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AHAJIMTHKO-UMUTALMOHHAS MOJEJIb
(GyHKIHOHAJBLHOTO Npeodpa3oBaHus TPAPUKA CI0KHOM CTPYKTYPHI

VYmanes K. B., Makapenko C. U.

Ilocmanogka 3adauu: cmpyKmypHas CIO*CHOCMb, KAK CEOUCHEO YUPKYAUPYIOWE20 8 Cemsax C8A3U
mpagura, axmyarusupyem ONpoOCyhl 00Oecneyenus YCMOUuuUgoCmu Ux QYHKYUOHUPOBAHUS Nymem
NOBbIUUEHUST C80EBPEMEHHOCU OOCIYHCUBAHUS MPAPUKA 8 KOMMYMAYUOHHBIX V3iax. H3eecmubie cnocobwbl
obecneyenus yCmouuu8oCmu, OCHOBbIBAIOWUECS HA a0anmayuyl y3108020 KOMMYMAYUOHHO20 000pY008aHUS
cemu ceA3U K napamempam nepeoasaemozo mpaguxa, O00CMamoyHo WUPOKO U3YYEHbl U ONUCAHLL 8
aumepamype. Menee uzyueHHvIM CROCOOOM OOecneueHust YCmouuugocmu QyHKYUOHUPOBAHUsL Cemu Ces3u
A65lemcs aoanmayus nepeoagaemo2o mpaguka x ee napamempanm. Ilenvro pabomut senaemcs obecneuerue
VCMOUYUBOCIMU  cemu  C8A3U 34 Cuem npeodpas’0sanus mpagura CIONCHOU CMPYKMypbl 6 mpagux
coomeemcmeyowull npocmetiuiemy nomoxky. B kauecmee xpumepus crojxcHocmu CMpyKmypvl mpaguxa
npeonazaemcs UCHONb308AMb €20 OUCHEPCUOHHYIO  XAPAKMEPUCUKY - Koapuyuenm sapuayuu
UHMEPBATIO8 BPeMeHU MedcOy NOCHYnarwumu nakemamu. B kauecmge modenu mpaghuxa Crox#CHOU
CMPYKMYpbl UCNOAb3Yemcst nomok, umeiowuti Ilapemo-pacnpedenenue u kodghpuyuenm sapuayuu 601vuie
eounuysl. Hcnonv3yemovle memoosl. npeobpazoganue mpagpuka OCHOBAHO HA NPUMEHEHUU U3BECTMHO20
HAYYHO-Memoouyeckoeo  annapama  (QYHKYUOHATbHO20 — Npeobpa308anus — 3AKOHO8  NJIOMHOCMmel
seposmuocmu. Hoeuznoui oannou pabomuvl s618emcs yuem noxKazamenei 8peMeHu 3a0epicKu  npu
npeobpazosanuy mpaguxa u 6epoSmHOCIU OMKA3A 8 OOCIYICUBAHUY NAKema U3-3a nepenoHenus oygepa
npu  evlnoIHeHuUU npeodpazosanus. Pezynvmam: npeocmagneHHoe peuienue NO3G0IUM  NPOBECHIU
MoOenuposanue npoyecca npeodbpaz08anus mpagura ¢ y4emom 6blUeYKA3aHHbIX NOKA3ameneli npoyecca
npeobpazosanus u 6 OarbHeliuiem 0bocHosamv 00vem Oypepa u 3HaueHUe UHMEHCUBHOCTHU OMNPAGKU
naxkemog npeobpazosannozo mpagurka. ObOCHOBaHUe 3MUX naApamempos Oyoem UCHOLb308AHO NPU
paspabomke npeobpazosamensi mpaghuxa. Ilpakmuueckas 3nauumocms. Peanuzayus  maxoeo
npeobpazosamens 6 cocmase y3108020 000py008aHUs 6 Cemi NO360IUM NOBbICUMb CBOEEPEMEHHOCHIb
00CIYIHCUBAHUSL NPEOOPAZ0BAHHO20 MPAPUKA NO CPABHEHUIO C MPAPUKOM CLONCHOU CIpYyKmypul 6 6-8 pas.
Omo npugedem K pocmy YCMOUMUBOCMU CemU HA 3HAYEHUs, NPONOPYUOHATbHbIE NOBLIUEHUIO
c80€8peMEeHHOCMU.

Knwouesvie cnosa: cemv ceazu, mpagux, cmpyKmypHas CIOXCHOCMb mpaghuka, npeobpasosanue
CMPYKMYpbl Mpapura, Kawecmeo 00CayICUBaHUss mpapuxa.

AKTYyaJIbHOCTDH

Pa3Butre COBpPEMEHHBIX TEIEKOMMYHUKALIMOHHBIX  TEXHOJOTHH, POCT
MYyJIBTUMEIUMHOTO Tpaduka (repemaada NaHHBIX, PEYd, BUIEO U Jp.) MOCTOSTHHO
MOBBIIIAIOT TpeOOBaHUS, NPEIBABISAEMbIE K MPOIMYCKHOMW CIIOCOOHOCTU CEeTel
cs3u (CC), k xauecTBy oOcnmykuBanus tpaduka QoS (Quality of service). Anamus
pabot [1-6] moka3ai, 4TO OJHUM W3 CBOMCTB MYJIbTUMEIUWHOTO TpaduKa SBISETCS
€ro CTPYKTypHasl CIOXHOCTb. [loa TpadukoM CIOXKHON CTPYKTYpbhl MOHUMAETCS
Tpaduk, y KOTOporo Kod(PGUIMEHT BapHallMu C; WHTEPBAJIOB BPEMEHU MEXIY
MOCTYMAIONMMHE TTakeTaMu uMmeeT 3HadeHus c>1. Koaddunment Bapmanmum [1] —
IUCIIEPCUOHHAs XapaKTepUCTHKa Tpaduka, OINpEeAeNsiomas €ero CTPYKTYPHYIO

CJIOKHOCTbB, M BBIYUCIISIEMAs! B COOTBETCTBUU C BBIPAKEHUEM
c=o/m, (1)
rie T- MHTEpBaJ] BPEMEHM MEXAy Makeramu Ttpaduka, M. - MaTeMaTUYECKOe
oxkunanue (MOJK) 3HaueHMII UHTEPBAIOB BPEMEHU MEXAY MOCTYIUICHHEM NAKETOB
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Tpaduka; o, - cpeaHee kBaaparuyeckoe otkinoHeHHe (CKO) 3HaueHuil MHTEpBAJOB
BPEMEHH MEXIy TIOCTYIUICHHEM TIaKEeTOB TpadukKa.

[IpoBeneHHBI aHaIM3 pPe3yJbTAaTOB KCCIEAOBAHWMU MO Tepedade Tpaduka
CJIOKHOW CTPYKTYPHI [2-5] MoKa3al, 9To MPHU MOBHIIICHUN CTPYKTYPHOUW CI0KHOCTH
o Mmokazareno kodbduimenta Bapuanuu (0T ¢;=1 10 ¢;=2), CBOEBPEMEHHOCTH
oOCTy)XKMBaHHUSI B y3JaX KOMMYTalud CHOPMHUPOBAHHOTO Tpaduka CHIKACTCS B
6-8 pa3 [7] oTrHOcHTenbHO OOCHYKHMBaHHS Ipocteiiiero Tpaduka (c.=1). [Ipuuem
TaHHBIN 2P PeKT HabII0JaeTCsl Ha BEHICOKOHATPYKEHHBIX KOMMYTAaTOPaX.

Taxkxe CTpyKTypHas CIOXHOCTh TpaduKa MOXKET OBITb pPe3yJIbTaTOM
WH(POPMALIMOHHO-TEXHUYECKUX  BO3JACHCTBUIM, MNPUBOMALNIMX K  CHIDKCHHIO
CBOCBPEMEHHOCTH OOCITY>XHBaHHs Tpaduka B OTICIBHBIX y3J1ax KoMMyTanuu [6].
Taxum 00pa3om, MPOUCXOIUT CHIKEHHE KayecTBa OOCITyXHBaHHS Tpaduka 3a cUeT
KaK yBEJIMYCHHsI BPEMEHHU 3aJIEP>KKH IPeoOpa3oBaHusl MaKkeTa 7s,;, TAK U MOBBIIICHHUS
BEPOATHOCTH OTKa3a B OOCIYXHBaHUM NakeTa Py, 4TO B CBOIO Ouepenb BENET K
CHIDKEHUIO 3HAUEHUN IOKAa3aTessl yCTOMYMBOCTH MH(GOPMALMOHHOIO HaIlpaBJICHUS
ces3u (MHC) u CC B nenom (puc. 1) [8].

[Ton uHQOpPMAIMOHHBIM HaNpPaBIECHUEM CBA3M NOHMMAETCS COBOKYIHOCTH
JIMHUM U y3J10B CBA3H, 00E€CIIEUMBAIOLINX CBA3b MEX]Y IBYMsI aDOHEHTaAMU CETH.

Mokasatenu QoS ang j-oro nyTn Ces3HocTb i-ro MIHC ¢ yyeTom BeposATHOCTU obecneyeHust
3agaHHOoro ypoBHst QoS ero k-nytamu
- ™. -1-T1
_1_ mpe6 mpeﬁ mpe6
3ar)/ yry 3abv Pcei _1 P(Tm()/ <T3ad/ ’C 2 C ank/ PomK/ )
j=1

1= J
QoS. =<C, .= min {C L 2
J 1 av - \
{17 Mart. oxupaHue konudectsa nyten B UHC obecneuvnBatowmx
Z; 3afaHHbIM ypoBeHb Q0S
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( BaCbcvtlja lem Kputepuii obecnederns QoS j-bim CeszHocTb MHC B Buae BEPOATHOCTU COXPaHEHUsI Ha
[SAEL z nyrem MHC He MeHee ogHOro nyTu ¢ 3agaHHbIM QoS
SHERICHAN p (no FOCT 5311-2008)
WHTEPBanoB Tm 0; < T;Z,’)’i
BpemeHy mexay ) : p Poi = P{M (onS) 21}
naketamu QoS; 2 QoS << C,; 2C1"
Tpaduka c.) P < pree CsasHocTb VIHC B BUAe BEPOATHOCTU COXpaHEHUs
omx j omxk j Ha MIHC He meHee K nyTen ¢ 3agaHHbIM Q0S

ce1

P, =P{M (ko) 2 K]

CBSI3HOCTb YCTOMYMBOCTb Cpepreceresasn Cpepreceresas ycmmw;ﬁgg cc
10 UHC +oro VHG yCTOVILWIBOCTb cc C Y4ETOM BaXKHOCTH

PC!H' P = KFIF)LGI yfp Z PyCP :Zaipy
i=1

Puc. 1. Bnusinue ko3¢ unrenTa Bapualuu ¢; Ha yCTOWYMBOCTh CETH CBSI3U

B HacTosimiee BpeMs pelieHue 3a1auu MOBBIIICHUSI YCTOMYMBOCTH CETU CBSI3U C
Y4ETOM LUPKYJIUPYIOIMIETO B HEH Tpaduka CI0XHOM CTPYKTYPhl MOXKHO DPa3eiIuTh
Ha JIBa OCHOBHBIX HaIlPaBJICHUS:

1) aganTanys y3JI0BOr0 KOMMYTAIIMOHHOTO OOOpYJOBaHUS CETH CBSI3U K

napameTpam mnepeaBaeMoro Tpaduka;

2) ajanTanus nepeaaBaeMoro tpaduka K mapaMmeTpaM CeTH CBSI3H.
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K HUCCIICIOBAHUAM 110 IICPBOMY HAIIPABJIICHUIO PCHICHUA 3aJa4YM IMOBBLIIICHUA
YCTOﬁqHBOCTH CE€TH CBA3H OTHOCATCA pa60TBI:

PeokukoBa FO.M. mo pacuery cucreM oOCITyKMBaHUSI C TPYNIIOBBIM
NOCTYIJIEHHEM 3asBOK [9], mo pacdery cuUCTeMbl OOCTY>KHBAHHS C
pacnpenenenusmu Kokca [10];

bynko II.LA., bypeika A.C., EwmeneanoBa A.B., KpacHokyrckoro A.B.,
[lnaesa /I.B. [11] mo ompeneneHnio pecypca MPOMYCKHOH CIOCOOHOCTH
KAaHAJIOB CBS3U HA CETH ¢ KOMMYTAIlMEl MAKETOB Pa3IUYHBIX MPHUOPHUTETOB
B YCJIOBHSIX U3MEHSIOMICHCS HarPy3KH;

Amuera T.W. [12] no MoaenupoBaHHUIO THIIEPIKCIIOHEHITHAIBHOTO Tpaduka
C TIOMOIITLI0 MHOTO(a3HBIX IKCIIOHEHIIHAIBHBIX CHCTEM;

Yakpsa E.A. [13] no monenmupoBanuio Tenerpaduka ¥ KaHAJIOB Iepeaadn
JAHHBIX B YCIIOBUSX TTOMEX;

[{pi6akoBa b.C. [14] mno MoaenupoBaHui0 Tpaduka ¢ pacyeToM
ACUMIITOTHYECKHUX MapaMeTpoB Tpaduka;

baxapesoit H.®., Tapacosa B.H., Ymakosa FO.A. [2] no MoaennpoBaHuio
Tpaduka Ha OCHOBE JBYMEpHOW Au(QGYy3UOHHON  aNMmpOKCUMAIIUH
poiieccoB (PyHKIIMOHUPOBAHUS CUCTEM MAaCcCOBOTO 00CITYKUBaHUS;
Mamnodeii O.I1., ®omuna JI.A., Poauonosa B.B., Psgnosa /1.C. [15] mo
MOCTPOEHUIO0 MAaTEeMaTHYE€CKOM MOJIEIH OLIEHKH 3 (HEKTUBHOCTH U KauecTBa
CeTH CBS3M MpU OOCITYKMBAaHUU CaMONOJOOHOro TpaduKa, HUCIONb3YS B
KaueCTBE MOJIEJIM CaMOIo100HOr0 Tpaduk ¢ pacnpenenenuem [lapero;
AreeBa /[.B., HUrnarenko A.A., KombiieBa A.B. [16] mo paspaboTke
OCHOBHBIX PAaCUETHBIX BBIPAKEHUHN MapaMETPOB OOCTY)KHBAHHS TTOTOKOB B
y3Jlax ~ TEIEKOMMYHUKAIIMOHHOM  CETH, UCHOJB3yd B  KadecTBe
camonogoOHoro Tpaduka gpakranbHoe bpoyHOBCKOE IBIKEHUE;

Heiinexo XK.B., 3amyna A.A., Kupuuenko JI.O., Pagusunosoii T.A. [17] mo
pa3pab0OTKe MaTeMaTH4YeCKOM MOJENIH CaMOMOJI00HOTO CTOXAaCTHUYECKOTrO
mpoliecca Ha OCHOBE SKCIOHEHIMaNbHOTO rpeoOpazoBanust GBI,

A Takke Oollee paHHIO paboOTy OgHOro M3 aBTOpoB [18] mo paccMoTpeHuio
MMOAXO0JI0B K MOJICIIMPOBAHUIO HEMYaCCOHOBCKUX HWH(POPMAIIMOHHBIX ITOTOKOB H
OIICHKE MOJCJICH CTeIMeHu COOTBETCTBUS HMH(POPMAIMOHHBIM IOTOKaM CETeH
MHTETPaIbHOTO 0OCTY)KUBAHUS.

PaboTel 0 MMHTAIMOHHOMY MOJCITHPOBAHUIO, IUPKYIHPYIOMETO B CETAX
CBA3M, Tpaduka:

Proxukosa FO. 1. [19];

lenyxuna O.U., MBanosa FO.A., ITactyxoBa A.C. [20] mo wucciemoBaHuiO
BiusHust camomnogoousi ON-OFF ucTtouHnkoB Ha CKOpOCTh HHTEPHET-
Tpaduka;

[MpuBanosa A.10., baesoit M.B. [21] mo mnpoBeacHHIO HWMHTAMOHHOTO
MOICITUPOBAHUS CETEBOTO TEJICKOMMYHHUKAIIMOHHOTO Tpaduka,
00JaIaroIIero CcaMoINoA00OHBIMI CBOMCTBAMHM C 3aJaHHBIM TapamMeTpOM
Xepcra;

[TpuBanosa A.1O., bnarosa A.B. [22] mo UMUTAITMOHHOMY MOJCIMPOBAHUIO
TpaduKa CI0XXHOU CTPYKTYpHI ¢ momotibio ON-OFF moneneit.
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A Tarke Oonee paHHssE paboTa OAHOTO W3 aBTOPOB [23] MO MOCTPOCHUIO
UMUTALMOHHOU MOJien GOpMUPOBaHUS TpaPUKa CI0KHON CTPYKTYPBHI.

Ko BTOpoMy HampaBlIeHHIO pEIIEHUs 3a/1a4d TOBBIIIEHUS YCTOMYUBOCTU CETH
CBs3M OTHOCsATCA paboTel: KyuepsiBoro E.A. [24] mo ynpaBiieHHI0 TpapuKOM H
KauecTBOM oOciykuBaHusi B cetu; Hazaposa A.H., CerueBa K.W. [25] no pacuety u
yIOPaBJICHUIO MPUOPUTETHBIM TpadukoMm B y3ioBoM obOopymoBanuu cereir NGN;
JIuana I'1., ®omunua JI.LA., CkopoboraroBa C.A., [26] mno ¢dopmupoBaHHIO
caMomnoIo0HOTo Tpaduka B TEICKOMMYHUKAIIMOHHBIX CHUCTEMax M IOCICIYIONUM
€ro mpeoOpa3oBaHUEM.

JlanHast paboTa OTHOCHTCA KO BTOPOMY HANpPaBICHUIO PELICHUS 3a7add
MOBBIICHUS] YCTOMYMBOCTH CETH CBS3M W OCHOBaHAa Ha (yHKIHOHATHHOM
npeoOpa3oBaHuu TpaduKka, BIEpPBBIC MPEIIOKEHHBIM B padore Jluama I'.U.,
®omuna JI.A., CkopoboratoBa C.A. [26]. B Hell mnpemnaraioch HaIpaBICHUAC
BO3MOXKHOTO  CHIDKEHMSI CTPYKTYPHOM  CIIO)KHOCTHM  BXOJHOTO Tpaduka U
MaTeMaThyeckas MoJieJb MpeoOpa3oBaHus pacipejesieHus BXoAHoro Tpaduka. B
CBOUX JaybHeHImuX padotax [27-29] Jlunen I'.M. coBMecTHO ¢ KoJUIeraMu periaer
3ajlayy o0ecredyeHus] WHBAPUAHTHOCTH MYJIbTUCEPBUCHOM CETU K CTPYKType
BXOJIHOTO TpaduKa Ha OCHOBE ero (PyHKIIMOHAILHOTO TPeoOpa3oBaHus.

Jnst obecneyenust 3amuThl  Tpaduka ot WTB, HamnpaBieHHbIX Ha
npeIHaMEepeHHOS (OPMHUPOBAHUE CIIOKHON CTPYKTYyphbl Tpaduka (c.>1), B maHHOI
paboTe mpeiaraeTcs pa3padboTaTh METOAUKY TIpeoOpa3oBaHus Tpaduka (puc. 2) s
CHIDKEHHSI €ro CTPYKTYPHOU cCIOKHOCTU (c;—1). IIpu 5TOM B KauecTBE OCHOBBI
peIIeHUS JTOW 3aJadyM Tpemjaractcsl MCIOJb30BaTh  HAYYHO-METOAMYECKUI
annapat (HMA) ¢ynkunoHansHOro npeoOpazoBanus Tpaduka MPEASIOKEHHOTO B
pabotax HayuHoU 1mkobl Jluama I'.U. [26-29].

Ananm3s uccienoBanuii [26-29] mokasain, 4To MOJYYCHHBIC B HUX PE3yJIbTAThI
HEe OOOCHOBBIBAIOT TpaHUIbI M oOnacte mpumeHeHus HMA mnpeobpazoBanus ¢
ydeToM TpeOOBaHMII 1O  KayecTBy oOchmykuBaHusi Tpaduka (3amepikka
npeobpazoBanus, o0beM Oydepa). B Hacrosmel paboTe akIeHT caejlaH MMEHHO Ha
ydeTe ITHUX paHee HE HCCIEeIOBAHHBIX acleKTaxX MpeoOpa3oBaHusi Tpaduka, 4TO
COCTaBJISIET HAYYHYIO HOBU3HY MPOBOAUMOTO HCCIICIOBAHUS.

OueHka BxogHoro Tpaduka (m,, o, ¢;) )
- .
Knaccudukaumsa Tpacduka
N
MpocTtenwmin Tpadmk (c.~1) ) (Tpacbvn( CINOXXHOW CTPYKTYpbI (ct>1))
~/

) ¥ ¥

[ AL L) 2 ][ Annpokcumauus Tpaduka

~

3KCMOHeHLManbHbIM
pacnpegeneHviem MapeTo
pacnpegeneHvem

J

[MpoBepka agekBaTHOCTM annpoKCMMaLny MPOBOANTCS MO KPUTEPUIO
MupcoHa (;?)
dDyHKUMOHanNbHoe npeobpasoBaHune Tpaduka
(CHVKEHME CTPYKTYPHOM CrioXkHoCTH ¢,— 1)

Puc. 2. IlocnenoBatenbHOCTD MIAr0B PEIICHUs 3a1a4l CHUXKEHUS CTPYKTYPHOR
CJIO’)KHOCTH Tpaduka
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Jns popmanuzanuu 3agadd pa3pabOTKU MOJENM MpeoOpa3oBaHus Tpaduka
BBEJIEM CIIEAYIOIINE 0003HAUCHMUS:

Tpar — UHTEPBAJI BPEMEHU MEX/y MOCTYIJICHUSIMHU OTAEJIbHBIX TaKETOB Tpaduka
¢ pacnpenenenuem [lapero;

o — napameTp Gopmel Tpaduka c pacrpeaenenrem llapero;

k — ko3 durrent macirraba Tpaduka ¢ pacnpeaencauem Ilapeto;

M(Tpar) — MOXK 3HauYeHWII WHTEPBAIOB BPEMEHU MEXKAY NOCTYIICHUSIMU
OTJIENBbHBIX MAaKeTOB Tpaduka ¢ pacnpeaenenuem Ilapero;

o(Tpar) — CKO 3HayeHHMHI WHTEPBAJOB BpPEMEHH MEXIY IOCTYIUICHUSMHU
OT/ICJIbHBIX MAaKeTOB Tpaduka ¢ pacnpeaeneHueM [lapero;

Texp — MHTEPBAJ BPEMEHH MEXIy OTIPAaBKOM MaKeToB MpeoOpa3oBaHHOTO
TpaduKa, IMEIOIIETO YKCIIOHEHIIMATFHOE paclpeiesieHuE;

A — THTEHCUBHOCTH OTIIPABKHU MAKETOB TpaduKa rnocie npeodpa3oBaHus;

M(Texp) — MOXK 3HaueHWiT WHTEPBAJOB BPEMEHU MEXKIY IOCTYILICHUSIMU
OTJICTILHBIX MAKETOB TpadrKa C SKCIIOHEHIIMAIBHBIM Paclpe/leICHUEM;

0(Texp) — CKO 3HaueHWii WHTEPBAJOB BPEMEHH MEXKIY MOCTYIUICHUSIMHA
OTJICTIbHBIX MAKETOB TpadrKa C SKCIIOHECHITMAIBHBIM paclpeieICHUEM;

¢ =6/M; — KO3PPHUIMEHT BapHallMU 3HAYCHUH HMHTEPBAJIOB BPEMEHHU MEXKIY
MOCTYIJICHUSIMUA OT/CJIbHBIX MTAKETOB TpauKa;

Q—o0bemM Oydepa maMsaTH, C HCIOIB30BAHUEM KOTOPOTO  BEIETCS
npeoOpa3zoBanue Tpauka;

Pom — BEPOSITHOCTh OTKa3a B OOCTyKMBaHUM Tpaduka Mpu Hamuuuu Oydepa
mamsaTu oobemMoMm Q);

Ng — 3HaUEHHUE Ouepe U MaKeToB B Oydepe mamsati oobemom Q;

T — BpeMsl 3aJIepKKH TMakeTa OT MOMEHTa €ro MOCTYIUICHHS 10 MOMEHTa
OTIPABKHU B COCTaBE MPEOOPa30BAHHOTO TpAPHUKa;

M(75) — MOX BpemeHu 3aepkku makera 15, B Oydepe mamsatu oobemoM Q
B IIpoIIecce MpeoOpa3oBaHMUS;

6(Tsan) — CKO BpemeHu 3aziepkku nakera Ts,; B Oydepe mamaru oobemoM Q B
mpoIiecce mpeodpa3oBaHus;

m(ng) — MOX Tekymield od4epean TMAaKeTOB MNg, OXKUAAIOUIMX OTIPABKH
(mpeoOpazoBanus) B Oydepe mamsatu oobemom Q;

o(ng) — CKO Tekymieid ouepeau TMakeTOB Ng, OXKHUAAIOUIMX OTIPABKH
(mpeobpa3zoBanusi) B Oydepe nmamsatu oobemom Q.

AHAIUTHKO-UMUTALMOHHAS MOJIeJIb

OOmast cTpykTypa HMMHUTALMOHHON MOJENM MpeoOpa3oBaHusl Tpaduka s
CHUKEHUS €r0 CTPYKTYPHOU CII0)KHOCTH MPEICTABICHA Ha puUC. 3.

JlaHHas  aHAIUTUKO-UMHUTALMOHHAs ~ MOJEIb  OCYLIECTBJISET  MPOLECcC
npeoOpa3oBaHus Tpaduka ¢ MHTEpBAJIaMHU BPEMEHHM MEXIY MaKeTaMH, UMEIOIIMMU
pacnpenenenue Ilapeto (c>1) B Tpaduk C SKCIOHEHIMAIBLHBIM pPacTpe/IeTICHUEM
(cr=1) B COOTBETCTBUU C MATEMATUYCCKUMH 3aBUCHUMOCTSMH, MPEIACTABICHHBIMU B

pabotax [26-29].
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ﬂ BxogHon Tpaduk ¢ MNapeTo-pacnpeneneHnem 3 OnepaTop yHKLMOHANbHOIo
WHTepBanoB BpEMeHN Mexay naketamm npeobpasoBaHus Tpaduka
Tpar(a, K)
pacu —a K
A 3Ha4eH1e MHTEHCMBHOCTY OTMPaBKY NaKkeToB Topi — @ (Tpar i ) = In
Tpadhmka nocrne dyHKLMOHanbLHOro npeobpasoBaHns A (p) Tpar i
a-1
*(p)=
a-p-k l
ﬂ PacuyeT 3Ha4yeHMIn BpeMeHM OTNpaBKK NakeTa npeobpasoBaHHOro Tpadguka
pacu pacu _ .
texpi—l + Texpi y €cau Zexpi—l + Texpi tpari 2 0’
texpi - pacu O
tpari’ eciu texpi—l +Texpi _tpari <y
MmMutaumoHHas mogenb npeobpa3oBaHusa Tpaduka
bygep Q
tpafi 1:exp i
—_— |
Ouepeodwb Ng
PacueTt BpemeHu 3agepxkn Ha npeobpa3oBaHue nakeTa Tpaduka Taan i = fexp P tpari
ﬂ Pacuet ﬂ Pacuet ﬂ Pacuet
CTaTUCTUYECKMX XapaKTEePUCTUK BEPOSATHOCTU OTKasa B CTaTUCTMYECKUX XapaKTEPUCTUK
3HaYeHNs oyepeam NakeTos Ng B obCnyXMBaHUN NakeToB BpeMeHU 3aepXKn nakeTa Ha
Gydepe Tpacuka Por npeo6pasoBaHue 15y,
1 & 1 N 1 N
m(nQ):Wano +nQi’ # POTK :_Z POTKi’ m(Tsa):[) :WZTmui
i=1 N = i=1
o) = [= D" (1 ~m(ng))’ ”p” R IES Y E);
= . ) o =l i—m '
Q N — Q; Q Pomi :1’ eciu nQi > Q’ 3a1 N < 3axi 3ax

Ny, = 0; P

OTK |

=0, eciu ny; < 0.

I m(7 3ai), o(T 3ii)

P
N, =0, ecuT,,; <0.

I m(n,), o(ny)

Puc. 3. O0mas cTpykTypa aHaTUTHKO-UMHTAIIHOHHON
MojieNu TTpeoOpa3zoBanus Tpaduka

npu N, =1, ecuT,_ .>0;

3ami

Ha mepBom »stame (mepes MpOBEICHUEM HMUTAIIMOHHOTO) MOJETUPOBAHUS
3a[Jal0TCs 3HA4YCHHUS BCEX BXOJHBIX TApaMETPOB, HCIOJB3YEeMBIX B TIpOIEcCe
npeoOpa3zoBaHus Tpaduka:
3HaueHue oodmiero unciaa maketoB N BXogHOTo Tpaduka ¢ pacrpeaesieHueM
[TapeTo B I-M MPOTroHE MOEIH;
3HAYEHWE YUCJIa MPOTOHOB Mojienn M;
kodddummenT Macmraba  BXOJHOTO
[Mapero ke[10%;10%]  (ompenenser
NOCTYIIJIEHUEM IIAKETOB);

Tpaduka C
MUHUMAJBLHOE

pacnpeaeieHuemM
BpEeMsI  MEXKIYy
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- mapameTtp GopMbI BX0IHOTO Tpaduka ¢ pacnpenencauem [lapero ae(1; 2];

- Oybdep mnamsatTu oO6beMoM Q, C HCMHOIB30BAHUEM KOTOPOTO BEIETCS

npeobpazoBaHue Tpaduka;

- UWHTCHCHBHOCTH OTMNPaBKH TAKETOB MpeoOpa3oBaHHOIO Tpaduka ¢

OKCIIOHCHIIUATIBLHBIM pachpesielicHneM A (BapbUPYeMBId TapaMeTp) u3
oydepa oobemom Q.

Ha BTopom »srTane MozenupoBanus (TpU TPOBEICHUH HMMHUTAIMOHHOTO
MOJIETTUPOBaHUSI) Ha BXOJ oOmeparopa (QPYHKIMOHAIBHOTO MpeoOpa3oBaHUs
Tpaduka [26] TMMOCTymaroT 3HAYEHUS HWHTCHCHBHOCTH A  OTIPABKH ITAKETOB
npeoOpa3oBaHHOTO TpaduKka M HWHTEPBAJIOB BPEMEHHU Tpari MEXKAY OTACIbHBIMU
naketamu Tpaduka c¢ Ilapero-pactpenenenuem (65ok 1,2 puc. 3). 3HadeHHS
WHTEPBAJIOB BPEMEHHW MEXIy NaKeTaMH BXOJHOTO Tpaduka C paclupeicieHHEeM
[TapeTo Tpar i TEHEPUPYIOTCS B COOTBETCTBHUH C BBIPAXKECHHEM

k
Fpa (l— rnd (1))1/“ @)

PacueTHbIC 3Ha4YCHMUA HHTCPBAJIOB BpEMCHHA MCIKOY IIakKCTaMn

npeoOpasoBaHHOrO  Tpaguka ¢  OKCIOHEHIHMAIBHBIM — PACHPENENCHUEM Ty

MOJyYCHHBIC Ha BBIXOJC omepatopa (YHKIMOHAIBLHOTO Tpeobpa3oBanus (3)
MOCTYNAKOT Ha BXOJl UMUTAIMOHHON MOJEIH.

07 ) =01 =20 = |. ®
par i
B pe3ynbraTe mporoHa MMHTAIMOHHOW MOJICIIH BPEMEHHBIC XapaKTEPUCTHKH
nporiecca npeoOpa3oBaHusi Tpaduka, MPEICTABICHHOIO Ha PHUC. 4, OMPEACISIOTCS
CIICAYIOIMMH BBIPAKCHUSIMHU:
- MOMCHT BPEMEHH tpyr i IOCTYIUICHHS I-TO MAKETa B IMUTAIIMOHHYIO MOJICITh
tpariztpar i-1  Tpar i i:[l; N]; (4)
- MOMEHT BPEMEHH texpi OTIIPABKH I-r0 MakeTa mpeoOpa3oBaHHOTO TpaduKa u3
oydepa mamsaru Q (cm. 6110k 4, puc. 3)

pacu pacu .
texpifl + Texp i? eciu texpifl + Texpi _tpari 2 O’

texpi = . (5)
t ectt by s + Topi —lpari <0;
HeobxoaumocTh BBeIEHUS NTaHHOW CHUCTEMBbI OOYCJIOBJIEHA CIy4dasMH, KOTJa
BpeMs 3aJIepKKH TakeTa B Oydepe nmamsati Q OT MOMEHTa MOCTYIUICHHs 0 MOMEHTa
ero OTIpaBKU B COCTaBe MpeodpazoBaHHOIO Tpaduka (010K 4, puc. 3), paBHOE

T = o + T~ =t =t (6)

3ai expi pari exp i
MOXET OBITh MEHBINE HYJS: 13,i<0, 4TO TPOTUBOPEUUT (HUIUIECKOMY CMBICITY
MOJeIUpyeMoro mporiecca. s ycTpaHeHus 3TOro MPOTHBOPEUHS OTIPABKA MaKeTa
OCYIIECTBIIIETCS Cpa3y K€ IIOCIIE €ro MOCTYIICHUS lexpi=lpari, IMAKET HE
3ajiep>)kuBaeTcs B Oydepe, a MOKUIAET MOJIeJIb MIHOBEHHO, 0€3 BBITIOJHEHUS
npeoOpaszoBanus (maket Ne 4 Ha puc. 4).

Ecnu 3HaueHue BpeMeHU 3aAepKKH Ts,,i>0 (makersr Ne 2, 3, 5 Ha puc. 4), T0
nakeT mocrymnaet B Oydep namsatu o0bemMoM Q M 0KUAaeT BpEMEHU OTIPABKH teyp i (B

pari? pari

exp i—1
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COOTBETCTBHUHM C 3aJaHHBIM 3HAYEHWEM WHTCHCHUBHOCTH A OTIPABKH IMaKETOB
peoOpa3oBaHHOrO Tpaduka).

- 2 3 - P
tpar
! % >
~ ~ t
z-parl >E<Tpar 2> Tpars L, i eXp
2-exp 1 Texp 2 ><
pacu
Texp 2 Sk
T 5 T. T
: 33112 N 3314\ 3315
z 2 T, 7
+—e . —e -
tf &, bt & T,
4 iopar 1 par 2 par:3 i par 4 par 5 par
- e ® o— . -
tO ‘texp 1 texp 2 .texp 3 texp 4 1:exp 4 texp 5

exp

Puc. 4. BpemeHHbIE XapaKTEpUCTUKH Mpoliecca npeodpazoBanus Tpaduka

AHaNUTUKO-UMUTAMOHHAS MOJIEJb II03BOJISIET OINPEACINUTh CIEAYIOLIUe
3HAYEHHUS XapaKTEPUCTUK MpeoOpa3oBaHus TpaduKa co CI0KHOU CTPYKTYPOUA:
- MOX Tekymeld odepeau mHakeToB Ng, OXKUIAIOIIMX OTIpaBKH B Oydepe
namsaTu oobemMoM Q (06710k 5, puc. 3)

m(ny) :%Zn% +n, (7)

- CKO Tekymieit odepenu makeToB Ng, OXKUIAIOIIMX OTHpaBKU B Oydepe
namsaTu oobemoM Q (010K 5, puc. 3)

(o) = ﬁz(nq —m(n))? ®)

- BEpOSITHOCTh OTKa3a B OOCIYXUBaHUMU Tpapuka Poy MpU OrpaHUYEHUN Ha
o0wvem Oydepa Q (610K 6, puc. 3)

1 N
POTK - z POTK i ’ (9)
N =

- MOX Bpemenu 3amepkku mnpeoOpasoBanus maketa M(T;,;) B Oydepe
namsti o0bemoM Q (610K 7, puc. 3)

1 N
m(T3aﬂ) = WZTmﬂi , (10)
i=1

- CKO Bpemenu 3anepxku npeodpazoBanus naketa o(75,,) B Oydepe namsatu
oowvemom Q (610K 7, puc. 3)

o(T,) = Jﬁza (T, ) 1)
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[IpennoxxeHHass aHATUTUKO-UMHUTAIIMOHHAST MOJIENb TIpeoOpa3oBanus Tpaduka
CIIO)KHOH CTPYKTYphl (C.>1), TO3BOJSET TOMYYUTh 3HAYCHHS] CTATHCTUYECKHUX
XapaKTePUCTHK, OKAa3bIBAIOIIMX BIMSHHE HA KA4eCTBO OOCITy)XHBaHHS Tpaduka
(BpeMeHHU 3aliepKku mpeoOpa3oBaHus makeTa Tpaduka 75, BEPOATHOCTH OTKa3a B
oOcyxuBaHUM HakeTa Tpaduka Py ), 000CHOBATH MpeaIoKeHus mo oobemy 0ydepa
namatd Q. CHIKEHHE CTPYKTypHOM cloXHOCTH Tpaduka (C,—1) 3a cuer
npuMeHeHus (YHKIIMOHAJIBHOTO TpeoOpa3oBaHus Tpaduka IMO3BOIHUT TOBBICHTH
CBOEBPEMEHHOCTh OOCTY)KHBaHHUS TPEOOPa30BAaHHOTO Tpauka IO CPABHEHUIO C
TpapuKOM CIIOKHOM CTPYKTYpHI (Y KOToporo C.=2) B 6-8 pas.

B mpunoxennn 1 mnpexncraBien mnporpamma B MathCad u pesynbrar
AHATMTHKO-UMHUTAITMIOHHOTO MOJICTTUPOBAHMS TIpoiiecca mpeodpa3oBanus Tpaduka ¢
napamMeTpamu:

- o01iee 4ucio NporoHoB Mmojenu M=4;

- obmree yucio makeroB B mporone N=100000;

- ko3ddunueHT Macirada tpaduka ¢ pacupeaencaueM [apero k=1;

- mapametp ¢opmbl Tpaduka ¢ pacnpenenenuem [lapero o=1,7;

- HMHTEHCHUBHOCTH TpaduKa C IKCIIOHCHIIMAIBHBIM pacnupeneneauem A=0,458;

- obweMm Oydepa Q=1400.

BriBoj
Peanuzamus npencraBaeHHOTo peodpa3zoBaTens Tpaduka B COCTaBe y3JI0BOTO
000OpyZIOBaHUS B CETH TO3BOJIUT IIOBBICUTH CBOEBPEMEHHOCTh OOCITY>KHBaHUS
mpeoOpa30BaHHOTO TpaduKka MO0 CPAaBHEHUIO ¢ TPAaUKOM CIOKHOM CTPYKTYpHI B 6-8
pa3. OTo TpHUBEACT K POCTY YCTOWYMUBOCTH CETH HA 3HAYCHHS, IPOIOPIHOHAIBLHBIC
MTOBBIIIICHUIO CBOCBPEMEHHOCTH.

[Tpunoxenue 1
BXoAHble napaMmeTpbl

Obuwiee yucno onuiToe  [TopAAKOBLII HOMEP ONbITA

M:=4 j=0.M-1
MapameTpbl pacnpegenexus Mapero NapameTpsbl
SKCNOHeHUUankeHoro
Obuwiee uucno  [Mopagkoebit  Koad. macwraba [lapametp dopmbl pacnpegerneHus
HaRas HOMBE Tauerd k=10 a=17 NHTEHCHBHOCTL
N = 100000 i=1.N o i
A
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3Ha4yeHWe MHTepBanoB BpeMeH! 3HayeHWe MHTepBanoB BpeMeHN Mexay
Mexay nocTtynneHneMm Nnaketos nocTtynneHnem naketos
(MapeTo pacnpeaeneHue) (3kcnoHeHUManbHoOE pacnpegeneHne)

sio k 'd 3 N

Tle = 1 T2 e . = —1n B |
= 1.] x| *r_l_parij )

(1 - md(1)® ‘ =

3Ha4yeHne BpeMeHH NOCTYNNEHNWA oYepeaHoro nakera Tpadgmka c pacnpegenenunem Napeto

tt_pari:j = tt_pari_lrj + ‘r_l_parLj

3HayeHune EpeMeHH OTNPaEKH O4epeHOro nakerta Tpaqua ¢ JKCNOHEeHUHaNbHbIM
pacnpegeneHuem

tt_l_expi:j = n—l—exPi—l,j +71_2 exp. . if |'tt_3_expi_1:j + 'r__l_expi:j - tt _pari._j.} 20

i.]

tt_parij if {tt_2 exp. T2 exp;

i 1—1,j+ 2 —tt_pari:j)<0

]

3Ha4yeHune EpeMeHHn mexay NnocTtynneHuem u OTI'lpaBKOﬁ o4yepenHoro npeoﬁpasoBaHHoro
nakKeta

= ) ) —_—
t_zadi:j. tt_.._e:\pi:j tt _parirj

SHa4YeHUs UHTepEana BpeMeHu Mexay naketaMmu (3akoH MNapeTo)

50 1 I I

0 500 1x10° 1.5%10°

tt_par;

SHaYeHUA UHTEepBana BpeMeHU Mexay naketamu (SKCNOHeHUManbHbIA 3aKOH)

T_2 exp;
& :

1x10° 1.5%x10°
tt_l_expu

URL: http://journals.intelgr.com/sccs/archive/2015-02/02-Ushanev.pdf 35


http://journals.intelgr.com/sccs/

CucteMbl ynpaBJieHusi, CBS3M U 6e30NacHOCTH

N22. 2015

Systems of Control, Communication and Security

MOX 3Ha4YeHUl BpeMeH! 3aaepxKu
npeo6GpasoBanua naketa T, B 6ydepe

naMsaT™ o6LeMoM Q B OQHOM NPOroHe
Moaenu

m_t zad_analit _jj =

MO 3Ha4YeHUN BpeMeHU 3aepPXKn
npeoGpasoBaHuA naketa T, B Gycepe

namaTM o6semMom Q B M-nporoHax Mmogenu

m_t_zad_analit == mean{m_t_zad_analit j)
m_t_zad analit = 5.14
) M-1 N
e 708 t d =
N-M Z Z = L]
1=01i=1
mean(t_zad) = 5.14

A

14

Mpacuk MOX 3Ha4YeHU BpeMeHn
3agepXxku npeoGpasoBaHua naketa T, B

J-OM NporoHe mogenu

A
A

=0
a

g
[

m_t_zad analit j;’

=7
.

A

49
0

http://journals.intelgr.com/sccs/

MOX TeKylwero 3Ha4YeHus oyepeau
NakeToB, OXUAAKLWMUX OTNPABKMN B
Gycdepe naMATM 06LEMOM Q B OQHOM
nporoHe mogenu

n—QO,j =0
n—Qi,j = if| t—zadi,j > O’n—Qi—l,j + 1,0)

N
e
n Q=5 D a9

i=1
MOX Tekywero sHa4eHus ovepeau

NakKeToB Ny, OXUAAKLWUX OTNPABKU B

Gycdepe naMaTM 06LEeMOM Q B
M-nporoHax Mogenu

) M-1 N
—_ . . = 66.034
N-M Z Z n‘QhJ 2
1=01i=1
m_n_Q_analit = mean(n_Q_j) = 66.034

mean(n_Q) = 66.033

Mpacuk MOX TeKylero 3Ha4YeHus
oyepeau NakeToB N, OXUAAWMUX

oTnpaBku B Gydepe naMmATA 06 EMOM
Q B j-oM nporoHe Mmoaenu

-

i

CKO 3Ha4YeHUW BpeMeHM 3agepXKu npeobpasoBaHuA nakera Tsa.q B 6ycpepe namaTtn

06eMoM Q B OHOM NPOroHe Mogenu

N

1 - 2]
o t zad analit . = |— - t zad. . — m t zad analit)”
ot = (LS (L, - ad )

i=1

CKO 3Ha4yeHM BpeMeHU 3agepXKu Npeo6pasoBaHuns nakera T, B 6ydepe namaTu

o6remom Q B M-nporoHax mogenu
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. N M X
N-M > 2 (B2, zad anakt] = 3803

i=1j=0

o_t_zad analit .= stdev(t_zad) = 5493

CKO Tekywero sHa4eHUsa ovepeaun nakeTos, OXUAAKLWMUX OTNPAEKU B Bycgepe namMAaTH
o6reMoM Q E OQHOM NporoHe Mogenu
N

1 < 2
o_n_Q_analit _)J = = Z |z'1_Qi.J - m_n_Q_analit)

i=1
CKO TeKyuwero SHa4eHua ovepeau NnakeToB, OXUAaKLWNUX OTNPABKWU B Syq;epe naMaTH
o6remMoM Q B M-nporouax Moaenu
; N M-1 :
T y Z |n_Qi__J. - m_n_Q_analit)” = 99.143

e

i=1j=0
o_n_Q analit .= stdev(n_Q) = 99.142

Mpacpuk CKO 3Ha4YeHUN BpeMeHu Mpacpuk CKO Tekywero sHa4yeHus
3afepXKu npeobpasoBaHuA naketa T, B o4epenu NakeToB Ng, OXUAAKWNUX
j-om nporoHe Mogenu OTNpaBeku B Gydepe NnaMATU 06 LEeMOM
Q B j-OM NporoHe Moaenu
6.2 T T 110 T T
g 105 o
5.8
0k zac a0all 5. O Q08 BI00G e voosvae 0965 analif
54
= A DR 2
2.2
z | | o | 1
>0 1 2 3 % 1 2 3
J J
O6tem Gycepa namMatTi Q
Q = 1400
BepoATHOCTE OTKa3a B OGCNYXUBaHUU NaKeTa NpU Hanu4um Gygepa o6vemMom Q
;| M1 XN
p Q= ﬁ . Z Z ﬂn—Qi:j >Q.1.0)
j=0i=1
P Q=0
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Bpemsa 3agepXxku npeobpasoBaHusa naketa T, B 6ydepe Q

T I T

t_zad; ; ! yA) ; il
10k ||‘. M |" .’J I| ﬁm' A ‘II I“t' !] A % -
R wl 1 Y WA My
g 4 HL -------------- fokgnsmns +|-r—l ---------- P;" ------------- F v t-2 it
! I ; 1 f ey, ey
'Y o\ ] T M pd” g
v
0 500 1x10° 1.5%x10°
tt_par; 3
Tekywas AnNWHA o4yepeau NakeToB Ny B 6ycepe Q
300 T T .
200 9
n_Qi.l ¥ _// I-
100- A ] ~ A ”
------- Pt o et o ot ) S T St e g o o ) S i o A o i e = ol N R SRR
//-f ] / | ’/’ - 2 ;%I— &
n ar” 1 dey A 11.-.1/ |1 “ 2l Y R
U -
0 500 1x10 1.5%x10°
tt_par;
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Analytical- Simulation Model of Functional Conversion of Complex Traffic

Ushanev K. V., Makarenko S. I.

Problem statement: Structural complexity as the property of the network connection traffic updates
the issues of sustainability of their operation by improving the timeliness of traffic in network nodes. Known
methods of increasing sustainability which are based on adapting the communications network node
equipment to the traffic parameters, are well studied and described in the literature. Methods of increasing
sustainability which are based on adapting of traffic to the network parameters are less studied. The aim of
this research is to increase the sustainability of communication networks by conversion of structural
complexity traffic to a traffic corresponding to the elementary stream. The criterion of traffic structural
complexity is the coefficient of variation of time intervals between packages. As a model of traffic with
structural complexity used the stream having Pareto distribution and the coefficient of variation more than
one. The method used: conversion of traffic structure is based on use of the known scientific and methodical
device of functional conversion of laws of density of probability. Novelty of this issue is the accounting of
indicators of time of a delay when conversion a traffic and probability of refusal in service of a package
because of overflow of the buffer when performing transformation. Result: the presented decision will allow
to prove the volume of the buffer and value of intensity of sending packages of the conversioned traffic taking
into account the above indicators of process of conversion. Justification of these parameters will be used
when developing the converter of a traffic. The practical significance. The converter as a part of the nodal
equipment in a communication network will allow to increase timeliness of service of the conversioned
traffic in comparison with a traffic of complex structure by 6-8 times. It will lead to growth of stability of a
network on the values proportional to timeliness increase.

Key words: communications network, traffic, structural complexity of traffic, conversion of traffic
structure, quality of service.
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