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C BHeIpeHUEM HOBBIX TEIEKOMMYHHKAIIMOHHBIX TEXHOJOTMH, OAHOM U3 KOTOPBIX SBIsETCA Mepenada
ouudpoBaHHOW BHIECO MH(POpMANMKM Yepe3 CETH C KOMMYyTaluel IMaKeToB, MOSBHIACH HEOOXOAWMOCTH Pa3BUTHUS
CHCTEM YIpaBIICHUS Tepefavyedl makeToB NaHHBIX. OCHOBHOHM (YHKIHEH 3TUX CHUCTEM SIBISETCS BBIOOp M3 BCEX
MIAKETOB JAHHBIX, HaXOMAmuXcs B Oy(epHOM IPOCTPAHCTBE MOPTa CETEBOr0 0OOPYAOBAHUS, TOTO MAKeTa, KOTOPBINA
JIOJDKEH OBITH OTIpAaBJICH B cileaylomeM Iukie [1]. DTOT BHIOOp JOIKEH OBITH OCYIIECTBIEH TaK, YTOOBI NMPH 3TO
ObUTH 0OecTieueHb! TpeOOBaHMS K ITapaMeTpaM KauecTBa Mepeiaun KaXkIoro IoToka nHdopManum.

OnHuM n3 HanboJee YacTO UCTIOIb3YEMbIX CHCTEM YIPABICHUS NEpeAadr aKEeTOB JaHHBIX SBISIETCS COCO0
WFQ (Weighted Fair Queuing - B3semtennas Cnpaseiusas Ouepeanocts) [2]. B 1anHOM criocobe KamIoMy TOTOKY
nHpopManuy BBIAENEHA OMNpEAENEHHAas I0Joca IMPOIMYCKaHWs, KOTopas B CIydae OTCYTCTBHA B OyhepHOM
MIPOCTPAHCTBE TOPTa CETEBOTO O0OOPYAOBAHUS NMAKETOB JAHHBIX KAKOTO JIMOO MOTOKAa MH(OpMAanUH IETUTCS MEXIY
MIPUCYTCTBYIOIIMMH ITOTOKaMH HH(OpMAIUH MPONOPIMOHAIBHO BBIIEICHHBIM UM I10JIOCAM MPOITYyCKaHHMS.

C 1enpi0 MOBBIIIEHUS CTENCHU MCIONB30BAHUS PECYPCOB CETEBOTO OOOPYAOBAHUS aBTOPOM IaHHOTO
Joknana 6buT pazpaboTaH crmoco0 ympaBieHus mepenaun maketoB aanHHbix DRA (Dynamic Resource Adjustment —
Junamuueckas Hactpoiika PecypcoB), ocHoBanublii Ha cnocode WFQ, oTnmyaronmmiicst TeM, YTO BBIICICHHBIC
TIOTOKaM peCypChl H3MEHSIOTCS B COOTBETCTBUE C TEKYIIIMMH YCIOBHSMH NIepeady Tpapuka.

J1s oJiHOTO y37a ceTH TpeOOBaHUs K Ka4yecTBY MepeAadd MOTOKa | XapaKTepH3YIOTCS ABYMsI apaMeTpaMu

total  ytotal total . . total
(Di ,Ll- ), e Di SIBISIETCS TPAHUIECH JOMYCTHMOM 3alepPiKKH, a LO — JIOMYCTUMBIM 000OIIEHHBIM

KOJIMYCCTBOM TIOTCPAHHBIX IMAKCTOB, BKIIIOYANOMIHUM B cebs NOTEPU, BBI3ZBAHHBIC TMCPCIIOTHCHHUECM 6y(bepa n
MPEBBLIMNICHUEM MaKCUMAaJbHOW BEJIMYHUHBI 3aICPIKKH. Takum o6pa30M, npeanojaracTes, 4To €CJIM nepeaava maxkera

total
MpeBbICUIIA 3aICPIKKY Di , TO IAKCT CUHUTACTCA MMOTCPAHHBIM.

allocated allocated
B; R; )

Crneuudukanys pecypcoB y3lla CeTH ompenesiercss napamerpaMu  ( , Tze

allocated
Ri

YacThl0 OOIIEH ITOJIOCHI

Ballocated 6 .
i SIBISICTCSL.  pa3MepoM Oydepa, BBIICICHHOTO IOTOKY i, a

MIPOMYCKaHUA CETEBOTO OOOPYAOBaHMA, BBIACICHHON 3TOMY IMOTOKY. [t TOro 94TOOBI 00eCHednTh OTIPAaBKY BCEX

allocated allocated
IaKeTOB, Haxojswecss B dactu Oydepa B; , B pamkax 3azgepxku D, , OBUIO WCTONB30BAHO

COOTHOIICHIE: Biallocated — Diallocated Dejallocated [3]

Hepen HavaJioM T1iepeaadyun Tpa(i)I/IKa, YCTAaHABJIMBAIOTCA MAKCUMaJIbHOC W MHUHUMAJIIBHOC 3HAYCHUA
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3) Ecnu nocne oTmpaBieHus MakeTa JAHHBIX MOTOKA MH(POPMAIMH i, 3aHMMaeMoe UM Oy(depHOe MPOCTPAHCTBO
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HapaMeTpLI Pmax u Pmin HCOGXOﬂI/IMI)I U1 KOHTPOJId CTCHCHU HCHOJIb30BaHUA PECYPCOB, BBLIACJICHHBIX

norokaM uHMOpMauuu, a [, - I U30eKaHHS HACTPOHKH PECYPCOB, BBI3BAHHBIX JIHIIb KDPAaTKOBPEMEHHBIX
M3MEHCHHEM IUIOTHOCTH MOTOKA WH(POPMALIUH.

Takum o00pazom, criocod DRA mo3BossieT, BO-epBBIX, KOHTPOJIUPOBATH U 3HAYCHUE JOMYCTHMBIX OTEPh, U
BEJIMYMHY TPEOYyeMOil 3a/ICpP>KKHU, a BO-BTOPBIX, TUHAMUYECKU HACTPAUBAThH PACIIPECIICHHE PECYPCOB B COOTBETCTBHU
C TEKYIUMH BEIMIMHAMHE MTApaMETPOB KauecTBa Iepeiaun KaXXI0ro MOTOKa HHPOPMAIIUH.

Jns M3ydeHus XapaKTEepUCTHK alropuTMa JUHAMHYCCKON HAcTpoiku pecypcoB DRA Obuim TpoBeIeHBI
HCCIICIOBaHMS, B KOTOPBIX B KAYECTBE MPHUJIOKEHUS PEaTbHOT0 BPpEMEHH HCIIOIh30Balach Mepeaada BUACO OTOKOB C
kogupoBkoii MPEG-1. JlaHHBIE TIOTOKM HWMENIM YacTOTy OOpa3oBaHWs BHUAEO KaapoB, paBHyI0 30 Kampos/cek.
Tpadukn 3THX MMOTOKOB XapaKTEPU30BAINCH ABYMS DPA3IMIHBIMH (QYHKIUSMU pactpenenenus |, P u B kampos.
CTpykTypa MOTOKa HEPBOr0 THUIA MMeJNia TOYTH MPaBUIBHYIO MEPUOANYECKYI0 (OpMy, MPU 3TOM BHAEO CUTHATY
BTOPOT'O THIIa COOTBETCTBOBAJIN PE3KUE U3MEHEHHS aMILTUTYIbl, UMEIOIINE PA3INUHYI0 BPEMEHHYIO JUTUTEIBHOCTD.

Bo Bcex mcclieoBaHUsX, OMUCAHHBIX B JAHHOM JOKJIA/Ie, B KAYECTBE CETEBOTO MOEIUPYIOLIETO YCTPOHCTBA
ucnonb3oBanach nporpamma NS-2 (Network Simulator-Version 2) [4].
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B mccie1oBaHMsIX, HAIPABIICHHBIX Ha HAXOJXKICHHE BO3MOXKHOTO JHAlla30Ha OPOrOBBIX mapamerpo P u
P ., Gbuto ycraHoBIIeHO, uTo npu yBenuuenue P u P, ymeHbmaercs 0606IIEHHOE KONIHYECTBO HOTEPSHHBIX
naketoB (Puc. 1) m yBenmmumBaeTcss yacrtora m3MeHeHHsl pecypcoB (Puc. 2), mpuuem Hambosiee 3HAYUTEIHLHBIM

ABJIICTCA BIIMSAHUEC ITapaMETpa [)maX . B cootBeTcTBHM C IIOJTYYCHHBIMH 3aBUCUMOCTAMHU ONITUMAJIBHBIMU 3HAYCHUAMUA

rnapameTpoB PmaX U Pmin sBJstoTes quana3ossl oT 0,7 10 0,9 u ot 0,2 10 0,6 COOTBETCTBEHHO.

AHAJIOTHYHBI MCCIEJOBAHNUS, IPOBEACHHBIC Ul BpeMeHHoro napamerpa 1. (Puc. 3 u 4), nokasamu, 410

ONTUMAJBHBIM 3HAaUYCHHEM 3TOTO Tapamerpa sBisieTcss auama3on oT 0,030 go 0,035 ¢, 9To MPUOTU3UTEIEHO PaBHO
nieproy hopMupoBanus Buaeo kaapos — 0,033 c.

TeopeTndeckuM OGOCHOBAHHEM OTOTO, SBISCTCS TO, YTO 3HAYCHHe mapametpa 1, , paBHOE CpeaHEMy

MEPUOLy, B TEUCHHE KOTOPOIO CKOPOCTh IIOTOKA | MPUOJH3UTEIBHO IIOCTOSHHA, II03BOJIICT YIOBICTBOPHTH
CIIeTYIOIINM TPEOOBAHMSIM:

1) JlanHoe 3HaueHue [, SBISETCS HOCTATOMHO GONBLIMM Ul W30EKAHMS HACTPOHKH PECYPCOB, BBI3BAHHOM

JIMIb KPAaTKOBPEMCHHBIM U3MEHCHUEM CKOPOCTH IMMOTOKA i.

2) ﬂaHHOG 3HAYCHHUC TC ABJIACTCA NOCTATOYHO MaJibIM, JJIA TOrO, 4TOOKI YMCHBUINTL BBIACIICHHOC MOTOKY i

allocated current
6ydeproe npoctpancTeo B; , €CIIH OHO B TCYCHHUE JUIHTEIBHOTO BpeMeHH Gouble, yem B; .
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Takum o0Opa3om, ONTHMaJIbHOE 3HAUEHHE MapaMeTpa PaBHACTCS JJIMHE BPEMEHHOT'O WHTEpBasla, B TEUCHHE
KOTOPOTO CKOPOCTH ITOTOKA MPHOIM3UTENFHO OCTOSHHA.
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Taxxke OBUTM TIPOBEJACHBI MOJCITHPOBAHUSA, B KOTOPHIX MOJYYEHO KAYECTBEHHOE MOJTBEPIKICHUE
YMEHBIIICHUS] HArpy3KHd Ha BBIYHCIUTEIBHBIC PECYPCHI CETEBOTO OOOpPYMOBAaHHUS 3a CUCT pa3clicHHs HE3aHSITHIX
PECYPCOB MEKAY BCEMH IMOTOKaMH, YTO OOCCIICYMBACTCS 3a CUYCT TOrO, YTO YBEIMYCHUC BBIICICHHOTO ITOTOKY
O0ydepHoro mpoctpanctsa (Puc. 6) MPOUCXOIUT TOIBKO, €CIIU MOTEPS MOAYIAEMOTO MAKeTa MPUBEICT K MPEBHIIICHUIO
JIOITYCTHMO¥ BEIMYUHBI MOTEePSIHHBIX TakeToB (Puc. 5). JlaHHbBIC MccineoBaHUs TIOKa3aIH, YTO BO3MOKHOCTD 3aHITHS
OCTaTOYHBIX PECYPCOB YMEHBINACT KOJIUYECTBO HACTPOCK BBIJICICHHBIX IMOTOKAM PECYPCOB, KOTOPBIC OOYCIOBICHEI
BCETO JIMIIb KPATKOBPEMEHHBIM N3MEHEHHEM IUIOTHOCTH Tpaduka.

st oeHKH (PyHKIIMOHAJIBHBIX BO3MOXKHOCTEH JAMHAMHYECKOTO PEryJIHPOBAHUS PECYPCOB OBLIH IPOBEICHBI
MOJICIIMPOBAHMS, B KOTOPBIX CPaBHUBAINCH XapaKTepHCTHKH crocoda DRA u cratuueckoro Bapuanta WFQ (Static
WFQ). DOTi uccrnenoBaHus COCTOSUIM W3 aHAIM3a BIMSHUS 3THX CIHOCOOOB Ha 0OIIee KOJUYECTBO MOTEPSHHBIX
MAKEeTOB, a TAK)Ke HAa BEJIMYHMHBI IOTEPh, OOYCIOBJICHHBIX NEepenoJHeHreM O0y(epHOro mpocTpaHCcTBa MOPTa CETEBOIO
000pyIOBaHHsl U MPEBBIIICHUEM JIOMYCTUMOM 3a/IePXKKH TIepejadn MaKkeTa.

PesynbTaThl JaHHBIX UCCIICIOBAHUI MMOKA3alld, YTO JUI BCEX 3HAUYCHHUI pa3mepa Oydepa odliee KOIHMISCTBO
MOTEPSIHHBIX MAKETOB M BEIMYHMHA IOTEPh, 00YCIOBICHHBIX NepenonHeHneM Oydepa, menbpme aisi DRA, yem s
cnocoba Static WFQ. OpmHako B OTHOIIEHHH MOTEPb, BHI3BAHHBIX MPEBBIIICHUEM MAaKCUMATbHON 3aJEPKKH, TPU
JIOCTAaTOYHO MallbIX pa3Mepax Oydepa alrOpUTM AWHAMHYCCKON HACTPONKH PECypcOB MOKa3bIBacT Oojiee IIIOXHE
pe3yabTAaTHI.

ITepBeIii pe3yabTaT MOXKET OBITH OOBSICHEH TeM, UTO 00Iee paszeneHue 0y(hepHOoro MpoCTPaHCTBA CETEBOTO
000pyIOBaHHsT MEX/y BCEMH MOTOKaMHU WH(DOpMALUK TTO3BOJISIET 3HAUYUTENFHO YMEHBIIUTH TPEOOBAHUSI K pecypcam,
32 CYET BO3MOXXHOCTH 3aHATHS IMOTOKOM CBOOOJHBIX pecypcoB. OmHako MaHHas xapakTepucThka crmocoba DRA
SBJISICTCS TPUYMHONW BTOPOTO pe3ylibTaTa, KOTOPHI OOYCIOBJIEH TeM, YTO HCIOJIb30BaHHE CBOOOIHBIX PECYpPCOB

NpUBOJAUT K HAPYHICHHUIO COOTHOLICHUS Bi = Di [Ri’ 06€CH€‘{I/IB3IOIIIGFO OTIIPpABJICHUE BCEX IAKETOB

HaXOJAIIMUXCS B OUEPEaU B paMKax JOIMYCTUMOM 3aJepKKHU.

JlaHHOE TeCTHpOBaHHUE TaKXKe MOATBEPIUIIO POCT YTUIN3ALUY PECYPCOB U YBEIUUEHHE KOIUYECTBA IIOTOKOB,
JUISL KOTOPBIX BBITOJHEHB! TpeOOBaHMS K IapameTpaM kKauectBa cepsuca (Puc. 7 u 8), mpuyeM 3TOT pocT 0cOOEHHO
3HAUUTENEH Ul TPAaQHUKOB C OOJBLIMMH M3MEHEHHSMH IUIOTHOCTH ToToka (Puc. 8). DTo mokasbiBaeT BO3MOYKHOCTh
3¢ PEKTUBHOTO HCTIONIB30BaHKs anroputMa DRA 11 TOTOKOB, CTPYKTypa KOTOPBIX IpeIBapUTEIbHO HEN3BECTHA HIIH
CHJIBHO MEHSETCS] BO BPEMEHH.
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THE EFFECT OF DYNAMIC RESOURCE ADJUSTMENT SCHEDULING METHOD ON VIDEO
INFORMATION TRANSMISSION PARAMETERS
Kurapov A.S.
Moscow Institute of Physics and Technology
Ingtitutsky per., 9, Dolgoprudny, Moscow Region, 141700, Russia

Real-time multimedia application communicating over a packet-switched network, e.g. video information
transmission, presents new challenges to packet scheduling methods. The function of these methods is to select the
packet to be transmitted in the next cycle from the available packets belonging to the communication sessions sharing
the output link [1]. This selection must be performed such that Quality of Service (QoS) parameters guaranteed for the
individual traffic sessions, e.g. upper bounds on maximum delay, are satisfied.

One of the most popular scheduling methods is WFQ (Weighted Fair Queuing) [2]. This method is a rate-
based QoS control algorithm that schedules the flows according to their allocated fixed shares of the bandwidth.

In order to achieve high resource utilization of network equipment the author designed a Dynamic Resource
Adjustment (DRA) used in combination with WFQ algorithm. The novel idea of DRA is to adjust the resource shares
based on the QoS performance of each data flow.

The request QoS parameters of flow i is modeled by QoS tuple (D@, Ly, D!’ is delay bound and

Li-oml is the requested loss ratio tolerance. It is assumed that these parameters are pertinent to a single network node.

There are two situations that could cause the loss of a packet:
1) A newly-arrived packet observing afull buffer space;

2) A packet experiencing adelay that islonger than its delay bound Dl-wml :
The considered resources include buffer space bandwidth pertaining to an outgoing link of a network node.
Tuple (B{ocaed  Rallocated y s sed to represent the resources allocated to flow i to satisfy its specific QoS

parameters, in which B*/°“*“? " refers to the allocated buffer size and R*/*““"?  refers to the allocated bandwidth

(servicerate).
The deadlines of the packets are enforced by maintaining (Bl-“”"“”ed ,R,-“Zlocmed ) under the relationship

allocated _ jyallocated allocated allocated
B, = pyilocared R, R

[2]. Because of this relationship, if flow i is guaranteed a bandwidth

then any packets that is admitted into the allocated buffer will be guaranteed to be serviced within its delay bound
Ditotal .
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Before the start of transmission, two buffer occupancy thresholds are chosen: P, ,. (the maximum

threshold) u P_ ;. (the minimum threshold).
The following is DRA algorithm for resource adjustment:

1) If after packet arrival of flow i the current occupied buffer of flow i BS“"" is larger than B"*““*““ and

losing this arrival will cause the loss ratio performance to be worse than L'’ | then increase B*“““? py

. -R N
mi nEl mex pgallocated g _ ¢ gallocated E, where N is the total number of data flows;
5 Prax i=1 E
2) Serve the packet that belongs to the data flow i with minimal finishing time F; that is computed according to
WFQ agorithm.

current
B i

3) |If after packet transmission of flow i the current occupied buffer of flow i is consistently lower than

allocated . allocated 1- I:>n”|ax allocated ,
P .. B; for aperiod 7, , then decrease B; by —=[B; ;

max

allocated allocated _ allocated allocated .
B; =B / D; ;

4) After each changes of allocated buffer space perform R

The parameter P, is used to increase the resources when a buffer of flow i is full and an increase of

X

resources is needed. The parameter P, .

frequency of resource adjustment.
Simulations for multiple real-time video MPEG-1 sources were conducted to study the significance of

P ., T, parameters. Inthissimulation NSs-2 (Network Simulator — 2) was used.

min *

is used to detect low buffer usage. The parameter 7. allows to reduce the

n

different valuesof P_,.,

This simulation shows that the larger P, ,, and P .. values results in larger frequency of resource

X

adjustment and smaller loss ratio performance. The impact of different P, . values is more pronounced. With

X

referenceto 7. theresult of this simulation shows that the larger the value of 7, parameter, the lower the frequency

of resource adjustment and the worse QoS performance. Generally the value of 7, parameter should be appropriately

equal to the time period in which the source has a relatively stable rate, e.g. MPEG source that has frame rate is 30
frames/sec this time period is 0.033 sec.

In order to evaluate the effect of dynamically adjusting the resource shares among the flows, the simulation
was conducted to compare the achieved QoS under DRA and Static WFQ algorithms. The QoS satisfaction ratio
decreases under both agorithms when the total number of flows sharing the resources increases. DRA presents better
than Static WFQ by presenting a higher fraction of flows with achieved QoS under the same number of participating
flows. Thisincrease is more significant for video flows that have less predictable (non-repetitive) traffic pattern.
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