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1. BBeaeHue

Hacrosiee pyKOBOICTBO COIEP>KUT OMMCAHMSI TeCTOB, CXeMbI IOJK/IIOUEeHNS U CLie-
HapuUM TeCTUPOBAHMS [JIst aHanu3aTtopa ceteii Ethernet BepkyT-ET.

HonomauTenbHas nHGopMaIus 06 yCTpoiiCcTBe MpuBeLeHa B PYKOBOACTBAX, BXO-
JSIIIUX B KOMILIEKT TTOCTaBKU:

— «Tecrep-ananmm3saTop ceteit Ethernet BepkyT-ET. KpaTkoe pyKOBOZACTBO IT0 3KC-
IIyaTanum»

— «Tecrep-ananusatop ceteit Ethernet BepkyT-ET. PyKOBOLCTBO IO CTPYKTYpe
MEHIO»

— «Tecrep-ananmusaTop ceteii Ethernet BepkyT-ET. PykKoBOACTBO 10 KOMaHIaM
YA,ATEHHOTO yIIPaBIeHUsI»

Ipumeuanue. Tlepen HauaIoOM pabOTHI C MPUOGOPOM PEKOMEHIYETCSI U3YUUTH KPAaTKOE PYKO-
BOJICTBO I10 9KCIUTyaTaluu.



2. YcnoBHble 0603HaYEHUS U COKpaLLEHUS

B TekcTe pykoBoACTBa 6e3 pacuimdpoBKy OYIyT IPUMEHSIThCS COKPAILeHMS, TPHU-
BeJEHHbIE B TaG/INIIE HIKE.

Ta6nuya 2.1. CokpaujeHus

Cokpaienue KommeHTapuii

DUT Device under test (TecTupyemoe ycTpoOiiCTBO)

NUT Network under test (Tectupyemas ceTb)

SLA Service Level Agreement (CoraiiieHie 06 ypoBHe 06CTysKMBaHMST)
QoS Quality of Service (KauecTBo 06CTyXKMBaHMs)

TIK TlepcoHaNbHBIN KOMITBIOTED

1o IIporpamMHOe o6ecrieueHe




3. O6was uHpopMauus o TeCTUpOBaHUU

3.1. TecTtoBble KOHPUIypauum

Ipu60op BepryT-ET no3BossieT 00H08peMeHHO TIPOBOAUTH IBA HE3aBUCHMBIX TECTa
RFC-2544 v BERT B cienymommx KOMOMHAIMSX :

— BERT u BERT;
RFC-2544 u RFC-2544;
BERT u RFC-2544;

— RFC-2544 n BERT.

Ha pucyHke 3.1 cxeMaTU4HO IIpe[iCTaB/IeH OOVH U3 YeTbIPEX BApMAHTOB TeCTUPO-
BaHMSI: C TIOPTa A Ha MOPT B mpoBoguTcst TecT 1o Metonuke RFC-2544, c mopTa B Ha
mopt A — BERT.

RFC-2544 (A—B)
— — — —BERT (B—A)

Puc. 3.1. Cxema nodxknwoueHus

Hns IMepeKIMYeHna MeXXOy TeCTOBbIMU KOH(I)I/II'ypaLU/IHMI/I UCIIOJIb3YIOTCA KJIaBU-

11471 @ " . Homep BbIGpaHHOIT B JaHHBIT MOMEHT KOHGUTYpaIM 0TOOpakaeT-
csl B CTPOKe cTaTyca’ cIipaBa OT MHAMKATOpa 3apaaa 6aTapen.

1B 6a30By0 KOHDUrypaums He BXOAMT. [JOCTYNHO Npu AONONHUTENBHOM 3aKa3e onuun «ET2P».
2 MonpobHas nHdbopmaums npeactaBneHa B 6powiope «Tectep-aHanusatop ceTeit Ethernet BepkyT-ET. PykoBoa-
CTBO MO CTPYKTYpe MeHi0»



4. Metoauka RFC 2544

Meronuka RFC 2544 [1] onpefesnsieTr HA60p TE€CTOB, KOTOPbIe UCIIOIb3YIOTCS IIPU
OlLleHKe BayKHeJ VX TapaMeTPOB CeTEBbIX YCTPOVICTB M TPOBEPKe COOTBETCTBYS IIPeNio-
CTaBJIsSIEMBIX YCIYT XapaKTepucTMKaM, KOTOpble OTOBapMBaloTcs B SLA mexay omne-
paTtopamy CBSA3U U KJIVMEeHTaMMU.

BepkyT-ET o3BosisieT IpOBOAUTD YeTbIpe CTAHAAPTHBIX TeCTa COIIAaCHO PeKOMEeH-
nmanusm RFC 2544: aHajau3 MPOITyCKHOM CIIOCOGHOCTHM, 3aHePsKKY, YPOBHS TIOTEPb
Ka/ipOB U IIpefie/IbHOV HarpysKiul.

4.1. AHanus NponNycKHOM CNOCOBHOCTH

Vi

1 —

-
MPOM30LLIA TIOTEPS
KajipoB

V2<Vl1 —

Ne noneITkH

V1, V2 - cKopoCTh Tiepeaiadn JaHHbIX

Puc. 4.1. Ananu3s nponyckHoti cnocobHocmu

Ipumeuanue. AHaM3 TIPOITYCKHO CITOCOGHOCTM ITPOBOAMUTCS C I[€/IbI0 OIIPeeIeHN s MaK-
CMMAaJIbHO BO3MOKHOJ CKOPOCTY KOMMYTAIIVY JIJISI CETEBBIX 3JIEMEHTOB B TPAHCIIOPTHBIX CETSIX
Ethernet.

ITporycKkHast ClIOCOGHOCTh — MaKCUMMaJIbHasi CKOPOCTh Iepeaaun AaHHbIX, Ha KO-
TOPO#1 KOMMYECTBO KafipoB!, mpomenmux yepes DUT, paBHO KONMMYECTBY KapOB, OT-
MpaBJIEHHBIX €MY C TECTUPYIOIEro 06opymoBaHust. IIpy aHamM3e MPOITYCKHOI CI0-
COGHOCTY UCITONb3YETCsI MeTO, 6MMHAPHOTO ITOMCKA.

Ilnst omipemeneHusT MPOIYCKHOI CIIOCOOHOCTY HEKOTOPOe KOJIMYECTBO MaKeTOB C
3a[IaHHOM CKOpOCThIO nepenaércs Ha Bxon DUT (puc. 4.1). 3aTeM MOACYNUTHIBAETCS
KOJTMYECTBO MaKeTOB, IpUIIeX ¢ BbixomgHoro nopta DUT. Eciv oHO oKa3bIBaeTCst

! Tele/IHbI KaDp W nakem B ONUCAHUAX TECTOB ABNAKOTCA CUHOHUMaMU.



4. Metogmka RFC 2544

pPaBHBIM KOJIMYECTBY OTIIPaBI€HHBIX 1AKETOB, TO TECT 3aBeplliaeTcs, Tak Kak OKOH-
YMJICS YCIIeITHO Ha 33JJaHHO M0JIb30BaTeieM CKOPOCTH.

Ecnu konuuecTtBO IIPUHSATLIX ITAKETOB OKa3bIBA€TCs MEHbIIIe, YeM KOJINMYEeCTBO I1e-
pefaHHbIX, TO HAUMHAETCS MTOMCK MaKCUMMaIbHO BO3MOXXHOI CKOPOCTY, Ha KOTOPO#
OTCYTCTBYIOT TIOTEPM: TEKYI[asi CKOPOCTb YMEHbIIIAeTCs BABOE, U TeCT MOBTOPSIeT-
cs1. Ein B Xome HOBOTO TecTa MoTeph HeT, CKOPOCTh YBEJIMUMBAETCSI HA TIOJIOBUHY,
COIJIaCHO aJIrTOpUTMY 6MHapHOTrO rnoucka. Eciu nmorepu 66111 — CKOPOCTh YMEHbIIIa-
etrcs BaBoe. [Toce M3MeHeHMsI CKOPOCTU TeCT MOBTOpsieTcsl. Vi3MepeHMsT BBITIOTHS -
I0TCSI IO TeX I0P, IT0Ka He 6yIeT HaiileHo 3HaueHue, 6/1M3K0e K 3HaUeHUIO IeiiCTBMI-
TeJIbHO MPOITYCKHO CITOCOOHOCTY C TOUHOCTHIO, YKA3aHHOJ B HACTPOJiKaxX TecTa.

4.2. AHanus 3apepxKu

Ta

M - xanp ¢ metxoit

nayka KajpoB

]

. >
-~ -

]

3anepxka = Tb - Ta

Puc. 4.2. Ananu3 3adepicku

Hpumeuanue. AHanus 3a1eP>KKM IMO3BOJISIET OLIEHUTb BpeMs, KOTOpoe HEO6XOI[I/IMO Kaznpy
AJI1 TIPOXOXKAEHMS OT MCTOYHMKA K ITOJTy4YaTe/Tio 1 06paTHO. V3MeHeHMe BeMUMHBI 3a0EPXKKU
MOJKeT IMMPUBOAUTD K npo6neMaM B paﬁoTe CepBUCOB peaJIbHOIO BpeMEeHU.

[Tpu aHanu3e 3aJep>KKY IJIs1 KAKIOTO pa3Mepa rakeTa Ha 3aJaHHOM (MU TOy-
YeHHOI B pe3ynbTaTe TecTa «[IpomycKkHast CTOCOGHOCTb») CKOPOCTY OTIIPAB/ISIETCS
MOTOK KaJ[pOB, aZipeCOBaHHBIX MTOJyYaTesIo0. B rTakeThl BCTABISIIOTCSI METKM OTIpe[ie-
neHHoro ¢popmara. Ha mepealoiiieit CTOpoHe 3aMucbhiBaeTcs: 3HaUeHue Ta — BpeMms,
K KOTOPOMY ITaKeT C MeTKOJ 6bLJT ITOJTHOCTBIO riepeaH. Ha nmpuéMHOi CTOpoHe orpe-
JleJiIeTCs MeTKa U 3alliChIBaeTCs 3HaueHue Tb — BpeMsl MpuémMa faketra ¢ MeTKOM.
3afepskKa MpeacTaB/sieT co00i pasHUIy 3HAUEHUI 3TUX MeTOK: Tb - Ta. ITo pe-
3yJbTaTaM aHa/IN3a BBIUUCISIETCS CpefHSIS 3aepiKKa.



BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

4.3. AHanus ypoBHS NoTepb Kaapos

100%
1 —_—>

-
MOTEPH - XI%

90%
—

T
MOTEPH - Xz%

Ne nonbITkH

Xl%. Xz% — IIOTEpH IPH COOTBETCTBYIONIEH HAarpy3Kke

Puc. 4.3. AHanu3 yposHs nomeps Kaopos

Ipumeuanue. AHanM3 ypoBHS MOTEPb KaJPOB HEOOXOAVM [IJIsl IIPOBEPKYU CIIOCOGHOCTH Ce-
TU MOAIEPXKMUBATH TPUIOKEHVSI, KOTOpbIe paboTalOT B peajbHOM BpeMeH! (6e3 BO3MOXKHOCTHI
TOBTOPHOI Tepenaun), Tak Kak GOJbINON MPOLEHT MOTePb KaApoB MPUBEAET K YXYAIIEHUIO
KauecTBa cepByuca. JIaHHbIA TeCT MO3BOJISIET PACCYMTATH MIPOLIEHT Ka[pOB, KOTOPbIE HE GbLIN
repefaHbl CeTEeBbIM 3JIEMEHTOM IIPU ITOCTOSIHHOM Harpyske 13-3a HeL0CTaTKa alrnapaTHbIX pe-
CypCOB.

[Ipu aHanM3e ypoBHs 1OTephb KagpoB Ha Bxon DUT Ha 3agaHHOM HayaabHOM CKO-
POCTM TOCHITIAETCS HEKOTOPOe KOAMYECTBO KaApOB (input count) M MOACUUTHIBA-
eTCsl KOJIMYEeCTBO MaKeTOB, Mpuilenmux ¢ BpixogHoro nopta DUT (output count).
WcnbiTaHMS TTOBTOPSIIOT, YMEHbIIIasi CKOPOCTh T@CTOBOTO MOTOKA [0 3aJJaHHOTO KO-
HEYHOTO 3HAYeHMs, TIOKa B ABYX IOMbBITKAX MMOAPST He GyAeT MOTePSTHO HY OJHOTO
Kaapa. YpoBeHb MOTEPh KaPOB PaCCUMTHIBAETCS 110 hopmyie:

100 x (input count — output count)

(input count)

10



4. Metogmka RFC 2544

4.4. AHanus npeaenbHOMN HarpysKku

nalu(a KaﬂpOB

EIEIEIJ,'

1 xazp norepsin
KOJI-BO KaZpOB B Iauke
yMeHLlllaeTCu *»
2

noTephb HeT

U
Ne nonbITKH

Puc. 4.4. Ananu3s npedenvHoli Hazpy3ku

Ipumeuanue. AHanM3 IpeJe/IbHON HAarpy3Ku MO3BOJISIET OLIEHUTH BPEMSI, B TEUEHME KOTO-
POro YCTPOMCTBO CIIPABIISIETCS C MAKCUMMAaIbHO Harpy3Koit.

[Ipn aHanu3e npenpenbHOI HAarpy3kyu Ha Bxod DUT OTChIIAKOTCS Kaapbl C 3a0aH-
HOV (MJTV TIOJTYYEHHO B pe3ysbTaTe TecTa «IIpormycKHas ClIOCOOHOCTh») CKOPOCTHIO
U TIOACYMUTHIBAETCS KOIMYECTBO MakeToB ¢ Bbixona DUT. Eciu oHO oOKa3biBaeTcsl paB-
HBIM KOJIMYECTBY OTIIPaBJIeHHbIX KapOB, TO TeCT 3akaHuMBaeTcsl. Ecim ke konuve-
cTBO nakeToB Ha Bbixoge DUT MeHbllle uncia OTIIPaBIEHHbBIX, TO BpeMs YMeHbIIa-
€TCSI ¥ TECT IOBTOPSIeTCS.

11



BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

4.5. CxeMbl noaKAOYeHUA nNpubopa

Ilns mpoBeneHust aHanm3sa o metonuke RFC 2544 Heo6X0aMMO MOAKITIOUNTH ITPU -
60p K TeCTUPYEMOMY YCTPOICTBY/CETH B COOTBETCTBUM C OJTHOJ U3 CXEM, TIPUBEIEH-
HBIX HIDKE.

[MAC d= MAC 2[MAC s = MAC | [MAC d= MAC AMAC s = MAC 1 .
A(B) < > nopr A(B) ].LIJ'ICPIC])
nopr
P 2-10 ypoBHS
[MAC d= MAC [MACs = MAC [MAC d= MAC MACs=MAC7] |{ |

MACd -— MACs

Puc. 4.5. Tunosas cxema nodxkarueHus 1

IPs=1P I[IPd=1P 2]
MAC d = MAC 2]MAC s = MAC R

< nopr A(B)

IPs=IP2[IPd=1IP1

IPs=TPI[IPd=IP2
Lg| mopT A(B) «——

TPs=1P2IPd=IP 1

NUT/DUT

router =
o Tt
MACR

ey
3-ro ypoBHs

\°¢
MACd — MACs
IPd — IPs

Puc. 4.6. Tunosas cxema nookaroueHus 2

Ps=TPIIPd=1P2

noprA ——>

NUT/DUT

router = I
[ e e o |

MAC R

noprB  <——

[Ps=1P IPd=1P 7]

Puc. 4.7. Tunosas cxema nookaioueHus 3

12



4. Metogmka RFC 2544

MACT mac2

[MAC d=MAC2[MAC s=MAC 1

g noprA —>

9 moprB <«——

MAC d=MAC 2|MAC s = MAC 1

Puc. 4.8. Tunosas cxema nooknoueHus 4

Ha cxemax nmogkitoueHMsI BBeeHbl clengymomime 0003HAYEHMS:

MAC s MAC-azpec OTIIpaBUTeS
MAC d MAC-azpec rionyvaTesns
MACR MAC-azpec uuto3a

IPs [P-appec oTmpaBuTens
IPd IP-agpec nmony4vaTens

B ciydae TecTupoBaHuUs ceTell, comepyKalixX yCTPOCTBA, paboTarolye Ha KaHa/Ib-
HOM YPOBHE MOJEeIN 0SI?, BepkyT-ET nogk/imo4yamT B COOTBETCTBUM CO CXEMOIA, TPU-
BeJ€HHOI Ha puc. 4.5. TeHepupyeMblit TIpubopoM TpaduK IO/DKEH ObITh IepeHa-
TpaBjieH 06paTHO MOCPEICTBOM Opranu3auyy 1vieiida. ITpyu 3ToM BO BXOISIIMX I1a-
KeTax MeHSI0TCsl MectaMy MAC-agpeca OTIIpaBUTeNIsI U Ioay4daTesns, ¥ TpaduK BO3-
BpaIllaeTcs Ha UCXOLHBIN MOPT.

B cryuae TecTupoBaHuMs ceTeit, comepiKaliux yCTpoiicTBa, paboTaoliye Ha ceTe-
BOM ypoBHe Mogenu OSI®, BepkyT-ET MOgK/TIOUAIOT B COOTBETCTBIUM CO CXEMOFT, TIPH-
BeIEHHOM Ha puc. 4.6. TeHepupyeMblit Ipu60poM TpaduK MO/DKEH ObITH MepeHa-
TMpaBJieH 06paTHO ITOCPEACTBOM OpraHusanum nuieida. [Ipyu 3ToM BO BXOASIIMX I1a-
KeTax MeHsI0Tcs MectamMu M1 MAC- u [P-afipeca otnipaBuTesns U roiydaTernsi, U Tpa-
(buk Bo3BpalaeTcst Ha UCXOLHBII TOPT.

B cimyyae TecTMpoBaHMS YCTPOJCTB/CeTeli € BO3MOKHOCTBIO MapIIpyTM3aLuu
IP-Tpaduxa mcronb3yoTcs gBa mopra (cM. puc. 4.7, 4.8), a makeTsl IepeHapaBisi-
I0TCSI Ha APYyTOii MOPT Ipubopa mpy MOMOIIY MapIIpyTU3aTOpa UIU CETEBOTO KOM-
MyTaTopa.

2 Hanpumep, ceteBoit kommyTaTop (switch).
> Hanpumep, MapLipyT13aTop (router).

13



5. Y.1564

OCHOBHOI1 3amaveit ipu TectupoBauuu Ethernet-ceteii sBisieTcsl ompeneeHue
COOTBETCTBUSI TIPEAOCTABIIIEMbIX YCIYT (HAlpUMep, BUAEO, TernedOHMM, TeKTPOH-
HOJi TIOYTHI, OHJIAH-UTP U T.[.) XapaKTePUCTUKAM, KOTOpPbIe OTOBAPMUBAIOTCS B CO-
raneHnu o6 ypoBHe o6cmykuBanus (SLA — Service Level Agreement) Meskmy orie-
paTopamu CBSI3M U KiIMeHTaMu. Ha mepBoM MecTe CTOSIT BOIIPOChI 06ecrieueHus ra-
pPaHTMPOBAHHOTO KavyecTBa obcmyskuBanust (QoS — Quality of Service), koTopoe xa-
pakTepusyeTcst pa3IMYHbIMM NoKasaTeasiMu (CM. pasgen 5.1). B HacTosiiee BpeMst
CYIIIECTBYET IBE OCHOBHbIE METOIVKM JIJISl OLIEHKM 9TUX rapaMmeTpoB — RFC 2544 [1]
un ITU-T Y.1564 [5] (cpaBHeHMe MeTOIUK MpUBeLeHO B pasnene 5.2).

5.1.

NMokasaTtenu Kayecresa

OcCHOBHbIE TIOKa3aTeny KadecTBa IpefocTapisieMoro cepsuca’ (SAC — Service
Acceptance Criteria):

(92}

1. FTD (Frame Transfer Delay) — 3amep:kka pacrpocTpaHeHus] KagpoB.

2. FDV (Frame Delay Variation) — oTk/I0HEHME 3a]€P>XKKM PACIIPOCTPAaHEHMSI KaZPOB.
3.

4. CIR (Committed Information Rate) — rapaHTHpoBaHHasI I1010Ca ITPOIMTYCKAHMUS

FLR (Frame Loss Ratio) — ypoBeHb IIOTepb KafpOB.

IIJIST cepBuca.

. EIR (Excess Information Rate) — makcumanbHO gomnyctumoe npeBbiienne CIR.

. M-dakrop — makcumanbHO gomyctumoe mpeBbiiienne sennuntbl CIR+EIR.

! Tele/IHbI yanyea, Cﬂy)l(ﬁll W cepsuc B [L@aHHOM OMUCaHUK ABNAKOTCA CUHOHUMaMK

14



5. Y.1564

5.2. CpaBHeHue RFC 2544 n ITU-T Y.1564

Metonuka RFC 2544 6bi1a co3maHa [Ij1s1 TeCTMPOBAHMS MaKCUMMAaJIbHOI IIPOU3BO-
IUTEIbHOCTY CETEBOTO 000PYIOBAaHMS U ITOAXOOUT AJIsSI OLIEHKM STOTO IapameTpa B
cTyyae OTHeIbHOTO KaHasia win yerpoiicTBa. Ho ¢ mosiBjeHMeM B KaHajax pas3ind-
HBIX CTY>K0, paboTaoUIMX OJHOBPEMEHHO, BhISIBUJICS PSIJT HEAOCTATKOB METOIUKM.

Pexkomenpgatus ITU-T Y.1564 yuuThIBaeT 3TM HESOCTATKM M OPMEHTHpPOBaHa Ha
TECTUPOBAHME MYIbTUCEPBUCHBIX CETEN, ITO3BOJISISI POBECTYU OBICTPYIO OLIEHKY CO-
OTBETCTBUS ceTu TpeGoBaHMsIM SLA.

RFC 2544 ITU-T Y.1564
V3smepenne FTD Vv Vv
Wsmepenne FDV? — v
V3mepenne FLR Vv v
AHanu3  OJHOBpPeMeHHO | — Vv

]Ja60T]:I HECKOJIbKUX CJIY)KG

Bpemst TecTupoBaHMs

[l mpoBepKM COOTBETCTBUSI SLA
Tpe6yeTcst IPOBECTY MOC/IeN0BATeNb-
HOCTb TOBTOPSIIOLIMXCS TecToB. B
CBSI3M C 3TMM TeCTMPOBaHME MOXKET
3aHSTh IPOAO/DKUTEBHOE BPeMs.

Inst mpoBegeHus Tecta KOHpwury-
panuu OfHOM yciyru Tpebyercss He
6oee 6 MMHYT. JIIMTEIBHOCTD TECTA
MIPOU3BOAUTENBHOCTM MOXKET ObITh
33/laHa OT HECKOJbKUX CeKYHI [0

HECKOJIbKMX CYTOK.

Takum 06pa3oM, TeCTMpPOBaHMe 0 pekoMeHauuu Y.1564 mo3BosseT ogHO3Hau-
HO OIpeJeNnTh COOTBETCTBME KaHa/la MapaMeTpaM, 3asiBJeHHbIM B SLA, a Takke
CYII[eCTBEHHO COKPATUTh BpeMeHHbIe 3aTpaThl Ha aHA/IM3 32 CUET OJHOBPEMEHHO
OIIEHKM HECKOIbKUX CITY3KO.

5.3. TecTbl KOHDUrypaumm

TecTbl KOHGUTYpALIMM COCTOSIT U3 TPEX He3aBUCUMbIX TecToB — CIR, EIR u Traffic
Policing. C ux nMoMoI1bI0 KX bl CepBUC ITPOBEPSIETCSI HA COOTBETCTBME 38/IaHHBIM
rmapamerpam SAC, a Takke OLIEHMBAETCS, OCTAETCS JIM MPOITYCKHAs CITOCOOHOCTD B
YCTaHOBJIEHHBIX ITpeJieNiax Py YBeIMUEHUM HAarpy3Kul. Llesb — y6emuTbCs B TOM, UTO
HACTPOIKM CETU TTO3BOJISIIOT KAXKIOMY CEpBUCY paboTaTh OTHEIBHO OT OPYTUX CITYKO
C 3asIBJIEHHOJ MTPOM3BOAUTEILHOCTBIO. [Ipy MpoBegeHnM JaHHBIX TECTOB CEPBMUCHI
MTPOBEPSIIOTCS TI0 OUEePEe[IA, /IS OLEHKM OTHOBPEMEHHOI PabOThI MPUMEHSIETCS TECT
MIPOM3BOAUTENIBHOCTH (CM. pasmen 5.4).

2 BenuumHa FDV ABNSETCS KNIOYEBbIM napameTpom ans VolP/IPTV u ncnonbsyertcs npu HacTpoiike ydepusaumm
Tpaduka.
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BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

5.3.1. Tect CIR

Tect CIR mcrionb3yeTcs Ajist IPOBEPKU TOTO, YTO IIPU Iepejaue NaHHbIX C HATPY3-
Koit Ha ypoBHe CIR mokasarenu KayecTBa HaXOASTCS B IMpeaenax, yCTaHOBJIEHHbIX
SLA. B xoZie JaHHOTO TeCTa M3MePSIOTCS OCHOBHBIE TTOKA3aTeM KauecTBa KaXJoro
cepsuca (FTD, FDV, FLR), mowie 4yero stu 3HaueHUs CPaBHUBAKOTCS € 3aJaHHBIMU
napameTtpamu SAC.

ITpu6op bBepkyT-ET mo3BossieT 3a4aBaTh KOJIMYECTBO IATOB [IJIsT IPOBEIEHMS Te-
ctupoBanus: 1 mar — tect CIR 6ymet npoBenén mpu 100 % Harpyske; 2 mara — TeCT
6ynet npoBeAéH B nBa arana: 50 u 100 % oT 3agaHHOI Harpy3Kku; 3 mara — TecT 6y-
IeT TIpoBenéH B Tpu 3Tamna: 50, 75 u 100 % oT 3agaHHOI HAarpy3Ku; 4 Iiara — TecT
6yneT npoBeAEH B ueTbipe aramna: 25, 50, 75 u 100 % oT 3amaHHO HATPY3KM.

MponyckHas
Cnoco6HOCTb

CIR

0.75xCIR

0.5xCIR

0.25xCIR tect CIR:

war 1 war 2 war 3 war 4
warn

5.3.2. Tect EIR

Tect EIR c1y>kuT [1J1s1 TIpOBEPKYM TOTO, YTO IIpU Tlepefave JaHHBIX C Harpy3Koit Ha
ypoBHe CIR+EIR pe3ynbTupylomias MpomnyckHasi ClioCOOGHOCTD IS KaXKIOT0 cepBuca
He TIpeBbIIaeT AOMYCTMMOe 3HaYeHue 1 HaxoguTcs B npegenax ot CIR (c yuétom
3aZiaHHOro YpoBHS noTepb Kafgpos) Ao CIR+EIR: CIR x (1-FLR)<IR<CIR+EIR. Bennu-
uyyHa notepb Kaapos (FLR) ycraHaBimBaeTcs ob30BaTeIeM.

pruelmuue. Pesxum «colour-aware» (BOSMO)KHOCTI: IIOMeYaThb «IBETOM» I1epegaBaeMble Kaa-
pbl) He IO IeP>KUBAETCS.

MponyckHas
CnocoBHOCTL

>
>

CRER | o e e e e e e e e = = = = =

CR| oo o e o e 4 _ _ _ _
CIRX(1-FLR)|= = = — — — = ey _ _ _ _ _

| TecTEIR

e
Tect CIR  TecT CIR Tect CIR  Tect CIR

>
wari  war2  war3  war4 waru
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5. Y.1564

5.3.3. Tecr Traffic Policing

Tect Traffic Policing ncronb3yeTcst 115t TpOBEpKY TOTO, YTO ITPH Iepefaye JaHHbIX
C HarpysKoii, MpeBbIIaIoIei pa3pemEHHYIO IJIsI CEPBICa, CETh 6YIeT OrpaHUYMBaTh
€ero mosocy nmpomyckanusi. Harpyska fjist 9Toro tecra, ycraHaBauBaeMasi oIb30Ba-
TeJieM, IO/DKHA IpeBbinaTh yposeHb CIR+EIR .

MponyckHas
crocoGHocTs 4

Traf.Pol. (L2 o = = = = = m m — = = = - -

CIR+EIR+M L o 2P R TR -
CRER | = = = = = = = = = -

CRL o e e e == = -
CIRX(1-FLR) - — = = = = — | = = P -

1 Teer
+ Traffic
, Policing

TecTCIR TecTCIR TecTCIR TecT CIR TecT EIR Ll'Jaer
war 1 war2  war3  war

5.4. TecT NnponU3BOAUTENIBHOCTU

TecT IPOU3BOAUTENILHOCTH UCTIONb3YETCS ISl OIIeHKM OJHOBPEMEHHOI PaboThI
BCceX cepBUCOB. [Ipy nMpoBeieHUM TecTa BBIMOIHSETCS Mepenaya JaHHbBIX OJ1S1 BCeX
CITY’K6 OJHOBPEMEHHO C Harpy3koii Ha ypoBHe CIR 1 TpoBepsIIoTCs 3HaUeHMS ITOKa-
3aTeseil KayecTBa 4Jisl Kakaoro cepsuca. ENMHCTBEHHON HAaCTPOMKONM TecTa SIBJISI-
eTCsl er0 JIUTENbHOCTb, KOTOPasi MOKET COCTaBJISITh OT HECKOJNBKMX MUHYT 0 4-X
IHe.

5.5. M-¢pakTop

Ipu nipoBemennu Tecta Traffic Policing B pe3ynbTaTe 6ydepnsaiuy B HEKOTOpbIe
MOMEHTBI BpeMeH) Ha IpuEéMe OKa3bIBaeTCs OOJbIlle JAHHBIX, YeM OTBEIEHO IJIst
cepBuca. DTO SABJISETCS 0COGEHHOCTDIO, a He c60eM B paboTe ceTu. UTOGbI yUeCTh Ty
0co6eHHOCTb, B ITU-T Y.1564 ucnonb3yercss M-bakTop — MakCMMaabHO IOMYCTH-
moe mpesbiiierne sennuribl CIR+EIR (cm. ITU-T Y.1564 n. C.2 pasg. 8.1.2).
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BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

5.6. Anroputm nsmepexnua FTD

Ilnst usmepenus 3agepkku pacrpocrpaHedus Kagpos (FTD) BBITIOTHSIOTCS clieny-
IollIie OeiCTBUS:

1. Hamepepartoiieit CTOpoHe B KaXK/Iblii TaKeT BCTaBJsIeTCss BpeMeHHas meTka (Ta).

2. Ha npuémHOIt CTOPOHE 3alyChIBAETCS 3HAUEHME BpeMEeHM Mpueéma IakeTa C
meTKoii (Tb).

3. BerunuisieTcs 3agepykka mpoxoxkaeHus naketa B cetu: b — Ta.

Ipumeuanue. TIpUEMHUKOM U TIepeIaTINKOM JOKEH ObITh OAMH M TOT 3Ke IPUGOP MiIn
IIBa MpMOOpa, CMHXPOHU3MPOBAHHbIX 110 TPOTOKOTY PTP.

4. OUKCUPYIOTCS TPU 3HAUEHUS 3aieP>KKU — MUHUMAaNbHoe (FT'D_min), cpen-
Hee (F'T'D_avg) u MakcumainbHoe (F'T'D_max). CpefHee 3HaUeHNE 3alePXKKU
BBIUMCIIETCS KaK CyMMa 3aZlepoKeK JJ151 BCeX IIPUHSTBIX ITaKeTOB, MTofle/IeHHAs
Ha KOJIMYeCTBO NPYUHSITHIX TaKeTOB.

DTU 3HAUEHMS OTOOPAKAIOTCS B Pe3Y/IbTATaX TECTA MPOV3BOAUTETBHOCTY JJIsI
KaXgoro cepsuca. i1 CBOMHOTO TecTa MPOU3BOAUTENbHOCTY U TECTOB KOH-
durypamyu BeIBOISTCS CpegHMe 3HAYEHUS.

5.7. Arroput™m nsmepenus FDV

OTKJIOHeHMe 3a[iepP>KKU pacripocTpaHeHus Kaapos (FDV) B cooTBeTCTBUM € peKo-
menpanyeir ITU-T Y.1563 [7] usmepsiercs o dopmyne: FDV = FTD — FTD_min.

Hampumep, ecayu 6bIIM M3MepeHbl 3HaUeHMUs 3aep>KKY pacpocTpaHeHusI Kaj-
poB: FTD min = 1.5, FTD_avg = 2.5, FT D_maz = 5.5, To 3HaueHus FDV 6yayT
cnepyromumn: DV _min = 0, FDV _avg = 1.0, FDV_max = 4.0.

T BeIMUMHBI OTOOPAKAIOTCS B PE3Y/IbTATAX TECTA IPOV3BOAUTENTLHOCTH IJIST KaXK-
Joro cepsuca. [Ijis CBOZHOTO TeCTa MPOU3BOAUTETbHOCTU U TECTOB KOHGUTYpAIUK
BBIBOJISITCSI CpeJHME 3HAUeHMUSI.
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6. ACMMMeTpUYHOEe TeCTUpoBaHue

DYHKIMS aCMMMETPUUHOTO TeCTUPOBaHMs! MCIIONb3yeTcs Iy TpoBepKe paboTo-
CIIOCOGHOCTY KaHAJIOB CBSI3U, JIJIST KOTOPBIX TTapaMeTpbl IpUEMa U repenaun JaHHbIX
(MpoTTyCcKHas CIIOCOOHOCTD, 3aep>KKa U T.JI.) PA3IMYHBI, — aCUMMETPUYHBIX KaHa-
JIOB.

aCI/IMMeTpI/I‘{HBII‘/II KaHaJ1

Tx =500 Mbps Tx =500 Mbps
_— —_—
Rx = 100 Mbps Rx =100 Mbps
nokanbHbIi bepkyT-ET nucTaHiuoHHbIH bepkyT-ET

Puc. 6.1. ITpumep acummempudHo20 KaHana

Vi3-3a 9TO# 0COGEHHOCTY KaHAIOB M3MEPEHMs JO/KHBI GbITh BBITTOMHEHbI He3a-
BMCMMO JJIs1 KaKIOTO HarpaBeHust. OTIMYUTEIbHAS YepTa TAKOTO TUIIA TECTUPOBa-
HMUsI — Mepeiadya TeCTOBOTO TpaduKa Mpou3BOAUTCS B OJHOM, BbIGPAHHOM I10JIb30-
BareseM, HarpapaeHu. [Ipu MPoBeeHMM TECTUPOBAHMS UCTIONb3YeTCs 2 MPUbopa
BepkyT-ET: T0KaabHBIA, Ha KOTOPOM MPOU3BOAUTCS HACTPOIiKA MapaMeTPOB aHaIM-
3a, ¥ OUCTAHIIVMIOHHBIN, HAXOISIIMIICS Ha IPYTOM KOHIlE aCMMMETPUYHOTO KaHaa.
Pe3yabTaThl TECTMPOBAHMS OTOOPAKAIOTCS HA IKpaHe JIOKATLHOTO Mpubopa.

Ipumeuanue. PyHKIMS aCMUMMETPUYHOTO TECTMPOBAaHMSI TOCTYITHA MIPYU MTPOBeJeHNM aHa-
nu3a o metoauke RFC 2544 (mpomnycKkHast ClIoCOGHOCTD, 3aJePsKKa, TOTepU KaZpoB, MPeesib-
Hast Harpy3ka), TecToB «BERT» u «Y.1564».

Ipumeuanue. Tpu aHanmse 3agepskku Mo metoauke RFC 2544, a Takke Ipy TECTUPOBAHUM
B COOTBETCTBUM C peKoMeHauueii Y.1564 cienyer ucnonb3oats PTP-cuHxpoHM3anMIO.

1 B 6asoBylo KOHDUrypaumio He BXOAMT. [lOCTynHa Npu AONONHUTENLHOM 3aKase onuum «ETAT».
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BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

6.1. NMpumep TecTUpoBaHUa

Huke paccMaTpuBaeTcst IpyMMep MCI0Ab30BaHMs PyHKUIMY aCMMMETPUYHOTO Te-
CTUPOBAHMS [IJIs1 TPOBEAEHMS aHaIM3a 1o pekoMeHgaimm «Y. 1564» (mjis rectoB «BERT»
u «RFC 2544» OpsIAOK AeiCTBUIT aHAJIOTUYEH).

Ha puc. 6.2 mpuBeieHa TUIIOBAs cXeMa MOAK/IIOUeHsT MPUOOPOB K TECTUPYEMOit
CeTY C UCIONIb30BaHKueM ropTa A. [Iyisg mopra B cxema moakioueHus 6ymeT aHamo-
TUYHOIA.

aCI/IMMeTpI/I‘-IHHﬁ KaHasl

MAC RN = 00:21:91:08:00:02

nokanpHbli bepkyT-ET MCTaHIMOHHBI bepkyT-ET
MAC 1 =00:21:CE:08:0E:C9 MAC 2 =00:21:CE:08:0E:CA
IP1=172.16.2.106 IP2=172.16.3.143

Puc. 6.2. Tunosas cxema nooKiloueHust

Ha cxeme BBeeHbI cienymoonime 0003HaAYEHUS:

MAC 1 — MAC-azpec rmopTa A JIoKaJbHOTO Mpu6opa;

IP 1 — IP-agpec JIOKaJIbHOTO ITpMOOpa;

MAC R1 — MAC-aapec 1utio3a, 61sKaiiiiero K J0KaJbHOMY IPUOOPY;

MAC RN — MAC-aapec 1111034, 6/Kaifiiero K AMCTaHIMOHHOMY pU6opy;
MAC 2 — MAC-agpec rmopTa A UCTaHIMOHHOIO Ipubopa;

IP 2 — IP-aApec AMCTAHIMOHHOTO Ipubopa.

Ilyis u3MepeHusl TapaMeTpPOB KaHajla CBSI3Y B HAIIPaBJIEHMM OT JIOKAJbHOI'O TIPU-
60pa K UCTaHIIMOHHOMY HEOOX0AMMO:

1. Y6equThbCs, YTO JIOKTbHbIN U AVCTAHIIMOHHBIN MPUOOPHI TOALEPXKMUBAIOT QYHK-
LIMI0 aCMMMETPUYHOTO TeCcTUpoBaHus: B MeHI0 «bepkyT-ET. Hactpoiiku» =
«YcTaHOBKM ITpubopa» = «Omnuym» B CIIMCKe O[T JOMKHA IPUCYTCTBOBATh
oryst «<ETAT».

2. IMoaxmounTb TOKaAbHbIN U AUcTaHIMOHHBI BepkyT-ET no cxeme, mpencras-
JIEHHOJ Ha puc. 6.2.
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6. AcMMMeTpU4HOe TeCTMpOBaHue

3. Ha jiokagpHOM M Ha OVICTAHIIIOHHOM IIPUOOpE MepeiiT B MEHIO
«BbepkyT-ET. Hactpoiiku» = «[lapameTpsl ceTu». Boi6paTh:

Mopt - A
OOmHMM U3 MPUBEAEHHBIX HUKE CIIOCOOOB YCTAaHOBUTH IP-agpec JT0KaabHOTO
npu6bopa (IP 1) u IP-aapec aucTaHiMoHHOro mpubopa (IP 2):
— BBectu [P-ampec BpyuHylo (Tipu 3TOM NyHKT MeHI0 «DHCP» nomkeH Ha-
XOIOUTBCS B COCTOSTHUM «BBIKII»);

— monyuntb IP-agpec no mpotrokony DHCP, BbiOpaB myHKT MeHi0 «DHCP» u

HaykaB Ha KIaBuUIly F2 («BK/I»): IOMTy4eHHBIN afgpec 6yoeT KOpPeKTHBIM,
e 0TOOGPasuTCS B MyHKTe MeHIo «IP-aipec» 1o McTeueHuM He Golee
yeMm 1-2 cexyHS,.

4. Ha 0KaJIbHOM U Ha IUCTAHI[MOHHOM MpUOOpe MepeiiTy B MeHI0
«bepkyT-ET. HacTpoiiku» = «CMHXPOHM3AIMs BpeMEeHM» U BHIOPATh MOPT A B
kauectBe PTP-nopra.

Ipumeuanue. njisi rectoB «BERT» u «RFC 2544» (portycKHasi COCOGHOCTb, TOTePU KaJl -
DOB, ITpe[ie/ibHAast Harpy3Ka) BhIIIOMHSTh JaHHbII [TYHKT He TpeGyeTcsl.

5. Ha nmokanbHOM Npubope nepeiiT B MeHIo «Y.1564» = «HacTpoiiku» = «Tomo-
JIOTMSI TECTOB» (CM. pUC. 6.3). BpI6paTh:
MopT nepepaun - A
MopT npuéma - [ANCTaHUMOHHLIN

Ouct. IP - IP 2

M3  A:i000 - Bi——— - 06:52

TononoruAa TecToB

MopT nepepgauv A

MNopT nprema [MCTaHUHMOHHLIA

fuct. IP 172.16.3.143

H B JMcTaHLHOHHER

Puc. 6.3. Sxpau «Tononozus mecmos»
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BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

6. Ha nokampHOM pubope nepeiitu B MeHI0 «BepkyT-ET. I3ameperusi» = «Y.1564»
= «HacTpoiikn» = «HacTpoitku cepBuCOB» =«3aroaoBoK» (CM. pucC. 6.4). Boi-
6paTh:

MAC OTnp. - MAC 1
MAC Mony4. - MAC R1
IP Ornp. - IP 1

IP Monyu. - IP 2

Ipumeuanue. [1y151 nonyuennss MAC-agpeca iro3a HeO6X0AMMO BbITTOMHUTH ARP-3ampoc:
nepeiiTi K MyHKTY MeH10 «MAC ITomyy.» ¥ HaxkaTb Ha KiaBuiry = F3

MO  A:1000 - B:——— - 06 55

3aronoBok
Motok 1
00:21:CE:08:0E:C9
MAC Monyu, ©0:21:91:8D:10:70
IP OTnp. 172.16.2.106
IP NMonyu, 172,16.3.143

NlononHuTensHo
VLAN Brikn
MPLS TX
MPLS R¥ -—-—-—-——-
1P ToS 0000b: precedence 0
uzp BOO00L50000

il B

Puc. 6.4. SxpaH «3a201060K»

7. Ha nokaJbHOM MPpMGOPe B COOTBETCTBUM C YKa3aHMUSIMU pasjiena 5 BHITOTHUTD
Heob6XoMMble HACTPOIKM TecTa «Y.1564». 3aTeM mepeiTu B MeHI0 «BepKyT-
ET. Usmepennsi» = «Y.1564» u HaKaTh Ha KiaaBuiry F1 («Crapt»).

IIpumeuanue. Tlocne HaskaTust Ha KaaBuiny «CTapT» Ha SKpaHe JIOKAIbHOTO Mpubopa MOTyT
MOSIBUTBCS CIeYIOIINe COOOIEeHMS:

— «Mp8T nogknwyeHue K OMCT. MOPTY ...» — BO3HMKAET CPasy MoCJIe 3amycKa Te-
cTa.

— «NCTaHUMOHHbLIN anI6op HeAOoCTyneH» — BO3HMKaeT B CIydyae, eC/i He ITOTyun-
JIOCb YCTAHOBUTDH COeAMHEHNE C AUCTAHLIVMOHHBIM l'lpI/I60p0M.

— ((nOTepFI HO coeaunHeHWe» — BO3HMKAaeT B ciyvae, eCin IVCTaHIMOHHBIN HpI/I60p I10-
CJie YCTAaHOBJIEHMS COeAMHEHMS IepecTaJ OTBeUYaTh Ha 3aIlIPOChI.

— «[MCTaHUMOHHDBIM NPUBOP 3aHAT» — BO3HMKAET, KOTIa Ha AMCTAaHIMOHHOM IIpu6o-
pe y)Ke MPOBOAUTCS KAKOW-IMO0 TECT.

— «lnct. BERT 1-ro ypoBHS HEBO3MOXEH» — BO3HMKAET IIPU IOIbITKe IIPOBECTU
TecT «BERT» nepBOro ypoBHSI.

IIpumeuanue. Ha skpaHe IMCTaHIMOHHOTO TP1GOPa BO BPeMs TECTMPOBAHMS OTOGPaKAETCSI
coobIeHme «BbINONHAETCA AUCTAHUMOHHBIA TECT».
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6. AcMMMeTpU4HOe TeCTMpOBaHue

Hns M3MepeHMd I1apaMeTPOB KaHa/ia CBA3M B HaAIIpaBJIEHMM OT AMCTAHIMOHHOTO
npnﬁopa K JIOKa&JIbBHOMY H€O6XO,E[I/IMO:

1.

V6enuThCs, UTO JIOKAIbHBINM M IUMCTaHI[MOHHBII TPMUOOPHI TOAAEPKUBAIOT QYHK-
LIMI0 aCMMMETPUUYHOTO TecTMpoBaHus: B MeH10 «bepkyT-ET. Hactpoiiku» =
«YCcTaHOBKM MpUbopa» = «OMuum» B CIIMCKE O JO/DKHA MPUCYTCTBOBATh
onuys «<ETAT».

. NogknounTts nokanbHbeil bepkyT-ET 1 nucranuymoHHslil BepkyT-ET no cxeme,

IpenCcTaBIeHHON Ha pUC. 6.2.

. Ha nokanbHOM M Ha IUCTAaHIIMOHHOM MPUGOPE TIEPETY B MEHIO

«BbepkyT-ET. HacTpoiiku» = «[lapameTpsl ceTu». Boi6paTh:
Mopt - A

OOmHMM 13 MPUBEAEHHBIX HUKE CIIOCOOOB YCTaHOBUTH IP-agpec J0KaabHOTO
npu6bopa (IP 1) u IP-agpec aucraHiiMoHHOro mpubdopa (IP 2):

— BBecTH [P-agpec BpyuHylo (Ipy 3TOM IIYHKT MeH1o «DHCP» momskeH Ha-
XOAWTBCS B COCTOSTHUM «BBIKII»);

— momyuntb IP-agpec o nporokoiay DHCP, Bbi6paB myHKT MeHi0 «DHCP» u
HaskaB Ha KIaBUIly F2 («BK/I»): IOMTy4eHHBII agpec 6yoeT KOpPeKTHBIM,

et 0TOOGPasUTCS B MyHKTe MeHIo «IP-afpec» 1o McTeueHUM He Golee
yeMm 1-2 cexyHz,

. Ha nokaqpHOM M Ha IMCTAaHIMOHHOM MPUOOpPe MepeiiTy B MEHIO

«BepkyT-ET. HacTpoiiku» = «CMHXpPOHM3AIMs BpeMeHM» U BbIOPATh MOPT A B
kauectBe PTP-mopra.

Ipumeuanue. 15151 TectoB «<BERT» 11 «RFC 2544» (TIpoITycKHAas1 CIIOCOGHOCTb, TIOTEPU KaJl -
DOB, IIpe/ie/ibHAast Harpy3Ka) BhIIIOMHSITh AaHHbII [TYHKT He TpeGyeTcsl.

. Ha nokanbHOoM npu6ope mepeiitu B MeHIo «Y.1564» = «HacTpoiiku» = «Tormo-

JIOTVSI TECTOB» (CM. pUC. 6.5). BpI6paTh:

MopT nepepaun - [UCTaHUMOHHbBIN
MopTt npuéma - A

Ouct. IP - IP 2
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BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

1 A:1000 - B:——— - 07 54

Tonenorma TecToB

MopT nepegavud IR ETRTELISEIN ]
A

NopT npuéma

flvcr, IP 172.16.2.106

A B JMCTAHUMOHHE

Puc. 6.5. Sxpan «Tononozus mecmos»

6. Ha nokambHOM npubope nepeiitu B MeHIo «bepkyT-ET. ismepeHusi» = «Y.1564»
= «Hactpoiikn» = «HacTpoiiku cepBucoB» =«3arosoBok» (CM. puc. 6.6). Boi-
6paTh:

MAC OTnp. - MAC 2
MAC MNonyuy. - MAC RN
IP Ornp. - IP 2

IP Monyu. - IP 1

] A:1000

3aronoBok
Motok 1
00:21:CE:08:0E:CA
MAC Monyu, ©00:21:91:08:00:02
IP Omnp. 172,16.3,143
IP NMonyu, 172.16.2.106

NlononH1TensHo
WLAN Brikn
HPLS Tx
HPLS R —————-———-
1P ToS 0000b: precedence ©
g BO000./50000

A B

Puc. 6.6. IxpaH «3a201080K»

7. Ha noxkaspHOM IpM6GOPeE B COOTBETCTBUM C YKA3aHUSIMM pa3jiena 5 BHIITOTHUTD
Heob6XoAMMble HACTPOIKM TecTa «Y.1564». 3aTeM mepeiTu B MeHI0 «BepKyT-
ET. Usmepennsi» = «Y.1564» v HaxkaTh Ha KiaaBuiry F1 - («Crapt»).

ITpumeuarue. TTociie HaxkaTHs Ha KiIaBuily «CTapT» Ha 3KpaHe JTOKAJIbHOTO U AUCTaHLIMOH-
HOTO MPpUOOpa MOSIBSITCSI COOOIIEHNMs, aHAJIOTMYHbIE TIePeuMnCIeHHbIM Ha C. 22.
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7. Wneind

Ins TectupoBaHust ceteii mo metoauke RFC 2544, usmepenns BER u pemieHus psi-
[la APYTUX 3a[1a4 UCITob3yeTcst pyHKIus «Ilneiid», mo3BossioIas mepeHanpasisiTh
06paTHO MPUXOASIIMIT Ha MPUOOP TpabUK Ha YEThIPEX YPOBHSIX Momenu OSI:

1. Ha dusuueckom yposHe (L1) Becb Bxopsiuiuii TpaduK repeHarnpasisieTcs 06-
paTHO 6e3 M3MeHeHMIA, IIPY 3TOM BeAETCS CTATVCTHKA 110 IIPMHMMAaeMOMY Tpa-
duxy.

2. Ha xananbHOM ypoBHe (L2) Bce BXonsiiie KaJpbl lepeHanpaBsioTcsl 06pat-
HO, TIPY 3TOM MeHSI0TCsa Mmectamu MAC-agpeca oTnpaBuUTeNs U MOTydaTes.
BenéTcs craTucTMKa MO MpUMHMMaeMOMY U IlepefaBaeMoMy Tpaduky.

3. Ha cereBoMm ypoBHe (L3) Bce BXOAsIIue MaKeThl MepeHarnpaBisioTcss o6pat-
HO, TIPY 3TOM MeHSI0TCsa MmectaMu MAC-agpeca oTrpaBuUTeNsl U MOTydaTes.
Ecnn none «EtherType» umeet 3HaueHMe 0x8000, Takke MEHSIIOTCSI MeCTaMU
[P-appeca oTnipaBuTesns u nosmydaress. BeneéTcs craTuCTMKa 10 IPUMHUMAEeMO-
My U IlepefiaBaeMoMy Tpaduxy.

4. Ha TpancrnopTHoM ypoBHe (L4) Bech Bxonsuuit Tpaduk repeHanpasisieTcs
06paTHO, P 3TOM MeHSIoTcsl Mectamyu MAC-azipeca OTIIpaBUTes U IoyJa-
tenst. Eci mone EtherType umeet 3nauedmne 0x8000, Takke MEHSIIOTCS MeCTa-
mu IP-appeca ornipaButens u nonydarensi. Homepa TCP/UDP-noproB oTIipa-
BUTEJISI Y TIOTyyaTens MeHSIIOTCSI MecTaMy, eciu 1oie «Protocol» umeer 3Ha-
yenue 6 (TCP) unn 17 (UDP).

Ipumeuanue. s nneiida kanaabHoro (L2), cereBoro (L3) u TpancropTHoro (L4) ypoBHeit
ITOBPEKIEHHbBIE TTAKEThI HE TIePEeHATPaBISIOTCS.

Ipumeuanue. [ns mneiida xkanaabHoro (L2), cereBoro (L3) u TpaHcmopTtHoro (L4) ypos-
Heit makeTsl ¢ oguHakoBbiMM MAC Dst 1 MAC Src, a Tak ke 6710KM JaHHBIX TpoTokona OAM
(OAMPDU) 1 ARP-3ampochl, cofiepskaiimecst Bo BXozsiieM TpabuKe, He TepeHarnnpasisiioTCs.

Ipumeuanue. Eciiv Bxogsiiumit maket copepskxuT MPLS MeTKy, OH GyZeT repeHanpasiieH 6e3
U3MEHEeHUs e€ 3HaUeHMsI.
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8. OAM

BakHOJ1 3a1auei OCTaBIIMKOB YCITYT CBSI3U SIBJISIETCS 06ecTieueHe BbICOKOTO YPOB-
HS aIMUHUCTPUPOBAHMS U TeXHUUecKoro obcaykuBanus Ethernet-cereit. st 3TuX
uesneit 661 paspaboraH cranzapt IEEE 802.3ah [6] (M3BecTHBII Takke Kak «Ethernet
in the First Mile (EFM) OAM» — «Ethernet OAM Ha «I1epBOJi MUJIE»).

OAM (Operations, Administration, and Maintenance — 3KcrTyaTanusi, aJMUHM-
CTpUpPOBaHMe U 06CTYKMBaHME) — IMTPOTOKOJI MOHUTOPMHTA COCTOSTHUS KaHasa, PyHK-
LIMOHMPYET Ha KaHAJTbHOM ypoBHe Mozeny OSI. [l nepepaun MHGOPMaLUM MEKIY
Ethernet-ycTpoiicTBaMu UCITONb3YIOTCS OJIOKM JaHHBIX TpoTokona — OAMPDU.

BakHoi1 QyHKIMeii mpoTokona OAM SIBJSIETCS BO3MOXKHOCTb BKITIOUEHMS PEXMMA
«Illneitd» Ha yomanéHHOM TpubGOpe.

JIJis yCTaHOBJIEHUSI COeITHEHMS MeX Ty TpnbopoM BepkyT-ET 1 ynanéHHbIM yCTPOii-
CcTBOM IT0 ITpoTokoy OAM M 17151 BKIIOUeHus peskuma «IIleiid» Heo6XoaMmMo:

1. HenocpedcmeeHHo COeqMHNUTD TOKaAbHbI BepkyT-ET 1 ynanéHHOe yeTpoiicTBo!
B COOTBETCTBUM CO CXeMOIA, IpUBEIEHHOM HIKe.

Jlokanbnslil bepkyT-ET VYnanéuHoe ycTpoicTBO

(hHu3MIeCcKOe COCUHEHIE

Puc. 8.1. Cxema mecmuposaHus

2. Ha ymanénHoMm mpubope paspennTb paboty mpotokosa OAM B aKTUBHOM WU
MMAaCCUBHOM peXUMe.

Ha nokanbHOM mpubope:
3. Mepeittu B MmeHI0 «OAM» (cM. puc. 8.2).

4. B nyHkTe MeHI0 «[IopT» BbIGPATh MTOPT, K KOTOPOMY ITOICOEMHEHO YaaIEHHOe
YCTPOWCTBO.

5. BryHKTe MeHIO «Pexkum» BbIOpATh aKTUBHBINM peXXM paboThl poTokona OAM.

! Ha puc. 8.1 bepkyT-ET npuBenéH B kayecTBe npuMepa yaanEHHOro ycTpoicTBa.
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8. OAM

6. CocrosiHMe OGHApY>KeHUS YOATEHHOTO YCTPOICTBA B IyHKTEe MeHI0 «O6Hapy-
>KeHMe» IOJDKHO NIPUHATD 3HaueHue «Send any».

7. TlepeiiTu B MeHIO «YIaa8HHbII Tpubop». Ha s3KpaHe J0/IKHA 0TOOPAa3UThCSI MH-
dbopmarys 06 ymaséHHOM YCTPOViCTBE.

8. HaxkaTb Ha kiaBuiy F1 («LBup»). Ha ygasméHHOM yCTpOiicTBe OyaeT BKIIOUEH
peskum «Illneiid» BToporo (L2) ypoBHS (TpaduK GymeT mepeHanpasiasThes 6e3
3ameHbl MAC-adpecos).

I1s1 BbIK/TIOUeHMs pexxuma «lllneiid» HeoO6X0omumMo HaxkaTh Ha KiIaBuury F1 («LB
downy).

M n:100 - B:———— - 11:28

0AM
MNopT A
AKTHUEHBIA
0OBHapyxeHue Send local

Ypan&nHeia npucop

Ewtcn MaccHBHHR AKTHEHE

Puc. 8.2. MeHio «OAM»
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9. ET-o6HapyXxeHue

®dyukuus «ET-o6HapyskeHMe» MO3BOJSIET BKIIOUNTD Hiieitd KaHanbHOro (L2), ce-
TeBoro (L3) mnu tpancnioptHoro (L4) ypoBHS Ha ynanéHHOM aHanu3aTope bepkyTt-ET
MM yCTpoiicTBe o6pa3oBaHus 1ieiida BepkyT-ETL.

bepkyT-ET/bepkyr-ETL

Puc. 9.1. Cxema mecmupogaHus

et MOKHO BKITIOYATH nociedosamesibHO Ha HECKOMbKUX MTpubopax bepkyT-ET
n/vnu bepkyT - ETL, Haxoosmuxcs Kak B pa3HbIX, TaK U B OGHO MTOACETH.

JInst omyyeHust JaHHBIX 00 yIAMIEHHOM MpUOOope 1 BKIIOUeHMs 1ieiida ciemyet:

1. MoaxmounTs pu60op bepkyT-ET K ceTn.
2. Tlepeiitu B MeH10 «ET-06HapykKeHME»:

L] A:1000 - B:——— - 19:15

ET—oGHapyxeHHne

ABTOMATIUECKN
IP 0.0.0.0
linerp Bukn

[i] B FBTOMATHYECHH JBHapYHeHIHE

Puc. 9.2. MeHto «ET-o0HapyxceHue»

3. BbI6paTb II0PT, C KOTOPOTO 6y,116T OCYILIECTBJIATHCA Mepeagavya JaHHbIX.
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9. ET-obHapyxeHue

4. B none «IP» BBectu IP-agpec yganéHHOro ycTpoicTBa.
5. HaxkaTh Ha KiaBuily F4 («OGHApYKEHMEY).
B wiyuyae ycriemHoro o6GHapy>XeHusl YCTPOJCTBA Ha 9KpaH OyOyT BbIBEJEHbI €ro

IP-anmpec, ums u MAC-aapec (cM. puc. 9.3). TIyHkT MeHIo «I1lneiid» cranet gocTyr-
HbBIM [IJI1 peJakTUPOBAHMUSI.

(M0 A:100 - B:———— - 08:18

ET-o6HapyxeHne

MopTt A
IP  192,168.222,173
Lo JE

192,168,222,173
Wma
MX—-100
MAC
00:18:63:00:04:1B

Brikn Z 3 4

Puc. 9.3. [TIpumep svtnontexus ET-o0HapyxeHus

VpoBeHb nuteiida BbIGMpaeTcss KHOMKAMM:

F1 — BBIKIIOUEHMe pexkuma «Illneiid»;

F2 — BKJTIOUEHMe Iiefida KaHAIbHOTO YPOBHS;

F3 — BKJIIOUEHMe Iteiiha ceTeBOro ypoBHs;

F4 — BKJTIOUEHMe IuTefida TPAaHCTIOPTHOTO YPOBHSI.

ITpumeuanue. Ilepefaua JaHHBIX OCYyLIeCTBsIeTCs 110 TpoTtokony UDP. Tlopt nomyuyartenst —
32 792. IlopT oTnipaBuTens — 32 793.
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10. Tectbl TCP/IP

TecTsl, onMcaHHbIE B JTaHHOM paszesie, HeoOXOAVIMBI IIPY MTPOBeeHNM aHaIM3a
B CeTsX, COfepsKalvX YCTPOICTBA, OCYILEeCTBIIA0L/e KOMMYTALMIoO M MapUIpyTHU3a-
LIMIO TlepeJaBaeMbIX JaHHbIX. C TOMOIIIbIO peaan30BaHHbIX B rpubope BepkyT-ET
TCP/IP TecTOB MOKHO OGHapYKMUTb IIPO6GIeMbl, CBSI3aHHbIE C KOHDUTypatuei ceTu,
yb6equThCS B CBSI3HOCTY KaHa/la MEXAY e€ y3l1aMy, OIpefelnTb MapIIpyThl CIef0-
BaHMs JAaHHBIX, IPOBEPUTH pAGOTOCIIOCOGHOCTD U OLIEHUTH 3aIPY>KEHHOCTh KaHAJIOB
repenayy JaHHbIX.

10.1. 3xo-3anpoc (Ping)

MHCTpYMeHT «JX0-3aIpoc» ! MCIonb3yeTcest AJ1s IPOBepKyM CBSISHOCTYM KaHaIa MeXx-
Iy y37IaMMU CEeTH.

B rpoiiecce TeCTMPOBaHMS CETEBOMY Y3JTy IIOChUIAIOTCS 3aITPOChI U (PUKCUPYIOTCS
ToCTynawle OTBeThl. JTa Npouenypa ocHoBbiBaercs Ha IP- u ICMP-npoTokonmax
MepechbUIKY IefiTarpaMM ¥ MO3BOJISIET IIPOBEPUTH PabOTOCIIOCOGHOCTH KaHAJIOB Ie-
penauyy JaHHBIX M MTPOMEXYTOYHBIX YCTPOICTB.

Iy IpoBefieHMsI aHA/IM3a HEOOXOAMMO:

1. TTomk/IIOYNUTb MPUGOP K TECTUPYEMOIL CETH C UCTIOIb30BaHMEM OTHOTO ITOPTA B
COOTBETCTBUM CO CXeMO1, MIPUBEIEHHONM HIXKE:

nopt A(B)

Puc. 10.1. Bapuarm nooknwoueHus 1

Ipumeuanue. TIpu60op Takke MOXKET GbITh IMOAKIIOUEH K CETU C MCIIOIb30BaHMEM JIBYX
rmoptoB (cM. puc. 10.2). HacTpoiiku mpu6opa Ijst JaHHOTO CTy4dast aHAJIOTMYHbI OMMCAH-
HBIM HAaCTPOMKaM [Jis1 OLHOrO I10pTa.

1B 6a30By10 KOHOUrypaumio He BXOAMT. [locTyneH npu LONONHWUTENBHOM 3aKase onuuu «ETIP».
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10. Tectbl TCP/IP

Puc. 10.2. Bapuanm nooknioueHus 2

2. IlepeiiTu B MeHI0 «JX0-3anpoc». HaxkaTb Ha kiaBuiry  F3 («HacTpoiiku»):

[ Az100 - B:——— - 07:58

3xo—zanpoc (192,168,.225,190)

Crapr CTaTHCTHES HacTpofikk Coxp,/3arp,

Puc. 10.3. MeHio «3x0-3anpoc»

3. HactpouTp napameTpsl TeCTUPOBaHMS B MeHI0 «HacTpoiiku 3X0-3ampocar:

T A:1000 - B:1000 — 20 14

Hactponkn sxo—sanpoca

A
IP appec 192.168.2.2
Pazmep naketa 56
Konuuecteo 20
BpemAa oxmgaHma 1000
Maysa 1000

H B HETOMATUHECKU

Puc. 10.4. MeHio «Hacmpoltiku 3x0-3anpoca»
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BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

4. Haxartp Ha knaBunry F1 («Crapt»). HauHETCS TecTMpoBaHue, B X0[le KOTOPO-
'O Ha 9KpaH OYIyT BBIBEAEHBI CTPOKMY, COZIEepsKallIe CTIeLYIONTYI0 MHGOPMAIIO

(creBa HaMpaBo):

IIpumep pes3yabTaTOB TECTUPOBAHUS IIpeacTaBieH Ha puc 10.5.

ITo pe3ynbpTaTam TecTMpoBaHMs HOpMUpPYeTCs CTAaTUCTUKA:

pasmep ICMP-nakera;
IP-azpec y3/a ceTu, OTBETUBILETO HAa 3X0-3aIpocC;
MOPSIIKOBBIV HOMEp TaKeTa;
BpeMsI MeKAY OTIIPaBKO¥ 3aITpoca ¥ MoTyuYeHeM OTBeTa.

fA:—— - B:——— - 19:44

Axo—zanpoc (85.142.45,242)

S6 B from 85,142,45,242¢ n=1 time=5315 ns

56 B from 85,142,45,242¢ n=2 time=5396 ns
56 B from 85,142,45,242: n=3 time=5370 ns
56 B from 85,142,45,242: n=4 time=5381 ns
56 B from 85,142,45,242: n=5% time=5415 ms
56 B from 85,142,45,242: n=6 time=5338 ns
56 B from 85,142,45,242: n=7 time=5470 ns
56 B from 85,142,45,242: n=8 time=5034 ns
56 B from 85,142,45,242: n=9 time=5506 ms

56 B from 85,142,45,242: n=10 time=5612 ms
15 packets transmitted, 10 received, 5 packet loss
minavg/max: 9315/5438/5612 ms

CrapT CTaTHoTHRS Hactpobku  Coxp,/3arp,

Puc. 10.5. Pesynomamsl mecma «3xo-3anpoc»

T - B:—— - 10 10
CTtaTMcTHKa 3Xo—3anpocoB
Bpema oTBeTa
MMHMMYM 9 mc
MAaKCHMYM 19 mc
cpepHee 10 mc
oTnpaeneHo 8
nonydeHe 8
notepsHo O (0%)
NMoBTOPHBEe ©Q
Tammayt 4
CrapT CTaTHCTURS Hacrpoiku  Coxp.#3arp.

Puc. 10.6. Cmamucmuka mecma «3x0-3anpoc»

B cratuctuke otobpaskaercs MHGOpManysi 0 MUHMMAJIbHOM, CpeJHEM, MaKCH-
MaJIbHOM BpeMeHM MEeXKIY OTIPAaBKOM 3ampoca U TMOTyuyeHMeM OTBETA, a TaKkKe O
KOJIMYECTBe TepeaHHbIX, TPUHATHIX, TIOTEPSIHHBIX U ITOBTOPHBIX (C OOMHAKOBBIM
MOPSIIKOBBIM HOMEPOM) MTaKeTOB. 3HAUEHME B CTPOKE MaiimMaym COOTBETCTBYET KO-
JINYECTBY MAKeTOB, /it KOTOPBIX BPEMSsI OTBETa Ha 9X0-3aMpoc GbIIO MPEBBILIEHO.
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10. Tectbl TCP/IP

10.2. MapuwpyT (Traceroute)

UHCcTpyMeHT «MapuIpyT»? MCIIONb3YeTcs A1 ONpesie/eHnsl MapIIpyTOB CIeJ0Ba-
HUS OAHHBIX B ceTsx Ha ocHOBe TCP/IP. B mpoiecce TecTupoBaHMsl yKa3aHHOMY y3-
JIy CETH OTIIPABJISIETCS TTOC/IEOBATEbHOCTD JeiiTarpaMM, IIPU ITOM OTOOPAKAKOTCS
CBeLleHM O BCeX IPOMEXYTOYHbBIX MapLIPyTU3aTOpax, Yepe3 KOTOpble MPOLLIIN JaH-
HbIe Ha IMyTU K KOHEYHOMY y3/1y. TakuM 06pa3oM, MHCTPYMEHT «MapIipyT» IT03BO-
JIsleT IMarHOCTUPOBATh LOCTYIIHOCTD IIPOMEXYTOUHBIX ITYHKTOB Ha IIyTU [lepefadyn
IOTOKA JaHHBIX B CETH.

[lnist mpoBeieHsl aHa/I3a HeOOXOAMO:

1. IMogxmIOuUTh MPUGOP K TECTUPYEMOIi CETU B COOTBETCTBUM CO CXEMOIA, ITPUBe-
JIEéHHOo Ha puc. 10.1.

2. IlepeiiTu B MeHIO «MapuipyT»:

L A:100 - B:——— - 07 59
Mapupyrt ( 192.168.225.190 )

Crapr Hactpofiky  Coxp./3arp,

Puc. 10.7. MeHio «Mapwpym»

3. HactpouTb mapaMeTpbl TeCTUPOBaHMS B MeHI0 «HacTpoiiku MapuipyTax:

3 n:i00 - B:——— - 22 21

HacTporku mMapupyTta

ABTOMATHUECKH
IP appec 192,168.1.1
Makc. yanoe 30
Pazmep nakera 40
Bpema oxvpaHma 1000

H B HETOMATHHECKH

Puc. 10.8. Menio «<Hacmpotiku mapwpyma»

2B 6a30Byl0 KOHbUrypauuio He BXoAMT. locTyneH npu LONONHUTENbHOM 3aKase onuuu «ETIP».
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BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

4. Haxartp Ha kinaBumy F1 («Crapt»). HauHéTcs TecTupoBaHue, B Xo4e KOTOPOTo
Ha 9KpaH GyIyT BbIBEIEHBI CTPOKY, COLepiKallne CJIeAYIOIyo MHGOPMAIIO
(creBa HaMpaBo):

— HOMep IIPOMEeXYTOUHOTO Y3J1a;
— IP-agpec mpomMeXyTO4YHOTO y371a;
— BpeMsl OKMJaHMs OTBeTa.

Ectu BpeMs 0XKuIaHus OTBETA OT MTPOMEXKYTOYHOTO y3J1a MPEBBICUIIO TaiiMayT,
B CTPOKE PEe3Y/IbTATOB OYIET BbIBEIEH 3HAUOK «».

[IpuMmep pe3ynbTaTOB TECTMPOBAHMS IIpeacTaBieH Ha puc. 10.9

L1l A:1000 - B:——— - 18 28

MapuwpyTt { 209.85.229.104 )

2 195,131,127.1 49 ms
3 10,45,72,1

4 195,121,241.4 18 ms
5 195,131,252.4 20 ms
B 194.85.177.133 15 ms
7 216,239,43,240 41 ms
o 209,85,250,183 53 ms
9 6E6,249,95,132 B2 ms
0 209,85,248.78 B3 ms

#*

12 209,85,252,83 68 ms
13 203.85.243.81 72 ms
14 209,85,229,104 71 ms

CrapT Hacrpoliku  Coxp.#3arp.

Puc. 10.9. Pesynomamest mecma «Mapwpym»
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10. Tectbl TCP/IP

10.3. DNS (DNS lookup)

DNS (Domain Name System — cucTeMa TOMEHHbIX UMEH) — pacIpenenéHHas 6a3a
JIaHHBIX, CIOCOOHASI 10 3aTPOCY, CoepsKalleMy JOMeHHOe UMSI y3/1a, COOOLIUTD ero
IP-azmpec. dynkuys DNS lookup® (IoMck Ha cepBepe MMEH) TOMOTraeT 0GHAPYKUTD
ommn6ky B pabote NS-cepBepos.

Jnst mpoBeeHNs aHAIM3a HEOOXOIMMO:
1. TTomk/IIOYUTh TPUOOP K TECTUPYEMOI CETU B COOTBETCTBUM CO CXEMOIA, IIPUBE-
IEéHHOoII Ha puc. 10.1.

. IepetiTu B MeH10 «DNS» (cm. puc. 10.10).

. B nynkTe MmeH10 «ITopT» yKasaTb MOPT [IJIS IpUEMA U Tiepefady JaHHbIX.

. B nyHKTe MeHI0 «Y3en» BBeCTU JOMeHHOe UM y3iaa. Haskatp  F1 («CtapT»).

(02 BN NS B NS

. B nynkre mento «IP» 6ymet BbiBeieH IP-ampec y3na. Ecm agpec onpenennTb
He y[anock, To oTobpasutcs Hynesoit IP-agpec (0.0.0.0).

[MpuMep pe3ynbTaTOB TECTMPOBaHMS IpeAcTaBieH Ha puc. 10.10.

(G fA:100 - B:—— - 22 30

DNS

L__________lopT U

Yzen metrotek.spb.ru

IFP 0.0.0,0

Puc. 10.10. Mentw «<DNS»

B 6a30Byt0 KOHbUIrypaumio He BXoAMUT. locTynHa npy AONONHUTENBHOM 3aKase onuuu «ETIP».
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BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

10.4. MoHuTtop ARP-3anpocoB

Oyukius «ARP moHuTOp» mo3BosieT oTcaexxXnBatb ARP-oTBeTsl, nepenamoigne-
Cs B CeTU, U «IepexBaThiBaTh» comepxkauimecs B Hux IP- u MAC-agpeca ceTeBbIX
ycrpoiicTB. Ha ocHOBaHMM TOTyUYeHHBIX JaHHBIX OPMUPYETCS CIIMCOK aJIpecoB.

Iy IpoBefieHMs aHa/In3a HeOOXOOMMO:

1. TTomK/IIOYUTb TPUBOP K TECTUPYEMOI CETU B COOTBETCTBUM CO CXEMOJA, PUBE-
nénHoii Ha puc. 10.1 wau Ha puc. 10.2.

2. TlepetitTu B MeH10 «<ARP MOHUTOD»:

L1 A:100 -~ B:—— - 08:05

ARP monuTop (B)
ARP-Tatnuua nycta

Cron A

Puc. 10.11. Menio «<ARP moHumop»

3. Haxxatp Ha knaBuiry F4 1jist Beibopa ropta (A mau B).

4. Yepes HEKOTOpOe BpeMs Haamuch «ARP-Ta6iuIa mycta» Mcue3HeT U Ha 9KpaH
6ynyT BeiBOAUTHCS IP- 1 MAC-apeca ceTeBbIX YCTPOICTB:

O A:100 - Bi———— - 00:09

ARP monuTop (A)
192,168,222, 100 00:17:9A;06:1C:F8
192,168,222,156 00:23:54:47:01:CD
192,168,222,8 00:0ETABIA2: BB 4F
192,168,222,7 00:13:04:30:98:5F

Cron B

Puc. 10.12. SxkpaH «ARP moHumop»

Ecnu Kakasi-To 13 3ammceit He 06HOBUTCS B TeUeHMe OJHO MUHYTHI, TO OHA
6ymeT ymajieHa u3 CImcKa.

5. [nst 3aBepIleHusT TeCTMPOBaHMsI HaXkKaTh Ha KiaaBuiry F1 - («CTorm»).
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10. Tectbl TCP/IP

10.5. TCP-KnueHT

OyHKIMS «TCP-kmeHT»* MO3BONSIET yctaHoBUTbh TCP-coenyiHeHMe ¢ yaal€HHBIM
Y3JIOM CEeTH, IPUHUMATh OT HEro JaHHbIE U epelaBaTh JaHHbIE 3TOMY Y3IIy.

[lnst ycTaHOBJIEHMSI COeAVHEH ST HeOOXOAUMO:
1. TlopxIIOYNUTb MPUOOP K CETU B COOTBETCTBUM CO CXEMOIA, TPUBENEHHOI Ha puc. 10.1.
2. HacrpowuTts napameTpsl coenyHeHMs (MeHIO « TCP-knmeHT»=«HacTpoiiku»( F4 )):
— BBIOpATh MOPT IJ1s MPUEMA U TIepeIauM JaHHbIX;
— BBeCTU JOMeHHoe ums win IP-agpec ysna;

— BBECTM HOMep IopTta (Haubosiee 4acTo MCIOIb3yeMble HOMepa MOPTOB
npuBeneHs! B Tadauie 10.1).

1 A:100 - B:—— — 23:51

TCP knueHT
Hactporku

A
Yzen metrotek.spb.ru
TCP nopt 80

HTTP
Pann  /index.html

Puc. 10.13. Hacmpotiku mecma «TCP-knueHm»

3. OtkpoiTh TCP-coepuHeHNe, Ha)KaB Ha KAaBUIly  F1 («OTKPBITh»):

L Bi——— - 04 27
TCP knaueHT

connecting to
metratek,spb,ru (192,168,222,104:80)
connected

JaHpuTE HTTPGET Hactpoiik  Cowp,s/3arp,

Puc. 10.14. Tlpumep ycnewHozo coeduHeHUS C Y310M

‘B 6a30Byt0 KOHbUIrypaumio He BXoAMUT. locTynHa npy AONONHUTENBHOM 3aKase onuuu «ETIP».
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B cyuae ycnemHoro coegyaenus (cm. puc. 10.14) moxkHo BeinoaauTb HTTP GET-
3ampoc (cM. pasgen 10.6). B ciyuyae BO3SHMKHOBEHUS POGIeM MPU YCTAaHOBIEHUM
COeMHEHMSI BBIBOOUTCS cO0bIeHe 06 ommoKke. HeKoTopbie cOO6IIeHs TPUBEE-

HbI B Tabmuie 10.2.

Ta6nuuya 10.1. Homepa nopmoe npomokona TCP/IP

Homep nopTta (IIpoTOKOT)

Onucanme

21 (FTP)

MIPOTOKOJ Nepenaun daitnos

22 (SSH)

6e30MacHbIi TPOTOKOJ JJIs yOAIEHHOTO YIIPABIEHUS U
nepemaun $haiion

23 (TELNET)

MIPOTOKON IS JOCTyNa K YAAIEHHOMY CeTeBOMY
YCTPOJICTBY

25 (SMTP) IIPOTOKOJI I1epelauy IEeKTPOHHO IT0UThI

50 TP HWIG) e

161 (SNMP) MPOTOKOJ JJI51 yIIpaBaeHMsI CeTeBbIMU YCTPOICTBAMU
Ta6nuua 10.2. OwubKu coeduHeHust

CooOuienne OnmucaHue

protocol not supported

IIPOTOKOJI HE IMOAOEP>KMBAETCSA

can’t assign requested address

HEBO3MOKHO Ha3HAUMUTb 3aMPOIIEHHbIN afpec

network is down

CeTb HeJOCTYITHa

network is unreachable

ceTh He paboTraeT

network dropped connection on reset

YTepsSsHO CoOeVHeHMEe C CEeTbIO

software caused connection abort

IIporpaMMHOe€e obecrieyeHne BbI3BaJIO paspbIB coean-
HeHUsI

connection reset by peer

y3eJ1 pa3opBall CoOeaAMHEHNe

connection timed out

VICTEKJIO BpeMs OKUIOaHUA COeAMHEHU A

connection refused

OTKa3 B COeAMHEHUN

host is down

y3eJI He OTBeuaeT

no route to host

OTCYTCTBYET MapuipyT 0 y3/1a
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10. Tectbl TCP/IP

10.6. HTTP GET-3anpoc

Ilns mepegauy Be6-CTpaHUIL UCIOMb3yeTcst mpotokoa HTTP. B atom mpoTokose
onpenenén HTTP GET-3ampoc’. C ero nmoMoIbio BO3MOXHO IIPOBEPUTH, OTBEYAET
nu cepBep Ha HTTP-3ampock! U MOTyYnTh COOEPSKMMOe YKa3aHHOTO pecypca.

s monmyyeHust comepskuMoro ¢aiia ¢ ceppepa Heo6XOAMO:

1. YcTaHOBUTD COeIMHEHME C Y3/IOM 10 aJITOPUTMY, OIMCaHHOMY B pasneie 10.5,
ykasaB B riosie «®Daitn» (cM. puc. 10.13) ums 3ampanmBaemMoro daiina.

2. Haxatp Ha kinaBuiy F2 «<HTTPGET»:

T A——— - B:——— - 16:40
TCP knneHT

Locationy httpid twiki,dda/bin/view/Bercut

Content-Lengths 216

Content-Tupe: textshtml: charset=iso—-8853-1

¥-Pad: awoid browser bug

<IDOCTYPE HTHL PUBLIC “-#/IETF//OTD HTHL 2,0//EN">
<html><head>

<kitler302 Found</titles

<rheadr<body>

<hlxFound</hls

<p>The document haz mowed <a href="http://twiki,ddg/
bindwiewsBercut" *heredsar, <p>

</body><shtml >

SaKpHTE HTTPGET Hactpobiky  Coxp,/3arp,

Puc. 10.15. TIIpumep omeema na HTTP GET-3anpoc

> MyHKUMS JOCTYNHA NPU JONONHUTENbHOM 3aKa3e onuuu «ETIP»

39



BepkyT-ET. PykoBoACTBO Mo 3KCnyaTaumm

10.7. TpaH3urt

B pexxrmMe «TpaH3uT» IpU6GOP BKIIOUAETCS B Pa3pbiB COEMMHEHNS MEXKTY IBYMS
ceTeBbIMM yCTpOiicTBamu. Tpaduk, mpuxopsmuii Ha mopT A(B) oTIipaBsieTcs Ha MOPT
B(A), npumep noaka0ueHMs IokasaH Ha puc. 10.16.

Puc. 10.16. TIpumep nodxntoueHus 8 pexcume «TpaHzum»

ITpu mepegave JAHHBIX C TTOPTA HA MOPT OCYILIECTBISIETCSI COOpP CTATUCTUUECKUX
JIaHHBIX O ITpoXofsiIeM Tpaduke. Pe3yabTaThl JOCTYITHBI B MeHIO «CTaTucTuKay». [Ipu
TTOAICYETE CTATUCTUKM 10 YPOBHIM MOBPEXIEHHbBIE MTAKEThI HE YUUTHIBAIOTCS.

Eciu ckopocTy nepesiaum JaHHbBIX [I7151 TIOPTa A 1 [1J1s TopTa B pa3inyuHbl, BO3MOX-
HBI IOTePY IPU MPOBeAEHMUM TeCTUPOBaHMs. IIoTepy MPou30iiIyT B TOM CIy4ae, ec-
JIV TIepeiava BeJIETCSI € MopTa ¢ 60JbIIel CKOPOCThIO Ha MTOPT C MEHBIIIE.

Hl  A:100 PTH B:1000 PTH 00 26

TpaHauT

IECE I Brn

Brikn Brn

Puc. 10.17. MeHnio «Tpansum»
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11. BERT

BERT (Bit Error Rate Test) — TecT, MO3BOJSIIOIINIT ONIPEAETUTh OCHOBHOI OUTO-
BbIlf TIOKa3aTesb KauecTBa KaHasa — «bit error rate» (KO3GOUIMEHT OGUTOBBIX OIIN-
60K), T.e. OTHOIIEHME YMCIa OMMOOUHBIX OUT K 06IIEeMY KOMMYECTBY TepeqaHHbIX
6uT. Vi3BecTHas Ha IPUEMHOM U IepefalolleM KOHIle GMHapHAas MMOC/IeI0BaTe/lb-
HocTh nomeniaetcs: B Ethernet-kanp, KoTopslit mepenaércsi B pu3myeckyo cpemy.
Ha npuéMHOM KOHIIEe TTOC/IeI0BATEIbHOCTh CPAaBHMUBAETCS C MCXOIHO, M BBIUMCIIS -
eTcst Ko3hPuieHT 6UTOBBIX OMIMOOK. [IJis moakIueHus: K TDM-ceTu UCIOb3y-
eTcst KOHBepTep MHTep(deiicoB, KOTOPBIN OCYIIeCTBISIET TpeobpasoBanne Tpaduka
rmakeTHoit cetu (Ethernet) B Tpaduk, nepemnaBaemsiit B TDM-ceTsx.

TecTpoBaHMe MOXKET GbITh Peasn30BaHO Ha YETHIPEX YPOBHIX Mogenn OSI:

1. Ha ¢pusmyeckom ypoBHe [JaHHbIE OTIIPABJISIOTCS YACTSIMU C OMpeeEHHbIM
MekkaapoBbiM MHTepBasioM (IFG — Interframe Gap). B aTom cirydae TecTupo-
BaHMe poBoauTcs ¢ opTa A (B) Ha mopt B (A) (cMm. puc. 11.5) mam ncrnomnb3y-
ercst dyHkuus «Ilneiid» (cm. puc. 11.6).

TecTtoBas KoHTp. TecToBas KoHTp.

nocnefoBaTenbHOCTH cyMma IIFGI nocnenoBaTtenbHOCTH cyMMa

Puc. 11.1. Kadp ¢u3suueckozo yposHs

2. Ha kaHaibHOM ypOBHE K AaHHBIM Hob6asisieTcs Ethernet-3aronoBox, 4To mo3-
BOJISIET TlepelaTh TeCTOBbIe MaKeThl Yepe3 CeTb, KOTOPasi COAEPXKUT YCTPOii-
CTBa, paboTaroiye Ha BTOpoM ypoBHe Mozenu OSI — HarpuMmep, ceTeBoi KOM-
myTaTop (switch). Crioco6bl MOAKITIOUEHMS K TECTUPYEMOIA CETHU TIOKa3aHbl Ha
puc. 11.7,11.8, 11.9.

MAC TectoBas KoHTp.
3aronoBoK| nocnenoBaTeNbHOCTb CymMmma

Puc. 11.2. Kadp KaHanbHoz0 yposHs

3. Ha ceTeBOM ypOBHe JaHHble ToMelaoTcs B IP-maket, a 3aTem — B Ethernet-
Kazp. JTO MO3BOJISIET IepefaTh TECTOBBIE ITAKEeThl Yepe3 CeTh, KOTOPAsi COAeP-
SKUT YCTPOICTBA, paboTaloliyie Ha KaHAJbHOM M CETEBOM YPOBHSIX — HaIpu-
Mep, CeTeBO KOMMYTATOP, MapIIpyTusaTop (router). Crioco6bl MOAKIIOUEHNST
pubopa K TeCTUPYEMOIt ceTu moKasaHsl Ha puc. 11.7, 11.8, 11.9.
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MAC

3aronoBoOK | 3aronoBOK | nocnenoBaTenbHOCTb| CyMma

P TectoBas KoHTp.

Puc. 11.3. Kadp cemegozo yposHs

4. Ha tpaHcroptHoM ypoBHe dhopmupyetcst Ethernet-kagp, cogepskaumii IP- u
UDP-3aronoBoK, 4TO MO3BOJISIET MepenaTh TECTOBYIO MOCAeL0BATENIbHOCTD C
JCIIO/Ib30BaHMEeM TPAHCIIOPTHBIX IIPOTOKOIOB. CII0COObI MOAK/IIOUEHNS TIPU-
60pa K TeCTUpyeMoii ceTu 1oKasaHsbl Ha puc. 11.7, 11.8, 11.9.

MAC IP

3aronioBOK|3aronoBOK| 3arofoBoK(nocnenoBarTenbHOCTy CyMMa

UbDP Tecrosas KoHTp.

Puc. 11.4. Kadp mpaHcnopmHozo ypogHs

ITocnenoBaTenbHOCTH, MCIoJib3yeMbIe IJi1 TeCTUPOBAHMA, COOTBETCTBYIOT PEKO-

menpamyv ITU-T 0.150 [8].

Ta6nuya 11.1. Tecmossie nociedosamensHocmu

Tumn nociaenoBaTeIbHOCTU

PeKome}-myemoe IIpuMeHeHue

2ell-1

i ompeneneHus: ommMboOK M IAKUTTepa (IIpU Tepena-
ye TaHHBIX [0 KaHAy CBSI3M CO CKOPOCThIO 64 KOUT/C U
64 xN x6ut/c, rme N — 11e/10€ Umcio).

2el5-1 Ilnst onipeneneHust OMMOOK U KUTTepa (TIpU mepenave
IIaHHbIX I10 JIMHUM CBSI3U CO CKOPOCThIO 1544, 2048, 6312,
8448, 32064 1 44 736 K6UT/C).

2e20-1 Ilnst ornpeneneHust omuboK (Mpy Irepemave Mo KaHATY
CBSI3U CO CKOPOCTBIO He 6osnee 71 KO6UT/C).

2e23-1 Ilnst orpenmeneHust OmM60OK M IKUTTepa (IIpyU Iepema-

Yye MAaHHBbIX 1O JIMHUM CBSI3U CO CKOPOCTbIO 34368 u
139 264 k6uT/C).

2e29-1, 2e31-1

Ilns ompenenenus: ommMOOK TP Tepemavye AaHHBIX Ha
BBICOKMX CKOPOCTSIX (6omee 139 264 KOUT/C).
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11. BERT

11.1. BapuaHTbl NOAKNHOYEHUSA

dusmueckas cpena (kabesb)

nopr A(B)
nopt A(B) ]

Puc. 11.5. TecmuposaHue Ha Gu3uueckom yposHe (eapuarm 1)

bl nopr A(B)

Puc. 11.6. TecmuposaHue Ha uauueckom ypogHe (8apuanm 2)

Ethernet-cetb

Bl

switch/

—>| konseprep f—> o
< | uurepdeiicos P :)UJJ'ICI/Iq)

X - naker ¢ ommGKoii B TeCTOBOH M0CIEIO0BATENBHOCTH

Puc. 11.7. Tecmuposanue Ha KaHanbHOM/cemesom ypoeHe (sapuanm 1)
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Ia4Ka KajpoB
Ethernet-cets

I

nopr A(B) > swittch/ e
router

LXK oo

& - MaKeT ¢ OIUOKOM B TECTOBOM MOCIIEN0BATEIBHOCTH

Puc. 11.8. Tecmuposanue Ha KaHANbHOM/cemesom ypogHe (sapuanm 2)

Tnayka KaJpoB

.
nopr A(B) > "gggsg)grccgs — nueid

X

X - TNaKeT ¢ OIHMOKON B TECTOBOH I1OCIIECI0BATEILHOCTH

Puc. 11.9. TecmuposaHue Ha KaHanbHOM/cemesom ypogHe (8apuarm 3)
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12. MaKeTHbIN AXUTTEP

BaskHoi1 3amaveit mpu TectupoBaHuy Ethernet-cereii ssBisieTcst ornpemeeHue ma-
KeTHOro mkuTTepal. B cooTBeTcTBUM ¢ MeToaMKoit RFC 4689 [9], makeTHBI IXNUT-
Tep — 3TO abCOIOTHAS Pa3HOCTH 3a/I€PsKEK PAaCIIPOCTPAHEHMS IBYX MTOC/IEA0BATEb-
HO TIPMHSITBIX TIAKETOB, MPUHAAJIEXAIINX OJHOMY ITOTOKY JaHHBIX. DTOT IMapameTp
MUCTIONb3YeTCs 11 OLeHKM BO3MOKHOCTHM CeTU TepefaBaTh YYBCTBUTENbHbIN K 3a-
IepskkaM TpaduK, TaKoii, KaK BUOEO VI PeUb.

12.1. TecTOBbIN NOTOK

@OyHKUMS TeHepalyi TeCTOBOTO IMOTOKA MTPUMEeHSIeTCs IPU M3MePEeHMM [TaKeTHOTO
IkuTTepa. CylecTByeT BO3MOKHOCTb TeHepaly TeCTOBOTO IMOTOKA U M3MepeHMsI
MaKeTHOTO JKUTTepa Ha OAHOM IOpTy (puc. 12.1), a Takke reHepaluy TECTOBOTO
ITOTOKA Ha OJHOM TTOPTY U M3MepeHUs TaKeTHOTO KUTTepa Ha Apyrom (puc. 12.2),
MIpUYEM ITOPT MPUEMa MOKET pacIioyiaraThCsl Ha yaaJéHHOM rpubope (puc. 12.3).

TE€HEpanusa TECTOBOI'O IMOTOKa

=

oprAB) )iy

OIPEACIICHUE TDKUTTEPA

Puc. 12.1. Hzmepenue Oxummepa. Cxema 1

1B 6a30Byl0 KOHbUrypauuio He BXOAMT. locTynHO Npu AOMNONHUTENBHOM 3akase onuum «ETIT».
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reHepanus T€CTOBOro NoToKa

| ompesieNieHne IPKUTTEpa

mopT B(A)

mopt A(B)
A

Puc. 12.2. H3smepenue Oxcummepa. Cxema 2

reHepanusa TCCTOBOro nNoToka

nopt A(B)———

omnpezieNieHe HKUTTEpa

Puc. 12.3. H3meperue dxummepa. Cxema 3
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