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H.A. Mameeesa — marucTpaHT kadeapbl MHGHOPMALMOHHBIX CUCTEM
E.A. Cysopoea (kaHA. TeXH. HayK, [0L.) — HAY4YHbIN PYKOBOAUTENb

AHAINX3 NMPUYUH U OLIEHKA CTENEHU UCKAXEHWA BPEMEHHBIX XAPAKTEPUCTUK NEPUOK-
YECKOI'O NOTOKOBOIO TPA®UKA B CETAX-HA-KPUCTANIE

B HacTosLee Bpems Bce 6onbLuee 1 6onbluee passuTe NOMyYakoT BCTPOEHHbIE CUCTEMDI, @ BMECTE C
HAMM U CETW Ha KpucTanne, KoTopble SBASIOTCA WX COCTaBNSAIOWEN YacTblo. [Ing NoBbILEHUS NPOU3BOA M-
TEMbHOCTU TaKUX CUCTEM BOMbLUYIO POfb UrPaeT MOBbLILLEHWE NPOU3BOAUTENBHOCTU COCTABMSIOWMX €€ KOM-
NOHEHTOB. MHOrMe NpuioXeHWs UCMOMb3YKOT Takoro poda CUCTEMbI A1 nepefayn crelmanmsvpoBaHHOrO
Tpadhuka, HYyBCTBUTENBHOIO K 3aZiepXxKaM 1 Apyrim napameTpam nepegayun. B cesasn ¢ atum nepep paspabor-
YMKaMK CTaBATCA HOBble 3adayu, Tpebytolme He TOMbKO NOBbILIEHUS MPOWU3BOAUTENBHOCTU CUCTEM, HO U
obecneyeHns NPOXOXAEHNS NAKETOB C 3afaHHbIMK 3afepXXkamu, PaBHOMEPHOrO pacnpeaeneHuns 3arpyski B
CETU, peLLeHns Npobrembl TYMUKOB.

B pamkax npeacraBneHHomn pabotbl ByayT paccMatpueaThes Npobnembl Y3kux MeCT B CETSX, KOTOpble
NPUBOAAT K YBESMYEHWNIO 3aiepXeK NpY nepeaaye NakeToB U UCKAKEHWMIO MCXOAHBIX XapaKTepUCTUK Tpadmka,
4TO MOXeT ObiTb KPUTUYHO ANS MOTOKOBOrO Tpadmka. Ipu opraHusauun cetei nepefayun AaHHbIX YacTo
BCTaeT npobriema HeCcoOTBETCTBUS MPONYCKHOM CNOCOBHOCTY KaHana(oB) CBSA3WN CyMMapHOMY MOTOKY Tpadu-
Ka, reHEPUPYEMOro MHOMMMU UCTOYHMKamMK (Puc. 1 n Puc. 2). B Takmx cuctemax npomyckHOW CrocoBHOCTY
kaHana(oB) MoxeT OblTb HEAOCTATOMHO Ans Toro, YTobbl 0becneunTs nepegavy Tpaduka OT Kaxgoro UCToY-
HWKa C 3afaHHbIMU XapaKTepucTUkamMu (3agepxka nepegadn, pasbpoc 3afepxek npuxoaa NakeToB w ap.).
lMpencraBnexHble Ha Puc. 1 v Puc. 2 Tononornv xapakTepusytoT TUMOBbIE KOHCTPYKLWW, NPUBOASLLME K BO3-
HWUKHOBEHMIO KOH(DIMKTOB MEX/Y NOTOKaMU AaHHbIX.

[ononHutensHbIMK npobriemamu npu obecneyeHnn Tpebyemblx XapakTepuCTUK nepetayun JaHHbIX SB-
nATCA HeM3bexHble acnekTbl MOCTPOEHUs KOMMYTaTOpoB ceTh. OCHOBHOW NpoBremoit KOMMYTaTOpPOB ABMS-
€TCS HECNOCOBHOCTL OAHOBPEMEHHOW Nepefayn HECKOSbKIUX NAaKeTOB B OAWH KaHan, YTo NPUBOAMT K HAKOM-
neHunio nakeToB B Bydepe 1 kak CneacTBME K HeNpeackasyeMbIM 3aepxKam, UCKaKEHWNIO BPEMEHHOTO MHTE -
Bana Mexay nocnegosaTenbHbIMA NakeTamu, NpuHagnexalym ogHoMy noToky. [Ans psga npuknagHbix 3a-
[ay, peLlaeMblX B JaHHOW CUCTEME, Takoe SIBMEeHUe MOXET ObITb KPUTUYHBIM. ECnK 9TOT (hakT OkasbiBaeT
oTpULaTensHoe BO3AENCTBME Ha paboTy CUCTEMbI, TO BO3HWKAET BOMPOC, Kak 3TOro M36exatb; YTO MOXHO
caenatb, YToBbl MUHUMU3MPOBATL UCKAXKEHUE XapaKTepUCTUK nepedaBaeMblX NOTOKOB AaHHbIX? MMpu npoek-
TUPOBAHWUM CTPYKTYPbl M apXUTEKTYPbl CETU HEOBXOAMMO YUMTbIBATb KOMMYECTBO TakUX PparMeHTOB CETU Ha
NyTW KaXZ0ro NoToka AaHHbIX. 3TO NO3BONSET YNPaBNSTh CTENEHbIO UCKAXEHUS XapakTepUCTUK ANS Kaxoro
NOTOKa M ONpefensTh, B KakuX MeCTax CeTM HeoBX0aNMO NPUMEHATL ChelnanbHble Mepb 471 MUHUMU3aLM
9TUX UCKKEHUI.

[na u3yyeHuns BRMSHUS MapLLPYTOB Nepefayun AaHHbIX Ha BPeMsi JOCTaBKM MAKeTOB K UCTOYHMKAM,
b0 NPOBEeEeHO MOLENMPOBaHME NPeLCTaBNEHHbIX Y4acTKoB Tononoruin ceteit (Puc. 1 u Puc. 2) ¢ pasnuy-
HbIMV NapameTpamu nocTynatowero Tpaduka. CKopocTu KaHanoB nepeaayn Ans BCex TONONOMiA HaCTPOEHbI
Ha 100 MBuT/c. 3arpyska kaHanoB, CBA3bIBAKLLMX KOMMYTATOpbI, nogaepxusaercs Ha yposHe 90%. Mpu uc-
CnefoBaHWM HacTpamBanuchb Crieaylolmne napameTpbl: KOMYECTBO TOYEK AOCTYNA AN KaXAoro nopra; pas-
Mep BydepoB Ha BXOAHbIX W BbIXOAHbIX MOPTAX; NEPUOL BPEMEHM 1 3aKOH reHepaLy NakeTos.
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Puc. 1 Tononorvs 1 nepegayn AaHHbIX (O4MH KaHan Ha MHOTO MCTOYHMKOB)
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Puc. 2. Tononorvs 2 nepeaayn LaHHbIX (MHOTO KaHanoB Ha MHOTO MCTOYHWKOB)

OKCnepuMeEHT nogpasymeBan OTNpaBKy MakeToB MCTOYHWKaMM MOTOKOBOrO Tpadmka“ B ABYX pexumax:
OOHOBPEMEHHAs OTNpaBKa MakeToB BCEMW WCTOYHWMKAMW W OTMpaBKa NakeToB MCTOYHMKAMM NO ovepean. B
npoLecce 3TOr0 3KCMEPUMEHTA HACTPamBanuCh ONMCaHHbIE Bhille NapaMeTpbl U OTCMEXMBANMCh NapameTpbl
reHepupyemoro Tpaduka (3HayeHne BPEMEHHOTO MHTEpBana Mexay nocnefoBaTerbHbIMU NakeTaMn OT Kax-
[0r0 NOTOKA 3aA4aHHOTO Kracca cepauca). 1o pesynbTatam cobpaHHON CTAaTUCTUKW Bbin NOCTPOEHbI rpadu-
KW, NPeOCTaBMNEHHble Ha PUCYHKax Aanee. Ha pucyHkax MCnonb3ykTcs cnepytowme cokpallenus: Del-
ta_packet — Bpems mMexay npueMom ABYX COCEAHMX MakeToB OAHOMO knacca cepsuca; ServClass — Homep
Knacca cepBuca NpuUXoasLLero naketa; Same_time — pexum paboTbl TEPMUHANBHbBIX Y3M0B, KOTOPbLIA 3aKmto-
YaeTcs B TOM, YTO BCe TEPMMHaNbHbIE Y3Mbl OTNPABASIOT nakeTbl ogHoBpemeHHo; Different_time — pexum
paboTbl TEPMUHAMNBHbIX Y3MOB, KOTOPbIA 3aKNO4aeTCs B TOM, YTO BCE TEPMUHANbHbIE Y3Nbl OTMPABNAKT Na-
KeTbl MO OYepeamn Yepe3 3afdaHHble NPOMEXYTKM BPEeMeHM, YToObl COXpaHsnach 3arpyska kaHanoB Mexay
kommyTaTopamu Ha 90%; Count_Points — konn4ecTBO TOYeK 4OCTYNa Ans BXOAHbIX WU BbIXOAHbIX MOPTOB KOM-
myTatopa; Count_Buffers — konnyectso 6yepoB BO BXOAHbIX 1 BbIXOAHLIX NOpTax kKommyTaTtopa. CTouT oT-
MeTUTb, 4YTO BCe rpacpuki NpeacTaBneHbl Ans HeOOMbLLOrO YKCna OTNPaBIEHHbIX MCTOYHMKAMM NakeToB. JTO
Ob1n0 HeOBX0AMMO ANS OTPAXEHUS HArMAGHOCTY NPEACTaBNSEMbIX rpadnkoB. Mpu yBennYeHUn Yncna nake-

TOB XapakTep U3MEHEHNA KPUBbIX HE MEHAETCA.
ITo pe3ynpratam MozaenupoBanus Tononoruu Nel OsuT mocTpoeH rpaduk, mpeIcTaBIeHHBIN Ha

Puc. 3. OH X0opoLLo MokasbiBaeT, YTO NpK OQHOBPEMEHHOW OTMPaBKE NAKeTOB KOMMYTATOPbl UCMbITbI-
BAKT CTPECCOBbIE HArpy3ku, YTO NPUBOAMT K O4eHb BonbLLOMY pa3bpocy WHTepBana BPeMEHU Mexay coce-
HUMU NakeTamu Ha NPUEMHON CTopoHe. MooyepedHas OTnpaBKa NakeToB peluaeT 3Ty npobremy u aenaet
pa3bpoc ropas3no bonee NporHosvpyembiM M- Konebnetca B6MMU3N naeanbHOMO 3Ha4YeHNst ¢ ManbiM pasbpo-

* William James Dally, Brian Towles. Principles and Practices of Interconnection Networks. Elsevier, 2004.


http://www.ebooks.com/SearchApp/SearchResults.net?page=1&term=Author%3A%22Dally%2C+William+James%22
http://www.ebooks.com/SearchApp/SearchResults.net?page=1&term=Author%3A%22Towles%2C+Brian+Patrick%22

coMm. MoxHo cpenaTtb BbIBO, YTO B CETW 4 Ha MPUEMHOI CTOpOHe Tpaduk Bnvxe Kk NOTOKOBOMY, B Cnyyae
OTNpPaBKM NaKETOB UCTOYHMKAMI MO OYepen.
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Puc. 3 3aBNCUMOCTb KONMYECTBA NPUHATBLIX NAKETOB OT pa3bpoca BPEMEHU MEXIY NMPUEMOM COCELHUX NAKETOB B Cryyae
OLHOBPEMEHHOM W NOOYEPERHOI OTNPaBKM NAKETOB BCEMM UCTOMHUKAMM

Mo pesynbTatam mogenupoBaHus Tononor Ne2 6b1n NocTpoeH rpadmk, n3obpaxeHHbIn Ha Puc. 4. /13
HEro XopoLUO BWAHO, YTO MHTEPBAS BPEMEHW MEXIY COCEAHUM NakeTamn 6nnxe K uaeanbHOMY 3HaYEHUO B
Ccny4yae nooyepeaHomn OTNpaBKe NakeToB UCTOYHMKaMU. [padhvk XOpPOLLO NoKasbiBaEeT, YTO B JaHHOW TOMOSO-
v Npu Nepefaye NakeToB TEPMUHANBbHBIMU Y3amu Mo OYepean pasbpoc BpeMeHW npuxoda nakeToB Ko-
nebneTcs MeHblUe, YeM B Cryyae, Koraa nakeTbl OT BCEX TEPMUHANBHBIX Y3/10B OTNPABNSIOTCS B CETb OAHO-
BPEMEHHO, HO, TEM He MeHee, NPOrHO3MPOBaTb UHTEPBAN BPEMEHN MEXIY COCEAHUMMW NakeTaMu OLHOMO UC-
TOYHUKA TPYAHO. [10TOKOBLIN TpadMK, rEHEPUPYEMBIN B UCTOYHMKAX, MO XOAY NPOABWKEHUS NO CeTU TepseT
CBOE CBOWCTBO MOTOKOBOCTM.

OnenuBas Ha rpaduke (

Puc. 5) 3apepxkn Mexay npuxoasLLMMA NakeTaMm OAHOrO M TOro Xe Knacca cepsuca CTOUT OTMETUTD,
YTO WX XapakTep U3MEHEHWSI O4EHb CXOX, T.€. YMCNO TOYEK AOCTYNa He BMUSET HA BPEMS MEXZY COCEOHUMM
nakeTamu B JaHHOM TOMOMOrMW. Xapaktep U3MEHEHWs pa3bpoca BpeMeHW Mexay COCeaHUMU nakeTamn He
3aBUCUT OT YBEIMYEHMS YuCra ToYeK [ocTyna 1 6ydepoB BO BXOAHbIX M BbIXOAHBIX MOPTaxX KOMMYTaTOPOB.
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Bpemsa mexay npyemMom ABYX COCeHMX NaKkeToB, HC x 10°

Puc. 4. 3aB1CcMMOCTb KOnn4yecTBa NPUHATBIX NAKETOB OT paaGpoca BpeMeHu Mexay npuemMmom cocejHMX NakeToB
B Cny4ae O,ELHOBpeMeHHOlZ n nooqepe,quM OTNpaBKM NakeToB BCEMU UCTOYHUKaAMU
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Bpemsa mexay npuemom ABYX COCEAHUX NakeToB, HC x 10°

Puc. 5. CpaBHWTENbHbIN aHan13 BpEMEHW MeXay NpUXoAALMMK nakeTamu B Tononorim Ne2
NpW Mcnonb3oBaHuM 1 1 2 Touek focTyna

Mo pe3ynbTaTam NPOBEAEHHbIX MCCMEAOBaHNUA MOXHO cienaThb BbIBOALI O TOM, 4To Tononorus Ne1 npu
MooYepeAHON OTNpaBke NaKkeToB MCTOYHMKAMM NO3BONSIET NPOrHO3MPOBaTL BPeMS pasbpoca npuema nakeTos
C BbICOKO TOYHOCTbI0. MakcuMarbHbIi pa3bpoc coctaBnsieT 1% OT uaeanbHOro 3HaYeHNst HTepBana Mexay
naketamu. Tononorust Ne2 npu nooyepenHoOi OTNpaBke MaKeToOB MUCTOUYHMKaMK UMeeT pasbpoc 50% oT uae-
anbHOroO 3HaYeHWst MHTEpBana Mexay nakeTamu. Tak e CTOUT OTMETUTb, YTO YBENUYEHME Y1Cna TOYeK [0-



CTyna Anst NpeAcTaBneHHbIX TUMNOBbIX ()parMEHTOB CETU MPU OMUCaHHbIX MOTOKAaX AaHHbIX He MO3BONSET CO-
KPaTUTb Pa3HULY BO BPEMEHW MEXAY NPUXOLAALLMMM NaKeTaM1 U UBMEHUTb €€ XapakTep.

[nsi npubnuKeHHOCTN CeTeBOro Tpadmka K MOAENN NOTOKOBOrO Tpaduka HeobXoAMMO pacnpeaensiTb
BPEMsi OTNpaBKM MaKETOB MeXAY TepMUHarbHbIMU y3nami. Ynpaenstb ux pabotoit. Mpu oueHke pasbpoca
3HaYeHUs MHTepBarna Mexay CoceaHUMI NakeTaMn Ha NPUEMHOI CTOPOHe B MPOM3BOMbHOI TONOMOrUM HEOB-
XO[MMO Y4NTbIBATb KONMYECTBO OMMCAHHbIX BbILLE TOMOMOMMYECKMX aNemMeHTOB. MakcumanbHbIi pasbpoc MH-
TepBana BpeMEH! Mexay COCEAHUMM nakeTamy Ha MPUEMHON CTOpOHe ByaeT onpeaensiTbCs KONMYECTBOM
TOMONOMMYECKUX MEMEHTOB B MApLLpYTE CrieoBaHUs nakeTa no CETU U BbIMUCIATLCS Kak NPOM3BELAEHME 3a-
[IePKKM TOMONMOTMYECKOTO SMEMEHTa Ha KONMWYecTBO Takux anementoB. Delay =N, -d, + N, -d,,, rae

Delay — makcumarnbHbIi pa3bpoc MHTepBana BpeMeH! Mexay COCeHMM NaKkeTaMmu Ha NMPUEMHOI CTOPOHe,
N,, N, — konuyecTso Tonomnornyeckux anemeHtos N1 n Ne2.d,, , d,,— 3afepxka TOnonornyeckoro anemeH-
1a No1 1 Ne2.



