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5 IABOPATOPHA POBOTA Ne5
EMYJANIA IPOI'PAMHO-KOH®II'YPOBAHUX
MEPEX (SDN) ¥ CEPEJOBHUIII MININET

Meta po60TH — Ha0YTH HAaBUUOK CTBOPEHHS Ta TECTYBaHHS 0a30BUX
TOTOJIOTi MPOrPaMHO-KOH(ITYpPOBaHUX MEPEX Y CEPeAOBUILI EMYISTOPY
Mininet, QyHKIIIOHYBaHHS SKHX 0a3yeThCsl HA BUKOPHUCTAHHI MPOTOKOIY
OpenFlow.

5.1 3araasHni BizomocTi

[Moroynnii  cTaH  pO3BUTKY  IJIOOAIBHOI  MEpeki  MOXKHA
OXapaKTepu3yBaTH HACTyIHUM YHHOM: ICHYe HarajpHa TOTpeda
MOJIMIICHHST 3ac00iB KEpyBaHHS, MOHITOPWHTY, KOH(IrypyBaHHS TaKoi
cucTeMH. PimeHHSAM MoOXe CIyryBaTH BHKOPHCTaHHS IPOTPaMHO-
koH(iryposanux mepex (SDN, Software Defined Networking). Ocp nesiki
3 KJIFOYOBHMX T03uIlii [1]: BHOKpemuienns piBHiB kepysauus (Control Plane)
ta nanux (Data Plane) [2], 3amyuenHst yHi(iKOBaHMX KOMYTAaTOpIiB ISt
TIepeHAIPaBICHHS MOTOKIB TAaHUX, 3aCTOCYBaHHS 3aC00Y IIEHTPali30BaHOTO
KOOpJMHYBaHHS TaKMX KOMYyTaTopiB — KoHTrposepy (controller),
criyBaHHs perjamenty mpotokoiny OpenFlow [3, 4]. Cneuudikaris
OpenFlow namae Bigkputuii inTepdeiic B3aemonii kommoneHtiB SDN-
Mepexi. Kilo4oBMMH  KOMIIOHEHTaMH TIpH LbOMY € KOHTPOJIEp,
KomyTatopu (Switches) ta xoctu (hosts).

[Mporpamue 3abe3mnedenHs SDN-mepex 0Oasyerbcss Ha Linux-
wiargopmi. ICHyrOTh  pi3HOMaHITHI 3aco0m  emyJsimii  (KOMILIEKCH
nporpamMHoO-anapaTHux 3aco6iB) st BiaTBopeHHs SDN-mepexi y mekax
BIpTyampHOTO cepemoBHmia, Taki sk: Mininet [5, 6], EstiNet [7],
OpenNet [8], ns-3 [9] rTomo. KoxeHn i3 HUX Mae MEBHI IepeBard Ta
HEJIOJIIKK, TPOTe BAXKKO HE Bifa3HauutH, mo Mininet gacto ¢irypye y
SIKOCTI 3pa3Ky, 3 SKUM IOPIBHIOIOTH IHIN eMylsisatopu. Yepes me Oyaemo
BUKOPUCTOBYBATH HOTO y HAIIOMY ITUKIIi JIAOOPaTOPHHUX POOIT.

CepenoBumie  Mininet npusHadeHe ciyryBaTH 3aco00M  eMyJISIIIil
SDN-Mepexi, 30KpeMa CTBOPIOBATH BIPTyalbHI XOCTH, KOMYTaTOPH,
KOHTPOJIEPH Ta 3B’SI3KM MK HMMHU. Ha3BaHI KOMITOHEHTH Ta 3B’S3KH MIiX
HUMH Pa3oM (OPMYIOTh TOIOJIOTIIO0 MEPEXKi.

Apxitextypy Mepexi SDN noxano na puc. 5.1 [10].
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Pucynok 5.1 — Apxitektypa mepexi SDN

Cepenosuiie Mininet Hagae 3acobu st 3ailicaerHs po3podku SDN-
CUCTEM, TPOBEJICHHS BIAMOBITHUX JIOCII/DKEHb, TECTYBaHb, HAJAIITYBaHb
IIPOTrPaMHOI CKJIaI0BOI TOLIO.

Mininet, 30kpema, 3a0e3nedye HaCTyIHI MOXJIUBOCTI:

— JI03BOJISIE CITYT'YBaTH CTEHAOM Jijisi po3pooku SDN-gonaTkis;

— HaJIa€ MiATPUMKY OJJHOYACHOT POOOTH JEKIIBKOX PO3POOHUKIB HAJY
CH1JIEHOIO TOTOJIOT€I0;

— BKJIFOYAE 3aC001B KOMIUIEKCHOT'O TECTYBaHHSI TOIOJIOTT;

— Hazae crierianizoBanuit API (Application Programming Interface),
Opi€HTOBaHUI Ha BUKOPUCTAHHS MOBH Iporpamysanus Python.

Y TOpiBHAHHI 13 THIOBUMH TiAXOJaMH JIO BipTyaui3ailii,
Bukopucranus Mininet Mmae HacTyImHiI IepeBaru:

— 3PYYHICTb 1HCTAIIALIT;

— OIJIBII MIBUIKHUI Yac 3aBaHTKEHHS CEPEIOBHIIA;

— 3PYYHICTD PEKOH(IrypyBaHHS CUCTEMH.

V AKOCTI IEBHOI'0 HEOJIIKY MOYKHA BiJI3HAYUTH MEBHI TPYAHOIII MPH
po0boTi i3 rpadivyHOO 000JI0HKOI emyisaTopa i3 Windows-cepenoBuiia, a



TaKo)k TI€BHY JIIMITOBaHICTh KOHQIrypamii Mepexi MOXKIMBOCTIMHU
amapaTHOro 3a0e3nedeHHs 6a3oBoi miardopmu [6].

Y cepemoBumi  Mininet cTBopeHHs TOmOJIOTII  MPOrpamMHO-
KOH(]IrypoBaHOi Mepexi 3 3aJlaHMMU XapaKTePUCTHKaMHU IPYHTYETHCS Ha
BHKOPHCTAaHHI KOMaHIN mn 3 BIAMOBIAHUMH TapaMmerpamMu. Jleski 3 Takux
napameTpiB MPOKOMEHTOBAHO HIXKYE.

ITapametp --topo tree 3ama€ IepPEBOBUAHY TOMOJOTII0. ATpUOYT
depth 3a/a€ KiJbKICTh PiBHIB KOMYTaTopiB (y HAIIOMY BHMAAKY — OAMH —
K BEpIIMHA JepeBa KOMYTaTOpiB; Ha JpyroMmy piBHi Bxke Oyne naBa
KOMYTaToOpd, Ha TPETbOMY — YOTHPH, 1 T.I.). ATpuOyT fanout
periaaMeHTy€e KUTbKICTh PO3ralyXeHb BiA (MiIKIIOUEHb J0) KOXKHOTO i3
KOMYTaropiB. Y HamloMy BHIAIKy fanout=2, TOOTO MaeMoO JBa
MiAKITIOYEeHHS (XOCTH) [0 BiJHOIICHHIO IO €IMHOTO KOMYTaTopa.

Hanpuknaz, sikmo 6 Mu Maid depth=2, TO TOIOJIOTiS OW MicTHIIA
IBa piBHI KomyTtaTopiB. [lepmuii piBeHs OyB OM MpeACTaBICHUIN €TUHUM
KOMYTAaTopoM, JO0 SKOro Ou Oynu MigKIIOYeHi JBa KOMYTaTopu 3
HACTYITHOTO pIiBHA, a JO KOXXHOTO 13 HHUX, y CBOK dHepry, Oymo Owm
MiJKITFOYEHO TI0 JBa XOCTH. T00TO ychoro Mamam O TpU KOMYTAaTOpH Ta
YOTHPH XOCTH.

[TapameTp --test pingall O3HaYae, IO MICJS TOTO SK MEPEXKY
3amanoi koH(piryparrii Oyze CTBOPEHO, HEOOXIHO, 1100 KOXHHM 13 XOCTIB
BUKOHAB KOMaH/y ping IO BiTHOMIEHHIO JI0 KOXHOTO i3 IHIIIMX XOCTIB.

5.2 3aBnanns g0 sadopatopHoi podoTH

BukonaHHS poOOTH TONISITAE B HACTYITHOMY:

— inctamsis Ha Windows-rutardopmi Linux-cepemosuiiia Mininet y
Mexax 3aco0y Bipryamizarii VirtualBox;

— KOH(QITYypyBaHHST ~ MepekeBUX  iHTepdeHCiB  poO3ropHYTOro
BIpTyaJIbHOTO CEPEJOBHIIA,;

— O3HAHOMIIEHHS 13 0a30BMMH KOHCOJBRHHMH KOMaHgamu Mininet,
30KpeMa CTBOPEHHS MEPEX 13 3aaHUMHU TOIOJIOTIAMHU;

— CTBOpEHHS NPOrpaMHO-KOH(DIrypoBaHOi Mepexi i3 3aJaHuMHU
XapaKTepUCTUKAMH KOMYHIKallIHHUX KaHAJIiB; 13 JIHIMHOIO TOIOJIOTI€E0; 13
JICPEBOBHUIHOIO TOITOJIOTIENO.

3ayBakeHHSI. TIpH BUKOHAHHI poboTn y mnaboparopii BapiaHT
o0OHMpaeThcs 3a HOMEPOM KOMIT'IoTepa (HemapHHid HOMep — TNepuIui



BapiaHT, mapHuii — apyruit). Ilpu iHImMX (Gopmax NPOBEICHHS 3aHATH
BapiaHT MPHU3HAYAE BUKIIAIAY.

5.2.1 Bukonatu iHcTaNsAI0 cepenopuiia Mininet.

Hns  iHcTamsuii  emynsropy Mininet mae BHKOPHCTOBYBaTHCS
HACTYIHE TTPOTpaMHe 3a0e3medeHHs

—y sKocTi 3aco0y BipTyami3amii BCTAaHOBUTH Ta BHUKOPHCTaTH
nporpamuuit mpoaykt VirtualBox-4.3.10 — ¢aiin VirtualBox-4.3.10-93012-
Win.exe, npusHadeHuii 1t inctansii Ha 32-6itny Windows-mardopmy;

—y skocti Mininet-cepenosumia (emysnsitopy) — Bepcito 2.2.1 — BmicT
apxiBy mininet-2.2.1-150420-ubuntu-14.04-server-i386.zip, Tobto 1EH
¢aiin cnig momepeaHbO po3apxiByBaTH. [3 HazBu ¢aitmy Oaummo, MO
BipTyamizarii mimsrae 32-6itHe Linux-cepemosumie ubuntu-14.04-server.

[Ticnst toro, sk 3acid Bipryamizamii VirtualBox-4.3.10 Oyne
BCTQHOBJICHO, BMICT apXxiBy — ¢aitn mininet-vm-i386.vmdk — cumig
BUKOPHUCTATH Yy SIKOCTI JKOPCTKOTO [HCKY CTBOPIOBAHOI BipTyaJbHOI
CHCTEMH.

JeMoHCTpalli€fo  yCIIIIHO BUKOHAHWX i Mae OyTH cucrema
BUTIIATY, IOJIOHOTO /10 300paykeHOTr0 Ha puc. 5.2.

Qaitn  Maumna  [osigka

‘a A =p
£=3 Monpobi | (@ 3pisn
CTBOPWTH... HanawTysBaHHA.. 3anycTHTd  BiarisyTi
slas @, 3aranbHe ,@ Mepernag
(@) Bircrero
Hassa: Mininet
Onepavifina cactema:  Ubuntu (32 bit)
T3
E Cucrema
OcroBHa Nam'ATb: 5 12MB
Mpouecopm:
MOPAADK 33BHTEKEHHR: nmam CO/DvD,
HopcTrni ancic
MpUCKopeHHs: VT-x/AMD-Y, Brnanere
3EMILLLEHHRA CTODIHOK,
PAENX
@ Expan
Bineonam ATb: 32MB
MopT BiaaaneHoro CTiNeHYHOro cepeepa; 3389
Video Capture: BuMkHeHo
@ Nam'ATb
Controller: IDE
BTopuHHii rocnoaap IDE:  [CD/DVD] MoposHii
Controller; SATA
MopT SATA O: mininet-vm-388,vmdk (3sruainmi, 8,00 B)
{2 Aynio
TonosHWi apaieep:  Windows DirectSound
KoHTponep: ICH AC97

Pucynok 5.2 — BikHo iHpopMalii mpo CTBOPIOBaHE BipTyaibHe
cepeIoBUINe



Bapro Bim3HAYUTH, IO T CTBOPIOBAHY CHUCTEMY CIiJl BUAUIATH HE
menmre 512 Mb omepaTtuBHOT Tam’ SITi.

5.2.2 3pilicHuTn HaJIalITyBaHHS MEpEKEBUX iHTepdeiicin
BipTyaJIbHOTO CEPEJOBUILA.

Jns HamamrTyBaHHS  MepekeBUX iHTep(delciB  BipTyaslbHOTO
cepenoBHINa ciif oopaTtu ontiro «HamamTyBaHH Y, Ta Yy TyHKTI «Mepexa»
ckoHpirypyBatu «Anantep 1» ta «Anantep 2» (puc. 5.3, 5.4).

@, 3araneHe Mepexxa
m Cucrema
Expan ApanTep 1 | AganTep 2 | AnanTtep 3 I AnanTep 4 ‘
Mam'aTe BSIMKHYTW MEDEKEEWI ananTep
@ Mepexa Hazea:
@ Mocnigoeni nopti W Nopatkoso
& use Tun ananTepa: Intel PRO/1000 MT Desktop (32540EM) |
[ CrinHi Texn SiiaHuil pexxan: | BigmanyTi

Appeca MAC: 0800270225F7 @

Kabens nig'eanaro
Pucynok 5.3 — HanamryBanust mepesxki («Amantep 1»)

= 3aranene Mepexa
m Cuctema
Expan AnanTep 2 AganTtep 3 ApanTep 4
MNam'sTs BEiMiHYTH MEPEXEEWA 30aNTep
@ Mepexa Hassa: [He BMbpaHo v]
@ Mocnigeeni nepti ¥ [oaaTkoso
& UsB Tun anarrepa: [Intel PRO/1000 MT Desktop (82540EM) -]
E CRineH TEKK SMILUEHMI PEMM: [ﬂozsonmm BaiM ']

Anpeca MAC: 08002707DCED @

Kabens nin'eanaqo
MepeanpecysaHHA NopTy

Pucynok 5.4 — HanamryBanus Mepesxi («Amantep 2»)

5.2.3 Banyctutu cepenosuiie Mininet.

HatucHyTH Ha €JIeMEHT KepyBaHHS «3aIyCTHTHY.

Yepes pesKuii yac miciist 3ammycky Oyze 3anporoHOBaHO BBECTH JIOTiH
JUISL BXOZLY B CHCTEMY:



— Y pAOKY mininet-vm login: CIIiJ BBECTH JOTIH —mininet;
— ¥ pAAKY password: BBECTH ITapOJib —mininet.
Y pesynbTarti yCIminIHuX Aid aKTUBY€ETHCS KOHCOIh CUCTEMH — PSIOK

mininet@mininet-vm:~$

5.2.4 O3HaiioMuTHCH i3 6a30BMMH KOMaHaMu cepemosuima Mininet.

5.2.4.1 TlepernsanyTi KoH}Irypaiii MepexxeBux iHTepQeici:

> sudo ifconfig

VY pesynbTari BUKOHaHHS Ha3BaHO! KOMaHAM mnepeBiputu [P-ampecy
inTepdeticy eth0. Hexaii, Hampukman, maemo aapecy 10.0.2.15.

5.2.4.2 CTBOpUTH TOMOJOTII0 MiHIMaIbHOI KOH]Irypauii — OauH
kouTpoJep (€0), onun komyraTop (S1) Ta aBa xoctu (hl, h2):

> sudo mn

[Ticnst BuBeneHoi iHpoOpMarii mpo KOMITIOHEHTH Ta 3B’ SI3KH CTBOPEHOL
Mepexi 3’ BUThCs Oe3nocepeinbo Mininet-koHcos.
5.2.4.3 IlepernsHyty iH(OpMAIiO PO KOHCOIBHI KoManau Mininet:

> help

5.2.4.4 Tlepernsanyti iHQOpMAaIio Mpo By3TH Mepexi (Mae OyTu
qoTHpH By3iu — KomyTarop (1), aBa xoctu (h1, h2) Ta xouTposep (c0)):

> nodes

5.2.4.5 [lepeBiputi 3B’S3KM MDK By3JIaMH, i3 3a3HAYCHHSIM
3ay4eHUX MOPTiB:

> links
5.2.4.6 Onepxaru pani npo IP-ampecy Tta BIANOBiIHY Macky

miaMepexi uis 3a3HadeHoro intepdeiicy xocry. Hampukmazn, y Bumaaky
iHTepdeiicy eth0 By3na hl MaTUMEMO HACTYIIHY KOMaHLY:

> hl ip addr show | grep ethO

5.2.4.7 TIporecTyBaTl MPOIYCKHY CHPOMOXKHICTh KaHAIY 3B’SI3KY
MK 3a3HAYEHMMH XOCTaMH 3a JONOMOTOI0 KOMaHIU iperf. Hampukman,
JUTSL BY3JTiB h1 Ta h2 MaTUMEMO HACTYITHE:

> iperf hl h2
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BukonanHs koMaHu 3aiiMe neBHUH yac. [Ipu boMy KOXHUI HOBUI
pe3ynpTaT Oy/ie Aemo BiApi3HITHCH BiJ] OMIEPEIHBOTO.
5.2.4.8 IlepernsanyTH indopmaito npo inTepdeiicu By3miB:

> net
5.2.4.9 TlepernsanyTH indopmanito npo KoH}irypaii By3is:
> dump

5.2.4.10 BuBecTH CHHCOK MEpPEXKEBUX IHTEP(EHCIB 3a3HAYCHOTO
BYy3J1a, BUKOHABIIN KOMaHy ifconfig. Hanpuknaz, y Bunanky Bysna hl
MaTHMEMO HacTyIHE:

> hl ifconfig -a

5.2.4.11 lepernsinyTu iHPOpPMAIIiIO MIPO MPOLECH, IO BUKOHYIOTHCS
Ha By3Jnax. Hampukoman, 11 By3ia s1 citiJi BUKOHATH HACTYITHY KOMaHY:

> sl ps -a

5.2.4.12 TlepeBipuTH 3B’ I3KH MiK XOCTaMH.
Mix 3a1aHUMH XOCTaMU:

> hl ping -c 1 h2

Mix yciMa mapamu XOCTiB:

> pingall

5.2.4.13 3anyctutu BeOcepBep Ta BiANOBIAHWN KIIIEHT Ha XOCTAaXx.
Bebcepaep 3amycTumo Ha By3Ili h1l, a HOTO KJIIE€HT — Ha BY3Ji h2:
> hl python -m SimpleHTTPServer 80 &

> h2 wget -0 - hl

Y pe3ynbraTi BHKOHAaHHS OCTaHHBOI KOMaHAM Yy KOHCONI Oyme
BuBesieHo HTML-kon onepskaHoi KilieHTOM BEOCTOPIHKH.
5.2.4.14 3aBepmnt podOTYy BeOCEpBEpY:

> hl kill %python

5.2.4.15 IlponemMoHCTpYBaTH BUKJIaaueBi HA0YTI HABUYKH.
5.2.4.16 Buiitn i3 xomammHOTrO cepemosuma Mininet mo komcomi
BipTyasisHOTO Linux-cepenoBuma:

> exit
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5.2.4.17 Ouuctuty CcynyTHi KOH(pirypamidHi fJaHi, mMOB’s3aHi 13
CTBOPEHOIO TOTIOJIOTi€10, BUKOHABIIIM KOMaH/AYy mn i3 IIPAropIeM —c:

> sudo mn -cC

5.2.5 CtBoputH mporpamMHO-KOH}IrypoBaHOi Mepexki i3 3aJaHUMH
XapaKTepUCTUKaMU KOMYHIKalliHHUX KaHATIB.

5.2.5.1 BukoHatu 3aBJaHHs S3TiIHO BapiaHTy, Ji¢ CTBOPUTH
IpOrpaMHO-KOH(DIrypoBaHy Mepexy i3 3aJJaHIMHU 3HAUYCHHAMH MPOITyCKHOT
CIpOMOKHOCTI (mapametp bw — bandwidth) Ta 3arpumku (mapamerp
delay) Ha KOMYHIKaiHUX KaHaJax.

BapianT 1. [IpomryckHa crnpomoxnicte — 10 MO6/c, 3arpumka —
20 mc:

> sudo mn --link tc,bw=10,delay=20ms

BapianT 2. [Iponyckna cnpomoxHicth — 100 M6/c, 3arpumka —
40 mc:

> sudo mn --link tc,bw=100,delay=40ms

J1st KOXKHOTO 13 BapiaHTiB BUKOHATH HACTYITHE:

— 3aMIpATH MPOIYCKHY CIIPOMOXKHICTh KaHATy 3B 3Ky MK XOCTaMH
I’STh pa3iB, BUKOHABIIM KOMaHIy iperf. CepenHe apudpmMeTHUHE
3HAaYEHHS 3aMipiB 3aHECTH [0 3BITY;

— BU3HAUUTH MiHIMaJbHE 3Ha4YeHHs mapamerpy rtt (Round Trip
Time), BUKOHABIIK KOMaHay hl ping -c 1 h2.

3ayBaskeHHsI: TapaMeTp rtt OXOIUIIOE Yac, IO BUTPAdaeThcs Ha
BiJIIpaBKy NakKeTa JO BYy3/la-OJep)KyBaua Ta Ha OJCpKaHHS BY3JIOM-
BIIMTPaBHUKOM ITiITBEPHKEHHS PO OTPUMAHHS ITaKeTa.

J1st KOXHOTO 13 BapiaHTIB IMOSCHUTH OJIEpKaHi pe3yIbTaTh, a came —
YoMy 3aMmipsiHi 3HA4YeHHs TNPOMYCKHOI CHPOMOXKHOCTI JIeI0 MEHIIi
3aJaHOTO 3HA4YeHHs (ImapaMeTp bw), a MiHIMaJbHE 3HAYEHHS MOKaKYHKA
rtt y cepelHbOMY B YOTHUPU pa3u OuIbIIEe 3a BCTAHOBJCHE 3HAYCHHS
3aTPUMKHU delay — NOSCHUTH, YOMY CaMe y YOTHPH.

5.2.6 CtBopuTH mHpOrpaMHO-KOH(MIrypoBaHOi Mepexi i3 JiHIHHOIO
TOHOJIOTIERO.

5.2.6.1 TIpoBecTH EKCIIEPUMEHT i3 3MIHOK PO3MIPY CTBOPIOBaHOI
TOTIOJIOTII:

> sudo mn --topo single, 3



12

Y pesynbraTi Oyae CTBOpEHO KOH(Iryparfiro, Mo BKIIOYaTHME BXKe
TpPH, & HE JIBA XOCTH.

5.2.6.2 Buxkonatu 3aBnanus 11.01.1.2.4.4-1.2.4.14 no BigHOILIEHHIO 10
CTBOPEHOI Mepexi.

3aHecTy 10 3BITy pe3yIbTaTH TECTYBAaHHS CTBOPEHOI TOMONOTII.

5.2.6.3 CTBOpUTH JiHIMHY TOMOJOTIO 13 YOTHPMa KOMYTATOPaMHU Ta
YOTUpPMA By3JIaMHU:

> sudo mn --topo linear,4

Taka Tomosnoris BiKe BKIIIOYaTUME CiM 3B’ SI3KiB.

IIporectyBaTu Mepexy. OaepskaHi pe3ynbTaTH 3aHECTH 10 3BITY.

5.2.7 CtBoputn MIPOrpaMHO-KOH(ITYpOBaHOT Mepexi 3
JICPEBOBUTHOIO TOIIOJIOTIENO.

5.2.7.1 CtBoputr Mepexy OepeBOBHIHOI TOMOJOTI MiHIMaTbHOL
KoHOirypamii (0JMH KOHTpOJIEp, OJMH KOMYTaTop, JBa XOCTH) Ta
IIPOTECTYBATH 11 KOMaHJOK pingall:

> sudo mn -—topo tree,depth=1, fanout=2 -—-test
pingall

3ayBasKeHHs. MPOIElypa CTBOPEHHS Ta TECTYBaHHS TaKoi Mepexi
JIOBOJII peCypcoeMHa, i TpUBaTUME OJIM3BKO 5 ¢, PO IO CIOBIIATUMETHCS
Yy KOHCOJT.

5.2.7.2 TIpoBecTH EKCIEPUMEHT i3 CTBOPEHHSM Ta TECTYBaHHIM
MEpex i3 pi3HUMH 3HAYEHHSAMH I1apaMeTpiB depth Ta fanout.

5.3 3micT 3BiTY

1 TurynbHUHA ITUCT.

2 Meta poborTn.

3 IlosicHeHHsT 70 pe3y/nbTaTiB BUKOHAHHS 3aBmaHHsa 5.2.5.1,
pe3yabTaTH BUKOHAHHS 3aBAaHH: 5.2.06.

4 Biamogizi Ha KOHTPOJIBHI TUTAHHS.

5.4 KoHTpPOJIbHI NUTAHHA

1 Texuouoris MPOTrpaMHO-KOHDITYypOBaHHX Mepex SDN.
[Ipu3HaveHHs, nepeBary Ta HeIOJiKH.

2 Jlatn BU3HAa4YeHHS NOHATTIO eMyisinii. [Ipuknaau 3aco6iB emyssnii
SDN-mepex.

3 INpusnavenns nporokoxy OpenFlow.
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4 Tucransiis Ta HanamTyBanHs Mininet. Etanu BUKOHAHHSL.

5 Kpoku ctBopernss SDN-Mepeki 3 MiHIMaIBHOIO TOIIOJOTIE0 (32
3aMOBUYaHHSAM) — OZMH KOMYTaTOp Ta JBa XOCTH.

6 HaBectu Ta MpOKOMEHTYBaTH KOMaHAM B3a€MOJil 3 XOCTaMH Ta
KOMYTaTOpaMH.

7 HaBecTn Ta MpPOKOMEHTYBaTH KOMaHAM TEPEBIPKU 3B’SI3KIB MIiXK
XOCTaMHU.

8 HaBecTn Ta mpOKOMEHTYBaTH KOMAaHJU. 3allycKy BeOcepBepa Ta
BIIMTOBITHOTO KJII€HTa, 3aBEpIICHHS poOoTH BeOcepBepa, OYHCTKH
KOH(]IrypauiiHuX 1aHUX.

9 [IpokoMeHTyBaTH  TiepeBard  Ta  HEJNOJIKM  MPOrPamHO-
KOH(ITYpOBaHUX MEPEX Ha OCHOBI JEPEBOBHUIHOI 1 JIHIHHOT TOMOOTIH.

10 KomaHnau 3aBiaHHs 3aTPUMOK Ha KOMYHIKAI[IHHHUX 3B’ sI3KaX.

11 MMapametp rtt. Buznauenns. [IpokomMeHTyBaTH 3aJI€KHICTh HOTO
3HAYEHHS BiJl 3HAUCHHS NTapameTpy delay.

12 3acobu 3miHM KOHDIryparii Mmepexi.

13 IlpusHaueHHs napaMeTpiB depth Ta fanout MNPH CTBOPEHHI
Mepexi JepeBOBHAHOI Tomomnorii. OxapakTepu3yBaTH IX BIUTUB Ha
KUIBKICTB BY3JIiB MEPEKi.
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6 TABOPATOPHA POBOTA N:6
ABTOMATHU3AIIA CUHTE3Y SDN Y CEPEJOBHIII
MININET 3A JOITIOMOI'OIO PYTHON API

Mera poGorm — HaOyTH MNPaKTHYHUX HABUYOK CTBOPEHHS,
KoH]irypyBaHusa i gocnimkenns SDN-mepexi y rpadiunomy intepdeiici
MiniEdit cepenosuma Mininet.

6.1 3araabHi BizomocTi

CepemoBuriie  Mininet, 3 MeTOI0 MOIMIIEHHS 3pPYYHOCTI Ta
IHTYITHBHOCTI HOT'0 BUKOPUCTAHHS, Ma€ TaKOoX 1 rpadiuHuil inTepdeiic —
MiniEdit.

s  BukoHaHHA poOOTH 3HANOOUTHCS HACTYIHE IPOrpamMHe
3abe3neuenns (113):

— BCTAHOBICHWI 3aci0  Bipryamizamii  VirtualBox —  306ipka
VirtualBox-4.3.10-93012-Win.exe;

— posropHyTa BipTyanbHa MammHa Mininet — BmicT apxiBy mininet-
2.2.1-150420-ubuntu-14.04-server-i386.zip  BHKOPHUCTAaHO Yy  SKOCTi
KOPCTKOTO JIMCKY BipTyaJIbHOI MaIlIuHH,

—yrumita PUTTY — BuxkoHyBaHwii (aitnm putty.exe — BiIBHO
PO3MOBCIO/KYBaHe  KilieHTChke [I3 i3 MIATPUMKOIO Pi3HOMaHITHHX
HPOTOKOJIIB BifTaJIeHOro 10CTyIry, 30kpeMa Telnet ra SSH (Secure Shell).
SSH — wmepexeBHH TIPOTOKON MPHKIAJHOTO PIBHA, IO JIO3BOJISIE
3JIIACHIOBATH BijIaJicHe KePYBaHHs ONepalliiiHo cuctemMoro. Ha BimMminy
Bix Telnet, yci nepenasani qani mudpyroThes;

—cepBep Xming Server — 36ipka Xming-X-server-6.9.0.38.exe —
peamizartisi  BikoHHOT cucremu X Window System st 3abe3medeHus
CTaHIApPTHUX IHCTPYMEHTIB 1 MPOTOKONIB TOOYM0BH rpadigHOro
iHTepdeiicy kopuctyBaua. Lleii cepBep BUKOPHCTOBYBaTUMEMO Yy poOOTi Yy
3B’SI3KY i3 THM, IO BipTyajbHa MallliHa, Ha sKiif BcTaHoBIeHO Mininet, He
MicTHTh Tpadiunoi 00onoHKH. CepBep HaJacTh MOKIIMBICTh Bi3yalli3yBaTH
y Windows-cepenoBumi rpadiunuii inrepdeiic MiniEdit ms Mininet, mo
GbyHKIIOHYE Ha BipTyanpHii MammHi y Linux-cepenosui [11].

Ilepmi aBa 3a3HaueHi IyHKTH BXe OYyJ0 MPONpPAlbOBaHO Y
nornepeaHii 1abopaTopHii poOoTi.



15

Jnst cTBOpeHHS 1 TeCTyBaHHS MPOTPaMHO-KOH(]IrypOBaHHX MEpExX 3
BukopuctanHsaMm mpotokoniB OpenFlow, SSH y rpadiunomy iHTepdeiici
MiniEdit moTpiGHO 3poOUTH HACTYIIHE:

— iHCTansAuis cepBepa Xming Server — mist podorn y Windows-
cepenosuii i3 rpadiganM iHTepdeiicom MiniEdit mist Mininet Ha ocHOBI
BipTyasnsHoro Linux-cepenosuia;

— 3aMyCK Ta KOH(DIrypyBaHHS BipTyaabHOTO cepenosuiina Mininet;

—namamryBadHs  SSH-kmieary PUTTY —  amg  3axumieHoro
OiIKTIOYeHHST 0 BipTyambHOro  LinuxX-cepemoBuiina, Ha  SIKOMY
BCTaHOBIIEHO eMyJisiTop Mininet;

— NIAKJIIOUEHHS JI0  BIPTYaJIbHOTO
inTepdetic PUTTY.

[IpencrarieHHs JTiHIKHHOT TOMOJOTIT HAa 0CHOBI poTokoTy OpenFlow
nojaxe Ha puc. 6.1 [14].

CepenoBumie Mininet miATpUMYe MapaMeTpPH30BaHI TOMOJOTII, IO
JI03BOJISIE 32 PaXyHOK BHKOpHCTaHHS KoAy Ha MoBi Python ctBoproBatm
THY4YK] TOMOJOTii, KOHQITypalis SKUX 3aJeXaTUME BijJ MapaMmeTpiB, IO
HepeIarOTHCSL.

Linux-cepenoBumia 4epes

Controller
cO port 6633
loopback
(127.0.0.1)
OpenFlow OpenFlow OpenFlow
Switch Switch Switch
sl s2 sN
sl-ethl s2-ethl sN-eth1
h1-ethO| h2-eth0 hN-eth0

10bb 1

1.

Pucynoxk 6.1 — SDN-Mepexa 3 JiHIHHOIO TOIOJIOT1€0

IQN.N
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VY mictunry 6.1 mogano mpukigan mporpamu Ha MoBi Python, mio
CTBOPIOE TOIOJIOTIIO 13 3aJaHWM YHCIOM XOCTIB, I €OHAHUX IO
BI/IMOBITHUX 1HIUBITyaJIbHUX KOMyTaTOpiB [14].

Jlictunr 6.1 — [puknan ctBopeHHs i koH}irypyBanus SDN-mepexi
3 JiHIHHOO TOIOJIOTI€0

#!/usr/bin/python

from mininet.topo import Topo

from mininet.net import Mininet

from mininet.util import irange, dumpNodeConnections
from mininet.log import setLoglLevel

class LinearTopo (Topo) :
"Linear topology of k switches, with one host per
switch."

def init (self, k=2, **opts):
"""Init.
k: number of switches (and hosts)
hconf: host configuration options
lconf: link configuration options"""

super (LinearTopo, self). init (**opts)
self.k = k

lastSwitch = None

for i in irange (1, k):
host = self.addHost ('h%s' % i)
switch = self.addSwitch('s%s' % 1)
self.addLink (host, switch)
if lastSwitch:

self.addLink (switch, lastSwitch)

lastSwitch = switch

def simpleTest():
"Create and test a simple network"
topo = LinearTopo (k=4)
net = Mininet (topo)
net.start ()
print ("Dumping host connections")
dumpNodeConnections (net.hosts)
print ("Testing network connectivity")



if name ==

net.pingAll ()
net.stop()

A}

__main___
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# Tell mininet to print useful information

setLoglevel ('info')
simpleTest ()

KomeHnTapi 1o 3MiHHUX, KJaciB, MeToAiB Ta (yHKOiH JicTuHTY 6.1
nojnaHo y tabum. 6.1, ne mpepcTaBiIeHI OCHOBHI 3acO0M, BUKOPUCTAHI IS
aBTOMATH3allli TPOLeCy CHHTE3Y MPOrpaMHO-KOH(ITYpOBaHOI Mepexi
JiHIMHOT TOMOJIOT].

Tabmuis 6.1 — [Tosicuenns 10 gictuary 6.1

No Konuenr IIpuznauenns
n/n
1 | Topo OCHOBHMI Ki1ac Tomnoiorii Mininet;
2 | Mininet OCHOBHMI KJ1ac CTBOPEHHS Ta
KOH(QIrypyBaHHsI MEPEKi;
3 | addSwitch () METOJ JOJaBaHHs KOMYTaTopa J10
CKJIaJly TOTIOJIOTIi; TOBEPTA€E HA3BY
JIOJITAHOTO KOMYTATOpPY;
4 | addHost () METO/]I JOJaBaHHS XOCTa JI0 CKIaay
TOIIOJIOT1; TOBEPTAE HA3BY J0JAHOIO
X0CTa;
5 | addLink() METO/T IOAaBaHHS JBOCIIPSIMOBAHOTO
3’€JIHAHHS MiX 3a3HAYCHUMU BY3JIaMU;
6 | start() 3aIyCK eMYJISIT Mepexi;
7 | pingAll () MEPEBIPUTH 3B’ SI3KH MiXK BY3J1aMUu;
8 | stop() 3YINHMHUTH OPOLEC eMYJISLIT Mepexi;
9 | net.hosts () yCi XOCTH MEpPexi;
10 | dumpNodeConnection | CKUHYTH 3B’SI3KH MIXK BYy3JIaMHU;
s ()
11 | setLogLevel ( 3aJlaTH pPeXKUM BUBEJCHHS iH(OpMAIlii;
:gzg;;tl )'debug' | peKF)MCH,Zly.CTLCSI 3aJ1aTh .' info',
OCKIUIBKH BiH Hajla€ HaiOIIbII OBHY
iHpopMallilo.
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Jns  BcTaHOBIEHHS  MapaMeTpiB  MPOXYKTHBHOCTI  MeEpexi
BUKOPHCTOBYIOTbCA KJAacH CPULimitedHost 1 TCLink. Ilpuxman
BIIMOBITHOTO KOH(irypariiiHoro ¢aiiny mnomaHo y JictuHry 6.2 [14].
Haspa oxnoiimMenHOTO aiiny — LinearTopo.py.

JlictuHr 6.2 — BeraHoBneHHs mapaMeTpiB MPOIYKTUBHOCTI MEpexi
#!/usr/bin/python
from mininet.topo import Topo
from mininet.net import Mininet
from mininet.node import CPULimitedHost
from mininet.link import TCLink
from mininet.util import irange, dumpNodeConnections
from mininet.log import setLoglLevel

class LinearTopo (Topo) :
"Linear topology of k switches, with one host per
switch."
def init (self, k=2, **opts):
"""Tnit.
k: number of switches (and hosts)
hconf: host configuration options
lconf: link configuration options™""

super (LinearTopo, self). init (**opts)

self.k = k
lastSwitch = None

for i in irange(l, k):
host = self.addHost ('h%s' % i, cpu=.5/k)
switch = self.addSwitch('s%s' i)
# 10 Mbps, b5ms delay, 1% loss, 1000 packet

o°

queue

self.addLink (host, switch, bw=10,
delay='bms', loss=1,

max_queue_ size=1000,

use htb=True)

if lastSwitch:

self.addLink (switch, lastSwitch, bw=10,

delay='bms', loss=1,

max_queue_ size=1000,
use htb=True)
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lastSwitch = switch

def perfTest():
"Create network and run a simple performance test"
topo = LinearTopo (k=4)
net = Mininet (topo=topo, host=CPULimitedHost,
1link=TCLink)
net.start ()

print ("Dumping host connections")
dumpNodeConnections (net.hosts)

print ("Testing network connectivity")
net.pingAll ()

print ("Testing bandwidth between hl and h4")

hl, h4 = net.get('hl', 'h4')
net.iperf ((hl, h4))
net.stop()

if name == ' main_ ':
setLogLevel ('info')
perfTest ()

[Tpu3HaveHHs JesIKUX METOJIiB JIICTHHTY 6.2:

— self.addHost (name, cpu=f) — Oomatu A0 Mepemi XOCT,
3a3HAYMBIIM, $KAa 4YacTKa CHCTEMHHX pecypciB OyJe BHIUIEHA il
BipTyasibHHI X0OCT (cpu=£f).

— self.addLink(nodel, node2, bw=10, delay='Sms',
max_queue size=1000, loss=1, wuse htb=True) — BCTaHOBUTH
JBOHANPSAMIICHE 3’€HAHHS MDK 3a3HaYCHUMH BY3JaMH 13 3aJaHUMHU
IPOIYCKHOIO CIPOMOXKHICTIO, 3aTPHUMKOIO, BIJICOTKOM BTpaT IAaKeTiB,
MaKCHUMaJIbHAM PO3MipOM YeprH.

6.2 3aBaanHs 10 JadopaTopHOI podoTH

6.2.1 BcranoButu cepsep Xming.

Hns incramsmii cepBepa obpatu omiito «Full installation» Ta
BCTaHOBUTH mpamnoperis Ha omitii «Normal PUTTY Link SSH client.

VY pesynbraTi ycmimHOi iHCTasUii cepBep Mae OyTH 3amyIieHO
apTomMaTnyHo (puc. 6.1). JlAs pydHOrO 3aIlyCKy CcepBepy HeOOXimHO
BUKOpUCTOBYBaTth yTwiaiTy XLaunch.exe, mio 3HaxomauThes y TUPEKTOPIT
Xming iHcransii.
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Pucynok 6.1 — 3amyck cepepy Xming

6.2.2 Hanamrysaru BipTyaibHe cepemosuie Mininet.

3amycTUTH Ha BUKOHAHHS BipTyanbHe cepemoBuine Mininet yepes
3aci0 Bipryamizamii VirtualBox. Ilpm mpomy BBeCTH JOTiH 1 TapoJib
(mininet, mininet) — sik mpu BUKOHAHHI TTOTIEPEAHBOI POOOTH.

IToTiM crig BUKOHATH HACTYITHY MOCIIOBHICTH KPOKIB:

— (1-# xpok) — cripoOyBaTH o1pasy 3amyCcTUTH rpadivdHe cepeloBUILE
MiniEdit y BipryansHOMy cepenoBumi Mininet, BUKOHABIIM HACTYIHY
KOMaHIy:

> sudo python ./mininet/examples/miniedit.py

Y pesynbrati Oy/e BHBEIEHO IOBIJIOMIIEHHS IPO IOMWJIKY Ha
KurranT HactymHoro: «no display name and no $DISPLAY environment
variable». AGu mo30yTHCs 1Oro, HEOOXiIHO BUKOHATH HACTYIIHI KPOKH;

—(2-f  KpoK) — HeperiasHYTH KOH(QIrypaimildo  MepeKeBHX
iHTepdeiicis:

> ifconfig -a

Jns poboTn BUKOpUCTOBYBaTHMMEMO iHTepdeiic ethl. Ha nanumit
MOMEHT 3a3Ha4yeHuil inTepdeiic me He mae IP-axpecu y Mexkax mig Mepexi.
HeoOxigno #oro BpyuHy ckoHQirypyBatn y sikocti kiienty DHCP
HACTYITHOIO KOMaHJIO0:

> sudo dhclient ethl

3HOBY MepersiHyTH KOHDIrypaiiro MepekeBux iHTepQeiciB.

VY pesynbraTi BHKOHaHHA KoMmaHmu 3adikcyBatu IP-aapecy mms
MepexeBoro intepdeticy ethl. Mae Oytu ajapeca, HoiOHA J0 HACTYITHOI:
192.168.56.101. Bona Oyne BUKOPUCTOBYBAaTHCA IJsi 30BHILIHBOTO
MiAKITIOYEHHsT 10 BipTyanmbHOro cepemosumia Mininet i3 Windows-
CepeIoBHIIA 3 BUKOPUCTaHHAM yTumita PUTTY.
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6.2.3 Hanamrysaru SSH-miakmodeHHs 3a qormomoroto XLaunch.

HOns  Ttoro 1o MiAKIIOYUTHCS g0  BipryamsbHoro  Mininet-
cepenoBuiia motpibHo 3amyctutd Xlaunch. V Bikui, mo Bigkpumocs
HatucHyTH «Jlanmi», oOpatu myHkT «Start a program», obparu «Using
PuTTY» Ta B mosti komm’totep BBectu IP-anpecy intepdeticy ethl, a B mosi
«Login as user» BBectu Mininet. Tlicis 3aBepleHHsS HAIAIITYBAHHS
3’SIBUTBCSI BIKHO JJIsl BBEJICHHS mapoJtto (Mininet).

Start program

Enter or choose one X client to Run Local or Run Remote
The program chooser can be populated by adding Program1="a" to
Program 10="j" to a config.xdaunch file. Y
Start program xterm
()Run Local
Run Remote
© Using PUTTY (plink.exe) (0 Using SSH (ssh.exe) (| With compression
Connect to computer 192.168.174.129
Login as user Mininet|

Password (leave blank if using PUTTY pageant)

< Hasan fAanee > OTmena Crpaexa

Pucynok 6.2 — Bikno HanmamrryBanus Xlaunch

6.2.4 Iliakmountucst g0 Koucomi Mininet uepe3 KimieHTChKe
nporpamue 3a6e3neueHus PUTTY.

BukoHaTH HACTYIIHI KPOKH:

—y PUuTTY-koHcomi, mo BigKpuiacs, BBECTH JIOTIH Ta MapoOIb IS
BX01ly Y Mininet-cepenosuiie (mininet, mininet);

— BcraHoBuTH SSH-3’€nHanHs, 3a3HauuBIIM 3adikcoBany IP-agpecy
iHTepdeiicy ethl:

> ssh -Y mininet@Bama ip-aznpeca

— Ha 3aIIUT BBEJICHHS MTapOJII0 BBECTH MMAPOJIb mininet,
— 3HOBY BUKOHATHU 1-H KpPOK 3aBJIaHHS 6.2.2, BBIBIIU yepe3 KOHCOJIb
PUTTY BiamoBiaHy KOMaHIy.
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Y pe3ynbTaTi NpPaBWIGHOTO BUKOHAHHS 3a3HAYCHUX KPOKIB Yy
BHTJISIII OKPEMOTO BiKHA Mae€ 3’SIBUTHCS CEPEIOBHUIIE rpadidHOi 000TOHKH
MiniEdit (puc. 6.3). Lle MoxiIHBO 3a paxyHOK poboTH cepepy Xming
Server.

KirouoBa mepeBara BiJ BAKOPUCTAaHHs cepBepy Xming Server — st
podotn y WindOws-cepenoBuIli He TMOTPIOHO 3alydaTH [OJATKOBI
6i0mioTexu, Ha BinMiHy Big cepBepy Cygwin [12].

X MiniEdit ==

File Edit Run Help ‘

\0\@ .,

|

— | i

- 1=

L

Pucynoxk 6.3 — Po6oua o6macte MiniEdit

6.2.5 CtBoputn SDN-mepexxy MiHiManbHOI Tomosorii 3acobamu
rpadiutnoro intepdeiicy MiniEdit (muB. puc. 6.4).

c0 ['b

Ei/ . 1\ @

Pucynok 6.4 — Mepexa, crBopena 3acobamu MiniEdit

Kosxnuii 13 By311iB Takoi Mepei MoxHa CKOH(IrypyBaTH MOTPiOHUM
YHOM (HampuKiaj, 3anatu notpibHy [P-aapecy, 3MiHWTH Ha3By TOIIO),
HATHCHYBIIM Ha BIiJIOBIHOMY €JEMEHTI IMPaBOI0 KIABINICI0 MHII Ta
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obpasmmm ommito Properties. Hampuknan, mpu poboti 3 koHTpoaepom €O
MaTHMEMO HaJlallTyBaHHs, HaBeICHI Ha puc. 6.5.

X Controller Details =)

Name:|co |
Controller Port: (6633

Controller Type: OpenFlow Reference —l

Protocol: TCP

-Remote/In-Band Controller
IP Address:[127.0.0.1

oK \ Cancel |

Pucynoxk 6.5 — HanamryBaHnHst KOHTpOJIepy

Ha puc. 6.5 mopt 6633 BCTaHOBIIOETHCS 32 3aMOBUIYBaHHSIM.

Y Bumaaky, SKIIO KOHTPOJEpiB MAEKiNbKa, iX TMOPTH MAarTh
Binpi3HATHCA. Hampukiaza, Km0 MaeMo J1Ba KOHTPOJIEpHU, HOMEPHU TOPTiB
MOXYTh OyTH 6633 Ta 6634.

Jns  mepeBipkM Ta BCTaHOBJCHHS HAJalITyBaHb MeEpexXi Yy
cepenosuiii MIniEdit BUKOPHCTOBYETHCS €JIEMEHT MaHENi IHCTPYMEHTIB
Edit -> Preferences (puc. 6.6) [13].

(>< Preferences ’E\@@
IP Base: |10.0.0.0/8| | ~sFlow Profile for Open vSwitch
Default Terminal: xterm - ] Target: '7
Start CLI: [ Sampling:|400
Header: 128

Default Switch: Open vSwitch Kernel Mode — | Poliing: 30

-Open vSwitch

~NetFlow Profile for Open vSwitch
OpenFlow 1.0: ¥ 2
= Target: |

OpenFlow 1.1: |
Active Timeout: 600

OpenFlow 1.2: [ =
OpenFlow 1.3: Add ID to Interface:

dpctl port:

OK ‘ Cancel ’

Pucynok 6.6 — HanamryBanHs Mepexi
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Ha puc. 6.6 BuaHO, 30Kpema, 1m0 y skocti mpoTokoiy OpenFlow 3a
3aMOBYaHHSM BHKOPUCTOBYeTHCA Bepcis 1.0. Lle € THIIOBOIO KapTHHOIO IS
NOTOYHOTrO piBHA BhpoBamkeHHss wMepexx SDN. LI  HajmamryBaHHS
CIpaBeJTHBI JIMIIIE JUIsi CTBOPEHOI Tomoorii (puc. 6.4).

6.2.6 30epertu CTBOpPEHY TOMOJOTII y (aiiii i3 Ha3BOIO topol.mn
32 aJpecor0 3a 3aMOBUyBaHHSIM /home/mininet (¢aiin Tomosuorii
00OB’SI3KOBO MOBHHEH MaTH PO3MIMPEeHHS *.mn). CTBOPEHY TOMOJIOTIO
MO)KHa Oyjie 3a moTpedu 3aBaHTaXyBaTH y cepenosuiine MiniEdit.

Jlns 36epesxeHHst Tomosyorii BUKOHATH KomaHmy File -> Save, mns
3aBaHTaxenHs — File -> Open.

6.2.7 IlepeBipka CTBOPEHOI MEpEKI.

6.2.7.1 Ha mnaneni kepyBauus Edit -> Preferences BcranoButH
npanopeup HaBmpoTu omuii Start CLI. Lle go3BonuTh mpamioBaTe 3
KOMaH/JHAM PSAJKOM TIpH TEpPeBipIli Mepexi MUITXOM IMITamiifHOTO
MOJIEJTIOBaHHS.

6.2.7.2 [lpuBnacHuTH By31aMm mepexi |IP-anpecu.

Macka migmepexi B pyopui Edit -> Preferences Bcranopnena 3a
3amoBuanHsM 10.0.0.0/8.

6.2.7.3 [lepeBipuTu 3B’SI30K MK XOCTaMH, 3aIlyCTHBILIM IPOIEC
imiTamifinoro mozaemoBanus (Run -> Run) ta, BiAKpuBIIHK TepMiHaa By3Jia
h1l (HaTteck mpaBoi KiaBimi Mumi Ha By3m -> Terminal), BukoHaTH
KOMaHIy ping, BkazaBmm |P-azpecy UinbOBOro By3Na, HaANpHUKIA],
HACTYITHUM YHHOM:

> ping 10.0.0.4

3ayBasKeHHS: TIepe]] 3aKPUTTSAM TEPMiHATY BBECTH KOMaHIy exit.

6.2.7.4 IlepeBipuTl cxeMy MiJKIIOYeHHS KomyTtartopa. Jlis mporo
MOTPIOHO TIEPEKOHATHCS, IO IMITAI[iiHE MOJIC/IIOBAHHS BUKOHYETHCS, Ta
HatucHyTH Run -> Show OVS Summary.

6.2.8 [IpoBecTu eKCIepUMEHTH 31 CTBOPEHOIO MEPEKEIO.

6.2.8.1lpu 3amymeHoMmy mporeci CUMYJSIii  (iMiTaIliitHOTO
MOJICJTIOBaHHS), BIJIKPUTH TEepPMiHAI By3la hl 1 BHKOHATH HACTYIHY
KOMaHzy:

> wireshark &

Ile 3amycTuTh Ha 3a3HAYEHOMY XOCTI hl yTWIITy wireshark —
nporpaMmy-aHaiizaTop Tpagiky.
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6.2.8.2 Y ronmoBHOMy BikHI mporpamu — y moni Capture — y miBii
HIDKHIA HOoro 4acTuHi BHAUMTH iHTEepdeiic hl-eth0 Ta HATHCHYTH Ha
eneMeHT KepyBaHHs Start. Lle 103BoJHMTH HajmamTyBaTH Mporpamy
MOHITOPHHTY Ha IMOPT ethO By3ma hl.

6.2.8.3 Y Tepminani xocTa hl 3HOBY BUKOHATH KOMaHAY ping:

> ping 10.0.0.4

VY pe3ymnprari BUKOHAHHA KOMaHIW y poOodiil o0macTi mporpamu
BifoOpakaTUMeThCsl iH(popMallis Ipo nepeaaHi 3 MopTy hl-ethO0 makeTu.

6.2.9 CtBopuTH Mepexy nepeBoBUAHOI Tomoorii. KoHdirypamiliHi
JlaH1 3a/1aTH 3T1IHO BapiaHTYy.

3ayBa:keHHs1. BapiaHT 00upaeThcs 32 HOMEPOM IO CITUCKY: TEPIITHA
BapiaHT — JUIs HEApHUX HOMEPIB, APYTUH — IS TApHHX.

Bapiant 1. Mepexa Mae BKIIOYAaTH JBa KOHTPOJEpPH, CiM
KOMYTaTopiB Ta BiciM xocTiB. CKOH(IrypyBaTH CTBOPEHY MEPEXY 3TiHO
HIDKYCHABEICHUX PEKOMEH IaIlil.

Bapiantr 2. Mepexxa Mae BKIIOYATH TPHU KOHTPOJIEPH, BiCIM
KOMYTaTopiB Ta JecaTh XocTiB. CKOHpIrypyBaTH CTBOPEHY MEPEXKY 3TiIHO
HIDKYCHABEICHUX PEKOMEH IAIlil.

Pexomenpaaii 10 koH(pIrypyBaHHS Ta 30€peKeHHS Mepexi:

— JI71s1 KOHTPOJIEPiB — 3a/1aTH YHIKaJIbHI HOMEPH TIOPTiB;

—y maHeri incrpymentiB Edit -> Preferences BcranoBuTH niparmoperib
«Start CLI», mo macts 3M0Ty BUKOPHCTOBYBAaTH KOMaHIHUH PATIOK;

—30eperT CTBOPEHY Mepexy y (daii 3 pO3IMUPEHHAM <«*.Mmny,
BukoHaBiu File -> Save;

—36epertu BiamoBigHuii Python-ckpunr — y ¢aiiti 3 posimmpeHHsM
«*.py». dnst uporo ciig odpatu omiito File -> Export Level 2 Script.

3ayBakenns. [lepm, HDK 3yNMHUTH TMpolec  iMITaIiifHOTO
MOJIEJTIOBaHHS, MOTPIOHO BBECTH KOMaHay eXit y KOHCOII, a MOTIiM BKe
HATHCHYTH €JIeMEHT KepyBaHHs StOP Ha MaHeNi KepyBaHHS.

6.2.10 Bukonatu nii, 3a3HadyeHi y 3aBaaHHsix 6.2.7, 6.2.8 mo
BIJTHOIIICHHIO JI0 MEPEKi, CTBOPEHOI 3IiIHO BapiaHTYy.

6.2.10 Bukopucranus Python API.

6.2.10.1 3minuT THI CcTBOpeHOoro ¢aiiny LinearTopo.py Ha
BUKOHAaBYHN:

> chmod u+x LinearTopo.py
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6.2.10.2 3anyctutu ckpunt (JTiCTUHT 6.2) Ha BUKOHAHHS:

> sudo ./LinearTopo.py

Y pe3ynpTaTi Ha KOHCONb Oynae BHBENEHO iH(oOpMaLio Mmpo
CTBOpEHHS, KOH(DITYPYBaHHS 1 TECTyBaHHS MEPEXKi.

6.2.11 CtBOpeHHs MepexXi JepeBOBUAHOI TOMOJIOT].

6.2.11.1 CtBoputu  KoH(pirypauiiHuii  Qaiin, mnomiOHMKA 10
mictuary 6.2, y siIkoMy O B)KE CTBOPIOBANACS 1 TECTyBaJacsi Mepexa
JEpeBOBUIHOI, a He JIHIMHOI, Tomoyorii. ApXIiTEKTYpy MeEpexi, SKy
MOTPIOHO CTBOPHTH, TIOJaHO Ha pucC. 6.7.

Pucynok 6.7 — ApxiTekTypa Mepexi JepeBOBHIHOT TOMOJIOTIT

Ha puc. 6.7 300paxkeHO apXiTeKTypy, IO 3aJa€ThCs MapaMeTpaMu
depth=3 i fanout=2

Tomosoris Mepexi, mojaHa Ha puc. 6.7, € TUIOBOIO JUIS CydacHHUX
nenTpiB 006pooku ganux (LIOMO).

Kapxkac ckpunra, 1110 moTpiOHO CTBOPHUTH, HaBEIEHO Y JIICTHHTY 6.3.

Jlictuar 6.3 — Kapkac ckpurra Jijisi CTBOPEHHS i TECTYBaHHS MEPEexi
JIEPEBOBUIHOI TOIOJIOT 1

AN N}

Course:

- Programming Assignment
AN
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from mininet.topo import Topo

class CustomTopo (Topo) :
"Simple Data Center Topology"

"linkopts - (l:core, 2:aggregation, 3: edge)
parameters"
"fanout - number of child switch per parent switch"
def  init (self, linkoptsl, linkopts2, linkopts3,
fanout=2, **opts):
# Initialize topology and default options
Topo. init (self, **opts)

# Add your logic here

topos = { ‘custom’: ( lambda: CustomTopo () ) 1}

3ayBa:kennss 1. CTBOpeHHMII CKPHUNT Ma€ JO3BOJSTH TeperisgaTh
napaMeTpH bw i delay JUIs KOXKHOTO 3’€THAHHS MEPEXi.

3ayBakenHs 2. Y gictuHry 6.3 mapamerpu QyHKOiT  init
MaroTh HACTyIHe npu3HadeHHs (puc. 6.2):

—linkoptsl — I BCTaHOBICHHS IapaMeTpiB 3’€IHAHb MK
KoMmyTtatopamu piBHiB Core i Aggregation;

—linkopts2 — JUIA BCTaHOBJIEHHS IapaMeTpiB 3’€IHAHb MK
KoMyTaTopamu piBHiB Aggregation i Edge;

—linkopts3 — JUIA BCTAaHOBJIEHHA MapaMeTpiB 3’€IHAHb MK
KoMyTaTopamu piBHs Edge i xoctamu;

— fanout — KUTBKICTh TiAKITIOYEHb JI0 By3JIa.

6.3 3micT 3BiTY

1 TutynbHUHR THUCT.

2 Meta poborTwu.

3 Ko nmporpamu, CTBOPEHOT Ha OCHOBI JTICTUHTY 6.3.
4 Binnosiji Ha KOHTPOJIbHI TUTAHHS.
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6.4 KoHTpOJIbHI NHTaHHA

1 [TocmimoBHICTE KPOKIB MJIsS OpraHizaiii poOoTh i3 rpadidHOIO
obosonkoro MiniEdit 3 Windows-cepenosuiia.

2 Ilpuznavenns yrumita PuTTY.

3 IpusHaveHHs cepBepy Ta repeBard BUKOpHCTaHHsXMing Server.

4 TlepeBarn Ta HENONIKA BHKOPHCTAHHA M1 cTBOpeHHS SDN-
MepeXi 3aJaHoi TOMONOTii 3aco0iB KOMaHAHOTO psAAKY Ta TpadivHoi
o6ononku MiniEdit.

5 Ilpu3HadeHHs yTUINITH wireshark.

6 3acobu TectyBaHHs Mepexi y cepenosuii MiniEdit.

7 TlpusHauenns komauaun Show OVS Summary.

8 3 ypaxyBanHsaM aepeBoBuHOI Tomojorii SDN-Mepexi, moscHUTH
3aJIeKHOCT1 MK KIJIbKOCTSIMH KOHTPOJIEPiB, KOMYTATOPIB 1 XOCTIB.

9 IlosicHUTH BILTUB CKOPOYEHOTO (hOopMaTy 3aIlMCy MACKH IiIMEpexKi
Ha MOTEHIIHY KUTBKICTh XOCTIB.

10 Ipusnauenns Python APl y cepenosuii Mininet.

11 IIpu3HaveHHs KOMaH/ ping Ta iperf.

12 [pu3HaveHHs Kiacy Topo.

13 Ipu3HaueHHs MeTOIIB addSwitch () Ta addHost () .

14 Tlpu3HauenHs napameTpiB hconf 1 lconf yicTuHry 6.2.

15 Ilpu3HavyeHHsI KOMaHM net.start () Ta net.stop () .

16 IMapamerpu MeToay addLink ().

17 Ilpu3HaveHHs KOMaHIU chmod.

18 [lpu3HaueHHs nmapameTpiB QyHKOil  init .

19 lNpusHavenHs napameTpiB depth i fanout.
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