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BeiiBier-ananus cereBoro rpapuka

Mnoeouucnennvie ucciedosanus naKxemuo2o mpaghura KOMRbIOMEPHBIX cemell CeUOemenbCmayion,
ymo smo — paxmanvhuiii npoyecc u e2o Mapkosckue mooenu neagpgexmusnvl. Iloomomy éaxcholl
HayuHOU 3a0auell AGIACMCA AHATU3 COBPEMEHHO20 cemego2o mpaguka. [lannas cmamva
npedcmasasiem pesyromamsl anamuza UDP-mpagura, evinoanennvie ¢ cpede Matlab Wavelet

Toolbox.

Kniwouegvie cnosa: gppaxmansuviii mpaguk, ouckpemnoe geiigiem-npeoopazoeanue cuznana,
HenpepbigHOe ellgen- nPeodpa30eanue cuzHaNa, cCamonododue

BeedeHue

HccnenoBanus, NpoBEACHHBIE 3a IOCIETHHE
JIBAALATh JIET YYEHBIMU pa3HBIX CTpaH, MO3BOJIIOT
YTBEPIKAATh, 4TO Tpadux COBPEMEHHBIX
KOMIIBIOTEPHBIX ceTel 00IamaeT 0co00i CTPYKTYpOi,
HE TIO3BOJISIOIIECH HCTIONb30BATh pu
NPOEGKTUPOBAaHWM  METOABI,  OCHOBaHHBIE  HA
MapkoBckux  Mozmensax. MraHopupoBaHWe — 3THX
ocoOeHHOCTEH Tpaduka NPHUBOANT K HEMOOICHKE
Harpy3Kl W K HEOIPaBAaHHO ONTUMHCTHYECKAM
peuieHusiM. B coBpemeHHOM Tpaduke NposBisieTcs
apdekr camononobus. B Tpaduke mnpucyrcTBYyIOT
CHJIbHBIE BCIUIECKM Ha ()OHE HHU3KOIO CPEIHEro
YPOBHSI, YTO 3HAYUTEIHHO yBEIHMUYMBACT 3aJCPKKH U
JUKUTTEp  IpU  HPOXOXJIEHWH  CaMOIIOJOOHOTO
(bpakTanpHOTO) Tpaduka Uepe3 ceThb, Jake B
Cily4asx, KOTAA CpeAHss MHTEHCHBHOCTh Tpaduka

HaMHOI'o HUWXKE IOTCHIMAJIBHO Z[OCTI/I)KPIMOﬁ
CKOPOCTH IIepc/iaviu B KaHAJIC.
(DpaKTaJ'IBHLIG poueCcChl OTHOCATCA K

mpoueccaM ¢ JUIMHHOW TaMsITBIO, YTO TO3BOJISIET
mpeackasarb ux Oynymiee, 3Has OTHOCHTEIHHO
HenaBHee Tmpouwioe. I[IporHosupoBanue Tpaduka
BOXHO INpPHU pa3paboTKe ajJropuTMOB padOTHI ceTeit
JUIL TIOBBIIIEHUST KadecTBa oOcyxuBanus (QOS).
Jns mpoBaiinepoB yciiyr NpOrHO3UPOBAHUE 3arPy3KH
ceTell TMO3BOJIET IUIAHUPOBATh MX CBOEBPEMEHHOE
pasButie. K HacTosmeMy BpeMEHHM IOKa3aHO, YTO
(pakTanbHOW CTPYKTypoil oOnamaer Tpaduk B
MIPOBOJHBIX CETAX M CETSIX OECIPOBOIHOTO JOCTYTIA.

B cBmu ¢ obOHapyxeHHEM (paKTaIbHOU
CTPYKTYpbl TpaduKa aKTyalbHOCTh MpPHOOpETaroT
KOHCTPYKTHUBHBIC METO/IbI HCCIIEOBAaHUS
(hpakTanbHOCTH W yYET BIWSHHUS CaMONono0us mpu
nepenade maketHoro tpaduka [1,2].

B rmocnexnue gecATHiETHS TIpH  aHAJIH3E
IOPOLIECCOB sl  PAa3lIOKEHUS CUTHAJIOB BMECTO
TPaAWIMOHHBIX JUIMHHBIX CHHYCOWJAJIBHBIX BOJIH
YCIIEITHO MCHONIB3YIOTCS (PYHKINH ¢ TpadKOM THIIA
HeOospIIoit BonHBI (BeitBner). Teopus BeiBIICTOB
SIBJISIETCS MOIITHOW allbTepHaTUBOM aHanuzy Dypne u
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jJaer  Ooymee  THOKYIO  TeXHHKY  00paboTKu
HECTapMOHUYECKHUX CUT'HAJIOB. O}IHO U3 OCHOBHBIX
IPEUMYIIECTB BeiBIeT-aHAIN3a 3aKII0YaeTCs B TOM,

9TO OH MIO3BOJISIET 3aMETUTh XOpO1LIOo
JIOKJIN30BaHHbIC W3MEHEHHS CHUTHaja, TOTJa Kak
aHanu3  @ypse 3TOrO  HE  MO3BOJsET. B

ko3(p¢punnenrax @Dyppe OTpakaeTrcss IOBEICHHE

CHTHAJIa 32 BCEe BPeMsI ero cyniecTBoBaHus [3].
BeiiBner-anann3 m1si OJHOMEPHOTO CHTHAJIA

COCTOMT M3 €r0 pAa3JIOKECHUS MO HepapXUIECKOMY

6asucy, CKOHCTPYUPOBAHHOMY u3
COJIMTOHOTOJOOHBIX byHKIMH C TOMOIIBIO
MacmTabHbIX ~ NMpeoOpa3oBaHUl M IEPEHOCOB.

Kaxnmas w3 ¢ynxmmii 6a3uca xapakTepusyeT Kak
OTIpeIeIEHHYIO YaCTOTHYIO COCTaBJISIONIYIO
CUTHAJIa, TaK | JOKAJU3AIMI0 ITON COCTaBJISIONIEH
BO BpemeHd. Takum oOpaszoM, obecreunBaercs
JIByMEpHasi pa3BepTKa HCCIEAYEMOrO OJHOMEPHOTO
CHTHaJja, a 4YacToTa ¥  MOMEHT  BpEMEHH
paccMaTpuBarOTCsl KaK HE3aBHCHMBIE IepEeMEHHBIE.
Takoii momxoJ aeT BO3MOXHOCTb aHAJIM3UPOBATH
CBOMCTBa CHTHajla OJHOBPEMEHHO BO BPEMEHHOM U
YaCTOTHOM  IIPOCTpaHCTBaX.  IIpocTpaHCTBEHHO-
BPEMEHHOU CIIEKTP SBJISICTCS BaXKHOU
XapaKTepUCTUKON MIPOIIECCOB B CIIO’KHBIX
HEIMHEMHBIX ~ JAWHAMHYECKHMX  CHCTEMax  Ipu
B3aUMOJICHCTBUU Ppa3IMYIHBIX BO3MYIIAIOIIUX
¢axropoB B LIPOKHUX Juarna3oHax
IMPOCTPAHCTBEHHO-BPEMEHHBIX YacTOT.

BeiiBner-npeobpazoBanne MOKa3bIBAET
BHYTPEHHIOIO CTPYKTYpPY HEOJHOPOJHBIX IOTOKOB
JIAaHHBIX ¥ TIO3BOJISIET OOHApYXHUTh CaMOIION00OHbIC
cBoiictBa Tpaduka. Ilo omeHKaM, MNOJYYEHHBIM C
MTOMOIIBIO BEHBIIET-aHAIM3a Ha KOPOTKHX
HHTEpBaJIaX BPEMEHH M C YYETOM caMomomo0us
MOJKHO BBINIOJTHUTH TPOTHO3 COCTOSHUS Tpaduka Ha
Gorbliiie BpeMEHHBIC HHTEpBais [4].

Lensio HacTosIIen paboTHI SIBISIETCS
BEHBJIET-aHAIM3 CETEBOTO TpaduKa I BBIIBICHUA
ero camomonobus. B pabGore pemarorcst 3amaun
Uccie0BaHus TpauKa ¢ MOMOIIBIO JTUCKPETHOTO U
HETIPEpHIBHOTO  BEHBIIET-NIpe0Opa3oBaHms. AHAIU3


mailto:belkov@telenet.dn.ua

ISSN 1996-1588

Hayxoei npayi JJouHTY
Cepin “Inpopmamuxa, xibepnemuxa

sunyck 16 (204)
2012

ma obuucniosaibHa mextika”’

BeimosHeH B cpene Matlab Wavelet Toolbox. Crares
SIBJISIETCS IPOJIODKEHUEM paboThl [5].

Peanusayuu mpadguka

s w3yueHuWs BBIOpAHBI [IBE pealid3allui
cereBoro Tpaduka [6], monyyeHHbIE B YHUBEPCUTETE
ropona Hamomu (Mranus). CorjacHo NHIIEH3UH
NaHHBIE  CBOOONHO  JOCTYNHBI IS aHAJH3a.
M3mepenus nmpoBoauiuchk Kaxasie 10 MULIMCEKyHA,
nony4eHo ceeime 12 000 orcueToB. B mepBoMm cirydae

omepainoHHas cuctema Linux Ha kaxmo# u3 cTOpoH,
ckopocth nepenaun 100 pps.

Ha wmapmpyre mnpoxoxneHus Iakera JUis
nporecca 3aJepKKH MOXHO BBIJEIHUTh ITOCTOSIHHYIO
MHUHUMAaJIBHYIO  COCTaBIISIOIIYIO, OOYCIIOBJICHHYIO
OTCYTCTBUEM ouepenei u NepeMEeHHYI0
COCTABIISIOLIYIO, BO3HHUKAIOIIYIO WH3-3a 3aIepkKeK B
ouepensx. 3alepKKka HU3MepseTcs Ha  CTOPOHE
ncrounrka. OHa COCTOMT W3 BpeMEeHH 00pabOTKH,
BPEMEHH paclpOCTPaHECHUs, BPEMEHH KOMMYTAIHH,

BpeMEHH OXHIaHHi B odepenu. l3ydaemble
(psm  UDP_d512) wusmepsutace 3amepskka  UDP- P pex e
- N N BpEMEHHBIE pAObl NOKa3aHbl HAa pUCYHKax | u 2.
makeToB  oOpemMoMm 512 Gaiit. Bropoit  psin H .
. WKHHI  ypOBEHb 3aJepXKKU Ha pucyHkKe 1
(UDP_j512) — »5T0 wu3MepeHHs JDKHATTEpA TIPH .
. COOTBETCTBYET OTCYTCTBHIO OUYEPE/ICH.
nepeaadye  UDP-maketoB o0vemom 512  Oaidt.
Otmpasutens umen ADSL-poctyn (640 Kbps), na
cropone momywatenas - 100 Mbps Ethernet,
_ Figures - Figure 1 - O X
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HAuckpemHsbliii eelienem-aHanu3

B o3TOM pasfene BBIMOJHEH AUCKPETHBIN
Tpaduka

BEHBJIET-aHAIIN3 CETEeBOT0

HCCIIelyeMblii CUTHAJ W €ro ammpoKCHMAIUs MOoCie
ynanenus ['ayccoBckoro mryma (omepauust De-noise).
B  HmkHeit wactm  pucyHka 4  TOKa3aHa

C CIICKTpOTrpaMMa JAUCKPETHOT'O BEUBIIET-

HCIIONB30BaHKueM BeliBieTa COIf3 u mpu pasnoxeHnu
curHaiza no ypoBHs 5. Ha pucynke 3 mokazaHbl
rpapuxku  curnana UDP_d512 wu  BeiiBier-
ko3 PunmentoB. KonebaHust curHaza MPOUCXOAAT C
BBICOKOW 4YacTOTON W HE 3aMEeTHH Ha rpaduke.

Nzywaemerii  curman  UDP_d512  ects  cymma
alIpOKCUMHUPYIOIUX  KOYGQUIMEHTOB a5 H
Jetanmupyomux kodpdunuenros dq,d,,....ds. B

BEpXHEH JacTH pHCyHKa 4 B OJJHOM OKHE H300pakeH

npeobpasoBanus. Bugno, uro curHan UDP_d512
UMeeT KoJieOaTeJIbHBIH XapakTep M CaMomoa00HYI0
CTPYKTYpY Ha BceX ITH ypoBHiX. Ha pucyHke 5
cHauama wu300pakeH TpapuK OTIMYUH MEXIY
MCXOIHBIM CHTHAJIOM U €ro aIllpoKCHMaluel, 3aTeM
NPUBEACHBl CTATUCTUYECKUE XApaKTEPUCTHKU psiaa
UDP_d512.
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Pucynoxk 5 — Cratuctuueckue xapakrepuctuku psga UDP_d512

Ha pucynke 6 mokasansl rpaduku curaana
UDP_j512 u BeiiBner-ko3¢duiuentos. M3ydaempiii
curran UDP_j512 ecth cymMa anmmpoOKCHMHPYIOLIHX
K03(hHULKEHTOB ag

Hu JIETATU3UPYOLIUX

ko3dumuentos  dqy,do,...ds. B BepxHeil wactn

pUCyHKa 7 TIOKa3aH HCCIIEAYeMBIl CHTHAJI M €ro
alpoKCUMalUs Iociie ynajaeHus wyma. B HukHel

UDP_j512 wumeer konebaresbHbIl Xapaktep W
CaMOIIOIOOHYIO CTPYKTYPY Ha BCEX ISITH YpPOBHSX.
Ha cnektporpamMme OTYETIMBO BHJHBI  PE3KHE
BCIUIECKM CHTHajua. B BepxHeil yactu pucyHka 8
nokaszaH rpaduK OTIMYMHA MEXIYy HCXOJHBIM U
anMpOKCUMUPOBAHHBIM CUTHaJIaMH, HIDKE
NPUBEJICHbl CTATHCTHYECKHE XapaKTePUCTHKU psijia
UDP_j512.

qacTu PUCYHKa 7 IIOKa3aHa CIICKTpOTrpamMmma
JUCKPETHOT'O BeﬁBHeT'HpeO6paBOBaHHH. Curnan
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Pucynok 6 — I'paduxu curnana UDP_j512 u BeiiBner-k03¢ GuIeHTOB
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More on Residuals for Wavelet 1-D_-- De-noising
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Pucynok 8 — Cratuctrueckue xapakrepuctuku psiga UDP_j512

HenpepbieHbili seliesiem-aHanus

B osTroM pa3mene BBIOJIHEH HENPEPHIBHBII
BEUBIIET-aHAIIN3 CETEBOTO Tpaduka c
ucnons3oBanueM Beiipnera Coif3. Ha pucynke 9

nmo 64. Ha choektporpamMMme CcHUTHajla OTYETIHBO
MPOCMAaTPHUBAETCsl €ro KoJjeOaTenbHbIl Xapakrep
caMoToJ00Has CTPYKTYpa.

Ha pucynke 10 moxasan rpaduk curaana
UDP_j512, ciektporpamma, rpaduk cpegHeil cTpoku
KO3(h(OUIMEHTOB pa3IOKEHHs Ha YpOBHE a=32 H

JIOKAJIbHBIX MakKCUMYMOB

MOoKa3zaH  rpaduk

CHUT'HaJla

UDP_d512, ero

n300pakeHne
K03(h(UIMEHTOB Ha Ka)KJOM ypOBHE MaciuTtaba oT 1

CIEKTpOTpaMMa, rpaduk cpenHen CTPOKH
KO3(Q(QHUIUEHTOB pa3ioKeHUsT Ha YpoBHe a=32 u
n300paxeHne JIOKAJIbHBIX MaKCHMYMOB
KO3 (UIIMEHTOB Ha Ka)XJIOM ypoBHE Macmitaba ot 1

no 64. Ha cmnektporpamMme CcHTHala OTYETIHBO
MPOCMATPHUBACTCSI €ro KOJeOaTeIbHbI Xapakrep
caMoTnoJ00Has CTPYKTYpa.
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Pucynok 9 — HenpepsiBHbIii BetiBneT-anamu3 psaa UDP_d512
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Pucynox 10 — HenpepsIBHBIIH

BbI1600bI

Jns mpornieccoB mepenayu JTaHHBIX MaKETHBIM
TpaduKOM, XapaKTepHO OOHAPYKEHHOE HA MPaKTHKE
CBOHMCTBO camomomobuss. B cBs3u ¢ oroM
OCOOCHHOCTBIO CETEBBIX IIPOIIECCOB  aKTyalbHOM
SBIISICTCS  pa3padOTKa KOHCTPYKTUBHBIX METOIOB
HCCIICIOBaHHSI COBPEMEHHOTO TpaduKa.

B nmanHOI paboTe BBIIOJIHEHO IUCKPETHOE U
HENPEePHIBHOE BEUBIET-pe0oOpa3zoBaHUI ISt

BeliBieT-ananu3 psiga UDP_j512

BpeMeHHBIX psamoB [6] 3amepkkn u mxutrepa UDP-
makeToB o0bemMoM 512 Oaiir. C mOMOIIBIO BEHBIIET-
aHaJM3a  BBISABJIEH KOJIeOaTeNbHBI  XapakTep
M3yY4aeMbIX CHTHAJIOB M WX  CaMONoAoOHas
CTPYKTYpa. IlepcnieKTUBHBIM HaIrpaBJICHUCM
HCCJIEIOBAHUN SIBJISIETCA BEHMBIIET-aHAIU3 CBOWMCTB
MOTOKOB Tpaduka peanbHOro BpEMEHU.

26



ISSN 1996-1588 Hayxosi npayi /JonHTY sunyck 16 (204)
Cepin “Inpopmamuxa, xibepnemuxa 2012
ma obuucn08aNbHa mexuika’”’

Cniucok numepamypabi

1. TenekommyHuKaIMonusie cucrembl u cetu / Bemnuko B.B., Cy66orun E.A., Illysanos B.II.,
Spocnasues A.®. // MynbrucepBucHbie cet. — M.: ['opsiuas nmunaus-Tenexom, 2005. — T. 3. — 592 c.

2. Park K. Self-Similar Network Traffic: An Overview [Dnektponnsiit pecype] / Park K. — 2003. —
Pexxum noctyma: http://pi.314159.ru/parkl.pdf

3. Cwmonennes H.K. OcuoBsl Teopun BeiteneroB /| HK. Cmonennes. — M.: JIMK TIlpecc, 2005. —

304 c.

4, 3aboposckuit B.C. [IpoTsokeHHBIE CTOXaCTHYECKHE W THHAMHYECKIE MPOIECCH B KOMIBIOTCPHBIX
CeTsIX: MOJENH, METO[bl aHanmmW3a Uil CHCTeM 3amuThl  uHbopMamuu [DuekTpoHHbIH pecype] [/
B.C. 3aboposckwuii. — 2007. — Pesxxum nocrymna: http://masters.donntu.edu.ua/2007/fvti/suhinin/lib/99.pdf

5. BensxoB JI.B. Crartuctmueckmii ananm3 cereBoro tpaduka / J[.B. BemskoB, E.H. Epmemckas,
JI.B. HezamoBa // 36. Haykoux mpame JorHTY. Cepis “IadpopmaTnka, KiOepHeTHKa, OOYHMCIIOBANbHA
texHika”. — 2011, — Bun. 13 (185). — C. 66 -75.

6. Network tools and traffic traces [Dnektponusiii pecypc]. — 2007. — Pexum pgocryma:
http://www.grid.unina.it/Traffic/Traces/ttraces.php

Haoittwna 0o peoaxyii 30.10.2012

I.B. BEJBKOB, €. M. €EIEMCbKA D.V. BELKOV, Ye.N. YEDEMSKAYA
JloHeIbKU# HAI[IOHALHUM TEXHIYHUN YHIBEPCUTET Donetsk National Technical University
BeiiBiieT-aHai3 Mepe:kHOro Tpagdiky. Wavelet-Analysis of Network Traffic.
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(dpakranbauil mpouec i Woro MapkiBebki mogeni € Markov models are ineffective. Therefore it is
HeepexTBHUMU.  ToMmy  BaxiIMBOWO  HaykoBow important to analyze the modern network traffic. The
3aJa4el0 € aHali3 cydacHoro MepexHoro Tpadiky. paper presents the results of UDP-traffic analysis,
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