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BBepeHue

[enbio paGoTHhI SIBIISETCA - U3YYUTh U OCBOUTH TEXHOJIOTMH KOMMYTAI[UU TPETHETO YPOBHS,
BOCIIPOCHI Ka4€CTBAa OOCITY>KUBaHHUS, 4 TAK)KE BOZMOKHOCTH HCIIOJIb30BAHUS YIIPABIISIFOIIINX

KOMMYTaTOpOB JJIsl pean3aliuy 3TUX BO3MOKHOCTEH.



TeopeTunyeckas 4acTb

7. Texnonorna Quality of Service

7.1. BeegeHwne

B HacToAwes BPEMA BMECTE C NMNaHOMEDHLIM YBEEMWYEHWeM CHDPOCTER Nepenadd JaHHbix B
TE NEKCMMYH HE3 UHAX YEENWYHBAETCA OONA WHTEPaKTHRHOMD TpadMKa, KpaiHe Yy BCTEMTEeNLHO-
ro K napaMmeTpas Cpenbl TRaHCNOPTHROoBKK. [NoaToMy 3anaqa obecnededHn kaqsecTea obonywu-
panuA (Quality of Service, Q03] cTAaHORKTCA Boe BoNes akTyansHoH.

OnpegensHdid TepMmuHa QoS HACTONBKD MHOMD, Y9TO Mbl BeIDEpEM S0WHCTEEHHD BERHOE — OT
Cisco: Q05 = QoS mefers to the ability of a network to provide better service 1o selected net-
work traffic over various underlying technologies...”. YT0o MOMHD NWTEpaTYPHO NEPEBeCTH Kak:
"00S = cnoCOGHOCTE CETH o0 ecnednTe HeobXoOUMbIA CRPREMC Ia0aHHoMY TpadMKy B onpene-
NEHHBIX TEXHONOMMYECKHMX pamrkax”.

HeobxonuMeIA C&pBUC ONKCHIBABTCA MHOMAMH NADAME TPAMH, OTMETHM CPENW HHX CaMble Ba-
HbIE
+  Bandwidth (BW) = nonoca nponyCcraduA, SNWCEIBEIET HOMHHANEHYIO NPoNYCKRYID Cnocob-
HOCTE CPe0bl Nepenadn WHOpMaLMK, ONPe0enaAeT LWHPHHY KHana.
+  Delay = aanepska NpW NepegaqYe nakeTa.
Jitter = konebanwe (BapHaUMA) 3a0e0MKd NpW NepenaqYe NakeTon.
+  Packet Loss = noTepw NakeToB, ONpeQendeT KonWYeCcT B0 NaKkeToR, OTOpackiBaemMblx CETRIO
BO BPEMA Nepenaqdu.

Crywba QoS wmeeT pacnpefeneHHsR XapakTep, Tak KEK 88 ANeMeHTel JOMmiHel NpHUCy TCTRO-
BATk BO BOBX CETEBLIX YCTPOWCTBAX, NPOOBMrAOWMX NAKEeTh: KOMMYTATOpaX, MapLUpyTHIATO-
pax, cepeepax gocTyna. C gpyrol cTopoHEl, cnysGa oS oomeHa BKNICYaTE TAKKKE INeMeHTk
UEHTPANHI0BAHHOMD YNPEBNeHHA, NOCKoNLKY patoTy OTOeNkHLIX CB TEBLI YCTROWCTE, Nogoep-
HHBAOWME Q0% HYHHO KOOPOWHMDORATE, YTo0R KaYyecTed oGCmKHBEaHMA GeiNG OOHOPOOHEIM
BOONE BOBMS NyTH, MO KOTOROMY CNEegyIoT NakeTe notoka. Jobwe rapanTid Qo3 HACcTONRKD
XOQOLWM, HACKONLKD Mx obecnevueaeT Hawbones "cnateld™ AaNeMedT B Wenodke Mexay otnpa-
BuUTENEM W nomydatened. MNoaTomMy nogoepska CO0S TONBKD B OOHOM CETEBOM YCTPOWRCTRE,
NYCTh OQaMe W MardCTpansHOM, MOMET BECHMA HEIHAYWTENLHO YMYYWHTE E@yecTeO obonymu-
BaHWA WK ¥Xe COBCEM HE RNHUATE Ha NapameTpel QoS

Ha pucyHke 27 npepctasneda Gasopan apxuTesTypa cnysbel QoS © aNeMeHTamMH Tpex oCHOB-
HbIX THNOR!

v cpencTe QoS yana;

¥ MpOTOKONOB CHrHANKISWME D03,

¥ UEHTRE NMHICBAHHLIX YHELWA NoNUTHEWY, YNLEGBNEHWA W yq4eTa QoS
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Pucywor 27. Basopan apxuTekTypa cnysbsl oS,

7.2. CepBucHbie mogenn QoS

Best Effort Service

HerapauTHpoBAHHAA [QOCTaBka. ABCOMOTHOE OTCYTCTEME MEXadwdamop oS, MononkayioTcA
BCE QOCTYNHBIE PECYPChl CBTH D83 Kakoro-nwho BhidensHHA OTOeNbHbX KNaccoB TpadMeka W
PErYNUPOBAHMA. CUMTABTCA, YTO MALLMM MexaHuImoMm obecnederua QoS ARNASTCA YRENW a-
HHE NPOoNYCKHOR CNOOOGHOCTH. 3TO B NPUHLKWNE NPEEMNEHO, O0HAKD HEKOTODLIE BMOLI Tpadka
(HaNpUMER, FONCCOBOHA) OYEHL YYBCTEMTENEHE! K 330 8EHEAM NaKeToR W BAPHALMK CKOPOCTH MX
npoxowaeHa. Mopene «Best Effort Servicer paxe npy HanWduy GONbLMY DEISDEOE DONYCKa-
T BOIHHUKHOBEHWE Neperpy 30K B CMydYas pelkdy scnneckos Tpadwea. MNoaTtomy Gwin paspabo-
TaHbLI ¥ OpYTHe NooxonL K obecnedenmo QoS

Integrated Service (IntSery)

Integrated Service (IntSery, RFC 1633) = mogens MHTErpUpoBaHHOre obonywmeanua. MoweT
obecneYuTe cKpoaHoe (End-to-End) kavecTeo oDCNyHHBAHMA, ALAHTHDYA HEeODX00MMYI0 Npo-
MY CKHYID CNOCOBHOCTE. INtSery WCNonNkaveT ONA CEOMX Uened npoToKon cHrHanqaaguss RSVP
(ReZen/ation Protocol). NosaonaeT NEpUNoHEHHAM BbiPANATE CHBOIHBIE TPeGoRAHMA K pecyp-
CamM W COOELHMT MEXaHu3IMel oDBECNeqYeHHA JaHHbX Tpebopandi. IntSery MOoMHO KpaTED Oxa-
[aKTE PHAI0EATE KaK EIepEMpDORIHWE pecy pooE [ Resource reservation).

B COOTRETCTEMM C KOHUENUHAMK «Integated Services » NpuNocHeHHA MoryT BeIDHpaTe anA Ccao-
HX NOTOKOE JaHHBX MOGoR W3 MHOMCYKWCNEHHBIX KOHTDONMMEYEMBIX YEOBRHER KadecTea obony-
wuBandA. [na atoro K GasceksiM | P-ceparcan poGaanAinTCA HOBLIE KOMNOHE HTEl MW MEXaHHI Mbl.
OBCMyHMBAHWE B DEANBHOM BLEMEHH TPeEYET rapadTHid, 4 3TH rapadTiK He MoryT ObiTe 0bec-
neédyYeHel O3 pelepedpoRaHMA. [poToKDN pesepEMpoBadMA RSVP npegycMmaTpMBaeT, YTO pé-
CYPCRl DEIEDBMDYIOTCA ONA Eoore noToka, Tpebyiowero Qo0S5, HA KamooM NpOMENYTOHHOM
MapLPYTHIATOPE HA NYTH OT OTNPABWTENA K NOMYYATEND © MCNONBIOBAHWEM CHMHAMMIALMM
M3 KOHLEA B KOHEW ». 3TO, B CROID OYepeqb, TpedyeT XpaHe HHA Ha MapLUpyTHIA TOpaX JaHHbIX O
COCTOAHMM KEMO0M0 KOHKDETHOMD NOTOKA M, K@K CnegcTede, NogpalyMesasT KapguHanbHbe
HameHeHHA B obwer mogenu Internet. KpoMme Toro, Takoe pelweqHde npegnaraeT cnocob nepe-



gadqu TpeGoBaHHA NPpUNOKEHHA IMeMeHTaM CeTH, PacnoNCEeHHEM BOOMN: NyTH, W obuMeda
CIy #ebHod webopMaured QoS MEX DY CETERELIMH AMEMEHTIMH W NPHNCH EHHEM.

HegooTaTid MWCNons30 BaH KA NpoTokona R3VP cnegyiolwye:

¥ BpEMA HA NPOKNagky MaplwpyTa pelepEMpOBAHMA, YTO MOMET ObiTe KDHTHYHBIM B rNOo-
GanbHBIX CBTAX,

¥ 3Arpyaka nNpoMexyTouYHbX MapLWPYTHIATOPOE HHODMaUWe A O XapaKkTe pe Ne pesasasmoro

TpaduKa.

Differentiated Service (DiffSery)

Differentiated Service (DiffSery, RFC 2474/2475) = mogents guwlde peHuUpoBarHHore oSonysM-
panud. OnpepenaeT obecnedYedue 0S5 HA OCHOBE YETHD ONpEDensHHbX HOMMNOHEHTOR, KoM=
DHHHDYEMBIX © UENBID NpeqocTaEneHHA Tpedyemelx yonyr. Apxutextypa DiffSery npegnonara-
8T Hanuwdue knaccudwaTopos W opMUpORATENER TPadMKa Ha MaHMLUE CeTH, a TIoKe nog-
Depry OYHKLWMY pacnpesensdds PECYPCOBR B AQPE CETH B uensx obecnedeqHdn Tpebyemon
NoMMTHEY Nowarceoroe obomykueanun [Per-Hop Behavior - PHR). PazgenaeT Tpadsk Ha Knac-
Chl, BEBOOA HECKONuKD ypoBHed Qos. DiffSery coCToMT M3 CNeqyiowMy yHELHO HANBHEX G-
KOB. rpaHyyHbe opMypoBRaTend Tpadma (knaccudHkay A NakeTos, MapKipoBka, ynpasne-
HHE HHTEHCHBHOCTLIO] W pEanyzaTtopsl PHE nonuTued [pacnpefensH4We pecy OB, NOMMTHES
OTOpACLIBAHKA NakeToR). DiffSery MoMHD KpaTHD OXapakTepHInBEaTh K3k NpHODHTEIEULMID Tpa-
druka (Pricritization ).

Mexanuamel «Differentiated Servicess yCORBDWESHCTEYIOT NpoTokoen [P C Uensio NpecgoneTe
orpadidenssn IntSery RSV P W obe cneduTs macwTabupyeoe WatupaTensHoe oDony MBI HHE B
Intemet Gea HeobXOOMMOCTH ZANCMUHATE COCTOAHME KANMOOMD NOTOKE W NoO0E EEWEATE CHIHA-
nuzaguio. B otnvaue oT RSVP, B cnyqae DiffSery oTnpaeuTens W Nomy4arents He ooMmesds a-
KTCA WHOopMaUuMed o TpefoRaHMAX K EdecTey COCMyMHBAHWA, YTO MCEMICHaeT BLEMEHHLIE

2ATPATE HA NPoKNagEy MyTH, NpUcyWwre RSVE.

Me xanuamel DiffSery orpaHdYHBa TCA TONLKDS YCTAHOBNEHWEM COOTEETCTEHA MENOY Yomyramu
W PaINHYHLIMH YDOBHAMH «YyBCTEMTENBHOCTH: K 3308pHKEaM W NOTEDAM, TO CTh HE HMEInT
Aena C TOYHLIMK IHAYEHHAMMH WNK rapaHTHAMKA. OHW He PacCYMTaHbl Ha oOecneYeHe Toro WNM
WHOMD YPORHA OGCNy¥UBaHKWA. BMECTO 3TOMo OHM CTapanTCA ODeCcneynTs OTHOCHTENLHOE YNo-
PAGOYUBAHKME ArperMpoBaHHLIX NOTOKOB, Tak YTO C OOHWM arperdpoBaHHLIM NoToKoM ByoyT
« 00paLLATECA NYHLWeD, Y8M C OPYTHM, B 33BUWCHMOCTH OT NpaBun oSCMyHBaHKA, ONpenensH-
HBIX OMA K000 arperdpoBaHHore NoToKa.

MacwTabupyemolTe apxuTekTypel DiffSery pocTuraeTcA 3a cdeT obbeguHeH A KnacoudyuKa-
LMOHHBIX NPU3HAKOR TpaduKa, NpH ITOM WK opMaLUa O THNE Tpadka NepeqaeTca B 3arcnoe-
ke | P-patarpammil. [NpW 2ToM CNOMHBE ONepaldd MaccHhHkan K, MapEdpoBEH, ONpenenesHs
npasdn oGoMyHHBaHHA W SOpMUpoBaHMA Tpaduka HeoDHOOMMO BRINCMHATE TONBKD HA TP aHH-
Uax CETH WNH M Ha XOCTax

Byoywan mogens QoS

MpumeHaemele secTe IntSery W DiffSery moryT cnocobCTEORATE BHEOpeHHID |P-TenedsoHuM,
BUOEO NO TPeDoBaHMIo W PAaINWYH LK KIHTHYE CKM BANHLIX ONA NPEgNPHATHR HE My NsTHMEOH -
HBIX NpUnoKesdd. IntSery NoIBoONAST XOCTaM ZANPAWMBATE KOHKDETHEA ofber pecyCcoB OnA
KA OOMo NOTOKA W MCNONL30BaThE OOpaTHYIO CEA3L ONA ONPEgeneHHs BOIMOMHOCTH BhINOMHe-
HHA zanpocop. DiffSery obecnedueaeT MacwWTabupyerMoCTE ONA KPYNHLIX CeTedH.



B uwacToAwes BpemMA npegnoxeda rebpuoHan CTPYKTYPa, KOTOPan, No-BMOQUMOMY, ABNASTCA
HAWDONEe BLIMMPBILHLIM KOMNIPOMUCCOM. OHa NpegycMaTpuBaeT NpWMe HeHWe MOOEend, B KO-
ToOpoR nepwdEpdAHBIe NogceTy nognepwreanT RE3YP » IntSery. 3Ty NOQCoeTH CBAZAHLI CBTA-
mu DiffSery. Bnarogapa macwTabupyemocTt ceTed DiffSery ganHan MOgENs NOIBOMAST pac-
WHPHTE OQWaNasoH OeACTEMA ceTel IntSer/REVP. MNMpomexyToddsie cetd DiffSery eeirnagAT
ana ceted IntSen/REVP kak ogHO TPAHIWTHOE IBEHO. XOCThl, NOOIICHEHHEIE K Ne ped-ep -
HeIM ceTam IntSerdRSVP, nepeganT Yepes cetd DiffSery aanpockl apyr apyry Ha pe3I8pBEMpO-
BAHME [EeCYpPCOB ONMA  KAKOOMo OTOensHore notoka. BeyTpd nepudsepuiHblx  ceTeR
IntSerwRSYP npumeHaeTcA cTangapTHan obpaboTka npoTokonoR IntSerWR3SVP, a curHans-
Helgé cooblwenun RSVP nepegawToA dYepes ceTd DiffSery npoapaddsim obpasom. YoT polcTRa
Ha rpadudye mexgy cetTamd IntSen/REVP u cetamu DiffSery obpabateieanT coobluenuwn RSVEP
H ODECNeYMBaNDT BXOOHOR KOHTPOME C YHETOM HaNHY4A pecypCcoB BHYT M ceTe DiffSery.

7.3. bazoebie dyHkunKn QoS
Bazoawe dyHKuMK Q05 aakmoyanTcA B obecnedeqis HeobxoOuMelX NapamMeTpoE CepEMca |
ONPesenAiTCA NO OTHOWEHWID K TPagUKy Kak
+  KnaccwibMEaLMA;
pasMeTia,
YNPABMEHWE NEDETDYIKAMA |
NPe0oT Bp ALl eHWe NeperpyaoK;
PETYNHPOBAHKE.

LSRN}

DYHELMOHANEHO KNAcCWpUKALMA W Pa3METka Yalle Bcero oDecneyMBaloTCA Ha BXOOHLIX Nop-
Tax oBopyNoRaHKA, a YNPARNEHWE U NPENOTEPALLEHHE NEPETPYI0K = HA BhINOQHBIX.

Knaccudpukauwa v pasmeTtia (Classification and Marking)

Knaccuwdbmauua naveTon (Packet Classification) npegctTapnaeT cobod MEXaHMIM CODTHECEHHA
NakeTa K onpenensdHoMy knacoy Tpadwa. [Jpyrod He MeHes BaMHOA 3anaqded npd obpaboTke
NakeToR ABMASTCA mMapkupoBka naseTos (Packet Marking) - HassadeHwe COOTRETCTEYIOLWEND
NpHOoOpHTETa (METKM). B 3aBMCHMOCTH OT YDOBHA PacCMOTpEHMA (MMeeTCA B Bugy OSl) aTk aa-
O34 PELWAIOTCH NO=P AIHOMY .

Layer 2 Classification and Marking

MpoTokon Ethernet B YMCToM BUOE HE NOOOELHUEAET NoNe npuopdTeTa. MNoaTomy Ha Ethernet
noprax (Access Port) poamomsa NUWUE BHYT DEHHAA (N0 OTHOWEHMID K EDMMYyTATORY | smaccmdm-
KALMA N0 HOMEepy BXOOALLEro NoOpTa U OTCYTCTEYET Kakan-nuio MapkupoBKa.

Bonee reGkum peweHtes AENAETCA HCNonk3oceanwe cTadgapta [EEE 802.1P, koTopwld paspa-
GateipancA copMecTHO © 80210, Mepapxya oTHOWEHHA aneck cnegyiowan: 802,10 onucbiea-
8T TEXHONOTKID MOCTOR W ABMASTCA Dazoeck ana 802 10 w 802 1P. BDZ. 10 cnuceiBaBT TEXHO-
NOorH BUpTYansHeX ceTed (YLAN), a 802 1P obecnedenwe kadecTea obconywueanua. B ue-
noM, BEmoYeHde nogoepssd B0Z2 10 apTOMAaTHYECKW 038T BOSMOMHOCTE WCNONbIDBAHWA
B0Z2.1P. CornacHo CTaHgapTy MCNoNeE3VIOTCA 3 GMTa B 3aroNoBKe BTOROND YLOBRHA, KOTOPLIE Ha-
apieanTeA Class of Service (CoS3). Tawwm obpasom, CoS MOMET NPHHHMATE 3HaYeddA o 0 oo
7.



ETHERNET FRAME

Pucyvor 28, DononuyTensHoe none Cos B 2aronocsxe kagpa Ethernet.

Layer 3 Classification and Marking
MaplpyTHaupyiowee ofopypopaswe (Layer 3) onepupyet |P nakeTaMmu, B KOTOPLIX NOO Len4
MapKUPOBKKA NPE0YCMOTPEHD COOTEETCTRYIOWEE none 8 |P-3aronoeke - Type of Service (ToS)

paImepor ogud GadT. ToS MoMeT OwbiTe 3ancnHed knacckdwkatopomM P Precedence wnu
DSCP B 3apMcumDCTH OT 3anaq4i. [P precedence (IPF) umeaT paamepHocTh 3 GMTa (NpHHMMasT
axdaqeHuA 0-7). DSCF otHoCHTCA K Mmogenu DiffSer w cocTouT ua 6 OuT (asadexun 0-63).

Kpome uwpoBoi hopmbl, aHaqesua DSCP MoryT GbiTh BbipakeHbl G MCNONLIDBAHWEM CNEL-
ANbHBIX KMDYEBLIX CNOE. JOCTAEKA MO B03mModHoCTH BE = Best Efforl, rapadtupopadHan goc-
Tama AF = Assured Forwarding ¥ cpodsan poctaska EF - Expedited Forwarding. B nononve-
HHE K 3THKM TPEM KNaCCamM CYLECTBYIOT KOObl CENexTopa KNaccoB, HOTOphe NOBaBnATCA K
oboIHaYeHWID Nacca W oDpatHe CoBMECTHME C IPP. Hanpuwmep, svavyeswe DECP pasuoe 26
MOMHO 3aNHCaTe Kak AF31, 4TO NONHOCTEID PaBHD IHAYHD.

IP PACKET

IP PREC (3 BITS)

P PACKET

HEADER

DSECP (6 BITS)
Pucynox 28. None TOS a | P-aaronoake.




¥npaeneuue neperpyzkami (Congestion Management). MexaHuam oue pagei.

= ZHL tions

Meperpyaka BOIHMEIST B CMY4Y3e NepenonHeHdsn BeiXoOHbx Twe poR nepesaiclers Tpadius
obopynoBasnA. OCHOBHLIMH MEXaHMIMAMK BOIHWKHOBEHWA NEPErpyIoK (MNH, YTO PEBHO3IHA-
HO, CKONNEBHWA = COoNgestions) ABMABTCA arperaluwa Tpaduka W HEeCOTNaCoEaH HOCTE CHOPOCTEN

HA WHTEDERCax,
e 1T =MMEIT/5S
- 1T MBEIT/S
1 |
NET !

= MEII'I'-'E_ : _l HMBEIT/E

& 7

[ NET }
Pucytor 30. [pumep bl BOIHHKHO BE HIA NEPETDYI0N

¥npaenexdwé NponyckHod cNocobHOCTLI0 B CNYYE8 Ne Perpyaos (YK X MECT) OCy WBCTBNASTCA C
NOMOLWED MexaHuama ouepeged. MNakeTel NOMEWAINTEA B CHEDEDH, KOTODBIE YNODALOYEHHD
ofbpabaTeiBaiOTCA NO ONPENENEHHOMY ANropuTMY. DakTHYecHd, yNpasnedve Neperpyikamm -
ATO ONpe Genedse NoCADKS, B KOTO POM NaKEThl BRIXOOAT 3 WHTepeRca (Odepenel) Ha OCHOBE
NPUOPHTETOR. ECni NeperpyIok HeT — o4epegq He patoTaloT (M He HyMHLI). [epedrcnem Me-
To Okl 0OpaGoTEM CHEDEDE R,

Layer 2 Quening

DHUIMYECKOR YCTLORCTED KNACCKYECKDTD KOMMYTATODA MONHO YNEOWEHHD NPeScTaBHTeE Cne-
OyiowWuM oBpasoM. NakeT NpUXoOWT Ha ExogHo’ nopT, obpabaThiBa8TCA MEXaHKIMOM KOMMY-
TALMK, HOTOPLIA PEWEET, Ky0a HanpasuTe NaKeT, ¥ NONagaseT 8 annapaTHble O4epenq Beioa-
HOTS NoPTa. ANNapaTHele OYepenH NpeocT aENAST C000H BhICTEYIO NaMATE, XEAHALYID NaKeThI

\\



Nepen TEM, KaKk OHiX NoNaayT HeNoCHECcTEEHHD HA BhIOAHOR nopT. [anee, cornacHo onpene-
NEHHOMY MEXaHMIMY O0patoTK, NEKEThl KIENEKWOTCA M3 OYEPEOER M NOKME3I0T KOMMYTaTOD.
MasayansHo o4epeqr PABHONDERHE ¥ WMeHHD Mmexaduam obpaboTiw odepeged [(Scheduling)
ONpPENenAeT NpHopHTesaLmo. OObMHO Kamdblid NOPT KOMMYTATOPE COOEpPHMT OrpaHi-eHHoS
YHCNo cuepeen; 2, 4, B W Tak ganes.

B oblMx YepTax HacTpoRka NpWopUTEIa0MM I3KMOY S8TCA B CNe Oyi0 LLEM:

1. Mauayansuo o4epend panHoNpabHs. [NoaTomMmy NpegBapuT ankHe HeobhXoguMo MX HacTpo-
WTh, TO 8CTh ONPEOENWTE DYEDEOHOCTE (WMH NPONopUWoHANLHOCTE 0bbeMma) wx obpaboT-
kM. Halle BCero 3T DenaeToA NpwEaR3kol npuopHTeTos B02. 1P Kk cuepegamMm.

2. Heobxogwamo croHdry pHpOBEaTE 0bpaboTywk ouepegen [ Scheduler). HYawe BoBro WCNonk-
IIOTCA BABELLBHHBIR LWimwdeckwid anroputy (Weighted Round Robin, WRR), koTopeii
paboTaeT TAKKE KaKk HacTpadeaemble cdepeow (Custom Queueing) Ha ypooHe 3 (oM. Hil-
WE), UNK CTpOTanR o4epeds npuopuTeToR (Strict Priornty Queueing), kotopan paboTaer Tax-
ME KaK NpHOpHTETHoR oDCywuBanve (Prionty Queusing) Ha ypoade 3 (CM. HIKE).

3. Hasuayedws NpUODHMTETA NOCTYNSOWMWM NakeTam no EXogHoMy nopTy, no CoS wnu, B
Crydae JononHMTeNLHEN BOIMORHOCTER (Layer 3 switch), no @ue-To nonam |P.

FaboTaeT Boe 27O Cnemyiouwm obpasom:

1. MMakeT nonagaseT B KoMMyTaTop. Ecnw 370 obbivHbiA Ethemet nakeT, TO OH HE WMEET METOK
NPWODKUTETA W TAKDBAA MOMET BLICTAEMATECA KOMMYTATODOM, HANDUMED, No HOMEeDY BXO0-
HOTD NOPTA, BCNK 3TO HyWHO. Ecni axoquod nopT Tpaxkooeid (B0Z.10 wnw |SL), To naxat
MOHET HECTH METKY NPWD PHUTETA H KDMMYTATOD MOMET 88 NPUHATE UMK 33MEHHT L Ha Heoh-
wogumyio, B mobom cnydae naxeT Ha QanHomMm 3TaNe Nonan B KoMMyTatop 4 sMeeT Heob-
XOAMMYI0 paameTiy Cos.

2. Mocne obpatoTkM NPOLECCOM KOMMYTAlLMM NakeT B COOTBETCTAMK C METKDR NpMopMTETa
CoS sanpaRnaeTcA knacowgukaTopom (Classify) B cODTEE TCTEVIOLLYI0 O4EPE0b BhlXOOHO-
ro nopta. Hanpumep, KpuTHYeckdi Tpadivk NoNagaeT B BblCOKONPHODHTETHYID, 3 MeHes
BAMHEIA B HHIKONDWO DHTETHYIO OHYE DeOM.

3. Mexanuam obpaboTed (Scheduling) WaENS8K3eT NAKeTL M3 OYepenen CornacHo Wi NpMop K-

TeTam. M3 BbICOKONPHODHTETHOR OYEPEoM 33 eOHHMLY BpeMEHH BYOQeT Bui0aHD Ha BeiXog-
HOMH NOPT GONLLLE NAKATOR, Y K3 HEIDNPHODUTETHOM!
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PucyHor 31. Mexauwuwam oGpaboTkd BEXooRLErs Tpadka cornacHo CoS.

Layer 3 Queuing

Ma pLUpyTHIMD VIOLWE YCTROACTRES ONEpUpYIoT NaKeTaMu Ha TpeTeeM ypoadie OS) Yawe ecaro
nopnepHxa oYepened obecneyveasTcA NpOrpamMmMHe. 3T0 0aHAYaeT B GONsLUMHCTES CNyYaen
OTCYTCTEME annapaTHblX OTPEHWHEHKA HA WX YUCno U Donee rMbKDe KoMUY DRPOBaHUE Mexa-
Huamoe obpaboTi. Obwan napaguwrma QoS Layer 3 BEMOY3eT KNaccHpHkausio W Mapiipoary
naweToB Ha pxope (Classification & Marking), pacnpegenedue no oqepenAM W ux oDpabo Ty
{ Scheduling) no onpegensH HsiM ANToEWTIMA M.



M ewe pas nooYEpKHEM, YTO NPUOPHTEIALMA (oHepenu) TpedyeTcA B OCHOBHOM TOMbLMD B y3-
KM, 3arpy e B MeCcTax, KOorga Npony ckHoR CcnocebHOoCTH Kasana He XBaTaeT Ona nepegaqds
BOBX NOCTYNADLWMY NakeTos W HYHHD KakuM-T0 obpazom gudxpepeHuspoBaTe WX obpaboTry.
Kpome TOMo, NpUOopHTEIaUMA HeoDX0OMMa W B Crydae NPpegoTEpaleHHs BNHAHKA BCNMeckon
CETeR0H aKTMEHOCTH HA YYBCTEMTENLHLIA K 33060MKEaM TPaGMK.

MNposepes mmaccuwdukaumo Layer 3 QoS no meTogaM obGpaGoTiw ouepened. Yawe scero o
MAPLIPY THIATOPAX W EXMMYTATORAX NPHMEHFIOTCA CREgYIoLLME anropuTmel obpaboTkw ocdepe-
Oei:

v TpaguuWoHHLIA anroputM FIFD;

¥ npuopuTeTHOR obcmpxuBanke (Priority Queusing), sOTOPOE TAKOKE HA3LIBAIOT 4NOSABRNAND-

LU0 |
v HACTpauBasmble odepeny [Custom Queusing);
¥ BIBELLEHHOE CNpa segnvese obomywkearse (WWeighted Fair Queueing, WFQ).

Kamgeii anroputy pazpabaTwiBancA ANA pelLeHWA ONPenentHtsx 3383y ¥ NoaTOoMY Cheuud u-
YeCckdM oDpalonM BO3geRcTEYET Ha KaqecTeo oDChyHH Ba WA DaInMMYHbLIX THNOE Tpaduka B oB-
TH. Boamouwss KoMOHHKDO BAHHOE NPHMEHEHIE JTHX ANMODHTMOR.

FIFO

JNemMeHTapHan CJYepentE C© NOCNegoBaTenbHbM NEOXoCHOEHMEM MakeToR, paboTawWan no
NEHHLKENY NEPBLIA NPHLLEN = Nepabid ywen (First In First Out - FIFD. 30ecs HEBT HUEaED A ND M-
O PHTEIILMH .

Mpuopumemuoe obcnywusanue

Mexansam npuopuTeTHoR obpaboTks Tpadgmka npeqycMaTpHEaseT palfensHide BOBMD CETEROND
Tpaduka Ha HebonbLIoe KXNWYECTED KNACCOR C HATHAYEHWEM KEXO0MY KNACCY HeHOTOPOrD Yu-

CMOBOMD NPMIHaKa = NpHoOpKTeTa. Bnok knaccudwairy TpadHks MOMET DaIMeLlLaTECA KaK B
Camom YCTPORCTRE (pucyHoK 32), Tak ¥ BHE Br0.
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Pucynor 32, OpravM3ayus NpHopHTETHRIX cuepeged Priority Cueuaing.

Heszapitcumo oT BeibpasHore cnocoba inaccudhikalul Tpaduka, B CETEROM YCTDORCTEE MME-
STCA HECKOMLKD OHepened, B COOTEETCTEMKH © KDNHYECTROM KNacooi. MoCTyNHBLLME B Nepwon
ne perpyind NaseT NoMeLWaeTcA B o4epeds COrMacHd ero NpuopuTeTy. Ha pucykke 32 npube-
JEH NpUMED WCNOMLEIOBAHMA YEThIDEY NPUODHMTETHLIX OYEPEDER. C BLICOKMM, CLEOHMM, HOD-
MANEHBIM H HUZEMM NpUopHTETOM. [PHODMTETE oYepeoer wMmeloT atconmoTHeIR XapakTep
npegnoqTeswA npi obpaGoTe: noka 13 Gonee NPUOPUTETHOW o4epenu He By myT BuGpatbl Boe
nNaweTel, YCTROWRCTREO HWE NepexoguT K obpaboTie cnegylowed, Medee npuo puTaTHOR. MNoaToMy
NakeTsl CO CLEOHHM NpHODHTETOM BCerga obpabaTtelBaioTCA TOMBKD TOMGa, Korga oqYepe gb na-



KETOR C BLICOKMM NPHOPWTETOM NYCTA, 3 NAKETH G HWIKMM NPUOPUTETOM = TONLKD KDOrOa MyCTh
BCE BbILUECTOALLWE OYSPEIHM.

KoHedHbld pazmep OylepHOR NAMATH CETEROMD YCTLOWCTEA NpegnonarasT HeKoTopyio npe-
OensHYIo QNHHY K3 00od ouepegd. ODLMHO NO YMOMHaHWID BOBM NPHODHTETHEIM CYEDeqAM OT-
BonATCA Gydepsl OQWHAKOBOND paIMepad, Ho MHOMWE YCTPORCTREA papellalnT agMUHKCTPaTopy
BbIOENATE KAO0R CHEepend MHOMBKMOYANsHLIR Gydep. Ero MmakcumansHan anyHa onpenenasT
NpenensHoe KONWYECTEO NaKeToR, K TOPbLIE MOryT XPaHM TECA B OYepenM 0aHHOro NpUopHTeTa.
MakeT, NoCTYNHBWME B To BpemA, korga Sywpep 3anonyed, NpocTo oThpackiBasToA.

MpHOoOpHTETHOE OOCMAKMEAHHE OYepened oDeCNeYMBaET BLICDKDE K3YECTRD CepBEMCA ONA nake-
TOB M3 CAMOH NPUODMTETHOR odYepenq. ECnNK CpeOHAR MHTEHCHBHOCTE MX NOCTYNMEHHA B YCT-
PORCTED HE NPEROCXOOMT NPONYCKHOA CNOCOGHOCTH BhIXOOQHOMD WHTeRpPeRca (M NpoMIBo0M-
TENLHOCTH BHYT peHHMX BNOKOB CaMOro YCTPOWCTEA, YYACcTRYIOLWMX B NPOORMKEHHKW NAKeToR),
TO MNaKeThl C HAMBLICLUMKM NPHOPHTETOM BCETSa NoNYHawT Ty NPONYCKHYID CNo0oGHOCTE, KOTO-
pan WM HeoDxXoOguMa. YTo we KacaeTCA OCTaNbHbLIX KNACCOBE NPHOPHMTETOB, TO KaYeCcTRD HX ob-
CITYWHBAHMA HHME, Y8M ¥ NAKeTOR C HAWBLICLUMM NPHODHUTETOM.

MNoaToMy NpuopuTeTHOE obcnyduMBaHWe OOLMHO NPUMEHASTCA B TOM CIMyYae, KOrga B CeTH
8CTh YYBCTEMTEMNLHBIA K 3308 DHEIM TDAdMEK, HO 80 WHTEeHCHBHOCTE HEBENHKA, TaK 4TO ero Ha-
NHHME HE CMMLWLKOM YIWEMMIABT OCTANBHOHA Tpaduk. Hanpumep, ronccopol Tpadiuy Yy BCTRMTE-
NEH K I30SpHKaM, HO 860 WHTBHCHBHOCTE O0kIYHG He NpeasiwaeT B-16 KouT/c, W, Takmim obpa-
30M, NPH HAIHAYEHWM 8MY HAWMBLICLLErD NPWOPMTETA OCTANBHLIE KNACoCh Tpaduka He nocTpa-
pawT. OnHaks B CETH MOMYT HatnmiooaTeCA W OpYrde CHTYaUMK. B YacTHOCTH, BHEe OTRaduK To-
we TpebyeT nepeoodepenHore ooy MHBEaHKWA, HO WMBET ropasne Gonee BhICOKYY MWHTEeHCHB-
HOCTE. [IMA Takux cny4aes paipaboTadsl anropHTMEl YNPABNEHHA OHeDeqAMH, Oal0LLWe HH3KD-
NP HWOPUTETHOMY TPahMKY HEKOTOPLIE rapadTHH Oawe B NepModbl NOBLILLEHWA WHTEHCHBHOCTH
BLICOKONPHODHTETHOMD TpadKa.

Biasewennbie HacmpausasmMsie ovepedy

AnropuTM BIEEWeHHBX odepener (Weighted Queueing) pazpaboras gnA Toro, 4TobDBl OnA
BCEX MNaccoB TpaduEa MoMHD ObINe NPegoCTaABMTE ONPeneneHHbA MUHHMYR NRONYCKHoR
CNOCOGHOCTH UMK YOORNETEOPHTE TpebopaHuA K zagepskan. [Nog secoM @koro-nubo Knacca
NoHWMBETCA OONA BhIGENASMOR DAHHOKMY BEOY TEa0HEA NRONYCKHOA CNOCOOHOCTH BhiX0O0HOMD
HHTepdERca. ANMopMTM, B KOTOPOM BEC KNAacCCoB TpadiMka MOWEeT HAIHAYaTeCA a0MUHKMCTpa-
TOPOM, HAILIBISTCA «HACTDAMBAEMOR CqYepegeios (Custom Queueing). B cnydae, worga eeca
HAIHAYAIOTCA ABTOMATHYECKH, Ha OCHOBAHMKM HEHDTOPOH aganTHEHO W CTPATerdH, peandayeTca
TAK HAILIBIEMLIA ANroOpMTM B3RSUEHHOND CNpaBennyecrsy oborysHBanuA: (Weighted Fair
Queueing, WFQ).

Kak npu BIRSUSHHOM, TAK U NpH NPHOPHTETHOM OECMOKHBAHWK, TRAgUE JENHTCA HA HECKDML-
KO KMacCoB, W OQNA KW Q0rs BESOUTCA OTEENEHEA CYepeds nakeTos. T Kawgod cHepenwio caA-
3ALIBABTCA OOMA NPONYCKHOW CNOCODHOCTH BhIXOQHOMND MHTepdeRca, rapaHTHRYEeMan oaHHomy
Knaccy Tpadika npy Neperpyakax aToro deTe pdeica. B npumepe, NpHESOEHHOM Ha DHUCYHEES
33, YyCTpORCTED NOODepHUBAET NATE CHEPEOeA ONA NATH KNacCoB Tpadwka., ITHM CYepennm
cooTeeTcTEYEeT 10, 10, 30, 20 v 30% nponyCKHOR CNOCODHOCTH BeIXOOHOMD WHTEpdeRca npu

M DETPYINAX .
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Pucywox 33. HacTpaueaemeie ovepequ Custom Cueueing.

MocTapnedHan Wens JocTHraeTea Gnarogapa ToMy, 9T odepegu oD onywHBATCA NocnegoRa-
TEMNBHO W LMKNHYECKM, ¥ B K3XO0M LHKNE W3 KaXnod odepeny 3abupasTcA Takoe dicno Sant,
KOTOpOe COOTRETCTRYET BECY oqepenw. Hanpuwep, ecnd Uk NpocMoTpa CYepened B pac-
CMaTDHBAEMOM NpMMERE paped 1 cex, 8 CKOpPOCTh BRIXOOHOMO WHTepdeRca coctasnaeT 100
MOUT/C, TO Np#H NeperpyIkax B KawooM LWENe 13 nepecl odepenu aabupaetca 10 MBuT paw-
Hbix, 42 BTOpOA Towe 10 MGWT, wa TpeTeed = 30 MGuT, vz seTeepToR = 20 MEMT, W3 NAToR =
30 MBut. B pesynwTaTe kaMOOMY KNAccy Tpadwka OOCTAGTCA TADEHTHPOBAHHLIA MAHAMYM
NpoNYCKHOR CNoCoOGHOCTH, YTO BD MHOTHX CNy4aax aanaeTcA Gones MenaTenkHbib 8 3yNsLT 3-
TOM, YEM NOSABMNEHHE HUIKONDHODMTE THEEX KNACCOB BEICOKCNDHODHTETHEIM.

Toukble 3HaYeHda napameTpos QDS ONA anropHTMa BIRSWEHHOrD ODCMyWKHBaHMA NpegoKa-
38Tk TPYOHO. OHK CYWECTBEHHLIM 00palI0M JIABMCAT OT OUHAMWHECKH HMIMEHAIOWMNCA napa-
METDOB HAMDYIKM CETEBOro YCTPORCTEA = WHTEHCHBHOCTH NaKeToR BCeX KNAaCCOR W BapHalui
NpOMENYTEOR BpeMeHd mendy npubbiTvem naketob. B oblwem cnyqae BanelUeHHOE OGC My M-
BAHHE NPHEOOHT K DONBLUMM 33 0E0HEM H WX OTKNOHEHHAM, YEM NEpROCHepenHoe DBCImyHH-
BAHWE OMA CAMONe NPMODUTETHOMD KNACCa, DaMe NPH IHAYMTENEHOM NPERLILLEHEH BhlQensH-
HO## NpONY CHHOW CNOCOGHOCTH HAO WHTEHCUBHOCTLIO BXOQHOrO NOTOKA OaHHOoro Knacca. Ho anA
Donee HUIKKK NPUODHTETHLIX KMNaOoCoR B3RSUEHHOS CNEaBennuece oBCNyHKEa HWe YaCTo OKa-
ARBAETCA Donee NPUHEMNEMEIM C TOYKM IpEHMA CoanannA BnarcnpUATHBIX YONOoBKRA oBCn K-
BaHWA BCEX KNACCOB Tpadika,

BigewenHoe cnpagednueos obcMyRUaanue

BasewewHoe cnpassgnuBeoe obcmowuBanke (Weighted Fair Queuing, WFQ) = 210 komMG1HMpO-
BAHHBIA MEXaHHIM OOCMYMHEAHKA OHepened, COYETIOWKEE NEWODHTETHOE COCNYHKBEIHWE CO
BIESUBHHBIM . [p0MIB0oMTENK CeTeROre OD0DY DORAHKA NEEQNaraioT MHOToYBCNeHHbIe coBoT-
BEHHBE peamezagwd VWD, oTnHYaioWWecs cnocoDoM HAIHaYeHWA BE0DE W NOONEDWKoR pal-
NH4HBIX PEMMMOE paBoTel, NOITOMY B KAWOOM HOHKPETHOM CMyyas HeohXOgMMO BHHMATE NbHO
W3YyWTh BoR QeTand noanepiveasmono WFO.

Hauwbonee pacnpoCTREHEHHAR CX8Ma Npe JyCMaToHBEasT CYLECTRORaHWE OOHOR ooobol odve-
pend, koTopan oBCNYHMKHBAETCA NO NPUODHTETHOR CXEeME = BOBr0a B NepEVIO CHEepelb M 00 Tex
nop, NOKa BCe IaABKM W3 Hee He By OyT KCNonwe Hbl. 37a O4epedb NPegHasHa4eHa QnA CHCTEeM-
Hbix CoO0WeHWR, CODDWeHWA YNDABENEHWA CETHIO ¥, BOIMONMHD, MAKETOR HAaWDOoNes KpHTHYE-
CHMx ¥ TpehoBATENLHLIX NpUNOMEHWA. Bo BcAkoM cny4ae, npegnonarasTcA, 4To &8 Tpadmk
HMEET HEBLICOKYID MHTEHCHBHOCTE, NOATOMY 3HAYMTEMNLHAR YacTh NEONYCKHOR CNoCobDHOCTH

BLIXNOGHOMND WHTEPMERCa OCTABTCA APYTHM KNaccam TpachuKa,



OcTansHble oHepenr YCTRORCTEO NPOCMaTPHEaET NOCNegoBaTensHs, B COOTEETCTEMK C© anro-
PUTMOM BIDELLEHHOND OOCIyWUBAHKA [pHCyHOK 34). ADMUHWCTDETOP MOMET 3a0aTk BeC OnA
KaW Qoro Kknacca Tpadyia aHanordHHo TOMY, KaK 3TO GENaeTCA B CNy4ae B3B8 e HHOND obBony-
WUBaHKA. BapuanT paboTel NO yMON4YaH o NPegycMaTpMBaeT ONA BOeX OCTANBHbLI KNACCOB

Tpaduka papHble QoMY NPONYCEHOH CNOCODHOCTH BRIXOOHOMD WHTepdserca (33 BLIMETOM OC-
TABLERCA OT NPMODKUTETHOMD Tpadea ).

NpRCPETETHAR DudpeRl

Pucyrok 34 . BaaelueHHoe Cnpasenn@ene obc nyxueaqwe Weighted Fair Queuing.

MNpouasoguTen oDOPYOORAHWMA QONONHAIOT MaxanuaMm WD HEKOTODLIMK NONEIHLIMH DEX K-
Mamd. Hanpumep, 8 MaplupyTHiaTopax komnadui CisCo NpegycMOTPEHO HECHDNbLED Pa3Ho-
BUOHoCTER WO

' DCHOBAMHLIE Ha noTokax (Flow-based) pesosa WFO (FWFQ),;

¥ OCHOBaHHLIA Ha knaccax (Class-based) pexin W R (CWFD).

Ona papwanta FWFQO wa Gaze NoOTOKCE B MApPLUpYTHIATODE COAGASTCA CTONLED CYepened,
CHONMbKO NOTOHOB CYLUBCTEYET B Tpadivke. KawpomMy NoToKy COOTBETCTEYET OTOENLHAA Bbion-
HaA OYepEdb, ONA KOTOPOH B Nepwodbl NeperpyIoy MexaHnim WHD abiGenaeT pasHwe 50Ny
nponyckHol cnocobuocTH nopTa. [NoaTosy wHorga anropute FWEFO waswisawot FO (Fair
Cueuing) = cnpapenuaoe OOCNYHHBI HHE,

Bapuant CWFD wa Gaze mmacoon B maplupyTesaTopax Cisco wMeeT 083 NOORADHaHTa:
¥ KNacchl Tpadkka CNpegenmioTcR Ha OCHOB3HWM Tak HasbiBaemMulx rpynn o5, CooOTBETCT-
BYIOWMY HADOoDY NPUIHAKDE U3 CNMCKA YyNpasneHkA pgocTynom (ACL), Hanpumep, HOMEDY
BXO0HOTD WHTEROE HCA WNK HOMBDY XOCTa WNW NOQCETH,
¥ KMAcchl TREgWEa ONpetenmoTod IHaqYeHHAME noned Tos.

OnA eapuanTa rpynn QoS agMUHMCTDaTOp 330aeT Beca NPONyCHHOR cnoCODHOCTH, BhlJEnAe-
MOA kExpod rpynne OoS, a Tanke (ONUHoHANb6HE) MEBKCHMENEHI0 OneHy odepe on. [akeTel, e
OTHEOEHH b8 HU K OHOW 3 Py, BrnicdanTcA B rpynmy O. [p9 Haddade s pecos WD Hyw-
HO NPHHUMATE BO BHHMAHWE CNeqyioLues:
¥ rpynneg CoS ¢ HomMepom 0 aEToOMaTWIeckd HazHadaeTeA 1% WMeoWERCA NponNyCKHOR Cno-
CODHOCTH,



¥ OOLWWA BEC BOEX CCTAMBHLIX MEYNN He MoMeT Dums Gones 0%
¥ OCTABRWAACA NOCNE HAIHAYESHWA BECOB NPONYCKHan CNoCoGHOCTE BelgenAeTcA rpynne 0.

B papuanTe knaccudHUKaymM Ha OCHOBIHMWM IHAYeHMK ToS NpegycMaTpHEaIoTCA BECa KNacoDe
No yMonqadio. OHM BCTYNAOT B CHNY, SCNW 30MUHKUCTRATOD ABHO HE 330an MX © NOoOMOLWLID
KoMaHge weight. OnA smaccwvkagdd MCNnonbIveTCA OBa Mnaguwux GuTa TpeXpaipAnHoro
nognond [P Precedence va nona ToS, Tak 4To B ATOM BADMAHTE MMEBETCA BOETD Y8Thipe KNacca
Tpaduka. MNo ymondadwn, knaccy 0 esigenfeTcA 10% BeIXOOHOA NPpoNYCKHOR cNoCoDHOCTH,
knaccy 1 = 20%, mmaccy 2 = 30% W knaccy 3 = 40%. Yem BbilUe KNnacc, TeM BAMHEs TpadMe,
NoITOMY BhiDenNeHWe DoNbWeRd Dond NEonyckHod cnocoGHoCTH Co3naeT ona Hero Gones npu-
BUNEMWEORAHHEIE YCMOBMA NPOOBHHEHHA.



8. OcHOBbI KOMMYTaL WK TPETLErD YPOBHA

8.1. MNpurHBI NOABNEHKWA

MaplpyTH3aTOp bl = YCTPORCTEA CNOMHEIE M OKA3LIBANTCA QODOMNE , 428K KOMMY TATOPEI NDH TOM
HE YOBRHE NPOHIBOOMTENBHOCTH. A WM3-33 3anepmer Ha obpaboTy MHEOEMAaLMKE Ma P pYTHIA -
TOP PYHKUHOHMDYET B OOWHAKOBLIX YCNOBHAX MegneHHes, Yem koMmMyTaTop. C gpyrol cTopo-
Hel, JaHHLIE, KOTOPBIMK PACNONaraeT MapLpyTHIATOR, NOIBONAIDT &MY BhINCNHATE QONOMHK-
TeNbHBIE QYHKL WK NOMUMD CODCTREHHD NEePEMBLLEHHA NAKETOR OaHHLE, HANDUMED yNpaesne-
HHE nepegaqYed. K koHdy 90-x rogoB BOIHMKNG HeoDXOOUMOCTE B COI0aHWMHM HOBLIX CETEBLIX
YCTPOMRCTR, KOTOpbe Obl ODbegMHMNM YHELMKH MAPWPYTHIATOROE W NPOM3IBOOMTENEHOCTE
KOMMYyTaTOPOE. CTano NOHATHO, 4TO PELUEHHE HAQO WCKATE HA NEPE0eYeHHH TEXHONOr WA, 06 k-
E0WHHE OOCTOMHCTEA KOMMYTaUWH C YMEeHHEM MapLpyTHIATOPOBE HaKNagblBaTe Ha $HIWde-
CKYIO CTRYKTYPY CETH NOMHYSCKWE OF DaHWISHKA.

Moea kommyTagua #a 3 ypoede Bneposie Gsina npeaonokesa komnassed [psilon. Ha mexywmi
MoMeHT apemend (2008 rog) Tak M He Coagans KEne-Nubo CTaHgapTa, CNEenenAanuLero mH-
LUENUHI0 KOMMYTALMKH Ha 3 ypoBHe Mopend OS] BMECTD 3TOMS KaMObA NPOMIB0OHTENL TRaK-
TYeT M peanuayeT DaHHYIo TeXHONOMWIo No-CBoeMy. TeMm HE MEHEEe, MOMHO BhIGEeNWTE OCHOB-
Hil@ HANDABMEHHWA B TEXHONOMMM KDMMYTALMKH TPETHErD YPOBHA, KOTODLIE pacCMOTDEeHE! B Cne-

AYIOLEM pajnene.

8.2. Knaccwudmkauwna
KommyTaTOpbl 3-ro ypORHA OQENATCA Ha OBE KaTeropHM:

« nakeTHsie |(Packet-byv-Packet Layer 3 Switches, PPL3) wnu komMmMyTHPYIOW ME MapLIDy-
THaaTopsl (Switching routers). PPL3 canadaeT npocTo BblCTR Y0 MapLL Dy TH Z30LMI0,

+ CHBO3aHbe (Cut-Through Layer 3 Switches, CTL3) vnd maplUpy THIKEYIOLLMWE KD MMYTaTO-
pel (routing switches). CTL3 = Mapwpy THIAWWID NEPECTD NAKeTa W KOMMyTaLWID BOBX
OCTANBHBEIX;

*  KOMMYTaTOpLl NOTOKOE.

8.3. NakeTHBIE KOMMYTAaTOP LI 3 YPOBHA

MakeTHaA KOMMYTALMA Ha TPETEEM YDOBRHE (pucyHoK 353) Ha camom Dene NpencTaenfAeT cobor
HE YTO WHOE, KK anNapa THYID MaplpyTH3ausA. Tpaow UHOHHLIE MapLWDYyTHIATOD bl DEeanyayioT
CBOW PYHEUMH © NOMOWLID NPOrpamMMHo-yNpasnAemMelx NpoUeccopon, 4To OYOIEeM HAILIBATh
NpOrpaMMHCE MapLUpYyTHIAUWEA. WMononk3cBaHWe BLICOKOCHDDOCTHOR TEXHONOrHH DD NbLUMX
3AKAIHBE WHTEMEankHBX Coem (ASIC) ARNASTCA MAapHoR XapakTepucT MKoH, OTNHYanWed na-
KETHEIE KMMYTATODEl TRETHEND YPOBHA OT TpA QHUMOHHEIX MADLWDYTHIATOROR.

MNakeTHan KOMMY TAUMA OTHOCHMTENEHO NPOCTa, NONHOCTLIO NOQOEpMHBAET BOE CEpBUCE M Npo-
TOKDMbI, XOPOLWO HIYYEHA W NPOTECTHPOBAHA B KDOHKDETHRIX NPoOyKTax. [TakeTHLIe KOMMYTaTO-
Pkl M MAPLWPYTHIATOPRE! (BAKTHYECKH WOSHTHYHEl, DAZHKMLE 3aKNICYASTCA B MX (Mavyeckon pea-
nuzauuu. B cTangapTHeIX MmapwpyTuiaTopax obpaGoTia naketa NpoMCKoguT B MUKpPONPO Lec-
COPHOM AQQDE, B TO BEEMA KaK KOMMYTATODEl 3 YPOBHA MCNO NB3VIOT MaKpOCxKemel ASIC (Appli-
cation Specific Integrated Circuit, Cneyqan«aspoBast ad NPUMagHan KETerpansHan cxema).
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PHCYHOK 35.

8.4, CKBO3HLIE KOMMYTATOPLI 3 YPOBHA

MepBLiMiK YCTRORCTEAMA, PEANUIOEIBLLMMA KOMMYTALMIO TPETHEre YPoBHA, GhiNK MapLIpyTW-
IMPYIOLLME KDMMYTATODE! MMM CKBOIHBIE KOMMYTATOPE. Mpouecc ofpaGoTEM M Nepe Jauun nau-
HbiX OCYLWECTEMASTCA HAa HaHankHoM ypOBHE, NPegBapHTentHbIA Me NOMCK ONTHMANLHOTD
MAPLIPYTA OCYLLECTENAGTCA NPH NOMOWLMW 340 ypoRHA. OBLIYHC 3a08ACTEYETCA BHELLHWA
MAPLLPYTHIATOP WM NMNATa MAPLUPYTHIALMK, KOTODYIO KOMMYTATOD BOCTIPMHMMAET KaK oT-
OEenbHOE BHELLHEE YCTPORCTRO.

ASIC  ASIC  ASIC  ASIC
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PHCYHOK 36.

Eonee nogpobHD cxema paboTel DaHHBIX YCTRORCTE BRIMMAQHT CREOy WU o0 pasom (DHCyYHDK
37). TYCTe KOMMYTATOD TPETHENS YLOBHA NOCTROEH TAK, 4T0 B HEM HMEETCA MHQODMauMA O
COOTEBETCTEMM CETERLEX anpecoB (Hanpumep, |P-agpecon) agpecam HIHYECHD o YpOBHA (Ha-
npurep, MAC-agpecan). Boe atw MAC-agpeca obbivHbil 00pazom oTODDaMEHE B KOMMYTa-
UwoHHoA Tabmuue (Forwarding Table), He3asucWmMo OT TOMo, NPWHAGNEMaT Md OHW QaHHOR CBTH
MW QPYrHM CETAM.
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MepBslid EMMYTATOR, HA KOTODRBIA NOCTYNAET NAKET, YACTHYHO BLINCMHAST YHELMM MapLLpy-
THIATORa, 3 WMEHHD, DyHKLMKM duNeTpayWy, obecnedueawe GeIoNacHoCTe. OH PELUaET,
NpoNYCKaTe WNM HET GaHHbLIA NakeT B ApyYTyio C8Th. ECNM NakeT NponyCiaTh HYMHO, TO KOMMY-
TaTop no IP-agpecy Hazkadensn onpegenaeT MAC-agpec yana Haadaq4eHuA ¥ opMUpyeT Ho-
BB 3arcnoBOK BTORCID YLOBEHA © HARDEHHBM MAC-agpecom. 3aTeM BeINCMHAETCA obbMHARA
npouenypa KoMMyTaWHd no gamsory MAC-anpecy ¢ NpoOCKMOTPOM agpecHoR Tabnuubl KomMey=
TaTopa. Boe nocneqyowWe KOMMYTATOPLl, NOCTPOE8HHLIE NO ITOMY XMe NpuHuuny, obpata -
BAKT JaHHBEIA KAZP k3K O0bIYHEIE KOMMY TATODE BTODOMD ¥DOBHA, HE NpHBNEKaA yHEL WA Map-
WPY THIAWHE , 4TO IHAYUTENEHO YCHOpAeT ero obpaboTry. O oHakD O yHKLMK MADLLEY THIAWMKE He
ABNAOTCA ONA HHX HIOLITOYHEIMK, NOCKONLKY W HA 3TH KOMMYTATODEI MOTYT NOCTYNATE Ne PEHY-
HbBlE NakeThl (HENCCPEOCTREHHD OT pabGouMx CTaHUMA), ONA KOTOpPLIX HEoDXOOUMO BhINCMHATE

HNbTEaUMID W nogoTasoery MAC-agpecon.

ATO GNUCAHWE HOCWT CXEMATHYECKHA XapakTeép W He pacKpLiBasT cnocoboR pELUEHHA BOIHH-
KA LWMHX NEE 3TOM MHOMOYMCN2HHBIE NpoGnesm, Hanpumep, Npobnemsl NocTpoeHMA TabnHubl
CcooTRETCTEMA |P-agpecos v MAC-agpecos.

Mocne gHHM  KECMNNEKCHEIM "NPCABNSHWEM” MapLWDYTHIMDVIOLWESH KOMMYTAUuMH ABMASTCA Tex-
HoMorHA MynbsTHNROTORONEHOR KoMy Tagwd Metox (MultiProtoco| Label Switching, MPLS), ko-
TOpaA NBITAETCA CPaly PELUMTE KaK 3a03dd HeNoCpeaCcTEeHHD OhICTpOR Nepenadur SaHHLIX, TakK
M KaYecTea ODCMOEMBAHMA W NpHOPHTEIaU M Tpadwka (C03) NN H30MAL WA ¥ Be 30NacHoCTH
(VLAN).
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Mpumepesl PEANM3ALMA MAPLPYTHIMPYOLWWX KOMMYTATOpOR

Cabletron

MpHMECAMK KOMMYTATOPOE TRETRETD YROBHA, paboTaoWwMy No 3TOR CXeMe, ABNAINTCA KoMMY-
TaTopel SmartSwitch komnanwws Cabletron. Komnawwa Cabletron peanq3ocBana B HMX CBOR Npo-
TOKDMN YCKOPEHHOH MapwpyTHaayud SecureFast Virtual Network, SFWVHN.

OnA opraiMIagWd Henocpe OG0 TEe HHOMD B3aUMONERCTEMA pabodMx CTaHUWA BB 3 NpomMEsyTOYHO-
ro MapWpyTHIAToORa HeoDXooM MO CHOHQUMYDHPOBAT b KAMOVIO U3 HMX Tak, 4ToDbl OHA CuyMTana
CODCTEEHHLIA WHTERERC MADLWDY THIATOROM N yMOomdanus. [Npd Takol HdUrypay e CTaH-
UHA NBITAETCA CAMOCTOATENEHO OTNLABMTE MODOR NAKET KDHEYHOMY YaNy, DaMe eCnM aToT
YaIEMN HAXOOMTCA B Opyrod ceTW. Tak Kak B obwem Crydae (pucyHoK 39) CTaHuMH HEeW3IBECTEH
MAC-agpec vana HAIH3IYeHWA, TO OHA MeHeDHYeT COOTRETCTEVIOWMA ARP-3anpoc, koTopbIA
NepexXEaTelBaeT KMMYTAToR, NooOersHBaNWHWE NEoTomn SFYN. B ceTd npegnonarasTcs Ha-
nidee cepeepa SFVN Server, ARNAIKWENSCA NONHOUSHHLIM MAPWEYTHIATOROM W NOOOerHH-
pawwers obwyin ARP-Tabnuuyy Bcex yanoe SFYN-CceTw. CepBep BOIBLALLIST HOMMYTITODY
MAC-agpec yana HazHaqdeHWA, a KOMMYTaTopR, B CBOID OYepek, NepeqaeT ero MCXoOHoR CTaH-
yuu. OgHospemedHo cepaep SFVM nepenaeT koMmMmyTaTODaM 08 TH MHCTPY KL MM O PaIp el eHM
Npoxox aeHuA naketa ¢ MAC-agpecom yana HaIHAYEHMA Y8Ded NpaHMUbl BUPTYanbHEIX CETER,
JarteM HCXOOHaA CTaHyWA NepenaeT NakeT B kagpe, cogepwawem MAC -agpec yana HaiHade-
HHA. JTOT K3OD NPOXOOMT YEDes KMMYTATODE, HE Bhi3bIEaA OOpalleHHA K WX GNoKam Maplpy-
THaauud. OTnwdwe npoTokona SFYN unasus Cabletron oT - GNWCaHHOA Belwe obWEd ciemMel
B TOM, 4YTo OnA HaxowoeHswA MAC-agpeca no |P-agpecy B C8TH WCNONLIVETCA Bbl0ENSHHLIR
CEpREp.
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JCom

MpoToron Fast IP komnadkwy ICom ABNASTCA 8LUEe OOHHM NPHME oM peand3ayqdd nogxosa
oTobpaxeqrem IP-agpeca va MAC-agpec. B aToM NPOTOKONE OCHOBHLIMM BEHC TEYIOLLMMM M-
Uamd ABNAINTCA CETERLE A0aNTepkl [YTO He YOMBMTENLHD, TAK KaK KomMnawua ICom ABNASTCA
NPHIHAHHLIM NWoED0OM B NPOMIBOOCTES CETERLK aganTepos Ethernet). C ogHoR CTODOHE!, Ta-
KOH Nogxog TpedyeT KIMeHeHHa NporpamMmmMicro obecnedYes A Opadee pOB Ce TeRLEX afanTepos,
W 2TO MUHYC. HO 3aTo Hé TpebyaToA WIMEHATE BOB OCTANBHOE CBTE BOE ODODY DOBIHWE.

MNpH HEDDXOQWMOCTHW NEPESATE NAKET YaMy HAIHAYEHWA JPYToA CBTH, MCXOOHLIA Y38n B Co0T-
BETCTEMM C TexHonorker Fast |P pormwedn nepegate zanpoc no npotokony NHREP (Mext Hop
Routing Protoool) mapwpyThsaTopy Ce8TW. MaplwpyTHIaTop NepenpaBnAeT aToT 3anpos yany
HaaHAYeHHA, KaKk oDbYHBIR NakeT Yaen HazHaqYeHWn, KOTOPLIA Takke nogoepwyeaeT Fast |P w
MHRP, nony4xe 3anpoc, oCTEEY3ET k3gpoM, OTCLIMaBMbiM YHE HE MapWpyTHIATODRY, 3 HEno-
CPEOCTEEHHD YAIMy-WCoToUHWEY (no ero MAC-agpecy, copepsawemMyca 8 NHRP-zanpooe). MNo-
CNe aToro o0MEH WOET HA KAHANMLHOM YPOBHE Ha OCHOBE M3BECTHLIX MAC-agpecor. Takum ob-
paI0M, CHOBA MAPLWDYTHIMPOBEANCA TONBKD NEPBLIA NAKeT NoOToKS, 3 BOE OCTAMBHBIE KOMMYTH-
pOBANKMCE.

8.5. KommyTaTopkl NOTOKOB

Ba3oBOR KOHUBNYWeR KoOMMyTALUWW NOTOKDOE ABNAETCA ODHApYHEeHWs NPO0 oMK TeNkHEX MoT o=
KOB OaHHLIX Mgy opyma |[P-yanamu. NoToK — 2T0 NOCNEn0oBATENBHOCTE MaKE TOB, MMEID LY
HE KD TOpBIe 0DWWe CRORCTEA. [0 MEHLLLEE MEDE, ¥ HHX JOMKHE COBNASATE A08C OTNPERKT -
NA ¥ agpec NoNy4aTens, | Torga MxX MOMHD OTNRABMATE No OOHOMY M TOMY Me MapwpyTy. Ko-
rga NoTok CNpegsenaAeTcA NporpamMmMmamMid YpoBHA 3, Mewdy KOHEYHLIMK TOHEMH OpraHiaye TCA
KOMMY THRY BMOE COSOUHEHWE W B QansHedlLem NoToK YNpasnAeTcA paboTalwmM Ha ypoRHe 2
obopyoopanken. Konwpoeanwe ainos wnM Web-cTpanvusl © rpadHkoR ABNAKTCA THMNEYH bi-
MU CIMyYIaAMH BOSHWKHOBEHMA NOTOKOE. Tpaduk, He YIOBNETEODALL WA TpebopaHWAM NoToKa,
MAPLLPY THIMPYE TCA TRaDMUWOHH bIMKM CNoCoDamu.

MpuMepkl peandiagMHg KOMMYTATOROE NOToKOR
Cisco



PaccmoTpum 3TOT NOOXon Ha npumepe Texsonordd MetFlow womnanun Cisco, peanyacsanHoRk
B 88 MApLWpYTHIATORAX W KMMyTATopax. [NA kamooro NakeTa, NoCTYNACWEers Ha NopT map-
WpYyTHIATORA, BLMHCMABTCA XaW-dyyHEUMA OT |IP-agpecoB WCTOYMHMEA, HA3HAY8HWA, NOPTOR
LDP wne TCP v nona TOS, xapakTepuayiowero TpeSyemoe @decTeo obonywueanuAd. Bo acex
MADLLPY THIATORAX, NON0EEHHER DLW OaHHY K TEXHOMOMMKS, Yeped KTO P NPOoXoOUT QaHHbIR
naseT, B K3ILW-NAMATH NOPTOR 3aN0OMHMHAETCA COOTEETCTEME IHAYEHMA XILW-yHKLMH W aqpec-
HOR WHOpMagWK, HeobxogumoR gna GeICTPOA Nepeqaqdy NakeTa CNegylowemMy MapLUpyTHIa-
Topy. Tamm obGpazon, obpazyeToA KEAIMEMPTY aNbHBIR KIHAN, KDTOPLIA No3ponAe T BelICTPO Ne-
pESABATE NO CETH MAPLWPYTHIATOPOE BCE NOCMEOYIOWMWE NakeTel 3TOrO NoTokA. [pH aTOoM Y-
KODE HWE QOCTHraeTCA 33 CYeT yNPoWeHWa npoueqy pel o0 paBoTi NakeTa mMaplpy THIATOROM -
HE NPOCMATEMBAINTCA TAENMU B MADLUPYTHIAW MWK, HE BeINCNHANTEA ARP-3anpocel. 3TOT NpUem
MOWET WCNONLIOBATHCA B MADLIPYTHIATOPRAX, BOODLLE HE NONOEepMHBAID LMY KOMMYTAL WO, a
MOWEeT BbITe NEPEHECEH B KOMMYTATOPE. B 3ToM cnyqae Takwe KOMMYTATODL TOME HAILIBAWT
KOMMY TATODAMMK TRETRETD Y POBHA.

8.6. BriBoab!
Y KOMMYTATOpA TPETLETO YPOBHA, KDOME DE3NMIAL MM OYHELWA MapLWpy THIAUMKM B CNELMan M-
IWPOBAHHBIX WHTEMEANLHBIX CHEMAX, UMEBETCA HECHOMBLKD CCODEHHOCTER, OTMHYIMOLME MX OT
TEPAOHLMOHHEIX MApPWPYTHIATOROE. JTH OCODEHHOCTH OTPaMAINT OpPHEHTAUMID KOMMYTATOpOoR
3-ro ypoBRHA HA paboTy, B GCCHOBHOM, B NOKEANBHEIX CETAX, 4 TANKE NOCNESCTEMA COBMELLEHHA B
OQHOM YCTPORCTEE MDMMYTAUMMW Ha Z-M W 3-M YPOBHAX

#  NOOOepwEa WHTepeRCOR W NEOTOKONOE, NPHMEHASMEIX B NOKANEHLIX CBTAX;

*  YOBYESHHLIE oy HELMM MADLDYTH IALHK,

+ ODAZATENEHAA NOOOELHKE MEXAHWIMA BUPTYANLHEIX CETEA.
Tak KaKk KoMMyTaToPel 3 YPOBRHA CoagaHkl AnA obDpaboTEM WHTEHCHEHOMD Tpaduka NoKENbHBIX
CEBTEHR, TO OHW MOMyT GbiTe pACNONCHWEH B B MDDOM MEBCTE CBTEBR0rD AQpa MNK markcTpand. Npud
ATOM OHKW ABMAKNTCA 2WPEKTHEHEIM M BRIFOOHBIM B NNAHE CTOMMOCTH DELUEHWEM 3aMEHLI TPa-
AMUHOHHEIX MArMCTRANBEHEX MAPLDY THIATOPOR. KoMMYTATODR 3 YLOBHA BIAMMOOERCTEYIOT C

MapLPYTHIaTOPaMK rMoGansH b CETEW, WCNONLIYA CTAHOA PTHLIE NPOTOKONL! MAaPLIPYTHIAL MK
Tina RIP u O3PF. Tam obpasom, CORPEME HHBIE KDMMYTATODEl 3 YPOBRHA MOryT DbiTe NomMe-
WeHsl B MoBOM MECTe NOKANLHOW CBTH, INe CTOAT MapLIPYTHIATOR6. TO 8CTh OHKM ABNAKTCA
NONMHOLEHHOW 3aMeHOH MapLpyYTHIATOPORE B NOKANbHLIX CETAX, NPH 3TOM NOCNEQHWE NPOMr-
PLIBAIOT WM K3K B NPOHIBOOHTENLHOCTH, TAK H B LIEHD BOM OTHOLEHHH,

B Tabnuue 1.1 NpUBEEIEHO CPARHEHWE KOMMYTATOPOE J YPOBHA W MapLpy THIATOROE. KoMMYy-=
TaTop 3 ¥POBRHA CNTHMHIKMPOBEAH OnA paboTel B NOKANLHBIX CEBTAX W HE ODWEH THLOBAH Ha pabo-
Ty B rMobancHklx CETAX 4 NOLDEDMEY COBOQUHEHWA C OaHHbIMW CETAMM. 3Ta ONTHMHIALWA No-
BbILWUABT NPpOMIBoOWTENEHOCTE KOMMyTaToOpa 3 YpoRHA (Danee K3Y) B cpegHem B 10 paz no
CPapHeHHIo © MapLWpYyTH3aTODaMK, B TO BpeMA K@Kk K3Y B cpegees B 3 pala gelesns mMap-
wpyTkzaTopa. [pd 3ToM CNeQYET YHecTk, 4T oDydeHHe agMHUHHCTPUpoBRanHA K3Y Takke ne-
WESane.

Tatnuya 1.1 = CpasHUTe NbHbIE X3P KTERHCTHEW KOMMYTATOR0E 3-r0 ¥ POBHA W MapLUpyTH3Ia-

TOpOB
XapakTeplcTHKEa HoMMyTATGD MapwpyTHsaTop
3 YpoBHA
Mogoe Erka NpoTokono B CeTeRors yEoRHA Oa Oa
ADXHTEKTY PG KOMMYT alHH AnnapaTHan || [MporparmHan




Uenxa Huakan || Bhicokan

Mo HIBOOUTENBH OCTE Buicokan || Huaxan

Moo oe Edka ool QHHEHEE C rMobansHoR CeThiD HeTt || Oa

Tupma Intel npoKaBEna TECTHPOBAHWE CEOMX KOMMYTaTODOE, PEIYNETaTE KOTOPOID Npe aCTan-
Néxel Ha pucywke 20, BUOHO, 4TO KOMMYTaTODGE 2 YPOBHA NO NPOMIBOOHTENLHOCTH HEMHEOMD
OTCTAIOT CKOPOCTH Nepedaqdd OaHHblX B kadane. B CcEBoww oueps Ok HDMMYTATOPRl 3 YDOBHA HEe-
MHOMD OTCTAINT No NP OKIBOSUTENEHOCTH OT KOMMY TATOROR 2 YPOBHA,

Layer 3 Performance Trends

' Layer 2 Switcling Spesds
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Time
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OnucaHue cteHaa

1. TunoBoM KOMNNEKT y4ebHOro obopyaoBaHus

«J1loKkanbHbIe
KOMMbLIOTEPHbIE CeTU»

1.1. OnucaHue KOMMNJeKTa
KomnnekT coctouT u3 ogHoro kommyTtaTtopa Tpetbero ypoBHA Cisco Catalyst

3560, AByx

ynpaBnaemMblix KOMMyTaTopoB BTOporo ypoBHA Cisco Catalyst 2960, aosyx
HeynpasnsieMbIX

KOMMYTaTOpPOB cisco SD205, 4 nepcoHarnbHbIX KOMMNbIOTEPOB U 24-MOPTOBOW
KOMMYTaLMOHHOMN

naHenu kateropum 5E, koTopasi no3BonsieT KOMMYTUpoOBaTb YCTPOWMCTBA B
3aBUCMMOCTU OT

BbIMNOMNHAEMbIX 3agady u dopmupoBaTb Heobxoammyto Tononornto cetn. Ha
KoMMbloTepax

yCTaHoOBreHa onepauuoHHass cuctema Arch Linux. Bce komnbioTepbl MMeT Tpwu
ceTeBbIX

NMHTepdenca (MHTErPUPOBaHHbIN B MaTEPUHCKYHO nnaTy, Ha wuHe PCI n BHeLHWIA
USB), utobbl

MMETb BO3MOXHOCTb BbINOSMHATE YHKUMM NPOrpaMMHOro MapLupyTusaTtopa.
BHewwHne

ceteBble MHTepdencol (ethl n eth2) He nopggepxmBarT TexHonorno MDI/MDX,
noaTomy

BO3MOXHO COeAMHEHMEe ABYX KOMMbIOTEPOB HAMPsMyK TOJSbKO KPOCC O6XaTbiM
naTy.kopaomMm.

BHewwHnn BUA KomnnekTa npeacrasrieH Ha pUCyHke 1.,

Ans pernctpaumm Ha pabounx CTaHUMUSIX UCNONb3YNTE CNeayoLyo YY4ETHYH 3anuch:
nonb3oBaTenb: root
naponb: qwerty

PasBogka nopToB KOMMYTaLUMOHHOW NaHenn npuBegeHa Ha caMou NaHenu.

Bce yanbl ctenHga BknoyeHbl B IP.nogcetb 192.168.0.0/24. Pacnpegenenuve |IP.
agpecos npueeneHo B Tabnuue 1.1.



Tatnuua 1.1 = Pacnpepenevwe |P-anpecos

Yaan IP-agpec

MuTepdeic aethi 192.168.0.1

KoMneioTep 1 MuTepdeic ethi 182.168.1.1
MuTepdeic aeth 182.168.2.1
MuTepdeic aethi 192.168.0.2

KoMneioTep 2 MuTepdeic ethi 192.168.1.2
MuTepdeic eth? 192.168.2.2
MuTepdeic aethi 192.168.0.3

KomnewoTep 3 MuTepdseic ethl 192.168.1.3
MuTepdeic aeth 192.168.2.3
MuTepdseic eth0 192 168.0.4

KoMneioTep 4 MuTepdeic ethi 192.168.1.4
MuTepdseic ath?2 192 168.2. 4

YNpaEnAemMblid EMMYTATOD 310 Y POBHA 192.168.0.5

YNpaenAeMbld KMMYTATOD 210 YDOBHA [ BE DXHKE) 192.168.0.6

YNpaenAeMbld KMMYTATOD 210 YPOBHA [ HHHHKE) 192 168.0.7




1.2. CucTema BOCCTAHOBNEHWA ONEPALMOHHLIX CUCTEM KOMNbLIOTEPOB
«U-Profi Rescue System»

KoMmnnexT NOCTAENAETCA BMECTE C CHCTEMDI BOCCTAHOBNEHMA ONepalHoHHLIX cucTem (OC),

YCTaHOBENBHHbLIX HA BCEX HOMNbOTEpax. [JaHHaA CHCTEMA MOMET OKAa3aThCA NONE3IHOR He

TOMLKD B chy4ae oTkala OC Linux, 4O TaKKe B TeX CMy4aAX, KOTOa nocne npoBededdA pAna

naGopaTtopHbix paboT HeobxonumD GwicTpD npueecTi OC ¥ nepEoHaYansHOMY BMDY. [lanes

NP #BE BEHA WHCTPY KL UA N0 paboTe C CHCTEMOR BOCCTAHOBNEHHA:

1. BHUIMAHWE! BoccTaHOBNEHWE YHUYTOMMT BOB OaHHLe HA MECTKOM Oucke. Cpenadte
PEIBDEHLIE KOMEH BAMHLIX BEHH bIX.

2. MNepesarpyinTe KOMNpOTEp W cTassTe DV D-guock eCucTema poccTasoBnedwA OC Linuxs B
npiuBog. CoGnionaidTe COOTRATCTEWE HOMEDOE JWCKa M KOMNLIO TEpa.

3. 3arpysuTe mewo HacTpoimm BIOS. BeiGepuTe 8 mewio zarpyaxy ¢ DVD-npueoga. Coxpanure
BbIMONHEHHEE HICTRORKH,

4. lNepe3arpy3vTe KOMNLIOTEP.

5. JowguTech NCABNEHHA CNedyioWers oHa:

"U-Profi Rescue Systen”

The Research-and-production enterprise
"Educational technics — Profi", Chalyabinsk
All Rights Reserved

fc) 2007-2009

[nA BhiXOO0a M3 CHCTEMbI KNasuiled Tab swigenyTe KHoNKy «Buixogys w HawmuTe Enter. 31o

npuBessT K Nepelarpy e waunsioTepa. Muade, onA npogorwe A pato Tl HaKmuTe mobyio
KA.

6. [JowouTecs NOABNEHWA CNenyIoWers OkHa:




YTobsl HAYATE BOCCTAHOBNEHWE, HAMMHTE oYesS», HHadYe HaxmuTe «MNo» wne npocto
nepearpyauTe KoMnoioTep. B CBA3M C TEXHHHECKMMK OrpaHr-HeHHAMM Ha GaHHbLIA MOMEHT NpM
HAMATHY KNABKL HIBWTALWY NepepHCORKa JKLaHa C QKanoroM NoNbLICBATENA HE NpOoWCND OWT.
O oHaKD CaMK HAWATHA YUTLIBAIOTCA.

7. Korga poccTaHdoBneske HaduHeTcA, Bhl YEMOWTE CNedyowee oMHo;

epalring iz going...
cat zda.img.ge ¥ sdevszda

B cucTeme He pEAnNMIOBAH NPOTPECC-MHOMKATOR (wHOWKATOP OOLEMA BLINOAHEHHOW
paboTel). [NpuakakoMm TOro, 4TO CUCTEMA HE 3ABWCNA, ABNAGTCA WHOMKaTOp obpallendA K
WECTHOMY OUCKY HoyTOyka. [pOouecc BOCCTaHOANEHMA B CpeaHeM 3adumaseT owono 20

9. Hawmure «OKwe. [Nocne owoH4aHKA Npouecca BOCCTAHODNEHMA  NPOMI0NRDET
ARTOMATHYECKAA  nepesarpyaa. B MOMEHT nonuore  JapeplieddA  patoTwl
BOCCTAHOBWTENEHON CHCTEMBI (NOTAc JKpad) OTHMOYMTE Nalk-auck, 4Tob sl 3arpy 3MTLCA G
BHYTPEHHEr0 OUCEa.

10. MNocne aarpyskw OC Arch Linux weofxoguMe KamEoMmy W2 HOYTOYHOB HAIHEYMTEL
WHOMBMOYanuHeA (P-agpec B cooTBeTCTEME C Tabnuued 1.2 ¥ MHOHBNOYANLHOE CETEROR
wmA: [InA 3TOrMo HeobHNOQWMD HIMEHWTE COSSPHHMOS KOHWMY pauMoHHLIX (ainoB B
COOTEETCTEME © HACTDYEUMAME B paigens 4.2,
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Ha cofpaqHof TOnOnord CETH 38mMyCTHT: 088 NpOUStcs Nepsiadn OSHHLE BNO0S0noTor M
noTox nepensdd aing, JusHNT: KES4SCTED NEpEOSYH BMOS00aHHEE — OHO Ty O0ST HHIKAM.
HacTpowte TexHononmo CoS5 Ha sossyTarops  Ttasdw ofpasowm, ymofe pate Gonsawsi
NpWOEATET NOTOKY EMOS00aHHER. [TPOBSCTH BMCNEpMMEHT JaH0E0 M YOEOWNTLER, YTO KEHECTED
NEpa 084 BMOS0N0 TOKS VEE MMSEHNOCS.

MopROOE B NONHE HWA Da6oTw!
1. Cobapure TONGNOMD CETM, NPSOCTISNSHHD HI prtyHRe 12.

Pacymox 12,

2. Mapgama painan 1.7 eTexnonormr Do5s TeopeTisckora nomina.
3. Yoranoeuma npomycesyen cnocoGrocTe 3o nopTta pasHol 512 KSuric.
d. Janyctwma  OE3 NOTOXE NEPEOS4W O8HHEX (EMOS0-pONME HANOOWTCA 0 B
Mmoo tDeskopiMeadia):
¥ mawnHa #1 — capeap Enaecs el aHMA | C nononssoeaHnem VLC nnaapa);
¥ mawnHa #2 — FTPcapeap;
¥ MEWYHA #3 — ENeSHT, NDAHAMSDLMA B8 0800 8HHEE;
¥ mawmHa #4 — FTPsmadT, npraamasoni dann paavapos 178 w3 karanomE Srdiipd
h. DnpapendTe £SaCTES NapEnsa BMOS0 W BpEMA nepsnas daina.

6. HacTtpodme mowmmyTaTOp Taods obpasow, wmobe gnacchdesaumn sxogrusto Tpadess
OCYLLECT BNANacs Ha ocHoes nonA BO2 1p.



T. HaadauweTs xasOomy NOTOKY NPHUODHTET, B OS0NOTOE OT MaWMHL #1, nocTynaowmi Ha 1-
A NOPT, OONHKEH MMETE BONes BRO0EHA NDRODHTET, wai SHainoesil NOToK OT MAWMHE #2,
MOCTYMEKWAA HE 2 -0R nopT.

B, Hactpo@me xomeyTarop Tasmm obpasom, 910fe Gonese npuop e THeR Tpadse nonagan e
ERHOOHD Owepens O3, MaHss NEMoDHTE THRA Tpadex — & csapans 01,

9. CHoBa 3anyCTWTE OBA NOTOKS NEPEOS4H JAHHBD W ONPEOENMTE KSHECTES NEpanas EM0en
M EpEMA nepena4-m Gahna.

10. HacTpo#ita anmpaa oSpaboro sssn 0=y oapensi Ha WRER.

11. CHOES 3anyCTHTE OES NOTOKS NEPE0a DaHHBN M ONPE0EnnTS KaECTES NEpEnsad BM0an
M EpEMA nepena4-m Gahna.

12, Coenaite BME0Q HE OCHOBE NONYSEHHER PR3 YNETATOR .

CEpocsTe HACTPONREN KOMMYTATOPAE B GabpwaHwe B Napa3arpyanTa aro.



NaboparTopHan paboTa Ne 13
DCcHOBLI HOMMYTALNW TREThEMND YPOEHA.

Liene pabores
MayaHra nDMHUMNOE pE0D0TE KOMMYTATORS YDOBHA 3.

MopROOK ELNONHEHMA PaboTRE:
1. CobapWre C8Te C TONONOMEA, NPEOCTABNSHHOA HA prcyHEa 23,

Az EE]

Pucynox 23, TonRoNordA £0MMYTHDYEMON CETH.

2. Bermo-Te MaMHE B EWMDTVANSHEE CBTH B COOTESTCTENS CO cnedyinsd Tabmus i

Homep MawmHe ey VAT

1 1

5 3
a 3
7 3

3. Bermeoumra empTyansHess et B IP-noncaty B coOTESTCTENS GO CNENB0LLLEA TEDNMUSA;

Homan VLAN |P-nopceTe
1 192.168.1.0/24
o 192.168.2.0/24
3 192.168.3.0/24

4. HaznawseTte x2snof MaweHe [P-anpec va noocsETH, B KOTOD WD OHE BXIOMT.
5. TMpoeaprTe E3FMMO0EHCTENE MERTY BCEK N MALLMHIMH.

G, O nOMOLED YR T iraceroute eRencHMTE MapWpyT Maxay moDssn DeymA MalmHaMm na
[PEIHEE NOOCETESA,



T. TMpocsoTtpure consprxmmos ARP tafnvuw Ha moswmyTaTope W emcHuTe MALC-anpeca
MawWH no M [P-agpacy.

8. Janycrwre FTP-tepeap Ha mawmsa Mo 3,
9. Wocnomeaya nporaxon FTP, cxsdaima © mawnH= Me3 Ha mawwdy Mo 1 cnemsome doains,
HAXOOAUWMECA B kaTanora  fSrdipts 200db, 2000Mb, 500D, TG0, JanonH¢me Cne gD

Tafnuuy:

Dain _ Bpema nepegaym, mc

2000

200Mb

500Mb

1Gb

10, Cofepurs CETE C TONONOMERA, NDEOCTIARNSHHON HA PUcyHRE 24,
#1 2 o "

2360

Pucynom 24, TORONOTHAR K0 Y TH SO CETH.

11. NMostopmre asicTena nyHETa 8 W 3anonHrTa cnagywougysn Tahnnuy:

Dain Bpems nepeaa-n, Mc

20K

200Mb

500Mb

1Gb

12. CpagHmTe BpeMeHa CERIHMESHWA OOHOMD W Toro ®e daina anA Cemal, NOCTROEHHB Ha
DEANWHLE MDA HLANE Y {yDOSHAX ) XOMyTAUNH. COanSiTe SLe000.

13, COpoteTa HACTRORKKW KoMy TATORE B GabpeHLE W Nape3arpyaMmms ano,



NaGopaTopHan paGora Ne 14.
MpoTokom MapupyTHIauxrn O5PF-2.
La s pabores

HMayai e nporoxon OEPF. Mony-me Npax THSEcin e HE BLEH B NOCTRPOSHNA Ma Py THIA DLW %
cemei Ha Bass npoTtoxona O5PF.

MopADOK Bk nONHeHA paboTw:

1. Cobepwme Tononomwn BT W YCTAHOEWTES NPONYXHYD CNOCODHOCTE KAHAMOE TAK0HA, KAk
WESIAHO HA PecyHEa 23,

PucyHox 23, Tononorie s0ssly THEyEOn CETH.



10.

1.

12.

Moo ERTe HOMERS NoOOCETEA. Ha kSs0om M3 MapwpyTHISTODOE HAIHSYETE HE CETEELE

mHTepdaehcw IP-agpeca B COOTEBETCTENS C NOOCETLHD, KOTOPOA OH NPHUHAONEHNT.

Mayanta paaoan 3.6 «llpoToxan Mapwpymmaauns OS5 PF s Teops TMsacearo nocohing.
Hactpo@re npotoxkon OSPF: Ha mapupytiaaTops b — wWTaTHeMH CREOCcTEAMA YNPEENEHWA
FOMMYTETOPOM, HE OCTANBHEX MAPWEYTHIATOREX — ¢ MCNONBIOBAHNEM CEDEWCE quUAgE
{He 336y OLTE BRMOMMTE SHKLIMID Ma DLy TH 33 LMM) .

Mpoespete paboTocnocobHOCTE CETH.

PaccumaiTe CTOMMOCTE ANA KAaXOoro mHTapdanca.

OoyuecTen T8 E3aMMO08RCTEME MEXOY MaAPWRyYyTHISTORaMA A W [ ¥ ERIRCHWTS, N0 KaKOMY
MAPWPYTY NDOXOOAT NEks T,

Muwmpyiate cboll 8 caTw HA akTMEHOM mapwpyte. Onpepanvre HOBRMA  MapwpyT

CNeNoEaHNA NAKETOE M BPEMA CxoaMMocT npoTokana OSPF e padnowm cny<as.

Onpapanvre, k&ax WaMeHMnace: Tabnnua MapupyTHIEUHM H3 KIMeHTE, NpoMpasMMHEE ¢
AnnNapaTHIM Map LDy TH3STOpax.

C nomowss yTmnTe icpdump MaysnTe Npouecosl, NpOMCXOOALLME B CBTH, B KOTOpPOR
HMCNONEIYVHOTCA NPOTOKDN OHNHEM 8 CH0A Mapwpymiaaunn OSPF-2,

MomoneayAa  yraneTy telnet, wavaime npouscow, NPpOMCHOOALME BEHYVTDH  DEMOHS
Mapwpymaaumd. Cpasnnme Tabnuus MapupyTHaauwn A0pa ONePaEUMOHHOA CHCTEME W

AEMOHE OMHAMHSSCKOA MEP WP Y TH3aUHN.

ChpocsTa HACTPORKK KOMMYTATOPA B GabpmHLe W napeaarpyanTa ara,



TpeboBaHus K oTyeTy

OTyeT JoMKEH COoepKaTh 11eIb padO0ThI, KpaTKHE TEOPETUUECKUE CBEACHUS,
3a/1aHusl, METOJIMKHY U PE3YJIbTaThl BBITIOJIHEHUS, OTBEThI HA KOHTPOJIbHBIE BOTIPOCHI,
BBLIBOJIBI.

OTuer mpenocCTaBIsIeTCS K CPOKY TMPOBEACHUSA Clenylomei paboTel U
3a4UTHIBACTCS MPATNOAABaTEIeM B PE3ybTaTe KOHTPOIbHOM OeceIbl.



KoHTpoOrbHbIe BONPOCHI

N

S

. CeteBoii ypoBeHb. Mogienu ceTeBoro o0ciyxuanus. Jleiitarpammuas cimyx0a

U CiIy>k0a BUPTYaJbHBIX KaHAJIOB.

. OcHoBbl MapuipyTuzanuu. Knaccuduxaius anropuTMoB MapiipyTH3aLNH.
. AJNITOPUTM MapIIpyTH3alMi, OCHOBAaHHBIH HA COCTOSHMU JIUHHN (aaroputm

JIeKCTpbI).

AJITOpATM THCTaHLIMOHHO-BEKTOPHON MapLIPyTHU3ALUH.

WuTepuer-npotokon. Anpecamust B npotokone |Pv4. Knaccer cereii. CIDR.
Macka nojaceTH.

6. Ilporoxon IP. Dopmar kagpa. ®parmentanus |P-nelirarpamm.
7. Tlporokon ICMP. IIpotokon IGMP.

8.
9.

[Ipotoxon DHCP.
Tpancasuus cereBbix anpecoB. NAT.

10IIpotokon mapmpyruzanuu RIP, OSPF, BGP.
11 .YerpoiicTBO MapiipyTuszaTopa.
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