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Mogeas camMonogo0HOro Tpauka IHMPOKO HCMOJIb3YeTcsl, OJHAKO HEKOTOpble 3aJa4u
OLIEHKH Ka4yecTBa 00CIy:KMBAHUSA B MIAKETHOM CeTH OCTalOTCH HepelieHHbIMU. U3BecTHO, YTO pH
HAJIMYMH CBOICTB caMOMOAO0US BO BXOASINEM MOTOKe TPe0OBAHUH ¢ POCTOM MHTEHCHBHOCTH
HArpy3KH p YXyALIAIOTCH XapaKTePUCTHMKH KayecTBa OOCIY:KMBAHHS, HO He HACTOJIBKO, KaK
npeanoJsaraerca nmo meroxy Hoppoca. PacxoxkneHue pe3ysibTATOB MOJEIMPOBAHMS U OLEHOK,
noay4aembix no meronxy Hoppoca, moxker gocruratbe cotHu mnpouentoB Ilpemioxken meron
NOBbIIIEHHs] TOYHOCTH pacyeTa XapaKTePUCTHK KavecTBa O0OCIYyKHBaHUSI CaMOINOJAO0OHOIO
Tpaduka 3a cyer 0ojiee TOUHOTO HAXOKAeHUA Kod(pduuueHTa XepcTa B 3aBHCUMOCTH OT Mapa-
MeTpa ¢opmbl pacnpenenenus Ilapero. s camonono6Horo Tpaguka, onucbIBaeMoro pacmnpe-
nesaenuem Ilapero, mosyyena Hosasi popmysia pacuera kodppuunenta Xepcra. Ilpu 3Tom pacuer
XapaKTePHUCTHK KayecTBa 00CIY:KMBAHUSA MOKHO BBINOJIHATH Ha ocHOBe (hopmy.aasl Hoppoca.

KimoueBble ciioBa: kauecTBO 00CTy:KUBaHMs1, KO3(puumeHT Xepcra, caMonoao0HbIH Tpaguk.

A. G. Lozhkovskyi, Ye. V. Levenberg
0. S. Popov Odessa national academy of telecommunications

CALCULATION OF THE SELF-SIMILAR TRAFFIC CHARACTERISTICS
WHICH ISAN APPROXIMATION TO THE PARETO DISTRIBUTION

© Lozhkovskyi A. G., Levenberg Ye. V., 2017

The model of self-similar traffic iswidely used, but some tasks of assessing the quality of
service in the packet network are unresolved. It is known that in the presence of self-similarity
propertiesin the incoming stream of requirements with increasing load intensity p, the quality
of service characteristics deteriorate, but not as much as is assumed by the Norros method.
The discrepancy between the results of modeling and estimates obtained by the Norros method
is hundreds of percent. It is obvious that the estimate of Norros formula is significantly
overestimated, which requires finding a more accur ate solution. A method is proposed for
increasing the accuracy of calculating the quality characteristics of servicing self-similar
traffic due to a more accurate determination of the Hurst coefficient as a function of the
parameter of the Pareto distribution form. For the self-similar traffic described by the Pareto
distribution, a new formula for calculating the Hurst coefficient is obtained. In this case, the
calculation of the quality of service characteristics can be per formed on the basis of the Norros
formula. The proposed method allows us to calculate the quality of service characteristics of
sdf-similar traffic described by the Pareto distribution in a single-channel system with discrete
time of packets service is much simpler. This simplicity is explained by the fact that in order to
calculate the sdlf-similarity coefficient of Hurst, you only need to know the parameter a of the
Par eto distribution form and you do not have to calculate for this traffic in a very complicated
way, for example, using absolute least-squar es methods or R/S-statistics.

Key words: quality of service, Hurst coefficient, self-similar traffic.

BBenenue

Mopnens camMomonoOHOro Tpaduka IIUPOKO HCIOIB3YeTCs, OJHAKO s 3aJad OIEHKH KadecTBa
00CITy)XKMBaHHS B TAaKETHOH CETH OCTAIOTCS HepelleHHBbIMH. M3-3a OTCYTCTBHSI CTPOTOH TEOpEeTHUYECKOM
0a3pl, CIIOCOOHON MONMOIHUTH KIACCHUECKYIO TEOPUIO0 MACCOBOTO OOCITYKMBAaHHS HMPU NMPOSKTHPOBAHHU
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MAKEeTHOW CEeTH € caMOINOJOO0HBIM TpadUKOM, HE CYIIECTBYET NOCTOBEPHOM W MPH3HAHHONH METOIUKH
pacuera mapaMeTpoB U MoKa3aTelnel KauecTBa CUCTEM pacipeieneHus] MHPOpMaiK B yCIoBHIX dddexTa
camoronobus. B paborax [1-3] mokasaHo, 4TO TpH HATMYHUKM CBOMCTB CaMOIIOI00MS BO BXOISIIEM ITIOTOKE
TpeOOBaHUIl C POCTOM MHTEHCHBHOCTH HAarpy3Kd p YXYIIIAIOTCS XapaKTEPUCTHKH KadecTBa OOCIYKH-
BaHUS, HO HE HACTONBKO, Kak mpennornaraercs mo merony Hoppoca. Pacxokaenue pe3ynbTaToB
MOJICIMPOBAHUST U OLICHOK, MOJydaeMbIX 1mo meroay Hoppoca, cocraBisier cotHu mpoiieHToB [1]. Oue-
BHJIHO, YTO orleHka Hoppoca 3HaunTeNbHO 3aBhINIeHa, YTO TPEOYeT HaXOXKeHHUs 00Jiee TOYHOTO PEIICHUSI.

Leasb cTaTby — TOBBIIICHHE TOYHOCTH PacdeTa XapaKTEPUCTHK KAadecTBa OOCIHYXHBAHUS ITyTEM
MOJy4eHUs] HOBOW (opMylnbl pacdera Kod(d(uIMeHTa camMonogoOHOCTH Tpaduka B 3aBUCHMOCTH OT
napamerpa Qopmbl pacnpenenerus I[lapero, MockonbKy caMonofo0HbIH Tpaduk (MHTEpBad BpeMEHH
MEX]y 3asBKaMH) JIy4IlIe BCEro OMUChIBACTCS MIMEHHO pacnpenenenuemM [lapero.

Onenka, koropyo nojy4uuns Hoppoc

JUtst OHOCEPBEPHOM CHCTEMBI ¢ OECKOHEUHOM O0Yepe/ibl0 U MOCTOSHHBIM BPEMEHEM OOCTY)KHBAHUSI
(momens TBM/D/1/o0) u3BectHo petenune B Buje Gopmynst Hoppoca [4, 5]:
H

_(@-r)R-1
N="—35 ()

r H'l

rae N —3To cpenHee KOMMUecTBO TPEOOBaHHH B CUCTEME, KOTOPOE HE MOJKET OBITh MPEBBIIICHO, T. €. 3TO
BEpXHsS OIGHKAa JTOro KomuuectBa TpeboBanmii B cucteme fBM/D/l/w, a H — xoddduiment
caMoro100HOCTH MAaKEeTHOTO TpadrKa, Ha3bIBaeMbIH KOApPUIIHEHTOM XepcTa.

Meron Xepcra MO3BOJSET BBISBUTh B CTATHCTHYSCKUX JAHHBIX MAKETHOro Tpaduka TakHe ero
CBOICTBA, KaK KJIACTEPHOCTh, TEHCHIMIO CIICNOBaTh IO HAMpPAaBICHHIO TpeHAa (MepCHCTEHTHOCTh) H
OBICTPYIO TEPEMEKAEMOCTh IOCIEAOBATEIbHBIX 3HAYCHUH HWHTCHCUBHOCTH Tpaduka (T. €. BCIUICCKH
WHTCHCUBHOCTH, TPHBOIIIMEC K MAYCYHOCTH), a TAKKe CHJIBHOE IMOCIEACHCTBUE, CUIIBHYIO MaMsTh,
¢bpakTagbHOCTh (CaMOMOAO0HOCTh), HAMYKE MEPUOTUUSCKAX M HENEPUOTMUYSCKUX IHUKIOB (Hampumep,
U3-32 0COOCHHOCTEH MOBTOPHBIX 3aIIPOCOB B MCIOJIb3YEMBIX IPOTOKOJIAX MEPEAayn).

HecoorBercTBHe onienok Hoppoca

Pe3ynbraTthl MOIETUpPOBaHUS, TPEACTABICHHBIC HA pHC. 1, TOKAa3bIBAIOT, YTO Ui CAaMOMOJOOHOrO
TpaduKa ¢ POCTOM WHTEHCHBHOCTH HArPy3KH P YXYAILIAIOTCS XapaKTEPUCTUKH KayecTBa OOCITY)KHBAHWS,
HO HE HAaCTOJIbKO, KaK 3To onpexernsiercs ¢popmynoit Hoppoca. Pacxoxenue pe3yibTaToB MOACTHPOBAHUS
(moxazaHbl 3HAKOM “+”) M OICHOK, MOJY4YeHHbIX 10 Gopmyse (1) (TpuxoBas JTUHHS), MOKET JOCTUTATH
cotHu nporeHToB. Onenka Hoppoca cHiibHO 3aBbIIIeHa U HEOXOAUMO Ooliee TOYHOE PeLICHHE.
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Puc. 1. Mooenuposanue N ¢ mooeau fBM/D/L/co npu H = 0,7
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[Maveunsrii xapakTep TEHEPUPOBAHHOTO TpaduKa CIOCOOCTBYET €ro aJeKBaTHOCTH pPEaTbHOMY
Xapakrepy Tpaduka B MyJIbTHCEPBHCHBIX CETSX. 3[€Ch MPH IIMPOKOM HAINa30HE CKOPOCTEH Mepemaayu
Harpy3ka SBISIETCSl Pa3HOPOJHOM, ITOCKONBKY Iiepelavy IOTOKOB pa3HBIX TPHIOKEHUH U CIyxO
obecrieyrBaeT OJHA W Ta XK€ CETh C CAWHBIMH IPOTOKOJAMU M 3aKOHAMH YIpaBlieHHs. VICTOYHUKH
OnpeeEHHON CIYy)KOBl XapaKTepH3yIOTCS MaKCHMAaJIbHOW W CpelHEed CKOpOCTSAMH Iiepernadd, T. .
kodpdunnentom mnadkoBanus (burstness) u cpenmeit amMTENPHOCTBIO THKa Harpy3kud. Hampumep,
MAaYKOBaHHE JIJIsl PEUEBBIX CITYKO BO3MOXKHO M3-3a TIay3 B pa3roBope.

Haunbonee wu3BeCTHBIM MeTOA0M (OPMHUPOBAHMM CaMOIIOJOOHOTO IIOTOKA SIBJSETCS METOJ
Manzaens6pota [6]. OH OCHOBaH Ha CyNEpPIO3UIMHA HECKOIbKUX HE3aBHCHMBIX M MMEIOIINX OJANHAKOBOE
pacnpeneneane ON/OFF wucrounukoB, natepBaisl Mexay ON u OFF mepuogamMu KOTOporo o0afaroT
st dexrom Hoa. Dddext Hoa B pacnpenenennn mureapnocreii ON/OFF nepronor siBistercst 6a30BBIM
JUIA  MOJEIMPOBaHMs camorionoOHoro tpaduka. Oddexkr Hoa sABIsSETCS CHHOHMMOM CHHIPOMA
Oeckoneunoit mucriepcuu. s moctmkenus dddekra Hoa mcnonp3ytor pacnpenenenue [lapero, gacro
Ha3bpIBAEMOE “ pacIpeneieHUsIMA ¢ JUTMHHBIM XBocTOM™ . Hanwdue B pacmpeneneHuu “ JTHHHOTO XBOCTa”
obecrieunBaeT CBOMCTBO MaYeyHOCTH TpauKa, TaK KaK B paclpeelIeHHH BO3PacTaoT BEPOSITHOCTH OYeHb
KOPOTKHX M OY€Hb JUTHHHBIX HHTEPBAJIOB MKy TAKETaMH.

[TnotHOCTh pactpenenenus [lapero 3amaercs QyHKIUCH:

aab (.ja+1
f)=—c=z
bexg
rae a — mapamerp ¢opmel; b — Moma pacnpenenenus (MUHHMAIBHOE 3HAUEHHE CIyJaiHON BETHYMHBI X).
[Mpudem nipu a £ 2 nucnepeus 6eckoHedHa (4TO U TPeOyeTCst Kak OJHO U3 YCIOBHUIT CaMOIOI0IOOHOCTH).

[Tpu mpakTH4YEeCKOM MOISTHPOBAHMU CAMOIO00HOTr0 Tpaduka, HapUMep, IPU TTOMOIIH aITrOpUTMa
[7], pactpenenenue Ilapero momy4aercs MmyTeM Iepexofa OT PAaBHOMEPHOTO paclpenelieHUus METOIO0M
oOpaTHOH pyHKIHH:

b
Z = ——, @)
Ui
rae Zi — i-it uaTepBanm Mexay coOwiTHsaMmu; U — ciywaiiHoe YHCIIO, PaBHOMEPHO pacipeieicHHOe Ha

unrepsaie [0, 1]. s obecriedyeHUs] CamMONOMOOHBIX CBOMCTB MOJCIHPYEMOro Tpaduka HEoOXOAUMO
3a7aBaTh 3HA4YeHHs Tmapamerpa (opmbl @ B mperenax or 2 a0 1, yTo oOecreuyuBaeT 3HAYCHHUS
ko3 duimenta camomodHoctn Xepcra B juanazone H = 0,5...1 coorBercrBenno. Kpome Toro,
HEOOXOIMMO KaXKI0€ MOJyYCHHOE 3HAYCHIE HHTEePBajia BPEMEHH 10 CIICAYIOICH 3asBKU Z; yMCHIIUTh Ha
BenuuuHy b s obecriedeHus peanuctuuHOCTH Tpaduka (pacmpenerneHue I[lapero He aaer BETUYHHBI,

MEHBIIHE b, HO pealbHO TaKKe 3HAUYEHHSI BO3MOKHBI).

MopeanpoBanue ¥ annpokcuManusa ko3¢ punuenta caMonogo0HOCTH

[Mpunsito cuutath [5], YTO CylIecTByeT Takas 3aBUCHMOCTh MEXKIYy MapamMerpoM (GopMmbl a

pacnpenencuaus [Tapero u koadduimentom Xepcra H Takas 3aBUCHMOCTb:
2

OnmHako pe3yNnbTaThl MOJCIUPOBAHMS, TPENCTABICHHbIE Ha pHC. 2, IOKAa3bIBalOT, YTO JUIS
pacnpenenenus [lapero Her nuHeitHoi 3aBucumoctH (3) koddduimenta Xepcra H ot mapamerpa Ghopmbl
a pacrmpesencHusl.

W3 puc. 2 BuaHO, 4TO peanbHblii kKoddduiment Xepcra HR (myHkTupHas KpuBas) 3aBUCHT OT
napamerpa GhopMsl a pacrpeseneHus [lapero He TUHEHHO (CIUIOMIHAS JIMHKSA), @ 10 3aKOHY, OJIU3KOMY K
IKCIIOHEHTHOMY.

Takum 00pa3oM, eciii peajbHas CTATUCTHKA Tpaduka (MHTEpBAN BPEMEHH MEXKIYy IMaKeTaMH)
anmpoKCUMHpyeTcs pacnpezaenennem [lapero, To Ui pacyera XapakTepUCTUK Ka4ecTBa 00CITYKUBAHHUS 10
tdopmyne Hoppoca (1) ciaenyer paccunTeiBaTh KOd(DOHUIIMEHT camMomogodHocTH Xepcera He Mo GopMyiie
(3), a mo dopmyire anmpokcuMupyromel kpuboit HR, mokaszanuoii Ha prc. 2 MTPUXOBOH JTHHKEH. B aTOM
cllydae TOYHOCTh pacyeTa Bo3pacTaeT Ha MOPSJIOK, MpruieM HorperHocTh He npebiiaeT 10...20 %.
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Puc. 2. Mooenuposanue xoapguyuenma camonodobrocmu H

I[To pe3ynpTaTaM MMHUTALMOHHOTO MOJICIMPOBAHMUS, OCYIIECTBICHHOrO MPH MOMOIIHU airopuT™a [7],
s pacdera koddduimenta Xepcra Tpaduka, omuceiBaeMoro pacmpeneneHueM Ilapero, mpemiokeHa
o4eHb TpocTas popmyna:

H=a 078, (4)
rje a — mapamerp Gpopmsl pactpeneneHus [lapero.
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Puc. 3. Annpoxcumayus kosppuyuenma Xepcma HA

Anmpokcumanus (4) koaddurmenra Xepcera HA (mrpuxoBasi JIMHKS) HE MOTHOCTHIO COOTBETCTBYET
KpPHUBOW pealbHOr0 Hu3MeHeHus koddduimenta Xepcra B 3aBUCHMOCTH OT mapamerpa (GOpMbl a
pacnpenenenusi [lapero, HO Jake W B TakOM BHIE 0OCCICYMBACT TOYHOCTH pacyera XapaKTePHCTHK
KadecTBa OOCTY)KMBaHHs, B CPEIHEM Ha TOPSIOK BBICIIYIO, YeM IPH pacyeTax C HCIOJIb30BaAHUEM
(dopmyisr (3), a IOrpenIHocTs pacuera B cpeaneM He npessimmaer 10...50 %.

C yuyeroM yKa3aHHOH AamNMPOKCHMAIMU TIPH OICHKE XapaKTePHCTHK KadecTBa OOCITY)KHBaHHUS
JIOCTATOYHO paccyuTaTh uepe3 mapamerp ¢opmbl pacrnpenencHus Ilapeto a TOIBKO OAHY U3

XapaKTepPUCTUK, HAIpUMeEp, CpeHee KOTMIECTBO 3asiBOK B cucreme N:
-0,78
an
-0,78 . 1
1-r)2
=R 5
05 ()

r a 078.1

OcranbHble XapaKTEpPUCTUKU PACCUUTHIBAIOT MO HIDKECICAYIONHMM (OpMysiaM, MOCKOIBKY TakKHhe
XapaKTePUCTUKH, KaK CpeliHee KOIMYEeCTBO 3asBOK B odepenu Q, cpemHee Bpems NpeObIBaHHS 3asBOK B
cucreme T U cpeqHee BpeMst 3a1epiKku 3asBoK B cucreme W cBsizanbl ¢ N u3BeCTHBIMH (DYHKIIHOHATIBHBIMH
COOTHOILICHUSIMH

Q=N-r, T=0, W=T-1.
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BriBoa

[pemnoxeHHBbI METON TMO3BOJISIET 3HAYMTEIBHO IMPOIIE PACCUMTHIBATH XaPAKTEPHUCTHKH KadecTBa
o0CTy)KMBaHUsI CaMoIof00HOro Tpaduka, ommuchiBaeMoro pacmpeneicHueM Ilapero, B onHOKaHAIbHON
cucreme fBM/D/loo ¢ nuckpeTHBIM BpeMeHeM O0CTYKHMBaHHsS 3asBOK. JTa MPOCTOTA OOBSACHSICTCS TeM,
4TO IS pacdyera HeoOXOAMMO 3HATh JIMIIL mapamerp a (GopMbl pacmpeneneHus [lapeto u He Hamo
PacCUUTHIBATH ISl 3TOrO TpadHKa JOCTATOYHO CIOKHBIM U TPYJAOSMKUM CIIOCOOOM, HAPUMEpP, METOIOM
aOCONTFOTHBIX MOMEHTOB C TIPUMEHEHUEM METO/]a HAMMEHBIIIMX KBAJAPAaTOB WK MeTogoM R/S-cratuctuk,
Ko3(puimeHT camornomoOHocTH Xepcrta. Mcmonw3ys peanbHbie  (DYHKIIMOHAIBHBIC 3aBUCHMOCTH
ko3 dunuenta H or napamerpa a ¢hopmsl pacrpezeneHus [lapero, MOXKHO MOBBICUTh TOYHOCTh pacuera
XapaKTePUCTHK 00CTY)KMBaHHS KauecTBa Ha MOPSIOK.
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