu Tpadikis. J[71s BUKOPUCTAHHS 3aMOBJIIEHOTO O0CITyTOBYBaHHS 4epT
rapaHTyeThCcs HaJaHHS BU3HAUYEHOI CMYTH TPOIMycKaHHS Tpadiky, HeoOXiTHOMY JUIs
BUKOHAHHS KPUTHYHO BAXJIMBHUX 3a]ad i B TOH camMHii 4ac BPaxOBYIOUH PEIITY
Tpadikis.

AJTOPUTMHU TIPEBEHTHUBHOTO OOMEXEHHS 4epr MPUHMAlOThCs JUIS PEryJIIOBaHHS
JIOBXXUHU yepru. € HACTYIHI aJIFOPUTM: AJITOPUTM JIOBIJIBHOTO PaHHBOTO BUSIBJIICHHSI
— RED (Random Early Detection), 3BakeHuii anropuT™ JOBITFHOTO PaHHBOTO
susiBiieHHss — WRED (Weighted RED), 3Baxxenuii anroputm JOBiJIbHOrO PaHHLOTO
BUSIBJICHHSI Ha OCHOBI MOTOKY — Flow WRED, anroputM sBHOTO MOBiTOMJICHHS PO
nepeBantaxkerHs ECN (Explicit Congestion Notification), anroputM BHOIpKOBOTO
BimkmmanHs makeTiB - SPD (Selective Packet Discard) .

B ocHoBHOMY BCi mepepaxoBaHi 3aco0HM BiIHOCATBCS /0 3aco0iB JIOKaJILHOTO
KepyBaHHA TpadikoM Ta MepeKeBIMH pecypcamiu. B iX OCHOBI OKIIaJIeHI IepEBaKHO
JISIICHTPATi30BaHi aITOPUTMH Ta MEXaHI3MU KEPYBAaHHS PECYPCAMHU, III0 PEali3yloThCs
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Ha okpemux Bysjiax TKM. Bapro Takoxx BiMiTUTH, IO HEIOJIKOM BCIX OINUCAHMX
3aco0iB KepyBaHHA Ta OOpOTEOM 3 TEpPEeBAaHTAXKEHHSIMH € peami3allisi CTaTUYHOI
cTpaterii po3moAilly KaHalbHHX pecypciB. KpiM Toro, B mporieci KepyBaHHA HeE
KOOPJIWHYIOTHCSI PyIIEHHS, OTpUMaHi Ha OKPEMUX MEPEKEBUX By3Jax.

Jlo npyroi kateropii 3aco6iB QoS indopmamniiHnX TpadikiB BiTHOCITHCS 3acO0H
3araJbHOCHCTEMHOTO KEpYBaHHS — MapIIpyTH3alis, pO3MOJil KaHAJbHUX Ta
Oy¢epHux pecypciB B iHTepecax iH(OpMaIiifHUX MOTOKIB KOpPHCTyBadiB B 1pomy
BUIAJIKy KEpYBaHHS HOCUTH PO3IOJUICHUI XapaKTep, mepedadaroun BUCOKUI PiBEHb
V3rOJKEHOCTI y  BUKOPUCTaHHI  MepeXeBHX  pecypciB.  BaxmuBicth  Ta
MEepIIOYEProBiCTh YIOCKOHAICHHS 3aC00iB 3aralbHOCHCTEMHOTO KEPYBaHHS MOJIATA€e
y TOMY, 110 cam€ BOHM I[IJIKOM BH3HA4alOTh €(EeKTUBHICTH POOOTH 3acO0iB nepuiol

rpyIu.

4. Y10CKOHAJIEHHS aJIrOPUTMY 00CJYTOBYBAaHHS Yepr

B crarti mpencraBieHuit  OpUTiHAJIBHUA — @JITOPUTM  KEpPYyBaHHA 4Yepramu
iHpopMariiiiHnx 3asgBOK, MO0 O0a3yeTbcs Ha OAHOMY 3 Bigomux amroputMmiB WRR
(Weighted Round Robin - 3BakeHmMii MeXaHi3M KpyTroBOTO OOCIYTOBYBaHHS) Uepr.
Po3pobka anropurmy mnepecinigye mery 3a0e3lneueHHS MaKCUMAIbHOI JOCTYIHOCTI
BHCOKOTIPIOPUTETHOT TOCIYTH 3B 53Ky MpH 30epexeHHi ePEeKTUBHOTO PO3MOALTY
MEpPEKHOTO pecypcy, SKuil 3a0e3MeuyeThesi 3BRXEHIM MEXaHi3MOM  KpYTOBOTO
00CITyrOByBaHHS YEpr.

3BaKeHUI MEXaHi3M KpyroBOTO OOCIYyTOBYBaHHS SIBJIsIE COOOIO PpO3IIUpPEHHS
TUIaHyBaJIbHUKA KPYTOBOTO 0OCIyTOBYBaHHSI, BiJIMOBITHO JI0 SIKOTO KOXXHOMY TOTOKY
Tpadiky mnpusHavyaeThcsi cBosi Bara. Anroput™ WRR 00po0Gusie motik Tpadiky
nponopiifiHo g0 fioro Barm. Haiibinem onmtuMansamM ynmHOM WRR-mnmanyBamsHUK
MOTOKY€EThCsT 3 MexaHizMoMm kKomyTarlii ATM (Asynchronous Transfer Mode —
peXUM ACHMHXPOHHOI Tepejaui), BiJMOBIHO JIO SKOIO [AaKET MPEJACTABISETHCS Y
BUTIISINI sideek, a anroputM WRR BuKOpHCTOBYeThCs A oOpoOKH dUepr, o
ckiagaloThesl sueek. KoxHiM 4ep3i BUAUIAETBCA YAaCTHMHA CMYTH MPOILyCKaHHS
iHTEepdeiicy y BIAMOBIAHOCTI J0 Bard MOTOKY Tpadiky, Ha 3aleKHO BiJl pO3Mipy
HaKeTy.

3amavya onTuMmizarii nepegadi indopmariiaux motokiB y By3m TKM e ocobmuBo
aKTyaJIbHOIO BPaxXOBYIOUH JMHAMIUHY CTPYKTYpPY IIHPOKOCMYTOBOI IIU(PPOBOI MEpExki
iHTerpanpHoro  obciayroByBaHHs. KpiM Toro, mpu mpencTaBICHHI MOCIYT
BHCOKOIIBUJKICHOI Tepe/avi JaHMX AaKTyaldbHOIO TaKOX € 3ajgada [MiJABUINECHHS
cTifikocTi ii poOOTH TpU TEepEeBaHTAKEHHSIX MEPEXKi BHCOKO MPIOPUTETHUMHU
Tpadikamu (BiJIeO JaHUMH Ta TOJIOCOBUM Tpadikom).

Bumorn j10  sxocti  0o0ciayroByBaHHss a0OHEHTIB  JIMKTYIOTh  301JIbIIEHHS
HMOBIpPHOCTI OOCITYTOBYBaHHS 3asBOK KOXXHOTO BHY Tpadiky Ta 3MEHIIEHHS dYacy
3arpuMoK TpadikiB npu npoxo,pkeHHi uepez TKM.

JUIst po3B°SI3Ky TOCTaBIEHOI 3ajadi 3a JOMOMOTOI0 MAaTeMaTHYHOI MoJeni
HeoOXiTHO 3HAlTH pallioHaIpHy KOMOiHamito Tpadiky mepenadi JaHUX Ta TOJIOCOBOTO
Tpadiky mpu HE3IMIHHOMY TOJIOBHOMY IIPiOPHUTETI Bifieo Tpadiky.
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5. ITlocTaHOBKA 3aaa4i

PosrissHeMo HacTynmHuil BapiaHT CHCTeMH MacoBOro oOcmyroByBaHHA. o
KOMYTAallifHOIO LIEHTPY HAJXOJSITh 3asBKM TPHOX BHJIIB: 3asiBKa Ha Iepeiady Bijeo
iHpopmarrii, 3asBka Ha OOCIYrOoBYBaHHS TOJOCOBOTO Tpadiky, 3asBKa Ha
obOcayroByBanHs [HTepHET Tpadiky. Taka Moaens BimoOpaxkae xapakTep MOBOKEHHS
CHUCTeMH 3 MpIOpUTETaMHU i JO3BOJISE MPOAHATIZYBATU IUTIOCH i MiHYCH MOJIOHHUX
cUCTeM, 1 po3paxyBaTu HailOUIBII TPHWHATHUN iHTEpBal 3aTPUMKH 3asBKH Ha
o0cyroByBaHHs Iepel THM, SIK BOHa OyJie mpuifHaTa ab0 BiJKUHYTA.

Uepru 3 mpiopuTeTaMu BIZHOCATHCS JO JUCIHHILTIH, TPH SKAX BXiJTHAM
MOBiIOMJICHHSIM IIPUCBOIOETHLCS psijl apameTpiB (a0 BUIIAJKOBO, a00 CIUPAIOYKCH HA
JISSIKi BJIACTMBOCTI MOBioMJICHB). CHUCTEMA 1103HAYCHb, 1110 BUKOPUCTOBYEThLCS, Oyjie
MaTd HACTYNHIl BUTISI: TIOBIIOMJIEHHS 3 TPIOPHTETOM (2 Ma€ TMepeBaKHe
00CIJIyroByBaHHsI TIOPiBHSHO 3 MOBIJJOMJICHHSIM 3 nipioputeToM ql , sikiio q2 > ql. B
cucremax 3 (iKCOBaHMM NPIOPUTETOM, sIKi OOrOBOPIOIOTHCS 3apa3, e O3Hayae, 1o
MOBIIOMJIIEHHA p-ii TpPYyNmu TpIiOpUTETY Mae OUTbII BHCOKIA TPIOPHUTET, HIXK
noBigomieHHs (p-1)-it rpynu. 1le mpaBmiio IpiopUTETIB MOPYILYETHC MPH MPOLIEAYpi
«TIepInuii HaliuImoB — nepmuit oocmyxeruiny (FIFO).

Hexait mae miciie P pisamx kiaciB mpioputety. [loBioMIICHHS TpPiOpUTETHOTO
kiacy p (p=1, 2...., P) HagXozsTh IyacOHIBCBKAM IOTOKOM i3 IHTCHCHBHICTIO A,

MOBiTOMJICHE B CEKyHJy: KOXXHE TOBIOMIICHHS 3 KJacy TMpIiOpUTETy p Mae dac
00cIyroBy BaHHsl pO3MO/iICHUI €KCTIOHEHiHHO 3 napamerpom 1/ 4, .

Jlns cuctemu, 1o MOJICIIOETHCS B paMKax JTaHoT cTarTi, Oy/1eMO TOBOPHUTH MPO TPH
MPiOPUTETHI TPYMH: TIOTOKK Bifieo iHpopmailii MatoTh HalBUIIKiM MpioputeT pV=3,
TOJIOCOBI 3asiBKH € TIPIOPUTETHUMH HaJ 3asiBKamu [HTepHeT Tpadiky i pVo=2, 3asBku
IatepneT Tpadiky € HEmpiopuTeTHUME iX TpioputeT pD=1.

6. Cxema 00po0OKH 3as1BOK 32 YJOCKOHAJIEHUM aJrOPUTMOM

Hoguit anroputm 00cayroByBaHHs 3asBOK Iepedadae HACTYIHY cXeMy oOpoOKu
3asBoK. Hexaii 3as1BKH, 1110 HAIMIIUTK, yTBOPIOIOTH YEPTH MO THIIaM 3asiBOK, TOOTO st
NpUKIaLy, KUl pO3rIIsIacThCsl, YTBOPIOIOTHCS TPU YEPru: uepra rojocoBUX 3asiBOK,
yepra Bifeo 3agBOK Ta dYepra 3asBOK He mepenady IHTepHeT manux. llpm
o0cyroByBaHHI 4epr 3a 0a30BHil MeXaHI3M OepeThCs 3BaKEHUIT MEXaHi3M KPyTrOBOTO
00cIIyroByBaHHsi, TOOTO BiJINOBIIHO JI0 Kiacy Tpadiky uepra OTpUMY€E Bary Ha OCHOBI
aKOi Juist  oOciiyroByBaHHsi Tpadiky BHIUISETbCS CMyra IpOIyCKaHHs Y
Bignosigaomy KII.

3 MeTOI0 IMiJIBULICHHS SIKOCTI OOCIyroByBaHHSI Ta MiHimi3alii Brparu NakeriB
iHpopMaIlii BBOAWTHCS KOHTPOJH 3a 4YacoM IepeOyBaHHS B uep3i MPiOpUTETHUX
3asBoK. ToOTO 3amaerbes iHTepBanl yacy Af, (T — NPIOPUTETHI IPyIH) HPOTATOM

SKOTO 3asBKU IPIOPUTETHOIO, HAIpPHKIAJ ronocoBoro (At ), Tpadiky udekaioTb B
4ep3i ronocoBoro Tpadiky. Konm vac Af,, MuHae, makeTH 3 MPOCTPOYEHUM YacoM

HEKBAIUIUBOTO OOCIYTOBYBAaHHS TEPMIHOBO CTaBIATHCS HA MEpIi MO3MIT B 4epry
IaTepneT Tpadiky i 3MiiCHEHAS TEPMIHOBOI Mepe1adi.

AHaNOriuyHO 3 3asBKaMM Ha mepejauy Bifeo iHdopmauii. 3agaeTbes uyac Af,,
iHTEpBal Yacy MpOTATOM SKOTO 3asBKH BiJileo TpadiKy YeKarOTh B Yep3i CBOTO Kiacy
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tpadiky. Ilpu 3akindeHHi yacy At , nakeTu 3 NPOCTPOUEHUM YACOM HEKBAILIMBOI'O

00CITyroByBaHHS TEPMIHOBO CTaBISTHCS B Uepry Tpadiky 3 MEHIIUM HPiOPUTETOM.

VY3aranpHeHUil anropuT™M OOCIYyTOBYBaHHA Tpadiky Ui MOJAENi CHUCTEMH 3 m
MPiOPUTETHUMH TPYTIaMH.

YTBOPIOETHCS M Yepr BiJIIOBIHO JI0 PIOPUTETHOT TPYIIH.

Jlnst npioputeTHUX TpadikiB 3aatoTees (T-1) iHTepBatiB yacy Af,, .

Ha mnouarky kokHOi itepanii mnepegaui indopmaiii Juisi KOXKHOTO I1aKeTy
NPIOPUTETHUX YEPT OL[IHIOETHCS Yac nepeOyBaHHs 3asiBKU B 4ep3i,

Sxmo yac nepeOyBaHHs B 4ep3i OUIbIIe HIX Af, , TOAL Li MaKeTH KIaCU(iKyIOThCS

ms
SK TPOCTPOYEHI Ta CTABIATHCA B MEPIIy IO3UIII0 HAWKOPOTIIOI Yepru, IO Mae
npioputeT MeHmMA T. Taki Jil BUKOHYIOTHCS TOCHIZOBHO JUISi BCiX MPOCTPOYCHUX
MAaKeTiB BCiX (T-1) MpiopuUTeTHUX TPyTI.

Takuii anroput™ 103BOJSIE €PEKTHBHO TMEPEAaBaTH 3asBKH MPIOPUTETHUX THIIIB
Tpadiky, Ipu OMY HE 3aBJAIOYU CYTTEBOI INKOAM JUIS MEpeaadi HENpPiOpPUTETHUX
3asBOK. J[o TOro X MOMUIMBI pi3HI BapiaHTH HACTPO#KHM JaHoro airoputmy. lle
CTOCY€ThCSA 4epru Ky Oyne oOpaHO ISl MepecTaBlICHHS MPOCTPOUYECHHUX 3asBOK,
BU3HAYMMO iX SIK 4e€prd HACIilyBaHHS MIPOCTPOUYCHUX 3asBOK. € Ie OJUH BapiaHTU
MEPEeCTaHOBOK: OOMpa€ThbCcs Tpyla HENpiOPUTETHUX Yepr HaclijyBaHHs, dYac
OUiKYBaHHS 3asBOK SKHX HEOOMEXEHW, TpU OIHII MICIS I MEePecTaHOBKU came
cepen 1€l Tpymu oOMpaeThes HAWKOpOTIIA 4Yepra B SIKy OyAyTh HepecTaBleHi
MPiOPUTETHI 3asIBKH.

3a Ttexnomorieto ATM, mo Hai0OimpII BiAMOBiga€ BUMOTaM MIUPOKOCMYTOBUX
muppoBux  Mepexk  iHTerpampHoro  obOcayroByBanHsa  (IIIIMIO), mepemaua
iHpOpMaIiitHUX TOTOKIB 3/1iHCHIOETHCS OJOKaMH (iKCOBAHOI JOBXKHHU — siUCiiKaMH.
Koxxen ingopmariiiianii 010K MepelacTbesi OKPEMO, B HOTO 3aroJIOBKY IMPOIMHCAHO
ajJipeca BiATIpaBHUKA, ajpeca OTpUMyBada, mpioputeT, mose Tuma cepricy (Type of
Service) Tomo. Takum unHOM iH(MOpMartiiiawii 0710k ATM € caMOoCTiliHOIO OTMHUIICIO
JUTSL TIepejiayi.

Cucrema MacoBOro 00CIyroByBaHHS, IO MOJICITIOETHCS, € CUCTEMOIO 3 BTpaTaMH.
ToMy BaXJIMBO BH3HAYHMTH KiJBKICTh Micllb y uep3i (oOmexeHHs Oydepa). s
edexTBHOT POOOTH 3arpuMKa 3asBKM B KOMYTallifHOMY IIEHTPi HE MOBUHHA
NepeBUIIlYyBaTH JIesIKe MaKCUMallbHE 3HAa4YeHHsl 3aTpuMKH Tpadiky, 1o 36epertu
aKTyalpHICTh iH(OpMaIlii, 0COONMMBO € CTOCYETHCS IHTEPAKTUBHOTO TPUKIATHOTO
porpamMHoro 3abesnedeHHs, Tpadikis roJjocy ta Bijieo.

OTxe, po3Mipu 4Yepr MOBHUHHI OyTH TakUMH, 100 BUKOHYBaJlach YMOBA, IO 4ac
sKuil Oyje YeKkaTH 3asBKa, 1[0 OCTAHHBOIO CTajla B 4Epry, MOBUHEH OyTH He Oinblie
At,, . (4aCy MakCUMalbHOI 3aTpUMKH padiky t-i NpiopuTeTHOI IpynH), A
3HAXOJ/KEHHS KITBKOCTI S'9e€K B Uyep3i HeOOXiTHO JOTPUMYBATHCh 3HAYCHHS TPaHUIIL:

Nslot (m) = lim vthy,m(m) = VmAtm max ,
thy/(,t (m) _>Atm max '
ae N, (m) - KiJTbKiCTh TO3MILIH B 4ep3i t-i MpiopUTETHOT TPy MPU KOMyTalliitHOMY
UCHTPI (ZOBXMHA uepru), fy ., - 4ac 0OpoOKH 00CIYroBYHOUMMH NPUCTPOSIMH

KOMYTalliifHOro HEeHTpy BCix N, (m) MaKeTiB 3 yepru t-i IpiopuTeTHOI rpynu, v,, -

HIBUIKICTh 00CTYTOBYBaHHS 3asBOK t-i MPiOPUTETHOI IPYTIH.
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Hanpukian, juist 3asB0K Bijieo T padiky
N ioi(V) = vy [ty ma .
ae N, (V) - KinbKicTh TMO3MIIH B 4ep3i NpH KOMyTallifHOMY LEHTpi (ZOBXKHMHA
4yepru) JJid Bifieo T padiky.
[Ticns Toro, sik po3mip uepr OyB BCTaHOBICHMI € MOTpeda po3’SICHUTH TIOBEIIHKY
cucteMu B mitomy. IlpW Hagxo/DKEeHHI 3asBOK JO KOMYTAIlifHOTO IIEHTPY BOHU
CTaBJATHCS B YEPTY BiJMOBIHO JI0 MpiopUTETHOI rpynu. Sk Bike OyJI0 3°sICOBaHO s

HPIOPUTETHHX 3asABOK 3aJAl0ThCS iHTEepBanu 4dacy Ar,, ta At Ha OCHOBI JIaHUX

m max 2

npo Hux QopmyroTbes yepru. Bigomo, mo Az, <At 3asBKHU, 1110 3HAXOJATHCS B

mmax °
4ep3i JoBiie Af,, BBaXalOThCs NpocTpodeHUMHU. [l Toro, mo0 Ha KOXHil iTepamii
HE BUSIBJISITH TPOCTPOYEHi 3asBKM (BUKOHAHHS 3aliBUX JIiif), € MOXKIIMBICTh CTABUTH
MITKH THM 3asiBKam, IO MOTPANWIA B XBICT YeprH i SBHO CTaHYTh MPOCTPOUCHIMHU
(oTpumaroTh MeTKy lim), sikio OyIyTh MOCIiJOBHO OOCITYyTOBYBAaTHCS B CBOIll 4ep3i.
Slueiiku uepru, MO 3aMOBHIOIOTHCS 3asBKAaMH, sKi TapaHTOBAHO CTaHYTh
IPOCTPOYECHUMU, MOXKHA PO3paxyBaTH 3a GOPMYJIOL0:

N o (m) =, AL,

slot

. . : lim
ToOto Bci 3ajBKH, MO IOTpallId Ha TO3UIlll Yepru B IHTEpBaAJl (Ns/ot (m),

N, (m) ], orpumaroTs MiTKy lim (IpocTpodeHi). SIKIo 3anponoHyBaTH NePEHECEHHS

UX 3a51BOK 0Jpa3y Miclisl X HAJXOJKEHHS JI0 Yepr’ HACIIiIyBaHHS, TOJ/i 30epeKeThCs
IITICHICTB 3a/1a4i, CyTTEBO CIPOCTATHCS PO3PAXyHKHU Yacy 3aTPUMKH MTOBiJOMJICHb, Ta
30IMBIMUTECS KiNBKICTh BTPAYeHUX 3asSBOK 3 MPIOPUTETHUX TPYI, TOMY IO OCTaHHI
MO3HMILiT Yepr NpiopuTETHUX 3asBOK Oy Iy Th MOPOKHIMH.

Ha puc. 1 noka3zana po0ota JJaHOTO QJITOPUTMY JIJIsl CHCTEMH, 10 MOJIEITFOETHCS, /1€
JI0 00CIyTOBYIOUOTO TPUCTPOIO YTBOPIOIOTHCS TPU Yepru 3 Bijgeo moBimomieHb (V),
rosiocoBux mnosijiomiieHb (Vo) ta nosijomiens InrepHer tpadiky (D). I'pyna uepr
HaCITiTyBaHHS CKIagaeThes 3 uepru [nTepHet Tpadiky. [ToBimomuenns Bijneo Tpadiky,
0 OTPUMAIH MITKY lim ozpa3y 3aiiMaroTh Mepiry MO3MIliio B 4ep3i Tpadiky JaHuX.

NV N

VI viv v |v|v|v]V

Vo0 (V) | V)

Puc. 1 Ipunyun pobomu H068020 aneopummy 00C1y208Y8aHHs Yepe.
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I'pyna HaciijiyBaHHsi CKJIQJIA€ThCsl 3 4epr HENPIOPUTETHUX 3asiBOK ab0 HHU3BKO
npioputeTHuX 3asBok. Skio [HTepHET Tpadik kiacudikoBaHUN JESTKUM YHHOM, H
3asIBKU Pi3HUX KiaciB [HTepHeT Tpadiky MarOTh pi3Hi MPiOpUTETH, TOAL BCi a0 JesKi 3
HUX MOXXYTh TIOTPAMUTH JI0 TPYNH HACHiTyBaHHS. B pamkax maHoi po6oTH poOUTHCS
NPUIYIICHHS, 10 TO/Ail OB sI3aHi 3 MOTPAIUISIHHSAM 3asBOK J0 OJHIET 3 4epr rpymnu
HACJIiTyBaHHS BBXKAIOTHCS PiIBHOIMOBIpHIMH.

7. MoaudikoBaHuii yAOCKOHAJEHHUII aJropuTM nepegadi oOpoOku
ingopmauii B KII i3 30epeskeHHSIM NOC/IiI0BHOCTI BHCOKONPHOPUTETHUX
NaKeTiB, SIKi NepelalTbhCs

Crnipi 3ayBaKMTH, IO YJOCKOHAICHH alrOpUTM, HABEJCHWH BUINE, MiJIXOTUTH
JIMINE JUIS IaTarpaMHOro pekuMy Iiepeadi rojocoBoi iHdopmailii, Jie 10y CcKaeThes
nepemiiyBaHHs (3MiHa MOCIIJIOBHOCTI 1epejiadi) nakeriB. Jis pexumy BipTyaibHOTO
3‘€IHAHHS JUIsi 30€pEeKeHHsS MOCIHIJIOBHOCTI MAKEeTiB, IO TEpelaroThCs, JaHUi
aJropuT™ 1noTpedye Jieskoi Moaudikarii.

Ha puc. 2 nokazaHa Jjorika MoJu}iKOBaHOTO YJJOCKOHAJIEHOIO aJIropuTMy
00CITyrOBYBaHHS 4epr.

NV | W7 v
|~
\/m; vV |V |v] _\_f:fi
N, (V)| Vo (F5)
Vo|Vol| Vo Vo% Vo
D|D|D|D
D

Puc. 2 Ipunyun pob6omu mooupixoeanozo Ho802o aieopummy 00Ciy208y8anns yepe.

OCHOBHA iJiesi TOJISIra€ y TOMY, 110 NPU HAJAXOPKCHHI HAJUIMIIKOBOIO MMaKETy Bij
BHCOKOIPIOPUTETHOTO MOTOKY 3asBOK, 110 HE 3MOxKe OyTH 0OCIyroBaHmii y yac Af,,

(m — TUII BHCOKONPHUOPHUTEHOIO MOTOKY), B HACTYIHOMY LHMKJIi OOCIyroByBaHHs
3aBOK 3 m-i 4epru OyayTh B3ATi HE JHINE Ti TaKeTH, IO OOCIyTOBYIOTHCS
00CIyTOBYIOUMMH TIPHCTPOSMU BUAUICHUMH JUTSL JaHOI MPIOPUTETHOT Ipymu, ane i
HACTYIHI 10 Yep3i MaKeTH Y KiTbKOCTI MaKeTiB HAJIUIIKOBHUX MAKETIiB, M0 HaliHILTH
3a yac MOMEepeHbOT0 MUKIY 00poOKH, IIi MakeTH OyJyTh MepeaaHi o0CIyTOBYIOUHM
HPUCTPOSIMU YEPT TPYTIU HACIITyBaHHS.
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8. BucHoBKkH

Bucoki BuMorm mo skocTi mepenadi iHGOpMamifHUX TOTOKIB CHOHYKAarOTh
HAYKOBLIIB pO3pO0JISITH BCE HOBI if 1 HOBI METO/IM MMiJIBULLICHHS €(DEKTUBHOCTI pOOOTH
TeJCKOMYHIKaIlitHIX Mepex. B paMkax maHoi cTarTi Oyjm TOCIiIKEHI MOKa3HUKH
QoS, cmocoOu po3moALTy MEpEeKEeBOTO pecypcy Ta HaBEJICHUI OpHTiHANIbHHIA
anroput™ oOciyroByBanHa uepr. [lotpeba y moaiOHOMY anropuT™Mi BHHHUKAE Y
MYJBHHACEPBICHUX Mepexax, Je HeoOXi[HO TMepeJaBaTd BUCOKONPIOPUTETHI
inpopmariitni moroku. Takuif anrOpPUTM BHKIIOUAE E€PrajiriBChKi BTpATU TAKETiB
MOTOKIB 33/IaHOTO TUMY Ta 3abe3neuye eQeKTHUBHY Iepeaady HU3bKOMPiOPUTETHUX
TpadikiB.
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