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NMPEAUKTUBHOE YINPABJIEHUE MHTEHCUBHOCTbBIO TPA®UKA
B BECMNPOBO[AHbLIX CETAX NEPEAOAYUN OAHHbBIX

B cmamve npeonoscen memoo npedukmusno2o ynpasieHus UHMeHCUBHOCMbIO MPAQUKa 6 OeCnpoBOOHbIX ce-
msax nepedayu Oanuvix. Ha 0cHOe MOHUMOPUHEA NOMOK08 OAHHBIX HA 3A0AHHOM UHMEPEALe 6PeMeHlU NPOU360-
OUMCs AHAAU3 UX CIMAMUCIUYECKUX XAPAKMEPUCUK U OCYUeCMBIIAEeMCS KIACCUPUKAYUSL KAHNCO020 U3 NOMOKOE NO
Kpumepuio 3navenus noxkazamens Xepcma. /s 5mozo npeonodlicer Memoo OyeHKy 3Haverus noxkasamens Xepcma
Ha 0CHOBe OUCKPEMHO20 8eUBNIeM-NPeodPA308anUsl, KOMOPbLIL He mpebyem GoIbUL020 00beMa LIMUCIEHUIL U NO360-
JIslem npou3eo0um aHau3 NOMoKo8 6 pedaivHom macuimabe epemenu. IIpeonoicennviii Memod moxcem Gvimb uc-
NOJIb306AH HA MPAHCHOPMHOM YPOGHE CUCIEM YRPAGILeHUsL ROMOKAMU OGHHBIX OECRPOBOOHBIX CEmell.

Knrwoueesvle cnosa: ynpaeienue, oyenxa, nepeoaud, mpagux, cemv, NOKA3AMENb, MOHUMOPUHS, XApaKme-

pucmuxa, ppaxmanvHocms, macumaob.

BBepeHue

MHOro4HCIIEHHbIE COBPEMEHHBIE HCCIIEIOBAHUS
pa3NMYHBIX THNOB TpaduKa, KaK HPOBOJHBIX, TaK U
OecIpOBOIHBIX CETEH, IOKa3aIM, YTO OH 3a4acTyio 00-
JaziaeT cBOWCTBOM (pakranmbHocTH [1 — 3]. B wactHO-
cTH, OBUIO YCTaHOBJIEHO, YTO W3HAYAJILHO HE IPOSB-
JISIFOIE CBOWCTB (DPaKTaJbHOCTH TIOTOKH JIaHHBIX,
npoiiast 00pabOTKy Ha Y3JIOBBIX CEpBepax M aKTHBHBIX
CEeTEBBIX AJIEMEHTaX, HAUNHAIOT MPOSBISATH SIPKO BBIPa-
YKEHHbIE IPU3HAKK (pakTanbHOCTH [4, 5].

OpHa M3 XapaKTepHBIX OCOOEHHOCTEH (paxTaib-
HOro Tpauka — HaJHM4YHe CPaBHUTEIHHO WHTEHCHBHBIX
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BCIUIECKOB TP OTHOCUTEIBHO HEOOJBIIOM CpEeIHEM
3HaYCHWU HWHTEHCHBHOCTH (puc. 1). Takue BCIuiecku
BBI3BIBAIOT 3HAYMUTEIILHBIC 3a/ICPKKU M TIOTEPHU MAKETOB
IIpH TIepeIaye Mo CeTH, MaXKe B CHTYallUsIX, KOraa CyM-
MapHasi MHTCHCUBHOCTh BCEX IOTOKOB Jajicka OT Mak-
CHUMaJIbHO JIOITYCTUMBIX 3HAYeHUW. B pesympTate mpu
WCIONB30BAaHUM CTAHAAPTHBIX CETEBBIX MPOTOKOJIOB
(paKTaIbHOCTh MPHUBOAMUT K 3HAYUTECIHLHOMY YXYIIe-
HUIO KaK BPEMCHHBIX, TaK U KOJIMYECTBCHHBIX XapaKTe-
pUCTUK TpaduKa TPU €ro MPOXOKICHUU Yepe3 Y3JIbI
CeTH, TaK KaK MCIIOJIb3YeMbIC B HACTOSIIECE BpEMs Me-
TOIBI aHAIM3a TpauKa HE NAIOT aJCKBATHYIO KapTUHY
MIPOUCXOJISIINX B CETH IIpolieccos [6, 7].
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Puc. 1. HpHMep 3aBUCUMOCTHU MHTCHCUBHOCTH Tpa(l)I/IKa OT BpEMCHU

Jisa ymydnieHus mokasaTelled Imporecca IpoXoxK-
JieHusi MH(OPMAaIMOHHBIX TIOTOKOB Ha y4acTKax ceTu (B
YaCTHOCTH, Ul OECIpOBOJHBIX CeTeil mepenayd JaH-
weix (BCIIJ]), rne BnusiHMe (hpakTanbHOCTH Hambosee
CYIIECTBEHHO) HEOOXOAMMO BHOCHTh H3MEHEHUs B
CTaHAapTHBIE TPOTOKOJBI YIpaBlIeHUs! TPadUKOM, OC-
HOBaHHBIEC Ha KPaTKOCPOYHOM NPOTHO3€ Tpaduka.

Jis peanusanuu KpaTKOCPOYHOIO IPOTHO3a, IO-
3BOJISIFOILIETO TTOJIYYMTh IPOTHO3UPYEMBbIE MapaMeTphl

mporiecca, Hanooee OJIM3KKME K pealbHbIM, HEO00XOIH-
MO YYUTHIBaTh OCOOEHHOCTH (hpakTalbHOTO Tpaduka, B
YaCTHOCTH, COXpaHEHHE CTPYKTYpHI Mpoliecca BO Bpe-
MEHHOM Macmitabe (camononodue) [8] u HamMuue «Ts-
XKENBIX XBOCTOB» pactpenescHus [9], CBA3aHHBIX C CY-
[IECTBCHHBIM BIIUSIHHEM aBTOKOPPESILUK Ui (pak-
TaJbHOrO Tpaduka (puc. 2).

Lenbio nanHOIl cTaTHU SBISIETCS pa3paboTka Me-
TOAa TPEAUKTHBHOTO YIIPABICHHS HHTEHCHBHOCTHIO
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tpauka BCIIJI, mMO3BONAIOIIErO y4ecTh OCOOCHHOCTH
(dpakTasbHOrO Tpaduka Ha OCHOBE MOHUTOPWHTA IOTO-

KOB JaHHBIX Ha 3a/TaHHOM HMHTEPBAJIC BPEMCHU C UCIIOJIb-
30BaHUEM OHepaTPIBHOﬁ OIICHKH ITOKa3aTCIs XepCTa.

Caorrelation function sygnal S1
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Puc. 2. Aprokoppernsiuus Tpaduka (puc. 1)

MeToAa oueHKU 3Ha4YeHUs nokKasaTensi
XepcTa Ha OCHOBE AUCKPETHOro
BeuBneT-npeobpasoBaHus

Jlis ompeneneHusl 3HAYEHMs IMOKaszarTelssi Xepcra
Npe/jiaraeTcs HCIOJNb30BaHUE  KPAaTHOMACIITaOHOTO
BeliBlIeT-aHaIM3a, OCHOBHAsl HAEs KOTOPOr'O 3aKiova-
ercsi B TOM, YTO pa3jIOKEHUE HCCIEeNyeMOoro Tpaduka
MIPOM3BOIUTCS IO OPTOrOHAJBLHOMY 0Oasucy, o0paso-
BaHHOMY CIBHI'AaMH W KPaTHOMACIITAOHBIMH KOIHSMH
BeliBreT-pyHKIMU. JIMCKpETHOE BeEWBIIET-Pa3sIoKEHUE
3aKIII0YaeTcsl B pa3OMEHNH MCCIIeAyeMOoro psja Ha IBe
COCTaBJISIIOIIME: ANNPOKCUMUPYIOLIYI0 U JeTallu3u-
PYIOIIYIO, C TOCIEIYIOMUM HMX JAPOOJIEHUEM C UEIbIO
W3MEHEHHsSI YPOBHSI JEKOMIIO3UIIMU OTCUETOB Tpaduka
[10 — 12]. TIpu MHOrOypOBHEBOM pa3I0KEHUU BPEMEH-
HOHM DS TPENCTaBIsIeTCs CYMMOH JETAIN3UPYIOUIUX |
aNMPOKCUMUPYIIEH COCTABISIONIUX, OIpPEIeIsIeMBbIX
BeHBIIET-KOA(PUIIMEHTAMU KaXKJOr0 YPOBHS pasjioxe-
HUSL.

JlvckpeTHbIe BEWBJIETHI MCIIONB3YIOTCS, Kak Ipa-
BWJIO, B Mape CO CBSI3aHHBIMU C HUMHU JUCKPETHBIMH

CKeHIMHr-OyHKIMAMU @y 1 (t).  CxelnuHar-¢yHKImu

HMEIOT C BeWBJIeTaMH OOIyt0 00NacTh 3alaHus ¥ Ompe-
JIEICHHOE COOTHOIICHHE MEKTy 3HaYCHUAMU ((POpMOit).
B cooTBeTcTBUM C AMCKPETHBIM BEWBIET-peoOpa3oBa-
HHEM BpeMeHHOH psaf X(t) cocTouT u3 Habopa ko3dhu-
[MEHTOB — JICTATM3UPYIOMINX U HU3KOYPOBHUEBBIX all-
MPOKCHUMHUPYFOIIHX :

=l
X(t) = approx(t) + Zdet ail;(t) =
=

J
=D a5 k0r D+ D dy vk (O
k =l k
[Ipu 3amaHHBIX MaTEPUHCKOM BEHBIIETE \y U COOT-
BETCTBYIONICH CKEHIMHT-QYHKIIMHA ¢ aAlIpOKCHMUPY-
folye Kod(QOUIUEHTH ax U JeTaIU3UPYOIIHe Ko3¢-

¢umments! dj ABII a1 npouecca X(t) onpenensrorcs
CITETYIOIIHM 00pa3oM:

aji = [ X, djy = [ X(Owj(bdt,

rae . . . ) ) .
Pik=2i2902 k), yj=2 12y 1K),

OcHOBY M€TOZa OLICHUBAHUS IIOKa3aTens XepcTa
COCTaBIISIET OJIOKEHUE O TOM, YTO U3MEHEHUE CPEIHUX
3HAYEHWH KBaJpaTOB MOIyJel BelBieT-koddduimen-
TOB

n:
1 < N
pj=—2ld(i.K)|
0=l
MOJUUHSAETCSA CKEHINHIOBOMY OTHOIIECHUIO:

wj~ 200, (1)

rae H — mokasarens Xepcra; dy(j,k) — neramusupyromrue
BeHBIIET-KOA(PUIIMEHTH HA 33aJaHHOM YPOBHE pa3io-
JKCHUA j.
JlaHHOE COOTHOIIICHHE TMO3BONSET OLCHHUTH TMOKa-
3aTenb Xepcera:
]
1 L2 .
log (1)) =logy | — " |dx (j,K)[” |~ (2H—1)j +const.
n.
J k=1
TakuMm 00pa3oM, MPU HAIHYUH JOJITOBPEMEHHOM
3aBHCUMOCTH B Tiporiecce x(t) mokaszarenb Xepcra H
MOKET OBITh MONYUYCH MyTEM OIEHKH HaKJIOHa rpaduka
ynkumn 3aBucumoctH logy (1) ot j.

[IpuMeps! OIICHKH MTOKa3aHbI Ha PHC. 3.

Jlns peanuzaiuy METOIa OLICHKH 3HAYCHUS TTOKa3a-
Tens Xepcra Ha OCHOBE JUCKPETHOTO BEHBIIET-TIpeoOpa-
30BaHUs MpeNJIaraeTcs CAeAyomi aroput [ 13].

Hlaz 1. Ina uccnenyemoro  tpaduka  X(t),
t=1,2,...,n BBINOJIHAECTCI BEUBIIET-ICKOMIIO3HIIHA,
T.€. Pa3JIOKCHUE C ITOMOINBI0 HAOOpa aHATM3UPYIOIIHX
(GyHKIUH — BEHWBIECTOB C 3aJaHHBIM MaKCHMaJbHBIM
YPOBHEM Pa3JIOKCHU.
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Estimation H; H=0.77787
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Puc. 3. Onenka mokaszatens Xepcra s Tpaduka, MPeACTaBICHHOro Ha puc. 1:
a—j=12,H~0,78; 6—j=15,H~ 0,80

ILlaz 2. Ha xaxa0M ypOBHE pas3JIOKEHUs | Ompe-
JensroTest  Aetammzupytompe koddduumenter di(j, k).
KommuectBo koaddunmento aeranmzanuu k onpene-
JISIETCSL YPOBHEM Pa3JIOKEHHSI.

Illaz 3. Ha xax10M ypOBHE DPAa3lOKEHHsS BBIYHC-
JSieTCsT CyMMa  KBaJpaToB BeEHBIIET-KOA(QPUIIUESHTOB.
CornacHo BeIpaxkeHuto (1) mokasarens Xepcra Haxo-
JIITCSI B CKEHJIMHIOBOM COOTHOIIEHHH C CYMMOH KBaJl-
PaTOB MOJYJIEH NETATU3UPYIOMUX KO3 HUIIUEHTOR.

Hlaz 4. 11 Kaxa0r0 YpOBHS pasjoXeHHs j cTa-
BUTCS B COOTBETCTBHE JIOrapu(M CyMMBI KBaJpaToB
MOJyNeil BeHBIET-KOAPPUIMEHTOB. ATIPOKCUMUPYS
BBIYHMCIICHHBIE 3HAYEHUS! BEWBIET-KO3()(UIIMEHTOB Me-
TOJIOM HaUMEHBIINX KBaJPaTOB, ITOJyYaeTcs JIMHEHHas
3aBHCHMOCTb, 110 YTy HaKJIOHAa KOTOPOH ONpeaensercs
MoKazaTeib Xepcera.

[pennoxxeHHBIE METOJ| ONpENeNeHUs] 3HAYCHUs
nokasaTessi Xepcra Ha OCHOBE JIMCKPETHOI'O BEWBJIET-
npeoOpa3oBaHus, B OTJIMYHE OT CYIIECTBYIOIIUX, HE
TpeOyeT OONBIIOro 00beMa BBIUMCICHHH U IO3BOJISCT
MPOU3BOJIUT aHaJM3 Tpaduka B peallbHOM MaciuTade
BpEMEHH, TO3TOMY €ro IpeJlaraercsi HUCIOIb30BaTh
NpU  [PEAUKTHBHOM YNPABICHHH WHTEHCHBHOCTHIO
Tpaduka B OCCIIPOBOTHBIX CETSIX.

Pa3paboTka meTona npeAUKTUBHOIO
ynpaBrieHUA UHTEHCUBHOCTbLIO
Tpadmka B 6ecnpoBogHbIX CeTAX

B xauecTBe MaTeMaTH4ECKOW MOIETH TEIEKOMMY-
HUKAalMOHHOTO TpaduKa, 00JaJarolero CBOHCTBAMH
¢dpakranpHOCTH, paccmaTpuBanack ON/OFF-monens,
KOTOpasl TaKKe MPUMEHsIETCs U sl 00bsICHeHUs (hu3u-
YECKUX NPUYUH (DPAKTANBHBIX SBICHUH B COBPEMEHHBIX
CeTAX Mepenauyu JaHHBIX [14].

Paccmorpum HeOOJNBIION WHTEpBAN BpEeMEHH T
JUINTENBHOCThIO T, B TeYeHHE KOTOPOro BUPTYyalbHas
tonostorusi BCI1/] (Hanpumep, B MYyJIbTHIPOTOKOILHOM
KOMMYTallUd TI0 MeTKaM 3aj[aBaeMasi HaBeJECHHBIM

MPLS-rpadom) ocraercsi HEM3MEHHOH, a OTCYET Bpe-
MEHM HAuyHeM C Hayana mHTepBana t, T.e. t=[0,T].
[Ipoananu3upyemM cocTosiHHE y4yacTka, oOpadaThiBaro-
niero MHQGOpMaNUIo OT &-TO0 UCTOYHMKA 32 BPEMEHHOM
nepuoa T (U1 YIPOILIEHUsS 3amucd B 00O3HAUEHHUSX
MEPEMEHHBIX OIYCTHM BEPXHUH HHAEKC, 0003Ha4aro-
HIUH TPUHAUISKHOCTD K TAHHOMY UCTOYHHUKY).

Jnst j-ro moTtoka (jzl,_N) 3amaauM pa30HeHUEC

untepsana spemern [0,T]| Ha ng-on) ON-neproIoB

.+ (on)

1—1,nj

~lon) _/.(0) .1 (on),
‘sj,i = tj,isAti,j 1—1,nj ;

- (2

(0 9 9 . 9
tj,i+l > tj,i +Atj,i9 tj,i e|0,T; tj n(on) <T
]

Q('on)

rae j — HWHAEKC MOTOKA; i — HOMEp MHTEpBasa aKTHB-
HoctH j-ro motoka (ON-mepuon); tgoi) — HayaJo i-ro
ON-nnTepBaia JUIMTENBHOCTEIO At ;.

JHanee nposeneM pa3zbuenue i-ro ON-uHTEpBasa
3TOrO )K€ MOTOKA!

ald)

J;1

3
Sty k=Ll 1, <3 )

3l k k

~lA 0
= “g,k) = <tg,i),k’

>

rac k - HOMCp HMHTEpBajia Mnepeaadyu Ipyrribl IMaKETOB B

HUHTCpBAJI aAKTUBHOCTH Sgon); H(A) KOJNU4YECTBO

Ji

Tpylnil Nak€ToB € HaYaJlbHBIM BPEMCHEM t(o)

Jik HATH

TENbHOCTBIO IIepesadn Ot j;y , KOTOpbIC Mepe/aHbl B

~(on) .
HWHTEpBAJI aKTUBHOCTHU \Si J-M IIOTOKOM.

Ha pasouenuun (3) ompenenum ¢yHkmuo Hepu-
caiiia
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(A).
0, teQ;
H(t’Qg?))z JA tef0,T], 4)

(A)
1, ter,i s

KOTOpasi UMEeeT €IMHUYHYIO aMIUTUTYly U XapaKTepu3y-
€T XapakTep aKTHBHOCTH j-TO IOTOKAa Ha paccMaTpu-
BaeMOM BPEMEHHOM HHTEpBAJe T.

OyHKIMA

A)), te[0.1] )

MPUHUMAET 3HaueHus B uHTepBasie oT 0 10 N u xapak-
TEpU3yeT KOJIUYECTBO aKTUBHBIX ON-UHTEpPBAJIOB B
KOHKPETHBI MOMECHT BPEMECHH t, T.C. €€ aMIUTUTYIHBIC
cocrosinus (AC) B pa3nuuHbIe HHTEPBAIbl BPEMCHH
YKa3bIBAIOT Ha KOJMYECTBO MOTOKOB YYACTBYIOIIHMX B
MIPOIIECCE CTATUCTHYECKOT'O MYJIbTUILICKCHPOBAHUS.

Jlanee yuteM B MOJEIU KOJICOAHUS CKOPOCTH Tie-
penayu Ui KakKIOro OTACIBHOTO IOTOKa, O00YCIIOB-
JICHHOE METOIAaMH PAaCIpEICICHHs MPOIYCKHON CITo-
COOHOCTH, OCHOBAHHBIMH Ha OOpATHOW CBS3U MEXIY
HCTOYHUKOM M IOJyYaTeJIeM, B YaCTHOCTH, PacCMOT-
PUM METOJ yIpaBJicHHUs] HHTCHCUBHOCTHIO Tpaduka OT
HMCTOYHUKA, OCHOBAHHBIA Ha M3MCHCHHH pa3Mepa Ie-
PErpy30YHOr0 OKHA, NMPH KOTOPOM VIIPaBICHHE CBO-
JMUTCS K TOCTOSHHOMY JIMHCHHOMY YBEIHUYCHHIO Ha-
TPY3KH C 3aJaHHBIM TaKTOM JIS OTIPEACIICHUS MOMCH-
Ta Hayaja meperpy3ku. 3a MepuoaoM pocTa, o (GakTy
MTOTEPH IMAKEeTa OCYIICCTBISCTCSA CHIDKCHHE CKOPOCTH
nepeaayn.

B mporiecce aaqUTHBHOTO YBEIUYCHUS U MYJIBTH-
IUTMKATUBHOTO cOpoca mepenaasl HHTCHCUBHOCTH Tpa-
(uKa OT OJHOTO UCTOYHHUKA B CPEIHEM JOCTHIAIOT 3HA-
yeHHit oT 8 710 12 % 3HaueHus BbIACIEHHOU JIJIs COeNlU-
HEHHS TPOMYCKHOU CIOCOOHOCTH [15], MepHOANIHOCTD
YyepenoBaHus aJTUTHBHOTO POCTa U MYJIBTUIUIMKATHB-
HOr'o cOpoca BHOCHT B TCHEPHPYEMBIH HCTOYHHUKOM
TpaduK MycTh HE3HAUUTEIbHBIC, HO BCE )K€ OIIYTUMBIC
KOPPEJAIUOHHBIC 3aBUCUMOCTH, MOITOMY HMX HE00XO-
JIUMO YIHUTHIBATh B MPEIaraeMOi MOJICITH.

JlaHHBIC M3MEHEHUS CKOPOCTH MOXKHO aIIpPOKCHU-
MHUpPOBaTh KBasurepuomuieckoil ¢ynkmmeii. IIporecc
aJIMTUBHOTO YBEJIMYCHUS U MYJIbTHILIMKATHBHOTO
cOpoca I KaXXIO0ro OTACIBLHOro MOTOKa OyaeM Moje-
JIUPOBATh KBA3HMIICPUOJUUCCKUMH CHTHAJIAMU CO 3HAYe-

HUAMH aMruTyl Ay (T7) 1 9actoT o . TIpn obbe-

JIMHEHUN aHCaMOJIs KBa3WUIIEPUOAMYECKUX HUCTOYHHUKOB
(AKWN) cryuaiinble coBageHUs] OJU3KUX K MaKCUMallb-
HBIM WM MHUHUMANBHBIM 3HAYCHHAM AaMIUTHTY, HX
3Ha4YeHHEe B 00BETUHEHHOM TIpoliecce OyIyT UMETh BU
BCIUIECKOB WJIM CIIaJIOB MHTEHCUBHOCTU Ha (poHE Ooiee
MIPOJOJDKUTENBHBIX, CIJIA)KEHHBIX Y4aCTKOB Ha BPEMEH-
HOH ocu. [lomuMoO Bapuanuii pacCMOTPEHHBIX BEIUYUH
Ba)XHBIMU SIBJISIFOTCSI M BapHalliy Hayaja IepHoja ak-
TUBHOCTH Ka)KJJOTO MCTOYHHKA B CTOXacTHYecKol (ase,
KOTOpasl SBJSIETCSI aHAJIOTOM BapHallMd BPEMEHH IO[-

KIIIOYEHUS Pa3IMYHBIX OTAENbHBIX MCTOUYHMKOB. Taxke
HEOOXOANMO YUYHTHIBaTh U pa30OueHne KaXKAoro MepHo-
Jla aKTUBHOCTU Ha CETMEHTHI, COOTBETCTBYIOIINE Iepe-
Jlade TPYII MaKeTOB.

VYuureBas, yto QyHKims XeBucaima mia St < At
obramaer cBoiicTBoM [16]:

[H(t)-H(t+At)]-[H(t)-H(t+5t)]=
=H(t)-H(t+5t),
a TaKxKe TO, YTO BBIMONHsETCSA ycnoBHe Tp << Ot < At
(Tt — Bpemsa TakTa 000OpOTa MaKera JAHHBIX), y4ECTb

W3MEHEHHE TPOITyCKHOH CIOCOOHOCTH, OOYCIOBJIEHHOE
ypaBJI€HUEM, OCHOBAHHbBIM Ha O6paTHOI71 CBsA3U MCKIY
oJydaTesieM U UCTOYHUKOM B IMpEACIax 3aJaHHOT'O pa3-
GI/ICHI/IH, MOXHO OIHUCATh CICAYIOINM BBIPpAXKCHUEM !
4 Joik
’ ; Ojik " Vijik

- (1=ouy; )+ (t=£ -1y )- =
T

ZO

><(H _]lk €+0)Jlk)
+(yjlt tJlk)+C(0) (1-0 )—f-tj’i’k)x

X(H(f'Tj,i,k)—H(f'Tj,i,k +(’3j,i,k>))a

riae tgoi)k — Ha4ano npouecca; Yijk — Kodpuument

H(t 0+ o), +TT))+ (6)

U3MCHCHUA CKOPOCTH, Ej’i’k — KOJIMYECTBO HMHTCPBAJIOB

BO3pacCTaHusd CKOPOCTH IICpEaadu Mpu Iepeaadc j-M IoTO-
KOM Ha 1M HUHTCPBAJIC AKTMBHOCTH B  IIpEaciiax

[ tg?)k’ g?)k + 8t } : CS.O) — IPOIYyCKHAs ~ CIOCo0-

HOCTb, 3aIllJIaHUpOBAaHHAA JId j-l"O IIOTOKa Ha BPEMCH-
HOM MHTCPBAJIC T,

2%
Jik T >
Viik
rae o ii —Koaq)(l)HuHeHT, qu/ITLIBa}omHI‘/'I BapHaluu

M3MCHCHHUS CKOPOCTH Tepefiadn, o j; <<l ]el N;

Tjik —t( )k +0)J1k+TT.

Oynkumn C; (t) OIMCBHIBAIOT BEJTMUUHY MIPOIY-

CKHOHM CIOCOOHOCTH, BBIICIIEHHOW j-My TOTOKY B i-i
ON-nepuon s k-l Tpynel MakeToB, WCIIONB3YS IS
BBIJIEJICHUS] HEOOXOAMMBIX BPEMEHHBIX HHTEPBAJIOB
¢ynximo HeBucaiina, mostomy st i-ro ON-niepuoza

(0) (0), 4
aKTUBHOCTH B IpeJelax HHTEpBajia |t i ,t B + t
TIPOLIECC BBIICIICHHS MTPOITYCKHOM CIIOCOOHOCTH OIHUCHI-
BaeTcsl TaKOW (QYHKIIMEH:

al®)

5

= > Ciix(1), (7
k=0

a st j-ro UI1J] paccunthiBaeTcst Kak
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(on)
J

n
Ci(t)= > Cyi(t), tefo,T], (8)
i=0
ngon) ng/lx)
pu ZAtj,i STj, ZStj,i,k < Atj,i , Tt 'lj,i,k <5tj,i,k 5
i=0 k=0

_ 1.0
k=Ln i
Jus yuera coObiTHs XdHIoBep (anri. Handover),
cnemuduueckoro mis BCIIJl, Ha paccmaTprBaemom

BPEMCHHOM MHTCPBAJIC BBCJIEM q)yHKHI/IIO

4

jeLN; i=1,n§°“);

J»
(B
3t
OCYIIECTBISAIONIYI0 TOMOMOP(HOE OTOOpaKeHHE HH-

tepeana T=[0,T| Ha muo)ecTBO ceccuit BCIIJI,

Torma ON/OFF-momens OTASIBHOTO j-T'O UCTOY-
HUKa Ha 1-M MHTEpBalle aKTUBHOCTH, KOTOPAs YUUTHI-
BaeT HEPAPXUYECKYI0 CTPYKTYPY IEPHUOIOB €ro ak-
THUBHOCTH M BapHUaldd CKOPOCTH, OOYCIIOBJICHHBIE
MPUMEHSIEMBIMH METOJAMHU IepepacipeaeeH s Ipo-
nyckHo#t ciocoonoctr (IIC) B mpenenax BpeMEHHOTO

UHTEepBaja
I (0) I (0) At .

ornenpHOU ceccun BCIT, umeer cnenyromuit Buf [3]:
W2
Li(h(t) = 2 Ciix (1), ©)

k=0
a JUIs UHTETPAIbHOTO BXOIHOIO MMOTOKA HHTCHCHBHOCTD
arperupoBaHHOrO Tpaduka Ha BXOJE paccMaTpUBAEMO-
r'0 yJacTKa OCCIIPOBOIHOM CETH Iepeaayr JaHHBIX pac-

CUMTBIBAETCS KaK
n(on)
]

N
I(h(t))=2 > 1;;(h(t))
=0 i=0
(¢10) CJ'ICI[yIOIJ_II/IMI/I OI’paHI/I‘IeHI/IHMI/IZ
I(h(t)) <oy s
alon) alA)
J

J1
hAt; . <T_l’ Z Stj,i,k gAt],l’ a’j,i <1
k=0

i=

J1 =

i=0

Tt '1j,i,k < Stj,i,k; jeLN;i= l,ngon); k= l,ngf),
rae T; — BpeMsi, HEoOOX0MMOE AT Tepeadyn JaHHBIX OT
j-ro ucroynuka uyepe3 KVY; I, — MakcumaibHO J0myc-
THMas CKOPOCTb Nepeaayn JaHHbIX Ha yyactke BCII/I.

[pemtokennas matemarndeckas ON/OFF-monens
Tpaduka (9) onuchiBaeT Kak NOTOKH JAHHBIX OT OJTHOTO
WCTOYHMKA, TaK M arperupoBaHHbBIA TpauK, U, B OTIH-
Yyhe OT CYLIECTBYIOIIMX AaHAJIOTOB, YUUTHIBAET peallb-
HBIE TIPOIECCH B OOBEANHEHHBIX CETSAX INepeiadyn JaH-
HbIX, BKIroyaromux BCII/] u coObITHE X9HIOBED.

[Iporiecc BO3HUKHOBEHMS MEPErpy30K Kak Ha OT-
JIeTIbHBIX CETEBBIX KoMrmoHeHTax, Tak u B BCIIJ] B me-

JIOM, SIBJISIETCSl IOCTaTOYHO CIOXKHBIM M 3a4acTylo He-
(dopManuzyeMbIM TIporieccoM. B HacTosiiee Bpems cy-
LIECTBYET HEOOXOMMMOCTh B 0OJiee KOHKPETU3UPOBaH-
HOM OIMCaHHU Tpolecca IUPKYIISIHNA TOTOKOB TaHHBIX
B Ipezenax ycTaHoBieHHbIX MapuipyroB BCIIJI, a Tak-
)K€ COOTBETCTBYIOIIMX BPEMEHHBIX 3aJIepKeK IpH Iiepe-
Jaye maketoB [17].

Hawubornee nonHyo XapakTepUCTHKY CBOWCTB IpO-
Lecca BO3HMKHOBEHUS IIEPErPY30K MapIIpyTH3aTOpPOB
BCIIJ] MOXHO MONYy4uTh, paccMaTpuUBas €ro BO B3au-
MOCBSI3U CO CPEIHUM BPEMEHEM Iepe/iaun IaKeTa JaH-
HBIX Ha YCTaHOBJIEHHOM MapIpyTe.

[Iponiecc ympaBnenus mneperpyskamu B BCII
O00OBIYHO pEaNN3yeTcs Ha OCHOBAHUM aHAJM3a IOTEPh
MIAKETOB BO BPEMS HACTYIUICHUS! MEPETPY3KH, COOTBET-
CTBEHHO YMEHBINIAs CKOPOCTh Iepeaadn. [1ocKoimbKy
BCIUIECK MHTEHCHBHOCTH Tpa(uKa MOXKET OBITh HErpo-
JIOJDKUTENBHBIM, CHIDKEHHE CKOPOCTH Iepeadn He Bce-
I/1a SIBJISIETCS ONIPaBIaHHON MEpOM.

B wurore IIC ycTaHOBIEHHOTO COEIUHEHHS WC-
MOJB3YETCsl He B TIOJTHOM Mepe. YUHThIBask TO, YTO Tpa-
¢uk BCIIJ] 3adacTyro obOmamaer CBOMCTBOM (hpakTalib-
HOCTH, TO OH MOXET OBITH MPOTHO3UPYEMBIM 3a CUET
KOppEISIIUOHHOW ~ 3aBUCUMOCTH, XapaKTEepHOH s
(paKTaIbHBIX MPOIIECCOB.

Heo0xonumo y4uThIBaTh, YTO MpH paboTEe CETH B
cTaloHapHOM pexuMe ciyxeoHsrid tpaguk (CT) 3a-
Humaer 5...10 % obmeit [IC, a npu TUHAMHYECKOM
W3MEHEHHH TOIIOJIOTHMU CETH, HpU oO0pa3oBaHUU B
BCIIJI cermentoB, seustomuxcs KY, CT mMoxker 3aHu-
Math 80 u Oonee mporeHToB oOmielt [IC Ha maHHOM
y4yactke. CienoBarellbHO, BO3HHUKAET HEOOXOAMMOCTD
nepepacnpenenenus [1C BCIIJ] Mexay morokamu ciy-
xebHoro u mHpopmanuonHoro tpaduka (MT) takum
o0pazoM, 4To0bI obecrieunTh U nepenady mnakeros UT u
paboTy CeTH B YCIOBHAX HM3MEHEHHS €€ CTPYKTYpHl U
cocrasa.

Jlns yMeHbIIeHHsT BPEMEHH Iepeiaud AaHHBIX U
YCTAaHOBKH MaKCUMaJbHOT'O pa3Mepa IUIaBaIOIIEro OKHa
mpoTokoiya TpaHcnopTHoro ypoBHs BCIIJ, npu nposs-
JIeHUH TPapHUKOM CBOWCTB (PpakTaibHOCTH, BO3MOXKHO
UCIIOJIb30BaHUE NPOTHO3MPOBAHMS Ha OCHOBE MpENIO-
xenHo ON-OFF monemnu.

Iycte R — IIC yuactka BCII/I, Rer — IIC yuactka
, ipenocraBnenHas CT, Ryr — IIC KV, npenocrasnen-

Has UT; (RQ,‘?,RQ)) — HayaJbHOE (B MOMEHT BpEMEHU

to) pacnpenenenue [1C ygacTka mpu yCIoBUU
0 0
RO 4RO <R
IMouck Toukm pacnpenenenus (TP) morokos
(R&f) + Rg)) B CYIIECTBYIOUIMX METOIaX, pealiu30-

BaHHBIX Ha TPAHCIIOPTHOM YPOBHE, MepepacIpeccHUs
IIC xananoB BCIIJl ocymiecTBisieTcsi mocienoBaTelb-
HBIM H3MEHECHHEM (a3 aJTUTUBHOTO YBEIMYCHHS pa3-
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Mepa IUIaBaIoOIIEr0 OKHA W €ro MYJIbTHILIMKaTHBHOTO
YMEHBIICHUsI TIPU TIOTEepe MaKeTa. YUUTHIBas NPUOPH-
terHocth CT, MCronb3oBaHME TaKMX METOAOB HPHUBO-
JUT K HempomnopiuoHaIbHOMY pacnpezenenuto I1C.
Kaxxmoe mpeBbIllIeHHEe CKOPOCTH Tepeqadl JOCTYITHOTO
coenuHenuto padmepa [IC Bexer k moTepe Makeros, a
NIPY HaJUYUU CBOWCTB (PPaKTaIbHOCTH BXOJISIIUX II0-
TOKOB TIpolriecc omnpenenenuss TP cranoBurcs mpomon-
KHUTEITBHBIM.

Takum oOpa3zoM, Bo3MOXKHO ompeneneHue TP Ha
OCHOBE IIPOTHO3UPOBAHUSI 3HAYEHHH WHTEHCHBHOCTH
cymmapHoro UT ¢ momompio ON/OFF-mopenn. [{ns
OIIpe/IeJIeHUs] MaKCUMAaJIbHBIX 3HAYE€HHH WHTEHCHUBHO-
ctu VT Ha wHTEpBaje NMPOrHO3MPOBAHHMS, MPOBOAUTCS
aHaJIM3 CTATHCTHYECKUX XaPaKTEPUCTUK BXOAHBIX II0-
TOKOB M UX IIPOBEpPKa Ha HAJIW4ME CBOHCTB (hpaKTaib-
HoctH. Ecnu 3HaveHue mokasarenst Xepcra yka3bIBaeT
Ha ¢pakransHocTh Tpaduka (0,75 <H<1), To mpoBo-
UTCs IPOTHO3UpoBaHue ¢ momoripio ON/OFF-monenu
Tpaduka yuacrka BCIIJI.

B nporusHOM cnyuae TP ompenensercs no cpen-
HuM 3HadeHusM CT u UT unu ucnonb3yroTcs cymiect-
BYIOIIME MeTOBI Toucka TP.

[ocne mpoBeaeHUs MPOrHO3UPOBAHUS ONPEIEIs-
ercss mporHozupoBanHoe cooTHomieHune MT u CT —

(Rng[p i),R(Cl;p i)). VuuThiBas 3HAYEHHE IPOIYCKHOM
cnocoonoctu yuactka BCITJ] (Rky), ompenensiercst TP
(Rgﬁi ), Rgi )) W3 YCIIOBHil:

R

(ki) v p(mpy)
Rgi) _ Rigy .r(mpi) (11)

RUmi)  gowi)

AHaJOTUYHO OMpenessitoTess U mnocienytonue TP
JUTs TIOCJIeIyIomuX UHTepBaioB (i+1 u T.1.).

TakuMm 00pa3oM, MOKHO TIPEAJIOKUTH METOJ TIpe-
JMUKTHBHOTO YIPABJICHUS MHTCHCUBHOCTBIO TpaduKa Ha
yuactke BCIIJI, COOTBETCTBYIOLTUI aTOPUTM peanu3a-
UM KOTOPOI'0 3aKJII0YaeTcs B cleayrolel mocienona-
TENILHOCTH IIIaroB.

Ilaz 1. Ha ocHOBE MOHUTOPUHTA MOTOKOB JAHHBIX
Ha uHTepBaje BpemMeHu T Ha Bxozxe yuyactka BCII[
MIPOM3BOIUTCS aHATHM3 CTATUCTHYCCKUX XapaKTEPUCTUK
ITOTOKOB JIAHHBIX M OCYIIECTBIIICTCS KJIaCCHU(pHUKAIIHS
KaXKIOr0 M3 HUX 10 KPUTEPHIO 3HAYCHUS IOKa3aTess
XepcTa METOJIOM, OITUCAHHBIM BBIIIIE.

Ilacz 2. Ecnu  3HaueHWe TMoKasarens  XepcTa
H<0,75, to mouck TP mns CT u UT ocymiectBisercs
METOJaMH YIIPABJICHHS, UCIIOIb3YEMbIMH B KOHKPETHOM
BCIII. Bmecte ¢ 3TUM OCYIIECTBISETCS NadbHEHIIU
MOHHUTOPHHI Ha 0OYEPEIHOM BPEMEHHOM HHTEpBAJIC.

Ilaz 3. Eciu 3HaueHHe MoKazaTenss Xepcra Jje-
xuT B mpepenax 0,75<H<1, To ocymecTBiasercs

MIPOrHO3MPOBAHUE BO3MOXKHBIX MaKCHMaJbHBIX 3Ha-
4yeHWi MHTeHCUBHOCTU Tpaduka Ha ocHoBe ON/OFF
mozenu (9).

Ilaz 4. B cootrBerctBuM ¢ BblpaxkeHusimu (10) u
(11) onpenensiercst TP 11 NpOrHO3UPYEMBIX 3HAYECHHH.

Ilaz 5. Ecnu cymMMa MaKCUMalbHBIX 3HAYCHUN
unteHcuBHocTd CT m UT He mpeBbilaeT 3HaveHUE
cymmapuoit IIC KY BCIIJI, To nmpou3BogauTcs ee mpo-
MOPIIOHAJIHOE pacrpesielieHHe B COOTBETCTBUH C 3a-
MpalIiBaeMbIMU 3HAYCHHUSMHU.

Ilaz 6. Ecnu cymMmMa MaKCUMalbHBIX 3HAYEHUN
unteHcuBHOCTH CT u UT mpeBwiiaer 3HaYeHUE CyM-
Mapaoii IIC KY BCII/l, To npon3BOAUTCS MOUCK TOUKU
nponopuuoHanbHoro pacnpenenenus 11C KY BCIIJ B
cooTBeTcTBHH C BhIpakeHussMu (10) u (11).

Ilac 7. Tlocne onpenenenus TP st TeX MOTOKOB,
CyMMa MHTEHCUBHOCTEH KOTODBIX MPEBBINIAET 3HAYCHHUE
MporopiroHanbHo pacnpeaenennoi I1C, B coorBerct-
BUU C TPOLETYPOI U3BELICHHS O Meperpy3Ke, HCTOUHH-
K{ BMECTE C IMOJTBEP)KACHHEM MOJIYYEHHs IaKeTa Io-
Jy4aroT KOMaHy Ha CHIDKEHHE CKOPOCTH Iepeladu a0
YCTAHOBJICHHOT'O B NPOTOKOJIE YPOBHSA. 3aT€M CKOPOCTb
repeiaud yBEJTMUMBAETCS B COOTBETCTBUH C (ha3oi aj-
JUTUBHOTO YBEITHYCHUSL.

Illaz 8. Ecniu panpHEWIMN MOHUTOPHUHI ITOTOKOB
Ha BxoJie yuacTka BCII]] yka3piBaeT Ha TO, 4YTO JyUIsl HUX
Moka3aTenb XepcTra npuHuMaeT 3Hauenue H <0,75, To
OCYILIECTBIISIETCA NEpexXo/ K CYIIECTBYIOLIUM METOJaM
pacnpenenenus IIC. Bmecte ¢ 3TuM ocyliecTBisieTcs
JANIBHEHIINA MOHUTOPHHT Ha OYEPEAHOM BpPEMEHHOM
UHTEpBaJe.

BbiBOoAbI

B pabore mnpemiokeH MeTOJ TPEAUKTHBHOTO
yIIpaBiieHUsT HHTEHCUBHOCTHIO Tpaduka B OecrpoBo-
HBIX CETSX IMepeladd AaHHBIX Ha OCHOBE aHAIM3a I0-
Kazarens Xepcra, KOTOPhI MOXKET OBbITh pean30oBaH
Ha TpaHcroptHoM ypoBHe BCIIJI. Jlng storo mpemo-
JKEH METOJl OLIEHKW 3HA4YeHWUs IOKazaTesss Xepcra Ha
OCHOBE JTUCKPETHOT'O BEHBIIET-NPe0Opa3oBaHusi, KOTO-
peiii He TpeOyerT OoJibIIOrO0 OOBbEMa BBIUYUCICHHH H
MO3BOJISIET TIPOU3BOAMT aHAIM3 B pPEalbHOM MaciiTade
BpPEMEHHU.

[IpeaukTHBHOE ynpaBieHHE pean3yercs 3a CHeT
W3MEHEHHsI pa3Mepa IUIABAIOIIEr0 OKHA Ha OCHOBE MO-
HUTOPHMHIa MOTOKOB JAHHBIX HA 3aJaHHOM HHTEpBaje
BpeMeHu Ha Bxoje ydactka BCIIJ[ ¢ mocimemyromum
aQHAJIM30M MX CTATUCTUYECKHX XapaKTePUCTUK M KIac-
cuduKkanmii KaxXa0ro U3 HUX.

[pennoxxeHHBI METOA MOXKET OBITh UCIIOJIH30BaH
Ha TPaHCIIOPTHOM YPOBHE CHCTEM YIIPaBJIEHHS MOTOKa-
MU JIaHHBIX OECIIPOBOJIHBIX CETEH.
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NPEAUKTUBHE YMNMPABIIHHA IHTEHCUBHICTIO TPA®IKY
B BE3MPOBIAHUX MEPEXAX NMEPEOAYI OAHUX

10.10. 3aBmsicrym, I'.A. Kyayk, A.A. KoBanenko, JK.B. [leitnexo

Y ecmammi 3anpononosanuii memoo npeoukmusHo2o ynpasainua inmencugnicmio mpagika 6 6e3npogionHux mepexlcax
nepeoaui oanux. Ha ocnoei monimopuney nomoxie 0anux Ha 3a0aHOMY iHMEPEani Yyacy nposooumsvcs ananis ix cmamuc-
MUYHUX XAPAKMEPUCMUK | 30TUCHIOEMbCA KAACUDIKAYISE KOJICHO20 3 NOMOKIE NO Kpumepilo 3uayents nokasnuka Xepcma.
s yvoeo 3anpononosanuti Memoo OyiHKU 3HA4eH s NOKA3HUKA Xepcma Ha 0CHOGI OUCKPEmHO20 Geliglem-nepemeopeHnsl,
SAKUL He 8UMA2ae 8eauKo2o 00'emy obuucienb i 0036045€ NPOBOOUMU AHALI3 NOMOKIG 6 peanbHomy macumabi yacy. 3a-
NPONOHOGAHUL MEMOO MOdce OYMU GUKOPUCMAHUTI HA MPAHCROPMHOMY PIGHI cUcmeM YNpasiiHHa NOMOKAMU OAHUX Oes-
NnPOGIOHUX MepediC.

Knrouosi cnosa: ynpasninus, oyinka, nepedaua, mpagix, mepexca, noKasHuK, MOHIMOpULe, XapaKxmepucmuxa, gpakmans-
Hicmb, macumao.

TRAFFIC RATE PREDICTIVE CONTROL
IN WIRELESS NETWORKS

Y.Y. Zavizistup, G.A. Kuchuk, A.A. Kovalenko, J.V. Deyneko

The paper represents a method for traffic rate predictive control in wireless networks on the basis of a method for
Hurst index evaluation. a method for Hurst index evaluation that can be used in traffic predictive control at transport
layer of wireless networks. Such index is a basis for traffic fractality measure and can be used in innovative methods for
traffic control for various types of computer networks. Moreover, it was proposed a method for Hurst index evaluation
that can be used in traffic predictive control at transport layer of wireless networks. Such control is implemented at trans-
port layer of wireless networks for a bottleneck link within the route of established connection. Based on monitoring of
data flows within specified time interval, an analysis of their statistical characteristics, as well as their classification de-
pending of Hurst index value, are being performed.

Keywords: control, evaluation, transmission, traffic, network, index, monitoring, characteristic, fractality, scale.
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