VIK 681.513

3AHYEHKO O.10.,
KYXAPEB C.O.
KYXAPEBA O.B.

IMITAIOIMHE MOJEJIOBAHHA MEPEX 3 TEXHOJIOT'IEIO MPLS
3 METOIO KEPYBAHHS PI3BHOTUITHUM TPA®IKOM

CoopMynpoBaHO 3a7ady po3poOKH KOMILIEKCY HPOrpaM Ui PO3pOOKH TOIOJOTIT
KOMIT'IOTEepHHX Mepek 3 TexHoioriero MPLS, MmonenroBaHHS TOBEHIHKA MEpPEXi B
3aJIe)KHOCTI Bil HaNAIUTYBaHb 1i CKJIAJOBUX Ta KEPyBaHHS PIZHOTHIHUM Tpadikom.
HasezneHo onuc anropurmy imirtamii.

The article is formulated the problem of development a program system for MPLS
networks topology designing, modeling network behaviour depending on its component
setting, and traffic engineering. Simulation algorithm description is represented.

1. Beryn

3a ocraHHI poku Oy10 3podiieHO OaraTo crpod BUKOPUCTATHA OaraTompoTo-
KOJBbHY KoMyTalifo 3a MmiTkamu (MPLS), mo 3HaYHO BIUIMHYJIO Ha BUKOPH-
cranns [P-mepexx. MPLS siBisie co0010 TEXHOJOTIIO, 3 KO y IMEPCHEKTUBI
OynyTh mparoBatu OunbiicTs IP-mepex, y Tomy umcni Internet. Bukopucran-
Ha1 TexHonorii MPLS wHamae mepexi Internet HOBHH NpHHIHWII Tepenadi
MAKeTiB, IO BIUIMBA€ Ha IEPEPO3NOAUT IMOTOKIB JAaHWX Ta HA peaNi3amiro
BipTyaJIbHUX HPUBATHUX MEPEXK, a TAKOXK J03BOJISIE ITpoBaiepaM Oibi edek-
THBHO 3a0e3meuyBaTy 3a/iaHy sKicTb 00cimyroByBanns [1, 2].

CyuacHa KOMIT'IoTepHa Mepeska 3 TexHojorieto MPLS e nyxe ckiagHoro
CHCTEMOIO, B Hilf OJHOYACHO TIepeaaeThCs iHPOpMaIis Pi3HUX TUIIB 3 PI3HIMH
NOKa3HUKaMH SKOCTI oOciyroByBanHs. Ha ii poOoTy iCTOTHO BIUIMBAIOTH Me-
TOOM KepyBaHHS TpadikoM, a came, opraHizamis Ta OOCIyroByBaHHS 4epr,
criocobu opranizauii 0ydepis komyTatopis [3]. [ToGynoBa aHamiTHYHOT MOIENi
U JOCHIDKEHHS BIDIMBY 1HX (akTopiB Ha TOKAa3HUKH  SKOCTI
(bYHKI[IOHYBaHHSI MEPEX B JIaHil cUTYyaIlll HEMOXKJIMBA, O0JIaHAHHS A1l T00Y-
JIOBU Mepex 3 TexHojorieto MPLS e mocuts moporum, ToMy uist monepeaHbo-
IO TPOEKTYBaHHS, a TAaKOX JUIS MOJEIIOBaHHS POOOTH Mepexk, aHajisy Ta
omnTuMi3aIii iX XapaKTEepHCTHK TIIPOIIOHYETHCS IMiTalliifHE MOJEIIOBAHHSI —
OJTMH 3 HAWTIOTY KHINIIAX IHCTPYMEHTIB TOCITIKEHHS CKIaIHUX chcTeM [4].

Mertoro aHoi poOOTH € ONKUC IMiTaliiHOT MOJIeNi Crieliai30BaHoi KOMII'10-
TepHOi Mepexi 3 TexHonoriero MPLS, sika mo3Boisie 3amaBaTH TOIIOJIOTIIO
Mepexi, XapaKTepUCTHKU ii CKIaJO0BHX, MOJICTIOBATH IMOBEAIHKY Mepexi i3
3a1aHOI0 TOIOJIOTIEI0 3 METOIO ITOJANbLIIOr0 OOYMCIICHHS PEAbHUX XapaKTe-
PUCTHK Mepexi (cepeHbol 3aTpUMKH, Bapiallii 3aTPUMKH, JOJi BiJKUHYTHX
TMIaKeTiB), BUSBJICHHS "BY3bKHX" MiCIb.
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2. IlocTanoBka 3axaui

3amaeTbcs  TOMOJIOTIS  CHEHiali30BaHOI  KOMITIOTEPHOI  Mepexi 3
texnosoriero  MPLS, mio ckmamaetbes 3 By3miB  3B’s3ky — LSR
(MapupyTH3aTopiB KomyTalii 3a MiTkamu) Ta LER (mpukopaoHHux By3iiB), a
TAaKOXX KaHAJIB 3B’S3KY BINMOBIMHOI IPOITyCKHOI CHPOMOXHOCTI. Momenb
MepexkKi BKITIOUAE TaKOK 30BHIMIHI BY3JIH 3B’ SI3KY.

30BHIIIHI BY3JIM € TeHepaTopamu Tpadika pi3HUX KaTeropiit cepsica (mepe-
Jada 3 MOCTIHHOK, 3MIHHOI Ta JocTymHoro mBuakoctsmu — CBR, VBR Ta
ABR BinmnoBinHO).

BBoasThCS HACTYNHI MOKA3HWKH SKOCTI OOCIYrOBYBaHHA Tpadika pi3HHX
KaTeropi:

e cepenns 3atpuMka naketiB (CTD),
e Bapiairist cepeansoi 3atpumku (CDV),
e BincoTok BrpaueHux nakeriB (CLR).

IIpu mepemadi Tpacdika kareropii CBR pesepByetbes ¢ikcoBana cmyra B
KaHalli, He 3aJIeXKHO BiJl TOTO, UM ¥iie mepeaaya JaHuX. 3aJIHUIIOK CMYTH JAUIATh
Mk coboro Tpadiku kareropii VBR ta ABR, mpuyomy VBR € 6inbm mpi-
oputetHuM [3].

ITepenmaua tpadixie CBR, VBR ta ABR 3miiicHIO€TBCS IO BipTyaJIbHUX Ka-
HaJlaxX, KOTPi BCTAaHOBJIIOIOTBCS MK JDKEPENIOM Ta ajgpecaToM. BoHu 3agatoTbes
pa3oM 3 IHIIMMH TapaMeTpaMH MEpPExKi.

3ajaya aHol CTATTi — OMKCATH PO3pOOJIeHY iMiTaliiHy MOZEIbh KOMII I0o-
TepHOi Mepexi 3 TexHosorieto MPLS, sika peanidye pi3Hi TeXHOIOTII mepeaayi
Tpadika Ta J03BOIISIE KEPYBAHHSI HUM.

3. TexHoJiorii Ta MOKA3HUKH AKOCTi 00CTyroBYBaHHS

SkicTh 0OCIyroByBaHHSI — 1€ 3[]aTHICTh MEPEXHHUX 3ac00iB 3a0e3MneunTH
HEeOoOXiTHHMI cepBic 11 BU3HAYCHHS KiaciB Tpadika B pi3HUX MEPEKHHX cepe-
noBunaXx. OCHOBHE 3HAYCHHs TEXHOJIOTIH SIKOCTI 0OCIyrOBYBaHHS IOJTae y
3a0e3nedeHHi MpiOpUTETIB, HEOOXiTHOI CMYTH MPOITyCKaHHS, KOHTPOJIHOBAHOL
3aTPUMKHM W Bapiallii 3aTpUMKH M 3MEHIIEHHI BiJICOTKa BTpaT IAaKETIB IMpHU
nepesiayvi, a TakoXX y 3abe3nedeHHi NMpiOpPUTETHOCTI OOCIYrOBYBAaHHS JIESKUX
MTOTOKIB 3 MOKJIMBICTIO OJTHOYACHOT Iepeadi IHITNX MOTOKIB.

3aBmaHHS TEXHOJIOTIi SKOCTI OOCIYyrOoBYBaHHS IOJsiTae y 3abe3medeHHi
ycTajieHoT poOOTH MPOrpam, 10 MalTh TBEP/Ii BUMOTH 10 CMYTH IPOIYCKaHHS
i yacy 3aTpHMKH NPOXO/KEHHs iH(popMalii Mepexeto. Posb TexHomorii sikocTi
0OCIIyroByBaHHS B CIIPaBeVIMBOMY pO3MOALIL MEpPEXHHX pecypciB i
3a0e3MedeHH] mapaMeTpiB, 3alMMTaAHAX MPOTPAMOIO i 3MATHUX OyTH BUKOHAHU-
MH MEpExero.

Oynkuii  skocTi  00CIyroByBaHHS ~— HOJSraloTh y  3a0e3nedyeHHi
nudepeHniioBaHoro i rapaHTOBaHOTO OOCIYTOBYBaHHS MepeKHOro Tpadika
OUIIXOM TIepeadi KOHTPOIIO 32 BHKOPHCTAHHIM PECypCiB i 3aBaHTaXEHOCTI
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Mepexi 11 omeparopoBi. SKicTe 00cIyroByBaHHS sBis€ cOO0I0 HAOIp BHUMOT,
Hpe/'sBICHHUX JI0 PECYPCiB MEPExKi IpH TPAHCHIOPTYBaHHI OTOKY JaHUX.

KirouoBHMH XapaKTEpUCTUKAMH SIKOCTI OOCIYTOBYBaHHSI € yac 3aTPUMKHU
nmakeTiB (CTD — MakcumanpHa 3aTpUMKa Yy MEpexki Ipu NepeaaBaHHI MaKeTiB
MDX BIJIPaBHHUKOM Ta OTpUMyBadeM), Bapiaris 3arpuMku (CDV — pi3Hung
MK MAakKCUMaJbHUM 1 MIHIMQJIbHUM 4YacoM JOCTAaBJIEHHSA IIAKETIB Bij
BiJIpaBHUKA JI0 OTPHMYBaya), BiicoTok 3aryosienux nakeriB (CLR). 3anexxHo
BiJl BUMOT JIO IMX ITapaMeTpiB Bech Tpadik Moxe OyTH PO3IUICHUI Ha KiNbKa
OCHOBHHX KJIaCiB — HampUKIa] Ha Tpadik peadpHOTO "acy, Tpadik TpaH3aKIii
i Tpadik AaHMX. 3ro0OM MPHUHAJIEKHICTh MAKETY 0 AESKOro Kiacy BH3HAYAE
MOJIITUKY OOCITyrOBYBAHHS JIaHOT'O MAKETy.

OcHOBHI TeXHOJIOTi 3a0e3neueHHs IKOCTi 00CITyroByBaHHs — (POPMyBaHHS
Tpadika, oprasizaiis i o0ciyropyBaHHs depr (a0o po3monin pecypciB), Kepy-
BaHHs HaBaHTA)XEHHSM 1 pe3epBYBaHHS pecypciB mepexi. TexHousorii skocTi
00CIIyroBYBaHHSI BiJIPI3HSIOTHCS 32 CIIOCOOOM KepyBaHHS — KepyBaHHS 3a
HIBHIKICTIO (3a KaHasoM) (popmyBaHHS Tpadika, KepyBaHHS HaBaHTAXKECHHSIM)
a00 KepyBaHHS YEePTor0, a TAKOXK 3MilIaHi.

4. Onuc imitauiiinoi Mmoxesi
4.1. Bxinui nani moxesi

Tomomorist Mepemi 3 Texnomnorieto MPLS: n By3niB Mepexi (TpaH3UTHI —
LSR, HpI/IKOp,IIOHHl - LER) k xanamiB 38’s13Ky. Moeinb Mepencl BKITFOYAE Ta-
KOXXK 30BHIIIHI BY3JIH 3B’3KY, III0 € TeHepaTopaMu Tpadika pi3HUX KaTeropid
cepaica.

ITepen mouaTkoM mporiecy iMitarii poOOTH Mepeki MPOBOAUTHCS BCTAHOB-
JICHHS 3HA4YCHb MapaMeTpiB BY3IB, KaHATIB 3B 3Ky, MEPEXi, a TaKOX MOIIH,
SIK1 BiZIOyBaTHMYTHCS B MEPEXKI.

[TapameTpu 00’€KTiB, O OEPYTh Y4acTh B IMiTalliliHIi Moaei:

e s By3na: igeHTH]IKaTop, BHYTpIIIHS 3aTpuMmka, 00’em Oydepa,
IHTCHCUBHICTP TIEpeIaBaHHs TaHUX.

e U KaHaNa 3B’S3KY: iAeHTH]IKaTOp KaHana, iNeHTH(IiKaTopu IBOX BY3IIB,
110 3’€/IHaHI JaHUM KaHAJIOM , IPOIYCKHA CIIPOMOXHICTh KaHaja.
IMapamerpu Mepexi: TPUBAIICTh MPOLECY IMITalii, KiIbKICTh TaKTiB

iMiTarii, MaKCMMajbHa KiJIbKICTh BY3/1iB Ta KaHAJIB 3B’ 513Ky Y MOJICII.

ITapamerpu noziit (ogHiel UM AEKITBEKOX), IO MAIOTh BigOyBaTHCS B Mepe-
XKIi: By30JI-BiIIIPaBHUK, By30JI-OTpUMYBad, 4ac HacTaHHs 1ozii, 00’eM Tpadika,
IO TEepelacThesl BiJ By3JNa-BiApaBHUKA JO BYy3Ja-OTpUMyBaua, KaTeropis
SIKOCT1 00CIyrOBYBaHHs, BIPTyasIbHI KaHAH.

3Ha4YeHHS MITOK 3aJ]a€ aAMiHICTPaTOP.

4.2. ImiTauiiHuii aJaropurm
[pwu imitauii podoTH Mepexki BUKOPHCTOBYETbCS METO]| 3aJaHHS yacy 3a
JOTIOMOTOI0 (DIKCOBAaHMX IHTEpBaNiB dacy (MexaHi3M (hiKCOBaHHX TPHUPICTOB
YacOBUX IHTEpBaJIiB), TOOTO Bi[UTIK Yacy BEAETHCS Yepe3 3a3/1ajeriip BU3HAUe-

156



Hi 4acoBi iHTepBayM moctiiiHol momxkuHM [4]. Yci momii, ski MaroTh Micie
BIPOJIOBXK IIbOTO MPOMDKKY 4acy, Oy/leMO BBaKaTH TaKMMH, LIO BiAOYIHCh
onHodacHo. OTxe, 3 TOYKH 30py Tpolecy iMiTtanii moaii, sIKi BiANOBiZalOTh
MIEBHOMY MPOMDKKY 4Yacy, MOYHHAIOThCS 3 HOro MovYaTKy He3aJeXHO BiJ TOTO,
B SIKMI{ MOMEHT Yacy BOHH BiOyBalOTHCS HACTIPAB/Ii.

YHpoaoBxk yacy MOJENIOBAHHS BUKOHYIOTHCS MaHIMyJsii HaJl MaKeTaMH.
[Mix manimyssimiero OyZeMo poO3yMiTH NpOLEAYpY, SKa IEpeBipse IMakeT 3a
KPHTEPiEM MOXIIMBOCTI omepamii MepecusiaHHs Ta BUKOHYE Oe3MOCepeaHbO
npouec nepecunands. [lepen npoBeneHHSM MaHIMYJSLIi TAKETH COPTYIOTHCS
32 TMEBHUMH KPUTEPisIMU, SKI BU3HAYAIOTh MOPSIOK ix 00poOku. [ani #je
MaHIIyJIsIisl 3 MEPUIMM MAKEeTOM y 4ep3i, 110 Moxe OyTH 0OpoOIeHUM, MOTiM
BHUKOHY€ETHCS HOBE COPTYBAHHS JUII OTPUMaHHS HOBOTO «IIEPIIOro rnakety». L{s
npoLenypa BUKOHYETbCS TOTH, JOKU Oyne iCHyBaTH MEpIINH MaKeT, SKUi Mo-
ke OyTH 00poOIIeHHH.

ITix wac iMiTarlii opraHi3yeThcs UK 3 OaraTbMa BKJIAJCHHSIMHY (30BHIIIHIN
LUKJI — 332 9acOM, HAcTYIHHH — 3a TaKTOM, OCTaHHIM — 3a IakeTaMH, KOTpi
3HAXOIATHCA y 4ep3i MaKeTiB I MOXINBOI 00poOku). PosrisHeMo okxpemy
iTepartiro.

Kpok 1. Ha mouarky umkiy B OOJIKOBI MapaMmeTpu eJeMEHTIB MoJeii
BCTaHOBIIIOEMO MOYATKOBI 3HAUEHHS JUISI HOTOYHOTO TAKTY.

Kpoxk 2. lo nowatky nepenadi uepe3 mepexxy MPLS makeriB Tpadika Oyap-
AKOTO BUTIAY MapipyTtu3atropu LSR BCTaHOBMIOIOTH BigNOBITHICTE MiX
mitkamu Ta FEC (kacaMu €KkBiBaJICHTHOCTI MPH MIEPECHIIAHHI) y CBOIX TaOJIH-
mwix. KpiM TOro, mpoBOAMMO Y3ro/DKEHHS XapakTepHCTHK Tpadika Ta
¢yHKIioHATBPHIX MOXIHBOCTEH MPLS.

Kpox 3. IIpu onepkanni ganux npo mnpus's3ky MiTok g0 FEC xoxen map-
mpytuzatop LSR crBoproe 3ammc B tabmuui LIB. 3mict Tabmuii BinOuBae
BiIMOBIMHICTE MK MiTkamu Ta FEC 1 cTaBUTh y BIANOBIAHICTh KOXHIN mapi
«BXigHHHN iHTep(eiic, BXiHA MiTKay IMapy «BUXITHHUN iHTepQeiic, BUXiTHA MIT-
ka». [Ipu Oynp-siKoMy HOBOMY Y3ro/KeHHI mpuB's3ku MiTok 10 FEC 3ammcu B
TaONUIl OHOBIIOIOTHCS. TaONuUIl MITOK, 3TriJJHO SIKUM KOXXEH IMaKeT Harpas-
nsieThest 1o BignoBigHoMy LSP (TpakTy, 10 KOMYTY€ThCS 32 MITKaMH), 3aBXIH
TIOBHHHI OyTH 3a/1aHi JI0 TOTO, SIK MTAKET MOYHE CBilf IUIAX MO MEPEXKi.

Kpox 4. Tpaktin LSP cTBOPIOIOTECS B HAIIPSIMKY, 3BOPOTHOMY CTBOPEHHIO
3anuciB y Tabnunsgx LIB. Koxen LSR orpumye MiTKy Bil HIDKHBOTO Mapiipy-
tuszatopa. LSP CTBOpIOETBCS INLISAXOM IMMOCTIOBHOI MapIIPyTH3aIii Mo
NUITHKAX, a K0 MOTpiOHA ONTUMI3aIis po3MoAlTy Tpadika, A BU3HAYCHHS
TPaKTy BHUKOPHUCTOBYeThcs TpoTokon CR-LDP, sxuii rapanTye BUKOHaHHS
BuMor 10 QoS, abo mpotokon RSVP-TE.

Kpox 5. HamoBHIOEMO Mepexy makeTaMu.

BinmoBimHo 10 po3kiamy MOJii BigOyBaeThCS TEHEpaIlis MaKeTiB, IO Ma-
10Th OyTH NepeaaHi B Mepexy y IOTOYHOMY TaKTi, TOOTO MaKeTH MOTPAILIIIOTh
JI0 30BHIIIIHOTO BYy3JIa.
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Kpox 6. Bxigamii mapmpyTtu3arop, Bu3HaumBIIH, sikomy FEC Hamexuts
MPUHHATHA HAM 330BHI TaKeT, BUKOPUCTOBYe Tabmumro LIB, mo6 Bigurykatn
notpibHy npuB's3ky «FEC-MiTKka», 1 IHKancyJtoe 10 MITKy CIOCOO0OM, SIKMA
BIJITIOBIi]a€ TEXHOJIOTIT Ha PiBHI 2.

Kpox 7. JI71st Bcix iCHyr0ouMX MakeTiB cTaH akTHBHOCTI epeBoanmo y TRUE
(cTaH aKTUBHOCTI TOBOPUTH TIPO T€, IO JAaHUI MaKeT me Moxe OyTH 00pobIe-
HUH YIIPOIOBIK IIOTOYHOTO TAKTY).

Kpok 8. CopTyemo makeTd 3a TOPSIAKOM IXHBOI OOPOOKH 3alie)KHO Bif
HaKOIMYCHOI 3aTPUMKH. Pe3ynbTaToM COpTyBaHHS € depra MakeToB Uil 00-
poOxku. ITicms oOpoOKHM KOXKHOTO TaKeTa BHKOHYEMO ITOBTOPHE COPTYBAHHSL.
TakuMm 4yMHOM, MU 3aBXIIM MPAIFOEMO 3 MAKETOM, IO CTOITh NEPIIUM Y 4Yep3i.
Kpok 8 mpoBoauMO I0TH, TOKH iCHY€E X0ua O OJMH aKTUBHHUI MaKeT, HAJ SIKUM
BHKOHY€EMO MaHIMYJIAMif0. SIKIo makeT nami He Moxke OyTu oOpoOieHuit ympo-
JIOBX MTOTOYHOTO TAaKTy, OTO CTaH akTUBHOCTI nepeBoanThes y FALSE.

OpnepxaBmm maker, Mapuipytusarop LSR Burarae 3 Hporo MiTky i
BUKOPHCTOBYE 11 SIK 1HJEKC y CBOIW TaONIuIII nepeciiants. SIK TUIbKY 3HaiIeHO
3amuc, y SIKOMY 3Ha4€HHS BXiAHOT MITKH JOPIBHIOE 3HAUEHHIO MITKH, IO Oyia
BUTATHYTa 3 MAaKeTy, MapIIpyTHU3aTop, 3TiJHO MiA3alucy LbOTO 3aIHCy,
3aMiHsI€ BXiJHY MITKy B IaKeTi BUXIJHOIO MITKOIO Ta IEPECHJIA€ TTaKET yepe3
BUXiZHUWI iHTepdelic, 3a3HayeHuil y mig3anucy, no HactymHoro LSR, Takox
3a3HAYCHOTO B TOMY K I/ 3aIUCY Ta 30UIbIITy€e HAKOMUYEHY 3aTPUMKY ITaKeTa.

Kpox 9. Bumansemo 3 wueprm BimkuaHyTi (DROPED), mocraBmeni
(DELIVERED) nakeru Ta Ti, y sikux crai ENABLED=FALSE.

Jaini nepexoauMo Ha HacTymHy itepailito. KoxkHa itepallis BiAMOBIAa€E OK-
pPEMOMY TaKTy KOHKPETHOTO 4acy.

B iMiTariitHoMy anropuTMi peanizoBaHO HACTYITHI TEXHOJOTIi 3a0e3meueH-
HS1 SIKOCTI 0OCITyTOBYBaHHSI:

e (opmyBanHs Tpadika, o0 Tmependadae Oydepusanilo 3reHEpPOBAHOTO

Tpadika, SKUil HEMOXKJIMBO y JJAHUI MOMEHT IIepe/aBaTH;
® KOHTpOJIb 32 BCTAHOBJICHHSM 3’€JHAHHS (SKIIO MEpeka He MOxe 3a0e3re-

YUTH 33aJaHy SKICTh OOCIyroBYBaHHS, TO TpadiKy BiAMOBIIETECI B

00CITyTOBYBaHHI);

pe3epByBaHHS pECYPCiB MEpexi;

opraHizamiss Ta OOCIYrOBYBaHHA dYepr (NPiOPUTETHE Ta HENPIOPUTETHE

obcyroByBanHs yepr) [3].

5. Ilpukaan pe3yJbTaTiB MOJeTIOBAaHHS

Hagsenena Bummie imitaniitna Mozens Oyia BUKOPHUCTaHa y PO3POOJICHOMY KOM-
IIeKcl nporpam. 3aco0amu IporpaM IbOro KOMILIEKCY MOXKHA CIIOCTepiraTH 3a-
BaHTAXEHICTh OKPEMHX BY3JiB UM KaHAJIIB 3B’ 3Ky MEPEXKi 3 3aJaHOI0 TOIOJIOTIE0
TpH 3aJaHKX 1 mapamerpax (Uil MOAAJBIIOro BHSBICHH HAHOUIBII Ta HAKMEHII
3aBaHTAKCHUX EJIEMEHTIB), a TaKOX KUIBKICTh JOCTaBJICHUX IIaKETiB,
JOCII/DKYBaTH MOBENIHKY Tpadika pi3HUX KIACIB IPH BUKOPUCTAHHI PI3HUX TEX-
HOJIOTiH 3a0e3MedeHHs SIKOCTI 00CITyroBYBaHHsI, OOUMCITIOBATH KIIFOUOBI ITOKA3HHU-
KU SIKOCTi 00CITyTOBYBaHHS 3 METOFO ITOJANIBLIOTO 1X aHAMI3Y.
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CTpykTypa Mepexi, Ha SIKii IPOBOIMINCS EKCIIEPUMEHTH, NPEACTaBICHA
Ha puc. 1. Jlnsg K0XKHOTO By3Ja Ta KaHally 3B’s3Ky OyJIO 3aJaHO CBOI mapaMeT-
pu. Takox Oyno 3agaHo IMOJIl, IO MOBHHHI BiIOyBaTHUCS B MEpEXi: MOMEHTH
NepefiaBaHHs  JaHUX, I1X O00’e€MH, BY3MH-BIANPABHUKK Ta OTPUMYyBadi
iH(opMallii, kareropii cepicy AJsl JaHUX, L0 MepeaaThes (puc. 2).

isR7

Puc. 1. Tononoezis excnepumeHmanbHoi mepesici

Pacnucanmne x|
[eHEpaUMA TPadHEa |

Epera | Bpema, en. Takr | Hzenor Ysen k Ceask | Ofbem | Ofeem. en | TTL | QoS

1]
— MNepeckinka [adoHeHT --» BXogHON kaHan 6 MPLS cete > ... --> agpecar)
B HewHMi yzen B=ogHol kaHan BHEWHWEA yzen

e [ Y |
— BpemA cofiemua DNotaeneHue |
Bpeven [2 2] [eemmatemanal o] Taer [T

YaaneHuqe |

Puc.2. Posknao eenepysanus mpagixa

JocnimxyBanacst 3aBaHTaXXEHICTh OKPEMHUX BY3JIiB Ta KaHAJIB 3B 3Ky 3 Me-
TOIO BHSBJICHHS HalO1Ib1I Ta HAIIMEHII 3aBaHTA)KEHNUX €JIEMEHTIB.

Ha puc. 3 HaBeneHO KiIbKICTh TMakeTiB y Oydepi komyraropa
MapupyTu3anii 3a Mitkamu LSR2 Ha nepmmnx 40 takTax imiTarii.

Ha puc. 4 HaBeneHO 3aBaHTaXEHICTh KaHAY 3B’s3Ky 3 Ha mepmmx 40 Tak-
Tax iMitamii.

AHaNoriyHMM YHHOM MOJKHa MOOynyBaTH rpadikd 3aBaHTaKEHOCTI YCIiX
BY3TiB Ta KaHATiB 3B’S3Ky Ta, BUXOJSYH 3 LOTO, 3pOOUTH BHUCHOBOK PO
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JOLIIBHICTE 3MIHH TOHOJIOTIT Mepexi. 30KpemMa, 3 puc. 3 Ta 4 MOKHA 3pOOUTH
BHCHOBOK TIPO T€, IO 3aBaHTAXEHICTh PO3IJISHYTOTO By3Ja Ta KaHala HE €
rPaHUYHOIO.

»IF Net Viewer
Daiin

=10l x|

PesynsTaTsl MMWTALHOHHOTO MOZENWPOBAHNA CETH

| OTofpawars cTatucTuky no ysnam | OTOGPAMETE CTATMETHRY NG CEASAM |
Vsen |LSR2 - Cramciia no IKnrlﬂecrm nakeTos B Gy@epe j OrospasuTe
|C:\Program Files\Borland'Delphi\Projects\Example \t1.ini |C:\Program Files\Borland'\Delphig'Projects\Example’t 13. trv v

Puc. 3. 3asanmaoicenicme 6yghepa LSR2

4" Net Viewer

PesynbTaThl HMHTEUNOH HOTO MOENMOOEAHNA CETH

OToBpakaTb CTATMETHIY MO Y3nam “ OT0BpakaTe CTATUETURY MO CEAZAM:

Cemss [ 7]  Cramucrwsno |Sarpuska kanana o céeemy i [ ——
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6. BucHOBKH
1. ¥V crarti chopMysIbOBaHO 3a7ady PO3POOKH MPOTPAMHOTO KOMILICKCY,
[0 JI03BOJISIE 3JIHCHIOBATH PO3POOKY TOMOJOTIi KOMITFOTEPHHX MEpPEeK 3
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texHonoriero MPLS, MozesroBati MOBENIHKY Mepexi B 3aJeXHOCTI Bl Ha-
JIAIITYBaHb ii CKJIaJIOBUX.

2. HaBeneHo peTalbHUM OMUC IMITAIITHOTO alTOPUTMY Ta MPUKIAN
Pe3yJIbTaTiB MOJICTIOBAHHSI.

3. B mizomy cTBOpeHa iMiTalliifHa MOJAENh € 3PYYHHM 3aco00M st
NPOEKTYBAIBHUKIB CIELiali30BaHUX KOMIT IOTEPHUX MEPEX 3 TEXHOJIOTIEI0
MPLS. Bona pmo3Bojise OyayBaTH TOIOJOTIIO MEPEXKi, OCIIIKYBaTH
MOBENiHKY Tpadika pi3HUX KIACiB MpH BUKOPUCTAHHI PI3HUX TEXHOJOTIH 3a-
Oe3meueHHs SKOCTI 00CIyTOBYBaHHS, aHAII3YBAaTH KIIOYOBI IOKA3HUKH SKOCTI
00CITyrOByBaHHSI.
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