AIKTYA EMIKOINQNIQN
Epyaotnpiakil Aoknon 1
1. Eiocaywyn oro Network Simulator v2 (NS2)

To NS2 (Network Simulator version 2) givol éva mpdypappa yio TpOGOUOOCELS SIKTO®V Tov droTifeTon
dwpedv. O dkTvakog TOTOG TG opadag eEEAMENG Tov NS eivan http://www.isi.edu/nsnam/ns/. H 1otoceAidn
avt mepiEyel fondeta oyetikd pe to NS kabmg kot tov myaio Kodikd tov. Ot 0dnyieg ypnioews tov NS
Bpiokovtor 610 @dkelo mov Ppicketal 1o ekteAéoipo apyeio Tov NS ko givar éva apyeio pdf pe dvoua
“ns_doc.pdf”.

To exteréoipo apyeio tov NS gival to “ns.exe”. Ao Bondnrtikd mpoypaupoto mov Ba ypnoiporombovy
etvanw To Network Animator (nam.exe) kot to Xgraph (xgraph.exe). To mpdto Ypnoiponoleital yo v
YPOPIKN OTEIKOVIOT] OGS TPOGOUOIMONG VA TO EVTEPO YO TN SNUIOVPYIO YPAPIKOV TOUPUCTAGEWDV.

H d1btaén tov dikthov mov BEAoVUE Vo TPOCOUOUDGOVHE KAODS Kot OAQ TO VITOAOUTO TPETEL VO, OPLGTOVV
oe éva apyeio keyévov. H yAwooa mov ypnoyonoteiton eivon 1 “Tel”. Mropeite va apyicete 1o NS and
éva mopdOupo evioddv (command prompt) kot vo tpé€ete ta apyeio pe TNy eviol “ns apxeio Tcl”
vroBétovrog 0Tt eicacte otov Kotdhoyo (directory) mov Bpioketal o apyeio kot 0t T0 “apyeio Tcl” eivan
10 6vopo Tov KeWévov oe yhwooa Tcl mov meprypdoel v mpocopoimon. To amoteAéopoto TG
npocopoimong Oa eivan eite apyeia mov wpoopilovrat yio xpnon oto NAM kot to 6voud toug Ba €xel
HopeN Ovouo._apyeiov.nam gite apyeio. mov mpoopiloviar ywoo yprion oto Xgraph (dvouo. apyeiov.tr).
Mmnopel eniong va givat keipevo mov Ba gpeaviletor 6to “command prompt” kot Oa divel Ta amoteEléopoTo
tov {ntovpevov petpioemv. H swova tov Zy. 1 deiyver Tig Pacikég Aertovpyiec tov Network Animator,
EVA 1N EIKOVOL TOV Xy. 2 SElYVEL LO YPOPIKT TAPACTOCT XPNOUOTOIOVTAG TO0 Xgraph. Mmopeite va 6choeTe
TIG YPOPIKES TOPACTAGELS TOV Xgraph matmvtog “Print Screen”, avoiyovtag 1o “Word” kot kévovtog Paste
v eova.
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2xnua 1 — Baoikég Asiroupyieg Tou Network Animator (NAM)
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2xnua 2 — Ipagikn mapdaoraon ue n xprnon rou Xgraph

2. To mmpwro Tcl script — Nvwpiuia uye to NAM

2mv doknon avtn Ba ypdwyete Prpa wpog Prpa éva Tcl script yio NS, 10 0moio TPOGOHOIDVEL [0 OTAN
tonoloyia diktvov. Oa pabete g eykadiotavror kOpPor ko Levéels, mmg va oTéAveTe dedopéva and Tov
éva kOUPo oToV AAAOV, TAOG VO TAPAKOAOVOEITE Lot OVPA AVALLOVIG Kol TAG Vo Xp1olponomoete 1o NAM
(Network Animator) yio vo, avomopaGTNGETE YPUPIKA TV TPOGOUOIMGT) TOL KAVETE.

2.1 Mg va apyicete

Mmnopeite vo ypayete to Tcl scripts e 0molovoNToTe ENeEEPYAOTH KEWEVOL, OT®G T0 Notepad W 10 Word.
Mo ™ dnuovpyia Tov apyeiov Tcl Ba Tpémel vo dnpovpynoete Tpoto £va apyeio Notepad pe KotdAnén
“*.tcl”, omov Ba ypawyete 10 script oe yhoooa Tcl, dnwg meptypdpetal otn cvvéyewn. 'Emetta yo va to
owoete o mpénel va kavete File> Save (6y1 Save As). Anlodn, av 0éhete va ovopudoete 10 apyeio
“exercisel.tcl”, mAnktporoynote oto “Command Prompt” “notepad exercisel.tcl” ko motote “Enter”.
Agv Bo umopéoete va 10 petovopdoete (Rename) apyotepa.

Eexwnote ypdoovtag £va Pacwkd “template” to onoio pmopeite va ypnoonoteite yuo OAa ta apykd Tcl
scripts. Apywd, mpémer va dnuovpynoete €va  avtikeipevo (object) mpooopoiwong, 10  omoio
TPOYLLOTOTOLEITOL LLE TNV EVTOAN:

set ns [new Simulator]

21 ovvéyela xpetdletal vo, OMCETE EVIOAN va avolytel Eva apyeio amd To TPOYPOULA Y10 VAL YPOPTOVY TO
dedopéva Tov TpoKeELTaL Vo xpnopomomboivv yio to NAM, dniadn ta “trace data”:

set nf [open out.nam w]

Sns namtrace-all $nf

H npdtn ypouun avoiyst éva apyeio pe dvouo “out.nam’ yio gyypaen Kol Tov Tpocdidel 1o file handle
“nf”. X dedtepm ypopuun AEUE 6TO AVTIKEILEVO TNG TPOCOHOIMONG TOL dNUoVPYNONKE TPONYOLUEVOGS VO

yYpapel OAa Ta dedopéva Tov Exovv oxéon pe 10 NAM 6” avtd 1o apyeio. To emduevo Pripa £xel wg otd)0
va mpocBéaet pa dradikacia “finish” n onoia KAelvel To apyeio dedopévav trace.

proc finish {} {

global ns nf



Sns flush-trace
close $nf
exit O

}

O avotépo kmdwos Ba cog elvar mo capng apydtepa, aeobd tov tpéete kan dgite T1 kavel. H emduevn
YPOUU AEEL OTO OVTIKEIUEVO TPOGOUOIoNG vo. ekTEAEcEl TN Oladikacio “finish” petd amd ypovo
npocopoinong 3.0 sec. To NS cag mapéyet Evav moAd andd Tpdmo va BETETE TN GEPE TOV YEYOVOT®V UE
Vv evtoAn “at”. Télog, n televtaia ypapun kootka apyilel TV Tpocsopoimon.

$Sns at 5.0 "finish"

$Sns run

Aoy cmoete tOo apyelo, OMWG mePLypapNnKe Topamdve, pmopeite va 10 Tpégete ypdooviag “ns
exercisel.tcl” og éva mapdBopo evioddv. Aoy mpaypatorondel n npocopoinor, Bo mpénel va
onpovpynOel Eva apyeio “.nam”, otnv mEpinT®OON paG EYEL OVopa “out.nam”, mov Ba £xel amobnkevpéva
ToL 0EQOUEVOL TNG TPOGOUOIMGONG OV ElVOL OmAPAITNTO VIO TNV YPOPIKT OTEKOVIOT TNS. AT pnopeite va
M J€lTe MANKTPOAOYADVTAG TNV EVIOAM] “nam out.nam” oto Tapdbupo eviorav. Oa mpémetl vo avoiet o
Network Animator (NAM), aAld dev Ba deite Timota mapd po kev] eidvo S1OTL PEXPL TOPQ OEV EXETE
opilet objects (nodes, links, KAm.) N events, SNAadN dev LVILAPYOLY dedOUEVA YO v TPOGOpOIwOovV. Oa
opiocovpe ta objects otnv Evotnra 2.2 koi ta events oty Evotyro 2.3. Qo mpéneL voL YpNCUYLOTOU|CETE TOV
KOOKO amd vt TNV EVOTNTO OC 0PYLKO ONUELD OTIG AALEG EVOTNTEG TOPOUKATO.

Inpeioon: Mnv «heivete ta notepads. Tlpwv mpocopoidoete to apyeio *.tcl mpémer kébe @opd va 10
Kkavete Save. T va eppaviotel o képoopag oto “Command Prompt”; 6tav givor avoryytd 1o NAM 1 to
Xgraph, npénel mpdta va kKAgioete Ta mapdbvpd tovc. Kielote ta povo matdvtag to “X” de&id endvo
TNV UTAPO TOV napa%pon, 6y oo to pevov File.

2.2 Avo koppor ko pio Cevén

Yy evotta auTi), TPOKELTOL Vo, OpicETE iat TOAD o] TomoAoYio e V0 KOUPOLG TOL GLVILOVTOL LE pia
Cevén. Ot mopaxkdtom o600 ypoupés opilovv tovg dvo kopPovs. (Enpeimon: Ipénel vo ecdyete TovV
TOPOKATO KOSIKO TPV omd T ypopun “$ns at 5.0 "finish"”).

set n0 [$ns node]

set nl [$ns node]

‘Eva avtikeipevo véou koppov dnpovpyeitor pe v eviodn “$ns node”. O avotépm KOdUKAG ONpovpyel
dvo KopPovg Kot Tovg avtiotolyel ota handles “n0” and “nl”. H emodpevn ypouun kodika opilet ™ {evén
OV GLVOEEL TOVG dVO KOUPOLG.

Sns duplex-1link $n0 $nl 1Mb 10ms DropTail

H ypapp avt Aéet 6to avtikeipevo g mpocopoinons va cuvdésel Tovg koppovg “n0” kot “nl” pe o
apeidpoun Cevén evpovg {ovng IMbps, kobvotépnong [0ms Ko TG omoiog N ovpd ovapovig stvot
DropTail. Topa pnopei va cOeeTe T0 apyeio cog, File 2 Save, kat vo TpéEete T0 script TANKTPOAOYDOVTAG
“ns exercisel.tcl”. Agob mpaypatoromBei n tpocopoimon, Bo dnpiovpyndei Eva apyeio pe dvopa
“out.nam” oto @dxelo mov Ppiokeote. [TAnktpoloynote v evioA “nam out.nam” o610 TapdBvpo
evtoAdVv Kot 10 NAM Oa apyicet avtopota, ondte kKot Oo mpémetl va deite oG ££0d0 v 1KOvVa Tov Zy. 3.

Xnpeioon: Mnv kieivete ta notepads. Tlpwv mpocopoiwcete 1o apyeio *.zcl mpéner kdbe popd va to
kavete Save. T va eppaviotel o képoopag oto “Command Prompt”, 6tav givor avoryytd 1o NAM 1 to
Xgraph, npénel mpota va kieioete o mapdbupd tovg. Kielote ta povo matovtag 1o “X” 6e&1d emdve
GTNV UTAPO TOV napael')pou, 6y omd to pevov File. Xto téhoc oL PLAAASIOL vEAp)EL Yo
GLUPOVAEVTIKO OKOTLO, .. O€ TEPIMTOST AAOOVG KTA, [ol EKO0GT TOL KMOKA 0LTNG TG AoKNnong.
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2xnua 3 — Avamrapdoracn duo kéuBwv kai piag {euéng ato NAM
2.3 Amoctoln dedopévev

To mapdderypo BéPara dev glvar TOAD KAVOTOMTIKO AKOUO, 0POV Umopeite va dgite LOVO TNV TomoAoyio
xopic va cvpPaivel titote ahro. 'Etot, 10 enduevo Pipa eivor va otahovv dedopéva omd tov Kopfo “n0”
otov kopupo “nl”. Zro NS, T dedopéva otéAvovion mavta omd évav “agent” oe €vav dAAov. 'Etot, 10
emopevo Prpa €xel ¢ oTOXO va dnpovpynoet Eva “agent object” mov otédvel dedopéva amd Tov KOUPo
“n0”, ko évar GAAO “agent object” mov AapPdavel to dedopéva otov kKopPo “nl”. O mapokdtw KOIKAG
npémel va eloayBel petd T eVToAEg Tov Pdiate oty mponyovuevn evotnto (Evomyra 2.2).

#Anuioupyla evdc UDP agent kol «mpoodptnon» Tou otov kO6uBo «nl»

set udpO [new Agent/UDP]

Sns attach-agent $n0 $udpO

#Anuioupyla piac nnyhg kivnong CBR xol «Tomobétnon» tng oto «udpO»

set cbr0 [new Application/Traffic/CBR]

#poodlopLloudc tng kivnong via tov xéuBo nod

$cbr0 set packetSize 500

$cbr0 set interval 0.005

Scbr0 attach-agent $udpO

Ot ypoppég avtés dnuovpyovv évav “UDP agent” kot tov mpocsaptovv otov kOppo “n0”. Xt cvvéyewn
TPOCAPTOLV pia YevviTpa Kiviong otabepov pvBuod bit (CBR: constant bit rate) otov “UDP agent”. To
péyebog makétov, “packetSize”, tiBetan ico mpog 500 bytes kot Oa otélveTon Eva makéto kabe 0.005 sec.
Mmropeite va Bpeite oyetikég mapapeéTpoug yia kibe Tomo “agent” oto eyyepidto tov NS.

H endpevn ypoppn kddwka ompovpyet évav “Sink Agent” mov dpa @¢g vmodoyéag g Kivnong Kot tov
TPOocopTd oTov KOUPo “nl”.

set sink [new Agent/LossMonitor]

$ns attach-agent $nl $sink

O1 dvo Agents Tpénel TOpa vor cuvoedodv peTa&d Tovg,.

Sns connect S$Sudp0 $sink

21 ovvéyewn o Tpémetl va movpe otov “CBR agent” mote va oteidet ta dedopéva Kot TOTE VO GTOUOTHOEL.
Ot mopoakdto Ypopupés kmdika mpénet vo, €000V LOAMG TPV TV YPOUU “$Sns at 5.0 "finish"”.

Sns at 0.5 "Scbr0 start"

Sns at 4.5 "Scbr0 stop"



H e&nynon tov topardve ypouuov etvat Tpoeavis. Mropeite Todpa vo, cOGETE TO apyelo Kat va apyiceTe
ndAL v mpocopoinon. Otav kdvete KAk 610 kovuni “play” tov mapabvpov NAM, Ba deite 6Tt petd 0.5
sec mpooopoimong, o kOpuPog 0 apyilel va otédvel Takéta dedopévav otov KOuPo /, OTmg eaivetotl oty
ewova tov Zy. 4. Av 0élete va kdvete mo apyd to NAM, ypnoonoteiote to “Step”, dniadn v undpa
mhve oegua. Ilpoteivovpe, otn ovvéyela, nepapatioteite pe 10 NAM kot 1o Tcl script. Mmopeite va
Kévete KMK o€ omolodnTote Takéto 6to moapdbvpo NAM yio va 10 moapakorlovdnoete, dmwg eniong va
Kévete KMK amevbeiog otn (eOEN Yo va AdPete PLEPIKA GTATIOTIKG.
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2xnua 4 — Avamrapdoracn amroaroAng kivnong ueraéu 0o kouPwv ato NAM
2.4 Epomiceg

e Tlowog givar o puBudg petddoong oe bit/sec;

e [l6c0¢ givar 0 cuvolkOg aplBuOg bytes kar bits mov petaPEpOnKay omd TNV apyn ®G T0 TEAOG TNG
TPOGOLOimOoNC;

e [loca bytes vmhpyovv mve otn ypouun (evéng kdbe otryun; EmPePoarmwote v andvinon cag and
TO animation.

e Tlow givor  omdvInon coc GTO TPONYOVUEVO EPAOTNUA, OV duThactactel 1) Kabvotépnon g Levéng;
EmBefoardote v andvinon cog and 1o animation.

e Edv vrmoBécovpe 011 og kK6Oe maxéTo ot emkeparideg Tov [P kot tov UDP poli €xovv prkog 40 byte,
moog etvat o kaBapog puOudS peTadoong Twv dedopévav oe bit/sec;

o Tloteg mapdapetpor umopei va addayBovv yio va petafAndei o puOuog Hetddoons Kat [LE TOLEG EVIOALS
EMTVYYXAVOVTOL AVTES Ol AAAAYEG;

e Av emBopovpue va €govpe kabapd pvluod petddoong dedopévov ico pe 0.8 Mbit/sec, petafdriovtog
KG0e popd pio amd TIG AVOTEP® TOPAUETPOVS, TOEG TIUES TpoTeivete Yo kabe pio; EAéyEte kdabe
(QOPA OV 01 OTTAVTNOELS GOG OVOLV PLOUO HETASOOTG HIKPATEPO ATd T YmPNTIKOTNTA TG (EVBENC.

o [0 moleg TYWES TOV avaOTEP® TOPAUETPOV Ba apyicel va TapatnpeiTton OPloKd 1 ATOAEN TOKETOV;
EmPepordote v andvinon cog tpéyovtag to tel script Kou 1o animation.

Inpeioon: Kieioete to NAM, povo natdvrog to “X” de€1d endve otnv Umdpo Tov napadvopov =l

3. MeAérn amAng romoAoyiag pe ro Xgraph

Ymv doxknon avt Ba ypnowonomoete 1o “Xgraph” yio vo SNUIOVPYNOETE YPAPIKES TAPUCTACELS TNG
kivnong oto diktvo mov NoN peretrdre. Ot mapokdto eviorés Oa mpémel va mpootedodv otV apyr Tov
script, KGto amd TV €VIOM] “$ns namtrace-all $nf”. @o mpénel Kot apynv va onpovpyndsi Eva
apyeio 6mov Ba kaToywpnOovV OAa TO SESOUEVA TNG TPOGOUOIWONG GYETIKA e TO “Xgraph™:

set £ [open out.tr w]

Eniong ypealdpaocte prua dwadwkacio (procedure) Kotaypopng TV 0E00UEVOV TG KivioNG:

proc record {} |



global sink f

set ns [Simulator instance]

#OpLopdg tng dpag mou n dradilxkaclia Bo EavoaxrAnbdel.
set time 0.2

#Kataypoe tov bytes.

set bw [$sink set bytes ]

#AAUN Tnc TPéxoUucac QOPACQ

set now [$ns now]

#Ymodoylopdg tou bandwidth kol xotaypoed oqutoU oOTo apXelo
puts S$f "Snow [expr ((Sbw/Stime)*8)/1000000)]1"
#K&vel tnv tipn bytes 0

$sink set bytes 0

#Enovompoypopupat Lopdg tng ditadlkoaolag

Sns at [expr $now+Stime] "record"

}

EmumAéov, tpomomomote T €VIOAEG dadKOGIOG KAEIGIHOTOS TV apyEi®V, OOTE Vo CLUTEPIAAPETE TO
KAeloo Tov avorytob apyeiov yio 1o Xgraph mg e&ng:

proc finish {} {
global ns nf £
Sns flush-trace
close $nf
close $f
exit O

}

TéNog, M emduevN Yo KOJKA KoAel TNV dadikacio Kataypopng g Kivnong kot Tpémel va, ival M
TPOTN 0o TIG EVTOAES KABOPIGHOD TV YEYOVOTMV (events).

$ns at 0.0 "record"

AoV YPAYETE TO TOPATAV®, UTOPEITE VO TOL COGETE €iT€ 6TO 1010 apyeio eite va avoiete GAAO apyeio pe
ovoua .y “exercise2.tcl”, pe ) dwadikacio wov mePtypapnke otV Evotyro 2.1, Kol vo. GOCETE TO Script
exel. 'Emerta yio va 10 mpocopowwoete, avoifte éva “Command Prompt” kot mAnktpoAoynote “ns
exercise2.tcl” | 6mowo dAAo Ovopa €xete dmoel oto apyeio. [a va deite Ta amoteAéopato g
TPOCOUOIMONG G YPAPIKY| TAPACTOOT), TANKTPOLOYNOTE “xgraph out.tr”.

3.1 Epomiocsig

e MetafdAAovtag TV TN TOL UAKOVS TOL TOKETOV OLOMIGTMOTE KOl GYOMACTE TMG UETOPAALETOL 1
YPOPIKT] TOPAGTACT] TNG LETAPEPOUEVNG KIVNOTG.

e Ampavtag otabepd 10 uNKog TakETov, petafdAlete tov pvOud petadoonc. Ti mopatnpeite ot
YPOPIKT TOPACTOCT TNG LETAPEPOUEVNG KIVNONG KO TAG TO EPUNVEVETE;

e Avénote Vv KaBLoTEPNON TNG YPOUUNG ovvdeong Tov dvo kOpPwv oe 0.5 devtepotemra. Ti
TOPATNPEITE GTNV YPAPIKN TOPAGTOCT) TNG HETAPEPOUEVNG Kivnong; Emavapépete v kabvotépnon
GTNV OPYLKN TIUN.



o Ilog emmpedler ™ ypapikn mopdotacn o ypdvog mov emovorapupdveror 1 dadikacio “record”.
[Ipoteivete Evav KatdAANLo ¥pOVO Yo VoL EMTOYETE 0L YPOPIKT TOPACTACT] OTIYHoiog Kivnong kot
po LEGMGC.

e H «xivnon peta&d tov dvo koéppav eivar otabepng porg (CBR). AALdEre v kivnon oe ekBetikn
0étovtog “Exponential” 6mov vrdpyet “CBR”. EEnynote m ypoeikn mopdotacn g kivnons. [a va
Bydrete cmotd cvumepdopoto, o mPEMEL Vo aLENGETE TOV YPOVO OMOCTOANG TNG Kivnong, Ko
QLOIKE TNG TPOCOUOIMONG, TOLAAYIGTOV 6g 15 devuTepOLenTO Kol Vo EQVOTPEEETE TO Script.

Inpeimon: Mmopeite vo GOCETE TIG YPUPIKEG TOPACTAGELS TotdvTag “Print Screen”. "Yotepa avoitte 1o
“Word” kot kdvte Paste v ewova. o cvpPovAievtikovg Adyovg kabdc kot yio emaAndevon Kot
dopbmon Toxdv Aabdv, 0 KOIKOG VTAPYXEL OAOKANPOUEVOS GTO TEAOG TNG GOKNONG. XTO EMOUEVO
gpyactnplo Ba TPEMEL VO TAPUSMCETE U0 AVOPOPA LE OTAVTNOELS KOl OYOMO GYETIKA LE TIS EPOTNOELS
avtng g Aoknong.
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Sns
Sns
Sns
Sns

Sns

Oloxinpopévos kmowkag Yo v Epyactnprokn Acknon 1
ns [new Simulator]

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

f [open out.tr w]

record {} {

global sink f

set ns [Simulator instance]

set time 0.2

set bw [$sink set bytes ]

set now [$Sns now]

puts S$f "Snow [expr ((Sbw/S$time)*8)/1000000)]1"
$sink set bytes 0

Sns at [expr Snow+Stime] "record"

finish {} {
global ns nf f
Sns flush-trace
close $nf

close S$f

exit O

n0 [$ns node]
nl [$Sns node]

duplex-link $n0O $nl 1Mb 10ms DropTail

udp0 [new Agent/UDP]
attach-agent $n0 SudpO

cbr0 [new Application/Traffic/Exponentiall]
0 set packetSize 500

0 set interval 0.005

0 attach-agent SudpO

sink [new Agent/LossMonitor]
attach-agent $nl $sink
connect Sudp0 $sink

at 0.0 "record"

at 0.5 "$cbr0 start"
at 15 "S$cbr0 stop"
at 16 "finish"

run



