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PEDEPAT

Brimycknas kBanudukanroHHas paborta mo reme «MojenrpoBaHue paboThl
CETH MPOU3BOJILHOW TOIOJIOTUH, U OLIEHKA €€ MPOU3BOJUTEIBHOCTU CPEJICTBAMU
Omnet++» comepxxkutr 78 crTpanun, 27 pPUCYHKOB, [/ TaOmWIl, M CIHCOK
WCITOJIb30BAHHBIX NCTOYHUKOB U3 16 HANMEHOBAaHMIA.
CETNU 5BM, IIPOU3BOAUTEJIBHOCTb, OMNET++, MOJEJIb,
[TAKET, OBMEH MTHO®OPMAIIMEN, ITIOTOK JAHHBIX
Lens — pa3paboTka METOAMKU TecTUpoBaHUsi cereil DBM mpou3BosbHON
tonojioruu cpeacrBamu Omnet++ u mporpammuoro koja Ha sizbike NED st
pean3anuu TOMOJIOTHI CEeTEM.
3agaun:
- paccMOTPETH CYIIECTBYIOIIUE METOINKHU OLIEHKH MIPOU3BOIUTEIHHOCTH;
- BBITIOJHUTH 0030p MHCTPYMEHTOB HW3MEPEHHUS IMPOW3BOAUTECIHHOCTH B
cpeae Omnet++
- pa3paboTaTh METOAMKY HW3MEPCHHsS IPOU3BOAMTEIBHOCTH  CETH
UCIIONb3Ysl UHCTpYMeHTapuii Omnet++
- BBITIOJTHUTH MOJCIIMPOBAHUE CETEH 3aJaHHOW  TOMOJIOTHH, IS
oTIpeieNIeHUs PON3BOAUTEIHLHOCTH UCTIONB3YS pa3pabOTaHHYI0 METOIUKY
- TIPOBECTH aHAJIU3 TOJYYEHHBIX PE3yJbTaTOB M OIEHUTH A((HEKTUBHOCTH

METOIUKH.
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BBenenue

[Tpon3BOAUTEILHOCTS CETH (CKOPOCTh Tepeaayd JaHHBIX MPUKIATHOTO
YPOBHSI) SABJISICTCS BaKHOM XapaKTEPUCTHUKOW, OJJHOM M3 COCTABIAIONICH MOHSATHS
«KavecTBO 00CITy )kuBaHus» [1].

[ToTeHIMaTbHO BBICOKAs IMPOM3BOIUTEIBLHOCTh — OJHO W3 OCHOBHBIX
NPEUMYIIECTB paCIpeCICHHbIX cucTeM. Yale BcCero mHpu NPOCKTHPOBAHMUH,
HACTPOHKE U ONTHMHM3AINN CETH UCIIOIb3YIOTCSA TAKUE IMOKA3aTEIH, KaK CPEIHSS U
MaKCUMallbHasi CKOPOCTh mepefaun naHHbIX [2]. CpemHss CKOpocTh, ¢ KOTOPOH
NepEAl0T JaHHBIC OT/ACIBHBIN AJIEMEHT WM CETh B IICJIOM, MO3BOJIICT OICHUTH
paboTy ceTH Ha MPOTHKEHUH JITUTEILHOIO BPEMEHHM, B TEUCHHE KOTOPOTO MUKH K
Crajapl MHTCHCHUBHOCTH Tpaduka KOMIICHCHUPYIOT Ipyr Apyra. MakcumaibHas
CKOpPOCTh IIO3BOJISICT OICHWTh, KaK CETh OYyICT CHPaBIATHCA C ITHKOBBIMHU
Harpy3KaMmu, XapaKTEPHBIMU VTS 0COOBIX HIEPUOIOB paboThL.
[Tpou3BOIUTEILHOCT CETH 3aBUCHUT OT MHOXECTBa (DaKTOPOB: MPOIYCKHOMN
CIIOCOOHOCTH W 3arpy>KCHHOCTH KaHAJIOB Iepeladyd AaHHBIX, TOMOJOTHU CETH,
BPEMEHH TMPOXOXJACHUS TMMaKeToB. Ha MpOW3BOAMTENBHOCTh CETH BJIHSET
000pyIOBaHKE M TEXHOJIOTHH, UCTIOJIb3YEMbIC B CETH.

Tak Kkak CyIIeCTByeT MHOKECTBO (DaKTOPOB, BIHUSIONIMX Ha CKOPOCTH
nepesayu JaHHBIX, OICHKA MPOM3BOAUTEIILHOCTH CETH — HE MNpOCTas 3ajada,
MIOPTOMY CYIIECTBYET MHOKECTBO pa3jM4YHBIX METOAMK €€ wu3MepeHus [5].
Hanpumep, cepBHUCHI MM TECThI CKOPOCTH TPECTABICHHBIC HAa Pa3IMUYHBIX BEO-
pecypcax MOTYT H3MEpsTh NIMPHUHY KaHalla JI0 HEKoToporo cepsepa. Ho mpu
UCIONB30BAHNU  JAaHHOTO METOAAa IPOMCXOIUT M3MEPEHHE TPacChl 0
OIPE/ICIIEHHOTO CepBepa, a He KOHKPETHOTO KaHajla CBS3H WIIM y4acTKa CETH.

JInst OLEHKH MPOM3BOJUTEILHOCTH CETH Ha JTame €€ MPOCKTUPOBAHMS
MOJKHO TPUMEHSTH CIEIHAaIN3HPOBAHHBIE HHCTPYMEHTHI, CETEBBIE CHMYIISATOPHI,
Hanpumep Omnet++[11]. Baaromaps MoaeaMpoBaHHIO B JaHHON cpejie, MOXKHO
BBISIBUTh M PEIINTh POOJIEMBI C MPOU3BOAUTEILHOCTHIO, HAPUMEP, BBIIBUTH

«cnmabble MecTay, a TaK)Ke CIUTAaHUPOBATH JajbHEHIee pa3BUTUE CETU. B maHHOM



paboTe TmpelcTaBieHAa METOJAMKAa OIEHKH IPOU3BOAUTEIBHOCTH CETH C
ucrons3oBanueM Omnet++. IlpemioxkeHHas MeToAuka ompoOoBaHa B XOJe
Ja00pATOPHBIX AKCIEPUMEHTOB, a aHAJIN3 MOJYYCHHBIX PE3YyIbTATOB MOKA3bIBAET,
YTO TPUMEHEHHE pa3pabOTaHHOM METOJIWKH ITO3BOJISIET aJIEKBAaTHO OIEHHWBATh

IMPOU3BOAUTCIBHOCTL CCTH.



1. AHaiu3 npeaMeTHOM 00J1acTH

1.1 O630p cymecTBYOIIMX METOAUK U3MePEHUsI POU3BOAMTEIbHOCTH

CeTH

JIsist OLEHKH TPOU3BOJUTEIBHOCTH CETH CYIIECTBYET P METOJOB [7].
[lepBbIil MeTOA - pydHOE TECTHPOBAaHKE, HAIIPUMED, C MTOMOIIBIO Nepeaaun (daiina
¢ukcupoBanHoro pasmepa no FTP. Hemoctatok nmanHOro mMeroaa 3akiiodaeTcs B
TOM, YTO CKOPOCTh Mepeauu JTaHHbIX M0 MpoTokosy FTP 3aBUCHT OT MHOXeECTBa
¢dakTopoB, Hampumep, RTT (Bpemsi Mexay OTIpaBKOW 3ampoca M MOJyYCHHEM
OTBETA), 3arPY’KEHHOCTHU MPOIECCOPa M CUCTEMBI XpaHEHUS JaHHBIX CEpBeEpa.

PaccMmoTpeH psii MHCTPYMEHTOB JUIsl U3MEPEHHUS MPOU3BOJUTEIHLHOCTH U
METOJIMK U3MEPECHUN

1) LAN Speed Test (pucynok 1) [14]. Pa3zpaborana xommanwuei Totusoft.
[Iporpamma u3MepsieT MPOU3BOAUTEIBHOCTh CETH YKa3aHHBIM BBIIIE METOJIOM
(co3maer (aitn B mamsTH, a 3aTeM NepeAacT ero B O0OMX HaIpaBJICHUSIX IO

nporokoiy FTP).

LAN Speed Test A=
= = & 53 " 2 &

Open Save Print Config Network Typical Help
Computer Name: Admin
IP Address: 192.168.56.1
MAC Address: 0A-00-27-00-00-00
Packet Size (Bytes): 1,000,000 Packets: 10

Folder or Server IP: 192.168.56.2 L |

Writing (Upload) Reading (Download)
Time / Packet:

Time to complete:
Bytes per second:
Bits per second:
Mbps (Default) v
Throughput: ® Average () Maximum () Minimum | Log | Emal
Status: Error Connecting to Server...
Date:|2015-10-20 09:41:52
View Log File Clear Results Exit Start Test }

IZI Log Results Version 3.5.0 © (2008-2015) Totusoft.com

Pucynox 1 — LAN Speed test



2) LAN Bench (pucyHok 2) — mpocToe MpHIOKCHHE IS TECTHPOBAHHUS
IPOM3BOAUTEIILHOCTH CETH MEXIy IBYMs KOMITboTepamu, ocHoBaH Ha Winsock
2.2 [15]. Ha ogHOM W3 HUX mporpaMma 3amyckaercs B pexume «Cepep», U
«CIYLIAEeT» BXOASILME IMOAKIIOUEHHUS, a Ha JPYIrOM — 3aIllyCKAeTCsl B PEXKUME
«Knuent». [Iporpamma TecTupyer Npou3BOIAUTEIBHOCTh CETH, HCHOJB3YS TOJIBKO
npotokosl TCP. MoXHO HacTpOWTh AJIUTENBHOCTh TECTa, pa3Mep MakeTa s
orrpaBku B Kb u konmuectBo ogHOBpeMeHHBIX |CP-coenuHenuii, KOTOPBIX HE
nomxHo npessimaTh 20. [Iporpamma 3aTpauynBaeT MUHUMYM PECYpPCOB CUCTEMBI U

He TpeOyeT YCTaHOBKH.

O] LAMBenchv1.1.0 =
File Help

Server

Listen

Tester (Client)

Test

Performance:

Current: Send: 0,00 Kbits/s
Recy: 0.00 Kbits/s

Average: Send: 0.00 Khits/s
Recv: 0.00 Kbits/s

Managed Memory 5ize: 23KE

Pucynok 2 — Lan Bench

3) Pathrate u pathload [10]. ITaxer pathrate (Constantine Dovrolis)
TI03BOJISICT OMPECIIATh MAKCUMAIBHYIO TIPOMYCKHYO criocoOHocTh (bandwidth) u
TaK)X€ COCTOUT U3 2 YTUIINT:

pathrate_snd («mepematumk»), KOTOpas ciymaer KomaHasl Ha 48699/tcp,

MOJIy4yuB KOMaHay TectupoBaHusi oOecrieunBaeT UDP morox Ha mnpuéMHHK

48698/udp; "



pathrate_rcv («mpuéMHUK») 3alyckaeTcs Ha JPyroM KOHIE, mnepenaér
KOMaHJTy TECTUPOBAHUS Ha «IIEPEaTINKy;

OcOo0OEHHOCTBIO JTAaHHOW MPOrpaMMBbl SIBISIETCS CIHOCOOHOCTH OMPEACIISITh
OOIIyI0 TPOIMYCKHYI0 CIOCOOHOCTh KaHaja HEB3Upasl Ha €ro TEKYIIYI0 3arpy3Ky.
PesynpTaT sBISETCS CTAaTUCTUYECKUM W HEHAn&KHBIM (OCHOBBIBACTCS Ha
3aJiepKKaxX IAKeTOB B IIeTOYKe makeroB). Ha srane wmHuMnmanmsanuu pathrate
ONpeJeNsieT Haauuhe OalaHCUPOBIIMKOB Tpaduka (U3MepsieTcss MNpOImyCcKHas
CHIOCOOHOCTh OJIHOTO KaHala) M OrpaHuuuTeNel Tpaduka (M3MepseTcss MUKOoBas
CKOPOCTB), BBIYHUCIISIETCS pazMep OydepoB (ornpenenseTcs MaKCUMaIbHON JUTHHOU
[EMOYKU /10 TIOTePU HECKOJbKUX TakeToB monapsia). Eciam tekymuii Tpaduk B
KaHajJie HEBEJIMK W TMOCTOSHEH, TO MPOMYCKHYIO CIOCOOHOCTh KaHajla MOKHO
OTIPEJICIUTh HEMOCPEICTBEHHO. [10HBIN UK MOXKET 3aHsTh nondaca. [lpu stom
OTIPEIETSETCSl 3aBUCUMOCTD 33/IEPKEK OT pa3Mepa MaKeTOB M YHCiia MaKeTOB B
IETIOYKE.

4) Iperf (pucynok 3) [16]. I'enepupyer u TCP, u UDP tpaduk. M3mepenue
OCYIIECTBIISIETCS ClIeAyonmM oopazom: Ha ogHoM [1IK 3amyckaem iperf B pexxume
«cepBep», Ha BTOPOM B PEKHUME «KJIMEHT» C ykazaHueM ip-ampeca mepsoro [TK
(«cepBepa»). Uepe3 3amaHHOE BpeMs IMOKa3bIBAIOTCS PE3YJIbTaThl HU3MEPECHUI.
OOunue omuui AJiA cepBepa W KIUEHTAa IMO3BOJSET KOHTPOJIUPOBATH MPOIECC
TEeCTUpOBaHUS 10 Menoueil. Eciu cepBep 3amyckaeTcss B MHTEPAKTUBHOM PEKUME,
TO OH TaKXke BBIIAET pe3yibTaThl H3MepeHusa. [Ipu 3amycke TecTa Mexmy
KIIMEHTOM M CEPBEPOM YCTAHABIMBACTCS VYIpaBISIIONIEe coeauHeHue (1o
ymomuanuio - 5001/tcp), TecToBbIe MAaHHBIC MEPECHIIAIOTCS IO MEPBOMY

AOCTYITHOMY «I10JIb30BATCIILCKOMY» ITOPTY.



D:\Jiperf -c 192.168.5.39 -t 38 -p 49801 -i 5

slient connecting to 192.168.5.39, TCP port 49001
ICP window size: 8.00 KByte (default)

[156] local 192.168.5.38 port 59702 connected with 192.168.5.39 port 49001
[ ID] Interval Transfer Bandwidth

[1561 B8.0- 5.8 c 43. 72 .4 HMhits/sec

(1561 5.0-10.8 sec 39. s b6.2 Mhits/sec

(1561 10.0-15. s 38. 64.5 Mbit: s C

[1561 15.0-20. s 38. 63.7 Mbits

[156] 20.0-25.8 sec 35. res 60.8 Mbit:

(1561 25.0-30.0 B res  72.6 Mhit

[156]1 08.8-30.8 sec : s b66.5 Mhits/sec

Pucynok 3 — Oxno Iperf

Iperf mo3BossieT onpeneuTh:

- TIPOITYCKHYIO CIIOCOOHOCTH CE€TH Tpu ucrnoib3oBanuu 1CP;

- BeninuuHy okHa T CP mo yMoiI4aHuio ¥ ONTUMaibHOE 3HAYCHUE;

- MIPOITYCKHYIO CIIOCOOHOCTh ceTu B pexkume UDP nipu 3amaHHO CKOPOCTh
nepeaadn JaHHbBIX;

- notepu UDP nakeros;

- OTKJIOHEHUSs 3ajepkku nepenaun UDP makeToB OT CpelIHEro 3HayeHUs
(cMHXpOHM3ALIMA BPEMEHH HE TpeOyeTcs);

- IPOU3BOIUTEIILHOCT CETH B PEXKMME IPYIIIOBBIX paccbutok (multicast).

[TepBbie ABE MMPOTrpaMMBbI U3MEPSIOT TOJIBKO CKOPOCTH MEpeaaun JaHHBIX 110
nporokony TCP. Ho niist momHOIIEHHOW OIIEHKH MPOU3BOJUTEIHHOCTA CETH ATOTO
HEJOCTaTOYHO. B OKaNnbHON CeTH MOIh30BaTENId MOTYT MOJIB30BATHCS HE TOJIBKO
nepefaveld  Kakux-nubo  (aiioB, DJJIEKTPOHHOM TMOYTOM W T.I., HO U
NpWIOKEHUsIMU, wucnonp3ytomumu  UDP, nHanpumep, BuaCOKOH(EpEHIUSIMH.
[ToaTOMy HEOOXOTMMO OIICHUBATH MPOU3BOAUTEIIBHOCTD CETH B PE&XKUME TIEpeIaun
JaHHbBIX 10 poTokoxy UDP.

Iperf wam pathrate MokHO HCIOIB30BaTh TOJIBKO B CYIIECTBYIOIICH CETH.
Tak kak cTOWT 3a7a4a OIEHUTH CETh HAa CTAAUU €€ MPOCKTHUPOBAHUS, HEOOX0UMAa
METO/IMKA OIICHKH MTPOU3BOJIUTEIILHOCTH CETH C UCTIOIB30BAHUEM CHUMYJISITOPOB. B
JaHHOW paboTe pa3paboTaHa METOAUKA OIIEHKH IPOU3BOJUTEIIBHOCTH C
UCIIOJIb30BAaHUEM  ceTeBoro cumynistopa Omnet++. B pabore Oyzaer

UCTIOIB30BATHCSI METOM, aHAIOTUYHBIN METo/ay, ucmoibzyemomy B Iperf, Tak kak



METO/I, PeaJIn30BaHHbIi B JaHHOW Mporpamme, XOpOouUIo MposiBUII ce0si B 3ajaye
OLICHKHU MPOU3BOJUTEIBHOCTH CETH, U MOXET OBbITh pealiu30BaH B JIAHHOM cpejie

MO/JICJINPOBAHMUSL.
1.2 O630p cpeabl moaeanpoBanuss Omnet++

Omnet++ - pacmupsiemasi, MOJyJibHas Cpelia, OCHOBaHHAs HAa KOMIIOHEHTax
oubnmuotex MoaenmpoBanus u C ++, mpeaHazHadeHHAs IS CO3JaHUST CETEBBIX
cumynaropoB. Omnet++ mo3BossieT MOAEIMPOBATh MPOBOJHBIE U OECIIPOBOHBIC
CETH CBSI3H, BHYTPUCXEMHBIC CETH, CETH ouepene u T. 1. [11]

Paspaborunk — Annpamr Bapra (Andras Varga). 9To NpoayKT ¢ OTKPBITHIM
UCXOAHBIM KOJOM, SBIISETCA O€CIUIaTHBIM TOJBKO JJIsi aKaJAeMHYECKOro M|
HEKOMMEPYECKOTO UCIOJIb30BAHUS.

OMNeT++ mpuobpen MHUPOKYI MOMYISIPHOCTh B KAa4e€CTBE IIATPOPMBI
CETEBOI0 MOJIETUPOBAHUS B HAYYHOM COOOIIECTBE, a TAK)KE B MPOMBIIIJICHHBIX
ycranoBkax. OMNeT++ mnpegocTaBisieT KOMIIOHEHTHYIO apXUTEKTypy st
mozneneil. KommoHneHTsl (MOaynM) co3faroTcss ¢ ucnonb3oBanuem C++, 3aTem
cobuparoTcst B 60j1ee KpyNnHbIe KOMIIOHEHTBI M MOJIETIU C UCIOJIb30BAaHUEM SI3bIKA
Bbicokoro ypoBHs (NED). JlaHHBII HMHCTPYMEHT HWMEET PpaCHIMPECHHYIO
MoAJIePXKKy Trpadudeckoro uHTepdeiica monbp3oBatens, W Ojaromaps CBOCH
MOJAYJIBHON apXUTEKType SAPO MOAEIUPOBAHUS (M MOJIEIH) MOXET OBITh JIETKO

BCTPOCHO B ITOJIb30BATCIbCKUC IMMPHUIIOKCHUS.

CHCTEMHBIE MOJIY.TH
MPOCTON MOIV.Ib

H..—"
= f*"”}f \
COCTABHOH \lO,I\ JIb

RERgSE

Pucynok 4 — Moxymu Omnet++
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OMNeT++ paboraer ma Windows, Linux, Mac OS X u apyrux UNIX-
M0TOOHBIX CUCTEMaX U COCTOMT W3 CIACAYIONINX KOMIIOHCHTOB:

- OubnuoTeka syipa MOACINPOBAHNUS;

- si3b1k oncanus Tonojoruu NED (anrim. NEtwork Description);

- IDE Ha 6a3e mutatdopmer Eclipse;

- rpaduuecknuii wWHTEpdEHC IS BBITOJHECHUS MOJCIUPOBAaHUSA TKenv,
KOTOPBIN CCHUTACTCS HA MCTIOMHACMBINA (Daiiyl CUMYJISIIN;

- TIOJIb30BATENIbCKUN HMHTEp(EHC KOMaHTHON CTPOKH [IJISi BBITOJTHEHUS
moaeaupoBanus (Cmdenv);

- TOKYMEHTAITUs1, IPUMEPBI MOJICTICH | Jp.

OMNeT++  mpenoctaBnsier  >QQEKTUBHbIE  HHCTPYMEHTHI IS
MI0JIL30BATEIsI, YTOOBI OTIMCATH CTPYKTYPY PEaTbHOU CHCTEMBI.

Monenb cetn B OMNeT++ cOCTOUT U3 CIEAYIOMMX YacTeH:

- onmcanus Tomnojioruii Ha s3bike NED (daiimer ¢ pacmmupenunem .ned),
KOTOPBIC OMHUCHIBAIOT CTPYKTYPY MOAYJISI C TIapaMeTpaMH, IUTI03aMu U T. 1. Takue
(aiiabl MOTYT OBITh CO3JJaHBI C TOMOIIBIO JIFOOOTO TEKCTOBOTO penakTopa, Ho IDE
OMNeT++ of0ecrmeunBaeT TMOAACPKKY JABYCTOPOHHETO TIpaduyecKoro u

TEKCTOBOTO PEIAKTUPOBAHUS (PUCYHKH 5, 6);

11



network Backbone

{
parameters:
Bdisplay ("p=10,10:=T736,568") ;
types:
channel C extends ThruputMeteringChannel
{
datarate = 100Mbps=;
thruputDisplayFormat = "$H";
sunbmodules :
R1: OSPFRouter {
parameters:
Bdisplay ("p=210,357");
gates:

ethg[3]:

N1l: EtherHub {
parameters:
Bdisplay ("p=21
gates=:
ethg[2]:

),272") ;

H2: EtherHub {
parameters:
Bdisplay ("p=12
gates:

5]
-
1.
5]

[&4]
-

Pucynok 5 — Penakrop ucxonnoro koga NED

&

H2 RT

A
4

T
%
H1 I 5o - P,
@/—m_.,z 3 -
N N5

R4 6 RG

Pucynok 6 — I'paduueckuii pemakrop NED
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- UCXOJIHbIE KOJbl MOJYyJI, KOTOpbIE MpPeACTaBIsi0T coborr C++ daitibl ¢
pacmupenuem .h uim .Ccc.

- (aiinbl onmMcaHUs TapaMeTPOB aBTOHOMHBIX CHUCTEM, CIIEHApHUEB M T.J.
(.xml daiisr)

- (baiiyTel pe3yabTaTOB MOeIupoBanus .anf

NED-daiinbl 3arpyxatoTcsi TMHAMHUYECKH B UCXOJHBIX TEKCTOBBIX (popmax
Ipu 3allycKe MporpaMMbl MOJEIMpOBaHUs. MojenupoBaHue BBITIOJIHSIETCS B
cpene, KoTopas obecreuynBaeTcs OMOIMOTEKaMH TTOJIh30BATEIBCKOTO HHTEpdeEiica.
(Envir, Cmdenv, Tkenv) — cpega KOHTPOJIUPYET MPOIIECC BBOJA JAaHHBIX, BHIBOJA
pe3yibTaToOB, OTJIAJKH, BU3YaJU3allMM W aHUMAIlMd WMUTAIMOHHOW MOJIENH.
[IporpamMMa MoIeIMpPOBaHUS MOXET OBITh CKOMIMJIMPOBAaHA KakK OTHEIbHBIN
UCTIOJIHSEMBI  ¢aiil  Tak, YTO OHA MOXET OBbITh 3amyllleHa Ha JApPYTHUx
kommeioTepax, rae OMNeT++ He ycTaHOBIEHA.

OMNeT++ moxeT ObITh pacIIMpeH C MOMOINBIO CIEIHATBHBIX OMOIHOTEK
MozenupoBanusi. Hambonee u3BecTHOM u pacrmpoctpaHeHHoil siBmsiercs INET
Framework, ucxomnusiii koa kotopoir oTkpbIT. INET mpemocramisier mpoTOKOIIHI,
areHTbl W JIPYTHE€ MOJEIH Il UCCIeNoBaTeNied M CTYJIEHTOB, paOOTaloOmuX C
cetamu tniepenaun  gaHHbiXx. INET ocoOenHo mosiesna mnpu paspaboTke U
YTBEP)KICHUH HOBBIX TPOTOKOJIOB, TIPM M3YYCHHH HOBBIX JK30THYCCKUX
cuenapueB. INET cogepxur momenu s cteka mporokojoB Murtepuera (TCP,
UDP, IPv4, IPv6, OSPF, BGP u T. n.), musd TpoOBOIHBIX W OECHPOBOIHBIX
NPOTOKOJIOB KaHanbHOTO ypoBHs (Ethernet, PPP, IEEE 802.11 u . a.), mans
nojaepkku MobmibHOCcTH, npotokoigoB MANET (Mobile Ad hoc Network),
DiffServ, Bkmo4aer HECKOJIBKO MOJENCH TPUIOKEHUH, MHOTO JPyrux

IIPOTOKOJIOB 1 KOMIIOHCHTOB.

1.3 O630p oudanoTexku moaesuposanusi INET Framework

INET Framework — 6ubnanoreka moaenupoBanus s Omnet++, kotopas

COZCPKHUT MOMAYJIH, peanusymomnme cTek npoTokosnoB Wurtepuera (TCP, UDP,
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IPv4, IPv6, OSPF, BGP u 1. 1.), nmpotokosnsl kanansHoro yposus (Ethernet, PPP,
IEEE 802.11 u T. n.), u apyrue. bubiuoreka Takke COIEPKHUT OOJBIIOE

KOJIMYCCTBO I'OTOBBIX CCTCBBIX MOHCHCﬁ.

17 Project Explorer &2 =1 = =
- [ httptocls ~
- | ieeeB021d
4 5= inet
> = ber

. = broadcast
. = bulktransfer
. = configurator
. = flatnet
» = hierarchical
» = hierarchical99
- = igmp
- = ipwdhook
- = ipvdlargenet
o = kidsnw
» = multicast
. = nclients
. = netperfrneter
. [= pcaprecaorder
. = routerperf
» = shutdownrestart
. = tcp_eth_reconnect
+ = tcp_ppp_reconnect
4 5= tepelientserver
+ 2= results
ClientServer.ned

inet-reno-0.a
B inet-tahoe-D.anf

Edl inet-vegas-0.anf

Ed inet-westwood-0.anf
=| netanim-trace.bd
a¥ omnetpp.ini

=| README

Pucynok 7 — CTpykTypa ceTeBbIX Mojeneii B coctasa Inet Framework

Paccmotpum  CTpyKTypy CeT€BOM MOJEIM Ha NPUMEPE  MOJEIHU
tcpelientserver. Mojens uMeeT clieAyonyo GailioByto CTPYKTYpY:

1) ClientServer.ned — daiin ncxomnoro koxaa Ha s3bike NED, B koTopom
COZCPKHUTCS CTPYKTYPHAsI CXeMa CETEBOM MOJICIIH.

CereBast MOJENIb CTPOUTCS Ha OCHOBE MOJIYJEH, MIYIIMX B KOMIUICKTE

INET Framework:
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= Submodules e
ﬂ O5PFRouter (inet.node.ospfvd)
% StandardHost (inet.node.inet)

<2 EtherHub (inet.linklayer.ethernet)

\#| ScenarioManager (inet.common.scenario)

. AdhocHost (inet.node.inet]

5 AODVRouter (inet.node.aocdy)

& BGPRouter (inet.node.bgp)

% BurstHost (inet.examples.inet.routerperf)
'_i..-'CDrrespDndentNDdeEl{inet.nu:ude.xmipvﬁj

;. DYMORouter (inet.node.dymao)

: DynamicHost (inet.examples.wireless.dynamic)

. GPSRRouter (inet.node.gnsrl

Pucynok 8 — Moaynu aiis nocTpoeHus CeTu

StandardHost — mozens xocra IP

OSPFRouter — moaens mapmpytuzatopa IP ¢ momnepsxkoit OSPF

EtherHub — monens xaba Ethernet

EtherSwitch — monens kommyTaTopa Ethernet
Mogenmn xocta W MapuIpyTU3aropa  ONMCBHIBAKOTCS  CIEAYIOLIEH

CTPYKTYPHOU CXEMOM:

status tunApp[nu
. tcpApplnuthTepApps]

HpApplnufhUdpApps] sctpApplnuthSctpApps]

¥

interfaceTable

forder[num PcapRecorders

=4

lo0 ext[num Ext ubehiamddu; M iRitfacks] eth[size o

Pucynok 9 — CTpyKkTypHas cxema X0CTa U MapIIpyTH3aTopa
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- 100, eth, ppp — mMoaysau, UMUTHPYIOLIHE padOTy CETEBBIX HHTEPPEICOB

- networkLayer — Momyb, peanu3yroumii mpotoko. IP

- tcp, udp — mMoxynu, peanu3yronre TPAHCIOPTHBIE MTPOTOKOIIBI

- tcpApp, udpApp, pINgApPp — MOAYIH, PCAM3YIOUIUE IPHUKIATHON
YPOBEHb CETH.

CBsi3u MEXIy MOAYJISIMH CETEBOW MOJENTH U WX MMapaMeTphl 3aTal0TCs B
daiine .ned cieayromum oOpa3oMm:

connections:

clientl.ethg++ <--> C <--> server.ethg++;

types:
channel C extends DatarateChannel

{
datarate = 100Mbps;

2) daiin Omnetpp.ini coiep>KUT HACTPOHUKK KOMITOHEHTOB CETECBOW MO/ICIIH.
B nmannom (aitne moxxkHo 3amath mapameTpbl TCP u UDP mpunoxennii, MTU

ceTeBbIX nHTEpdelcoB, IP-anpeca xocToB, u Tak gasee.

% numlcpipps = 1
% client*.tcpApp[*].tvpename = "TCPSessionipp™
#% client*.tcplApp[0] .active = true

=% nunldpipps = 1

*#% clientl.udplApp[0].tvpename = "UDPEBasichApp™

#*% clientl.udpApp[0].destPort = 1234

#% clientl.udpApp[0] .messagelength = 1024 bytes

#% clientl.udplApp[0].sendInterval = 0.00009s

#% clientl.udpApp[0].startTime = 10s=

#% clientl.udplApp[0].stopTime = this.startTime + 10=
#% clientl.udplhpp[0] .destAddresses = "server"”

% server.udpaApp[0] . tyvpename = "UDPEcholpp™

#% gerver.udpaApp[0].localPort = 1234

% eth[*] .mac.mtu = S000B

* configurator.config=xml ("<configx<interface hosts='#*"

Pucynoxk 10 — ®aiin omnetpp.ini
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3) daiin ASConfig.xml comepxuT omnuuu, yrnpasisiolife MaplipyTH3aIe

B ceTeBoit Mojenu (IP-moacetn, Homepa AS, 3ous1 OSPF, 1 Tak manee).

<?xml wversion="1.0"7>
<05PFASConfig xmlns:xsi="http://www.w3.0rg/2001,/¥ML5chema-instance” xsi:schemalocation="05PF.xsd">

<!-- Areas -->

<Area id="0.0.0.0">»
<hddressRange address="R1>N1" mask="R1>N1/" status="Ldvertise" />
<hddressRange address="R1>N2" mask="R1>N2/" status="Ldvertise" />
<hddressRange address="R1>N3" mask="R1>N3/" status="Ldvertise" />
<hddressRange address="R2>N4" mask="R2>N4/" status="Ldvertise" />

Pucynoxk 11 — ®aiin ASconfig.xml

4) ®aiinel pe3yabTaTa MoJEIUPOBaHUs *.anf, KoTopbie MOSIBIAIOTCS TOCTE
HpOBEJCHUs dKcriepuMeHTOB. MHpopmanuio u3 .anf ¢aiiinoB MOKHO MpeacTaBUTh

B BHIC I‘pa(bI/IKOB, AuarpamMm UM CPpCIHUX HCIIbIX 3HAUCHUMH.

1.4 BoiBoaBI 1O pa3aeny

Ha ocHoBaHMM BBINOJHEHHOTO aHal3a OTMETHM, YTO CYIIECTBYIOIIUE
WHCTPYMEHTAJIbHBIC CPEACTBAa aHajdu3a CeTed 00JIalaloT PSAJIOM IPEHUMYIIECCTB,
HarpuMep: aJeKBaTHOCTh PE3YyJbTAaTOB aHAJU3a, CO3JaHue MPOQuis Harpy3Ku
CETU COOTBETCTBYIOIIEMY pEaIbHBIM CETEBBIM MPUIIOKECHUSIM. TeM He MeHee, K
HEJIOCTaTKaM HWHCTPYMEHTApUs MOXKHO OTHECTH OrpaHWYEHHOCTH O00JIACTh €ro
NPUMEHEHUS (MHCTPYMEHTApU  MOXXHO  HMCIOJIb30BaTh TOJIBKO B YXkKe
CYIIECCTBYIOIIUX CETSAX), a TaK K€ BBICOKYIO CTOMMOCTb aHaju3a CETH.
WcknroueHue cocTaBiseT MporpaMMHbIN maker Omnet++, kOoTOpbli HE HMeeT
yKa3aHHBIX BHIIE HemOCTaTkoB. Kpome Toro mporpamma OecriaTHa AJis
WCIIOJB30BaHUS B aKaJeMHUUYSCKHUX IEIAX U MOXKET OBITh pacIIUpeHa C IOMOIIBIO
CHEUAIIBHBIX OMOIMOTEK MOJCITUPOBAHUSI.

B cocraB makera BXOAWT OHOIMOTEKa MOICIMPOBAHUS HMEOIIAs
BCTPOCHHYIO TOIep KKy rpotokosioB Murepuera (TCP, UDP, IPv4, IPv6, OSPF,

BGP u 1. 1.), a Tak Xe MOAACPKUBAIOTCS MPOTOKOJIBI KaHAJIBLHOTO YPOBHS
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(Ethernet, PPP, IEEE 802.11 u T. a.), u apyrue. OCHOBHBIM JTOCTOMHCTBOM
JAHHOTO TMPOJYKTa CIIEAYyeT CYUTATh OOJIBIIIOEC KOJIMYECTBO TOTOBBIX CETEBBIX

MOJIEJIEN.
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2 MeToanka u3MepeHusi MPpOU3BOAUTEIbHOCTH ceTH B cpeae Omnet++

2.1 Jran 1 - Co3nanune MojiesIn ceTH
Ha mepBom sTamne co3gaeTcst MOJI€Tb CETH, JIsl STOTO BBHITOJIHSICTCS aHATHU3
3a7aHHO Tomosnoruu W BeIOuparotcs kommoHeHTHl INET Framework. Bribop

KOMITIOHCHT OCYIICCTBIIICTCA B COOTBETCTBUU C Ta6JII/IHCﬁ 1.

Ta6nuna 1 — Komnonentsl INET Framework

DJIEMEHT CETU

Komnouent Omnet++

Kommyrarop Ethernet

EtherSwitch

KommyrtaTtop MPLS

RSVP_LSR, LDP_LSR

Mapupyrtuzarop IP

OSPFRouter, BGPRouter, u.t.1.

Xab Ethernet

EtherHub

Touka nocrymna 802.11

AccessPoint

Xoct IP

StandardHost

Xoct Ethernet

EtherHost

Xoct 802.11

WirelessHost

Certb Ethernet mmuHONM TOMONOrMU

EtherBus

Certs IP mpoun3BonbHOM TOMOIOTUN

InternetCloud

Pannokanan nepegaun TaHHBIX

RadioMedium

Kanan Tomozorun Touka-ToukKa

Eth*, DatarateChannel,
DelayChannel, fiberline

Jlanee, B 3aBUCUMOCTH OT TOIOJIOTHH CETH, ONPEACIISIOTCS KaHAIbl CBS3U U
BBIIIOJIHAETCS coenvHeHne KoMmmoHeHT. Croco0 ommMcaHus KaHajla CBSI3H
npejacTaBieH Ha pucyHke 5. Kakmplii TN KaHAIOB CBSA3M OIKMCHIBACTCSA B
UCXOIHOM KOJIE CJICIYIONIIM 00pa3oM:

channel <tumn xanana> extends <zasBaHue KOMIIOHEHTa™>

{

disabled=<true/false>
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datarate=<mpomyckHas CII0COOHOCTH>

delay=<3anmepskka mepemaun JaHHBIX>

ber=<mpomeHT OMTOBBIX OMUOOK™>

per=<mpouceHT NOTEPSIHHBIX ITAKECTOB>

¥

Jlis coemuHeHus JOMYCKAeTCsl MCIONIb30BaHUE TPaUIECKOro PelaKkTopa.

Crnenyer ydecTb, 4TO IIPHU UCIIOIB30BAHUU T'PaPUUECKOr0 peakTopa CyIIeCTBYET

BCPOATHOCTD ommbOku. Tak ecnm Y KOMIIOHCHTA HAOJIKHO OBITb HECKOJILKO

COC,Z[HHGHHﬁ, TO B Fpa(i)I/I‘-IGCKOM PCOAKTOPC IIpOorpamMma IOo3BOJIACT IIPUCOCIUHATD

KaHaJl CBSI3M TOJIBKO K OJHOMY WM TOoMYy jke mopty (Hampumep, eth[0]). TToatomy,

PCKOMCHAYCTCA JIA CJIOKHBIX KOH@HTypaHHﬁ BCC COCOAMHCHHA KOMIIOHCHTOB

ayuiie 3aaaBath B NED-kone (pucynok 12).

connections:

R1.
R1.
Hi1.

B2

H2

ethg[0]
ethg[1l]
ethg[0]

ethg[0]
H4.
E5.

ethg[l]
ethg[0]

.ethg[0]
R3.
H5.

ethg[0]
ethg[0]

L-—-
<-—
L-—
=-—=
w——=
<=
<e—
£-->
L-—-

OO0 00000 nn

L-—-
<-—
L-—
=-—=
w——=
<=
<e—
£-->
L-—-

Hl.

H2
R2

ethg[l]:

.ethg[2]:
.ethg[l]:
H4.
RS.
H5.
R3.
HE5.
R&.

ethgl[2]:
ethg[l]:
ethgl[2]:
ethgl[l]:
ethgl[l]:
ethg[0]:

Pucynok 12 — CoegnHeHNE KOMITOHEHTOB CETH

Kpome kaHanoB CBsI3M, HEOOXOJMMO BBINOJHUTH HACTPOMKY MapameTpoB

cereBoro ypoBHs (IP-ampeca, Tabnuiibl MapmpyTH3aIKUY, H.T.]1. ).

Jlns Hactpoiiku IP-agpecoB 31meMeHTOB ceTH (XOCThl U MapUIpyTHU3aTOPbI)

ucnonb3yercst koHpuryparop IPv4NetworkConfigurator B xotopom 3anmarorcs

azipec U Macka JUIs KaXa0ro 3jaeMenTa (pucyHok 13).
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configurator:
parameters:

config = xml ("<config>"+
"ginterface h
"<interface h

"<interface
"ginterface
ce

"<interfa

"<interface
"<interfabe

"<interfa
"<interfa
"<interfa
"<interfa

ce
ce
ce
ce

"<interfa

ce
"ginterface h
ce

"<interfa

"<interface
"ginterface
ce

"<interfa

IPv4NetworkConfigurator {

hosts='R3'
hosts="H1'

hosts='R1

hosts='R1'
hasts="'E4'
hosts="H2'
hosts='R3'
hosts="R2'
hosts='RT'
hosts='R&a'
hosts='R3'
hosts='R5'
hosts='RT'
hosts="E4'
hosts='Re'

towards='N1 R1' address='192.168.1.1' netmask="255.255.255.0"
towards='N1 R2' address='192.168.1.2' netmask="255.255.255.0"
towards='NZ2 R1' address='192.168.2.1' netmask="255.255.255.0"
address="192.168.2.2"' netmask='255.255.255.0' />"+

towards="'NZ2 R3' address='192.168.2.3' netmask="255.255.255.0"
towards='N3 R4' address='192.168.3.1' netmask="255.255.255.0"
towards='N3 R1' address='192.168.3.2' netmask="255.255.255.0'
address="'192.168.4.1' netmask='255.255.255.0' />"+

towards='N4 H2' address='192.168.4.2' netmask="255.255.255.0"
towards='N4 H2' address='192.1658.4.3' netmask="'255.255.255.0"
towards='N4 H2' address='192.165.4.4' netmask="255.255.255.0"
towards='N5 R3' address='192.168.5.1' netmask="255.255.255.0"
towards='N5 R53' address='192.168.5.2"' netmask="255.255.255.0"
towards='N5 Re6' address='192.168.5.3' netmask="255.255.255.0"
towards='N& Re6' address='192.168.6.1"' netmask="255.255.255.0"
towards='N6 R&" address='192.168.6.2"' netmask="255.255.255.0"
towards='N& RT7' address='192.168.6.3' netmask="255.255.255.0"

Pucynoxk 13 — IPv4NetworkConfigurator

FEAE

[+

/="t
/3"t

Ecan B cetn HCIIOJIB3YIOTCA MApHIPpyTHU3aTOPbI, TO CJICAYCT OIIUCATbh

TaONHIy MapUIPyTU3ALMH, JIUOO HACTPOUTH MPOTOKOJ MapIIpyTH3alUUU (TaKOW,

kak OSPF). Hacrpoiika mapuipyTtusaiuu npoussoautcs B daitne ASConfig.xml

(pucyHok 14).

¢<!-- Routers -->»
<Router name="R1"™ RFC1583Compatible="true">

<BroadecastInterface ifName="eth0" areall="0.0.0.0"

<BroadecastInterface ifName="ethl" areall="0.0.0.0"

<BroadcastInterface ifName="ethZ" areall="0.0.0.0"
</Router>

<Router name="R2" RFC1583Compatible="true">

<BroadcastInterface ifName="eth0" areall="0.0.0.0"
<BroadcastInterface ifName="ethl" arealIl="0.0.0.0"
</Routers

Jna  nmposenenus

interfaceCutputCost="1"
interfaceOutputCost="1"
interfacefutputCosc="1"

routerPriority="1"
routerPriority="1"
routerPrioricy="1"

interfacefutputCost="2" routerPriority="1"

interfacefutputCosc="2" routerPrioricy="2"

Pucynok 14 — IIpumep HacTpoHKH MapIIpyTH3alUU

AKCIIEPUMEHTOB

HEOOXOJIMMO HACTPOUTH

[
[=
/>

s
/>

paboty

npwiokeHui npukiagHoro ypoBHsa. B cpene OMNET B kadectBe mpuiioxeHuit-

reHepaTopoB TpaduKa HCIOIB3YIOTCS KOMIIOHEHTHI tCPAPP, udpApp, pingApp,
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SCtpApp. IlapameTpsl gaHHBIE TPUIOKEHUW HACTpauBalOTCA B (aie
uauranuzanua (omnet.ini). st npunokeHust, padOTAIOIIEro 10 TPAHCIOPTHOMY
nporokony TCP Ha kiMeHTe MOXKHO 3a/JaTh BpeMs Hadaja IMepefadyd JTaHHbBIX,
pa3Mmep mnepenaBaeMoro ¢aiiia, o KakoMy MOpPTY COETUHSATHCA C CEPBEPOB, UM
cCepBepa, BpeMsl KOHIIA Tepelaadd JaHHBIX, 3aJIePKKa MEXKIY COCAUHECHUEM H
HagayioM miepenaun naHHbIX. Jlis TCP-cepBepa MOXXHO YCTaHOBHUTH IMapaMeTp
npunatus TCP-coenunenus Ha 3aganHoM mopty (pucyHok 15). Takoke mms TCP-
MPWIOKEHUST MOXKHO OIpPENeNuTh Mo Kakomy anroputmy T1CP  paborars:

TCPReno, defaultTCP, TCPVegas u T.1. (pucyHok 16).

=% nunlTcpapps = 1

#*% client*.Coplpp[*] . tyvpename = "ICPSessionfpp”
#% client*.tocpapp[0] -.active = truoe
F#.client#.tcphpp[i].connectﬂddress = "gerver™

#% client*.topApp[0] .connectPort = 1000
#=% client*.tcpapp[0] .tOpen = 0=
=% client*.topapp[0] .tSend = 0=

#% client*.toplApp[0] . sendBytes = Z0MEB
#% client*.tcoplApp[0] .tClose = 0=
% gerver®.tCcpApp[¥*] .typename = "TCPEcholhpp™

#% gerver*.tcpApp[0] . localPort = 1000

Pucynoxk 15 - mapamerpsr TCP-nipuoxxeHus

[Config inet-reno]

description = "ICP <——-»> TCP with reno algorithm"™
* server¥*.tcpIyvpe = "ICE"

*# . client*.tcpIype = "ICE"

#% tep.tephlgorithmClass = "TCPReno"™

* per = 0.01 * £{0, 0.1, 0.2, 0.5, 1, 2, 5}

* server*.tcphpp[0] .echoFactor = 0

[Config inet-wvegas]

description = "ICP <-——-> TCP with Vegas algorithm"
* server¥*.tcpIype = "ICE"

*# client*.tcpIype = "ICE"

#% top.tocphAlgorithmClass = "ITCPVegas™

¥ per = 0.01 * £{0, 0.1, 0.2, 0.5, 1, 2, 5}

* gerver¥*.tcphpp[0] .echoFactor = 0

Pucynok 16 - konpurypauuu TCP-npunoxenus
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Jist MmonienupoBaHus pabOThl MPUIIOKEHUN, UCTIONB3YIOUIUX TPAHCTIOPTHBIN
npotokoi UDP, mpumensercs kommoneHT UAPAppP. Jus mepemauym JaHHBIX C
noMoInei0 UdPAPP Ha KIMEHTE HACTPAMBAIOTCS MapaMETphl: pa3Mep IaKeTa,
WHTEpBaJl MEXAYy OTIPaBKOW IMaKeTOB, IOJIydaTellb, BpeMs Hadajla M KOHIIa
paboThI prIToKeHus. J{Js cepBepa BKIFOUASTCS PEXKUM «CIIYIIAThy (PUCYHOK 17)

C IIOMOLIbIO apameTpa typename.

#% numJdpiApps = 1

#% clientl.udpApp[0] . typename = "UDPEBasichApp™

#% clientl.udpApp[0] .destPort = 1234

#% clientl.udpApn[0] .messagelength = 1024 bytes

#% clientl.udpApp[0] .sendInterval = 0.00003=

#% clientl.udpApn[0] .2tartTime = 100=

#% clientl.udplApn[0] .2topTime = thi=s.startTime 4+ 10=
#% clientl.udplipp[0] .destAddresses = "server"”

*#% zgerver.udphApp[0] .cypename = "UDPEcholpp™

#% gerver.udpipp[0] .localPort = 1234

Pucynox 17 — UdpApp

PG3YHBT3TOM IIepBOIro oTala ABJIIACTCA MOACIb CCTH, TIO0TOBasA K

IMPOBCACHUTIO SKCIICPUMCHTOB.

2.2 Jran 2 - [IpoBeaeHne IKCNIEPUMEHTOB

[lepen Haua’OM TPOBEACHHS AKCIICPUMEHTa PEKOMEHIYETCS OTPAHUYUTH
ero JUTMTEIBHOCTD I n30eranus 3arukianBanus. [ aToro B daitire omnetpp.ini
TpeOyeTcs 3aaath mapamerp Sim-time-limits=<spems>.

JIJ1st MpoBEICHUST CEPUU OJTHOTHITHBIX AKCIIEPUMEHTOB C Pa3IUYarOIUMUCS
napaMeTpaMu PEKOMEHJIYETCs CO3/aTh pa3iuyHble KOHPUTYpauuu (MpUMEpP CM.
Ha pucynke 16). IIpu 3anycke skcnepumenta cpega OMNET mpemioxut BIOOp

KOH(pUrypanuu.

23



Jlnsg  3amucu MoKaszaTeneil  MPOU3BOJIUTEIBHOCTH CETH  HEOOXOIUMO
OTPENCTUTh TOUKY CheMa CETeBOro Tpaduka M HACTPOHUTH 3amuch Tpaduka. B
daitn omnetpp.ini Hy>KHO JO0ABUTH HHCTPYKIIHH:

<HaszBanue y3na>.eth[<nomep unrepdeiica>].numOutputHooks = 1

<Ha3BaHue Yy3na>.eth[<nomep wunTepdetrica>].outputHook[0].typename =
"ThruputMeter"

9KCHCpI/IMCHT HAYHUHACTCA IIPpU HAKATHUHU KHOIIKH «3allyCK» B MCHIO CPCIbI

MOJIETTUPOBAHUSI.

2.3 Oran 3 - O0padoTKa pe3yIbTATOB IKCIIEPUMEHTOB

B pesynbrate skcnepumenta cpeaa Omnet cosmaer HaGop .anf ¢aitios,
coJiepKaInuX IKCIIEpUMEHTAIbHBIX naHHble. Cpega Omnet comepkuT BCTpOSHHBIC
cpeactBa obpaboTku .anf ¢aiinoB u moctpoenus muarpamm u rpadukos. [lpu
3amycke oOpaborumka .anf-gaitmoB Ha Bkimagke «BrowseDatay umeercs

BO3MOXHOCTB ITPOCMOTPA 3alIMCAHHBIX JTaHHBIX.

Browse Data
Here you can see all data that come from the files specified in the Inputs page.

All (187 /187) | Vectors (54 /54) | Scalars (130 130) | Histograms (3 /3)

v || module filter w || statistic name filter v
Mame Value
a (= default_tep: #0
[ ClientServer.client].eth[0].encap
1 ClientServer.clientl.eth[0].mac
4 [ ClientServer.client].eth[0].outputHook[0]
avg packets/'s (scalar) 35808.407215792
avg throughput (bit/s) (scalar) 8.822763167T107E7
duration (scalar) 2.08417336
s 7= packet/sec (vector) 36042.6723425067 (1492)
s 7= thruput (bit/sec) (vector) 8.94246535972587E7 (1492)
total bits (scalar) 1.83881856E8
total packets (scalar) 74631.0

[ ClientServer.clientl.lol.lo

Inputs | Browse Data | Datasets | Chart: thruput (bit/sec) ClientServer.client].eth[0].outputHook[0]

PI/ICYHOK 18 - maccuBEI SKCIICPUMCHTAJIbHBIX JaHHBIX

[Ipu BbIOOpE HYKHOrO MacCUBa [JIaHHBIX Cpella aBTOMATUYECKHU

MIPEJCTABIISET €r0 B BHUjIE rpaduka.
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Chart: thruput (bit/sec) ClientServer.client1.eth[0].outputHook[0]

0.00 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.080 0.100 0.110 0120 0.13
I I I I I I I I I L L I

150000000

100000000_WWWWW

50000000

T T T T T T T T T T T T
0.00 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.080 0.100 0.110 0120 0.13

Pucynok 19 — rpadgudeckoe mpecTaBIeHHE SKCIIEPUMEHTABHBIX JTAHHBIX

2.4 BIBOaBI 1O pa3ieny

[IpenyioxkeHHass METOAWMKA COICPKUT TPU OCHOBHBIX 3Tala W MO3BOJISIET
CO3/1aBaThb MOJENIb CETU ITPOM3BOJIBHOW TOIOJIOTUM, HACTPAauBaTh MapaMeTpbl
NPWIOKEHUH, MPOPWIb CO3/]aBaeMOro Tpaduka M Jpyrue mapaMerpbl MOJEIH.
Co3naHHasi MOAENb CETU MOJHOCTHIO TOTOBA K MPOBEACHHUIO IKCIEPUMEHTOB U
nanpHeime  00paboTke  AIKCIEpUMEHTAIbHBIX  JaHHBIX. B pesynbprarte
AKCIIEPUMEHTOB BO3MOXKHO JIOCTHKEHHE UEIU MCCIEIOBaHUS — HW3MEPECHUE

MMPOU3BOAUTCIBHOCTH CCTU.
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3 Peanuzanus ceTeBbIX TOMOJIOT Uil U U3MepeHue

NMPOU3BOANTEC/IBHOCTH

3.1 IIpsimoe coeuHeHHE XOCTOB

NxnavyanmpHO pa3paboTaHHas METOAWKA MPOTECTUPOBAaHA HA TOIMOJIOTHH
«TIPSIMOE COEMHEHHE XOCTOB». MOJIelhb CETH C JAHHOW TOTOJIOTHEH BKIIOYACT B
ceos 2 momynst StandardHost, coemmHeHHBIC KaHATIOM CBSI3H, B KA4eCTBE KOTOPOTO
BpicTynaeT  moayiar  Ethl00M ¢ mapamerpaMu M0 YMOJIYAHHIO
(datarate=100000000, delay=0, per=0, ber=0). /lanHas Mozelb CETH XapaKTepHa
TEM, YTO PEe3yIbTaThl IKCIIEPUMEHTOB MOJXKHO TpeACKa3aTh 3apaHee W OICHUTH
aJICKBaTHOCTD TMOJIYYEHHBIX PE3yJIbTATOB.

Jlns peanuzanyu JaHHOM MOJENM CeTH ObUT pa3padoTaH HA0Op MCXOMHBIX
KOJOB, BKIIOYAIONMK B cebs daiter  omnetpp.ini, clientserver.ned (cwm.
[Tpunoxenus A, b). Mogenb ceTu BKIIOYaeT B CeOS HECKOJIBKO Pa3IMYHBIX

KOH(HUTypalnii S3KCIEPUMEHTOB:

tcpApp, anroputm o ymonuanuio (TCPReno)

tcpApp, anroputm TCPVegas

tcpApp, anropurm TCPTahoe

udpApp, pasmep pgatarpamMmbl 1024  Gaiita, WHTEpPBaJIbl MEXKIY

natarpammamu 0,89 mc, 0,9 mc.

& - &
CE
o o
clientl server

configurator :
netinim Trace

1,27x

Pucynok 20 — tononorus cetu
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B nocnenneit koHpurypanuu pasmepbl JaTarpaMMbl U UHTEpBaJl BIOpAHBI
TakuM 00pa3oM, 4YTOObl CyMMapHas CKOPOCTb IEpeaBaeMbIX Yepe3 CETEeBOU
uHTEepdeiic TaHHbIX (MEXKaIPOBbIC HHTEPBaJbI, TpeamoOya, Ethernet, TCP, UDP-
3arosoBku) Obuta Oonee 100 Mbut/c B nepBom ciayuae u meree 100 Mburt/c - Bo
BTOPOM.

Jlng 3amucu mapameTpoB CeTeBOro Tpaduka HACTPOEHO JIBE TOUKH CheMa
Tpaduka — Ha ceTeBbIX HHTEpdeiicax 00oux xocToB. Tpaduk cHUMANICS MOTyJIEM
outputHook, koTopwlii 3ammchIBaeT ClEAYIONIHE HapamMeTpsl Tpaduka (cM. puc.
18): cpenHsas makeTHasi CKOPOCTh (ITAKeT/C), CPeAHsSI CKOPOCTh Iepeaaun JaHHbBIX
(OuT/C), MPOU3BOAUTENBHOCTh CETH (CKOPOCTh NEpeJauyd JaHHBIX MPHUKIAJHOTO
YpOBHsI, OWUT/C). MakcuManpbHOE BpeMsl 3KCHEPUMEHTa OTPAHUYEHO 3HAYEHUEM
100c.

B pesynbrare OSKCmepuMEHTa TMOJlyd€Ha CepUsi OSKCIEPUMEHTAIBHBIX
naHHBIX. Janee mpuBeeHbl TPUMEPHI SKCTIEPUMEHTAIBHBIX TaHHBIX, MOJYYEHHBIX

B OKCIIEPUMEHTE CO BTOpOi KoHpurypamuei (aaroputm TCPVegas).

Chart: thruput (bit'sec) ClientServer.server.eth[0].outputHook[0]

0.00 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065 ﬂ
I L L n n I I I I I I I I =

100000000 100000000

/SIS S VA VA VA VA VA Y e v

50000000 50000000

T T T T T T T T T T T T T
0.00 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.085

PI/IcyHOK 21 — CKOpOCTL nepeaadyn JaHHBIX MMPUKIAHOIO YPOBHA, UBMCPCHHAA Ha

oTIIpaBUTENE Tpaduka
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Chart: thruput (bit/sec) ClientServer.client1.eth[0].outputHook[0]
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Pucynok 22 — CkopocTb nepeaayn JaHHBIX TPUKIIAJHOTO YPOBHS, U3MEPEHHAs Ha

nosrydatesie Tpaduka

Tabnuna 2 — CpenHsas CKOPOCTh Nepeaun JaHHBIX MPUKIATHOTO YPOBHS

Touka chema Tpaduka CkopocTb nepenauu JaHHbix, Mbut/c
clientl.eth[0] 92,8023
serverl.eth[0] 92,7208

B Ttabmune 3 mnpuBeneHbl pe3yNbTaThl HIKCICPUMEHTOB B IOCIEIHEH

KOH(UTypaluu:

Tabnuma 3 — Cpeansisi CKOPOCTh Mepejavuu TaHHBIX MPUKIIATHOTO YPOBHS

Touka crema WHTepBan Mexay CkopocTb nepenauu KonnuecTtso
Tpaduka JaTarpaMMaMH, MC JaHHBIX, MOuT/C ITOTEPSIHHBIX ITAKETOB
clientl.eth[0] 0,9 93,5104 0
serverl.eth[0] 0,9 93,5104 0
clientl.eth[0] 0,89 94,5618 2
serverl.eth[0] 0,89 94,5610 0
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3.2 Touka-To4Ka ¢ TpeMsi MAPIIPYTU3aTOPAMHU

Jlanee MeToawKka MPOTECTUPOBaHA HA TOMOJOTUH «TOYKA-TOYKA C TPEMS
MapuIpyTuzaropaMmmn». MoJenb CeTH C JaHHOW TOTIOJOTHEH BKJIIOYAET B ceOs 2
moyis StandardHost, 3 Moayist MapmIpyTH3aTOpoB, PabOTAIOIINX IO MTPOTOKOITY
OSPF coenuHeHHBIE OMHOTUITHBIMH KaHajJaMW CBS3M, B KadeCTBE KOTOPOTO
BpicTynmaeT  Moaynb  Ethl00M ¢ mapamerpamMu MO YMOJYaHHIO
(datarate=100000000, delay=0, per=0, ber=0).

Jlnis peanu3arivl JaHHOH MOJENH CETH ObUT pa3paboTaH HabOp MCXOTHBIX
KOJIOB, BKJIIoUarommii B ceos daiasl omnetpp.ini, Test.ned, ASConfig.xml (cwm.
[Mpunoxenusx B, I', /). Mojaens ceTn Takke, Kak U B MOJCIH «TOYKA-TOYKA»,
BKJIFOYAET B c€0s HECKOJIBKO PA3IMYHBIX KOH(MDUTYpaIIHid SKCTIEPUMEHTOB:

- tcpApp, aroput™ o ymordanuio (TCPReno)

- tcpApp, anroputm TCPVegas

- tcpApp, anropurm TCPTahoe

- udpApp, pasmep mararpamvmbl 1024 OGaiita, HWHTEpPBAIBl MEXIY

nararpammamu 0,89 mc, 0,9 mc.

Pucynok 23 — tomonorus cetn

Touku chema Tpaduka Takke HaXOISATCS HA CETeBbIX MHTepdeiicax o0oux

XOCTOB. MakcuManabHOE BpeMsl SKCIIEpUMEHTa orpaHuydeHo 3HaueHueM 100c.
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B pE3YJIbTAaTC OKCIICPUMEHTA IIOJYy4Y€Ha CEpUA OKCICPUMCECHTAJIbHBIX
JaHHBIX. Huxe IMPUBCACHBI ITPUMCPBI SKCIICPUMCHTAJIBHBIX HTAHHBIX, IIOJYYCHHBIX

B OKCTIEPUMEHTE CO BTOpOH KoHpurypamuei (anroputm TCPVegas).

Chart: thruput (bit/sec) ClientServer.server.eth[0].outputHook[0]
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Pucynox 24 — CkopocTb nepeaayn JaHHBIX TPUKIIAJHOTO YPOBHS, U3MEPEHHAs Ha

OTIpaBuTeNe Tpaduka

[Tepenada manabIXx HaumHAeTCs HE ¢ 0 CEKyHIBI, TaK KaK MapIIpyTH3aTOpaM

HEOOXOMMO BpeMS /JIsl HACTPOUMKH, IIOATOMY Tepeaada HaunHAeTCs C 9 CeKyHIbI.

Tabnuua 4 — Cpeansisi CKOpOCTh Nepejaun JTaHHBIX MPUKIIATHOTO YPOBHS

Touka crema Tpaduka CkopocTb nepegauu 1aHHbIX, MOUT/C
H1.eth[0] 92,7691
H2.eth[0] 92,3529

B taGnuiie 5 mpuBeneHs! pe3yabTaThl SKCIEPUMEHTOB B IMOCTIETHEH

KOH(UTypaluu:
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Tabnuua 5 — Cpeansisi CKOpOCTh NMepejauu JTaHHBIX MPUKIIATHOTO YPOBHS

Touka ceema WNHtepBan mexny CkopocTb neperauu Konunyectso
Tpaduka JatarpaMMamu, MC naHHbIX, Mbut/c HOTEPSHHBIX MTAaKETOB
H1.eth[0] 0,9 93,5103
H2.eth[0] 0,9 93,5103
H1.eth[0] 0,89 94,5618
H2.eth[0] 0,89 94,4748 Mbut/c

3.3 JlepeBo ¢ 6 MapmIpyTHU3aTOPAMHU M KOHKYPEeHIM el 32 KaHaJ

TOIIOJIOTUEN

s

MpUMEHSIIACh KOHPUTYpAIUsl «JIepeBO ¢ 6 MapuIpyTU3aTopaMu U KOHKYpEHIUEH

TCCTUPOBAHUS MCTOAUKHN CJ'I@I[YIOH.I@IZ MOACIIN

3a KaHa». Mojenb CeTH C JaHHOW TOMOJIOTMEW BKIIIOYAeT B ceOs 4 momyns

StandardHost, coenuHEeHHBIE OJHOTHUITHBIMHA KaHAJIaMH CBS3M, B KayeCTBE
KoToporo BeicTymaer Moayiab Eth100M ¢ mapamerpamMu 1o ymondanuto, 6
MapIIpyTH3aTopoB padoTaronmx mo mnportokory OSPF. Xocter HI u H2
OOMEHMBAIOTCA KOHTPOJIbHBIM TpadukoM, B TO Bpems kak H3 u H4 cosmaror
Harpy304HbIid TpaguK.

Jlns peanuzanuu JaHHOW MOJENM CeTH ObUT pa3padoTaH HA0Op MCXOMHBIX
KOJIOB, BKJIFOUaroluii B cedst daiiasr omnetpp.ini, Test.ned, ASConfig.xml (cm.
[Mpunoxenue E, XK, ). Moaens cetu BKIOYAET B CeOS HECKOJIBKO Pa3IMYHBIX

KOH(UTypaiuii SKCIEPUMEHTOB:

tcpApp, anropurm o ymomdanuio (TCPReno)

tcpApp, anroputm TCPVegas

tcpApp, anropurm TCPTahoe

udpApp, pasmep mgararpamMmvbl 1024 Gaiita, HHTEpBalIbl MEXIY

natarpammamu 0,89 mc, 0,9 mc.
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Pucynok 25 — tomonorus cetu

JUist 3anucu mapaMeTpoB CETEBOTO TpaduKa HACTPOEHO JBE TOUKH CheMa
Tpaduka — Ha cereBbiX uHTEepdeiicax xoctoB H1 u H2. MakcumanbHoe Bpems
DKCIEpUMEHTa orpannyeHo 3HadeHueM 100c. B pesynbprare skcnepumeHTa
IIOJIyYEHA CEPHUsl DKCIEPUMEHTANBHBIX JaHHbIX. Huke mpuBeneHsl NpUMEPHI

HKCIIEPUMEHTAIbHBIX JAHHBIX MO BTOPOU KOH(PUTYpAIUH.

Chart: thruput (bit'sec) DynamicTest.H1.eth[0].outputHook[0]
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Pucynox 26 — CkopocTh niepeaayn JaHHBIX MPUKIIAJHOTO YPOBHSI, U3MEpEHHAs Ha

oTmpaBuTeNe Tpaduka

B Ttabnuiie 6 mpuBeneHsl CpeaHHE 3HAYCHHS CKOPOCTH IS MPUIIOKCHUS

TCP.

32



Tabnuua 6 — Cpeansisi CKOpOCTb NMepejauu JaHHBIX MPUKIIATHOTO YPOBHS

Touka crema Tpaduka CkopocTb nepenauu naHHbx, Mbut/c
H1.eth[0] 53,3271
H2.eth[0] 53,2308

B Tabnuue 7 mnpuBeneHbl pe3yNbTaThl SKCIEPUMEHTOB B YETBEPTOM

KOH(UTYpAaIHH.

Tabnuna 7 — CpenHsas CKOPOCTh Nepeaun JaHHBIX MPUKIATHOTO YPOBHS

Touka crema I/IHTepBaJ'I MCKIAY CKOpOCTB rnepcaadu KonnuectBo
Tpaduka JlaTarpaMMaMH, MC nanHbeix, Mbut/c MMOTEPSIHHBIX ITAKETOB
clientl.eth[0] 0,9 86,4002 0
serverl.eth[0] 0,9 86,3717 0
clientl.eth[0] 0,89 94,0015 8
serverl.eth[0] 0,89 94,0010 0

3.4 TonoJiorusi, NpudJIM:KeHHAsI K PeaJIbHbIM CETSIM

YeTBepTasi TOMOJIOTHSI MOXET MCIOJIB30BAThCS B PEAbHBIX CETsIX. Mojenb
CeTH ¢ JaHHOW Tomojorueil BkimoyaeT B ceds 10 mopmyneit StandardHost,
COCJIMHECHHBIE OJHOTUITHBIM KaHAJOM CBS3U, B KaueCTBE KOTOPOTO BBICTYMAET
moayas Eth100M ¢ mapamerpamu o ymosrdanuto, 6 kommyraropoB EtherSwitch,
6 MapipyTu3zatopoB padoTaromux mo nporoxory OSPF.

Jlns peanuzanuu JaHHOKW MOJCIH CETH ObLT pa3paboTaH HA0Op MCXOIHBIX
KOJIOB, BKJIFOUaronuii B cedst daiiiasr omnetpp.ini, Test.ned, ASConfig.xml (cm.
[Mpunoxenne K, JI, M). Mozens ceTu BKIOYAeT B ceOsS HECKOJBKO Pa3IMIHBIX
KOH(HTypaImii SKCTICPUMEHTOB:

- tcpApp, aroput™ o ymordanuio (TCPReno)
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- udpApp, pasmep gararpamvmbl 1024 Gaiita, HHTEpBaJbl MEXIY

natarpammamu 0,89 mc, 0,9 mc.

RT

H‘”\?/ o ¥
= T gj

Pucynok 26 — tomonorus cetu

B mocnenneit koHdurypamuu pazmepsl gaTarpaMmbl 1 HHTEPBAT BBIOpPAHbBI
TakKUM 00pa3oM, 4YTOObl CyMMapHas CKOPOCTh I€peJaBaeMbIX Yepe3 CEeTeBOU
uHTepdeiic TaHHbIX (MEXKaIPOBbIe HHTEPBaJbI, peamOya, Ethernet, TCP, UDP-
3arosioBku) Obuta 6osee 100 Mbut/c B nepBom cinyuae u menee 100 Mbut/c - Bo
BTOPOM.

Jlnsg 3amucu mapaMeTpoB CETeBOro Tpaduka HACTPOCHBI TOYKH CheMa
Tpaduka Ha ceTeBbix nHTEp(Peiicax xoctoB H1 u H2. Tpaduk caumancs momaynem
outputHook. MakcrmainbHOE BpeMst SKCIIEPUMEHTa orpaHrueHo 3HaueHrneM 100c.

B pesynbprare skcriepuMeHTa OMydeHa CepHst SKCIIEPUMEHTANBHBIX TaHHBIX

(cm. [Mpumosxenue K, JI, M).
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Tabnuna 8 — Cpeansisi CKOPOCTh Mepejauu TAHHBIX MPUKIIATHOTO YPOBHS

Touka cbema Tpaduka CkopocTh niepeaun JaHHbix, Mbut/c
H1.eth[0] 89,7112
H2.eth[0] 89,7008

B tabmuue 9 mpuBeneHbl pe3yibTaThl AKCIEPUMEHTOB B UYETBEPTOH

KOH(UTYpalHH:

Tabmuia 9 — Cpeansisi CKOPOCTh Mepeavn TaHHBIX MPUKIATHOTO YPOBHS

Touka ceema WNHuTepBan mexny CkopocTb nepenauu Konunyectso
Tpaduka JararpaMMamu, MC nanHbIX, Mbut/c MOTEPSHHBIX ITAKETOB

H1.eth[0] 0,9 93,5103 353

H2.eth[0] 0,9 93,5102 0

H1.eth[0] 0,89 94,5618 629

H2.eth[0] 0,89 94,5611 0

H1.eth[0] 1 92,4756 153

H2.eth[0] 1 92,4687 0

H1.eth[0] 1,1 91,1046 22

H2.eth[0] 11 90,9887 0

H1.eth[0] 1,2 90,0112 1

H2.eth[0] 1,2 89,9584 0
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4. AHAJIU3 NOJIYYEeHHBIX Pe3yJbTaTOB

Ha pamHomM »Tame BBITIOJHEHA OIEHKA JIOCTOBEPHOCTH PE3YJIBTATOB
OKCMIEPUMEHTOB, TOJMYYEHHBIX TIO0 pa3paboTaHHOW METOIUKE. ODKCIEPHMEHT,
ONMMCaHHBIA B TNaBe 3.1 mocTaBieH TakuM oOpa3oM, YTO €r0 Pe3yIbTaThl JIETKO
MPEICKa3aTh TEOPETUYECKH W CPABHUTH C TMOJYyYECHHBIMU JKCTICPUMEHTATLHBIMU
JTaHHBIMHU.

B okcnepumente B koHdurypammm 4 (UdpApp) wuccienoBaiiach
MaKCUMAaJIbHO JOCTH)KMMAasi CKOPOCTh Tepeaadn JAaHHbIX 1o kaHainy Ethernet 100
Mo6wut/c. 3a ucxoansie nanubie Bo3bMeM pazmep UDP-natarpammbl B 1024 Gaii,
pa3Mephl CITY>)KEOHBIX 3aT0JIOBKOB COCTABJISIOT:

- 8 Gaiit - UDP-3aronoBok

- 20 OGaiit - IP-3aromoBox

- 14 Gaiir - Ethernet-3aromoBok, 4 6aiita - KOHTPOJIbHAS CyMMa

- 8 Oaiir - Ethernet-npeam6yia

- 96 our (12 6aiiT) - MEKKaIPOBBIA UHTEPBAI

Takum oOpazom, modHBIA pasmep kaapa coctaBisier 1086 Oaiit. Otcrona,
MaKCUMAaJIbHO JOCTHKUMAsI CKOPOCTh TIEPEIauH MOJIC3HBIX JAaHHBIX COCTABIISICT:

100Mout/c * 1024 / 1086 = 94,29 Mowut/c

JlaHHO€ 3HAYE€HHME XOpOIIO COIJIACyeTCs C Pe3yJabTaTOM SKCIEpPUMEHTa
(94,56 Mbut/c). Ommbka cocraBuia 0,2%, 4To ABISETCS XOPOIIUM ITOKa3aTelIeM.
Orcroma craemyer, 4ro pa3paboTaHHas METOAWKA IIO3BOJIIET H3MEPSTh
MIPOU3BOIUTEIILHOCT CETH C BRICOKOW TOYHOCTHIO.

B okcnepumente B koHburypamusx 1-3  (ICpApp ¢ pa3nuyHBIMH
QITOPUTMAMM ) TIOTYUYEHBI CIICAYIOIIHE MOKa3aTeIN MPOU3BOIUTETLHOCTH:

- 92,76M6wuT/c ipu ucnons3opanuu aaropurma TCPReno
- 91,11 Mo6wut/c ipu ucnonwszoBanuu aaroputma TCPVegas

- 92,25 M6uT/c npu ucnoas3oBanuu arropurma TCPTahoe
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TeopeTnyeckuii pacueT MPOM3BOJUTEIBHOCTH CETH MPU HCIOIb30BAHUH
TCP-npunokenuit ~ sBisercs  clokHOW  3amavedd. CpaBHUM  TOJYYCHHBIC
I0Ka3aTesIH ¢ Pe3yIbTaTaMH APYTUX SKCIIEPUMEHTOB:

- 94,1 MOwuT/c B sKCIIepUMEHTE ¢ Hcnob3oBanueM iperf [9]

- 94 M6wut/c B HaTypHBIX dKciepuMenTax [10]

100,000,000
5 90,000,000 Lf";,,—-—
c
E 80,000,000 /
@ 70,000,000 ——/ Line Rate
@ 60,000,000 — .
=% £0.000.000 . — Information Rate
% 000, IP Rate
g 40,000,000 ! UDP Payload Rate
E 30,000,000 [ ——TCP Payload Rate
ﬁ 20,000,000
10,000,000
0
68 798 1522

Frame Size, bytes

Pucynok 27 — pe3ynbpTaThl HATYpPHBIX SKCIIEPUMEHTOB

4.1 BeiBOaABI MO pa3aeiry

Ilokazarenn  MPOU3BOAMUTEIBHOCTH, IIOJIy4YeHHBIE B pe3yabTare
sKcrepuMenTa B cpeae Omnet++, Xopomio coraacyroTces ¢ pe3yiabTaTaMu APYTUX
skcriepuMeHToB. OTHOCHTEINIbHAs OomKOKa cocTaBiseT 1-2%.

Orcroga MOXHO chenaTh BBIBOJ, YTO ITOKA3aTeNN INPOU3BOAUTEIBHOCTH,
MOJIy4YE€HHBIE B XOJI¢ AKCIEPUMEHTOB HaJ MOJENBI0 ceTu B cpeae Omnet++ mo
pa3zpaboTaHHOU METOOUKE JIOCTAaTOYHO TOYHO MpEICKa3bIBalOT

IMPOU3BOAUTCIBHOCTDL peanLHoﬁ CCTU.
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3AK/IIOYEHUE

B pabote paccMOTpeHbl METOJUKH U3MEPEHUsT MPOU3BOJUTEIBHOCTU CETH,
pealin30BaHHbIC B aABTOMATH3HUPOBAHHBIX HWHCTPYMEHTaX, Takux, kak Iperf.
[IpoBenen 0030p cpenasl MoaenupoBanus Omnet++, BeIOpaHbl KOMIIOHEHTHI, C
MOMOIIBI0 KOTOPBIX MOXHO peaju30BaTh H3MEPEHUE MPOU3BOJAUTEIHLHOCTH.
Pa3zpaborana MeToaMKa N3MEPEHHsI MPOU3BOAUTEIHHOCTH CETH C UCTIOIB30BAHUEM
Omnet++. Co3lanbl MOJIEHN CETEeH ¢ Pa3IMYHBIMU TOIMOJIOTUSAMU, pazpaboTaHHas
METO/IMKa MPOTECTHUPOBAaHA Ha JaHHBIX Mojensx. CoOpaH AOCTaTOYHBIA IS
MOATBEPKACHUSA O0BEM SKCIIEPUMEHTANBHBIX JaHHBIX. [IpoBelneHHBIN aHanu3
HDKCIEPUMEHTAJbHBIX  IOKAa3bIBAET, UTO MOKA3aTeNIM MPOU3BOAUTEIBHOCTH,
MOJIyYeHHBIE 10 Pa3pabOTaHHON METOIMKE, JOCTATOYHO TOYHO MPEICKA3bIBAIOT

IMPOU3BOAUTCIIBHOCTD PCAJIBHBIX CeTel.
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IMTPUJIOKEHUE A

Conep:xumoe ¢aiiaa clientserver.ned, onucbiBaromero
TOTIOJIOTHIO MOJIEJI TeCTOBOI CEeTH «TOYKA-TOYKA

package inet.examples.inet.tcpclientserver;
import inet.networklayer.configurator.ipv4.IPv4NetworkConfigurator;
Import inet.node.ethernet.Eth100M;
Import inet.node.inet.StandardHost;
network ClientServer
{
parameters:
double per = default(0);
@display("bgh=232,193");
types:
submodules:
clientl: StandardHost {
parameters:
@display("p=53,67");
¥
server: StandardHost {
parameters:
@display("p=181,67;i=device/pc2");
}
configurator: IPv4NetworkConfigurator {
parameters:
@display("p=53,134");
¥
connections:

clientl.ethg++ <--> Eth100M <--> server.ethg++;
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IMPUJIOKEHUE b

Conep:xumoe ¢aiiza omnetpp.ini, onucrIBaKOIIEro
(GYHKIHOHMPOBaHUE MOEIN TECTOBOM CeTH «TOYKA-TOYKA»

[Config default_tcp]

description = "default TCP <---> default TCP"
**.numTcpApps =1

** client*.tcpApp[0].typename = "TCPSessionApp"
** client*.tcpApp[0].active = true

** client*.tcpApp[0].connectAddress = "server"

** client*.tcpApp[0].connectPort = 1000

** client*.tcpApp[0].tOpen = Os

** client*.tcpApp[0].tSend = Os

** client*.tcpApp[0].sendBytes = 20MB

** client*.tcpApp[0].tClose = Os

** server*.tcpApp[0].typename = "TCPEchoApp”
** server*.tcpApp[0].localPort = 1000

[Config inet-vegas]

description = "TCP <---> TCP with Vegas algorithm"
*.server*.tcpType = "TCP"

*.client*.tcpType = "TCP"

** tcp.tcpAlgorithmClass = "TCPVegas”
*.server*.tcpApp[0].echoFactor = 1
**.numTcpApps =1

** client*.tcpApp[*].typename = "TCPSessionApp"
** client*.tcpApp[0].active = true

** client*.tcpApp[0].connectAddress = "server"

** client*.tcpApp[0].connectPort = 1000

** client*.tcpApp[0].tOpen = Os

** client*.tcpApp[0].tSend = Os

** client*.tcpApp[0].sendBytes = 120MB
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** client*.tcpApp[0].tClose = Os

** server*.tcpApp[*].typename = "TCPEchoApp”
** server*.tcpApp[0].localPort = 1000

[Config inet-tahoe]

description = "TCP <---> TCP with Tahoe algorithm"
*.server*.tcpType = "TCP"

*.client*.tcpType = "TCP"

** tcp.tecpAlgorithmClass = "TCPTahoe"

** numTcpApps =1

** client*.tcpApp[*].typename = "TCPSessionApp"
** client*.tcpApp[0].active = true

** client*.tcpApp[0].connectAddress = “server"

** client*.tcpApp[0].connectPort = 1000

** client*.tcpApp[0].tOpen = Os

** client*.tcpApp[0].tSend = Os

** client*.tcpApp[0].sendBytes = 20MB

** client*.tcpApp[0].tClose = Os

** server*.tcpApp[*].typename = "TCPEchoApp"
** server*.tcpApp[0].localPort = 1000

[Config udp]

description = "With UDP"

** numUdpApps = 1

** clientl.udpApp[0].typename = "UDPBasicApp"
** clientl.udpApp[0].destPort = 1234

** clientl.udpApp[0].messageLength = 1024 bytes
** clientl.udpApp[0].sendinterval = 0.000083s

** clientl.udpApp[0].startTime = Os

** clientl.udpApp[0].stopTime = this.startTime + 10s
** clientl.udpApp[0].destAddresses = "server"

** server.udpApp[0].typename = "UDPEchoApp"
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** server.udpApp[0].localPort = 1234

[Config udp_ver]

description = "With UDP"

** numUdpApps = 1

** clientl.udpApp[0].typename = "UDPBasicApp"

** clientl.udpApp[0].destPort = 1234

** clientl.udpApp[0].messageLength = 1024 bytes

** clientl.udpApp[0].sendInterval = 0.000089s

** clientl.udpApp[0].startTime = 0s

** clientl.udpApp[0].stopTime = this.startTime + 10s
** clientl.udpApp[0].destAddresses = "server"

** server.udpApp[0].typename = "UDPEchoApp"

** server.udpApp[0].localPort = 1234

[General]

network = ClientServer

total-stack = 7MiB

tkenv-plugin-path = ../../../etc/plugins

sim-time-limit = 100s

** eth[*].numOutputHooks = 1

** eth[*].outputHook[0].typename = "ThruputMeter"
** eth[*].mac.mtu = 9000B
*.configurator.config=xml("<config><interface hosts="*'
address="192.168.1.x" netmask="255.255.255.0'/></config>")
** tun[*].mtu = 9000B
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IHPUJIOXKEHUE B

Conep:xxumoe daiina Test.ned, onucbIBaero TonoJI0ruio
MO/IeJIN TECTOBO CeTH «TOYKA-TOYKA C TPeMsA
MapHIPyTH3ATOPAMM

package inet.test;
import inet.common.lifecycle.LifecycleController;
import inet.common.misc. ThruputMeteringChannel;
import inet.networklayer.configurator.ipv4.IPv4NetworkConfigurator;
import inet.node.inet.StandardHost;
import inet.node.ospfv2.OSPFRouter;
Import inet.transportlayer.udp.UDP;
network Test
{
parameters:
@display("p=10,10;b=712,152;bgh=720,448");
types:
channel C extends ThruputMeteringChannel
{
datarate = 100Mbps;
thruputDisplayFormat = "#N";
}
submodules:
H1: StandardHost {
parameters:
@display("p=110,123");
gates:
ethg[1];
¥
R1: OSPFRouter {

parameters:
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@display("p=192,123");
gates:
ethg[2];
¥
RA: OSPFRouter {
parameters:
@display("p=281,92");
gates:
ethg[2];
¥
R2: OSPFRouter {
parameters:
@display("p=359,123");
gates:
ethg[2];
}
H2: StandardHost {
parameters:
@display('p=457,123");
gates:
ethg[1];
¥
configurator: IPv4NetworkConfigurator {
parameters:
@display("p=281,302");
config = xml(""<config>"
+ "<interface among="H1 R1' address='192.168.1.x' netmask='255.255.255.x" />"
+ "<interface among="H2 R2' address='192.168.2.x" netmask='255.255.255.x" />"
+ "<interface among='R*' address='10.0.0.x' netmask="255.255.255.x" />"
+ "<multicast-group hosts='"R*" address='224.0.0.5 224.0.0.6' />"
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+ "<route hosts="H1' destination="*' gateway='"R1'/>"
+ "<route hosts="H2' destination="*' gateway='"R2'/>"
+ "</config>");
¥
lifecycleController: LifecycleController {
@display("p=94,302");
¥
connections:
H1.ethg[0] <--> Eth100M <--> R1.ethg[0];
R1.ethg[1] <--> Eth100M <--> RA.ethg[0];
RA.ethg[1] <--> Eth100M <--> R2.ethg[1];
R2.ethg[0] <--> Eth100M <--> H2.ethg[0];
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HHPUJIIOXKXEHUE I

Coaep:xumoe ¢aiiaa omnetpp.ini, onucbIBaKOIIET0
(GpYHKIHOHMPOBaHNE MOIEJIN TECTOBOM CeTH «TOYKA-TOYKA €
TpeMs MapIIPyTH3aATOPAMM»

[Config default_tcp]

description = "default TCP <---> default TCP"
** numTcpApps =1

** H1.tcpApp[0].typename = "TCPSessionApp"
** H1.tcpApp[0].active = true

** H1.tcpApp[0].connectAddress = "H2"

** H1.tcpApp[0].connectPort = 1000

** H1.tcpApp[0].tOpen = Os

** H1.tcpApp[0].tSend = 0.01s

** H1.tcpApp[0].sendBytes = 20MB

** H1.tcpApp[0].tClose = 0s

** H2.tcpApp[0].typename = "TCPEchoApp"
** H2.tcpApp[0].localPort = 1000

[Config inet-vegas]

description = "TCP <---> TCP with Vegas algorithm"
** tcp.tcpAlgorithmClass = "TCPVegas"

** numTcpApps =1

** H1.tcpApp[*].typename = "TCPSessionApp"
** H1.tcpApp[0].active = true

** H1.tcpApp[0].connectAddress = "H2"

** H1.tcpApp[0].connectPort = 1000

** H1.tcpApp[0].tOpen = Os

** H1.tcpApp[0].tSend = Os

** H1.tcpApp[0].sendBytes = 120MB

** H1.tcpApp[0].tClose = 0s

** H2.tcpApp[*].typename = "TCPEchoApp"
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** H2.tcpApp[0].localPort = 1000

[Config inet-tahoe]

description = "TCP <---> TCP with Tahoe algorithm"
* H2.tcpType = "TCP"

*.H1l.tcpType = "TCP"

** tcp.tcpAlgorithmClass = "TCPTahoe"

** numTcpApps =1

** H1.tcpApp[*].typename = "TCPSessionApp"
** H1.tcpApp[0].active = true

** H1.tcpApp[0].connectAddress = "H2"

** H1.tcpApp[0].connectPort = 1000

** H1.tcpApp[0].tOpen = Os

** H1.tcpApp[0].tSend = Os

** H1.tcpApp[0].sendBytes = 20MB

** H1.tcpApp[0].tClose = 0s

** H2.tcpApp[*].typename = "TCPEchoApp"
** H2.tcpApp[0].localPort = 1000

[Config udp]

description = "With UDP"

** numUdpApps =1

** H1.udpApp[0].typename = "UDPBasicApp"
** H1.udpApp[0].destPort = 1234

** H1.udpApp[0].messageLength = 1024 bytes
** H1.udpApp[0].sendinterval = 0.000089s

** H1.udpApp[0].startTime = 0s

** H1.udpApp[0].stopTime = this.startTime + 10s
** H1.udpApp[0].destAddresses = "H2"

** H2.udpApp[0].typename = "UDPEchoApp"
** H2.udpApp[0].localPort = 1234

[Config udp_ver]
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description = "With UDP"

** numUdpApps =1

** H1.udpApp[0].typename = "UDPBasicApp"
** H1.udpApp[0].destPort = 1234

** H1.udpApp[0].messageLength = 1024 bytes
** H1.udpApp[0].sendinterval = 0.00009s

** H1.udpApp[0].startTime = 0s

** H1.udpApp[0].stopTime = this.startTime + 10s
** H1.udpApp[0].destAddresses = "H2"

** H2.udpApp[0].typename = "UDPEchoApp"

** H2.udpApp[0].localPort = 1234

[General]

network = Test

tkenv-plugin-path = ../../../etc/plugins
sim-time-limit = 100s

** eth[*].numOutputHooks = 1

** eth[*].outputHook[0].typename = "ThruputMeter"
** ospf.ospfConfig = xmldoc("ASConfig.xml")

** arp.cacheTimeout = 1s
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IMPUJIOKEHUE [{

Conepxumoe daiiaa ASConfig.xml, onucsiBaromero
MapHIPYTH3ANHMI0 B MOJIEJIH TECTOBOM CeTH «TOYKA-TOYKA C TpeMsl
MapLIpyTH3aTOPAMI»

<?xml version="1.0"?>
<OSPFASConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-
instance™ xsi:schemalLocation="OSPF.xsd">
<l-- Areas -->
<Area id="0.0.0.0">
<AddressRange address="RA>R1" mask="RA>R1" status="Advertise"
/>
<AddressRange address="RA>R2" mask="RA>R2" status="Advertise"
/>
</Area>
<Area id="0.0.0.1">
<AddressRange address="H1" mask="H1" status="Advertise" />
</Area>
<Area id="0.0.0.2">
<AddressRange address="H2" mask="H2" status="Advertise" />
</Area>
<l-- Routers -->
<Router name="R1" RFC1583Compatible="true">
<BroadcastInterface ifName="eth0" arealD="0.0.0.1" interfaceOutputCost="1" />
<PointToPointinterface ifName="eth1" arealD="0.0.0.0" interfaceOutputCost="2"
/>
</Router>
<Router name="R2" RFC1583Compatible="true">
<BroadcastInterface ifName="eth0" arealD="0.0.0.2" interfaceOutputCost="1" />
<PointToPointinterface ifName="eth1" arealD="0.0.0.0" interfaceOutputCost="2"

/>
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</Router>

<Router name="RA" RFC1583Compatible="true">
<PointToPointinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="2"
/>
<PointToPointinterface ifName="eth1" arealD="0.0.0.0" interfaceOutputCost="2"
/>

</Router>

</OSPFASConfig>
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INPUJIOXKEHHUE E

Conep:xxumoe daiina Test.ned, onucbIBaero TonoJI0ruio
MO/1eJIM TeCTOBOM CeTH «/IepeBo ¢ 6 MapIPyTU3aTOPaAMHU U
00pb00ii 32 KaHA

package inet.ospfv2.dynamictest;

import inet.common.lifecycle.LifecycleController;

import inet.common.misc. ThruputMeteringChannel;

import inet.networklayer.configurator.ipv4.IPv4NetworkConfigurator;
import inet.node.inet.StandardHost;

import inet.node.ospfv2.0SPFRouter;

network Test
{
parameters:
@display("p=10,10;b=712,152;bgh=720,448");
types:
channel C extends ThruputMeteringChannel
{
delay = 0.1us;

datarate = 100Mbps;
thruputDisplayFormat = "#N";
}
submodules:
H1: StandardHost {
parameters:
@display("p=84,363");
gates:
ethg[1];
¥
R1: OSPFRouter {

parameters:
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@display("p=206,296");
gates:
ethg[2];
¥
RA: OSPFRouter {
parameters:
@display('p=272,216");
gates:
ethg[3];
¥
R2: OSPFRouter {
parameters:
@display("p=486,162");
gates:
ethg[2];
}
H2: StandardHost {
parameters:
@display("p=652,100");
gates:
ethg[1];
¥
configurator: IPv4NetworkConfigurator {
parameters:
@display("p=143,19");
config = xml(""<config>"
+ "<interface among="H1 R1' address='192.168.1.x" netmask="255.255.255.x" />"
+ "<interface among="H2 R2' address='192.168.2.x" netmask='255.255.255.x" />"
+ "<interface among="H3 R3' address='192.168.3.x' netmask='255.255.255.x" />"
+ "<interface among='"H4 R4' address='192.168.4.x' netmask='255.255.255.x" />"
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+ "<interface among='"R*' address="10.0.0.x' netmask="'255.255.255.x" />"
+ "<multicast-group hosts='"R*' address='224.0.0.5 224.0.0.6' />"
+ "<route hosts="H1' destination="*' gateway="R1'/>"
+ "<route hosts="H2' destination="*' gateway='"R2'/>"
+ "<route hosts="H3' destination="*' gateway="R3'/>"
+ "<route hosts="H4' destination="*' gateway='"R4'/>"
+ "</config>");
}
lifecycleController: LifecycleController {
@display("p=53,19");
}
H3: StandardHost {
parameters:
@display(*'p=84,100");
gates:
ethg[1];
¥
H4: StandardHost {
parameters:
@display('p=652,363");
gates:
ethg[1];
¥
R3: OSPFRouter {
parameters:
@display(*'p=206,162");
gates:
ethg[2];
b
R4: OSPFRouter {
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parameters:
@display(*'p=486,296");
gates:
ethg[2];
}
RB: OSPFRouter {
parameters:
@display("p=402,216");
gates:
ethg[3];
}
connections: H1.ethg[0] <--> Eth100M <--> R1.ethg[O0];
R1.ethg[1] <--> Eth100M <--> RA .ethg[0];
R2.ethg[0] <--> Eth100M <--> H2.ethg][0];
RA.ethg[2] <--> Eth100M <--> R3.ethg[1];
H3.ethg[0] <--> Eth100M <--> R3.ethg[0];
H4.ethg[0] <--> Eth100M <--> R4.ethg[0];
RA.ethg[1] <--> Eth100M <--> RB.ethg[0];
R2.ethg[1] <--> Eth100M <--> RB.ethg[1];
R4.ethg[1] <--> Eth100M <--> RB.ethg[2];
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IHPUJIOKEHME K

Coaep:xumoe ¢aiiaa omnetpp.ini, onucbIBaKOIIET0
(GYHKIHOHMPOBaHNE MOIEJIN TECTOBOM CeTH «IepeBo ¢ 6
MapuipyTu3aTopamMu 4 00pb00ii 3a KaHAD)

[Config default_tcp]

description = "default TCP <---> default TCP"
** numTcpApps =1

** H1.tcpApp[0].typename = "TCPSessionApp"
** H1.tcpApp[0].active = true

** H1.tcpApp[0].connectAddress = "H2"

** H1.tcpApp[0].connectPort = 1000

** H1.tcpApp[0].tOpen = Os

** H1.tcpApp[0].tSend = Os

** H1.tcpApp[0].sendBytes = 20MB

** H1.tcpApp[0].tClose = 0s

** H2.tcpApp[0].typename = "TCPEchoApp"
#** server*.tcpApp[*].echoDelay = 0.0000000001s
** H2.tcpApp[0].localPort = 1000

[Config inet-vegas]

description = "TCP <---> TCP with Vegas algorithm"
*.H1l.tcpType ="TCP"

* H2.tcpType = "TCP"

** tcp.tcpAlgorithmClass = "TCPVegas"
**numTcpApps =1

** H1.tcpApp[*].typename = "TCPSessionApp"
** H1.tcpApp[0].active = true

** H1.tcpApp[0].connectAddress = "H2"

** H1.tcpApp[0].connectPort = 1000

** H1.tcpApp[0].tOpen = Os

** H1.tcpApp[0].tSend = 0.01s
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** H1.tcpApp[0].sendBytes = 120MB

** H1.tcpApp[0].tClose = Os

** H2.tcpApp[*].typename = "TCPEchoApp"
** H2.tcpApp[0].localPort = 1000

[Config inet-tahoe]

description = "TCP <---> TCP with Tahoe algorithm"
* H2.tcpType = "TCP"

*.H1l.tcpType ="TCP"

** tcp.tcpAlgorithmClass = "TCPTahoe"

** numTcpApps =1

** H1.tcpApp[*].typename = "TCPSessionApp"
** H1.tcpApp[0].active = true

** H1.tcpApp[0].connectAddress = "H2"

** H1.tcpApp[0].connectPort = 1000

** H1.tcpApp[0].tOpen = Os

** H1.tcpApp[0].tSend = 0.01s

** H1.tcpApp[0].sendBytes = 20MB

** H1.tcpApp[0].tClose = Os

** H2.tcpApp[*].typename = "TCPEchoApp"
** H2.tcpApp[0].localPort = 1000

[Config udp]

description = "With UDP"

** H1.numUdpApps =1

** H1.udpApp[0].typename = "UDPBasicApp"
** H1.udpApp[0].destPort = 1234

** H1.udpApp[0].messageLength = 512 bytes
** H1.udpApp[0].sendinterval = 0.00005s

** H1.udpApp[0].startTime = 0s

** H1.udpApp[0].stopTime = this.startTime + 10s
** H1.udpApp[0].destAddresses = "H2"
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** H2.numUdpApps =1

** H2.udpApp[0].typename = "UDPEchoApp"
** H2.udpApp[0].localPort = 1234

** H3.numUdpApps =1

** H3.udpApp[0].typename = "UDPBasicApp"
** H3.udpApp[0].destPort = 1234

** H3.udpApp[0].messageLength = 512 bytes
** H3.udpApp[0].sendinterval = 0.00009s

** H3.udpApp[0].startTime = 0s

** H3.udpApp[0].stopTime = this.startTime + 10s
** H3.udpApp[0].destAddresses = "H4"

** H4.numUdpApps =1

** H4.udpApp[0].typename = "UDPEchoApp"
** H4.udpApp[0].localPort = 1234

[Config udp_ver]

description = "With UDP"

** numUdpApps =1

** H1.udpApp[0].typename = "UDPBasicApp"
** H1.udpApp[0].destPort = 1234

** H1.udpApp[0].messageLength = 1024 bytes
** H1.udpApp[0].sendinterval = 0.00009s

** H1.udpApp[0].startTime = 0s

** H1.udpApp[0].stopTime = this.startTime + 10s
** H1.udpApp[0].destAddresses = "H2"

** H2.udpApp[0].typename = "UDPEchoApp"
** H2.udpApp[0].localPort = 1234

[General]

network = DynamicTest

tkenv-plugin-path = ../../../etc/plugins

sim-time-limit = 100s
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** eth[*].numOutputHooks = 1

** eth[*].outputHook[0].typename = "ThruputMeter"
** ospf.ospfConfig = xmldoc("ASConfig.xml")
** H3.numTcpApps =1

** H3.tcpApp[0].typename = "TCPSessionApp"
** H3.tcpApp[0].active = true

** H3.tcpApp[0].connectAddress = "H4"

** H3.tcpApp[0].connectPort = 10021

** H3.tcpApp[0].tOpen = 0s

** H3.tcpApp[0].tSend = Os

** H3.tcpApp[0].sendBytes = 50 MiB

** H3.tcpApp[0].tClose = 0s
**H4.numTcpApps =1

** H4.tcpApp[0].typename = "TCPEchoApp"
** H4.tcpApp[0].localPort = 10021
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IHPUJIOKEHUE "

Conep:xumoe ¢aiiaa ASConfig.xml, onuceiBaromero
MapIIPYTU3ANMI0 MOIeJIH TECTOBOM CeTH «1epeBo ¢ 6
MapuipyTu3aTopamMu 4 00pb00ii 32 KaHAD)

<?xml version="1.0"?>
<OSPFASConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-
instance™ xsi:schemalLocation="OSPF.xsd">
<l-- Areas -->
<Area id="0.0.0.0">
<AddressRange address="RA>RB" mask="RA>RB"
status="Advertise" />
<AddressRange address="RA>R1" mask="RA>R1" status="Advertise"

/>

<AddressRange address="RB>R2" mask="RB>R2" status="Advertise"
/>

<AddressRange address="RA>R3" mask="RA>R3" status="Advertise"
/>

<AddressRange address="RB>R4" mask="RB>R4" status="Advertise"
/>

</Area>
<Area id="0.0.0.1">

<AddressRange address="H1" mask="H1" status="Advertise" />
</Area>
<Area id="0.0.0.2">

<AddressRange address="H2" mask="H2" status="Advertise" />
</Area>
<Area id="0.0.0.3">

<AddressRange address="H3" mask="H3" status="Advertise" />
</Area>

<Area id="0.0.0.4">

61



<AddressRange address="H4" mask="H4" status="Advertise" />

</Area>

<l-- Routers -->

<Router name="R1" RFC1583Compatible="true">
<Broadcastinterface ifName="eth0" arealD="0.0.0.1" interfaceOutputCost="1" />
<PointToPointinterface ifName="eth1" arealD="0.0.0.0" interfaceOutputCost="1"
/>

</Router>

<Router name="R2" RFC1583Compatible="true">
<BroadcastInterface ifName="eth0" arealD="0.0.0.2" interfaceOutputCost="1" />
<PointToPointinterface ifName="eth1" arealD="0.0.0.0" interfaceOutputCost="1"
/>

</Router>

<Router name="RA" RFC1583Compatible="true">
<PointToPointinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="1"
/>
<PointToPointinterface ifName="eth1" arealD="0.0.0.0" interfaceOutputCost="1"
/>
<PointToPointInterface ifName="eth2" arealD="0.0.0.0" interfaceOutputCost="1"
/>

</Router>

<Router name="RB" RFC1583Compatible="true">
<PointToPointinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="1"
/>
<PointToPointinterface ifName="eth1" arealD="0.0.0.0" interfaceOutputCost="1"
/>
<PointToPointinterface ifName="eth2" arealD="0.0.0.0" interfaceOutputCost="1"
/>

</Router>

<Router name="R3" RFC1583Compatible="true">
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<BroadcastInterface ifName="eth0"
interfaceOutputCost="1" />
<PointToPointlInterface ifName="eth1"

interfaceOutputCost="1" />

</Router>
<Router name="R4" RFC1583Compatible="true">
<BroadcastInterface ifName="eth0"

interfaceOutputCost="1" />
<PointToPointInterface ifName="eth1"
interfaceOutputCost="1" />
</Router>
</OSPFASConfig>
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IMPUJIOKEHHUE K

Conep:xxumoe daiina Test.ned, onucbIBaero TonoJI0ruio
MO/IeJTH NPUOJINKEHHO K peaJbHbIM CeTSIM

package inet.ospfv2.backbone;
Import inet.networklayer.configurator.ipv4.IPv4NetworkConfigurator;
Import inet.node.ethernet.Eth1G;
import inet.node.ethernet.EtherSwitch;
Import inet.node.inet.StandardHost;
import inet.node.ospfv2.OSPFRouter;
network Backbone
{
parameters:
@display("p=10,10;b=736,568;bgh=702,666");
types:
channel C extends ThruputMeteringChannel
{
datarate = 100Mbps;
thruputDisplayFormat = "#N";
}
submodules:
R1: OSPFRouter {
parameters:
@display("p=122,272");
gates:
ethg[3];
¥
N1: EtherSwitch {
parameters:
@display("p=204,272");
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gates:
ethg[3];
}
N2: EtherSwitch {
parameters:
@display("p=122,428");
gates:
ethg[4];
¥
R2: OSPFRouter {
parameters:
@display("p=204,195");
gates:
ethg[2];
¥
R4: OSPFRouter {
parameters:
@display("'p=47,476");
gates:
ethg[2];
}
R3: OSPFRouter {
parameters:
@display("p=122,515");
gates:
ethg[2];
by
N4: EtherSwitch {
parameters:
@display("p=204,119");
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gates:
ethg[4];
}
N5: EtherSwitch {
parameters:
@display("p=501,515");
gates:
ethg[6];
¥
R5: OSPFRouter {
parameters:
@display("p=372,300");
gates:
ethg[2];
¥
R7. OSPFRouter {
parameters:
@display('p=523,119");
gates:
ethg[2];
}
R6: OSPFRouter {
parameters:
@display("p=372,476");
gates:
ethg[2];
by
N6: EtherSwitch {
parameters:
@display("p=286,476");
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gates:
ethg[4];
}
N3: EtherSwitch {
parameters:
@display('p=47,205");
gates:
ethg[4];
¥
H1: StandardHost {
parameters:
@display("p=182,355;i=device/laptop™);
gates:
ethg[1];
¥
H2: StandardHost {
parameters:
@display('p=204,26;i=device/laptop");
gates:
ethg[1];
}
configurator: IPv4NetworkConfigurator {
parameters:
config = xml("<config>"+
"<interface hosts='R2' towards="N1 R1' address='192.168.1.1"'
netmask='255.255.255.0" />"+
"<interface hosts="H9' address='192.168.1.3' netmask='255.255.255.0" />"+
"<interface hosts='R1' towards="N1 R2' address='192.168.1.2'
netmask='255.255.255.0" />"+
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"<interface hosts='R3' towards="N2 R1' address='192.168.2.1'
netmask='255.255.255.0" />"+

"<interface hosts="H1' address='192.168.2.2"' netmask='255.255.255.0' />"+
"<interface hosts="H10' address='192.168.2.3' netmask='255.255.255.0" />"+
"<interface hosts='R1' towards="N2 R3' address='192.168.2.4'
netmask='255.255.255.0" />"+

"<interface hosts='R1' towards='N3 R4 address='192.168.3.1'
netmask='255.255.255.0" />"+

"<interface hosts='"H4' address='192.168.3.3" netmask='255.255.255.0' />"+
"<interface hosts="H5' address='192.168.3.4" netmask='255.255.255.0' />"+
"<interface hosts='R4"' towards="N3 R1' address='192.168.3.2'
netmask='255.255.255.0" />"+

"<interface hosts="H2' address="192.168.4.1"' netmask='255.255.255.0' />"+
"<interface hosts='R5' towards="N4 H2' address='192.168.4.2'
netmask='255.255.255.0" />"+

"<interface hosts="R2' towards="N4 H2' address='192.168.4.3'
netmask='255.255.255.0" />"+

"<interface hosts='"R7" towards="N4 H2' address='192.168.4.4'
netmask='255.255.255.0" />"+

"<interface hosts='R6' towards="N5 R5' address='192.168.5.1'
netmask='255.255.255.0" />"+

"<interface hosts='R3' towards="N5 R5' address='192.168.5.2'
netmask='255.255.255.0" />"+

"<interface hosts='R5' towards="N5 R6' address='192.168.5.3'
netmask='255.255.255.0" />"+

"<interface hosts="H6' address="192.168.5.4"' netmask='255.255.255.0' />"+
"<interface hosts="H7' address="192.168.5.5' netmask='255.255.255.0' />"+
"<interface hosts='"H8' address='192.168.5.6' netmask="255.255.255.0" />"+
"<interface hosts='"R7' towards="N6 R6' address='192.168.6.1'
netmask='255.255.255.0" />"+

68



"<interface hosts='R4' towards="N6 R6' address='192.168.6.2'
netmask="255.255.255.0" />"+
"<interface hosts='R6' towards="N6 R7' address='192.168.6.3'
netmask="255.255.255.0" />"+
"<interface hosts='"H3' address='192.168.6.4" netmask='255.255.255.0" />"+
"<multicast-group hosts='R*' address='224.0.0.5 224.0.0.6' />"+
"<route hosts="H*"' destination="*' netmask='0.0.0.0" interface="ethQ' />"+
"<route hosts='R*' destination="224.0.0.0' netmask="240.0.0.0' interface='eth0’
[>"+
"<route hosts='R*' destination="224.0.0.0' netmask="240.0.0.0" interface="eth1'
[>"+
"<route hosts='R1" destination="224.0.0.0' netmask='240.0.0.0" interface='eth2’
[>"+
"</config>");
addStaticRoutes = false;
addDefaultRoutes = false;
@display("p=272,640");
by
H3: StandardHost {
parameters:
@display("'p=247,423;i=device/laptop");
gates:
ethg[1];
by
H4: StandardHost {
parameters:
@display("p=101,139;i=device/laptop");
gates:
ethg[1];
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H5: StandardHost {
parameters:
@display("p=39,139;i=device/laptop");
gates:
ethg[1];
}
H6: StandardHost {
parameters:
@display("p=514,415;i=device/laptop™);
gates:
ethg[1];
¥
H7: StandardHost {
parameters:
@display("p=597,458;i=device/laptop");
gates:
ethg[1];
}
H8: StandardHost {
parameters:
@display("p=597,545;i=device/laptop");
gates:
ethg[1];
by
H9: StandardHost {
parameters:
@display("p=280,272;i=device/laptop");
gates:
ethg[1];
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H10: StandardHost {
parameters:
@display('p=78,355;i=device/laptop");
gates:
ethg[1];
}
connections:

R1.ethg[0] <--> C <--> N1.ethg[1];
R1.ethg[1] <--> C <--> N2.ethg[2];
N1.ethg[0] <--> C <--> R2.ethg[1];
R2.ethg[0] <--> C <--> N4.ethg[2];
N4.ethg[1] <--> C <--> R5.ethg[1];
R5.ethg[0] <--> C <--> N5.ethg[?2];
N2.ethg[0] <--> C <--> R3.ethg[1];
R3.ethg[0] <--> C <--> N5.ethg[1];
N5.ethg[0] <--> C <--> R6.ethg[0];
N6.ethg[2] <--> C <--> R6.ethg[1];
R1.ethg[2] <--> C <--> N3.ethg[0];
N3.ethg[1] <--> C <--> R4.ethg[0];
R4.ethg[1] <--> C <--> N6.ethg[1];
N4.ethg[3] <--> C <--> R7.ethg[0];
R7.ethg[1] <--> C <--> N6.ethg[0];
N4.ethg[0] <--> C <--> H2.ethg[0];
N2.ethg[1] <--> C <--> H1.ethg][0];
H3.ethg[0] <--> C <--> N6.ethg[3];
H6.ethg[0] <--> C <--> N5.ethg[3];
H7.ethg[0] <--> C <--> N5.ethg[4];
H8.ethg[0] <--> C <--> N5.ethg[5];
H5.ethg[0] <--> C <--> N3.ethg[2];
H4.ethg[0] <--> C <--> N3.ethg[3];

71



H9.ethg[0] <--> C <--> N1.ethg[2];
H10.ethg[0] <--> C <--> N2.ethg[3];

IPUJIIOXKEHME JI

Conep:xunmoe ¢aiiia omnetpp.ini, onucpiBaOero
(GYHKIMOHUPOBaHHE MOIEJIN MPUOIHIKEHHOH K peajibHbIM CeTAM

[Config inet-newreno]

description = "TCP <---> TCP with Reno algorithm"
* H*.tcpType = "TCP"

** H1.tcpApp[0].typename = "TCPSessionApp"
** H1.tcpApp[O].active = true

** H1.tcpApp[0].connectAddress = "H2"

** H1.tcpApp[0].connectPort = 10021

** H1.tcpApp[0].tOpen = Os

** H1.tcpApp[0].tSend = 0.5s

** H1.tcpApp[0].sendBytes = 50 MB

** H1.tcpApp[0].tClose = Os

** H2.tcpApp[0].typename = "TCPEchoApp”
** H2.tcpApp[0].localPort = 10021

** tcp.tcpAlgorithmClass = "TCPReno™

** H3.numTcpApps =1

** H4.numTcpApps =1

** H5.numTcpApps =1

** H6.numTcpApps =1

**.H7.numTcpApps =1

** H8.numTcpApps =1

** H9.numTcpApps =1

** H10.numTcpApps = 1

** H3.tcpApp[0].typename = "TCPSessionApp"
** H3.tcpApp[0].active = true
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** H3.tcpApp[0].connectAddress = "H4"

** H3.tcpApp[0].connectPort = 10021

** H3.tcpApp[0].tOpen = 1s

** H3.tcpApp[0].tSend = 0.5s

** H3.tcpApp[0].sendBytes = 35 MB

** H3.tcpApp[0].tClose = 0s

** H4.tcpApp[0].typename = "TCPEchoApp"
** H4.tcpApp[0].localPort = 10021

** H5.tcpApp[0].typename = "TCPSessionApp"
** H5.tcpApp[0].active = true

** H5.tcpApp[0].connectAddress = "H6"

** H5.tcpApp[0].connectPort = 10021

** H5.tcpApp[0].tOpen = 2s

** H5.tcpApp[0].tSend = 0.5s

** H5.tcpApp[0].sendBytes = 1 MB

** H5.tcpApp[0].tClose = 0s

** H6.tcpApp[0].typename = "TCPEchoApp”
** H6.tcpApp[0].localPort = 10021

** H7.tcpApp[0].typename = "TCPSessionApp"
** H7.tcpApp[0].active = true

** H7.tcpApp[0].connectAddress = "H9"

** H7.tcpApp[0].connectPort = 10021

** H7.tcpApp[0].tOpen = 3s

** H7.tcpApp[0].tSend = 0.5s

** H7.tcpApp[0].sendBytes =5 MB

** H7.tcpApp[0].tClose = 0s

** HO.tcpApp[0].typename = "TCPEchoApp"
** H9.tcpApp[0].localPort = 10021

** H8.tcpApp[0].typename = "TCPSessionApp"
** HB8.tcpApp[0].active = true
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** H8.tcpApp[0].connectAddress = "H10"

** H8.tcpApp[0].connectPort = 10021

** H8.tcpApp[0].tOpen = 4s

** H8.tcpApp[0].tSend = 0.5s

** H8.tcpApp[0].sendBytes = 10 MB

** H8.tcpApp[0].tClose = 0s

** H10.tcpApp[0].typename = "TCPEchoApp"
** H10.tcpApp[0].localPort = 10021

[Config udp]

description = "With UDP"

** H1l.numUdpApps =1

** H2.numUdpApps =1

** H1.udpApp[0].typename = "UDPBasicApp"
** H1.udpApp[0].destPort = 1234

** H1.udpApp[0].messageLength = 1024 bytes
** H1.udpApp[0].sendinterval = 0.000083s

** H1.udpApp[0].startTime = 10s

** H1.udpApp[0].stopTime = this.startTime + 10s
** H1.udpApp[0].destAddresses = "H2"

** H2.udpApp[0].typename = "UDPEchoApp"
** H2.udpApp[0].localPort = 1234

[General]

description = "Backbone test"

network = Backbone

tkenv-plugin-path = ../../../etc/plugins
sim-time-limit = 600s

** ospf.ospfConfig = xmldoc("ASConfig.xml")
** eth[*].numOutputHooks = 1

** eth[*].outputHook[0].typename = "ThruputMeter"
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instance" xsi:schemalLocation="OSPF.xsd">

/>

/>

/>

/>

/>

/>

INPUJIOXKXEHUE M

Conepxumoe daiiaa ASConfig.xml, onucsiBaromero
MAapIIPYTU3ANHMI0 B MOJAEH NPUOIHKEHHOH K peaJbHbIM CeTSIM

<?xml version="1.0"?>

<OSPFASConfig

<I-- Areas -->

xmins:xsi="http://www.w3.0rg/2001/XMLSchema-

<Area id="0.0.0.0">

<AddressRange

<AddressRange

<AddressRange

<AddressRange

<AddressRange

<AddressRange

</Area>

address="R1>N1"

address="R1>N2"

address="R1>N3"

address="R2>N4"

address="R3>N5"

address="R4>N6"

mask="R1>N1/"

mask="R1>N2/"

mask="R1>N3/"

mask="R2>N4/"

mask="R3>N5/"

mask="R4>N6/"

<Router name="R1" RFC1583Compatible="true">

<Broadcastinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="1"

routerPriority="1" />

status="Advertise"

status="Advertise"

status="Advertise"

status="Advertise"

status="Advertise"

status="Advertise"

<Broadcastinterface ifName="ethl" arealD="0.0.0.0" interfaceOutputCost="1"

routerPriority="1" />

<Broadcastinterface ifName="eth2" arealD="0.0.0.0" interfaceOutputCost="1"

routerPriority="1" />

</Router>

<Router name="R2" RFC1583Compatible="true">
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<Broadcastinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="2"
routerPriority="1" />
<Broadcastinterface ifName="eth1l" arealD="0.0.0.0" interfaceOutputCost="2"
routerPriority="1" />

</Router>

<Router name="R3" RFC1583Compatible="true">
<Broadcastinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="3"
routerPriority="1" />
<Broadcastinterface ifName="ethl" arealD="0.0.0.0" interfaceOutputCost="3"
routerPriority="1" />

</Router>

<Router name="R4" RFC1583Compatible="true">
<Broadcastinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="4"
routerPriority="1" />
<Broadcastinterface ifName="ethl" arealD="0.0.0.0" interfaceOutputCost="4"
routerPriority="1" />

</Router>

<Router name="R5" RFC1583Compatible="true">
<Broadcastinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="5"
routerPriority="1" />
<Broadcastinterface ifName="eth1l" arealD="0.0.0.0" interfaceOutputCost="5"
routerPriority="1" />

</Router>

<Router name="R6" RFC1583Compatible="true">
<Broadcastinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="6"
routerPriority="1" />
<Broadcastinterface ifName="ethl" arealD="0.0.0.0" interfaceOutputCost="6"
routerPriority="1" />

</Router>

<Router name="R7" RFC1583Compatible="true">
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<Broadcastinterface ifName="eth0" arealD="0.0.0.0" interfaceOutputCost="7"
routerPriority="1" />
<Broadcastinterface ifName="eth1l" arealD="0.0.0.0" interfaceOutputCost="7"
routerPriority="1" />

</Router>

</OSPFASConfig>
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