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MeTo KOHTponsi obLmMX NapameTpoB KadecTBa rnepefadyn NakeToB COCTOMT M3 ABYX YacTen —
CXeMbl pacnpegerneHnss B COOTBETCTBUM C OMNPeLEeNeHHON MONMMTUKON obLLMX napaMeTpoB KayecTBa Mo
y3riam CceTM U CXeMbl KOHTPOMS JOKalbHbIX NMapaMeTpoB, TaKOM Kak MeToh YnpaBneHusi nepepaqven
NnakeToB.

OcHoBHOIM 3apavern pacnpegerneHns obLimMx napameTpoB sBRAsieTcs obecrnedeHne Toro, 4Tobbl
CymMMa JoKasbHbIX NapamMeTpoB Mepefdavn kadecTBa MAKeTOB He MNpeBblllanio 3HadeHne obLimx
napaMmeTpoB KayecTBa.

Jonyctum, 4To NoToK MHOpMaLMK nepeaaeTcs Yepes y3nbl CETU (TPaH3UTHbIE MapLLPYTMU3aTopb)

R - R,.. - R, obwmmu napameTpamn kavectsa nepeaaqn naketos aroro notoka sisnstores (D, L),

rne D - 3naueHue obLieit 3agepxkn nepenaumn naketa, L - 3HaueHne obLei BeNMYMHLI NOTeph NaKkeToBs,
a nokarnbHbiMv napametpa ans ysnos R (1<k<m) - (D,,L,). BbinonHenvne Tpebyembiit oBLimx
napaMeTpoB KauyecTsa 06ECneumBaloT CreayloLLme COOTHOLLIEHNS:

ZDK =D, ZLK=L
=1 =1

B Hawwmx wuccnegoBaHusAxX npeacTaBneHbl 2 MNONUTUKM pacnpeferneHns oblimMx napameTpoB
KayecTBa nepedaynm nNakeToB MO Yy3nam CeTu: MOMUTMKM PaBHOMEPHOTO U  MNPOMOPLMOHANBHOMO
pacnpegenenus [1].

B nepBon 13 HUX, kKaXgoMmy y3ny ceTu npuMnucaHbl OAVUHAKOBbIE 3HAYEHUS JTOKalNbHbIX NapaMeTpoB

kauecTBa. Takum obGpasom, Ha yane cetn R, (1< K<m) sHaueHuss nokarbHbIX napameTpoB kayecTsa
onpenenarnTcAa B COOTBETCTBMU CO CrieyHoLWLNMN BblpaXXeHUAMN:

D,=D/m, L, =L/m

Bo BTOpOl71 NoNnTUKEe, 3Ha4YeHUA JNoKallbHbIX MapaMeTpoB KadecTtBa nponopunoHarbHbl
yCpeoHEHHON B3BELUEHHOW CTEeneHu yTunusauuy noriocbl NponyckaHust MapupyTtudaTtopa. [Ons kaxgoro
MapLupyTusaTopa Rk(ls K<m) creneHb yTunusaumm nonocsl NponyckaHus UTkr"’Itio ornpegenseTca Ha

ind
OCHOBE OKOHHOrO MeToAa ¢ pasmepom okHa uameperms UT .

YcpeoHeHHas  B3BelleHHast  cTeneHb  ytunmsaumm - WUT, Ons Maplupytusartopa

R, (1< k < m) o6HoBRsieTCst B COOTBETCTBUM CO CREAYIOLUUM BbIPaKEHNEM:
WUT, « oWUT, +@1-a)UT/™
B naHHOM ypaBHeHUM O ABMSIETCS NOCTOSIHHLIM KO3(PMULMEHTOM Beca, KOTOpbI onpeaenseT

BNUsiHWE NpeablayLnX U3MEpPEHHbIX 3HAYEHWA CTEneHW yTUNM3auun Ha ee TeKyllylo BennyuHy (Bo BcexX
uccnegoBaHuax koadpduumeHT O BbibpaH paBHbiM 0,09, @ OKHO M3MEpPEeHUs CTEeneHu YTUImUsauum

U-I'kwmdo“’v - 10000 nepenaHHbIX NakeToB).

B nonuTtrke NpoMnopLMOHanbHOTrO pacnpeaeneHuss MapupyTu3aTopy ¢ 6ornee BbICOKOM CTerneHbio
YyTUNU3aLMKU NONOCHl MPOMYCKaHUs COOTBETCTBYET GOMbLUME 3HAYEHUs NOKamnbHbIX NapameTpoB KayecTsa,
onpefensieMble B COOTBETCTBUW CO CreAYIOLWUMMN BbIPaXKEHUAMU:

WUT, | WUT,
o o Tha——
;\NUTK ;WUTK

m
B kayecTBe cxeMbl pacnpegeneHus obLmx napaMeTpoB kavyecTBa Mo y3nam CeTu B COOTBETCTBUM
C ONMCaHHbIMY BbilLE MONUTMKaMU B HalUMX UCCRefoBaHWsX ucnonb3osancs npotokon RSVP (Resource
Reservation Protocol) sBnsowmncss curHanbHbIM NPOTOKOSIOM MpefHa3HayYeHHbIM A51s1 YCTaHOBIEHUS B
CEeTU pe3epBUPOBaHUS PECYPCOB.

D, =D
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Obwaa cxema paboTtbl npotokona RSVP onmcaHa B [2]. B Hawux wnccnegoBaHusix
Ncnonb3oBanncb AONONHUTENbHble nons B ¢dopmatax PATH n RESV coobuieHun B COOTBETCTBUM CO
cnegytowien cXxemom:

- PATH coobuleHns cobupatoT (B ONMCaHHOE MOrie) Ha MapLipyTe OT OTrnpaBuUTENO (MapLipyTu3aTop
R1) k nonyyatento (mapwwpyTtusatop R6) nHdopmaumio 0 cpeaHeln B3BELLEHHOW CTEMEHN YyTUIM3auun
Mosocbl NPonyckaHus MapLUpyTM3aTopoR (puc. 1);

- TNpu nonyveHun PATH coobuieHns nonyyatesnb MCNonb3yeT MHGOPMaLMIo O CTEMEHAX YTUIM3auuu
Ka)kgoro MapLupytusatopa Afsi COCTaBMeHUs pacnpefeneHns rokasnbHbiX napameTpoB KayecTBa Mo
y3nam ceTu;

- [Tlocne atoro, oTnpasutens nocbinaet RESV coobuieHne, u kaxabli MapLupyTU3aTop 3arpyxaet B
CBOI0 NamsATb MHpopMaLMO O pacnpeneneHnn nokanbHbIX NapaMeTpoB;
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Ha puc.2 nokaszaHa mogenb ydacTka ceTu, Yyepes KOTopbl nepedaeTcs 2 Tuna NOTOKOB — NOTOKU
BMAeo uHcpopmaumm ¢ kognposkorn MPEG-1 (BMaeo nNoTokn) u NOTOKM MHopMaL MK, co3aatoLime 3arpy3sky
y3rioB cetu (MOTOkM Harpysku). [1OTOKM HarpyskM MCMonb3yloTcs Ans obecrneyeHus COCTOSHWUS CeTu
6rmM3koro Kk meperpyske, 4YTo MO3BONSAET MccregoBaTh MapameTpbl kayecTBa Mepedayn NakeToB BUOEO
MOTOKOB B pasfuyHbIX CETEBLIX ycroBusx. Neped HayanoMm nepegayvn BMAOEO MOTOKOB OCYLLECTBISETCS
pacnpegeneHue JokarnbHbIX MapaMeTpoB kayecTBa nepegadv MakeToB MO y3nam CeTU B COOTBETCTBUM C
OMMWCaHHOW BbiLLE CXEMOW.
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Bo Bcex npeacTaBneHHbIX UCCNeaoBaHUsX BCce MapLupyTU3aTopbl UMenu Of4MHaKOBble pecypcbl —
nornocy nponyckaHus u GycdepHoe npoctpaHcTBa. MapwpyTusatopsl R, - R, nmenu cnabyto Harpyaky,

co3fjaBaeMyl0 OfHWM MOTOKOM Harpysku, B TO Bpemsi kak udepe3 R, nepepasanock fo 30 noTokoB

Harpysku.
[aHHbIN BapuaHT yyacTka ceTu npeactaBnseT cobon MapLUpyT nepefayn NakeToB C MEHSOLLMMCS
(B 3aBMCMMOCTU OT y3na) pecypcamu, JOCTYNHbIMWU BUAEO NOTOKY.
Ha pwuc. 3 nokasaHa 3aBUCUMMOCTb pacnpegeneHve oblier BenuvuuMHbl MoTepb MakeToB Anst

kaxgoro m3 10 BuAeo NoTokoB B MapiupyTusatopax R, u Ry . [laHHbIM B1Aeo noTokam COOTBETCTBOBASO
O[JMHaKOBOEe 3Ha4yeHune obLuel BenuuMHbl NoTepb naketoB, paBHoe 0,06. Yepes mapipyTmusaTop RI "

Ré nepegasanocb 10 BMaeo notokoB M 1 1 25 NOTOKOB Harpy3kM COOTBETCTBEHHO, MpW 3TOM Ha4ano

nepenaymn kaxaoro u3 10 BUOeo NOTOKOB OCYLLECTBNANOCL NocneaoBaTensHO C MHTepBarnom 1 cek.
lopu3oHTanbHas NMHWS NMOKasbiBAeT 3HaYeHWs1 oOLLel BernvuuHbl NMoTepb Ha MapLipyTM3aTopax

R v R, B cnyyae nonutuku paBHOMEPHOTO pacnpeneneHusl, ABe ApPYrUe NIMHUM — B Criyqae MorTUKM
NponopLMoHarnbHOro pacnpeneneHus.

3-3a BbiCOKOW 3arpysku MaplupyTusatopa R, 3HaueHue nokanbHON BENUYMHBI NOTEPb NAKETOB
Ha HeM Gosblle Npy NOMUTUKE NPOMNOPLMOHANBLHOrO pacrnpeaeneHns, YeM npu NnonuTUKe paBHOMEPHOrO, B

TO BPeMs Kak Ha MapLipyTusaTope RI — MeHblle. Kpome Toro, pasHuua mexay AaHHbIMU 3Ha4YeHUSIMU

NOKanbHOW BEeNnWYMHbLI NMOTepb MAKETOB YMEHbLUAETCH MpU YBENUYEHUM KONWYECTBa BUOEO MOTOKOB, YTO
oObsCHAETCA TeM, 4YTO pOCT OOLIero KonuvyectTsa nepefdaBaeMblX TMOTOKOB WHGOpMauMu BedeT K

pacnpefeneHuio (6anaHcUpoBKe) Harpyskn Ha MapLLpyTusaTopax Rl - R6'

.
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[Ona nonyyeHus KOMMYECTBEHHLIX XapaKTEPUCTUK pPasNU4YHbIX METOAO0B KOHTpoOns o6Lux
napameTpoB kayecTBa Obio NMPOBEAEHO MOAENUPOBaHME C WCMOMb30BaHMEM 4 BapuaHTOB peanu3auuu
OaHHbIX METOA0B:

1. Tpotokon RSVP ¢ nonutuMkom paBHOMEPHOrO pacrnpenerieHns u MeTOAOM YMNpaBrieHUs nepegaden
naketoe Static WFQ [3];

2. Tpotokonn RSVP ¢ nonuTukor nponopuMOHanbHOro pacrnpeneneHns u MeTogoM  yrpaBfieHus
nepenadei nakeTtor Static WFQ;

3. [potokon RSVP ¢ nonutnkon paBHOMEPHOro pacnpedeneHus U1 MeTodoM ynpaBreHus nepegadven
naketoB DRA [4];

4. Tlpotokon RSVP c nonutukoh nponopumMoHanbHOro pacnpefeneHns u MeToaooM  yrpaBneHus
nepegaden naketos DRA,;
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Ha puc. 4 nokasaHO 3Ha4YeHWe 4acTM BMOEO MNOTOKOB C 0BecneyeHHbIM KadeCTBOM nepegadu
NnakeToB Ha MapLiupytusaTtope R6 npun yBermM4eHM NOTOKOB Harpysku. B paHHbIX nccnegoBaHmMsx yepes

mapwpytnsatop R, noctosHHo nepepasanock 30 BMOEO MOTOKOB, KONMYECTBO MOTOKOB Harpysku

yBenuumeanocb ¢ 16 po 30. Cpeau Bcex npeacTaBfeHHbIX METOAO0B KOHTpOns oObLuMx napameTpoB
kayectBa npotokon RSVP c nonutukon nponopumoHanbHOro pacnpefeneHvs 1 MeToooM ynpaBreHus
nepenaden naketoB DRA aeMOHCTpupyloT Hanbonbllee 3HaYeHWe YacTn BUOEO NOTOKOB C obecneyeHHbIX
KayecTBOM nepefayn naketoB. Hanpumep, gaHHas cxema KOHTporns obecrnednBaeT BCEM BUOEO MOTOKaM
TpebyemMble MapaMeTpbl kadecTBa nepedayun rnpu KoOMYecTBe MOTOKOB Harpysku o 24, B TO BpeMsi Kak
npotokon RSVP ¢ nonuTuko paBHOMEPHOrO pacnpedeneHus M MeTOAOM YMpaeleHus nepegaden
naketoB DRA — nuwb go 21.
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THE INVESTIGATION OF THE CONTROL METODS OF END-TO-END VIDEO FLOW PACKET
TRANSMISSION PARAMETERS

Kurapov A.

Moscow Institute of Physics and Technology
Institutsky per.,9, Dolgoprudy, Moscow Region, 141700, Russia

The control method of end-to-end packet transmission parameters consists of the end-to-end QoS
(Quiality of Service) distribution scheme with some distribution policy and the control scheme of local packet
transmission parameters such as packet scheduling method.

The general purpose of end-to-end QoS distribution is that the sum of local QoS parameters does
not violate the original end-to-end QoS requirement.

Let R, - R,... = R, be the transmission path of the concerned flow, (D, L) be the end-to-end QoS
parameters of this flow (D - the end-to-end delay bound, D - end-to-end packet loss), and (D, ,L,) be

the local QoS parameters for this flow on routers R, (1<k<m).
The following relationships ensure end-to-end QoS parameters:

ZDK =D, ZLK:L

In our investigation 2 QoS distribution policies are explored: even and proportional distribution
policies.
Under the first policy, each router on the path is assigned exactly the same local QoS distribution.

<k<
Therefore, the local QoS parameters for the concerned flow at router Rdsk=m)

D,=D/m, L, =L/m
Under the second policy, the local QoS parameters on each router are proportional to the weighted
average utilization of bandwidth of this router. For each router R (1<k<m), its bandwidth utilization

are:

UT,™ is obtained on a per-window base with the window size being UT,"™" . The weighted average
utilization WUT, of router R, (1< k <m) is updated as follows:
WUT, « aWUT, +(1-a)UT,/™
In this equation O is a constant weighing factor that determines how much the most recent
measures influence on the current bandwidth utilization. Under the proportional distribution policy, the
higher the utilization, the looser local QoS parameters:

WUT, | WU,

;WUTk ;WUTk

For end-to-end QoS distributions with the policies described above we use RSVP (Resource
Reservation Protocol) that is signaling protocol designed to achieve network resource reservation. The
basic operations of RSVP are described in [2]. In our investigations additional fields in PATH and RESV
message are used in accordance with the following steps:

- The PATH message is sent from sender to receiver to gather the weighted average utilization
information of each router on the path;

- When the PATH message is received by the receiver the utilization information is used to construct the
QoS distribution for routers on the path;

- Finally the receiver informs the routers by sending RESV message with constructed QoS distribution
results along the reverse of the data path;

We conducted a simulation studies to explore the end-to-end QoS control scheme for a network
model. In this network model we use two types of flows: video flows with MPEG-1 compression and load
flows. The load flows are used to pre-load the network. This network model is consisted of 6 tandem

routers R - R,... = Ry, all of these routers have the same amount of total resources.

D, =D

In the first simulation study the routers R, — R, are only lightly loaded with one load flow, while the

router Ry is loaded with 25 load flows. The transmissions of 10 video flows start sequentially with interval 1
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sec. The results of this simulation show that because of relative high load on the router Ry, under the

proportional distribution policy the local packet loss on Ry is larger than that under even distribution one,

while the local packet loss on RI is smaller. Furthermore, the difference of the local packet loss gets

smaller when more video flows started because that tends to balance the load on all the routers along the
path.
In the second simulation study to demonstrate the performance of end-to-end QoS control

schemes quantitatively, we accumulated results for 4 schemes:

1. The protocol RSVP with even distribution policy and packet scheduling method Static WFQ);

2. The protocol RSVP with proportional distribution policy and packet scheduling method Static WFQ;

3. The protocol RSVP with even distribution policy and packet scheduling method DRA,;

4. The protocol RSVP with proportional distribution policy and packet scheduling method DRA [4];

In this simulation study 30 video flows are transmitted via R6 and the number of load flows is
increased from 16 to 30.

Among all the 4 schemes, the protocol RSVP with proportional distribution policy and packet
scheduling method DRA presents the best performance by showing the largest QoS satisfaction ratio. For
example, this end-end QoS control scheme can provide 100% QoS satisfaction when there are up to 24
load flows on R6, while the protocol RSVP with even distribution policy and packet scheduling method DRA
—up to 21 load flows.
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