AIKTYA ENIKOINQNIQN
Epyaotnpiakil Aoknon 3

1 Meradoon dsdouévwy o€ SiKTUO lIE OUVOETN TOTTOAOYIia

Ymv doknon ovtn Ba acyoAndeite pe ) petadoon dedopévav petald kopuPwv mov cuvdEovtal 6E diKTLO
pe oyetikd ovvhetn tomoroyia. Ilpog Tovto Ba opicete oto NS2 éva diktvo mov amotereitor amd evvéa
kOpPoug kot Bo emAégete dv0 KOUPOLG TOL SIKTOOV, OV deV GLVOELOVTOL GUESH HETAEDL TOVLG, VO
avTOAAAGGoVV dedopéva. TKomdg ival va dgite TG ennpedleTot 11 SPOHOAOYNOT TG PONG TOV SESOUEVOV
petaéd Tov KOUPOV amocToANg Kot ANyng amd tov oplipd tov mapepPariopevov Koupov kot (evéewy,
KaOdG Kot 0md 10 KOGTOG TV LELEEWV.

Mo va apyioete, Oa mpémer vo dnuovpynoete €va apyeio, my. “exercise3.tcl”’, pe tov 1pdmo mOL
neplypaeeTon otV Epyactypioxn Acknon 1, YpnoyLoToldvVIOS ToV Kddwka e Evotnrag 2.1 exeivng g
doxnong og vrdderypa. Ommg avapépnke TPoNyoLUEVOGS, aVTOG 0 KMdKaAG Oa glval TAVTOTE TOPOUOLOG.
Oa TpEMEL TAVTOTE VO SNUIOVPYEITE VOl OVTIKEIIEVO TTpOoGOpOimoNG, Vo apyilete TV Tpocopoimon e TV
Ow evroAn] kat, av Béhete va Tpéxel 1o NAM kou 10 Xgraph, 0o mpénetl va avolyete mavta apyeio trace
“tr” 1 “.nam”, va To apyikonoleite kot vo opilete pio Sodikacio Tov vo To KAEIVEL.

Inpeioon: Eivoar oxémpo va avatpééete 6to puALado g Epyaoctypiaxng Aoknong 1, ywo. va Bounbeite
T1g ddkaoieg pe T omoieg cdloviat kol TpExovy Ta apyeio. Auuilovpe OTL TPV TPOCOUOIDCETE £Vl
apyelo “*.tcl” mpéner k6Oe popd va 10 cdlete (File — Save). T va gppaviotet o dpopéag (cursor) 6to
“Command Prompt”, dtav eivar avoytd to NAM 1 to Xgraph, npénel mpdto va kieiogte ta mapdbopd
touc. Kieiote tao motdviag pévo 1o “X” 6efld emdive oty Umapo. Tov napa%pov, oy amd 10
pevov File. Xto téhog tov gpyaotnpiov kKavte “log off” mpv phyete. O 0AoKANPOUEVOS KOIKAG GTO TEAOG
¢ Evotntog mapatifetot yro cupfouAientikd okond Kat povo, m.y. o€ nepintmon AGOovg KTA.

1.1  Tomoloyia

Onwg mavta, to TpdTo e elvar 0 optopodg g tomoroyias. Ewchyete Tig mapoakdto ypopptés 6To apyko
template 100 KOO0 ™G Epyactnpiaxne Aoknong 1, mopdypoaeog 2.1, ®ote vo dnpovpynoete 9 koufoug.
Me tov 1poémo owtd pmopeite va dnpovpynoete évav peyaro apbpd kouPov oe éva Tcl array avti va
dtvete o€ KABe KOUPO TO O1KO TOL dvoaL..

for {set i 0} {$i < 9} {incr i} {
set n($i) [$ns node]
+

To mapaxdtom Tunpo kootka 7Tcl dnpovpyet apeidpopeg Cevéelg petald tov KOpPwv.

for {set i 0 } {$i < 9} {incr i} {
$ns duplex-link $n($i) $n([expr ($i+1)%5]) 1Mb 10ms DropTail
b

$ns duplex-link $n(3) $n(0) 1Mb 10ms DropTail
$ns duplex-link $n(5) $n(8) 1Mb 10ms DropTail
$ns duplex-link $n(6) $n(7) 1Mb 10ms DropTail
$ns duplex-link $n(2) $n(7) 1Mb 10ms DropTail

Mmopeite tdpa vo ohoete, pe File 2 Save, kot vo mpocopoidoete to script. Mmopet va povel oto NAM,
O0tL M TomoAoyia givor Alyo axkopym. Mmopeite vo kdvete KAk oto Kovumi “Re-layout”, icw¢ kot 6to
“Reset”, Hepikég opég yo va gavel KoAvTepa.



1.2 Ta yeyovota (events)

Anpovpynote topa dvo UDP agents pe nnyég mov mopdyovv kivinion CBR Kot TPOGAPTNOTE TOVG GTOVG
KOUPBoLG “nS” kot “n7”, ypleoviog ToV TapaKAT® KMOK HeTd and avtov g §1.1. Eneita dnovpynote
dvo Sink Agents ka1l TPOGOPTHGTE TOLG GTOVG 1010VG KOUPOVS aALG avTicTtpoa. Emiong, elvatl mpotyodtepo
01 0VO POEG VAL Etval YPOUOTICTEG, KATL TOL gidape otnv Tponyovuevn Epyaoctnplaxn Acknon.

#Ztpopa evEng, xépPoc 5: mnyf KoL mpooplopdg
set udp5 [new Agent/UDP]

$ns attach-agent $n(5) $udp5

$udp5 set fid_ 5

$ns color 5 red

set sink5 [new Agent/LossMonitor]

$ns attach-agent $n(5) $sink5

#xéppog 7: nmnyh KAl mpoopLopdg
set udp7 [new Agent/UDP]

$ns attach-agent $n(7) $udp7
$udp7 set fid_ 7

$ns color 7 blue

set sink7 [new Agent/LossMonitor]
$ns attach-agent $n(7) $sink7

#Z0vdeon TV OnydvV KAl TWV IIPOOPLOHAV
$ns connect $udp5 $sink7

$ns connect $udp7 $sink5

#Ztpona epappoyng

set cbr5 [new Application/Traffic/CBR]
$cbr5 attach-agent $udp5

set cbr7 [new Application/Traffic/CBR]
$cbr7 attach-agent $udp7

Etvar emBounto, o mpdtoc CBR agent vo. apyicel va otélvel ota 0.5 sec xor o devtepog ota 0.8 sec.
Avrtiotoryo, o Tp®Tog Bo oTOpATACEL OTA 2 sec, VD 0 devTEPOg ota. 2.5 sec. H dadikacio kKAEoipaTog
KkaAgiton ota 3 sec.

#0pLopéd¢ yeyovdtav

$ns at 0.5 "$cbr5 start"

$ns at 1 "$cbr7 start”

$ns at 2 "$cbr5 stop”

$ns at 2.5 "$cbr7 stop”

$ns at 3 "Finish"”

Mmopeite tdpa vo apyioete to script TAnktpoloywvtag “Ns exercise3.tcl” kat votepa tpééte 10
animation.

1.3 Epotnoeig
e [lowa dwwdpopn axorovBolv Ta ToKETA;

o EAéyEte av n pon TOV TAKETOV Kol amd TIG dvo TAEVPEG akoAlovbel T dadpoun pe to Aydtepa
Bruoto.

*  Yrdpyel cuvtopdTEPN SLOPOUN OO CLTHY TOV 0koAOVHOVV, OGOV 0popd ToV apldud TV fnudtov

(Cev&ewv);



2 2rarikn kair duvauikn 6pouoAdynon

XV mponyoduevn mapdypoo €idate 6Tt  kivnon akolovbel tn cvviopudTEPN ddpoun (CTHY HE TOV
ppdtepo aplfud Pnudromv) and tov kKopPo “5” otov KOuPo “7” Kot avtiotpoea. Ga doOUE GTN GLVEXELL
™ S10popd pHeTald GTUTIKNG Kot SUVOUIKNG dPOUOAGYNOTNG Kot TG TO SIKTLO avTETOTILEL TIG LETAPBOAES
¢ tomoAoyiog tov oty kdébe mepimtwon. ' avtéov tov Adyo Ba mpocBécovpe évo evolapépov
YOPOKTNPLOTIKO, TOL ldape ko otV Epyactnpiokn Aoknon 2. Kavete ) {evén petald tov kopfov “17
Kot “2” (mov ypnoonoteitol yuo T petddoon) va dtakonel yo 0.4 sec. LopPovAevteite TOV KMOOWKO GTNV
terevTaio 6eMOa yio T €0 OV E1GAYOVTOL Ol EVTOALG.

$ns rtmodel-at 1.2 down $n(1) $n(2)
$ns rtmodel-at 1.6 up $n(1) $n(2)

Mmnopeite Topa va apyicete 10 script mo ko Oa dgite Oti Yo To ypovikd ddotnua petadd 1.2 ko 1.6 sec
n {evén Ba drakomel kKot dAa To dedopéva Tov oTéEAVOVTOL ad Tovg dLVo KOUPoLg ydvovtal. [lap’ OA° avtd,
ot dvo kOpPot cuveiovV Vo EKTEUTOVV TOKETAL.

AAMGETE TOpO T OpopoAdYNoN og duvapikn (routing protocol distance vector), £T61 OGTE VO, LTOPOVV Ol
kopupot va kabBopilovv avtdpata ta OEpata dpopoAdYNoNG Kol vo ovTipetonilovy tétota TpoPANUaTaL.
Yuvendg mpocBéote v emduevn ypouun ommv apyn tov Tcl script, petd 1 dnpovpyion Tov object
TPOGOLOIMOTG.

$ns rtproto DV
Apyiote mdAr Tnv Ttpocopoimon kot tpééte o NAM.
2.1 Eportioeig

e E&nynote ywti, pe ™ otatikn dpopordynon, ot kopPor e&akorovfovv va. GTEAVOLV TOKETA Kot
petd ) dwokonmn| g {evéng.

e Ta mokéta mov ydOnkav, Oa Eavapetadobodv amd Tovg avtioToryovg KOUPovs, O0Tav emavéADeL N
oLVOED;

e T moapatnpeite datv yiveton dokomr| (e0ENG Ko €yovpe dvvapky dpopordynon; Ileprypdyre pe
amhd Aoy T Sadikacio Tov Aappdavel xdpa 6To animation.

e [Jlowg amd 6hovg Tovg kOpPovg kabopilel amd mown dwadpour] Ba Tpowbnbovv kdbe @opd T
TOKETA,

e [0 To10 AOYO TO TAKETO OKOAOVOOVV TIC GUYKEKPIUEVES SLOOPOUES APOTOV TEGEL 1) GLVOEDT);
e  ®a pmopovoav va dpoporoyndovv amd dAlovg kOpUPovg;
3 Ka@opiouog kooroug {euéng

‘Ew¢ avtd 10 onueio Bewpovoape 6Tt n TPoTIHdUEV SPOHOAOYNON TOV TOKETOV elvon amd eketvn
dwdpoun an’ 6mov 1 por Oa TEPAoEL Amd TOVG AlYOTEPOVG KOUPOVS. AVTO 1GYVEL S1OTL GTNV TEPIMTWOOT TNG
TPOGOUOIMONG pag Bempeitor €€’ opiopov 0Tt OAeg o1 (evtelg €yovv kdoTog ico pe pia (1) povéaoda. Xy
TPAYLOTIKOTNTA OU®G, M dldpoun Tov akoAovbeitan oe kdbe mepintwon PacileTtor 010 KOGTOC TOV
Cevéev petald tov KOpPwv. Ag dovpe mdg emmpedler n aAloyn tov KOoTOvG TOV (evEemV TNV
dpopordynon tov takétmv. I'a va yivelr autd mo mapactatikd, o Bewpricovpe 0Tt To KOGTOG pag Levéng
elvar avdioyo g kabvotépnong mc. Avénote Tig kabvoteproelg Tov (evemV OTIG TAPOKAT® TIUEG,
aAAGCovTag TIC KATAAANAES EVTIOAES OpLooD TV (EVEEmV.

$ns duplex-link $n(3) $n(0) 1Mb 40ms DropTail

$ns duplex-link $n(5) $n(8) 1Mb 40ms DropTail

$ns duplex-link $n(6) $n(7) 1Mb 30ms DropTail

$ns duplex-link $n(2) $n(7) 1Mb 20ms DropTail

3



Ewodyete topa 010V KOIIKA, KATM 00 TOV OPIoUO TNG TOTOAOYIOG Kot TV (EVEEMV, EVIOAES TIC LOPPNG:
$ns cost $n(x) $n(y) z

(Y] (1))

€101 OoTE VoL véNoeTe 10 KO0TOG TV Levéemv avaroya pe v kabvotépnon tovg. Omov “x” ko “y’stvorn
ot apfpol tov képPwv Kot “z” elvon T Tov KOGTOLS TG {EVENG. ANANON LE TV TAPOTAVE® EVIOAN, TO
k667106 TG (EVENG amd ToV KOUPOo “X” oTov KOUPOo “y” awédvetar o€ “Z” povadeg KOGTOVG, LOVO OUMG TPOG
™ pa opd (x—y). I'a va avénbet to KdoTog Kot Tpog TV GAAN @opd g ovvdeong (Y—X) Oa mpémet va
eoaybel n evioln:

$ns cost $n(y) $n(x) z

Oupifovpe 01t Yo kaBvotépnon 10ms 1o K010 ™G LeVéng etvan 1 povada. Tpé&te v Tpocopoimon Kot
neprypdyte TL cupPaivel ypnoyonownvrog o NAM.

3.1 Eportioceig
o Tlotec d1adpopég akorovBohv Ta maKeETa TPV, HETA Kol KOTA TN S18pKELN TG TTMOTG TNG GUVOEONC;
e [0 mowov Adyo ta makéTo akoAoVBOVV TIC GUYKEKPIUEVEG SLOOPOUES;
e  Ba pmopovoav va dpoporoyndovv and dArovg kOpPpovg;

4 MNMapakoAouBnon kBeTIKNS Kivhong ue 1o Xgraph

Ymv evotra avt Bo ypnoomomoete to “Xgraph” yio vo SNUIOVPYNCETE YPOPIKES TAPACTACELS TNG
kivnong oto diktvo mov NON pererdte. Ot mapoKato eviorég Bao mpémel va mpootedovv otV apyf Tov
script, K4t amd Vv eviol] “$ns namtrace-all $nf”. Oa mpémel kot apynv va dnuovpynbei Eva
apyeio 6mov Ba kaToywpnOovV OAa TO SESOUEVA TNG TPOGOUOIWONG OYETIKA e TO “Xgraph™:

set O [open outO.tr w]
set 1l [open outl.tr w]

Eniong ypealdpaocte pua dwadikasio (procedure) Kotaypopng TV 0E00UEVOV TG KivioNG:

proc record {} {
global sink5 sink7 fO fl
set ns [Simulator instance]

#OpLopd¢ Tn¢ Gpag mou n dLadiLracia Oa favarAnbOei
set time 0.1

#Kataypapny tov bytes
set bw5 [$sink5 set bytes ]
set bw7 [$sink7 set bytes ]

#NAYn tng tpéxovucag Gpag
set now [$ns now]

#Y¥moloyLopdég 1ou bandwidth kot rRataypoapl] autoUd oto apxeio
puts $F0 "$now [expr (($bw5/$time)*8)/1000000]"
puts $f1 "$now [expr (($bw7/$time)*8)/1000000]"

#KaveL tnv petapAnty bytes 0
$sink5 set bytes_ 0
$sink7 set bytes_ 0

#Enmavanpoypoappat Lopdg 1ng¢ dLadLraciog
$ns at [expr $now+$time] "record"”

¥

EmumAéov tpomomomote TI €VIOAEG Slodkaciog KAEIGILATOG TV apyei®mV, MOTE VO CUUTEPIAAPETE TO
KAglioo tov avorytol apyeiov ywo 1o Xgraph, g e&ng:

proc finish {} {
global ns nf fO f1



$ns flush-trace
close $nf
close $f0
close $f1

exit O

}

Téhog, 1 emdpevN YpOUUN KOAEL TNV S1adKOGTN KOTOYpopng TNG Kivong Kot TpENEL vaL elval | TpAOTN ard
T1G eVTOAES KaBopiopov TV yeyovotmv (events).

$ns at 0.0 "record”

Oo mpémel TEA0C Vo GPNCETE TIC EVTOAEG TOL TPOKAAOVV TNV Ol0KOTN TG oOvdeons ota /.2sec Kot TV
OTOKATAGTAON TNG oto /.6Sec, MOTE VA PNV LIAPYOLV TPOPANUATA GTN PoY| TOV OEdOUEVEOV. AoV
YPAWETE TO TOPOTAV®, UTOPEITE VO OEITE TAVTOYPOVA TIC YPAPIKES TOPUCTAGELS TOV PLOUOY UETASOONG
TOV 0e00UEVOV IOV GUVEAEEAV KOl Ol dVO sink agents Yo TIG OVO POEG TANKIPOAOYDVTOG TNV EVIOAN
“xgraph outO.tr outl.tr”.

AAMGETE TNV Kivnon Tov evdg amootoréa amd otabepng pong (CBR) oe ekBetikn Bétovrog “Exponential”
omov vrdpyel “CBR”. T va Bydrete cwotd copmepacpota, Oo mpémel va avENGETE TOV YPOVO OTOGTOANG
g Kivnomng, Kot Quokd avdAloyo Kol TNG TPOCOROimoNg, TOLAdylotov o 15 devtepOienta Kol v
Eavatpéete to script.

4.1 Epowrtioceig
e E&nyeiote Vv ypoewn napdotaon tng kivinong yio CBR kot Exponential.
Xnpeimon: Mnopeite vo cOoeTe TIS Ypapikég mopactdoels totovrag “Print Screen”. "Yotepa avoitte to

“Word” kot kavte Paste Tv €iKova.
IMa eraAnBevon kot 010pOBwomn TuxdV Aabdv, 0 KOIKOG VITAPYEL OAOKANPOUEVOG OTIG EMOUEVES GEAIOEG.



set

set
$ns

set
set

$ns

Oloxinpopévos k@owkag Yo v Epyactnprokn Acknon 3
ns [new Simulator]

nf [open out.nam w]
namtrace-all $nf

O [open outO.tr w]
Tl Jopen outl.tr w]

rtproto DV

proc finish {} {

global ns nf fO 1
$ns Flush-trace

close $nf
close $f0
close $f1
exit O
}

proc record {} {

for

for

}

$ns
$ns
$ns
$ns

set
$ns

global sink5 sink7 O fl1

set ns [Simulator instance]

set time 0.1

set bw5 [$sink5 set bytes ]

set bw7 [$sink7 set bytes ]

set now [$ns now]

puts $f0 "$now [expr (($bw5/$time)*8)/1000000]"
puts $f1 "$now [expr (($bw7/$time)*8)/1000000]"
$sink5 set bytes_ 0

$sink7 set bytes_ 0

$ns at [expr $now+$time] "record"

{set 1 0} {$i < 9} {incr i} {
set n($i) [$ns node]

{set i 0 } {$1 < 9} {incr i} {
$ns duplex-link $n($i) $n([expr ($i+1)%5]) 1Mb 10ms DropTail

duplex-link $n(3) $n(0) 1Mb 10ms DropTail
duplex-link $n(5) $n(8) 1Mb 10ms DropTail
duplex-link $n(6) $n(7) 1Mb 10ms DropTail
duplex-link $n(2) $n(7) 1Mb 10ms DropTail

udp5 [new Agent/UDP]
attach-agent $n(5) $udp5

$udp5 set fid_ 5

$ns
set
$ns

color 5 red
sink5 [new Agent/LossMonitor]
attach-agent $n(5) $sink5



set
$ns

udp7 [new Agent/UDP]
attach-agent $n(7) $udp7

$udp7 set fid_ 7

$ns
set
$ns

$ns
$ns

set

color 7 blue
sink7 [new Agent/LossMonitor]
attach-agent $n(7) $sink7

connect $udp5 $sink7
connect $udp7 $sink5

cbr5 [new Application/Traffic/CBR]

$cbr5 attach-agent $udp5

set

cbr7 [new Application/Traffic/CBR]

$cbr7 attach-agent $udp7

$ns
$ns
$ns
$ns
$ns
$ns
$ns
$ns
$ns

at 0.0 "record"

at 0.5 "$cbr5 start”

at 1 "$cbr7 start”

rtmodel-at 1.2 down $n(1) $n(2)
rtmodel-at 1.6 up $n(1) $n(2)
at 2 "$cbr5 stop”

at 2.5 "$cbr7 stop"

at 3 "finish”

run



