1 Tomomornsg KOMIBIOTEPHBIX CEeTei

Tomosiornst — paszaen MareMaTuKy, U3yJaloluil B caMOM ODIIIEeM BHU/IE siBJIEe-
HUE HENPEPbIBHOCTH, B YACTHOCTU CBOMCTBA MPOCTPAHCTBA, KOTOPbIE OCTAIOT-
Cs HEM3MEHHBIMH P HENPEpPbIBHLIX JepopMalisax, HAIIPUMEp, CBI3HOCTD,
OPUEHTUPYEMOCTb.

CereBast TOIMOJIOIUsT — CIIOCOD ONMMUCAHUsT KOH(PUTY DAL CETH, CXEMa, Pac-
MOJIOZKEHUA U COCJIMHEHUs CETEeBbIX YCTPOUCTB.

CereBas TOIOJOIUA MOXKET OBbITH

e (usmUecKoil — ONUCHIBAET PeaibHOE PACIOJIOXKEHNE U CBA3U MEXK/Ly

y3JlaMU CETH.

® JIOI'MYECKON — OIUCKhIBACT XOXKJCHUE CUTHAJIA B paMKax (hU3UUIECKON

TOIIOJIOT'NN.

e 1H(MOPMAIMOHHON — OINKWCHIBACT HAIPaABJIECHUE TOTOKOB MHQOPMaINH,

nepeaaBaceMbIX 110 CETH.

® yIIpaBJ/ieHNs OOMEHOM — 3TO MPUHIIUII TTIepejiadu 1paBa Ha, M0JIb30BaHKE

CEeTbIO.

JULST ONKMCAHKUST (PU3UIECKON KOMIIOHOBKU YIIOTPEOJISIIOT TaK»Ke CJIe/IyIo-

1ue:
e (pU3MUIECKOE PACIOTIOKEHUE;
® KOMIIOHOBKA;
® JlMarpaMma;
® KaprTa.

Tomnosiorus ceru odbyciaBauBaeT ee xapakrepuctuku. B yacrHocTu, BbIOOD

TOW WJIX UHOW TOIIOJIOTUU BJIUSACT:
® Ha COCTaB HEOOXOJUMOI'O CETEBOI0 0OOPY/I0BAHUSI;

® XapaKTEPUCTUKHU CETEBOI'0 0DOPYIOBAHMSI;



® BO3MOYKHOCTHU PACHIUPEHUST CETH;

e C110co0 yIpaBJIeHUsI CeThIO.



2 basoble TomosIornm KOMINbIOTEPHBIX ceTell

Cy1ecTByeT MHOXKECTBO CITOCODOB COeMHEHWsT CeTEBRIX yCTPOHCTR. Bhimes-

10T 3 0A30BbIX TOIOJIOIUN:
o [lluna
e KoubIo
e 3Be3ja
I nonosauTesbHbIe (IPOU3BOIHDIC):
e JIBoiiHOE KOJBIIO

Huencrasg Torosiorus

e PeméTka

HepeBo

Fat Tree

[TonHOCBA3HAA
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3 Tomosorng "OoOmaga mmuna"

Tormosorust obIast MWHA MPENoJaraeT MCIoJab30BaHWe OJHOTO Kabesrs, K
KOTOPOMY MOJIKJIFOUAIOTCS BCe KOMIbIoTepbl cer. OTipaBisieMoe padboueii
CTaHInel coobImeHne paciIpoOCTPaHsIeTCs Ha BCe KOMILIOTEPRI ceTh. Kaxktast
MalllMHa 1POBEPseT — KOMY aJIpECOBAHO COOOIIEHUE U €CJIu eii, TO 0OpadaTbI-
BaeT ero. [IpuHnMaioTCst crenuajibHble MePhI JIJIS TOro, 9TOOLI Npu padboTe ¢
o0IMM KabesieM KOMITBIOTEephl He MeInain JApyT JIPyry mepegaBarTh U MpUHI-

MaTb JaHHBbIC.

o s TEPHMUHATOP

B Tomnosiorun "muHa” OTCYTCTBYET NEHTPAJbHBINA aDOHEHT, Yepe3 KOTOPO-
1o nepejiaercst Best nHpOpMallysi, KOTOpast yBeJMIUBaeT ee HaJIeXKHOCTD (Be/b
pU OTKa3e JI00ro MeHTpa nepecraer pyHKINOHUPOBATH BCS yITPaBJIsieMast
9TUM TEHTPOM cucTeMa). JlobaByienne HOBbIX aOOHEHTOB B IIUHY JIOCTATOTHO
IIPOCTOE U OOBIYHO BO3MOXKHO JIaxKe BO BpeMs paboThl ceTu. B OoJibIuHCTBe
CJIydaeB IPU UCIOJb30BAHUN IUHBI HY>KHO MUHUMAJIbHOE KOJTMIECTBO COE 1~
HUTEJILHOTO KabeJsisi 10 CPaBHEHWIO ¢ JIpyroi TonoJiorueii. [IpaBma, Hy»KHO
Y4eCTh, U4TO K KayKJIOMy KOMIIbIOTEPY (KpOMe JIBYX KpaiHWuX) MOJXOJUT JBa
KabeJIst, 9TO He Bcerja yJI00HO.

[[Iune He cTpaIIHbl OTKA3bl OTJEJIbHBIX KOMIILIOTEPOB, IMOTOMY UTO BCE
JIPyI'Ee KOMIIBIOTEPhI CETH MOI'YT HOPMaJIbHO MPOJI0JKaTh obMeH. Kpowme To-
0, TAK KaK NCIOJIB3YETCsT TOJIBKO OJINH KabeJsib, B ciiydae 00PhIBa HAPYITAETCS
pabotra Bceit cern. MokeT 1MoKa3aThCs, 9TO MUHE HE CTPaIleH W O0PhIB Ka-
OeJist, MOCKOJIBKY B 3TOM CJIydae OCTAIOTCS JIBE MMOJTHOCTHIO paboTOCIIOCOOHBIX
muHbl. OJIHAKO 13-32 0COOEHHOCTU PACIPOCTPAHEHUsT JJIEKTPUICCKUX CUTHA-

JIOB 110 JJIMHHBIM JIMHUAM CBA3U HeO6XOr[LI/IMO npeaycmMmaTpuBaTh BKJIIOYECHHUE



Ha KOHIIAX MTWHBI CHEIUAJIbHBIX YCTPORCTB — TEPMUHATOPOB.

Be3 BKJIOUEHNs] TEPMUHATOPOB CUTHAJ OTParKaeTcsd OT KOHIA JIMHUU U
MCKAYKAETCs TaK, UYTO CBA3b MO CETU CTAHOBUTCA HEBO3MOXKHON. Takum 00-
pasoM I1pH pas3pbiBe WJIM MMOBPEXKICHUU KabeJisi HAPYIIAeTCs COIrJIacOBaHUE
JIMHUW CBsI3W, W TIPEKPAIIAeTCs OOMEH JlaXkKe MEeXKJly TeMH KOMIThIOTepaMHu,
KOTOpbIE OCTAJUCh COEJIMHEHHBIMU MexK1y coboii. Koporkoe 3ambikanue B
JI000# TouKe KabeJish MIUHBI BBIBOJUT U3 CTPOS BCIO ceTh. HaiexKHOCTH 3/1eCh
BBIITE, TAK KAaK BBIXOJ U3 CTPOs OTJETbHBIX KOMITHIOTEPOB HE HAPYIIUT pa-
borociocobHocTh cetu B 1esioM. [louck HeucrpaBHOCTH B CETU 3aTPYJIHEH.
JI100boit oTKa3 cereBoro oOOpy/OBaHus B IIMHE OUYEHb TPYHO JIOKAJIN30BATD,
MOTOMY YTO BCe aJanTephl BKIIOYEHB MapaJIeabHO, W MOHSITH, KOTOPHIH U3
HUX BBIMIE U3 CTPOs, HE TaK-TO MPOCTO.

[Tpu mocTpoennn OOJNBINKUX CeTeil BOBHUKAET MpobJieMa OrpaHWYeHUs Ha,
JUIMHY CBSI3M MEXKJIy y3JIaMU, B TAKOM CJIydae CeTh pa30MBalOT Ha CErMeH-
Thl. CerMeHThbI COeIMHSAIOTCS PA3JIMIHBIMI YCTPORCTBAMEI — TTOBTOPHUTEIISIMHU,
KOHIleHTpaTopaMu nin xabamu. Hanpumep, rexnosnorusa Ethernet mozsosser
HCII0JIL30BATh Kabesb JIJInHON He 6ojiee 185 MeTpos.

HocronncTna

e HeboJiblioe BpeMsi yCTaHOBKK CETH;

Hemeusna (Tpebyercst MeHblie Kabesist U CeTeBbIX YCTPOHCTB);

[Tpocrora nacrpoiiku;

Boixoj, 13 cTposi paboueil craHiuu He oTparkaeTcs Ha pabore ceru.
Henocrarkn

e Hermosiasiku B ceru, Takue kak oOpbIB KabeJisi U BbIXOJ, U3 CTPOs Tep-

MUHATOPA, MMOJHOCTHIO OJIOKUPYIOT paboTy Bceit ceTn;
o CiioXKHas JIOKAJIN3aIMsT HEUCITPABHOCTENH;

e C jobaBiienreM HOBBIX pabOUYMX CTAHIUI 1A aeT MTPOU3BOAUTEIHHOCTD

CeTu.



4 Tomomorna "Komabio"

KoJib110 — 9T0 TO10JIOrUsI, B KOTOPOW KazKJiblii KOMITLIOTEP COEJIUHEH JIKi-
HUSIMU CBSI3M TOJIBKO C JIByMsi JIPYTUMHU: OT OJHOTO OH TOJIHKO ITOJIyYaeT WH-
dopmanuio, a pyromy ToJbKO mepejaer. Ha Kaxk 1ol TUHUN CBA3M, KaK U B
cIydae 3Be3Jibl, paboTaeT TOJbKO OJMH Tepe/IaTINK U OJIMH MPUEMHUK. DTO
[O3BOJISIET OTKA3aThCsl OT IPUMEHEHUsI BHEITHUX TEPMUHATOPOB.

Pabora B ceTu KoJiblla 3aKJIIOYAETCS B TOM, UTO KaXK/blil KOMIIbIOTED pe-
TpaHcaupyer (BO30OHOBIISIET) CUIHAJ, TO €CTh BBICTYTAET B POJIM PeruTepa,
MOTOMY 3aTyXaHWe CUTHAJa BO BCEM KOJbIle He MMeeT HUKAKOTO 3HAYeHUsd,
BaYKHO TOJIBKO 3aTyXaHUe MEXKJIy COCEJIHUMU KOMIbIOTEPaMK KOJIbIa. deTKo
BbIJICJIEHHOI'O IIEHTPa B 9TOM CJIydae HET, BCE KOMIILIOTEPbhl MOI'YT ObITh OJi1-
HaKOBBIMU. OJIHAKO JIOCTATOYHO YaCTO B KOJIBIE BBIJIESETCS ClenabHbII
aDOHEHT, KOTOPhIH yIpaBjsieT 0OMeHoOM uin KoHTpoJmpyeT oomen. [TonsiTHO,
YTO HaJMIHE TAKOTO YIPABJIMIONEro abOHEeHTa CHUXKAeT HaJIeXKHOCTh CEeTH,

IIOTOMY 4YTO BBIXOJI €I'0O U3 CTPOA Cpaly 2Ke€ IIapaJIu3yeT BECH obMeH.



KoMmIbioTepbl B KOJIbIE He SIBJISTIOTCST TOJIHOCTBIO DABHOIPABHBIMHU (B OT-
JIMIEe, HApUMep, OT MUHHOK Tomosorun). OJHA U3 HUX 00A3aTEJHHO 110~
Jy9aloT HH(MOPMAIIIIO OT KOMIThIOTEepa, KOTOPHIi BeJleT Tiepeady B 9TOT MO-
MEHT, paHbliie, a Jipyrue — 1o3xe. VIMenno Ha 31oit 0cOOEHHOCTU TOIIOJIOI MU 1
CTPOSITCS METOJIbI yIIPaBJIeHUsi OOMEHOM 110 CeTH, ClIelUaJIbHO PacCUUTAHHbIC
Ha "KoJibIlO”. B 9THX Merojiax npaBo Ha CJIEAYIONLYIO Mepejiady MepexojuT
MOCJIEJIOBATETHLHO K CJIEIYIONIEMY IO KPYTY KOMIIBIOTEDY.

ocronncTna
e [IpocTora ycTaHOBKH;
e [IpakTuvecku MOJHOE OTCYTCTBHUE JOMOJHUTEIHLHOIO 000OPYIOBAHMS;

e B0o3MOXKHOCTB yCTONHYNBO# pabOThI O3 CYNIECTBEHHOTO TaJIeHUs CKO-
pOCTU Tepejlayv JAHHbIX [IPU MHTEHCUBHOW 3arpyske CeTh, MOCKOJIb-
Ky HCIIOJIb30BaHWE MapKepa UCKJIIYaeT BO3MOKHOCTh BOSHUKHOBEHU A

KOJIJIN3UIL.
Henocrarku

e Brixos u3 crpost oHoil pabodeil cTaHIyuu, U Ipyrue Hernota ke (00pbIB

Kabesist), OTPaYKATCsT Ha PabOTOCIIOCOOHOCTH BCeil CeTH;
e CJI0:KHOCTH KOH(DUTYPUPOBAHUS U HACTPONKU;
e CJI0)KHOCTH TIOMCKA HEUCIIPABHOCTEIA.

e HeoOxomnMocTh UMETDL JIBe CeTeBhIe MJIAThI, Ha KaXKJ0i paboueil cTan-

MU,



5 Tomnosornga "3sesaa”

3Besa — 6a30Bast TOMOJIOTWST KOMITHIOTEPHON ceTH, B KOTOPO#l BCE KOMITHIO-
TEPbI CETHU TPUCOCIUHEHDI K [EHTPAJBLHOMY y3J1y (0OBITHO KOMMYTATOD ), 00~
pasys dbusnuecknii cermenT ceru. I1o100HBI cerMeHT ceTu MoXKeT (PYHKITU-
OHUPOBATH KAK OTJICJIbHO, TAK ¥ B COCTABE CJIOXKHON CETEBOi TONOJOrnK (Kak
npasuiio, “nepeso”’). Bech obmen uHbOpMaliei uaeT HCKI0UUTEIbHO Yepes
HEeHTPAIHHBII KOMITHLIOTED, HAa KOTOPHI TAKUM CITOCODOM BO3JIAraeTcst O9eHb
OoJTbINIasd HAIPY3Ka, IOITOMY HUYEM JIDYTUM, KPOME CeTH, OH 3aHUMAThHCS He
MoKeT. Kax mpaBmio, UMEHHO NMEHTPAJbHBI KOMITBIOTED SBJISIETCS CAMBIM
MOIIHBIM, ¥ UMEHHO Ha HEro BO3JIATraloTCst Bee (DYHKITMH 110 yIIPABICHUIO 00~
MEHOM.

Pabouas cranmus, ¢ KOTOpoil HEOOXOAMMO Tepe/laTh JAaHHble, OTCHLIAeT
X Ha KOHIEHTpaTop. B ompeesiéHHbIE MOMEHT BpEMEHM TOJBKO OJHA Ma-
IITTHA B CETH MOXKET TMepechlIaTh JAHHBIE, €CJU Ha KOHIICHTPATOP OJTHOBpE-
MEHHO MPUXOJIAT JIBa MaKeTa, 00e MOCHIJIKK OKA3bIBAIOTCS HE MPUHSITHIMUA W
OTTIPABUTEJISIM HYKHO OyieT MOI0XK1aTh CAyIaiiHbIi TPOMEXKYTOK BPEMEHH,
YTOOBI BO3OOHOBUTDH MEpeiady JAaHHbIX. DTOT HEJOCTATOK OTCYTCTBYET Ha Cce-
TEBOM YCTPOICTBe H0Jiee BHICOKOTO YPOBHSI — KOMMYTaTOpPEe, KOTOPHIi, B OT-
JIMYHE OT KOHIEHTPATOPA, MOJAIOIIEr0 HaKeT Ha, BCE MOPTHI, 10/IaeT JIMIIb Ha,
orpeJIe/IeHHbIH TopT — mnoJtydaresio. OJHOBPEMEHHO MOYKeT ObITH MepeiaHo
HECKOJIHbKO TTakeToB. CKOJIBKO — 3aBUCUT OT KOMMYTATOPA.

HocronncTna

® BbLIXOJI M3 CTPOsi OJIHON paboueil CTaHIMKM HE OTpakaeTcsd Ha pabdbore

BCEIl CeTHU B I1EJIOM;
® XOpoIllasi MacIITabNPYEeMOCTh CETH;
e JIErKUil TTOMCK HEUCIPABHOCTEH 1 OOPBLIBOB B CETH;

® BLICOKasd IIPOU3BOAUTEJILHOCTL CETHU (HpI/I YCJOBUU IIPaBUJIBHOT'O IIPO-

eKTHPOBAHUS );

® UOKNEe BO3MOXKHOCTH AJIMUHNUCTPUPOBAHUA.



Henocrarkn

® BLIXOJ[ U3 CTPOs IEHTPAJLHOIO KOHIIEHTPATOPa 00EPHETCs HepabOTO-

CIIOCOOHOCTBIO CeTH (MJIH CEIMEHTA CEeTH) B TIEJIOM;

® JiJIsi IIPOKJIAJJKU CeTH 3a4acTyio Tpedbyercs Oojiblie Kabejs, deM JJisd

OOJILIIMHCTBA, JPYTUX TOIIOJIOTHIA;

® KOHEUHOE IUCJIO PAbOINX CTAHIHUH B CeTH (MM CETMEHTE CeTH) Orpa-

HWUY€HO KOJIMIECTBOM IIOPTOB B NEHTPAJIbHOM KOHIEHTPATOPE.
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6 IlosHOCBA3ZHAY TOIOJIOT UM

[TonHOCBsI3HAsT TOMOJIOTHST — TOIMOJOTHST KOMIBIOTEPHON CeTH, B KOTOPOi
Kazkjiasi pabodasi CTAHIUS IOJIKJIFOUEHa KO BCEM OCTAJbHBIM. DTOT BapUAHT
SIBJISIETCSI TPOMO3JIKAM U HEeI(P(DEKTUBHBIM, HECMOTPSI Ha CBOIO JIOTHIECKYTO
npocrotry. JLjist KarxkJ10# 1napbl JI0JI>KHA ObITH BbIJIE/JI€HA HE3aBUCUMAST JIMHUSI,
KaKJIblii KOMIIBIOTED JOJKEH MMETh CTOJHKO KOMMYHUKAIIMOHHBIX MOPTOB
CKOJIbKO KOMITBIOTEPOB B ceTu. 1o 3Tum npuunaam ceTb MOKeT IMeTh TOJIHKO
CPaBHUTEIHLHO HEDOJIBIINE KOHEUHBbIE pasMephbl. dallle BCEro 3Ta TOIIOJIOIHSI
UCIIOJIB3YEeTCs B MHOTOMAIIIMHHBIX KOMILIEKCAX WU TJIOOAJbHBIX CETSIX MPH

MaJIOM KOJIM4YecTBe pabounx CTaHIU.

@

Cerp fat tree (yroJimeHnHOe JiepeBO) — TOIMOJIOTHsT KOMIIBIOTEPHOl cern,
nzobperennasi Charles E. Leiserson uz MIT, apisercs pemeBoit u agdek-
TUBHOH I CYyHEPKOMIILIOTEPOB. B ormymmaue OT KJIaCCHYEeCKOR TONOJIOrnn

JIEPEBO, B KOTOPOI BCE CBA3M MEXKJy y3JaMU OJWHAKOBBI, CBA3U B YTOJIIECH-
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HOM JIepeBe CTAHOBSITCs DOJIee MUPOKUMHU (TOJCTHIME, TPOU3BOUTEHLHBIMH
110 TPOIYCKHOMN CIIOCOOHOCTH) € KAXKJIBIM YPOBHEM 10 Mepe MPUOJIHKEHUST K
KOPHIO JiepeBa. JacTo UCHOJb3YIOT YABOECHUE MPOMYCKHON CIOCOOHOCTH Ha

KaxK/IOM ypPOBHE.
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