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Specifics of using the tensor approach to represeation of
network state change dynamics with ensuring Qualitypf Service

Proposed and investigated dynamic tensor model a$-@uting over multiple metrics
based on geometrization and tensor generalizatiodifi@rential equations of network state,
which adequately describe network links utilizatiand average packet delays. Results of
research demonstrated that the use of dynamicrtemsdel allows more precisely calculate the
values of average packet delay, especially undgr tilization of network interfaces.

BinmMiHHOIO O3HaKOI CydacHHX TelleKoMmyHikariaux mepexx (TKM) e Bucoka
JMHaMIYHICTh TpoleciB iHdGopMarlifiHoro ooMiny. CtaH Mepexi (3aBaHTaXeHICThb 1T
iHTepdeiiciB, 3aTpUMKHM TaKeTiB) 3MIiHIOEThCS B pealbHOMY MaciiTabi yacy: 3a
NECSTKM — COTHI MuTiceKyHA. ToMy mMepCrneKTHBHI MPOTOKOIM Ta MEXaHi3M
yOpaBIiHHS TpadikoM MOBUHHI I'PYHTYBAaTHCS BHUKIIOUYHO HAa AMHAMIYHMX MOIEIISIX
crany Mepexi. Ilepm 3a Bce 1Lie cTocyeTbcs Mojeniell, sKi ONUCYIOTh MpOLecH
MapIIpyTHh3allii Ta ynpaBIiHHS YepraMu Ha MepekHuX iHTepdeticax. B 3B’ s13ky 3 1uM
MPOIOHYEThCS AWMHAMIUYHA TeH30pHa Moxenb TKM, mo omucye mpouec 6Gararo
[UISIXOBOT MaplIpyTh3allii i3 3a0e3nedeHHsIM SIKOCTI 0O0CIIyrOoByBaHHS OJHOYAcHO 3a
MHOKHMHOIO MoKa3HUKiB QOS.

B pamxax moperni 6araronuisxoBoi MapiipyTtusarii cTpykrypa TKM onucyerbes

omHOpo3MipHOtO Mepexero S=(U,V), me U =1u,i =1m} — MHOXHHA BY3JIiB
Mepexi (Mapmpyrtusaropis), a V :{VZ =(,]); Z:]] iy, :mi Z j} — MHOJKMHA
nyr (xananis 38’ sa3ky). Ipu upomy ayra V, = (i, ]) UV mopentoe Z-it kanan 38’ a3ky
(K3), mo 3'emnye i-# i |- wmapmpyTH3atopu. BBakaeThcs, IO MPOIMyCKHA
3/1aTHICTb ¢(i’ jy BiooMa misi KoxHOro KaHamy (i, ]) 1 BEMIPIOETbCS B IaKeTax 3a

cekyHmy (1/c).
Pesynbrarom po3B’si3aHHS 3amaul MapuipyTusauii 0yne po3paxyHOK MHOKHWHU
. k . .
MapLIpyTHUX 3MIHHHX X",,, KOJKHa 3 SKHX XapaKTepH3ye 4acTKy IHTeHCHBHOCTI K -
ro motoky p-ro kmacy (p=1P, kp [] Kp, Kp UK, ne K — MHOXHHA TIOTOKIB B

mepexi, a K, —MHOXMHa mOTOKIB p-TO Kitacy) Bizt | -ro Bysna 1o j -ro Bysna uepes
BiAmoBimHMiA | -if iHTEpDEiiC.

3 MeToro 3anmobiranHs MepeBaHTaXEHHIO B KOKHOMY 3 By3JiB 1 TKM B minomy
HEOOXITHO BUKOHAHHS YMOBHM 30€peXeHHs MOTOKY JUisl BY3JIB BiANpPaBHUK Ta

OTpUMYBay, a TAKOK TPAH3UTHUX BY3JIIB, BIAMOBIIHO, 10 MOXKe OyTH MPEACTaBIEHO y
Burszi [1]:
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Ky C
j:(izj;‘wx(ir”j) =1 kp UK, =S¢
K B _ _
<,-;(i%wx(i?”_j:<%wx“ =0, k OK,, |¢§<p,dkp, (1)
Ky o
j:(jzi;‘m/x(jp’i) =L kG DK _dkp’

ne S, — Byson BINPAaBHUK, a dkp — By30JI OTpUMyBad g K -ro MOTOKYy pP-TO

KJIacy.
Jnst peanizarii crparerii 0araTOLIIXOBOI MaplIpyTu3alii 3 OajllaHCyBaHHSM
HaBaHTa)KEHHS Ha Kepyroul (MapmpyTHi) 3MIHHI HaKJ1a1at0ThCsl HACTYTIHI OOMEXEeHHS

<%’ <L (2)

ITepemymoBOIO Jisi KEepOBAHOCTI TIpoIeCy MapHIpyTh3allii € 3amoOiraHHs

nepeBanTaxeHHs: K3 3a IPOIYCKHOM 34aTHICTIO, T06T0 yMoBa P <1 (e P=A/@ —
3aBaHTaxeHicTh K3):

Z Areqx(l ) — y(| ])¢(| DR (I J)D E (3)

L[eAp

eq — CCpeIHs iHTGHCI/IBHlCTB K -ro moToKy p-To Kiacy, IO HaAXOAWUTH [0

Mepexi; y(‘i’ j) — Kkepytoua 3MiHHA, sIKa XapaKTepHU3y€ YacTKy MPOITYCKHOI 3MaTHOCTI
¢(i jys» WO BUIUIAETBCS Ui MOTOKIB P-ro KJacy (0< y(I 0 <1). Ile 3HaueHHs €

HeoOXiTHOIO MIBUJIKICTIO Mepenayi makeTiB — ojiHiero 3 MeTpuk QO0S.
Y xomi po3B’s3aHHI HaBeJEHOI MapHIPYTHOI 3a7adi MiHIMi3yeThCsl IiTbOBA
(GyHKIIISI HACTYITHOTO BUTJIALY

J= Z Z Z h(l]) Ij)+ Z Zh(lj)lzy(?,j)’ (4)

(i.J)0E pCP kpOK ,))OE pOP
ne h(. ;) — MaplIpyTHa METpUKa KaHaTy 313’;13Ky MK i -M Ta | -M Bysmamu TKM,;
h(fpj) — MeTpHKa pO3MOJLTY MPOIYCKHOI 3aTHOCTI 3a MOTOKaMH Pi3HUX KJIAciB.

3 wMertoro oTpuMmaHHS TeH30pHOI Moxeni TKM Oyna mpencraBieHa
aHI30TPOIHOK MPOCTOPOBOK CTPYKTYpPOIO, YTBOPEHOKD MHOXMHOIO KOHTYPIB 1
BY3JIOBUX Tap. Po3MipHICTh IIbOTO MPOCTOPY BU3HAYAETHCS 3arajibHOIO KibKicTio K3
B Mepexi. B pamkax TEH30pHOro y3arajlbHeHHS B SIKOCTI MOJIeJIi IMHAMIKY 3MIH CTaHy
inTepdeticy mapuipytuzaropa TKM Oyna oOpana maremMatndHa MoOJIeNb, 3aCHOBaHA
Ha BHUKOPHUCTAaHHI CHCTEMH HENHIMHMX audepeHlIiHuX piBHSIHb CTaHy Mepexi,
OTpPUMaHUX 3a JOMOMOIOI0 CTalllOHAPHOI ITOTOKOBOI TOYKOBOI ampoKCHUMaIlii
(Pointwise Stationary Fluid Flow Approximation, HS3¥) [2]. 3rigHo i€l
ampoKcUMallii cepeaHs 3aTpuUMKa TaKkeTiB Ha iHTepdeiici MapuipyTuzaropa
3MIHIOETbCS HACTYTHUM YHHOM:

)
ne @i = Y5 P, — TPOMyCcKHA BI[aTHiCTB kaHany (i, ), IO BHUOUIAETHCS IS
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. Xp . . .
IIOTOK1IB pP-T'0 Kﬂacy, (| J) z Areq i) CyMapHa IHTEHCUBHICTb IMOTOKIB P-TO

KJyacy B KaHami (i, J) .
B pesynbrati reomerpusarii ctpyktypu TKM, rpyHTyrounch Ha TEH30PHOMY

y3arajgbHeHHi Bupa3y (5), TeH30pHa MeTpuKa crana (QYHKII€E Jacy Ta st KOXKHOTO
K3 mae HacTynHuil BUTIISA;

V(1) =A(¢ = A) (P (O, — (A lexXp((A + (t -
~(A+ @ Un(exp(-(A Wz A - 79 +1))/ $) T (6)
Lz A — 1@ + D) /( =) ) UP = A)) §))] $)) 1 A+ 17,

e W() — W-dynxkuis Jlambepra; exp(l)] — ekcrioHeHUiabHa GyHKLISA; T, — cepeaHs
3aTpuMKa Ha iHTepdeiici MapipyTu3aropa B MOUYaTKOBUI MOMEHT 4acy.
Toni B pamkax TEeH30pHOI Mojieli pU po3B’ si3aHHI 3aaa4l 3a0e3neueHHs Q0SB

TKM npu 3amaHux KiUTbKICHUX BAMOTax IIOJI0 CEpeIHBbO1 3aTPUMKH Ta IIBUAKOCTI
nepeayi nakera aHAIITUYHI yMOBH 3a0e3neueHHs: QOSHacTyIHI:

Af%s( -6l o) “’(t)) (7)

ne ¢opma Ta 3MiCT MaTpHLb G (t) 3aJIeXaTh BiJl CTPYKTYPU MEPEKi, MPOILYCKHUX

smatHocter K3 ta qucoumiig O6CHerByBaHH$I makeris [3, 4].

Pesynbrati mocnmimKeHHS 3alpONOHOBAHOI JWHAMIYHOI TEH30pHOI MOJeli
MoKasajay, Mo 3a i JOMOMOTOI BIANOCs OUIBII TOYHO pPO3paxyBaTH 3HAYECHHS
CepelHbOi 3aTpUMKHA TIAKeTiB, OCOOJMBO B YMOBax BHCOKOI 3aBaHTaXKEHOCTI
iHTepdeiiciB  mepexi. Tak, Hampukiaz, TpH 3aBaHTAXEHOCTI iHTepdeiciB L0

=0,63...0,8210xubka cxnanana Bix 15% no 40%,1110 Ha MpaKTHII CYTIPOBOIKYETHCS,
K TpaBWIO, HeehEKTHBHUM TMEPEPO3MOIIIOM MEPENKHOro (KaHAIBHOTO Ta
OydepHOro) pecypcy Mi>k IOTOKaMH Pi3HHUX KJIacCiB.
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