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OIEHKA ITPOU3BOJUTEJIBHOCTHU CEETEFI C KOMMYTAIIMEA METOK
B MOJEJIUPYIOIEU CUCTEME NS

PERFORMANCE EVALUATION OF LABEL SWITCHING NETWORKS
WITH SIMULATION SYSTEM NS

AHHOmauyus. [lpeacrtaeneHa meToguka nocTtpoeHns mopenen MPLS marnctpanen B cpege
mogenupytouwen cuctembl NS Ha npumepe dparmeHta EBponerickon maructpanu WHtepHeT. [Ons
ONHaMMYECKON OLIEHKM MPOMYCKHOW cnocobHOCTM MarucTpanu paspaboTaHa npoueaypa, Nepuoguyecku
OLeHVBaLLasa NPON3BOANTENBHOCTb CETU B MPOLIEcCe MMUTALMOHHOIO MoaenvpoBaHus. MNpouenypa MoxeT
ObITb UCNOMb30BaHa ANs OOHapyXeHUs1 KPaTKOBPEMEHHBIX Meperpys3ok B maructpansx. [ogTeepxaeHa
a[eKBaTHOCTb paHee NpeAcTaBEHHbIX Modenen, NOCTPOEHHbIX B POpMe pacKkpalleHHbIX ceTen MNeTpw.

Summary. The technique of MPLS backbones’ models construction into simulation system NS on
the example of European Internet backbone’s fragment was presented. For the dynamic performance
evaluation of the backbone, a procedure was developed, that estimates periodically the network’s
performance during the simulation process. The procedure might be used for the revealing of short duration
overloads into backbones. The adequacy of early presented models in the form of Colored Petri nets was
acknowledged.

Texnomoruss kommyTtaru MeTok MPLS [1] oOseawHsSeT TpPHUHIANBI KOMMYTAIIHH TIAKETOB H
KOMMYTallM KaHAJOB B TEJIEKOMMYHHMKALIMOHHBIX CETAX. MeTka mpeAcTaBisieT co00i, IMO-CYIIeCTBY,
UICHTU(PHUKATOP HEKOTOPOTO BUPTYaIbHOTO KaHaja M JIOCTaBKa IaKeTa, JOMOJIHEHHOTO METKOM, He Tpedyer
MIPOCMOTpa OOBEMHBIX TAOIHUI] MapIIpyTH3aLKH. B HacTosIIee BpeMss KOMMYTAIHs METOK SIBJISIETCSI OCHOBHOM
TEXHOJIOTHEH MJIs pEeIICHHUS MPOOJIeMbl TOBBIIMICHUS TMPOU3BOIUTEILHOCTH MAarUCTPaIbHBIX CeTel, YTO
00yCJIaBIMBAET aKTyalIbHOCTh 33j]a4 OIICHKH IIPOM3BOMTEIEHOCTH U Ka4ecTBa o0cTykuBanus cereiit MPLS.

Cucrema NS (Network Simulator) [2] 3aHmMaeT IIeHTpalbHOE MECTO CpPEeIr CIEIHaTU3NPOBAHHBIX
CHCTEM HMUTAIIMOHHOTO MOJEIHPOBAHMS TEICKOMMYHHKAIIMOHHBIX ceTeil. NS co3maHa Kak pacumpeHue
00BEKTHO-OPUCHTUPOBAHHBIX 3bIKOB mporpammupoBanus OTcl, C++ u nuaupyer mno KOJIUYECTBY
MIPUMEHEHUH B pEaTbHBIX MPOEKTaX.

B [3] mpencTaBiieHa MOJENs MaruCTPaIbHON CETH ¢ Kiaccudeckor IP-mMapmipyTrsanueit, mocTpoeHHas
B cucteme NS; ccieoBaHus BBITIONHEHBI is (parmMenTa EBponelickoit Maructpanu MHTepHET, H3y4eHHOTO
B [4] ¢ momomrsio packparieHHbix cereil Ilerpu. Onnako B [3] He paccMoTpeHa KoMMyTarms MeToK. Kpome
TOTO, TIPHU TOCTPOSHUM MOJIEIH HCIOJh30BaHA MPOCTas MOCIENOBATENILFHOCTh AUPEKTUB NS, UTO NPUBEIO K
TPOMO3JIKOM MOJEIIH; NP OLICHKE XapaKTEPUCTUK MPUMEHEH aHaJIU3 MOJHOM COXPAaHEHHOUW Tpacchl UMUTALIUH,
KOTOpasi TaK’Ke MOXKET OBITh JOCTATOYHO OOJBIIOW MPH ®
MOJISIMPOBAHHUH PeallbHBIX MarucTpaei.
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pa3aMuYHBIX cTpaHax [4], W MarucTpajibHOM CETH, /
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1. Onucanue TomoJioruu cetH. B Hacrosmen
paboTe mocTpoeHa MoJienh MarucTpainsHoit MPLS certn,

obpazoBanHO# 7-t0 MPLS-mapmpytm3aTopamu LSR1-
LSR7 (y37151 0-5 COOTBETCTBEHHO).

Crenyer OTMETUTh, YTO aHUMATOp OTOOpa)kaeT ®
MIOTOKH TepelaBacMbIX (BAOJIb JMHUHN CBS3U) IMAKETOB U
ouepenu; PpasIMYHbIE IBETa MCHOJB30BaHBI IS Pucynox 1 — Cxema MarucTpanbHoii ceTH,
0TOOpaXeHUS AKETOB, CTEHEPUPOBAHHBIX PA3THYHBIMU nony4eHHas B annmarope NAM
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TEPMHUHATBHBIMH CETAMHU. DTO TIO3BOJISIET OIIEHUTH PadOTy CETH BH3yaJbHO U OOHAPYKUTH Y3KHE MECTA.
IIpu moctpoennn ™mopaenu cTpykTypa IP-agpeca He paccmarpuBanach, HCHOJIB30BaHA IPOCTas CXeMa
azpecoB plain. Y376l ceTH onMcaHbl MOCIEI0BATENFHOCTHIO tcl KoMaHa, IpeACTaBIeHHOM Ha pHC. 2.

set LSR num 7

$Sns node-config -MPLS ON

#Create routers

for {set i 0} {$i < SLSR num} {incr i} {
set LSR($1) [$ns node]

}
Sns node-config -MPLS OFF

#Create terminal networks

set T num 6

for {set i 0} {$i < $T num} {incr i} {
set T($1) [$ns node]

Pucynok 2 — Onncanue y3inoB ceTi

3aMeTHM, YTO MpPU CO3JaHMU MapIIPyTH3aToOpoB BKItoueHa onuus MPLS B xondurypamum ysna
(node-config). Ilepemennpile LSR num u T num 3aal0T KOJIWYECTBO MAapUIPyTH3aTOPOB
MarucTpajJbHOW CETH U KOJIMUYECTBO TEPMHUHAIBHBIX CETeH COOTBETCTBEHHO. CO31aHO /1Ba MaccUBa Y3JIOB:
MapuIpyTU3aTopbl — LSR ($1) U TepMUHANIbHBIE CeTH — T ($1) € MOMONIBIO IUPEKTUBBI $Sns node.

JluHUK CBSI3M OMHMCAHBl Takke Kak B [3] MpOCTOH MOCIEIOBAaTENbHOCTHIO COOTBETCTBYIOIINX
JUPEKTUB B COOTBETCTBHU €O cxeMoi ceTu (puc. 1). 3aMeTum, 4TO Te€Hepauus TOMOJOIMH C NOMOIIBIO
OIIEpaToOpOB IHMKJIA (KaK JUId y3JI0B Ha pHUC. 2) BO3MOXKHA TOJBKO IS PETYJISIPHBIX CTPYKTYp. IIpuBeném
IIPUMED ONUCAHUS JIMHUY CBSI3U MEXAY TEPMUHAIBHOM CeThi0 T (5) ¥ MapmpyTu3atopoM LSR (6) :

Sns duplex-1link S$T(5) S$SLSR(6) 1Mb 100ms DropTail

Jluaust monHogyruiekcHass (duplex-1ink), yka3aHel €€ KOHEYHBIC Y3IIbl, [POITyCKHAs
crocoOHOCTh (1MDb), 3amepxkka oOcmyxkuBaHus (100ms), THI OdYepead ¢ TOTEPEeH TaKeTOB IIPH
nepeniosiHeHud (DropTail). 3aiepkka TUHHM MOJCIMPYET BpeMsl OOCIYKUBaHUS B y3Jie M BbIOpaHa B
COOTBETCTBHH C TIPOLEIYypOH MacImTaOMpOBaHUS BpeMEH sl KOHKpeTHBhIX MPLS-mapmipyTuzaTopos,
OTIMICAaHHOH B [4].

B Monenn wucHoip30BaHBI OMIUH CHUMYJISATOpa, MpeacTaBieHHble Ha puc. 3. OHHM OIKCHIBAIOT
CO3/IaHUE HOBOTO AK3EMILISIPAa CUMYJIIATOPA IIPU 3aIyCKe MOJICIH, OTKPBITHE (aiiyia s 3alUCU Pe3yIbTaToOB
TUHAMHYECKUX OLIEHOK IMPOIYCKHOH CITOCOOHOCTH, TWHAMHYECKYIO0 MapIIpyTH3aIuio, KOH(OUTYPHPOBAHHE
potokoi0B MPLS, B 0c0O€HHOCTH, MPOTOKOJIa TMHAMHYECKOTO pactupeneneams metok LDP.

set ns [new Simulator]

set f£0 [open mpls.tr w]

Sns rtproto DV

Classifier/Addr/MPLS set control driven 1
Classifier/Addr/MPLS enable-on-demand
Classifier/Addr/MPLS enable-ordered-control
Agent/LDP set trace ldp 1
Classifier/Addr/MPLS set trace mpls 1

Pucynox 3 — Onuuu cumynsaropa

2. Onucanue Tpaduka ceru. B coorBercTBuM C [4] Kaxkaas TepMHHAIbHAas CeTh I€HEPUPYET
MIOTOKHU K KaKJOH ApyToil TepMuHanbHOU ceTh. B [4] B3auMoaelicTBHE KIMEHT-CEpBEp HE pacCMaTpHUBAJIOCh,
MO3TOMY AJIsl TeHepaluu HOTOKoBoro tpaduka BeiOpan areHT UPD. Ha Puc. 4 mpencraBieHbl areHTHI
HMCTOYHUKOB U CTOKOB Tpauka. 3aMeTHM, YTO B OTJIWYHME OT [3] MCMOJIb30BaHWE MACCHUBOB U LUKJIOB tcl
MO3BOJIMJIO 3HAYUTENBHO COKpaTuTh omucanus. Kmaccel Tpaduka (class) BbIOpaHBl Al OTOOpa)KeHUS
Pa3NUYHBIMU [IBETAMH [TAKETOB Pa3IMYHBIX TEPMUHAIBHBIX ceTeld B NAM.
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for {set i 0} {$i < ST num} {incr i} {
for {set j 0} {$J < ST num} {incr j} {
if {$1 !'= $31 {

set ij [expr [expr $T num * $i] + $J]
#Create a UDP agent and attach it to node
set udp($ij) [new Agent/UDP]
Sudp ($1j) set class $i
Sns attach-agent S$T($1i) Sudp($ij)
# Create a Exponential traffic source and attach it to udp
set exp($ij) [new Application/Traffic/Exponentiall]
Sexp($1ij) set packetSize 200
$exp ($1j) set birst time 500ms
$exp ($1j) set idle time  500ms
$Sexp ($1j) set rate 200K
Sexp ($ij) attach-agent Sudp($ij)
#Create a traffic sink and attach it to node
set sink($ij) [new Agent/LossMonitor]
$ns attach-agent S$T($1) $sink($i7j)

Pucynok 4 — Onrcanne HCTOYHUKOB B CTOKOB Tpaduka

Hukner (for) mo mepeMeHHBIM 1, j 3a7al0T BHIOOP BCEX BO3MOXKHBIX Map TEPMUHAIBHBIX CETE;
ycloBHBIN omeparop (if) ucCKiIOYaeT M3 PACCMOTPEHMs] IOTOKM, HANpaBlIeHHBIE B Ty e CaMylo
TEPMUHAIBHYIO CETh; MAKPOC 17 CIYXUT Uil OpraHu3alld BYMEPHBIX MAacCHMBOB areHToB udp ($i7),
exp ($17j), sink ($1ij) B omHOMepHBIX MaccuBax s3bika tcl. Ha TpaHcmopTHOM ypoBHE cO3maroTCs
arearel UDP (set udp($ij)), KoTopele 3aTeM TMPHCOCHUHAIOTCS (attach-agent) K y3mam
TepMUHAIBHBIX ceTel T ($1).

Jns reHepanuu TpaduKa UCIONB30BAHBI WCTOYHUKH (set exp($ij)) co ciaydailHBIM
AKCIIOHEHITHATBHO PACTIPEICIIEHHBIM BPEeMEHEM W (HKCHPOBAHHOW JUTMHON TakeToB, paBHO# 200 6aiiToB
I'eneparop exp ($17j) BKIKOYAETCs Ha CIly4alHbIN 3KCIIOHEHIIUAIbHO PACIPENEIEHHBIN UHTEPBAIl BpEMEHU
CO CPeIHMM burst time W BBIKIIOYACTCSA HA CIyYaWHBINA SKCIOHEHIUAIBHO PACIPEAEIEHHBIA HHTEPBAI
BpPEMEHH CO cpelHuM idle time ; BO BKIIOUEHHOM COCTOSHUM OH TE€HEPHUPYET MAKETHI C MOCTOSHHON
OuTOBOM CKOPOCTBIO rate . I'eHepaTopsl Tpaduka MPHCOECAUHSIOTCS K COOTBETCTBYIOIMM areHtam UDP
(attach-agent). Husa mornomieHus Tpaduka Ha y3JiaXx Ha3HAYCHHs CO3JArOTCS CTOKM sink ($Sij),
KOTOpBIE 3aTeM MPUCOSANHAIOTCA (attach—-agent) K COOTBETCTBYIOIINM Y3IIaM.

AHaJOTHIHBIM 00pa30M B ABOWHOM ITMKJIC BEITIOJHEHO COCIMHEHHE UCTOYHUKOB M CTOKOB (Puc. 5),
3ajaroliee HanpasieHue (agpecanunio) Tpaduka B CETH.

for {set i 0} {$i < ST num} {incr i} {
for {set j 0} {$3 < $T num} {incr J} {
if {$1 != $31 {
set ij [expr [expr $T num * $i] + $J]
set ji [expr [expr $T num * S$j] + $i]

Sns connect Sudp($ij) S$sink($ji)
}

Pucynox 5 — CoenriHeHIE HCTOYHUKOB M CTOKOB Tpaduka (aapecariys)
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JlomoMTHUTENBHBIA Makpoc j1 co3maH A oOecledeHHs pPeryJsIpHOTO HCIONb30BAHUS HMHIEKCOB
JBYMEPHOTO MacCHBa: TEPBBIA MHICKC Be3le 3aAaéT COOCTBEHHYIO TEPMUHAIBHYIO CETh; B T€HEpaTOpax
BTOPOH MHIEKC 3a7aéT CeTh HA3HAUYCHUsI, B CTOKaX — CETh, OTIPABIISIOIYIO TpaduK.

3. Ounenka xapakrepucTuk Moaeau. B [3] wucmomb3oBaH MpOCTEUIUN CMOCOO OICHKHU
XapaKTEPUCTUK CETH C IOMOLIBIO aHaJH3a MOJHONW Tpacchl CUMYJIsTOpa; npeactasiensl ckpuntel OC Unix,
BBIUHUCIISIOIINE NPOIMYCKHYIO CIHOCOOHOCTh CETH M BpeMs IOCTaBKM Hakera. B HacTosmeil pabore ams
MIOJTyYEHHUs] OLIEHOK MPOM3BOIUTENHHOCTH (TPOIYCKHOM CIIOCOOHOCTH) ceTH pa3paboTaHa crieruanbHas tcl
npouenypa evalPerformance, mpencraBieHHas Ha Puc. 6. OcoOeHHOCTBIO TNpOLEXyphl SBISETCS
o0ecrieueHue IUHAMU4ecKux oneHok. [Ipomenypa 3amyckaercs xkaxasle 0.1 c. M, HCHONB3ys CUETUMKH
OaiitoB bytes  areHtoB sink ($i) kmacca LossMonitor, oneHuBaeT Tpauk, MOITyYEHHbIH KaxkI0H
13 TEPMHUHAIBHBIX CeTel U 0OLHii TpaduK.

proc evalPerformance {} {
global T num sink fO0
set ns [Simulator instance]
#Set the time slice
set time 0.1
set total 0.0
#Get the current time
set now [$ns now]
#Calculate number bytes received by the traffic sinks
for {set i 0} {$1i < ST num} {incr i} {
set sum 0.0
for {set j 0} {$j < ST num} {incr j} {
if {$i != $3} {
set ij [expr [expr $T num * $i] + $3]
set bb [$sink($i]j) set bytes ]
set sum [expr S$sum + S$bb]
#Reset the bytes values on the traffic sink
$sink ($1ij) set bytes 0
}

}
#Calculate the bandwidth (in MBit/s) and write it to the file

set bw($i) [expr $sum/S$Stime*8/1000000]
set bytes [expr S$total + S$sum($i)]

}
#Calculate the total bandwidth (in MBit/s) and write it to the file

puts bwt [expr S$total/Stime*8/1000000]
puts $f0 "Snow S$bw(0) S$bw(l) S$bw(2) Sbw(3) Sbw(4) Sbw(5) Sbwt"
#Re-schedule the procedure
Sns at [expr Snow+S$Stime] "evalPerformance"

Pucynoxk 6 — [Iponienypa oieHKH NPOU3BOANUTENBLHOCTH CETH

[lepemeHHas time ycraHaBIHMBaeT MHTEPBAJ NMEPEBHIYNCICHNN; IepeMeHHast total HaKaruMBaeT
o0Iiee KOJIMYECTBO OalT, MepelaHHBIX B CETH; IEPEeMEHHas Sum HaKalIMBaeT KOJMYECTBO OaidT,
MIOJTy9YEeHHBIX TEKYIIeH TEPMHUHAIBHON ceThio T ($1) OT BCeX OCTaJbHBIX TEPMHHAIBHBIX ceTed T ($7),
$3#51, ucrnonw3ys CU€TyMkHM OalWTOB bytes ¢TOKOB sink ($17j); B IEPEMEHHOM Now COXpaHAETCS
TeKyIIee MoJelbHOe Bpems. [IpoM3BOMUTENFHOCTh KaXKIOW TEPMHHAIBHON ceTH T ($1i) BBIUHCIAETCS B
MEepEeMEHHBIX bw ($1), 3areM BBIUMCISIETCS CyMMapHas IMPOU3BOJUTENIBHOCTh B MEPEMEHHONM bwt.
IIponienypa 3aBepiiaercs 100aBIeHUEM B paCIIUCAHUE CUMYJIATOPA HOBOTO OYIyIIETO COOBITHS, COCTOSIIETO
B 3alycke mpouenypsl evalPerformance udepe3 UWHTepBan BpeMeHH Stime ($Snow+S$Stime).
[lomydeHHbIe OLIEHKH BBIBOAATCA B dailm B (popmare CTpOKH, yHOOHOM Uil AadbHEWIIETO MOCTPOCHHUS
auarpamm U rpadukoB. @parMeHT nony4eHHoro Qaiiina npeacTaBiieH Ha puc. 7.
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5.0999 0.2800 0.4400 0.8000 0.7600 0.8800 0.5999 3.7599
5.1999 0.4000 0.7600 1.0000 0.5200 0.8000 0.6800 4.1600
5.2999 0.4799 0.5999 1.0000 0.4400 0.7600 0.4400 3.7200
5.3999 0.5999 0.5999 0.9599 0.4000 0.7600 0.8000 4.1200

PI/IcyHOK 7— (DpaFMeHT q)aﬁna BBIYHUCJICHHBIX OLICHOK NPOU3BOAUTCIBHOCTU CCTU

[lepBast KONOHKAa paBHAa TEKyIIeMy MOJAEIHLHOMY BpeMeHH (S$now); Jaliee CIEAYIOT OLEHKU
MIPOU3BOAUTEIHLHOCTH 110 TCPMUHAIBHBIM CETSM B TIOPSIKE BO3pACTAHUS UX HOMEPOB; B IMOCICIHUN CTOJIOEIT
BBIBOJUTCS OIICHKA OOIIEH MPOM3BOAUTEIILHOCTH. 3aMETHM, YTO OIICHKH B KaXKIOW CTPOKE MOTYUYCHBI JJIS
HWHTEpBajla BpeMeHU [Snow-Stime, S$now].

4. AHaau3 pe3yJbTATOB MOJEJMPOBAHMA. DBBIMOTHEHO WMHUTAIMOHHOE MOJEIHPOBAHUE
MPOIIECCOB B yKa3aHHOM (parmeHnte EBpormeiickoit Marmctpamu WHTepHeHT (puc. 1). OueHuBaIMCH
JUHAMHMKA U3MEHEHUS [IPOM3BOJUTEIBHOCTH MarucTpasu (10 TEPMUHAIBHBIM CETSIM M OO0IIeil) C IOMOIIbIO
npouenypsl evalPerformance, npuBeaeHHOR Ha puc. 6. [lony4eHHbIH rpaduk npencTaBieH Ha puc. 8.
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Pucynox 8 — JIluHamMuka U3MEHEHUS ITPOU3BOIUTEILHOCTA CETH BO BPEMEHU

Tak Kak MHTEHCHUBHOCTh Tpa(uKa MOABEPKECHA KOJICOAHUSIM B COOTBETCTBUHU SKCIIOHCHIIMATBHBIM
pacrpenesicHueM BpeMEHH HCIIOIb30BaHHBIX T€HEPATOPOB, CyMMapHas MMPOU3BOAUTEILHOCTh H3MEHSICTCS B
rpanuiax ot 2,3 no 4,2 Mout/c; Ha rpaduke NpsMO¥ JIMHUEH MTPeICTaBIeHa CPEIHSASA MPOU3BOIUTEILHOCTh
cetu paBHas 3,3 MoOuT/c. YkazaHHas mpoueaypa MOXKeT ObITh UCIIOJb30BaHA IS OMPEIEICHUs BPEMEHHBIX
MePerpy30K B MaruCTPaibHBIX CETSIX MPU MOJISIUPOBAHUHU BCILUIECKOB TpaduKa.

Janee uccnenoBaigach 3aBUCUMOCTh OOIIEH MPON3BOIUTEIHPHOCTH OT MHTCHCHBHOCTH MCTOYHUKOB
TpadrKa BO BpEMEHH; IOBEPXHOCTH MMPOU3BOAUTEIBHOCTH CETH IPEJICTaBICHA Ha pHC. 9.
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PI/IcyHOK 9— HOBGpXHOCTL OpOU3BOAUTCIILHOCTHU CETHU

B cpeaHeM mnpou3BOOUTENHHOCTh pPAcTET A0 MaKCHMAaJIbHONH MPOU3BOAMUTENHHOCTH CETH U
CTaOMIU3UPYETCs, 3aTeM HaOII0AaeTCsI CHIDKEHHE IPOM3BOAUTEIEHOCTH BBHY OTEPHU TIAKETOB B OUEPEASIX.
PocT ouepeneli makeToB U MOTEPH IMAKETOB MOTYT OBITH OIIEHEHBI BU3yaIbHO B aHMMatope NAM; mpumep
o0Opasza skpaHa ¢ oToOpakeHHEM ouepeneld M KOMaHAHbIE (Daibl OIEHKH YHCa MOTEPSHHBIX IMaKETOB
npuBeneHsl B [3]. YKa3zaHHYIO TOBEpXHOCTh yAOOHO OIICHMBATh B PA3IUYHBIX paKypcax s TOHMCKa
AHOMaJIMii TPOU3BOJUTENFHOCTH, BBI3BAaHHBIX HEPAaBHOMEPHOCTHIO TpaduKa; I[BETHOE MpPEICTaBICHUE
rpajanuy IPOU3BOAUTEIHHOCTH MOBBIIIAET HATIISTHOCTh N300paKEeHNS.

Hanee BoinmonHeHb! cpaBHUTENbHBIE onleHKH [P [3] 1 MPLS cereit npu pa3nuuHbIX Harpy3kax ceTd, B
TOM YHCJIE ¥ IUKOBBIX; Pe3yJIbTaThl peacTaBieHsl Ha Puc. 10.

4 /PN —_—

- _
P < MPLS
/

MNMpoussogutenbHoctb (M6uTt/c)

8 16 80 160 500 800 1000 1600 2666 8000 16000

MHTeHCcuBHOCTBL UcTouHUKOB (K6uti/c)

Pucynoxk 10 — CpaBaenue npousBogutenbHocTH IP 1 MPLS cereii
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HccnenoBanmsi TPOBOAWINCH JUIS KAHAIOB C TPOMYCKHOW CIOCOOHOCTRIO 2MOuT/c u
MHTEHCHBHOCTh HMCTOYHHUKOB TpaduKa C TOCTOSHHOW OWTOBOH ckopocThio oT 8 mo 16000 Kout/c. Ilpu
WHTEHCUBHOCTH HMCTOYHHKOB okojio 800 KOut/c mocturaercs MakcumanibHas NPOU3BOAUTENBHOCTDH; MPHU
stroM MPLS maructpans obecrneunBaeT MpON3BOIUTEIBHOCTE B 1,6 pa3 Gombine, yeM [P maructpams. 210
KOCBEHHO MOJTBEPKIACT aJCKBATHOCTh paHEe IOCTPOCHHBIX Mojeled B (opMe pacKpalleHHBIX ceTei
[etpu [4] (¢ morpemHocTBl0 OKONO 6%). JlanbHEHIIMI POCT WHTEHCHMBHOCTH TpaduKa MPUBOIUT K
CHIDKCHHUIO IPOM3BOAMTENIEHOCTH M3-32 POCTa O4epeneil U MoTepu MaKeTOB; yKa3zaHHas aHoManus B [4] He
Ha0Jroanack, Tak Kak MPOLECCh IOTEPH IAKETOB U IIOBTOPHOM Nepefadn He MOJICINPOBAIIUCE.

Takum oOpazom, B HacTosmield paboTe MpeicTaBlieHa MeTOoIuKa mocTpoeHus moxaeneit MPLS
MarucTpajiei B cpeie MOACIUPYIOMEH CUCTeMBI NS W TWHAMHYECKON OIEHKH IMPOITYCKHON CIIOCOOHOCTH
MarucTpajeii ¢ IIOMOINBIO CIEHUAIBHO Pa3pa0OTaHHOW MPOLEAYPhl, IEPUOIUYESCKH OICHUBAIOIICH
MPOU3BOJAUTEIBLHOCT, CETH B  TPOIECCe HMMUTAIMOHHOTO  MOJCIUPOBAHUS, JJIsS  OOHApyKCHUS
KpaTKOBPEMEHHBIX MEPErpy30K B Maructpaisix. [lonydeHHbIe YUCIEHHBIE PE3YJIbTAThl XOPOIIO COrNACyOTCS
C U3BECTHBIMH OIIEHKaMU IipousBoauTenbHOoCcTH MPLS cetei.
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