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CIIOCIb OHIHKU NAPAMETPA XEPCTA AJA TPA®IRY IP-MEPEJK

3 ypaxysaHHaM moezo, wo IHmepHem mpacik ma mpadik IP-mepex eusisrise camonodibnicms ma 00820-
CMPOKOBY 3alexHICMb, 3anporoHO8aHO 3acm ocyesamu ModugpikosaHy ducnepcio AniaHa (MOA) 0ns susHadyer-
HA napamempa Xepcma 00820CMPOKOBO 3anexHux rnomokie daxux. Memod 6yno 3acmocosaHo 00 rcesdo
sunadkosux camorolibHux riocnidosHocmed OaHux, Wo Oynu cgopmosaHri 05 3a0aHux 3HavYeHb napamempa
camornodibHocmi H. Takox 6yno docnidxeHo nosedinky MOA dns HadnowupeHriwux 0emepMiHO8aHUX CUgHallia.
Hanuli cnocib 3acmocogaHo 00 peansHO20 KaHaiy IP-mpagiky, pesynibmamu 4020 caeid4amb 1po MOXIIUSICIMb
sukopucmanHa MOA Onia aHanizy mpagiky.

Beryn

CrpiMKMii PO3BUTOK TeJIEKOMYHIKALiHHMX CUCTEM BU3HAYA€ HOBI Ii/IXO/M i TIOIJIS/IM HA aHaJIi3
tpadiky. HeazekBarHicTh TpaMIliitHUX Mo/iesiell CTaBUTD 3a/1ady po3poOKM HOBUX METO/IiB OIliH-
KM XapakTepucTuK Tpadiky B cydyacHMX MepekaxX 3B'si3Ky. Te, 10 TOTIK /JaHUX HE OMUCYETHCS
kiacuynoio [lyaccoHiBcbKOIO MOJE/TIO, BIiepiie Biajgocs HoMiTuTH B Mepeskax Ethernet [1].
Crnupaiounch Ha BeJUKY KiJbKiCTb eKCIepUMEHTAJbHUX JaHUX i peTeJbHUN CTaTUCTUYHUN aHa-
ai3 [2], 6yno moBeneno, mo tpadik IP-mepex i Inrepuer Tpadik, 30KpeMa, XapaKTepu3yeTHCS
TAaKUMHU KOPEJSAIiMHIMA BJIACTUBOCTSIMU, SIK CAaMOMO/IiGHICTh i JOBTOCTPOKOBA 3aJeKHICTh. B
XO/li HeIOJaBHIX [OCJTi/PKeHb, TPOBelleHuX 3a MiATpUMKHU Jloc-AjmaMocchKoi HallioOHAJIbHOT
nga6opartopii [3], BusBUIOCS, MO MOTOKM [AHUX, SKi CIIOYATKY HE MPOSBJSIOTH BJIACTUBOCTEN
caMoIo/1iGHOCTi, TIpomoBIIN 06pOOKY Ha BY3JOBUX cepBepaX i aKTUBHUX MepeKeBUX eJeMeH-
Tax, MOYMHAIOTH IMOJABATH SICKPABO BHPaXKEHI O3HAKM caMoKoppessnii. lIpoTuiesxno mpuiry-
HIeHHSM KJacuuHoi MofeJsii Ilyaccona, mi BJIACTHBOCTI MiJKPECJIOIOTH JTOBIOCTPOKOBY 3aJICHK-
HICTb y Yaci MK HaJIXO/KEHHAMU I1AKETiB.

OCHOBHOIO Memo1o pobomu € po3poOKa JTOCJIKEHHST BJIACTUBOCTEH caMOIMO/[iGHOCTI Ta /10B-
rocTpoKOBOi 3ajeskHocTi Tpadiky [P-mepesk, po3pobka airoputMmy OIiHKHM MapameTrpa Xepcra.
AKTyaTbHUM HA JaHUI MOMEHT € BUPOOGJIEHHS pPeKOMeH/alliil Ta BU3HAUEeHHS HANpPSIMKIiB TOfa-
JIBIIIOTO 3aCTOCYBAHHA Pe3yJIbTaTiB JOCJIKEeHHI.

Bumnazakosuii mporec X(¢) (r€ M) BBakaeTbess caMOMOAIGHUM 3 MacmITaGyIOUNM MapaMer-

poM camomofiibuocti a6o mapamerpom Xepcra H > 0, gkiro

d
Xt =a""X(at) (1)
d
st Beix a >0, me = o3HAYa€ PIiBHICTh JJISI BCiX KiHIEBUX POIMOAIMIB. [HITUMU CJOBaMH,
CTATUCTUYHA XapakTepucTtuka rpoiiecy X (¢) He 3MIiHIOETbCS Tpu MacmTabGyBaHHI 32 aMILTITY-

moio Ha @ 7 i 3a wacom Ha a.

JloBroTpuBasia 3aJeKHICTh MPOIECY BU3HAYAETHCS TOKA3HUKOM CTYIIEHS 3aracaHHs aBTOKO-
peJsisatiiinol ab6o ekBiBaJieHTHOT (PyHKIIT criekTpasbHOi TycTuHU ToTykHocTi [4]. IIpomec Y (r)
XapaKTepPU3YEThCS JOBTOCTPOKOBOIO 3aJIEKHICTIO, SIKIO HOTO ClleKTpajbHa TYCTHHA MOTYXKHOCTI
(CTTI) criaiac acUMIITOTHYHO

Sy (e, |f[" mns f—0, (2)
me 0 <y <1 — HOKAasHMK CTYIIeHS 3aracaHHs, IPHUOMY
v=2H-1. (3)

CrocoBHo BuMipoBanHsI Tpadiky, mapamerp Xepcra /sl JOBIOCTPOKOBO 3aJIEKHOI TTOCJIiIOB-
HocTi ganux (6iT B OAMHUINO Yacy) (aKTUUHO XapaKTePU3ye CaMOIO/AIGHICTh MOYaTKOBOI ITOCTi-
JIOBHOCTI 6iT. Km0 posrisiiatu MepexeBuil Tpadik, To i/l caMono/IiOHICTIO MaeTbesl Ha yBasi
MOBTOPIOBAHICTb PO3MOIIY HaBaHTAKEHHS Yy dvaci y pisHuX Macmrabax. TakuM YWHOM,
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[P-rpadik Bur/gae Maiike OJHAKOBO K HAa BesMKUX iHTepBajax (roauua, jno6a), rak i Ha
MaJMX Bijpiskax uyacy (cekyHjau, MijiceKyH/n).

ITocranoBka 3aaaui

3azsauer0 poboTH € po3pobKa aJropuTMy OLIHKM mapamerpa camonogi6uocti H (napamerpa
Xepcra) crocoBHo aHanidy tpadiky IP-mepesx. [TponoHyerbes cnoci6 oninku napamerpa Xepe-
Ta JIJI JIOBTOCTPOKOBO 3ajieskHoro Tpadiky 3a mornomorolo mojandikoBaHoi auctepcii Asana
(MIA).

Hexaii fana HeckiHueHHA MOC/TiIOBHICTb BiTKiB {x)} curnamy x(¢), piBHOMIPHO PO3NO/i-
JeHUX y vaci 3 KpokoM muckperusauii 7,. fAxmo Buiinuty kinnesuit naGip i3 N BijmikiB
{x,}, 3 mepiomom nuckperusamii 7, ominka MJIA Moxke GyTH BHKOHAHA 3 BHKOPUCTAHHSIM
CTaH/IapTHOI oliHOUHOI (yHKIIiI, 1o i pekomennoBano ITU-T [5]

2

1 N-3n+1| n+j-1
(xi+2n = 2%y + xi) ) (4)

203 (N =3n+1) 51 | 5

Mod Gf,(nro) =

ne n=1,2, .., [N/3]

[cHye peKypcHBHMII aJTOPUTM HIBUIKOTO PO3PAxXyHKY /JaHOi OIiHOYHOI (PyHKIIiI, MO 3MeH-
nrye KiJibKicTb HeoOXimHux g ob6uncienns MJIA omeparttiii [/ BCiX MOXJIMBUX 3HAUYEHb 1
10 ~ N?, zamicts ~ N° [6].

Posragnemo Bunagakosuii mporniec, CITI gkoro 3amaeTbed ik Mojies b

D o .
S.(t) = Ehaif , axmo 0 < f < fy; (5)
0, sxmo f > f;,,

Je P — KijgbkicTb TUIIB CTyHeHIB HIymMy, IO PO3IJISJAI0TbCS B Mojedsi; o; i ha[ —
napamerpu mogedi (o, h, € R); f, — BEpXHsI MeKa YACTOTH.
[lnst 6yap-sikoro 3HaueHHst 3 psiy 36ikHOocTi MJIA nifiKkopsieTbes CTylleHeBOMY 3aKOHY Ha
iHTEepBaJIi CHOCTEPEKECHHS T
Mod Gf,(r)~AuT“, (6)
pe u=-3-o.
drmo P >1, 1o (6) MOKHA y3araJbHUTH CKJIQIAHHIM CTYTICHIB Aui’c“i .

BaxxsmBo 3posymitu noBeninky M/IA, sk i s 6y/Ib-sIKOTO iHIIOTO crtocoGy aHami3y JOBro-
CTPOKOBO 3aJIeKHUX i caMono/iiGHUX IpolieciB, KoJm 1poliec x(f) He Moxe OyTH IIPOMOJIENIbOo-
Bano 3a jonomoroio dopmysn (5). Posrismemo moseminky M/IA, komm x(f) BKJIIOYAE eTep-

MiHOBaHi KOMIIOHEHTH TaKi $IK, HAIPUKJA/], 3MillleHHs 110/I0 HYJbOBOIO CEPe/IHbOr0 3HAYEHHS,
JiHiftHUT a60 KBaJipaTUyHUi 3CyB, TIePioINYHI CKJIQIOBI Ta iMITyJIbCH.

1) 3cys i 3miwenns. [losgBa B nouarkoBoMy iHGOpMaIiliHOMY CUTHAJI J0aTKOBUX CKJAI0-
BUX MOXKe OyTH BUKJUWKaHA MepentkofaMu B KaHasi nepefaui ganux. [Ipumyctumo, 1mo curaasn
BKJIIOYAE 3MillleHHS] CepeHbOTO 3HAUeHHd | JIHIHHWUN Ta KBaJpaTwWyHUi 3cCyB, TOOTO

x(t) = A+ At + Ct*. [Tpu migcranosui B (4) orpumaemMo
Mod Gf,('c) = 2C%1% . (7)

Takum unroM, Mod G%,(T) HE 3aJIeKUTDH BiJl MTOCTIHHOTO 3CYBY i JIiHIHOrO 3MIlllEHHS, aJie

BUSIBJIIE KBQ/IPATUUYHUI 3CyB y BXiJIHUX JAaHUX, SIKMH 1nporopuiiHuii ~1?
2) Ilepioduunuii cuenan. lpunyctumo, mo x(f) — YuCTa CHHYCOi[a 3 YacToTOO f,, , TOOTO

x(t) = Asin2nf,,t , i3 CITl S.(f) = (A2/2)8(f—fm). Toxi migcrasisioun B (4), oTpuMaemMo
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(s st n— o0, nty = 1)

. 6
Mod 0?,(1) = A? % (8)
(ntf,)
Orxe, rpacdik MJIA e myJsbcanisimu 3 nepiogiom 2/f,, .
3) Imnyavcu. Haiimommpeninr Tpuk/Ia M HecramioHapHocti Tpadiky [P-mMepesk — panTosi
3MiHU cepeHbOI GiTOBOI IMIBU/KOCTI, HANPHUKJA[, Yepe3 IepeMapuipyTisaililo Tpadiky abo pe-
TYJIIOBaHHSI TIPOITYCKHOT cripoMoykHOCTi Kanamy. [lpumycrumo, mo x(f) — iMmyJabc B MOMEHT

t=0, x(t)=Au(t), orpuMaemMo
Mod 0}2,(r) =0. 9)

OpuuHounuii imiysnpc B curHasai x(f) BusiBJsie HyJboBY nilo Ha Mod 03,(1:), BHU3HAYEHy 32
ycepeHIOBaHHS Ha HECKiHUEHHOMY TMMYAacOBOMY Bi/Ipi3Ky.

Po3rJIstHEMO [IOBrOCTPOKOBO 3aJieskHuii mpoitec i3 CITI (5), 1o XapakTepusy€eThest mapamer-
pom Xepcra 0,5 < H < 1. Y 3araspHoMy BUIAJKY, 3rifiHo [7], mapamerp Xepcta ans cepii IP-

makeTiB {x, } MOXXHA BUSHAUNTH TAKUM YHHOM:
1) pospaxysarn Mod 62 (1) 3a sonomoroio orinHoi dopmymi (3) Ha TiCTaBi TOCKIIOBHOC-

Ti faHuX {x, } A/1s1 3pocTanpHUX 1iaux sHavenb {1 <n < N/3};

2) BU3HAUUTH CcepejiHiil KyT HaXujy B HojBiliHOMY JorapudmivHoMy Maciitabi jas n > 4
[IJIIXOM AIllPOKCUMAIlil KPUBOI IIPSIMOIO JIIHIEIO;

3) nepesiputu, mo -3 < u < -2 i orpumaru 3HaueHHst napamerpa Xepera sk H = (u/2)+2.

[locToBipHicTh i TOYHICTH 3amporioHoBaHOTO MeTony OyJia repeBipeHa Ha Mogedi. Crioci6
oliHku mapamerpa Xepcra Ha ocHoBi MJ/IA 6yB 3acrocoBanuil /10 TCEBAOBUNAIKOBUX JIOBTO-
CTPOKOBO 3JIEXKHUX IIOCJI/[OBHOCTEN JannX {x;} 3aBgoBKku N , /ISt TeHepallii sIKUX BUKODPH-
cToByBaBcs asroput™m [8]. Bin ocHoBanuili Ha cleKTpaJIbHOMY IMEPETBOPEHHI: BEKTOP BUIA/IKO-
BUX KOMILJIEKCHUX YHCeJI i3 cepe/IHhOI0 aMILIiTy/I0l0, PiBHOIO KBaJpaTHOMY KOpPeHIO 3 6ayKaHoro
3HaYeHHs S, (fk), i dasolo, piBHOMipHO po3mnomaizeHoo Ha intepBati [0, 2n], migmaerbes 3Bo-
poTtHOMY miepeTBopeHHI0 Dyp’e.

[nst koxkHOrOo 3HAueHHsT mapamerpa Xepcra 3 psay {H;}={0,50; 0,55; 0,60; ...; 1,00}
cchopMoBaHi TICEBIOBUTIAIKOBI TOCTiTIOBHOCTI 3aBAOBKKH 1024 BimmikiB. /[0 KOXKHOI 3 TOCJTi/IOB-
HocTell 6yJI0 3aCTOCOBAHO 3alPOTIOHOBAHMII AJTOPUTM i O6YMc/IeHO 3HAaYeHHS H , a Takox To-

XUOKY MeTOmy AP gk BigHOMmeHHS pisuuni Mik GaxkauuMm (BXigHum) i dakrnurauMm (orpuma-
HKMM) 3HAYEHHSIMH /10 BXiJIHOIO 3HAYEHHs Mapamerpa camonogi6uocti H . SIK mokasano Ha puc.
1, BisiHOCHA TTIOXUOKA OGUMC/IEHHSI B CEPEeIHbOMY He TIEPEBUIIYE 5 Yo.

3 MeTOI0 BUBYEHHS OCHOBHMX CTAaTUCTUYHMX BJIACTUBOCTEN peasibHOTO TpadiKy TPOBEIeHO
aHami3 excrnepuMeHTAJbHUX MaHnX. O6'ekToM BHUBUYeHHS OyJo ob6pano Mmarictpasp 100 MG6it/c
[nTeprer mpoBaiizepa.

Craructuuni gani po60TH TpaHC-OKeaHiYHOTO

H
A ) o
= [HTepHeT-KaHasy 3a repuiuii KBapraz 2006 poky
= oTpuMaHo 3a sornomoroio online-npoekry MAWI
0,60% .
B _ (Measurement and Analysis on the WIDE
0.00% ] — Internet) [9]. OcHOBHOIO METOUKOIO0 OTPUMAHHS
0:40% . MOYaTKOBUX JaHuX OyJio nepexorsenns [P-maxe-
0.30% — TiB, MO HAAXOAATh (3a [OTOMOTOI0 YTHJIITH
0.20% - tepdump).
010% 1 L 3a BXiJHy IOCJiJIOBHICTb [JaHUX B34TO KiJb-
000 D kictp [P-makeriB, mepemaHux B OJUHUINIO Yacy

050 055 060 065 070 075 080 085 08 095 100 (pI/IC. 2), PO3paxoBaHO MﬂA i BU3HAYEHO cepe-

Puc. 1. Hoxu6ka metony MJIA JHIl Haxua y ToABiliHOMY JorapudMivHOMY
macmra6i (puc. 3).
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Puc. 2. Yucao IP-nakeriB B opunuitio yacy (1mc) Puc. 3. M/IA nas peanbHoro Tpadiky

Busnavenns napamerpa Xepcra MmiiTBep/KYIOTH TirmoTe3y 1po camonofibuictb — H = 0,8.

Bucuosku

Ortike, posnozis Tpadiky Ha MaricTrpajgbHOMy By3Ji npoBaiiziepa [nrepHer 6sm3bkuii go Ily-
ACCOHIBCBKOTO, ajie TakuM He €. [lorik ganux € camonofi6onum. CamonoiGHicTh MOKHA PO3IIi-
HIOBAaTH SK (yHIAMEHTAJIbHY CTAaTUCTUYHY BJIACTUBICTH MepeskeBoro Tpadiky, sKy HeoOXiTHO
BPaxoBYBaTH HA IPAKTUILi.

[IpakTuyuHi pe3yabTaTé MOXKYTb OyTH BUKOPHCTAHI B Pi3HUX iH)KEHEPHMUX aCHeKTax, HAPUKJIA/L:

— MO/IeTIOBaHHS PO6GOTH TeJEKOMYHIKAIliHUX Mepesk i/l 4ac iX MpOeKTYBaHHS;

— PpO3paxyHOK HPOITYCKHOI 3/IaTHOCTI KaHATIB 3B 3Ky Ta 06¢cATy 6ydepiB KOMYyTaTopiB;

— BU3HAUYEHHS [TOKA3HUKIB SIKOCTi OGCIYTOBYBaHHS B Mepeskax mnepegaBanus ganux (QoS);

— BUSBJICHHSI aHOMaJiii po6OTH Mepesk.

Ha Biaminy Bij immmx MeroxiB (Hampukiazm, 3a gopmyso Yirraa [8]), cmoci6 orinkn ma-
pamerpa Xepcra Ha ocHoBi MJIA n03BoJIsiE TouHine obuncanT 3Hadenns H. Kpim toro, nanuit
MeTO/[ /I03BOJISIE BU3HAUNTH HASIBHICTH KOMIOHEHT pakiiiinoro myMmy B Tpadiky IP-mepex. Y
MiZICYMKY MOXKHA 3a3HAYWTH, N0 JaHUil croci6 Moxke OyTH BUKOPHUCTAHWUN CIJBHO 3 iHIIUMU
AJITOPUTMAMU, TAKUMU SK METOJI JiorapuMiuHOi iarpaMu Ha OCHOBI BelBJIET-TIEPETBOPEHb.
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