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IHepiinyn

H peydin eEdmhoon tov Siktdmv acuppatns TpOGRacng £xel 00NYNGEL GTNV OAOEVA KOt
pueyoAvtepn {\tnom yo vanpecieg mpoypatikov ypdvov (real-time) oAAd Kol yio
vanpecieg aveEaptnreg g BEomg Tov ypNnoTn TV KABE YPOVIKN GTIYUN GE TETO0V £100VG

olktoa.

[ToAhol pnyovicpoi éxovv mpotabel yuo tn Swyeipton g KVNTIKOTNTOG TOL XPNOTN
(mobility) pe TowtOHXPOVN SOTHPNOT TOV EVEPYDV GUVIEGEMV TOV, LE TO TPMOTOKOALO
Mobile IP va amoteiel v Khaowkn péxpt tdpa Avon. To yeyovog 0Tt Tp@TOKOAAN TOV
AVAOTEPOL VTOGTPONATOS, Onwg To TCP, BAénovv pa otabepn IP S1ievBuvon kaboAn v
dupkela TG Kivnong evog xpnotn, kével o Mobile IP va cuvels@épetl Kot otnv mopoyn
ASIAEWTOV VANPECIOV, Omwg givar N petapopd apyeiowv (FTP) xor m mwhonynon oto

dwdiktvo (WEB browsing).

Qot600, Kamoteg eyyevelg advvapieg tov Mobile IP, 6nmg 1 tprymvikn dpopordynon Kot
N evBuldkwon makETov, TO KAVOLV OKOTAAANAO Yyl VWOCTAPIEN  EQPAPLOYDV
TPAYUATIKOD YpOVOL UETOED KIVOUUEVAOV YpNoTav, 6mms 10 Voice over IP kol n pon
video (video streaming). Ot KLPLOTEPOL TEPLOPICTIKOL TOPAYOVTEG, OTOVG OMOIOVG
opeidetal avtn M advvapio, sivor n kobvotépnon (delay) mapddoong moaxétwv, M
dwkdpavon oty kabvotépnon (jitter) kot emPdpuvon Tov SKTOHOL AOY® TOV

eVOLAOKOUEVOV TOKETOV.

Avtol ot mepopiopol  odnynoav omv  avoltnon véov TpOT®V  droeipiong
Kivntikémrag. ‘Etot, ta tedevtaio ypovia yiveror mpoomdbeia dtayeipiong g Hésm tov
oTpOMOTOC epapproyng (application layer), pe ypnon tov mpwtokdAiov SIP (Session
Initiation Protocol). To SIP e&ivar éva mpwtdKoALO oMpotodoscicg, TO Omoio UE
KATOAANAES OVTOALOYEG UNVOUATOV UITOPEL VO KATOGTNOEL O10QaVT|] TNV KIVITIKOTNTO GE

eMinedo eQOPLOYNG.
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YKOmOG NG OWMAMUATIKNG epyoaciog eivor M HEAETN TOV TOPOTAVED  UNYAVICUOV
VROGTNPIENG KIVNTIKOTNTOG KOODS Kot 1 avAmTuén LOVTEAOL Y10 TNV TPOCOUOIMOT Kol
oVYKpLon Toug. To povtélo avartuyOnke ¢ ETEKTACT) TOV TPOYPAULATOS TPOGOUOIMGNG
Network Simulator 2, evog amd to TAEOV XPNGLLOTOLOVUEVE TPOYPELLUOTO TPOGOUOIMONG

OVOIKTOU KOOIKO GTO YMDPO TOV SIKTVMV.

Aé&Eearg Kherowg

[Mpwtdxkoriro ‘Evapéng Xvvodov (SIP), Kivnto IP, tprywvikn dpopordynon, mpoo®mikn
Kivntikémra, kwntikotnto [P, Network Simulator 2 (ns-2), acOppata diktoa,

TPAKTOPOS XPNOTY, TANPEEOVGLOG EEVTINPETNTIG, EELTNPETNTNG EYYPAPDV.
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Abstract

Lately, there has been a great boost in the area of wireless networks that has led to an
inceasing demand on real time services and services independent from the location of the
mobile user whilst he is moving, in such networks.

There are a bunch of mechanisms that have been developped in order to provide mobility
support along with preserving all active connections in wireless networks. The common
one until now has been Mobile IP protocol. This is because higher layers' protocols, such
as TCP, act as if the IP address of the moving user remains the same while moving, as in
Mobile IP, which contributes to providing continuous, unceasing services like FTP or
WEB browsing.

On the other hand, there are a few drawbacks that make Mobile IP inappropriate for real
time applications like Voice over IP or video streaming. These drawbacks are mainly the
routing triangle and IP in IP encapsulation. The factors that are influenced by Mobile IP's
disadvantages are packet delay, jitter and header overhead because of IP in IP
encapsulation.

Thus, reasearch in the area of mobility support has led to the use of an Application Layer
protocol, called SIP (Session Initialization Protocol) which overcomes the flaws of
Mobile IP. SIP is a signalling protocol which by exchanging the appropriate messages
can provide mobility awareness at application layer.

Our diploma thesis aims to focus on the above mobility support mechanisms and also to
develop a model to simulate and compare them. The model will be developped using
Network Simulator 2, one of the mostly well-known simulation open-source software in

the networks field.

Keywords

Session Initiation Protocol (SIP), Mobile IP, triangular routing, personal mobility, IP
mobility, Network Simulator 2 (ns-2), wireless networks, User Agent, Proxy Server,

Registrar.






Ewsayoyn

ZoVpe og o emoyn 6mov M avdykn Tov avOp®OTOL Yo cLUVEYT KOl AUEST] TANPOPOPNON
yivetar oloéva kot mo emtaktiky). H embopio tov yuo evnuépmon ko emikovmvia
OTOVONTOTE KL OV PPIGKETOL, OTOIOONTOTE YPOVIKT] OTIYUN KL av To BeAnoel, paivetal va
EKTANPAOVETAL HE TNV OALATAOON OVATTUEN TOV TPOCONIKAOV KIVNTMOV GLCKELAOV, Ol
omoieg Tov dlvouv TN SLVATOHTNTO VO, GUVOLHAEYETAL, VO EVIUEPMVETAL KOl VO KAEivel

CLUPMVIEG VA TAGH GTIYUT, KOO KL 0V BpioKETAL €V KIVIGEL.

Avto de Ba pmopovoe va Kataotel eQIKTO YOpig TV VIOPEN UNYXOVIGU®V Ol omoiot
TaPEXOVV TNV LTOSOUN Y10 TN JTNPNON TOV KANCEMV YWOPIg TN SOKOTY TOVS KATH TN
duapkela g ktvnong evog yprMom péca o€ mepPdriiovia 0mov mapepfdriovror o1dpopa
acvppota diktva. Ot 600 KVPLOTEPOL UNYOVIGHOT DAOTOINGTG TS KIVTIKOTNTOG 0T TN
otyun, elvar To Mobile IP 1o omoio givan évag unyoviopog emumédov 3 (eminedo diktHov)
kot 10 Ilpwtdékorro ‘Evapéng Zvvodov (Session Initiation Protocol) to omoio amotelel

£va TPOTOKOALO TOV GTPMUATOS EPOPLOYNG.

211 Topovo SIMAGUATIKY EPYOCTN, OVTIKEWEVIKOS LG GTOYOG MTAV VO LLEAETIIGOVLLE, VO
TPOCOUOIDGOVIE KOl VO GLYKPIVOLUE TOLG OV0  TPOAVOPEPHEVTEG  UNYAVIGULOVG
VIOCTNPIENG KIVNTIKOTNTOG G€ acvpuato diktva. H mpocopoiowon tov 600 unyovicpov
&ywve 6To avolKToU KOdka mepBdriov eEopoimong Network Simulator v2.27 to omoio
vrootpile povo to Mobile IP, ondte yperdotnke vo viomomoovpe 10 IIpmtdKoAro

"Evap&ng Zvvodov (SIP).

[Mopakdto yivetar apykd po EKTEVHG avapopd t6co oto Mobile IP 6co kot oto SIP
Tove o€ BEpato Tov ATTOVIoL KLUPIimG TS KIVNTIKOTNTAS KOOMDS Kol GAL®Y GLVIGTOCOV,
Omwg avaivon TV TPoPANUAT®V oL aVTWETONLEL 0 KABE UNYOVIGHOS Kol Ot
KUPLOTEPEG TOPAPETPOL TTOL EUTAEKOVTOL 0TO TPOPANHata avtd. Akolovbel 1 oyxedioon
Kol 1 ovaAvomn Tov k®dke vAomoinong tov IlpmtokdAiov 'EvapEng Xvvodov oto
nepairov eopoiwong Network Simulator v2.27. Ztn cvvéyeia £govpe TV TEPLYpOON

TOV SQOp®V cevapimv mov vioromdnkay 6to NS pe okond ) cvykpion Mobile [P —



SIP koBd¢ kol TOV OTOTEAECUATOV 7OV TPOEKLYAV Oomd TV €EKTEAEST TOVG.
KoataAnyovpe pe v anotipunomn tov anoteAecUdTOV Kot TV €60y®YN TOV KUPLOTEP®V

GUUTEPAGUATWOV.

Keivovtog v obvtoun swoaywyn, 0o Bérape va guyaprotioovpe Oeppd tov cOUPOVAS
pog Kadnynm IdxmBo Beviépn aArd kol tovg vmoynelovg dwaktopeg Bayyéin Nika,
IMopyo Aovdaxn kat Niko AéAra yio tnv moAvTIUn Porfeta Ko GLUTOPAGTOGT TOL oG
£0E1VaV KATA TN OBPKELD EKTOVNIONG QTG TNG SMA®UOTIKNG epyaciag. [Tiotedovpe 6T
éva Waitepo evyaplotd a&ilert o Nikog Yoo TNV LIOUOVY] TTOL LIEGEIEE GTNV AMAVTINGOT

aroplov oyetilopeves pe to Network Simulator (ns-2).
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1. Kwntkotta pe ypnon Mobile 1P

1. Kywwnmikotnra pe ypfjon Mobile IP

H xwvntmoémra 1P, dnwg mpoteivetanr amd to Mobile IP, ypnoyomotel v texvikn g
onpayyag (tunneling) mwéveo oto [P mokéta and tov Ipdaktopa Oweiwv (Home Agent)
otov Ilpdxtopa Emokentav (Foreign Agent). Mg avtdv TOvV TPOTO EMITLYYAVETAL M|
dpdvela TG KvnTikottog ota avatepa enineda. [lapdia avtd, n teyvikn Tov Mobile
IP mapovcidlel 1o mpoPAnpa g tprymvikng dpopordynong (triangular routing). ‘Exyovv
TapovclooTel Kamoleg 10éec ywo PeAdtimon tov Mobile IP dote va Eemepaotel 10

TPOPANUO 0VTO WGTOGO OEV AEITOVLY OVTE OO AVTEG T LLELOVEKTTLOTOL.

1.1 I'evika

Kvpio yapaxtnpiotikod tov Mobile IP givar 611 1 IP 61e00vvon mopapéver otabepn kKabog
€Vag KIVOOLEVOS XPNOTNG TEPVE amd 01000 kd vodikTvua. AVTO €)Xl GOV GUVERELL TO.
TPOTOKOAAD VYNAOTEP®Y emmédwv va PAémovv po otabepr [P dievbuvon. "Etot
ouvvdéoelg tomov TCP pmopovv va dwatnpovvior evepyég o€ OAN TNV SIPKEWL TNG
kivnone. Ze evdeyopeveg aAlayéc devbovoewv IP o1 cuvdéoeig TCP Ba éomalav apov
fo té€tota cLVoEST TPoHTOBETEL GTAOEPES O1EVOVVGELS TNYNS KOt TPOOPIGLOD KABMS Kot
apBpovg Bupdv. Avtd mov emrvyydveror oto Mobile IP givor 1 dvvatdotnta g
EMKOVOVIOG HE TOV KvoOuEVO ¥pNotn pécw g opetapintng IP devbouvone ko
OoLYKEKPIEVOL PE TN O1evBuvorn mov Tov €xel avatebel and 10 owkeio tov dikTvo. O
IIpdxropag Owelwv avarapPdver vo otéhvel ta mokéto mov mpoopiloviar ywo Tov
Kivoopevo host evBvlakdvovtdg (encapsulate) ta kot TpomBdVTAG T0. GTOV TPEYOVTO
[Mpdaxtopa Emickentdv tov kvoduevov ypnotn. Onwg kataiafaivovpe, to Mobile 1P
VIOPEPEL Ao TO TPOPANUA TNG TPLYOVIKNG dPOUOAOYNONG TOKETA TOL Katevfhvovtal
GTOV KWVOUUEVO YPNOTN MPEMEL VO, TEPAGOVV ovoyKaoTika and tov [Ipdxtopa Oweilomv

EVD TO TOKETO TOL GTEAVEL O KIVOOUEVOG YPNOTNG TAVE KOTEVOEILY GTOV TPOOPISUO.

1.2 Ileprypaen Mobile IP

Mo mv o kdtw cdvioun weprypaer] Tov Mobile IP Ba ypnoyorojcovpe Tig ToO KATM

OVTOTNTEG:



1. Kwntkotta pe ypnon Mobile 1P

e Kuwovpevog ypfiotmg (MH) : O yprionc mov Kiveiton avALeSOH GE SLOPOPETIKA
vrodikTua.

o  Karov xpnomg (CH) : O xpnomg 610 GAAO GKpO TNG ETKOVOVIOG.

e Ilpaxktopag Oweiwv (HA) : Apoporoynmg oto owkelo SiKTvo TOL KIVOOUEVOL
xpNotn 0 omoiog avarapBdverl va evBvuAak®dvel Kot vo oTéAVEL pe TNV HéB0do g
ONPOYYOG TO TOKETO TPOG TOV KIvoOueVo host.

o Ilpdxrtopag Emokentdv (FA) : Apoporoyntig oto 4iKTLO TOV EMCKEMTETOL O
Kivoopevog host mov avalapfdaver vo Tov Topadidel To TAKET, OOV TPATO TO,

armoplowwaoet (decapsulate).

H pia mepintoon mov Ba mapovsidcovpe gival dtav o kivovpevog host givor axdpa 6to

otkelo Tov dikTLo Kot 1 devTEPN OTAV O KIvovpevog host Bpioketal og Eva E€vo dikTvo.

1.2.1 Kwvovpevog ypotng 6€ 01KELIO diKTLO

210 0egvlplo oVTO, TOL AMOTEAEL KO TNV 7O OMAN TEPITTMOT, O KIVOOUEVOS YPNOTNG
déyeton Tow 0edopéva Katevbelay amd Tov KaAoOvTa  ypnotn UE TN HEGOAAPNoN ToL
[Ipdxtopa Oweimv mov amoteAel Tov dpoporoynty| tov otkeiov diktov Tov ypnot. H

dwadkacio paiveton 6to oynua 1.

CH Internet

Data

Xypa 1: Xprotg oto okeio tov Aiktvo.

1.2.2 Kwvodpevog ypiiotg o€ EEvo dikTvO

Otav évag host petakivnfel oe éva dAlo vmodiktvo, pabaivel tov tomkd Ipdxtopa

Emokentov kol otéhvel éva punvoua eyypoeng (registration message) otov IIpaktopa
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1. Kwntkotta pe ypnon Mobile 1P

Oweiov tov Yo voo Tov gvnuepdocel v v [P dievbuvon tov tomikov Ilpdktopa
Emokentdv. Tlapd to yeyovog 6Tt otov kivovuevo host €xet avartebel po kovovpylo 1P
dtevbuvon (AOY® Tov OTL TP AVKEL G AALO LTOJTKTVO), GVVEYILEL Va efvat YvmOOTOC e
mv apyk Tov IP d1ev6vvon. ‘Etot and ekeivn ) otrypn kot mépa, 6tav Kémolog oteidet
TOKETOL e TTPOOPIoUO TOV KIVOOHEVO ypNoth, Bo koatevBuvBoldv kot TGl Tpog Tov
[Ipdxropa Oweiwv oV, 0 omoiog Ba avardfel va evBviakmdoel Kol vo oTeilel pe v
TEYVIKN NG oNpayyas To ToKETO TPog tov ekaotote Ilpdktopa Emiokentodv tov
Kvoopevov ypfotrn. Avtdg Ba mpombncel o TOKETA GTOV TPOOPICUO TOVG, £XOVTOG
npmto «EePAovdicery to makéto pe v emPopdvovca [P emkepaiido mov eixe

npocBéoet o [pdxropag Oweimv (BAéme oynua2).

Internet

Tyqpa 2: Xpnomg og E&vo Aiktvo.

1.2.3 Mewovektpata Mobile IP

To yopaxtnpiotikd Tpiymvo mov dnuovpyeitor avédvel Katd moAd v Kabvotépnon
(latency) Tov ¥pO6VOL TOPAOOCNG TOV TOKETMV GTOV KIVOUUEVO YpNoTh. Avtd amotelel
Kol T0 Kupldtepo pewovékmuo tov Mobile IP. H emmpdobetn xobvotépnon mov
mopatnpeital 1oovtal pe 10 dhpoicpa tov ¥pdvov HETAO0oNS Kot d1A000NG TOL TAKETOV
and tov KaAovvta yprotn wpog tov [Ipdktopa Okeimv, Tov ¥pdvov Tov ypelaleTor va
yivel 1 evBLAGK®GN TOV TAKETOL, TOL XPOVOL LETAOOTG KOl O1AO0GNG TOV TOKETOV Omd
tov Ilpdktopa Oweiwv otov Ilpdxtopa Emokentdv kot tov ypdvov mov maipvel m

amoploimon tov TakETov peiov Tov ¥povo petddoons kot diddoong mov Bo Ekave TO
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1. Kwntkotta pe ypnon Mobile 1P

Tok€To av myove KotevBelav amd Tov Kahovvta yprotrn otov lpdktopa Emckentdv.
Onwg yivetonw aviiAnmtd o xpdvog kabvotépnong yivetoar OA0 Ko HEYOADTEPOS OGO
avéavetalr 1 amodoToon HETOED TV JpOpwV  ovioTHTev. TEtotor ypdvor eivar
OVETTPEMTOL Y10 EQAPUOYES evaioOntec o KabBvotépnon, onwg Voice over I[P ( VoIP)

kot video streaming kTt Tov kaBiotd T0 Mobile IP axkatdAAnio yio T€T01€G KIVAGELC.

‘Eva dAAo onpavtikd petovéktnua ivor n emPapovvon twv 20 bytes mov dnpovpyeitol o
Ka0e maxéto mov evhviaxkmvetatl. Av avaroylotel Kaveig to yeyovog Ot to péyebog twv
TOKETMOV TOL YPNOUYLOTOIOVVTOL Y10, HETAO0ON POVNG £lvar TOAD Hikpd (apol TpoKeLTO
ocvv g v mtakéta UDP) kaBag kot to yeyovog 6t n petddoon yiveton pe Eva pulud
™m¢ 16éng tov 16Kbps kotaiafaivel mOco peydlo eivar to mocootd emiPdpvvong tov

OKTVOV.

1.2.4 Bektiwoeig oto Mobile IP

M Bertimon mov mpotdOnke yio to Mobile IP kot elvan yvoot cav route optimization
Aovel 10 TpoPANUa TG TPry®Vikng dpopoidynong. o va 10 metvyel avtd 0 KOADV
xPNoTNG evnuepovetal and tov I[pdktopa Oweliwv Tov KIVOOUEVOL YPNOTN YL TNV
tpéyovoa IP d1ebBuvon tov kvovpevov. H evnmuépwon yivetar kdbe @opd mov o
Kivovpevog host puraivel og dopopetikd vodiktvo. Me avtd Tov TPOTO 0 KAADV YPOTNG
yvopilel mavia mov Ppioketor 0 KoOUEVOG YPNOTNG Kot ovoropuBdver avtdg vo
evBvlakmoel ta mokéto Kot vo o oteihel pe v pnéBodo g onpayyag otov [pdkropa

Emokentdv touv kivovuevovu (PAére oynpal).
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1. Kwntkotta pe ypnon Mobile 1P

Homg'Network

Internet  pinding update

Tunneled Data

Xympa 3: Mobile IP kot yprion route optimization.

Qot660, TapéA0 TOL aVTN M HEDOJOG HEIDVEL TNV KOBLOTEPNON EmKOwOViaG, Ogv
arotelel TV Wavikn Avon. H emPdpovon tokétwv (packet overhead) mov dnuovpyeitan
pue v evBvlakwon IP oe IP (emmpocBHeta 20 bytes yio kdbe makéro) mapapével Eva
onuovtikd peovéktmpo. Emmpodceta, o [pdxtopec Oweimv kot Emokentov dvvaton
va anotehécovv v otevond (bottleneck) tov diktvov € MEPITTMOOCELS OV TPEMEL VOl
YEWPLOTOVV GNPAYYEG YL VO, EEVTNPETNCOLY TOAAOVG Kivovpevoug ypnotes. Emiong,
KAmowl eMTPOCHETA YOPAKTNPIOTIKA TOV TPENEL va. vIooTnpilovy ot kaAovvteg host,
Omwg ot cuveyeic adlayég otnv IP tovg otoifa (Yo vo pmopet va kavel v evBuAdK®oT)),
N Topakolohnon oe GuYKEKPUUEV BUpa Yio Vo TAPEL TUXOV EVNUEPADCELG CAAL KOt
KATOlEG GAAEC AElTOVPYieg KAVOUV SVCKOAN TNV gupeion papuoyr] avtig g Hebodov

otV TPasn.
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2. Kwnrikdémta pe ypron SIP

2. Kvwyntikotnra pe xprion SIP

To SIP eivan éva Tp@TOKOALO ONUOTOS0GING TOV YPNOLUOTOLEITOL Y10 TV EYKOUTAGTOON
KOl TOV TEPUATIOUO oLVOOWV (sessions). XvvinOmg YPNOUYLOTOLEITOL Y10 GUVOEGELS
moAvpécmv (m.y. video streaming) Kot Yoo GUVOEGELS LE EVOV 1) TEPLGGOTEPOVS YPNOTEG.
Elvar éva mpmtokorro Baciopévo og keipevo (0nwg 1o HTTP) kot 610 poviého merdn-

eEummpemn (client-server).

To SIP vmoompiler v mpocomikny kwnrikdtto (personal mobility), oniadn
duvatdtTo Tov divetan og Eva ypNotn va evtomiletal aveEaptiteg g Tomodesiog mov
Bpioketar kot g cvokevng mov ypnotponotel. H mpocwmikny kwvntikoétnto Pacileton
oTNV YPNON HOG HLOVASIKNG Kot 6Tafepng Tpoowmikng tavtdtntag (constant identifier).
To SIP URI &yet akpifmdg avtiv v widtqta. Ot SIP URI d1evbbvoeig mov avatibevran
otovg ypnoteg SIP givon devbivoelg tomov e-mail mov €yovv v popen “user@host”,
Omov user gival To dvoua Tov ¥PNOTN 1 KAToo¢ apBudg tnAepdvov kot host gival n
dtevBuvon 1 10 dvopa ToV VITOSIKTVLOV. Mg aVTOV TOV TPOTO 01 YPNOTES avayvepilovton
HoVadIKE Katd oavoAoyio pe ovtd mov EEpovpe pe Tig olevbvvoelg e-mail. To SIP
vrootpilel eniong v KvnTKOTNTO VINPEGIOG ONAAST TNV KAVOTNTO VO TAPEXEL GTO
PO TIG 101€G KOl adtdAeumTeES VANPEGiEG OTAV AVTOS KIVELTAL GE O10POPETIKA Kot EEva
neplPdAlovio KOOMG KOl TNV KWwNTIKOTNTO GLVOdOL, TNV wKovoTTa onAadn va
OlTNPOVVTOL Ol EVEPYOTOMNUEVEG GLVOOOL €VOC YPNOTN Otav avtdg aAAACEL TEPUOTIKO

(.. peTapopd evepyomonéVNG cLVOOOL AT £VO VTOAOYLIGTH GE £VOL KIVITO TEPUATIKO

TAAAUNG).
210 TPMOTO PEPOG TNG EVOTNTAG VTNG Bal TapOLGIACTEL OPKETE OVAAVTIKG TO TPMOTOKOALO

SIP ko1 otn ovvéyela o TePrypAYOVE TOG EMTLYYAVETOL 1] KIWNTIKOTNTO YPNOTAOV LE TN

BonBeto umvopdrtov SIP.
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2. Kwnrikdémta pe ypron SIP

2.1 To lIpotoxoriro 'Evapéng Xvvéoov (SIP — Session Initiation
Protocol)

2y tp€yovca vrrogvotta Oa yiver pa avalvtiky avapopd otig ovtotnteg Tov SIP, ota
pnvopato Tov avioAAdLovTol HETOED OLTAOV TOV OVIOTHTMOV Kol 6TO, TESIN EMKEQPUAMONG
QVTOV TOV UNVOUATOV. XKOmdg pog eivor 1 €E0KEI®ON TOL AVAYVAGCTN UE OVTEC TIG
€Vvoleg MOTE VoL TOL 000el 1 duvATOTNTA TNG TANPOVS KATAVON OGS TOV TOPAOELYUATMV

Kol TV cevapiov mov Ba akoAovOncouv.

2.1.1 Ovrotnteg Tov Hpmtokoirov ‘Evapéng Xvvodov (SIP Entities)

e éva dlktvo onuatodociog mov viomolel to Ilpwtdéxoiro 'Evapéng Xvvooov (SIP
network) pmopodv va vadpyovv 4 daeopetikéc Aoykég ovtotntes. Kabe ovtomta £xet
OUYKEKPIUEVES  AEITOLPYIEG KOL OCULUUETEXEL O©E O OUEIOPOUN  ETKOWOVIOL GOV
eEumpet g (server) o omoiog omavid o€ oautnoelg, cov meldtng (client) o omoiog
apywonotel o1tnoelg N akodpo pumopel vo ektehel kot Tig dVvo Asrtovpyieg. Mia M
TEPIOCOTEPEG AOYIKEG OVTOTNTEG UTOPOLV VO, OTOTEAOVV L0 UOIKN ovToHTNTO 1 OToin
mapEYEL T AstrtovpykotTa TG KaBe Aoyikng ovidtrog. [opartiBevror mapakdto ot 4

AOYIKEG ovTOTNTEG EVOG dkTHOL SIP.

Ilpaxropas Xpyorn (User Agent)

O mpaktopag ypnotn omoteiel pio teppatikny ovtotnta oe éva diktvo SIP. 'Evag
TPAKTOPOC YPNOTN UTOPEL VO OLPYIKOTOUCEL KOl VO TEPUOTIGEL GLVOOOVE AVTAAAALOVTOG
oUTNoES Kot omokpicelg peta&d dAA@v oviomtemv Tov Jdiktiov. Onwg vrmodnimvel
GAL®OTE KOt TO OVOUA TOL, £VaG TPAKTOPOAG YPNOTH KoB0dNYoOUEVOS amd TIG EVIOAEG TOV
déyeTon amd TO YPNOTY, EVEPYEL EK HEPOVS TOL yKadidpvovTag N Teppatilovtag GuvOdoLg
YL TN UETAO0OT] KANGEWV TOAVUEC®Y. XTI TEPIGCOTEPEG MEPIMTMOGELS O YPNOTNG Eivat
évag GvOpmTOc OUMS VILAPYOVY KOl TEPITTAOGELS OTOL 0 XPNOTNG Eivol Eva TPOTOKOAAO

VYNAOTEPOL EMUTESOV.
‘Evoc mpdxtopag ypriotn viomotei Aettovpyieg meddtn (User Agent Client) kafBmg kot
Aertovpyieg e&umnpetnt (User Agent Server). O mpdktopag ypriiot — nehdng (UAC)

apykonotel oTNoelg evd and v GAAN o mpaktopoag ypnotn — e&ummpetntg (UAS)
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2. Kwnrikdémta pe ypron SIP

AmOVIQ G€ OLTNOELS TOPAYOVTOS TIG KatdAinAeg amoxpioels. Kotd tn Sidpkeio piog
6LVVOO0V, 0 TPAKTOPAG XPNOTN GLVIO®G Aettovpyel T0G0 Gav eELNPETNTAG OGO KAl GOV

TELATG.

Mepikég amd TIC GUOKEVES TOL VAOTOLOVV TPAKTOPQ YPNOTH GE SIKTLA ONUOTOS0GING TOV
viomotovv 10 SIP givan IP-tmAépmva (vimpecia VolP), moieg dachvoeong tov diktdov

IP pe to diktvo thAepwviog (telephony gateways), otafpol epyociog K.T.A..

Ilypeéovaros E¢vmypetnytiys (Proxy Server)

‘Evog minpegovoiog eEumnpetntg eival po voldpesn ovtOTNTo TOv VAOTOIEITOL GTO
OiKTLO ONUATOS0GI0GC OPDOVTAG TOGO GOV EELTNPETNTIG OCO KOl GOV TEAATNG UE OKOTO VL
TPAYUOTOTOWOEL QUTNOES €K UEPOVS GAAMV TeAdT®V Tov Ppickovtar ota Oplo NG

TEPLOYNG KAAVYNG TOV.

‘Evoc mAnpe&ovotog e&ummpetntig, 0€xeTon autnoelg TO60 amd GAAOVG EELTNPETNTEG 1
Ao TPAKTOPES XPNOTN KOl dpa EK LEPOVG TOVS TPOMBDVTAG TIG ATHGELS TOVG G€ GAAOVG
OUOTIHOVG €EVTNPETNTEG | ATOVTOVTOS 6€ aLTES. 'Evag 1610106 eEumnpetng epunvevEt
Ko av givol avaykoio, avadnpovpyel To unvopa aitnong tpotob 1o tpowdnoet. Ipénet
va AneBet emiong vmoyn Ot évag mAnpegovoiog eéummpetntig o0 ypeldleTon va

KaToAafPaivel To pvope aitnong yio vo Tpomdncel Ty aitnon.

Tomkd o e&umnpetng €xel TpOGPacn o€ o Tomiky| PAon dedoUEVOV e GKOTO Vo
avaKTNoel Tov enduevo kOpPo (next hop) otov omoio Ba TpowOBNceL KAmoln E1GEPYOUEVT
aitmon. H deraen tov eumnpent pe ™ Pdon oedopévov dev kabopiletar and to
[Tpwtdéxoriro 'Evapéne Zvvodov. O minpegodolog eEuvmmpetntng dgv €xetl dikaodoasio vo
TPOTOTOWOEL OTOONTOTE €YYpaPn mov Ppioketal péco otn Pdaon dedopévav oA
umopel va avaktoel omoladnrote dabéciun tAnpogopia. Ot Bhoeilg dedopévemv cuvnbwg
nepiEyovv eyypagéc (SIP registrations), mAnpoopia mapovsiog (presence information)
Kot mAnpogopia Yoo to mov Ppioketrar o mpog avalninomn ypnotg. Ot Kotoywpnoelg
avtég yivovtar amd Tov mpdktopo — Kotayopnt (Registrar Proxy) o omoiog

TapovctaleTal o KAT®, kKabmg Evag KvnTdg XpNoTNG EICEPYETOL GE oL VED TTEPLOYN.
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2. Kwnrikdémta pe ypron SIP

‘Evog minpe€ovorlog eEumnpemtig Sopépel amd €vav TPAKTOpPO, XPNOTN € KAmolo
Baocwd onueio dmwg:
e Ag mopdyel AITNOELS, OMAG OTOKPIVETOL GE QUTNOELS TOV TPAKTOPA XPNOTN, 1 TIG
pomBel ex LEPOVG TOL.
o Aev emelepyaletal To kKOpLo péEPOG evog unvopatog (message body) adrd Pacilet

™ TPo®ONoN VOGS UNMVOLATOG ATTOKAEIGTIKA GTNV EMKEPAAIdA TOV.

Eévanpetntic AvaxarevBvveng (Redirect Server)

‘Evog e&ummpem g avaxkatedBovong 0éxetal outnoelg amd TPAKTOPES YPNOTN Kol
amokpivetal miom oe avtovg Ywpig va Tpombel mepaTépm TIC otnoelg omwg Bo Ekave
évag minpegovotlog efummpetg. Avt eivor kot 1 Packn  dapopd TV dVO
npoavapepbeiomv eumnpemtav. Otav évag eéumnpetntig avaxkotevbovong AdPet pio
aitmon ond £vo TPAKTOPA XPNOTN, YPNOHOTOlEL o BAoT OE00UEVOV V1o VO OVOKTHGEL
™V TANPOQOpia Y10 T0 ToL PpicKETOL O TPAKTOPA YPNOTN TPOOPIGHOV dNAaoT mlavég [P
dtevBiveeig tov. H minpopopia autn amocstédveton mTiom G6TOV TPAKTOPO ¥PNOTY IOV £l)E

amooTteilel TNV aitnon.

Eévmypetntig Eyypapav (Registration Server 1j Registrar)

‘Evag e&ummpemntg eyypapav déyetal povo ontnoetg eyypoens (unvopatoa REGISTER)
amoppintovtag omowdnmote GAAa unvopoto mov pmopel mbavadg vo AdPel (oe avtd
amovta pe to unpvope 501 Not Implemented). KaBdg évag kivntog ypniotng aArdlet
meployn omoktd o véa [P d01evbvvon kor mpémer va eyypoeel otn tomiky Pdon
dedopévov kabmg Kot otnv owela Pdorn dedopévav Tov, £T61 OGTE Vo, UIopel va Tov
evtonicel omoloodnmote embupel va emkowvovioet poll tov. Avtd yivetar epiktd
arootéAlovtag KatdAAnia unvopato REGISTER otovug 600 avtictoyovg eEvmnpetntéc
EYYPOP®OV, Ol OO0l EVIUEPOVOLV KATOAANAQ TIG avTioTowes PAcElS OE00UEVOV TMV
TEPLOYDV OTIS omoieg avnkovyv. O eEumnpettg aVTOG OmOTEAEL TN HOVOSIKY] OVIOTNTO

OV UTOPEL VO TPOTOTOLEL KO VO, EVIUEPDVEL TIG EYYPOAPES OTIC PACELS OESOUEVMV.
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2. Kwnrikdémta pe ypron SIP

2.1.2 Mnvopata tov Ilpmtokéirov "Evapéng Xvvodov (SIP Messages)

YAomowovvtat 600 1M unvopdtov oto [pmtoéxorro ‘Evapéng Zvvodov:
e Mnvopata aitnong — arocsTEAAOVTAL OO TOV TEAGTT TPOG TOV EELMNPETNTY

e  Mnvopata amdKpiong — AmocTEAAOVTAL OO TOV EELTNPETNTA TPOS TO TEAATY

Mnvouara Aityons

Ynapyovv 13 dwpopetikd pnvopato oitmong (6 &£ avtodv mEPLYPAPOVTOL OTIG
POy papEG Tov TPWTOKOAALOL 610 RFC 3261 kot ta violowa 7 oe Eexymwpiotd RFCs).
Ta pnvopoato INVITE, REGISTER, BYE, ACK, CANCEL ka1t OPTIONS anotehobv Tig
apykég pebodovg mov eiyov viomomBel oto SIP. Ta vmdéiowma pnvopoto REFER,
SUBSCRIBE, NOTIFY, MESSAGE, UPDATE, INFO kot PRACK meprypdpovion og
Eexoprotd RFCs. O oxomdg g OWAMUOTIKNG GUTAG €ivol 1 HEAETN UNYOVICU®V
dwyeiptong kivntikdtnTag o€ acHppTe SIKTLO Kol KUPIMG 1) VAOTOINGT TOV UNYOVIGUMV
avtdv oto mepParlov efopoiwong Network Simulator mdve ond 1o IlpwtdéxoAiro
‘Evap&ng Zvvodov. ‘Etot viomomcape povo 5 and ta 13 pnvdpota aitmong, avtd mov

EUTAEKOVTOL GTNV KIVITIKOTNTO KO TO OO0 TEPLYPAPOVTOL AVAUAVTIKA TOPUKAT.

Mnvopo INVITE

To puqvopo INVITE ypnopomoteiton yioo v évapén cuvodwv peTald d0o Tpaktdpmv
ypnot. Xto unvopo INVITE mov amootédvetor oamd KOmMO0 TPAKTOPO YPNOTN
TEPEXOVTOL TANPOPOPIEG TYETIKA [e TN TOLdTNTA LANPEGiag TG (eVENG oL TPOKELTAL VL
eykotaotafel (Quality of Service), mAinpoopieg acpareiog (security information) Ko
Kot TANPOPopieg mov agopolv to pésa Tov Kahovvto (media information of the caller).
Mo cOvoo0g apytkomotleitor HOVO OTOV 0 TPAKTOPUS YPNOTY TOL KaAovvTa AdPel — amd
TOV OHOTIHO TPAKTOPQ POt 6Tov onoio €otethe o punvopa INVITE — 1o pivopa 200
OK a1 amooteirel og avtov 1o unvopo ACK. Katd ) didpketa g enkotvoviog autnig,
0 TPAKTOPOS YPNOTN TOV KOAOVVTO — oL amootéAlel To unvopa INVITE — evepyel cav
nmeldtng (User Agent Client) kol 0 TpdKTOpOg ¥pNOTH TOL KOAOVUEVOD GOV EEVTNPETNTG
(User Agent Server). Mo emtoynuévn aitnon INVITE eykabiotd éva didroyo petalo
000 TPAKTOPWV ¥PNOTH, 0 0moiog TepuatileTal e TNV amocsToAn evog punvopatog BYE

a7td OTOLONTTOTE EK TV dVO TAEVPDV.
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2. Kwnrikdémta pe ypnon SIP

‘Eva mapaderypo porig unvopdtov mov agopovv oto INVITE napovoidletal oto oynuo

4,

UAC

INVITE

100 Trying

180 Ringin

200 OK
W*

<+-MEDIA SESSION-»

Xyfqpa 4: Mivopo INVITE.

‘Evag UAC mov apywkonotet éva prvopo INVITE, dnuovpyet éva povaodwod Call-ID to
omoio Ba ypnoyomoteital kad’ OAn TN SdpKelo TG KANONG Kot apykonolel to medio
CSeq 10 omoio Ba av&avetan yio ke véa aitnomn mov avikel oto idto Call-ID (o 61
6VUV000). Xt0 edia ™G emkePaiidag To kot From tov ev Adym unvdpatog mepiéyovrot ot
povadikég devduveeig SIP (SIP URIs) tov mpaktdpov ypiot Tov KAAOVUEVOL KOl TOV
KaAoOvTa avtiotoyo kot oto medio Contact Bpioketan 1 dievBvvon tov UAC €tol dote
va pmopet va emkowvovinoet poli tov o UAS. O cuvovaopog tov nediov To, From kot

Call-ID amotelohv &va Lovadtkd avayvmploTiko yio kdbe didAoyo.

Exto¢ and v mepintwon Evapéng pog cvvodov, éva punvopo INVITE anoctéiveron
010 péco g kAnong (mid-call) peta&d 600 mpakTOP®V YPNOTN OO TOV TPAKTOPO
YPNOTN EVOG KIVOVLEVOL ¥PNOTN 0 omoiog aAlalel meployn. To pivopa avtd mepiéyet o
0o Call-ID 6nmwg xor to apyikd INVITE mov ypnowomombnke yu v évapén g
oLuvedoL avTNS. Me tOo pnRvopa avtd, 0 AMOCTOALNG TOL UNVOHOTOS emBupel va
EVNUEPADOEL TOV TOPOANTTN Yio TN véa ToL devbuven v omoia tomobetel oto medio

Contact.
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2. Kwnrikdémta pe ypron SIP

Ta vroypewtikd media tov unvopatog INVITE eaivovion otov mivaka 1.

Ynoypeotika
TEOLD TOV

VORaTO
INVITE
Call-ID
CSeq
From
To
Via
Contact
Max-Forwards

MMivexog 1: Yrnoypeotikd nedio tov pnvopatog INVITE.

Mnvoua REGISTER

To pfvopa REGISTER amootéivetar omd éva mpaktopa y¥pMotn HE OKOTO va
Kowvomomoel 6to diktvo SIP ) mapovoa dievbuvon Tov v omoia tomobetel oto MEdiO
Contact tov unvopotog. Me 1o Tpdmo owtd, OAeg 01 auThoELS OV amevBivovial 6e avTdV
(oto dwkd tov SIP URI) Ba otédvovtar oe ovt) 1t véa oevbvvorn. Ta pnvouarto
REGISTER «atevBovovtar mpog tov elummpetnt) eyypoeav (Registrar) o omoiog
evnuepmvel 1 Pdomn dedopévmv g meploxns tov. H eyypaoen tov mpdktopa ypfotn oev
amorteitol yio vo Tov emTpamel vo ypNoLomomoel évav  tomkd mAnpeovolo
egummpem Yoo eepydpeveg KANGCE oALG elval avoykoio €161 MOTE Vo OEYETOL

E10EPYOUEVEG KANGELS amd KATO10 TOTKO TANpeEovoto e&umnpetnty).

Onwg kot oto ppvopae INVITE étot kot oto REGISTER, 10 medio CSeq av&dveton yo
kéBe aitmon REGISTER aAld m ypnon twv mediov To, From ko Call-ID Swagpépet
elyota amd aAleg artoels. To medio To mepiéyel to SIP URI tov mpaktopa ypnot o
omoiog Ba eyypapel ko 1o medio From mepiéyer to SIP URI tov amootoréa tng aitnong
10 omoio cuvniBw¢ eival to 1010 pe ekeivo TOL TPAKTOPO. XPNOTN TOL TPOKELTAL VO

eyypagel. Alapépel 6N TEPITTOON TOL £VOG TPAKTOPAS YPNOTN EYYPAPETOL OO KATOLO0
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2. Kwnrikdémta pe ypron SIP

dALo mpdakTOpO XPNOTN. TN TMEPimT®OT ot 10 medio From mepiéyer to SIP URI tov

TPAKTOPO. TOV KAVEL TNV EYYPAPT.

‘Eva mapdderypa pong pnvopdtov mov apopovv 6to REGISTER @aivetat oto oyfua 5.

User Agent Registar Server
REGISTER

.
-

Xyfpa 5: Mivopo REGISTER.

Ta vroypewtikd nedio tov unvopatog REGISTER @aivovtat 6to o kdto mivako 2.

Ynoypeotikd
nedia TOV

P VOROTOG
REGISTER
Call-ID

CSeq

From

To

Via
Max-Forwards

Mivexog 2: Yroypewtikd nedia tov unvopatoc REGISTER.

Mnvoua BYE

To pfvopa BYE  ypnotpomoteiton yio 10 TEPUOTIOHO HIOG OLVOOOL TOL  EXEL
gykataotafel ek tov mpotépov pécm tov pnvopotog INVITE. To pnvope BYE
ATOGTEAVETOL POVO OO TEPUATIKN ovioTNnTa (TPAKTOpO ¥pNoTn) M omoia embouel va

TEpUATIGEL TN GHVOOO Kol TOTE amd TANPEE0VGL0VG EELTINPETNTEG.
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2. Kwnrikdémta pe ypron SIP

Ta vroypewtikd media tov unvopatog BYE gaivoviot 6to mo kdtw wivoka 3.

Yroypeotikd

ntedio TOL
pnvopoetog BYE

Call-ID
CSeq
From
To
Via
Max-Forwards

Mivexog 3: Yroypewticd media Tov unvopatoc BYE.

Mnvopo ACK

To ppvopa ACK amootéAveton ¢ avapopd Ayme TOV UNVOUATOV TEAMKNG OmOKPLoNG
TOV OTOGTEALOVTOL KOTA TN StdpKeELD TG PONG UNVLHAT®V TTov akolovBovv to INVITE.
TeAkd pnvopata amoxpiong opilovrat oto Ipwtoxkorrio Evapéng Zvvddov ta unvopoto
KAGoNg 2xx, 3xX, 4xX, 5xx, 6xx ta omoia Oa avapepBovv apyotepa. H avapopd Ayng
ACK, tov unvopdtov arndkpiong 2xx (m.y. tov unvopotog 200 OK) otéhvetal and dkpo

€ 0KPO, OAAG Yoo OMOWONTOTE GAACL UNVOUOTO OTOKPIONG 1) OTOGTOAN UNVUUAT®V

yiveton Brjpa — Prpa.

Ta vroypewtikd media tov unvopatog ACK eaivovton 6to mo Kdto wivoaka 4.

Ynoypeotika

ntedio TOv
pnvopatog ACK

Call-ID
CSeq
From
To
Via
Max-Forwards

Mivakog 4: Ynoypeotikd nedio tov pnvopotog ACK.
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2. Kwnrikdémta pe ypnon SIP

Mnvoua MESSAGE

To ppvopo MESSAGE ypnowonoteitol yio t HETOQOPE GCOVTOU®Y pnvopdtov (instant
messages — IM) méve amd 10 mpwtOKoALo onuatodociog SIP. Ta punvdpoata ovtd
aVTOAAAGGOVTOL GE TPOAYUOTIKO ¥pOvo HeTAED 000 TPOKTOP®V XPNOTN KOl UTOpovV Vo
amocTEAAOVTOL KOTG TN 7Topovsio. cuvddov 1 Ywpig TV mopovsio cvvodov. O
anoctoréag tov unvopatog MESSAGE déyeton to puvopa amdxkpiong 200 OK pe to

01010 0 TEAKOG amodEKTNG moTomolel TV opOn Taparapr) Tov uvVOLOTOG.

"Eva mopdaderypo pong pnvopdtov mov agopotv 6to MESSAGE ¢aivetar oto oynua 6.

!
I
!
I

1NN

1NN

)

User Agent Proxy Server Proxy Server
MESSAGE

200 OK

I
L mew
MESSAGE
JEC- —

200 OK 200 OK

\>\

MESSAGE

Xyfqna 6: Mnvopa MESSAGE.

Ta vroypewtikd nedia tov unvouatog MESSAGE ¢aivovtat otov mivaka 5.

Ynoypeotikd
nedia Tov

P VOROTOG
MESSAGE
Call-ID

CSeq

From

To

Via
Max-Forwards

Mivekog 5: Yrnoypeotikd nedio tov pnvopoarog MESSAGE.
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2. Kwnrikdémta pe ypnon SIP

Mnvouara Anoxpiong

To punvdpata amdkpiong eivor pnvopato mov mapdyoviol amd £vov TPAKTopo YPNoT
eguvmpemt (UAS) 1 évav elumnpemt) SIP  (mAnpegodolog e&umnpemtg 1
eEummpem g avakotevbuveng) yio va amokplodv 6e KAmolo aitnon €vOg TPAKTOPQ
ypnotm meddtn (UAC). H amdkpion pmopet vo mepiéyel kdmowo mpocHeta medio

EMKEPAAIDNG TTOV TEPLEYOLY AN pOPOpia, xpriown Yo To UAC.

Yrdpyoov 6 kAdoelg unvopdtov amokpiong oto [pwtdékoiro 'Evapéng Xvvooov ot

omoieg paivovtol TopoKdT®m oTov Tivaka 6:

Kidon Ileprypaon \ Agrrovpyia

Ixx Evnuépmon ANAGVEL THV KOTAGTOOT TNG KANONG TPV amd TNV
Informational 0AOKAPWOT.

2xx Emruymc ExBoon Emtoynpévn aitmon. Av mpokettal yio andkpion €
Success uvopa INVITE, 1o uivopa ACK mpénet va otalet.

3xx AvaxotebBovon O g&umnpemn g vrodnimvetl mBavég devBivoets. O
Redirection el umopel va Eavaoteilel kel véa aitnon.

4xx Zedipo Ieddt H aiton amnétuye Adym AdBovg mov €xove o
Client Error medatg. O meddng pmopel va Eavaoteiher v

aitnon pe Baon v andkpion mov ElaPe.

5xx Amotuyio ESumnpetnt | H aitmon anétuye Adym AdBovg otov eEummpetnty.
Server Failure H aitnon umopel va otarel o€ dALo eEumnpetnty).

6xx I'evikn Amotuyia H aimon amétuye xor 0e cuviotatol vo amooTtalel
Global Failure 6€ VTO 1 GAAO ELINPETNTY.

Mivaxog 6: KAdoeg pnvopdtov amdKpiong.

Mnvouato Eviuépmwonc — 1xx

e  Mnvoua 100 Trying

To puvopa ovtd amoctédvetor and Evav mAnpegovoto eEummpet) 1 €vav TpaKTOopa
YPNOTN KATA TN OLdpKELD TNG EMEEEPYATIOG piag KANONS. AnAdvel OTL 1] KA|ON TUYYAVEL
enefepyaciog Kor wotafdiieton mpoomdbelo €evpeong €vOC ypNoOTN  YWPIS va
pocdopiletar Katd moco Exel Bpebel. To pnvopa avtd dev mpowbeiton kot cuvnBmg dev

epEyeL TV emkeParida To.
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2. Kwnrikdémta pe ypron SIP

e  Mnvopa 180 Ringing
To pnvopa owtd ypnoiponoteitot yio va vtodniooet 0Tt Eva pvopa INVITE €yet Anebei
and TO TPAKTOPO YPNOTN TPOOPICHOV KOl KATO0G HNYovicpds swomoinong (m.y.

KOLOOVVIOUO) EYEL EVEPYOTOMOEL Y100 VOL EVIILEPMDTEL TOV XPNOTH.

Mnvouoto Ernrtuyovc Exfaong — 2xx

e  Mnvoupa 200 OK

To mwvopa avtd €xel dvo ypnoelg oto Ilpwtdéxorro ‘Evaping Xvvdoov. [lpotiota
YPNOUOTOIEITO Y10 TNV Aodoyn Evapéng cuvOd®V, OmOTE TEPIEXEL OTO KLPIWG LEPOG TOV
ocopatdg Tov o péca emkowvmviog (media properties) tov kaiovpevov (UAS). Emiong
OTOV YPNOLUOTTOLEITOL GOV OOKPIOT GE GAAEG OUTNOELS ONAMVEL EMTUYYN TEPUATICUO N
amodoyn g aitnong. Xto nedio CSeq Tov punvdpatog ovtod meprrappdverol to £100¢ g

aitnong mov teppatifetal pe avtd o unvopa 200 OK.

Mnvouoto AvakotevBuvone — 3xx

e Mnvopa 302 Moved Temporarily

To upvopa avtd ATocTEAVETOL OO TOV TOTIKO TANPEEO0VG10 EELINPETNTH EVOC TPAKTOPA
xpnot (o omoiog avalnmOnke pe Baon to SIP URI tov) yuo va dnAdcel adliayn g
devBvvong tov mphktopa ypfotn. To pnvopo mepéyet oto medio Contact Tng
EMKEPAAIdOG TOV, TN VEQ O1eVBVVOT TOV TPAKTOPO YPNOTH TPOOPIGHOD TOV THUVDS VoL
€xel aALAEEL AOY®D TNG LETAKIVNONG TOL GE KAMOlM VEQ TEPLOYY] £TGL O OMOJEKTNG TOV

unvopatog 302 Moved Temporarily vo amevBuvBel ot véa dievbBouvon tov mpakTopa

YPNOTN TPOOPIGLOV.

‘Eva mapdoetypa porig unvopdtov mov apopovdv oto 302 Moved Temporarily @aiveton

67O oYU 7.
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2. Kwnrikdémta pe ypnon SIP

User Agent A Proxy Server Home Proxy Server Visited Proxy Server User Agent B
INVITE
INVITE

302 Moved Temporarily

\%»
‘w// 200 OK
180 Ringing /

INVITE

T ACK
T ACK

MEDIA SESSION >

Xyfqpa 7: Mivopa 302 Moved Temporarily.

Mnvouato Xodiuatoc Ieldrn — 4xx

e Mnvopa 404 Not Found
To ufvopa Not Found vrodnimver 6t o mpog avalrtmon — pe Pdon to SIP URI tov —
TPAKTOPOS XPNOTN, O Umopel va eviomiotel and tov eumnpent 1 611 0 ¥pnotng dev

€XEL TPOG TO TOPOV EVEPYOTOGEL TO TPAKTOPO YPTOTN TOV (TN GLGKELT] TOV).

2.1.3 lIedio Emkeparidoog Tov pnvopdatov tov lpotokéirov ‘Evaping
Xvvodov

Ta nedia emkepaiidog twv unvopdtov tov SIP propodv va doympiotodv ota medic mov
opifovtar and dkpo ce dKpo kot ota medio mov opilovtal and Prpa oe Prpo. Ta media
mov opiCovtar amd Pruo oe PAua elvar avtd to omoio umopel vo glodyel N vo

TPOTOTOOEL — GE PUEPIKEG TEPUTTMCELG — EVOG TANPEEOVG10G ELTNPETNTIC.
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2. Kwnrikdémta pe ypron SIP

Ilgoio Contact

To medio emkeparidag Contact ypnoponoteiton yio ™ petafifpoaocn tov SIP URI pe 1o
omoio avayvopiletar 0 amooToAéng og aitnong (request) | pog andkpiong (response).
To medio avtd sivor voypemtikd va vrdpyel oe O6Aeg 11g outnoelg INVITE kot otig
amokpicelg 200 OK. Otav Anebel Eva pmvopa tov mepiéyet 1o medio Contact, TOTE 1 TN
Tov TEdIOV aVTOV amofdnKeveTOl TPOooWPIVA Yid va ypnolpomoindel oe peAAovTiKEG
a1toelg mov Bo amooTaAoVV TPOG TOV TMPAKTOpa YPNotn Stov omoiov to SIP URI

Bpioketat oto Contact.

Ilgoio From

‘Eva and 1o vroypemtikd medio oe éva omolodnmote pnvopa, €ival to medio From, 1o
01010 VITOINAMVEL AVTOV TOL £KAVE apykd TNV aitnor). Xto nedio From gyypdopetor n o
amd TS 6vo dtevBuvoelg mov yperdlovior yo vo. avoyvopiletal HOVOGHHOVTO o

cuvopdio. Xto medio avtd tomobeteiton  SIP URI tov kadoOvta ypnotn.

Ilgoio To

To medio emkeparidog To vTodeikvieL TOV amodéKTN oG aitnong. AViKeL Kot avTod 6T
vroypewtikd media twv unvopdtov SIP. Mali pe to medio From wabopilovv
cuvopAio Ko €01KOTEPA TNV KOTEVOVVGN TG GLVOUIANG, dNAOT TO Tolog (Tedio From)

£Kave apyIKa tnv aitnon kai og mwotov (nedio To).

Ileoio Cseq

[Ipoxertar yioo A0 €vo vroypewtikd medio emikepaiidag. [lepéyer évav aplOud mov
avéavetar o KaOe véa aitnon kot £va ovopa pebooov (m.y. INVITE, BYE, REGISTER).
To nedio avtd ypnowonoteital and toug UACs o va katorofaivovy e mola aitnon
avtioTotyel M andkpion mov Exovv mapel. o moapdderypa, Evag UAC mov otédvel o
aitmon INVITE ot ot ovvéyewn po aitnon CANCEL 6o xotoidfel amd 10 dvoua
uebooov mov avaypdeeton oto medio Cseq av 1 amokpion 200 OK mwov Oa mapet

avapépetor 6to INVITE 1 6to CANCEL.
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2. Kwnrikdémta pe ypron SIP

2.2 Awyeipron Kivnrikétnrog oto lpwtokoirro ‘Evapine Xvvodov
(Mobility Management in SIP)

Onwg éyel avapepbel oty apyn avtng g evotntag to SIP vmootnpiler dwyeipion
TPOCOTIKNG  Kivntikdétrag. Me  avtoddoyn pnvopdtov  SIP  emtoyydvetor kot
vrootpiEn kvntkotrag [P onladn dvvatdtmra va Kiveitoar Evag xpnotng evocm o
oVV000G elvarl gvepyn. Oa mepLypayoLpe TNV KvnTIKOTNTO LE dVO GEVAPLN TO TPMTO
aPOpPA GTNV TEPIMTMOOT TOV £VOG KIVOUUEVOS XPNOTNG AAAALEL LTOSIKTLO TPV VAL Yivel
Kkdmola aitnon yw eykatdotacn kKAnong (pre-call mobility) kot o dedtEpO OUIPOPE GTNV
TePITTOON OV 1M GAAAYT VTTOJIKTVOV YiveTal Kotd T1 dtdpkeln Kamotog kKAong (mid-call

mobility).

2.2.1 Pre-Call Mobility

Ye vty TNV mepinToon, Otav 0 Kwvovpevog host petaxwveitor petald VTOOIKTOOV
eyypdoeton o £va E€ummpetnt Eyypoaeov SIP ( SIP Registrar server) tov otkeiov tov
owtoov (home network) oOtwg dote va pmopel vo Ppebel. Avtd aviiotorel oty
nepintwon tov Mobile IP mov o kivovuevoc host evnuepwvel tov Ipdktopa Oweimv Tov
0Tt dAAa&e vmodiktvo. Otav o xkaAdv ypnomng oteider éva pvopo INVITE otov
Kivoopevo ypnot, o [inpegovoiog EEunmpemn g tov vmodiktdov Tov Kivovpevou host
€xel TV mANpoopia yio To oV PPIicKETAL, EVIUEPDOVEL TOV KAAOVVTO TPOG T TOV £XEL
petokivnOel o mpog avalnon ypNotng He TEMKO amotéAecua TNV avakatehlvvon

(redirect) Tov apykov INVITE (BAéne oymua 8).
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2. Kwnrikdémta pe ypnon SIP

SIP Server

Home Netwoxk

Internet

Foreign Network

Xynqpo 8: SIP pre-call mobility.

2.2.2 Mid-Call Mobility

Av 0 kwvobOuevog host petaxvnOel Katd ™ OGPKEWD OGS GLVOOOVL, GTEAVEL £Vl VEO
INVITE otov kadobvta xpnotn ypnOULOTOOVTOS T 1010 YopaKTnplotikd kAnong (call
identifier) pe ovTd TOL YPNOCWOTOMONKAY GTNV OAPYIKN EYKOTACTACN TNG KANOMG.
TomoBetel ) véa tov IP dievbuvon oto medio Contact tov unvopatog SIP étol dote va
evnuepmBel 0 KOADV YPNOTNG YOO TO TTOL VO GTEAVEL To emOpeva pnvopoto (PAéme

oynpa9). To wyvopa SIP INVITE €xet v axoiovdn popoen:

INVITE sip:sender@correspondent.com SIP/2.0
Via: SIP/2.0 /UDP new.ip.address.com:5060
From: sip:mobile@home.ip.address.com
To: sip: sender@correspondent.com

Subject: Changing my IP address

Contact: mobile@new.ip.address.com

Cseq: 123456789 INVITE

Call-ID: ...

Onwc PAémovpe, 0 KVOOUEVOS YPNOTNG ME Ovopa mobile evnuep®dvel tov KoAOVVIO
xpnot pe 6vopa sender. H véa IP dievBvvon (pe to DNS 6vopa new.ip.address.com) tov

mobile ToroBetOnke oto medio Contact.
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2. Kwnrikdémta pe ypnon SIP

SIP Server

Home Netw

Internet

Foreign Network

3.DATA

yfpa 9: SIP mid-call mobility. O kwvobdpevog host alhdlel vrodikTvo.

Téhog, apob TEAEUOGEL M TO TAVED onpatodocio kot emitevydet n damopnn (handoff), o

Kvovpevoc host evnuepdvel tov owkeio tov E&uanpemt Eyypaodv yuo v véa tov

dtevbuvon £to1 doTE HEALOVTIKEG KANCELS Vo avaKatevfOivovtal cwotd (PAéme oynual0).

SIP Server

Home Netwoxk

ﬁ Internet

2.SIP OK

Xympe 10: SIP mid-call mobility. O kwvobduevog

host gvnuepmvel Tov owkeio Tov Server.
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2. Kwnrikdémta pe ypron SIP

2.3 Ilgpropropoi oto SIP

Ot unyavicpoi kwvntikéttag tov SIP dev pmopovv va vrootmpiéovv TCP cuvoéoelc.
Avtd éykerton oto yeyovdg Ot or TCP ouvvdéoelg oamaitovv otabepd Cevyn 1P
dtevBouvoewv ko Bupav. 'Etol oe evoeydpevn €600 KATO0V KIVOOLEVOL ¥PNOTN OE Eval
véo vmodiktvo (handoff), kétt mov cvvemdyeton ko aArayn IP dievBvvong, ot TCP
ocuvdéaels kOPovtal. Avtd mov mpoteivetal eivat va ypnopomoteiton kivntikdtnta SIP yo
EMKOWVOVIEG TPAYHATIKOV YpOvov (emvn kot video) mhveo and UDP, evd oe mepuntdoelg

TCP ovvoéoemv paxkpdag dbpkelag (telnet, ftp, irc) va ypnoyonoteiton to Mobile IP.

Qotoc0, vapyovv kdmoleg epapuoyég TCP mov pmopodv va tpé€yovv e Kivovueva
tepuatikd Internet (mobile Internet terminals) kot va Boacifoviol otnv KivnTikOTNTO pE
ypnon SIP. Tlpoxerton yio €@appoyéc mov amotovv UIKPNG OLAPKEWNS CULVOECELS
pewwvovtag étotr v mlavotnta kamowe Owamopny] (handoff) va omdoer v TCP
oLVOEDN. XTIG EPUPUOYEG OVTEG cvumeptlapBdvovial ot Thonynon oto owadiktvo (web
browsing) kafd¢ kot ot cvvdioArayég e-mail (SMTP mail upload, POP/IMAP mail
retrieval). Exto¢ amd ™ pikpn toug d1dpKelo To Tp@TOKOAAN OVTOV TOV €100V¢ £YOVV TN
duvatodTTo ETAVOPOPAS epaproydv (application-layer recovery) yiati eivon oyedacpéva

va Aertovpyolv o€ mepPAAlovia EDAAMTO o€ O10KOTES, OTWS 01 cLVOEsEeLg dial-up.
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3. Avéivon, Zyediaon kot YAonoinon tov SIP 6to NS-2

3. Avalvon, Xyeoiaon ko YAomoinon tov Ilpotokdirov
"Evapéng Xovvooov oto mepifpdirov eCopoimong OIKTO®V

Network Simulator v2.27

3.1 Avaivon ko Xyedioon

Ymv mopovoo SWMAMUOTIKY gpyocio, Omwg £xel mpoovoapepbel, vLAOTOMOGCAUE TIg
ovtdTTeS mov LVILAPYOLV GE €va dlkTvo onuatodociog SIP kKabBdg kot kKamow and To
unvopato, wwitepo oVTd OV ATOTEAOLV Tn PAcN TOL GLOTHUOTOS Olayeiplomg

KIWNTIKOTNTOG GE acVPHOT dTKTLA TTOV YPNGLoToovy To SIP.

3.1.1 Koppor (Nodes)

Ocov agopd 11 Loyikég ovtotnteg mov vdpyovv oto SIP, viomomoape tov mpdKTopa
xpnot (User Agent), tov mAnpegovoto eEunmpetnty (Proxy Server) kot tov e&umnpen

Katayopnoswv (Registrar).
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3. Avéivon, Zyediaon kot YAonoinon tov SIP 6to NS-2

SIP Proxy Agent

target
Port .
classifier
255 ]
5060
Hierarchical
classifiers own IP address
1&&
entry /
QH level2 DSDV
Routing
) Agent
levs\\ defaulttarget
target
uptarget LL
downtarget :

Channel

Yyfqpa 11: Ztobpog Baong oe diktvo SIP.

Ewdwotepa viomomoape 600 QUGIKEG OVTOTNTES: €vav TPAKTOPO, YPNOTN Kol GAAN pio

(QLGIKT OVTOTNTA 1] OTO{0L TAPEYEL TN AEITOVPYIKOTNTO TV dVO AOYIK®V OVIOTHTWV Proxy

Server ko1 Registrar.

Kdabe kopPoc mov vdpyetl o €va diktvo onuotodociag to onoio Asttovpyel pe faon to
[Mpwtoxorro Evapéng Zvvodov, eite mpokettor yio kivntd kouPo (mobilenode) eite
npokelrtan yio otafuo Pdong (base-station node), £xel oyedinotel €161 M®OTE VO VAOTOLEL
T dv0 dpopetikd emineda (o) onuatodociog — eAEyyov (control plane) kot (B) yprot
(user plane) (BAéne oynual3l). 'Etotl kéBe kdpupog mov viomotel Evav mpdxktopa ypnotn M

évav minpegovoto efumnpem — e&ummpetnT) €YYpap®v, Ba €£xel Tov avtictolyo agent
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3. Avéivon, Zyediaon kot YAonoinon tov SIP 6to NS-2

(User Agent 11 Proxy Agent avtioToiy®g) Vo «OKOVEL YO OUTNOELS 1| OMOKPIGELS

unvopdtov onuoatodociog, ot Bvpa (port) 5060. EZta vmoOrowmég OOpeg (ports) Tov

KOpPov, uropovv va tpocdefovv (bind), d1bpopeg dAheg epapuoyés. Zta oynuato 11 kot

12 paivovton mapactatikd ot KopPot (Kivntdg kopPog kot otabudg faong aviictoya) Kot

ot ovtotreg (vd popoen agent) tov IpmwtokdAhov SIP (mAnpeEovoiog eEuanpetng —

eELMNPETNTNG EYYPOPDOV) TTOV EYOVUE VAOTOMGEL 6TO NS.

target
Port =l  SIP User Agent
classifier
255
5060
Hierarchical
classifiers own IP address
le\¥l3\
entry_ /
QH level 2 DSDV
Routing
- Agent
IEVE\\ defaulttarget
target
uptarget IL

downtarget

Channel

Zympo 12: Kwntog kopfog og dikrvo SIP.
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3. Avéivon, Zyediaon kot YAonoinon tov SIP 6to NS-2

CBR .;» . '<‘ FTP

[ ]
[ ]
° [
i i STP
U - plane C - plane

Transport Layer

Network Layer Node/MobileNode

Data Link Layer

Physical Layer

Xympae 13: Node/MobileNode

3.1.2 Baoeig Agdopévav ESunnpetnti Eyypaedv (Registrar)

Yiomomoope Tig Pacelg dedopévov tov kdbe eEummpent) €YYPOPOV cov apyeio pe
ocvykekpipévn popoen. Ta apyeio ovtd dnpiovpyodvtar amd 1o KaOe Registrar katd v
apywonoinon tov kébe otabuod Pdong omv Tel kot éxovv 600 othreg. TV TPAOTN
otAn Pplokovtar ot owbéoueg 1P devBivoelg kabe meployng otr omoieg cuvdpa
aroteAoVv kal To SIP URI twv ypnotdv mov avikovv — pe Bdon to IP — otnv meploym
avt (gtvon  owela Tovg mepoyn). H Paon dedopévav oty owkeia meproyn tov Kabe
TPAKTOPOL YPNOTI, TEPLEYEL OTN OeVTEPN GTNAN, dimAa amd To SIP URI tov, T dievbuvon
oL €xel 0 KABe KivoOpeVOS TpakTopag Kabe ypovikn otryun (o€ omotodnote domain ki
av Bpioketar). ‘Etol o owkelog mAnpeEovolog eEumnpetng Umopel va EVIUEPDOVEL TOVG
eELINPETNTEC/TPAKTOPEG TOV ALTOVVTOL VAL EMKOWVMOVIGOLV LE QUTOV, YL TN VEQ TEPLOYN
omv omoia Ppioketon. Emiong worrdloviag to apyeio avtd, €vag mAnpe£ovciog
eEumnpetng umopel va evnuepwBet yua to oot Tpdktopeg ypno Ppiokovtarl péca ot

TEPLOYT TOL.

3.2 Yhomoinon

O «x®dwag vAomoinong TV TOPATAVE  OVIOTHTOV YPAPTNKE OTN  YAMGGO
npoypoappatiopod C++ kabog kot ot scripting language OTcl kot evoopat®Onke otov

k®otka Tov NS v2.27. Ta apyeio avtd 6o mopovclacTtolv avaALTIKA TopaKAT®, OTmG

44



3. Avéivon, Zyediaon kot YAonoinon tov SIP 6to NS-2

Kol PEPIKES TPOTOMOMGELS oL £yvav og Odpopa dAra apyeio (C++ ko OTcl) mov
oI pyYav NOM 010 KoK Tov NS v2.27, o1 onoieg lyav Kataotel avaykoies yio

AELTOVPYIKOTNTO Kot TNV 0pOT| EKTEAEGT TNG EQPOPUOYNG HOC.

3.2.1 Apyeio sip.h

To apyeio sip.h mov mapatiBetor Mo KAT, TEPIEYEL TOVG TOTOVG TOV UNVOUATOV TOV
[pwtokdéArov 'Evapéng Zvvodov, ™ oMAmon g doung tov Kabe unvOuaTog mov
ypnoorombnke oty €oppoyn kobmg kol TG ONAMCES TV KAAGE®V TV 000

OVTOTITOV.

Onwc oaiveton, &povv vAomombel ta pnvopoto aitnong INVITE, REGISTER,
MESSAGE, BYE, ACK «at ta unvopata andkpiong 100 Trying, 180 Ringing, 200 OK,
302 Moved Temporarily kot 404 Not Found.

//Types of messages used in SIP protocol

typedef enum {

INVITE, //call initialization message

REGISTER, //USER AGENT -> PROXY/REGISTRAR -- User Agent is registered in the new region
//and in its home region

MESSAGE,

BYE, //call termination message

ACK, //acknowledgement message

TRYING_100,

RINGING_180,

OK_200,

MOVED_302, //PROXY -> PROXY -- User Agent is far from its home region (Moved temporarily)

NOT _FOUND_404 //User Agent not found

} SipRegType;

H doun g emkeporidoag tov kdbe pnvopoTog onpotodociog tov mpwtokOAiov SIP

eaivetal mapakdto. To Kuplotepa medio mov Ppickovionl oTnV EMKEPAAOX TOV KAOE
unvopaTog kot to. omoio glvonl amopoitnTa Yo TV VAOTOINOT TOV UNYOVICUOV

KvnTikotntog £ivot oautd mov eoivoviot o KaTo.

struct hdr_sip {

int invite_; //callee's IP address
int contact_; //caller's IP address
int from_; //caller's SIP URI;

int to_; //callee's SIP URI
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SipRegType type_; //type of the message

int index_; //the index of the application
bool expires_; //true for removing binding (default value = false)
SipRegType cseq_;

//Header access methods
static int offset_; //required by PacketHeaderManager
inline static hdr_sip* access(const Packet *p) {
return (hdr_sip*)p->access(offset_);

H dioon mg khdong mov agopd 6Tov TpaKTopa ¥PNoTn mapovctaletal topakdtm. H
KAdon avty cvpmepthappdver tig drdpopes peBodovg (methods) mov ypnowomnotel 1

KAGon avtn (extdg amd T1g standard pebddovg Tov NS) ot omoieg sivat:

e sendRegister(int newlp)
Mé£Bodo¢ tov mpdKTopa ¥pNoTN M Oomoia KOAEiTAL OTTOTE £VOG YPNOTNG EICEPYETOL GE MO
véa Teployn Ko £xet amoktnoet o véa dtevbuvon IP. H pébodog avtn, katackevalet Eva
pvopo REGISTER kot 10 amootéliel otov eEumnpetnth Yypae®V TG VEOS TEPLOYNG
oL HOMG €xel €lGEADEL O YPNOTNG, HE OKOTO VO YiVEL M €YYpaPn TOV ¥pNotn 611 Paon

OedOUEVDV TNG VENS TTEPLOYNG.

e removeBinding()
Mé£B00o0g tov TpakTopa xpNoTn M omoia KaAeitan Omote €vag xpnong e€épyetal omd o
nepoyn. H pébodog avtn, kataokevdletl éva pnvopo REGISTER (ue to medio expires =
true) Kot 10 amocTEALEL GTOV EELMNPETNTH EYYPUPAOV TNG TOALAS TEPLOYNG OO TNV OTToio
oL HOALG Exel e€€NDeL 0 YpNOTNG, e OKOTO VA Yivel ofMoTEL 1 £yypOpY| TOV ¥PNOTN OO

) Bdiom dedopévav TS TAAAG TEPLOYNG.

¢ isInBounds(double x,double y)
Mé£B000¢ ToL TPAKTOPO YPNOTN 1) OO0 KAAEITOL TEPLOOIKA Y10l VoL EAEYEEL €AV O YPNOTNG
Bpioketon péco ota Opla pag mepoyng N av &xel e10éA0el oe o véa. O €heyyog avtdg
yivetor pe Pdaon v omdotoon ond Tovg TANPEEOLGIOVE EELTNPETNTEG TOV  TOV

nepPdAlovv.
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//USER AGENT
class SipUAgent : public Agent {
public:
SipUAgent|();
int command(int argc, const char*const* argv);
void recv(Packet*, Handler*);
void timeout(int);

protected:

//method that sends REGISTER message whenever a User Agent changes region

void sendRegister(int newlp);

//method that removes binding whenever a USER AGENT goes out of bounds of his visited PROXY
void removeBinding();

//method that checks if the node is inside the area that a Proxy Agent covers; it is executed

// periodically

bool isInBounds(double x,double y);

SimpleTimer timer._;

string names[MAX_ELJ; //this array holds the name of the node and the names of agents that are
//attached on this node (except for the sip agent)

//Proxy Agent coordinates that the User Agent finds from a file

double xProxy_;

double yProxy_;

MobileNode *node_; //ptr to my mobilenode
private:

int mySipUri_; // Well known User Agent's SIP URI
int dstSipUri_; //destination's SIP URI

int communication; //shows the number of applications that are activated on every node

};

H oflwon g xAdong mov aeopd otov mAnpegovoilo eéumnpent — eSummpen

EYYPOPOV TOPOVCIALETOL TOPOUKAT®.

//PROXY SERVER - REGISTRAR SERVER
class SipPAgent : public Agent {
public:
SipPAgent(); //constructor of the class
~SipPAgent(); // destructor of the class
int command(int argc, const char*const* argv);
void recv(Packet*, Handler?*);
protected:
MobileNode *node_; // pointer to mobilenode
NsObject *ragent_; //pointer to the routing agent -- e.g DSDV

5

3.2.2 Apysio sip.cc

[TopatiBetor tunpatTKd To KAT® T0 OpYeio sip.cc. Apywd odlvovror emenynuotikd

oxoMa mhve otov kKmdwa tov [Ipdxtopa Xpriot (User Agent) kot émetta mOve GTov
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kddwa tov [TAnpeEovoov E&ummpemty — E&ummpemty Eyypoedv (Proxy Server —
Registrar).

Ilpaxtopoc Xpnotn (User Agent)

MéBodos command (int argce, const char*const™ argv)

H pébodoc command vAiomotel OAeg exeiveg Tig evépyeteg mov Ba yivouv HOAG 0 xpnoTng
N Kémo GAAN péBodog, dMoel KAmOw VIO otov mpdktopa ypnot wécw Tcl. Ou
EVTOAEG aWTEG elvan o1 akdAovOEC:

e open
Me Vv €VTOAN 0T EVEPYOTOLEITOL O TPAKTOPOS YPNOTN KO KAVEL AUECMG EYYPAPT] OTN
Baon dedouévav g mepoyng Héco oty omoia. Ppioketar, CTEAVOVTOC UVOUO

REGISTER ctov g€unmpetnti| €yypap@v TG TEPLOYNS OVTHG.

int SipUAgent::command(int argc, const char*const* argv)

{
if (arge == 2) {
//this command is executed at the beginning of every User Agent
if (stremp(argv[1], "open") == 0) {

Tcl& tel = Tcl::instance();

// Create a new packet

Packet* pkt = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// Initializing USER AGENT'S SIP URI and IP address
mySipUri_ = Address::instance().get_nodeaddr(addr());
dstSipUri_ = Address::instance().get_nodeaddr(daddr());

if(node_) { // Obtain reference to a MobileNode object so as to use the function base_stn() of
//the class MobileNode
// Check if this User Agent's Proxy Agent is the same as its nearest base station
if(STR2ADDR((GETPROXY(PRINTADDR(addr()))).c_str())==FINDCOORD(node_->X{(),node_->Y())-
>ip){
// If User Agent's Proxy = User Agent's base station => IS NOT ASSIGNED a new ip address
if(FINDCOORD(node_->X(),node_->Y())->ip != node_->base_stn())
node_->set_base_stn(FINDCOORD(node_->X(),node_->Y())->ip);

/

else { // User Agent's Proxy != User Agent's base station
// Packet to the VISITED PROXY requesting registration
if(FINDCOORD(node_->X(),node_->Y())->ip != node_->base_stn())
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node_->set_base_stn(FINDCOORD(node_->X(),node_->Y())->ip);
// Changing the nessesary addresses
string newlp = FINDFREEIP(PRINTADDR(FINDCOORD(node_->X(),node_->Y())->ip));

addr() = STR2ADDR((newlp).c_str());
sprintf{tcl. buffer(), "$%s addr %s",(names[0]).c_str(),newlp.c_str());
tcl.eval();
sprintf{tcl. buffer(), "[$%s get_ragent] addr %s",(names[0]).c_str(),newlp.c_str());
tcl.eval();
sprintf{tcl. buffer(), "[$%s get_ragent] sip %d",(names[0]).c_str(),mySipUri_);
tcl.eval();
sprintf{tcl. buffer(), "$%s move-dmux %s %s",(names[0]).c_str(), newlp.c_str(), PRINTADDR(addr()));
tcl.eval();

// setting the destination of all transport agents that are connected on this node
for(int i=1; i<MAX_EL; i++) {
iffnamesfil 1= ") {
sprintf{tcl. buffer(), "$%s set agent_addr_ %d", (nameslfi]).c_str(), addr() );
tcl.eval();

}

// Initializing headers

hdrip->saddr() = addr();

hdrip->sport() = port();

hdrip->daddr() = node_->base_stn();

hdrip->dport() = SIP_PORT;

hdrsip->type_ = REGISTER;

hdrsip->from_ = mySipUri_; //the sender of the request

hdrsip->to_ = mySipUri_; //contains the SIP URI of the USER AGENT that is being resistered
hdrsip->contact_ = addr();

send(pkt,0);

xProxy_ = FINDCOORD(node_->X{(),node_->Y())->x;
yProxy_ = FINDCOORD(node_->X(),node_->Y())->y;

timer_.resched(0.1);

return(TCL_OK);
/
/

e invite

Me v gvioAn avti N omoia maipvel gite €va gite dvo opiouata, divetal GUEST EVTIOAN
oTOV TPaKTOPa XPNOTN, va amooteirel unvopa INVITE cg éva opdtipo mpdxtopa xpnot
pe tov omoio €xel ek TV mpotépwv evobel (Lécm tng evioAng connect e Tcl), pe 10
omoio va outeiton TV Evopén pag povodpounc ovvdeong (1° Opioua) site pog

ap@idpounc ocdvdeonc (1° kou 2° dpiopa).

49



3. Avéivon, Zyediaon kot YAonoinon tov SIP 6to NS-2

Mnvouo INVITE ue éva dpiopo

else if (argec == 3) {
if (stremp(argu[1], "invite") == 0) {

// Create a new packet

Packet* pkt = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// IP Header

hdrip->saddr() = addr();

hdrip->sport() = port();

hdrip->daddr() = node_->base_stn(); // Visited Proxy Agent IP address
hdrip->dport() = SIP_PORT; // Visited Proxy Agent's well known SIP port

// SIP Header

hdrsip->contact_ = addr();  //Caller's IP Address

hdrsip->from_ = mySipUri_; //Caller's SIP URI | END to END USER AGENTS
hdrsip->to_ = dstSipUri_; //Callee's SIP URI | MUST BE CONNECTED
hdrsip->invite_= dstSipUri_; //Callee's IP Address

hdrsip->type_ = INVITE; //INVITE message

hdrsip->index_ = indexx; //Application index

applfindexx][O] = argv[2];

'

applfindexx++][1]= "none";  //in case of ftp -- simplex connection

//send the packet

send(pkt,0);

cout<<"USER AGENT "<<PRINTADDR(addr())<<" sends an INVITE message at "<<CURR_TIME
<<endl;

// return TCL_OK, so the calling function knows that the
// command has been processed
return(TCL_OK);

Mnvoua INVITE ue dYo opicuato

else if ((arge == 4) & (stremp(argu]2],"agents’) 1= 0)) {
if (stremp(argu[1], "invite") == 0) {

// Create a new packet

Packet* pkt = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// IP Header
hdrip->saddr() = addr();
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hdrip->sport() = port();
hdrip->daddr() = node_->base_stn(); // Visited Proxy Agent IP address
hdrip->dport() = SIP_PORT; // Visited Proxy Agent's well known SIP port

| // SIP Header

hdrsip->contact_ = addr(); //Caller's IP Address

hdrsip->from_ = mySipUri_; //Caller's SIP URI | END to END USER AGENTS
hdrsip->to_ = dstSipUri_; //Callee's SIP URI | MUST BE CONNECTED
hdrsip->invite_= dstSipUri_; //Callee's IP Address

hdrsip->type_ = INVITE; //INVITE message

hdrsip->index_ = indexx; //Application index

applfindexx][O] = argv[2];

applfindexx++][1]= argv[3]; //in case of cbr -> duplex connection

//send the packet
send(pkt,0);

endl;

// return TCL_OK, so the calling function knows that the
// command has been processed
return(TCL_OK);
}
/

e Dye

cout<<"USER AGENT "<<PRINTADDR(addr())<<" sends an INVITE message at "<<CURR_TIME <<

Me v gvtolr] avt) n omoio waipvel Eva Opiopo, SIVETOL GUECT) EVIOA| GTO TPAKTOPO

xpRoT, va tepuatiost wo ovvdeon (1° opiopa) amooctéhhoviac ufvopa BYE oe éva

OUOTIHO TTpdiKTOPO XPNOTN LE TOV 0Tolo Ppicketal cuvdedepévoc.

if (stremp(argv[1], "bye") == 0) { / /it is an end-to-end method

Tcl&s tel = Tel::instance();

// Create a new packet

Packet* pkt = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// IP Header

hdrip->saddr() = addr();

hdrip->sport() = port();

hdrip->daddr() = daddr(); // Visited Proxy Agent IP address
hdrip->dport() = SIP_PORT; // Visited Proxy Agent's well known SIP port

// SIP Header

hdrsip->from_ = mySipUri_;

hdrsip->to_ = dstSipUri_;

hdrsip->type_ = BYE; //BYE message
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// find the index of the application that will be terminated
for(int i=0; i<MAX_EL; i++) {
iff(applfil[0] == argu(2)) | | (applfi[1] == argu(2))) {
iffapplfi[o] == argu(2))
appl[ij[0] = "none";

else

I applfij[1] = "none'; i
hdrsip->index_ = i;
break;

}
}

communication--; //a connection will be terminated
sprintf{tcl. buffer(), "$%s stop", argu[2] );
tcl.eval();

cout<<"The session that this SipUAgent has terminated at "<<CURR_TIME<<" is: "<<argv[2] <<
endl;

//send the packet

send(pkt,0);

cout<<"USER AGENT "<<PRINTADDR(addr())<<" sends a BYE message at "<<CURR_TIME<<
endl;

// return TCL_OK, so the calling function knows that the
// command has been processed
return(TCL_OK);

/

e message

Me v gvioAn avt| 1 omoio maipvel Eva dpiopa, diveTal QUEST) EVTOAN GTOV TPAKTOPO
YPNOTN, VO ATOGTEIAEL £VOL GUVTONO PAVOUA KEWEVOL (2° OpIopa) HEGH TOV UNVOUOTOC

MESSAGE oc¢ évav opotipo mpéxtopa xpnotn pe tov omoio Ppicketal cuvoedeévog.

if(stremp(argyu[1], "message”) == 0) {
int length;
length=strlen(argv[2]);

// Create a new packet
Packet* pkt = allocpkt(length);

// Access the IP header for the new packet:

unsigned char *data = pkt->accessdata();

hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:

hdr_sip* hdrsip = hdr_sip::access(pkt);

// Access the common header for the new packet:

hdr_cmn* hdremn = hdr_cmn::access(pkt);

// IP Header

hdrip->saddr() = addr();

hdrip->sport() = SIP_PORT;

hdrip->daddr() = STR2ADDR((GETPROXY(PRINTADDR(daddr()))).c_str());
hdrip->dport() = SIP_PORT;
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// SIP Header
hdrsip->contact_ = addr(); //Caller's IP Address
hdrsip->from_ = mySipUri_; //Caller's SIP URI | END to END USER AGENTS
hdrsip->to_ =dstSipUri_;  //Callee's SIP URI | MUST BE CONNECTED
hdrsip->invite_= daddr();
hdrsip->type_ = MESSAGE; //MESSAGE message
memcpy (data, argv[2], length);
hdrcmn->size() += length;

cout<<"USER AGENT  "<<PRINTADDR(addr())<<" sends a MESSAGE at "
<<CURR_TIME<<endl;

send (pkt, 0);
return(TCL_OK);

e node

Evtol 1 omoio extedeiton katd TV apyikomoinon tov tpaktopo pécm Tel, yo va pog
eMOTPEYEL £voL OEIKTN TAVD 6TO avTiKEipevo TG KAdong Node/MobileNode éto1 wote va

UTOPECOVUE VAL EKTEAEGOVIE GLUVOPTNOELS TNG KAAGNG ALTIG.

else if(stremp(argv[1], "node") == 0) {
//obtain reference to a MobileNode object so as to use functions of the class MobileNode -- eg
//set_base_stn()
node_ = (MobileNode*)TclObject::lookup(argv[2]);
iffnode_ == 0) {
fprintf{stderr,"%s: %s lookup of %s failed\n",__FILE _,argu[1],argv[2]);
return(TCL_ERROR);

}
return(TCL_OK);
}

/

e [$node_name] agents [$agent_names...]

Evtol pe moAld opiopota, pe TV omoia 0 ¥pnoTng divel oav Tp®To Opicua To instance
Tov node TAv® oTov omoio £xel TPooapTNOEl 0 TPAKTOPAS XPNOTN, GOV SELTEPO OPIGHO
dtvetar mavta n AEEN agents Kot PETA akoAovBovv To instances Tmv agents (emmédov
petapopds m.x. UDP agents, TCP agents, TCPSink agents x.1.A.) Ta. onoia ypetaldpocte
péca amd To TPOHYPOUUA LG Yot VO UTOPOVpE Vo aAlalovpe — péow eviolmv Tcel — Tig
dtevBuvoelg IP tov mpoavapepBévtomv agents, Omote £vag KIVOOUEVOS YPNOTNG OALALEL

neployn (ko apa IP 61e06vvon) étol doTe va uropovv va dpoHoA0YOHVTOL CWOTH TO
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TaKéTo TV deopov epapuoydv (FTP,CBR), akéua kot petd v adloyn devbvvong

IP evég ypriot.

else { // command with many arguments

names|[0] = argv[1]; //the first argument => name of the node
for(int i=3; i<argc; i++) //the rest of the arguments (beyong the word agents) => names of the
//agents

names[i-2] = argufi;

I return(TCL_OK); i

)
J
// If the command hasn't been processed by SipUAgent()::command,

// call the command() function for the base class
return (Agent::command(argc, argv));

MéBQooogs recv(Packet* pkt, Handler*)

H péBodog recv viomotel OAeg ekeiveg Tic evépyeleg mov Oa yivouv HOMG O TPAKTOPOG
ypnot (agent mwov axovel otn Bupa 5060) AdPer Eva pvopo onuatodocioc. Xe kdbe
pvope. mov  AapPAveTal, LRAPYEL Kol TO OavTIOTOWXO HvLpe omdkpiong YU ovtod

onpovpyeiton apykd Vo VEO TOKETO TPOG OTOGTOAN.

void SipUAgent::recv(Packet* pkt, Handler¥)

{
//Access the instance -- reference to the instance
Tcl& tel = Tcl::instance();

// Access the IP header for the received packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the received packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// Create a new packet

Packet* pktret = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdripret = hdr_ip::access(pktret);

// Access the SIP header for the new packet:
hdr_sip* hdrsipret = hdr_sip::access(pktret);

Packet* pktret2 = allocpkt();
hdr_ip* hdripret2 = hdr_ip::access(pktret2);
hdr_sip* hdrsipret2 = hdr_sip::access(pktret2);

// Access the IP header for the new packet:
unsigned char *data;
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Av 1o pnvopa mov Ba AdPet Evag tpaktopag ypnotn eivor tomov INVITE, tdte vdpyovv
o600 mhavoTNTEC.

(o) T0 g10epYOUEVO UNVLLLO VO TPOEPYETOL OO Evan TANPEEOVGI0 EEVINPETNTH O OTOI10G
avopetadioel éva uivopa mov €lofe amd kdmolo dAlo mAnpeEovoto eEumnpetny (Tov
dpa €K PHEPOLG KATOLOV TpdKTOpA YPNoTn) N amd GAAO TPAKTOPA XPNOTY|, LE OKOTTO TNV
EVEPYOTOINOM KAMOlHG OVVOECNG. XTN MEPIMTOON OLTH, O TPAKTOPAS YPNOTN TOV
Aoppdver To pRvopo, oTEAVEL apyKd Ticw 6to TAnpeovcto eumnpent o Pivopa 180
Ringing mov vrodnimver 0Tt €xel evepyomomBel Kdmolog UNYOVIoHOg €100TOINGNS TOV
xpnot. Otav 0 ¥pNoTNG OMOVTCEL T KANOT, TOTE O TPAKTOPOS YPNOTY OTOCTEAAEL TO

unvopa aroxpiong 200 OK wicwm oto mAnpeEovoto eEumnpetnn.

(B) To eloepyOUEVO PAVLUO VO, TPOEPYETAL GUECOH OO EVOV TPAKTOPO. YPNOTY LE TOV
0To{0 VIAPYEL EVEPYOTOINUEVT] KOO0 GUVOEST. XTN TEPIMTOGN OVTH O TPAKTOPOS TOV

éxel AdPet to pnvopa (re-)INVITE, otédver micw to prpvoua 200 OK.

switch(hdrsip->type_) {
case INVITE:
if(ISPROXY(PRINTADDR(hdrip->saddr()))) { //if the sender is a proxy send 180
//RINGING and 200 OK messages
cout << "USER AGENT " << PRINTADDR(addr()) << " received an INVITE
message/ sends RINGING message at " <<CURR_TIME<<endl;
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->from_ = hdrsip->from_;

hdrsipret->to_ = hdrsip->to_;
hdrsipret->contact_ = addr();
hdrsipret->invite_ = hdrsip->contact_;

hdrsipret->type_ = RINGING _180;
send(pktret,0);

//sending OK message
cout << "USER AGENT " << PRINTADDR(addr()) << " sends OK message at

" << CURR_TIME << endl;

hdripret2->daddr() = hdrip->saddr();

hdripret2->dport() = hdrip->sport();

hdripret2->saddr() = addr();

hdripret2->sport() = port();

hdrsipret2->contact_ = addr();

hdrsipret2->from_ = hdrsip->from_;

hdrsipret2->to_ = hdrsip->to_;

hdrsipret2->invite_= hdrsip->contact_;

hdrsipret2->type_ = OK_200;
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hdrsipret2->cseq_ = INVITE;
hdrsipret2->index_ = hdrsip->index_;
send(pktret2,0);
//if a mobile that changed region USER AGENT sends INVITE
if(daddr() != hdrsip->contact ) {
daddr() = hdrsip->contact_;
//setting destination address of sip agent and all agents that are
//connected on this node
for(int i=1; i<MAX_EL; i++) {
ifinamesi] 1= ") {
sprintf{tcl. buffer(), "$%s set dst_addr_ %d", (namesl[i]).c_str(),hdrsip->contact_ );
tel.eval();

}

}
}
else { //this message re-INVITE comes from a USER AGENT that changed region
//and this USER AGENT must send 200 OK
//directly to the correspondent USER AGENT
cout << "USER AGENT " << PRINTADDR(addr()) << " has been informed
and sends 200 OK at " << CURR_TIME << endl;
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = OK_200;

hdrsipret->cseq_ = INVITE;
send(pktret,0);
Packet::free(pktret2);

/
Packet::free(pkt);
break;

Av to pqvopa ov Ba AdPet Evag mpdktopag xpnot eivor tomov BYE, 161e 0 mpdktopog

xPNo, teppatifel T ovvoeon ywo v omoia EAafe unvopo BYE kou amootédier cav

andkpion, to pvopa 200 OK.

case BYE:
cout << "USER AGENT " << PRINTADDR(addr()) << " received BYE message at " <<
CURR_TIME << endl;
communication--; //connection will be terminated
//find out which application will be terminated
if((appl[hdrsip->index_][O] I= "none") | | (appl[hdrsip->index_|[1] != "none")) {
iflappl[hdrsip->index_]J[O] != "none") {
sprintf{tcl. buffer(), "$%s stop", (applfhdrsip->index_][0]).c_str() );
tcl.eval();
cout << "The session that this SipUAgent has terminated at " <<
CURR_TIME << "is: " << appl[hdrsip->index_J[0] << endl;
applfhdrsip->index_][0] = "none";
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/

else {
sprintf{tcl. buffer(), "$%s stop", (applfhdrsip->index_][1]).c_str() );
tel.eval();
cout << "The session that this SipUAgent has terminated at " <<
CURR_TIME << "is: " << appl[hdrsip->index_][1] << endl;
appl[hdrsip->index_J[1] = "none";
/
}
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;

hdrsipret->type_ = OK_200;

hdrsipret->cseq_ = BYE;
send(pktret,0);

Packet::free(pktret2);
Packet::free(pkt);

break;

Ocov apopd oto unvopa andkpiong 200 OK, o mpdxtopag xpnotn eKTEAEl SOUPOPETIKES
EVEPYELEG OVOAOYMG UE TO Tolo TN £xel 1o medio CSeq, onAad avarldy®s LLE TO TOLO0
pvopa aftmong mopododtnoe to cvykekpipevo prvopa 200 OK. ‘Etol dwakpivoope 4

OLOPOPETIKEG TEPIMTMOCELG:

1) REGISTER

Av to pvopa 200 OK etvor andkpion oe punvope REGISTER mov éoteide o 110G o
TPAKTOPOS XPNOTN EICEPYOUEVOS GE [0l VEQ TEPLOYN, TOTE VIAPYOLV Kot TAAL 600
evdegyoueva. Eite to 200 OK mpoépyetar amd tov owkeio e&umnpett €yypaedv ondte
dev vmapyel Kapio amdkpion, eite mpoépyetor amd Evav EEvo eEumNPETNT EYYPOPOV,
omote Bo TPEMEL 0 TPAKTOPOS YPNOTN VAL EVIUEPADGEL Kot ToV otkeio Tov e&ummpetnt. H
evnuépmon tov owkeiov efummpetnT) Umopel vo un yiver dpeco ov vmhpyel KAmolo
EVEPYOTOMUEVT GUVOEST HE KATOw0 GAAOV TpdKTOpO YPNOTN KOTd TN OdpKEI NG
aAAOYTG TTEPLOYNG. TN TEPIMTOON AT O TPAKTOPAS XPNOTN Bo TPEMEL VoL EVNIEPDTEL
Tov GAAO mpakTopa Yoo TNV aAdayn g IP d1evbuvong tov (Aoyw adhayng meploxng)
amootéAhovtag Tov unvopa (re-)INVITE kot petd v oAokApwon g pong UNVORATOV

tov INVITE, Ba evnuepdoet kat tov owkeio Tov eEumnpetnT.
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case OK_200:
switch(hdrsip->cseq_) {

case REGISTER:

cout<<"USER AGENT "<<PRINTADDR(addr())<<" received 200 OK (REG) at "<<CURR_TIME<<endl;
//There is two posibilities:
//(a)receive 200 OK from HOME PROXY if this USER AGENT re-entered
//inside his region => do nothing at all
//(bjreceive 200 OK from VISITED PROXY => must send REGISTER to his
//HOME PROXY to bind his new IP with his SIP URI
//but if we are in the middle of a call then firstly USER AGENT must send
//INVITE to the correspondent USER AGENT
//and sends REGISTER to his HOME PROXY for binding afterwards

if(hdrsip->contact_!=1) { | |

iffcommunication != 0) { //Inform the Correspondent USER AGENT
//that this USER AGENT changed region
cout <<"At " << CURR_TIME <<"USER AGENT'S NEW IP " << PRINTADDR(addr()) << endl;
cout << "USER AGENT " <<PRINTADDR(addr())<<" informs the correspondent USER
AGENT at "<<CURR_TIME<<endl;

hdripret->daddr() = daddr();

hdripret->dport() = SIP_PORT;

hdripret->saddr() = addr();

hdripret->sport() = port();

hdrsipret->type_ = INVITE; //re-INVITE

hdrsipret->contact_ = addr(); //USER AGENT'S new IP address

send(pktret,0);

/
else { //if there is no connection inform HOME PROXY
cout <<"At " << CURR_TIME <<" USER AGENT'S NEW IP " <<
PRINTADDR(addr()) << endl;
if(hdrip->saddr() != STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str())) { // (b)
cout<<"USER AGENT "<<PRINTADDR(addr())<<" sends REGISTER to his HOME PROXY at
"<<CURR_TIME<<endl;
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->from_ = mySipUri_;
hdrsipret->to_ = STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str()); //to HOME PROXY
hdrsipret->type_ = REGISTER
hdrsipret->contact_ = addr(); //this is USER AGENT'S new IP that
//sends to his HOME PROXY

send(pktret,0)

2) INVITE
Av 10 pqvopa 200 OK givar amdxpion and Kamolo GAAO TPAKTOpO XPNOTH GE HUNVLUO

INVITE mov éotethe o 1010¢ Yo vo €VEPYOTOWOEL Uit GUVOEST, TOTE QMOGTEAAEL TO
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pvopa ACK. Av to 200 OK givon amokpion oe prvopa (re-)INVITE 16te 0 mpdxtopag
YPNOTN €KTOG amd TNV amocotoAn Tov punvopatog ACK, Ba mpémel va evnuep®oel Tov
olkelo Tov eEuINPETNTN EYYPAPOV (OGS £yl avapepBel TNV TPOTYOVUEVT TTAPAYPAPO)

amoctéAovtag tov va pnvope REGISTER.

case INVITE:
cout << "USER AGENT " << PRINTADDR(addr{()) << " received 200
OK and sends ACK at " << CURR_TIME << endl;
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();

l hdrsipret->from_ = hdrsip->from_; “

hdrsipret->to_ = hdrsip->to_;
hdrsipret->contact_ = addr();
hdrsipret->invite_= hdrsip->contact_;
hdrsipret->index_ = hdrsip->index_;
hdrsipret->type_ = ACK;
hdrsipret->cseq_ = INVITE;
send(pktret,0);

if(ISPROXY(PRINTADDR(hdrip->saddr()))) { //if it is not an OK 200 after re-INVITE
communication++; //new connection will be established
if(daddr() != hdrsip->contact_) { //if the callee moves in a visited region,
//caller must change its destination addr
// setting destination address of sip agent and all agents that are connected on this node
for(int i=1; i<MAX_EL; i++) {

if(namesfi] I= ") {

sprintf{tcl.buffer(), "$%s set dst_addr_ = %d’,
(namesl(i]).c_str(),hdrsip->contact_ );
tel.eval();

}

daddr() = hdrsip->contact_;
/
/
else { //sends REGISTER to HOME PROXY in order to bind USER's URI
//with its new ip address
if STR2ADDR((GETPROXY(PRINTADDR(addr()))).c_str()) I=
STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str() ) {
cout << "USER AGENT " << PRINTADDR(addr()) << " sends
REGISTER to his HOME PROXY at "<<CURR_TIME<<endl;
hdripret2->daddr() = node_->base_stn();
hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->from_ = mySipUri_;
hdrsipret2->to_ = STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str()); //to HOME PROXY
hdrsipret2->type_ = REGISTER;
hdrsipret2->contact_ = addr(); //this is USER AGENT'S new IP that sends to his HOME PROXY
send(pktret2,0);
/
/
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l break; !I

3-4) BYE/MESSAGE
Av 10 pnvopa 200 OK givon anokpion oe unvopotae BYE 1 MESSAGE tote kapio

evépyela dgv AapPavetat.

case BYE:
cout << "USER AGENT " << PRINTADDR(addr{()) << " received 200
OK at " << CURR_TIME <<endl;
Packet::free(pktret);
Packet::free(pktret2);

l break; “

case MESSAGE:
cout<<"USER AGENT "<<PRINTADDR(addr())<<" received an
OK_200 \"INSTANT MESSAGE\" MESSAGE at "<<CURR_TIME<<endl;
Packet::free(pktret);
Packet::free(pktret2);
break;

Av to pqvopo mov Ba AdPel évag mpdktopag ypnotn eivan tomov MESSAGE, tote

TUTAOVEL TO UNVLpa oty 006vn Kot amocstédel Ticm to uivopa 200 OK.

case MESSAGE:
data = pkt->accessdata();
data[pkt->datalen()] = \0%;
printf("USER AGENT %s received MESSAGE %s",PRINTADDR(addr()),data);
cout << "at " << CURR_TIME << endl;
hdripret->daddr() = STR2ADDR((GETPROXY(PRINTADDR(hdrsip->contact_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = SIP_PORT;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->contact_;
hdrsipret->contact_ = addr();
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = MESSAGE;
send(pktret,0);
Packet::free(pkt);
Packet::free(pktret2);
break;
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Av 1o pivopo mov Ba AdPer €vag mpdktopag ypnotn eivar tomov ACK, 1o1e dev
OTOGTEAAEL KOVEVOL UNVOUO OmOKPIONG, OAAE evnuep®VEL KAmOleS METAPANTEG NG

EQUPHOYIG.

case ACK:
cout << "USER AGENT " << PRINTADDR(addr()) << " received ACK message at " <<
CURR_TIME << endl;
if(ISPROXY(PRINTADDR(hdrip->saddr()))) {
communication++; //new connection will be established
iflappl[hdrsip->index_|J[1] == "none") {
sprintf{tcl. buffer(), "$%s start", (applfhdrsip->index_][0]).c_str() );
tcl.eval();
cout << "The session that this SipUAgent has established at "
<<CURR_TIME<<"is: " << applfhdrsip->index_][0] << endl;

else {
sprintf{tcl. buffer(), "$%s start", (applfhdrsip->index_][0]).c_str() );

| tel.eval(); | |

sprintf{tcl. buffer(), "$%s start", (applfhdrsip->index_][1]).c_str() );
tel.eval();
cout << "The session that this SipUAgent has established at "
<<CURR_TIME<<"is: " << applfhdrsip->index_][0] << endl;
cout << "The session that this SipUAgent has established at "
<<CURR_TIME<<"is: " << applfhdrsip->index_][1] << endl;
}

else { //ACK message after re-INVITE
// setting destination address of sip agent and all agents that are connected
//on this node
for(int i=1; i<MAX_EL; i++) {
ifinamesfil I= ") {
sprintf{tcl. buffer(), "$%s set dst_addr_ %d", (namesli]).c_str(),hdrsip->contact_);
tel.eval();
}

daddr() = hdrsip->contact_;
}
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;

Ocov apopd ta unvopate 100 Trying, 180 Ringing kot 404 Not Found, kapia evépysia

o AapPavetat amd To TPAKTOopa YPNOTNH UETE TN AYN TOVG.

case TRYING_100:
cout << "USER AGENT " << PRINTADDR(addr()) << " received 100 TRYING message

at " << CURR_TIME << endl;
Packet::free(pkt);
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Packet::free(pktret);
Packet::free(pktret2);
break;
case RINGING_180:
cout << "USER AGENT " << PRINTADDR(addr()) << " received 180 RINGING
message at " << CURR_TIME << endl;
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;
case NOT _FOUND_404:
cout << "USER AGENT " << PRINTADDR(addr()) << " received 404 NOT FOUND
message at " << CURR_TIME << endl;
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;

MéBQodog isInBounds(double x,double y)

H pébodog avtn kaAeitar meplodkd péow g peboddov timeout mov mapovotdleTot mo
KATO KoL EAEYYEL AV O KIVOOUEVOG TTPAKTOPAG ¥PNOTN £XEL Pyt amd v eufédeta Kamolov

otafuod Pdong ondte emoTpépel true aAM®g av PpiokeTon akdpo otnv euPéiela tov

{0100 oTadpov Paong T0te emoTpépet false.

// Checks if User Agent is in or out of Proxy Agent's range
bool SipUAgent::isinBounds(double x,double y)
{
//RXThresh_ default value is 3.652e-10 W. Using /indep-utils/ propagation/threshold.cc
//we can evaluate the default range of the base-station which is 250m -- for
// TwoRayGround model
if((xProxy_ == 0.0) && (yProxy_ == 0.0)) return true; //initial state
if( sqrt( pow(xProxy_-x,2) + pow(yProxy_-y,2) ) < RANGE )
return true; //User Agent is in bounds
else

return false; //User Agent is out of bounds

MéBodoc timeout(int)

H pébodog timeout kaAeitar meprodikd kdbe 0.1sec ko karel ) péBodo isInBounds yia
va JlameTOoEL Thav aAloyn Teployne. Av de dtamotwbel aldayr meployng TOTE deV
YIVETOl KOULO EVEPYELL OAAMG O TPAKTOPAG XPNOTNH amokTd o véa oevvvon IP kot

otédvel unvopata REGISTER 1600 6to véo eEumnpetn £yypoedV Yo Vo EVI|UEPDOEL
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) Baon dedopévav g véag meproyns (Balovtag oto medio emkeparidag Contact tn véa
tov [P d1evBvvon) 660 kot otov TOAO €ELANPETNT EYYPOPAOV YOl VO OKUPDOGEL TNV
eyypoaoen otn moAld Pdon oedopévav g mePoynNe omd v omoio £yxel oA Pyel o

xpnos (Balovtog oto medio emkeporidog Contact Tnv maiid tov IP dievbuvon).

//Every given period of time this function is invoked
void SipUAgent::timeout(int)

Tcl& tel = Tcl::instance();
string newlp, oldIp;
if(lisinBounds(node_->X(),node_->Y())) {
cout<<"USER AGENT  "<<PRINTADDR(addr())<<" enters in region '"<<
PRINTADDR(FINDCOORD(node_->X(),node_->Y{())->ip) << "at " << CURR_TIME <<endl;
oldIp = PRINTADDR(addr()) ;

//User agent's new ip address
//check if the USER AGENT entered inside his home region

if(STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str()!=FINDCOORD(node_-
>X(),node_->Y())->ip)

newlp = FINDFREEIP(PRINTADDR(FINDCOORD(node_->X(),node_->Y())->ip)); I
else

newlp = PRINTADDR(mySipUri_);

//If USER AGENT gets outside of a region which is not his home region
if(node_->base_stn() I= STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str()))

//Send REGISTER message with expires_ = true to his old visited PROXY AGENT so as to
//remove binding
removeBinding();

//USER AGENT changes base station

node_->set_base_stn(FINDCOORD(node_->X(),node_->Y())->ip);

// Get the coordinates of the closest PROXY AGENT - Base station

xProxy_ = FINDCOORD(node_->X{(),node_->Y())->x;

yProxy_ = FINDCOORD(node_->X{(),node_->Y())->y;

// Changing the nessesary addresses

// 1.Changing the addr_ of this sip agent

addr() = STR2ADDR(newlp.c_str());

// 2.Changing the address_ of this node

sprintf{tcl. buffer(), "$%s addr %s",(names[0]).c_str(),newlp.c_str());

tel.eval();

// 3.Changing myaddr_ of DSDV routing agent

sprintf{tcl. buffer(), "[$%s get_ragent] addr %s",(names[0]).c_str(),newlp.c_str());

tel.eval();

// 4.Sending update to the new base station

sprintf{tcl. buffer(), "[$%s get_ragent] sip %d",(names|[0]).c_str(),mySipUri_);

tel.eval();

// Moving the dmux of this node from the old IP address to the new IP address
sprintf{tcl. buffer(), "$%s move-dmux %s %s",(names[0]).c_str(), newlp.c_str(), oldIp.c_str());

tel.eval();

// setting the destination of all transport agents that are connected on this node
for(int i=1; i<MAX_EL; i++) {
{f{namesfi] I= ") {
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sprintf{tcl. buffer(), "$%s set agent_addr_ %d", (names[i).c_str(), addr() );
tel.eval();

}

//USER AGENT wants to register with his new PROXY AGENT
sendRegister(STR2ADDR(newlp.c_str()));

}
timer_.resched(0.1);

MéBoodos sendRegister(int newlp)

H pébodoc avt kaAeitan péoa amd ) péBodo timeout yio vo dNUOVPYNGEL £val HvVOLLOL
REGISTER «at va 10 amooteilel 610 vEo €£umNpetnTh £YYPAPOV £TGL OGTE VO YIVEL 1

KaToy®pnon ot Paon dedopuévmv.

//Function that sends a REGISTER message whenever the USER AGENT changes region
void SipUAgent::sendRegister(int newlp)
{

Packet *pkt = allocpkt();

hdr_ip *hdrip = hdr_ip::access(pkt);

hdr_sip *hdrsip = hdr_sip::access(pkt);

//Find the IP address of the Proxy Agent which is near from this USER AGENT
hdrip->saddr() = addr();

hdrip->sport() = port();

hdrip->daddr() = FINDCOORD(node_->X(),node_->Y())->ip; //function that returns the IP
//address of the closest PROXY SERVER

hdrip->dport() = SIP_PORT; //well-known sip port that PROXY AGENT listens for requests
hdrsip->contact_ = newlp; //Register with the new IP address

hdrsip->from_ = mySipUri_;

hdrsip->to_ = mySipUri_;

hdrsip->type_ = REGISTER;

send(pkt,0);

MéBoodog removeBinding()
H pébodog avt kaieiton emiong péoa amd m pébodo timeout yia v dnpovpynoet Eva

pvope REGISTER kot va 10 amocteilel 6tov moAd eEumnpetnth €YypoQaV £T01 OOTE

Vo O1ypAYEL TNV TOAME KOTOX®OPNOoN ord TV ToAld BAor d0edopEVmV.
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void SipUAgent::removeBinding()
{
Packet *pkt = allocpkt();
hdr_ip *hdrip = hdr_ip::access(pkt);
hdr_sip *hdrsip = hdr_sip::access(pkt);
//USER AGENT sends a REGISTER message to his visited PROXY AGENT requesting
//removing of the previous binding
hdrip->saddr() = addr();
hdrip->sport() = port();
hdrip->daddr() = node_->base_stn(); //FINDCOORD(node_->X(),node_->Y())->ip; // function
//that returns the IP address of the closest PROXY AGENT
hdrip->dport() = SIP_PORT;
hdrsip->from_ = mySipUri_;
hdrsip->contact_ = addr();
hdrsip->expires_ = true;
hdrsip->type_ = REGISTER;

// FREEIP(PRINTADDR(addr()));

send(pkt,0);
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IInpeéovoroc EEvmnpetnmic — E€vanpetnmic Eyypao@v (Proxy Server — Registrar)

MéBodos command (int argce, const char*const™ argv)

H pébodoc command vAiomotet OAeg exeiveg Tig evépyeteg mov Ba yivouv HOAMG 0 ¥pNoTNG
N Kamolo AAAN péBodoc, dmaoet kamola evtoAr] atov eéumnpetnt) pécm Tcl. Ot gvioléc

aTEG elval o1 akOAOLOES:

e open

Me Vv €VTOAY| QLTI EVEPYOTOLEITOL O EELMNPETNTIG.

int SipPAgent::command(int argc, const char*const* argv)

{

// Initialization of coordFl file -- each Proxy appends its coordinates and ip address

if (arge == 2) {

if (stremp(argv[1], "open") == 0) {
CREATECOORDFILE(node_->X(),node_->Y(),atoi((GETDOMAIN(PRINTADDR(addr()))).c_str()));
return TCL_OK;
}

/

e initialize
Me v evioA avt) apykomoteitar o dwbésyuoc apBudg 1P devbivoemwv oe kdbe

neployn evog e&ummpetntn Kabhg Kot woteg Ba etvan avtéc.

if (arge == 3) {
// Initialization of the Registration File with 9 available ip addresses
if (stremp(argv[1], "initialize") == 0) {
CRREGFILE( atoi((GETDOMAIN(argv[2])).c_str()) ,9);
return TCL_OK;

e node
H evtol) avt — 0Ttmg Kot 6N TEPITTOOT TOL TPAKTOPO XPNOTN — EKTEAEITOL KOTA TNV
apywkonoinon tov e&ummpetnt péow Tcl, yo vo pog emotpéyetl €va deiktn Tave 610
avtikeipevo g kAaong Node/MobileNode €161 dote vo umopEcove va EKTEAEGOVUE

GLVOPTNGELS TNG KAAGNG QVTHC.
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if(stremp(argv[1], "node") == 0) {
// Obtain reference to a MobileNode object so as to use functions of the class MobileNode
node_ = (MobileNode*)TclObject::lookup(argv/2]);
if(node_==0) {
fprintf{stderr,"%s: %s lookup of %s failed\n",__FILE ,argu[1],argv[2]);
return(TCL_ERROR);

]
J
return(TCL_OK);

e ragent

H evtoAn avt exteleiton Katd v apykomroinon tov euvmnpetnt pécm Tcl, Yo va pog

emoTPEYEL £va Ol Téve oTo routing agent.

// Bind routing agent and sip agent
if(stremp(argv[1], "ragent”) == 0) {
ragent_ = (NsObject*)TclObject::lookup(argv[2]);
return(TCL_OK);
/
}

// If the command hasn't been processed by SipUAgent()::command,
// call the command() function for the base class
return (Agent::command(argc, argv));

MéBooog recv(Packet* pkt, Handler*)

H pébodog recv viomotel OAeg ekeiveg Tig evépyeteg mov Ba yivouv HOAIG 0 eEumnpetnTig
(agent mov akovel otn BOpa 5060) AdPet Eva unvopa onpatodocioc. Xe kabe pnvopo Tov
AopPBAveTOL, LITAPYEL KOL TO OVTIGTOLYO LIVULOL OITOKPIoNG YU VT OMpovpyeiton apyikd

€va VEO TAKETO TTPOG OTOGTOAT 0TS KOl GTNV TEPIMTMOT TOV TPAKTOPA YPN|OTH.

Av 1o uvopa ov Ba AdPet Evag eEummpetntig etvan tomov REGISTER xou €xet to medio
EMKEPOAIDNG eXpires  EVEPYOTOMUEVO TOTE O ELTNPETNTNG GPNVEL TNV KOTOXOPNON Y1
10 ovykekpévo IP mov Bpioketar oto medio Contact tov mapoineOEvtog unvopatog and

™ Pdbomn odedopévaov tov. Av dgv eivar gvepyomoimuévo to medio expires  TOTE O
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e&ummpem g mov AapPdvel to pnvopa EAEYxEL av amevBiveTan 6€ aVTOV 0mOTE EKTEAEL
TIG amopoitnTeg evEPyeEleS (EvnUEpoN TG PACNS 0ES0UEVAOV TOL GLVTNPEL KOl OTTOGTOAN
tov unvopatog 200 OK mpog Tov amocToAén TOV UNVOLOTOG) 1 AAMMDE EMOVOUETAOIOEL TO

LVOLLOL TTPOG TOV TEAIKO ATOOEKTY).

switch(hdrsip->type_) {
case REGISTER:
if(hdrsip->expires_) {//Removing binding
FREEIP(PRINTADDR(hdrsip->contact_));
cout<<"PROXY "<<PRINTADDR(addr())<<" is removing binding"<<endl;
Packet::free(pktret);
Packet::free(pkt);
break;
}
cout << "PROXY " << PRINTADDR(addr()) << " received a REGISTER
message at " << CURR_TIME << endl;
//preparing the new packet to be sent
hdripret->saddr() = addr();
hdripret->sport() = port();
if(hdrsip->from_ == hdrsip->to_) {
//PROXY AGENT updates the registration file - database
GETFREEIP(PRINTADDR(hdrsip->contact_));
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = SIP_PORT;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = REGISTER;
send(pktret,0);

else {
if(hdrsip->to_ == addr()) {
//PROXY AGENT binds the new ip of the USER AGENT
// with his SIP URI -- registration on behalf of visited Proxy
INSMOVEDAG(PRINTADDR(hdrsip->from_),PRINTADDR(hdrsip->contact_));
hdripret->daddr() = hdrip->saddr(); //send REG_OK to visited PROXY
hdripret->dport() = hdrip->sport();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = REGISTER;

else {
//send the REGISTER message that has just arrived from
//new USER AGENT to USER AGENT's HOME PROXY
hdripret->daddr() = hdrsip->to_;
hdripret->dport() = SIP_PORT;
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = REGISTER;

send(pktret,0);
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I Packet::free(pkt); II
I Packet::free(pktret2); II

I break; II

Av 10 pfvopa mov Ba AdPer évag efummpetnmig eivar tomov INVITE eléyyer av
amevBovetal 6€ KA1 TPAKTOPQ YPNOTN TOL OO0V 0 OwKEIOG EELINPETNTAG Elval avTOG.
Av 10 pvopo omevBiveTol GE TPAKTOPO. YPNOTNH TOL Omoiov &ivar O oikeiog
eEumnpe G, TOTE EAEYYEL — EKTEAMVTAG query mpog T Pdom dedopuévav TG TEPLOYNS
TOV — 0V 0 TPOG avalNTNoN TPAKTOPUS XPNoTN PplokeTat vidg e euPéretlag Tov yia va
tov omooteiket to unvopa INVITE. Av o mpog avalntmom ypfotmg  €xet
OTEVEPYOTOINIEVT] TN GLOKELN TOV, TOTE O EELMNPETNTNG AMOCTEAAEL TOW TO UNVOUO

404 Not Found.

case INVITE:
cout << "PROXY " << PRINTADDR(addr()) << "received an INVITE message
at " << CURR_TIME << endl;
// Proxy must check if the callee belongs to its region and if it is inside
if (STR2ADDR((GETPROXY(PRINTADDR(hdrsip->invite_))).c_str()) == addr()) {
// Callee belongs to this Proxy
//check if callee has his device closed - not registered to the network
if(GETVISPROXYADDR(PRINTADDR(hdrsip->invite_))=="not_found"){
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = NOT _FOUND_404;
send(pktret,0);

Av 0 Ttpog avalntnon xpNoTng EXEL EVEPYOTOUEVT] TN GLOKELN TOL Kot PBpiokeTol VTOg

g euPéretnc Tov okelov Tov eEuINPETNTH, TOTE 0 EELNPETNTIG TOV EXAVAUETUOIOEL TO

pvopa INVITE kot otédvel mpog ta mico to ppvopoe 100 Trying.

else if(STR2ADDR((GETVISPROXYADDR(PRINTADDR(hdrsip->invite_))).c_str()) == addr()) {
//Callee is inside Proxy's region

//preparing to send the new packet to the User Agent
//that is inside Proxy's region
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cout << "PROXY " << PRINTADDR(addr()) << " sendsII

I INVITE to " << PRINTADDR(hdrsip->invite_) << "at " << CURR_TIME << endl;

hdripret->daddr() = hdrsip->invite_; II

hdripret->dport() = SIP_PORT;

hdripret->saddr() = addr();

hdripret->sport() = port();

hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_; //caller's SIP URI
hdrsipret->to_ = hdrsip->to_; //callee's SIP URI
hdrsipret->invite_= hdrsip->invite_;

hdrsipret->type_ = INVITE;

hdrsipret->index_ = hdrsip->index._;

send(pktret,0);

//Send Trying_100 to caller or to caller's Proxy

cout << "PROXY " << PRINTADDR(addr()) << " sends 100

TRYING to " << PRINTADDR(hdrip->saddr())<< " at " << CURR_TIME <<endl;

hdripret2->daddr() = hdrip->saddr();
hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->type_ = TRYING_100;
send(pktret2,0);

Av 0 mpog avalnnon xpNoTNng EXEL EVEPYOTOMUEVT T1 GLOKELT] TOL Kol Bpioketan ekTOg

™G eUPErelag Tov otkelov Tov ELaNPETNTN, TOTE 0 ELANPETNTNG EAEYYEL OV TO VLU0

INVITE mponibe and wdémoro dAlo mAnpeEovoto eéummpetnti 1 and GAAO TPAKTOPQ

xpotn mov Pploketon evtdg g mepoyng euPérelag tov. Av mponAbe amd Eva

TnpeEovoto eEummpetnt TOTE TOV ATOCTEAAEL Tio® To pMvoua 302 Moved Temporarily

tomofetdvTag oto medio emkeparidoag Contact o véo IP tov mpog avalntnon npdxtopa

ypotn. Av mponAfBe amd éva mpdktopa ypnotn TOTE 0VTOS avorapuPdver va

enovopetadmoel to pvopa INVITE otov minpeovcio eumnpety g TePLOYNg mTov

Bpioketon o mpog avalntnon ypNoIG ATOGTEAALOVTOS TAVTOYXPOVAOS TIG® GTOV TPAKTOPH

xphotn o ufvopa 100 Trying.
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else {//Callee is inside other Proxy's region

//The sender of the INVITE is a UA or a PA?

//(a) PA then send the new packet MOVED to the caller's

//Proxy Agent

//(b) UA relay the INVITE message to callee's Proxy Agent

if{ ISPROXY(PRINTADDR(hdrip->saddr())) ) { //(a)
hdripret->daddr() = hdrip->saddr();

hdripret->dport() = hdrip->sport();

hdripret->saddr() = addr();

hdripret->sport() = port();
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hdrsipret->contact_ = STR2ADDR((GETVISADDR(PRINTADDR(hdrsip->invite_))).c_str{());
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->contact_;

| hdrsipret->type_ = MOVED_302; | |
hdrsipret->index_ = hdrsip->index._;
send(pktret,0);
}
else { //(b)

hdripret->daddr() = STR2ADDR((GETVISPROXYADDR(PRINTADDR(hdrsip->invite_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= STR2ADDR((GETVISADDR(PRINTADDR(hdrsip->invite_))).c_str());

hdrsipret->type_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);
//Send Trying_100 to caller
cout << "PROXY " << PRINTADDR(addr()) << "

sends 100 TRYING to " << PRINTADDR(hdrip->saddr())<< " at " <<CURR_TIME<<endl;
hdripret2->daddr() = hdrip->saddr();
hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->type_ = TRYING_100;
send(pktret2,0);

Av 10 g1oepyduevo unvopo amevfhvetar e TPAKTOPO YPNOTI TOL OTOIOV OEV givan O
owkelog €EuMNPETNTNG, EMAVOUETOSIOEL TO UNVOUO TPOG TOV OWKElD €ELANPETNTY TOL
TEAMKOD amodEKTN EAEYYOVTAG KATO0 amd Ta media TG emkepaAidas. Eniong amootéAiet

npog ta wicw uvope 100 Trying.

else { //The callee does not belong to Proxy's region
//Send the new packet to the Proxy Server of the callee
cout<<"PROXY "<<PRINTADDR(addr())<<" sends INVITE to
"<<GETPROXY(PRINTADDR(hdrsip->invite_))<< " at " << CURR_TIME<<endl;
hdripret->daddr() = STR2ADDR((GETPROXY(PRINTADDR (hdrsip->invite_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
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hdrsipret->type_ = INVITE;

hdrsipret->index_ = hdrsip->index._;

send(pktret,0);

//send TRYING to caller

cout << "PROXY " << PRINTADDR(addr()) << " sends 100 TRYING to
" << PRINTADDR(hdrip->saddr())<< " at " << CURR_TIME<< endl;

I hdripret2->daddr() = hdrip->saddr(); | |

hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->type_ = TRYING_100;
send(pktret2,0);

}
Packet::free(pkt);
break;

Av 10 pqvopo mov Ba AdPet évag eEummpeng sivon tomov 180 Ringing, tote TO

eMaVOUETASIOEL TPOG TO Tiow (avtioTpopn katevBuvon amd o uivoua INVITE) péypt va
QTéoEL 0TO TEMKO amodéktn Tov gival £vag TpdKTopag xpNoTn o omoiog elye amooteilet

pnvopa INVITE.

case RINGING_180:
cout << "PROXY " << PRINTADDR(addr()) << " received 180 RINGING
message at " << CURR_TIME << endl;
if(STR2ADDR((GETPROXY(PRINTADDR((hdrsip->invite_))).c_str()) == addr()) {
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = RINGING_180;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);
}
else {
hdripret->daddr() = STR2ADDR((GETPROXY(PRINTADDR (hdrsip->invite_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = RINGING _180;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);
/
Packet::free(pkt);
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l break; !I

Av 10 pivopa mov Ba AaPet évag eumnpetntng eivon tomov 302 Moved Temporarily,

tO1E 0TEAVEL TPOG TOV amooToAén To unvopa ACK kot eniong emavapetadioel to apyko
unvopa INVITE mpog tov minpegovoto eEumnpetn i e vEag TEPLoyNS LEGO GTNV Omoia

Bpioketar o mpog avalrtnomn TpdKTopag XPNoT.

case MOVED_302:
if(STR2ADDR((GETPROXY(PRINTADDR(hdrsip->contact_))).c_str()) I= addr()){
cout << "PROXY " << PRINTADDR(addr()) << "received a 302
MOVED TEMPORARILY message at " << CURR_TIME << endl;
hdripret->daddr() = STR2ADDR((GETPROXY(PRINTADDR(hdrsip->contact_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->invite_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->contact_;
hdrsipret->type_ = INVITE;
hdrsipret->index_ = hdrsip->index._;
send(pktret,0);
//send ACK to HOME PROXY
hdripret2->daddr() = hdrip->saddr();
hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->contact_ = hdrsip->invite_;
hdrsipret2->type_ = ACK;
hdrsipret2->cseq_ = MOVED_302;
send(pktret2,0);

else { //the callee is inside this PROXY's region
hdripret->daddr() = hdrsip->to_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->invite_;
hdrsipret->from_ = hdrsip->from_; //caller's SIP URI
hdrsipret->to_ = hdrsip->to_; //callee's SIP URI
hdrsipret->invite_= hdrsip->contact_;
hdrsipret->type_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0); //send the packet through the routing agent
}
Packet::free(pkt);
break;//preparing to send the new packet MOVED to caller's Proxy Server

Av 10 pvopa mov Ba AdPel Evog eumnpetntg eivan tomov 200 OK, o e&umnpetntng

exteLel O1POPETIKEG evEPYELES OvOAOY®G He TO mota Tiun €xel to medio CSeq, dniaon
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aVOAOY®G LE TO OO0 UNVLUO, 0UTNOMG TVPOdOTNOE TO GLYKEKPIEVO pnvopa 200 OK.

‘Eto1 dwakpivoope 3 S10popeTikég TEPUTTOCELS:

1) REGISTER

To pqvopa 200 OK eivar andkpion oe pvopo REGISTER mov éhafe évag minpeovoiog
eEumnpetNg od KATO10 TPAKTOPO ¥PNOTN TOL AALNEE TEPLOYN KOl EGTEILE EVIUEPMOT
otov owkeio e&umnpetn gyypaedv tov. O mAnpeEovolog eEumnpetnTg mTov AauPdvel To

uvopa 200 OK, 1o mpowBel mpog tov Tpdrtopa xpnotn ctov onoio amevhovetat.

case OK_200:
switch(hdrsip->cseq_) {
case REGISTER:
cout << "PROXY " << PRINTADDR(addr()) << " received a
200 OK (REG) message at " << CURR_TIME << endl;
hdripret->daddr() = hdrsip->contact_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = REGISTER;
hdrsipret->contact_ = 1;//flag in order for the USER
//AGENT to understand that the received OK comes from
//its HOME PROXY
send(pktret,0);
Packet::free(pkt);
break;

2) INVITE
To pvopa 200 OK pmopet va givar andkpion oe pnvopa INVITE ondte 0 ninpeEovsiog

e&ummpem g mov AapPdvel To pnvopa 200 OK, to tpowbel mpog Tov TpakTopa ¥pnoT

oTov onolo amevOvvetal.

case INVITE:
cout << "PROXY " << PRINTADDR(addr()) << " received a 200 OK (INVITE)
message at " << CURR_TIME << endl;
// Proxy must check if the caller belongs to its region and if it is inside
if (STR2ADDR((GETPROXY(PRINTADDR(hdrsip->invite_))).c_str()) == addr()) {
// Caller belongs to this Proxy
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
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hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);

else { //The caller does not belong to Proxy's region

//Send the new packet to the Proxy Agent of the caller
hdripret->daddr() = STR2ADDR((GETPROXY(PRINTADDR(hdrsip->invite_))).c_str());

hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);

/
Packet::free(pkt);
break;

3) MESSAGE

To pqvopa 200 OK pmopet va eivarl emiong amoxpion oe punvopo INVITE ondte o
nAnpeEovolog e&ummpetig mov AoauPdvel to pvope 200 OK, 10 mpowbel mpog tov
TPAKTOPO YPNOTY GTOV Omoio amevBivetal (Ypic vo EUTAEKETAL GTN SLOOPOLT KATO10G

dALoG TANPEEO0VG10G EEVTINPETNTNAC).

case MESSAGE:
// forward the message OK_200 to the instant message sender
cout<<"PROXY " << PRINTADDR(addr()) << "received 200 OK message at " << CURR_TIME << endl;
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = SIP_PORT;
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = hdrsip->type_;
hdrsipret->cseq_ = hdrsip->cseq_;
send(pktret,0);
Packet::free(pkt);
break;

Av to ppvopa Tov Ba AdPet Evag eEummpetntg elvar Tomov ACK, t6te 10 emavapeTadiost

Pog Tov mANPeEOVGIo e€umnpeTNT NG TEPLOYNG OV PpIoKETOL KATO0G TPAKTOPOG
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xpNotn otov omoio amevBivetan to pnvopa ACK. X mepintwon mov 1o ACK eivan
amokplon oe univope 302 Moved Temporarily, o minpe&odolog e&umnpetng mov

Aappaver ACK, dev ektedel kopio evépyeta.

case ACK:
cout<< "PROXY " << PRINTADDR(addr()) << "received an ACK message at " << CURR_TIME << endl;
switch(hdrsip->cseq_) {
case INVITE:
if(STR2ADDR((GETPROXY(PRINTADDR(hdrsip->invite_))).c_str()) == addr()){
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->index_ = hdrsip->index_;
hdrsipret->type_ = ACK;
send(pktret,0);
}
else {
hdripret->daddr() = STR2ADDR((GETPROXY(PRINTADDR(hdrsip->invite_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->index_ = hdrsip->index_;
hdrsipret->type_ = ACK;
hdrsipret->cseq_ = INVITE;
send(pktret,0);
}
break;
case MOVED_302:
Packet::free(pktret);
break;

Xt mepintoon mov o mAnpeovotog eEuanpetng Adafet pnvopo MESSAGE, 1t6te 10

EMOVOUETASIOEL TPOG TOV TPAKTOPO. YPNOTH GTOV 01010 amevhvveTan To unvopa (Yopic va

gUmAEKETAL 0T OLOPOUT KATO10G GAAOG TANPEEOVG10G EELTINPETNTIC).

case MESSAGE:

data=pkt->accessdata();
length=pkt->datalen();

pktret3 = allocpkt(length);
hdripret3 = hdr_ip::access(pktret3);
hdrsipret3 = hdr_sip::access(pktret3);
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hdrcmnret3 = hdr_cmn::access(pktret3);
data2=pktret3->accessdata();

// IP Header

hdripret3->saddr() = addr();
hdripret3->sport() = SIP_PORT;
hdripret3->daddr() = hdrsip->invite_;
hdripret3->dport() = SIP_PORT;

// SIP Header

hdrsipret3->contact_ = hdrsip->contact_;//Caller's IP Address
hdrsipret3->from_=hdrsip->from_;//Caller's SIP URI | E2E USER AGENTS
hdrsipret3->to_= hdrsip->to_; //Callee's SIP URI | MUST BE CONNECTED
hdrsipret3->type_ = MESSAGE; //MESSAGE message
memcpy (data2, (char*)data, length);
hdremnret3->size() = hdrcmn->size();
cout <<"PROXY " << PRINTADDR(addr() <<" has received the
message.(forwarding...) at " << CURR_TIME << endl;
send(pktret3,0);
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;

‘Evag e&ummpetn g mov Aapfaver urvopo 100 Trying dev extedel Kapio evépyela.

case TRYING_100:
cout<<"PROXY "<<PRINTADDR(addr())<<" received 100 TRYING message at
"<<CURR_TIME<<endl;
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;

KotaAnyovtag, évag efummpemtg mov AapPdver 1o pnqvopa 404 Not Found, to

EMOVOUETASIOEL TTPOG TOV TPAKTOPA ¥PNOTN O OMoiog elye (NTNOEL VO ETIKOIVOVIGEL UE

KATO10 GALO TPAKTOPO XPNGTN TOV TOAVMOG VO EYEL ATEVEPYOTOMUEVT] TH GLUGKELT] TOV.

case NOT_FOUND_404:
cout << "PROXY " << PRINTADDR(addr()) << " received 404 NOT FOUND
message at " << CURR_TIME << endl;
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->type_ = NOT _FOUND_404;
send(pktret,0);
Packet::free(pkt);
Packet::free(pktret2);
break;
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3.2.3 Apyeio methods.h

H avéykn yw v enelepyoacio tov apyeiov mov Ba €ovv v mAnpoeopia yuor Tig
oevBovoelg tov meploydv (domain) Kot TIC OCUVIETAYHEVES TV  TANPEEOVCI®V
eumpemtov (Proxy Server) pog odfyncov otmn onpovpyio pog enmAéov KAAoNG M
omoia Ba mepi€yet T1g amapaitnteg pebdOOVG Yo TV enelepyacio avty.

Méoa oto apyeio methods.h opileton m doun coordInfo m omoia OBa mepiéyel Tig
CLUVTETAYIEVEG KAOMG Kl 1 CEPA TOV GLVOPTICEMY TOV OVOPEPOUE TAPOUTAvVED Kot Oa

ovoAvOovV To KéTw.

#include <template.h>
#include <iostream>
#include <fstream>
#include <sstream>
#include <string.h>
#include <cmath>

/* the struct that will include the information for the closest proxy */
struct coordInfo {

double x;

double y;

int ip;
};

class AgentMethods {

public:
static AgentMethods& instance() { return (*instance_); }
AgentMethods();

COMMONLY USED FUNCTIONS
-- DEFINITIONS --

void crRegFile(int,int);

string getDomain(string);

void writelP(string,int, string);
string getProxy(string);

string getVisProxyAdd(string);
string getVisAdd(string);

string findfreelp(string);

void getfreelp(string);

void insMovedAg(string,string);
void freelp(string);

coordInfo* findCoord(double,double); // returns the coordinates of the closest proxy
bool isProxy(string);

void crCoordFile(double,double,int);
void eraseCoordFile(int);

void eraseRegFile(int);

W

protected:
static AgentMethods* instance_;

},.
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3.2.4 Apyeio methods.cc

HMopaxdteo mopatiBetor Tunuatikd 10 oapyeio methods.cc Kot Ol GLVAPTAGES TOV

TEPLEYEL.

MéBooos crRegFile(int domain,int addrNo)

H pébodog avtr kataokevdlet to apyeio pe tig dSabéoipeg dievbouvoelg g kébe meproymg

(domain) ko Tov divel o dvopa RegFl x, émov x givon o apBuodg g meployng (domain).

[ R AR AR

It creates the registar files with addrNo free ips.
At first it has the ips(k.0.m) that are given to noone(x)
nnnnnnnnnnnnnnn /
void AgentMethods::crRegFile(int domain,int addrNo)
S

1

ostringstream hlpStream;

string flINam,domString,fileLnString,iString;

// the file name is RegFil <domain>

hilpStream << domain;

domsString=hlpStream.str();
fINam="RegFl_"+domString;

// it opens the file empty for reading and writing
ofstream fl(flNam.c_str(),ios_base::trunc |ios_base::in |ios_base::out);
for (int i=1;i<addrNo+1;i++)
S

1
// empry the stream first
hlpStream.str("");
hilpStream << i;
iString=hlpStream.str();
// make the string that will be put in the file
fileLnString=domString+".0."+iString+";x\n";
// writes in the file
flwrite(fileLnString.c_str(),fileLnString.length());

/
// close the stream,thus the file

fl.close();
/

MéBodogs getVisProxyAdd(string homelp)
Avalntel péoa oto apyeio tov owkeiov mAnpeEovoiov e&ummpetnt) (Home Proxy)

Kémowov mpdktopa ypnotn kot Ppioker ™ OevbBvvon oL EEvov mANpeEovciov

eEumpemn (Visited Proxy) otnv meployr| tov omoiov Bpioketal 0 TpAKTOpAS YPNOTN.
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It finds the proxy server of the assigned ip given the home ip address
in some registar file.If it finds x, it returns "closed"

4444444444444444444444444444444444444 /
string AgentMethods::getVisProxyAdd(string homelp)

{
char buff[32];
string InString;

l // open the relevant file of the home ip's registar “

string fINam="RegFl_"+getDomain(homelp);
ifstream regFl(flNam.c_str(),ios_base::in);

// it searches all the lines

while (IregFl.getline(buff, 32).eof())

{
InString.assign(buff);

// if it finds the ip
if ( InString.find(homelp, O ) |= string::npos )
s

{
// it keeps the assigned ip in the visited registar
InString=InString.substr(InString.find(;',0)+ 1,InString.length()-InString.find(’;',0)-1);
break;
}

regFl.close();

//returns error if it didn't find a valid ip
if (InString.find('., 0 ) == string::npos)
return "not_found";

//else it returns the domain proxy's ip
else
return getProxy(InString);

/

MéBQooos getVisAdd(string homelp)

Bpioker ko emotpéper ™ O01evbvvon I[P mov €xer évag mpaktopag ypNotn mov EYEL
Kwvnbet oe GAAN meployn (domain) SapoOpeTK omd OLTH TOL OKEIOL TANPEEOVGIOV

e&ummpem tov (Home Proxy).

It finds the foreign assigned ip given the home ip address
in some registar file.If it finds x, it returns "closed"

4444444444444444444444444444444444444 /
string AgentMethods::getVisAdd(string homelp)

{

char buff[32];
string InString;
// open the relevant file of the home ip's registar
string flNam="RegFl_"+getDomain(homelp);
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ifstream regFl(flNam.c_str(),ios_base::in);
// it searches all the lines
while (IregFl.getline(buff, 32).eof{))
{
InString.assign(buff);
// if it finds the ip
if ( InString.find(homelp, O ) I= string::npos )
{
// it keeps the assigned ip in the visited registar
InString=InString.substr(InString.find(’;,0)+ 1,InString.length()-InString.find(’;,0)-1);
break;
}

I’ |

regFl.close();

//returns error if it didn't find a valid ip
if (InString.find('., O ) == string::npos)
return "not_found";

//else it returns the domain proxy's ip
else
return InString;

/

MéBoodos getProxy(string ip)

H péBoodog getProxy emotpépet m oevbuvon tov mAnpeEovoiov e&ummpetnt) (Proxy

Server) 6Tov 0moio aviKeL KATO10G TPAKTOPAG ¥PNOTN dedopévng g dtevBuvong tov.

It gets the proxy's ip given the ip address,ex 2.0.9->2.0.0

«««««««««««««««««« /
string AgentMethods::getProxy(string ip)

{
/

return getDomain(ip)+".0.0";

M¢éBQooocg findfreelp(string proxylp)

H pébodog findfreelp Ppiokel v mpdtn Sabéciun devBvven Kamolog TePLoyngs.

/ ««««««««««««««««« *
It finds the first free ip of the registar of a domain given the relevant
proxy's ip

xxxxxxxxxxxxxxxxxxxxxx /
string AgentMethods::findfreelp(string proxylp)
{
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char buff[37];

string InString;
// open the relevant file of the home ip's registar

string fINam="RegFl_"+getDomain(proxylp);

ifstream regFl(flNam.c_str(),ios_base::in |ios_base::out);
// it searches all the lines

while (IregFl.getline(buff, 37).eof{))

{

InString.assign(buff);
// if it finds the first free ip,thus the ip with 'x' beside the ;'

if ( InString.find('x', O ) I= string::npos )

{
// it keeps the free ip
| InString=InString.substr(0,InString.find(’;',0)); | |

break;
}

regFl.close();
return InString;

/

M¢éBooocg getfreelp(string newlp)

H getfreelp diver pa owBéoyun devBvvon Kdamowag meployng epovtiloviag va

eVNUEPMOOEL Kol TO apyeio (Bdomn dedopévav) g vEag TEPLOYNS.

It gets the free ip given updating the relevant registar file
«««««««««««««««««« * /
void AgentMethods::getfreelp(string newlp)
{

int line;

int lncount=1;

char buff[32];

string InString;
// open the relevant file of the home ip's registar

string fINam="RegFl_"+getDomain(newlp);

ifstream regFl(flNam.c_str(),ios_base::in);
// it searches all the lines

while (IregFl.getline(buff, 32).eof{))

{

InString.assign(buff);
// if it finds the first free ip,thus the ip with x' beside the ;'

if ( InString.find(newlp, O ) != string::npos )

line=Ilncount;
Incount++;

regFl.close();
writeIP(fINam,line,newlp);
/
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MéBodos getDomain(string IP)

Emotpépet ) d1evbuvon tov minpeEovoiov e&uanpetnt (Proxy Server) otov omoiov

nepoyn Ppioketal Evog TpAKTopag ¥pNoT, 0e00UEVNG TS dtevBuveng mov avTdg ExEL.

/ 44444444444444444444444444444444444
It gets the domain number of an ip address. It's onle defined to be used II

in the getVisProxyAdd&findfreelp functions | |

S e e e e e e S ke /

string AgentMethods::getDomain(string Ip)
{
string dom;
// keep the substring until the first "’
dom=Ip.substr(0,Ip.find_first_of{(.',0));
return dom;

}

MéBoodog insMovedAg(string homelP,string nlP)

Evnuepaver 1o apyeio (Bdon dedopévav) tov otkeiov katoympnty eyypaeav (Home
Registrar), otov omoio aviKel 0 TPAKTOPOS XPNoTn Tov dAAace dievbuvon, pe T véa Tov

otevbuvon IP.

[/ R

It informs the home registar file about the new ip address
assigned from the visited registar

"""""" rrER)
void AgentMethods::insMovedAg(string homelp,string nip)
{

int line;

int Incount=1;

char buff[32];

string InString;
// open the relevant file of the home ip's registar

string fINam="RegFl_"+getDomain(homelp);

ifstream regFl(flNam.c_str(),ios_base::in);
// it searches all the lines

while (IregFl.getline(buff, 32).eof{())

{

InString.assign(buff);
// if it finds the first free ip,thus the ip with 'x' beside the ;'

if ( InString.find(homelp, O ) I= string::npos )
line=Ilncount;
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Incount++;

regFl.close();

writeIP(fINam,line,nlp);
/

MéBooocg freelp(string hIP)

H freelp ehevBepmver (Sraypdpet) ™ doedopévn devBovvon IP and 10 apyeio 610 omoio

Bpioketat.

void AgentMethods::freelp(string hlp)

{
insMovedAg(hlp, "x");
/

MéBoodos writel P(string file,int lin,string IP)

H pébodog writelP ypdoer pio devbvvon ommv katdAAnin 0éon evdg apyeiov mov

kaBopiletan amd to opicpatd T™C.

/ ««««««««««««««««« *
It writes in a specified file, to the line told the ip given in
the position of assigned ip.It is only defined to be used by
getfreelP&insMovedAg
nnnnnnnnnnnnnnn /
void AgentMethods::writelP(string file,int lin,string ip)
{

char c;

int line=1;

string leadString, leftString;
// first get the string that will be kept,following the written string

ifstream iregFl(file.c_str(),ios_base::in);
// keep the leading string

while (line<lin)

s
t

iregFl.get(c);
leadString+=c;
if (c==\n) line++;

while (c!=")

{
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iregFl.get(c);
leadString+=c;

// ignore until you get to the next line
while (c!I=\n')
iregFl.get(c);
leftString+="\n’;
// keep the left string
while (iregFl.get(c))
leftString+=c;
iregFl.close();

// write to the positions what you want

fstream oregFl(file.c_str(),ios_base::out|ios_base::out);
//write thea leading string

oregFl. write(leadString.c_str(),leadString.length());
// write the ip

oregFl.write(ip.c_str(),ip.length());

// write the string you have kept
oregFl.write(leftString.c_str(),leftString.length());
oregFl.close();

/

MéBodog isProxy(string IPstr)

E&axpipover av pia 01evBvvon elvar oebBvvon minpeovoiov eEvmnpetnm 1 amhov

TpdKTopa YPNOTI.

Function that decides if the given ip address
belongs to a Proxy Agent

"""""" /
bool AgentMethods::isProxy(string ipstr)

s
t

int last = ipstr.size();
int loc = ipstr.find_last_of{(".");

if(ipstr.substr(loct+1,last-(loc+1)) == "0")
return true;
else false;

MéBoodos crCoordFile (double x,double y,int domain)

Kartaokevaler o apyelo CoordFl ewodyoviag tig ovvietaypéveg tov TAnpeEovGlov

eEumnpem € AVTO.
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/ nnnnn dRkk
Given the coordinates of the proxy an its ip it adds this
information in the coordFl file

void AgentMethods::crCoordFile(double x,double y,int domain)
{

ostringstream hlpStream;

string domString,xString,yString, fileLnString;
string fINam="coordFl";

// the file name is RegFil_<domain>
hilpStream << domain;
domsString=hlpStream.str()+".0.0";

// empty the stream

hlpStream.str("");

hlpStream << x;

xString=hlpStream.str();

// empty the stream

hlpStream.str("");

hilpStream << y;

yString=hlpStream.str{();

// the line to be inserted in the file
fileLnString=xString+', +yString+';'+domString+\n';

// open the Coord File for appending

ofstream fl(fINam.c_str(),ios_base::app | ios_base::out);
// writes in the file
[flwrite(fileLnString.c_str(),fileLnString.length());

// close the stream,thus the file

fl.close();
/

M¢éBooog findCoord(double x,double y)

Bpiokel tic ovvietaypéveg kar t oevbuvon tov mAnpeLoholov eumnpeTnT MOV

BpiokeTon o KOVTA GTIC GLVTETAYUEVEG TTOV SIVOVTOL O OPIGUATA TNG.

[ R

Given the coordinates of the mobile node it looks in
the coordFl file and retrns the ip of the closest proxy
"""""" )
coordInfo* AgentMethods::findCoord(double x,double y)
{
// the output

coordInfo *out;

coordInfo coinfo;

out=&coinfo;

char buff[100];
string InString,x0Str,y0Str;

string fINam="coordFl";

// the minimum distance is huge in the beginning
double minDist=1000000;
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double x0,y0;

// open the file for reading

ifstream coordFl(fINam.c_str(),ios_base::in);

while (IcoordFl.eof{))

{

// read the nect line of the file
coordFl.getline(buff, 100);
InString.assign(buff);

// get the coordinates
x0Str=InString.substr(0,InString.find(,',0));
xO=atof(xOStr.c_str());
yOStr=InString.substr(InString.find(,',0)+ 1,InString.find(’;',0)-InString.find(,',0)-1);
yO=atof(yOStr.c_str());
// if the new proxy is closer
if (minDist>(x-x0)*(x-x0)*+{y-y0)*(y-y0))
{

// udate the closest proxy's info and the minimum distance
minDist=(x-x0)*(x-x0)+(y-y0)*(y-yO);

l out->x=x0; II

out->y=y0;

out->ip= Address::instance().str2addr((InString.substr(InString.find(’;',0)+ 1,InString.length()-
InString.find(’;,0)-1)).c_str());

}

}

// close the stream,thus the file
coordFl.close();

return out;

};

MébBooos eraseCoordFile(int domain)

H pébodog avt) opnvet to RegFl (apyeio — Bdon dedopévav) g meployng mov déxeTon

¢ opiopa. Kadeitor oto destructor g kAdong, 6tav o yperaletar mo to RegFl avto.

[/ R

Given the coordinates of the proxy it erases its record from
the Coord File

S e e e e e e S Sk /

void AgentMethods::eraseCoordFile(int domain)

{

char buff[100];

ostringstream hlpStream;

string domString, InString,x0Str,y0Str;
string outStr="";

string fINam="coordFl";

// the file name is RegFil <domain>

hilpStream << domain;
domsString=hlpStream.str()+".0.0";

// the minimum distance is huge in the beginning
// open the file for reading
ifstream coordFl(fINam.c_str(),ios_base::in);
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while (IcoordFl.getline(buff, 100).eof{))
{
InString.assign(buff);
// get the coordinates
// x0Str=InString.substr(0,InString.find(,',0));
// yOStr=InString.substr(InString.find(',',0)+ 1,InString.find(’;',0)-InString.find(',',0)-1);
if (!(InString.substr(InString.find(’;',0)+ 1,InString.length()-InString.find(’;',0)-1)==domString))
outStr+=InString+\n’;
/
coordFl.close();
// open the file for output to the positions what you want
ofstream oregFl(fINam.c_str(),ios_base::out);
//write the string
oregFl.write(outStr.c_str(),outStr.length());
oregFl.close();

MéBooogs eraseRegFile(int domain)

Téhog 1 eraseRegFile ofnvel v gyypaen mov avtictoyel 6t mEPLOY OV SEXETAL MOC

opopa omd to coordFl. Kokeiton oto destructor g khdong, dtav o€ ypetdleTot mo n

EYYPOPT QLTY).

/ o

Erase the Reg File of the proxy given its domain
"""""" /
void AgentMethods::eraseRegFile(int domain)

{

ostringstream hlpStream;

string fINam,domString;

// the file name is RegFil <domain>
hilpStream << domain;
domsString=hlpStream.str();
fINam="RegFl_"+domString;
remove(fINam.c_str());

/

3.2.5 Apyeio ns-sip.tcl

210 opyelo avtd yivetalr M opywomoinon TV avIKEWEVOV Tov  TANpeEovG1ov
eummpe ™  Kou TOL TWpdktopa ypnotn pécw Tcl. Onwg oaiveron, katd v
OPYIKOTOINGTN TOL OVTIKEWEVOL TOV TANPeEOVooL  eEumnpetnTy — €ELMNPETNTN
EYYPOO®V, KaoAoOvtal ot evtodéc node ko initialize mov glyope mpoavapEPel KOTd TNV

napovcioon g peBdoov command g KAdong Tov TANpeEovoov efumnpeTnTy —
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eEummpem eyypapmv. Emiong Katd v apytkomoinon Tov avTiKeWEVoy ToV TPAKTOPQ

¥PNOTN KOAETOL 1] EVTOAN node.

#Sip Proxy Agent initialization
Agent/ SipPA instproc init { node args } {
eval $self next $args

$self node $node ,# pointer to MobileNode
$self initialize [$node node-addr] ;# file initialization

/

#Sip User Agent initialization
Agent/SipUA instproc init { node args } {
eval $self next $args
$self node $node ;# pointer to MobileNode

21 ovvéyelr Topovotdloviol To apyeio TOV TPOTOMOUWCOUE KOTA Tr OUUPKELD TNG
OUTAMUOTIKNG VTG OlvovTag Ta amapaitnTa ETEENYNUATIKO GYOAN 1O104TEPA GTOL O UELD

OOV £YVOLV Ol TPOTOTOLNGELC.

3.2.6 Apyeio dsdv.h
210 opyeio avtd OV TEPLEYEL TIC INADCELS TOV GLVOPTNCEDV KOl TOV UETAPANTOV TNG

KAdong tov DSDV routing agent mpocOécape ™ SMAoN oG vEog GLVAPTNONG TOL

gloaydyape 6TO KMOKA TOL routing agent.

Wastunas
void sipUpdate(int dst);

[ [ RS AR A AR

3.2.7 Apygio dsdv.cc

X210 apyeio owtd mov mepi€yel 10 TANPN kadika tov DSDV routing agent, tpocOécape
ocuvaptnon sipUpdate n omoia kaAeitor péca amd 10 apyeio sip.cc OTOV O TPAKTOPOGS
YPNOTN SOMGTAOVEL OTL O XPNOTNG E0EPYETAL GE o vEa eployr]. H ocvvdptnon avm
ypnowonoleiton v vo aArla&oope ) oevBvvon IP tov routing agent tov mpdxtopa
xpnot. Otav o e&umnpenmg AdPet to pnqvopo evnuépmonc tote ewcdyst o véo

Katoydpnon oT1o mivaKo JpOHoAOYNoNG Tov €16l dote Otav o mANpe&ovolog
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eEummpem g AdPel éva pnvopo mov amevbivetal mPog To VeoelsEABOVTA TPAKTOPQ

YPNOTN VO Uopel va, TO dPOLOAOYNGEL GLETAL.

/ Rt R R R R R s e
Function that changes variables myaddr._
here_.addr_

"""""" /
void DSDV_Agent::sipUpdate(int dst)

{

rtable_ent *prte;
rtable_ent rte;

prte = table_->GetEntry(dst);
rte = *prte;

rte.dst = myaddr_;

rte.hop = myaddr_;
table_->AddEntry(rte);

addr() = myaddr_;

/ ***************************************/

210 1010 apyelo, ewodyovue otn cvvdptmon command tov DSDV_Agent ti¢ mopakdto
YPOUUES KMOKO, £TCL MOTE VO LTOPOVUE VO KAAOVUE TNV EVTIOAN Sip HE OPIGHO TN VEX
otevbuvon Tov TPAKTOpO YPNOTN, HEGH amd TO apyeio sip.cc kol va aArdlovpe ™

dtevBvvon IP tov routing agent.

int
DSDV_Agent::command (int argc, const char *const *argv)

s
t

else if (argc == 3) {

if (strcasecmp (argu[1], "sip”) == 0) {
sipUpdate(atoi(argv(2]));
return TCL_OK;

// EREXERERLRER

3.2.8 Apyeio arp.cc

210 apyelo ovTd TOL TEPIEXEL TOV KMOKO TOV VAOTOLEL TO TP®MTOKOAAO ARP, kdvaye o
HIKPN  TPOTOTOINGY Yo Vo, OMGOVUE UEYOADTEPT TPOTEPOUOTNTO OTO TOKETA

oNMOT0d0G10g TOV TP®TOKOALOL SIP. Méypt tdpa to TpwtoKoALo ARP Asttovpyovoe pe
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tov e&Ng tpdémo oto mepiParlov efopoimwong NS: Otav oe éva kopPfo A @tdocel éva
makéTo Yoo To KOpPo B ko o képuPog A d¢ yvapiler m d1evBvvon MAC 10v Tpoopiopov
(k6pupog B) mapd povo 1 dievbuvon IP tov mpoopiopon, tote PuAGEL TO TPOG ATOGTOAN
akéTo Kot amootéAdel makéto ARP request (broadcast) pe okond vo padet t dievbuvon
MAC 1ov koppov B. Av oto k6pfo A @tdoet akdpo £vo TakETo TOV KATELBVVETOL TPOG
10 KOpPo B mpotod gptdoetl 1o makéto ARP reply, tote o kOpuPog A metdel 1o mokéTo mov
elye PLAAEEL TPONYOLUEVMC, PUAGEL TO VEO TTAKETO TTPOG OOSTOAN Kot Eavaotédiet ARP
request. H dadwocio aut) sivor emiua yio pog dt0tt vdpyet evoeyoduevo vo xobet
Kdmolo mokéto onpatodociog. Omdte TPocHEcapLe TIC TOPAKAT® EVTOAEG YO VO KPOTALE
ta tok€ta SIP €161 doTe Vo unv vIhpyeL EVOEYOUEVO VO TEPUATIOTEL ATPOCUEVO 1| PON

TOKETWV ONUOTOO0G10G.

int
ARPTable::arpresolve(nsaddr_t dst, Packet *p, LL *1l)

{
if(llinfo->count_ >= ARP_MAX REQUEST COUNT)
{
/ /for SIP protocol
hdr_cmn* hdr = HDR_CMN(t);
if(hdr->ptype_ == PT_SIP) {
// printf("TRYING TO DROP PT_SIP at %.5f\n",Scheduler::instance().clock());
return O;
}
}
/ *
* If we have SIP signalling and traffic running on a single node we don't want to lose the
* first SIP packet because of arp request failure, so we keep the first SIP packet
* and drop the rest of the packets
*/
hdr_cmn* hdremn;
llinfo->count_++;
if(llinfo->hold_) { //drop pending packet if it is not SIP packet
hdremn = HDR_CMN(llinfo->hold_);
ifthdremn->ptype_ == PT_SIP) {/* do nothing at all -- hold the first SIP packet */}
else {
drop(llinfo->hold_, DROP_IFQ_ARP_FULL);
// printf("Dropping packet from node %d at %.5f\n",node_->
address(),Scheduler::instance().clock());
/

/
hdr_cmn* hdremn2 = HDR_CMN(p);
ifthdremn2->ptype_ == PT_SIP)
llinfo->hold_ = p;
else {
if((hdremn) && (hdremn->ptype_ == PT _SIP)) {
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drop(p, DROP_IFQ_ARP_FULL);
/

else {
llinfo->hold_ = p;

}
}

3.2.9 Apysio priqueue.cc

210 apyelo avtd mpocdiopileTar 1 TPOTEPALOTNTA TOV TOKETMV OV ELGEPYOVIOL GTNV
ovpd IFq. Adym tov yeyovatog 0Tt Ta TAKETA ONUATOd0CT0G 0 TPEMEL V. KaBLoTEPOLV
OPKETO YPOVIKO dldoTnue péca oty ovpd ovtny ywrti o apyodv va yivovtar ot
EVNUEPMOELS (OTTMC .. OTN TEPIMTMOT SUTOUTNG B APYNGEL VAL YIVEL 1] EVIUEPOOT TOV
EUTAEKOUEVOV OVTOTNT®V Kol Bo yobodv moAAd mokéto dokoma). Omdte pe v
TPOCONKN HOG €VIOMG OTO apyelo ovtd 0TS Qaivetol mopoKdT®, Sivoupe LYNMAN

TPOTEPOLOTNTA GTO TAKETO GNLATOO0GIAG.

void
PriQueue::recv(Packet *p, Handler *h)

{
struct hdr_cmn *ch = HDR_CMN(p);

if(Prefer_Routing_Protocols) {
switch(ch->ptype()) {

case PT_SIP: // high priority for signalling packets (sip)
recvHighPriority(p, h);
break;

3.2.10 Apyeio packet.h

>10 apyeio avtd opilovpe to moakéro sip (PT SIP). Kabe pnvopa onupotodociog mov
AMOGTEAVETOL TOGO OO TOLG TPAKTOPES XPNOTN OGO Kot amd Tovg eEumnpeNTég Bar eivan
tomov PT_SIP. Avtd S1e0K0ADVEL KOL TNV OVAYVAOPLIoN TOV TOKETMOV CNUATO00GT0C HEGOL

ota apyeia trace.

enum packet_t {

//SIP packet
PT _SIP,

PT _NTYPE // This MUST be the LAST one
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4
class p_info {
public:

p_info() {

// SIP packet
name_[PT_SIP]= "sip";

3.2.11 Apyeio ns-mobilenode.tcl

Y10 apyeio avtd dnuovpyodvrot (6tav tomobetnbei n evrodn $ns node-config —SIP ON
og kamoto apyeio Tcl mov mepiéyel kamolo oevdplo kiviong) dvo véor kouPot (Nodes) mov
avinkovv ot kAdon Node/MobileNode. O mpwtog kopupog amoterel 10 otabud Paong
mhve otov omoio mpocsaptdrtol Evag TAnpeEovotog eEummpetntig (SipPA) mov «akovew
o Bbpa 5060. O devtepog kOUPog amotehel Tov Kwvntd otabud move otov omoio

npocaptdrtal Evoc Tpaktopag ypnotn (SipUA) mov «akobey kot avtodg otn Bupa 5060.

# SIP CODE

#:nnnnnnnnnnnr bRk R ko o *kdk

Node/ MobileNode instproc makemip-NewSipPA {} {
$self instvar regagent_ agents_ id_

set dmux [new Classifier/ Port/ Reserve]

$dmux set mask_ Ox7fffffff
$dmux set shift_ 0
$self install-demux $dmux

set regagent_ [new Agent/ SipPA $self]
$self attach $regagent_ [Node/ MobileNode set SIP_PORT];# attach proxy agent on port 5060
/

Node/MobileNode instproc makemip-NewSipUA {} {
$self instvar regagent_

set dmux [new Classifier/ Port/ Reserve]
$dmux set mask_ Ox7fffffff

$dmux set shift_ 0

$self install-demux $dmux

set regagent_ [new Agent/ SipUA $self]
$self attach $regagent_ [Node/MobileNode set SIP_PORT] ;# attach user agent in port 5060
$regagent_ set mask_ [AddrParams NodeMask 1]
$regagent_ set shift_[AddrParams NodeShift 1]
# $regagent_ set dst_addr_ [expr (~0) << [AddrParams NodeShift 1]]
# $regagent_ set dst_port_ 0
$regagent_ node $self
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210 1010 apyelo tomobetode Kol TG mOPAKAT® cuvaptnoel. H mpdtn cvvaptnon
kaAeitor péoa and 1o apyeio ns-lib.tcl. H cuvdptmon avt kadel tnv evtodn ragent g

KAGong SipPA ywo va emotpéyet £va deikTn Tave oTo routing agent.

#Bind routing agent and sip agent if existing basestation address setting
Node/MobileNode instproc sip-call {ragent} {
$self instvar regagent_
if [info exists regagent | {
$regagent_ ragent $ragent # command ragent in SipPAs

}

H mopaxdto cvvaptnon kaieitar péoa amd apyeia Tcl mov mepiéyovv cevapila kivnong,
pe oKomd va emoTpEYEL £vor instance Tov sip agent, £T61 MOTE 0 ¥PNOTNG VAL UTOPEL va.

YPTCLOTOWCEL KATOEG EVTOAEG TV sip agents (avTég mov Ppickoviol 6TIG EKAGTOTE

ouvapTNoElg command.

Node/ MobileNode instproc sipag {} {
return [$self set regagent_] ;# returns an instance to the sip agent

/

Ot emdueveg dvo cuvaptnoelg opilovv Kol eMOTPEPOLY avtioToyo £va instance Tov

routing agent o omoiog ival Tpocaptnuévog oto khbe KoOUPo.

Node/MobileNode instproc set_ragent {ragent} {
$self instvar my_ragent_

$self set my_ragent_ $ragent

}
Node/ MobileNode instproc get_ragent {} {
return [$self set my_ragent_]

/

H teAdevtaio avt cvvaptnon kaieiton péca omd to apyeio sip.cc 0Tav £vog mTPAKTOPUS

YPNOTN SMCTOVEL ALY TTEPLOYNS Kot apdtov €xel aAldaéel dievbuvon IP. Me 1
CLVAPTNON 0TI, YIVETOL U0 EGOTEPIKY OAAAYN HEGO GTOV KOUPO Yo va umopel va

déyeTon umvopata otn véa avtn devbovon IP.
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#Add a new route from the new address to the dmux_ and delete route
#from the old address to the dmux_
Node/ MobileNode instproc move-dmux {newaddr oldaddr} {

$self instvar dmux._

$self delete-route $oldaddr $dmux_

$self add-route $newaddr $dmux._

3.2.12 Apyeio ns-default.tcl

210 0pyelo avTO YivovTon Ol avayKaieg apytKomoloelg TV HeTaAnt®my mov opilovtol o€

Tcl.

Node/MobileNode set SIP_PORT
#Sip packet size

Agent/SipUA set packetSize_ 48
Agent/SipPA set packetSize_ 48

3.2.13 Apyeio ns-packet.tcl

210 apyeio avtd Parape TV TANPoPopio. GYETIKA e TO VEO TOKETO TOMOVL Sip mov Oa

YPNOLOTO0HV 01 60 ovidtnTeg Tov SIP.

foreach prot {

#for SIP application

3.2.14 Apyeio ns-lib.tcl

210 apyelo avtd, EIGAYOVUE OPYIKA TIG TOPAKAT® YPOUUES, £TC0L OGTE O YPNOTNG VO
umopet va. ypnotporomoet 1o [Ipwtdéxoiro 'Evapéng Zvvddov, Bdlovtog oto apyeio Tcl

7ov Oa TEPLYpapeL To EVEPLo Kivnong, Tnv evioAn $ns node-config —SIP ON.

source ns-sip.tcl
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Me m mapakdteo cvvdptnon opiCovtatl ot petapintég SipUA yuo Kivntovg KOpPpovg kot

SipPA yia otaBpovg Baong, avardyme pe to ov eivar evepyomompévo 1o wiredRouting

n oxL.

Simulator instproc get-nodetype {} {

# Sip agents
if { [Simulator set sip_] } {
if { $val == "Base" && $wiredRouting_ == "ON" } {
set val SipPA

/
| if { $val == "Base" && $wiredRouting_ == "OFF" } { | |

set val SipUA

Av givor gvepyomomuévn 1 petafintm SIP_ (o ypnotng édmoe v gviodn $ns node-
config —SIP ON) tot¢ ti0eTon | petafAnt sip _ ion pe 1 adlung tiBeton ion pe 0.

Simulator instproc node-config args {
$self instvar addressType_ ... SIP_ ...

# set SIP flag
if { [info exists SIP_] && $SIP_ == "ON"} {
Simulator set sip_ 1

Jelse {
if { [info exists SIP |} {
Simulator set sip_ O

}
}
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H evtoAn $node sip-call $ragent evepyomoiei tn ocvvapton sip-call mov opiletor péca
010 apyeio ns-mobilenode.tcl kot 1 omoia Kakel TV evtoAn ragent g kKAdong SipPA yu
va emoTpéyel Eva OgikTn Tvew 6To routing agent £T61 MGTE VO UTOPOVLE VO KAAEGOLLE

péca amd T KALoN atr, cVVAPTAGELS 1] HeTaANTEG ToL routing agent.

Simulator instproc create-wireless-node args {

if { [info exist wiredRouting | && $wiredRouting == "ON" } {
if { $routingAgent_!= "DSR" } {
$node mip-call $ragent
$node sip-call $ragent

}
}

Simulator instproc create-dsdv-agent { node } {

# SIP protocol

if [Simulator set sip_] {
$ragent port-dmux [$node demux]
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4. Tleprypaon Zevopiov Kivnong

4. Ileprypaon Xevapiov Kivnong

4.1 Khaoerg Kivnong

Kotd 1 Ooudpkela g vAomoinong twv oevopiov Kivnong ypnowomomnkav 3
dwpopetikés kKAdoelg kivnong (Traffic Classes TC), €161 dote Vo TOPATNPNGOVUE TN
CLUTEPLPOPE TV dVO pnyovicpdv kvntikotntog (SIP koaw Mobile IP) og oyéon pe to

€ldog g Kivnong.
O1 3 khdoelg ktvnong mov ypnoyorombnkay etvat:

A) TC1: Awroykn emkowvmvia (conversational) 6tafepol pvBpov petddoong (Constant
Bit Rate — CBR) 6mw¢ yia mapaderypo n epappoyn Voice over IP (VoIP) n onoia €xet ta
eENG YOPAKTNPIOTIKA:

e Dbi-directional link

e full duplex

e downlink bandwidth (DL) 16Kbps

¢ uplink bandwidth (UP) 16Kbps
Ot Kup10TEPES TMOPAUETPOL TOV EVOLAPEPOVV TIG KIVIIGELS TOV OVIIKOVV GTNV KAAGT 0T
glva:

e Kabvotépnon (delay),

e Jdwkvpavon kabvotépnong (jitter),

®  amOAEEC AOY® COUAUATOV.

Ot €QopUOYEC TOL OVIIKOLV GTI KOTNYOPid oVTY| €lvol EQOPUOYES TPOAYUATIKOV YPOVOL
omwg iepovia ko g&opoimon kukAopatos. Epappoyés g xatmyopiag avtng éxouvv
AVGTNPEG ATOLTAOELS OTNY KoBuoTEPNON KaODC Kol TN dloKOUAVoT TG KaBvoTépnong

HETOED S1Q0YIKAV TAKETWV OAANL EIVAL AVEKTIKES (OC TPOG KATO10 0Pl COAAUATOV.

B) TC2: Emxowaovia pong (streaming) octabepod pvBuod petddoong (CBR) onmg yuo

Tapadelypa po epappoyn video streaming 1 omoia £xetl T €6NG YAPOUKTNPLOTIKA:
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4. Tleprypaon Zevopiov Kivnong

e uni-directional link,

semi-duplex,
downlink bandwidth (DL) ~100Kbps,
uplink bandwidth (UP) 2Kbps.

Ot Kup1OTEPEG TOPAUETPOL TTOV EVOLAPEPOVY TIG KIVIGELS TOV OVIIKOLY GTN KAAGT 0T
glva:

e Kabvotépnon (delay),

e Jdwkvpavon kabvotépnong (jitter),

®  amOAEEC AOY® COUAUATOV.
Ot g@appoyéc TOV OVIKOLY GTN KOt yopion auTh €ivol EQOPUOYES TPAYHATIKOD YPOVOL
onm¢ n tiedidokeyn (video-conference). Epappoyég g katnyopiog avtg £govv oyt
Kol TOGO ALGTNPEG AMOITNOES 6T KaBLGTEPNON OGS Ol EPAPLOYES TNG TPOTYOVLEVNS
KAAoNG aAAG €0V TOAD QOTNPOVG TEPLOPIGHOVS GTN SOKVUIOVOT TG KaBLoTEPNONG
petoly  dwdoyikov mokétmv. Emiong elvor ovektikég ®¢ mpog Kdamowov  aplfuod
COAALATOV. AVTO OV KVPIOG evolapEépet ivorl N avarapaywyn pog pong video (ywpig
va gvoyrel Kamowa pukpr| KaBvotépnon) yopic daxvpdveels e kabvotépnong mov Ha

OALOIDVOLV TNV KIVOOLEVT EIKOVOL.

I') TC3: Emkowwvia petapfintod pvbuov petadoong (Variable Bit Rate — VBR) omwg
vy wapadetypo ot epappoyés WEB, FTP ot omoieg €govv eKpnKTIKA YOpOKTNPIOTIKA
Kivnong Kot Oyl OVGTNPOVS TEPLOPIGUOVG OTNV KOOBLGTEPNON KOl OTI OLOKVUAVO|
kaBvotépnong mok€tov. Amd TV GAAN TAELPA OU®G, Ol EQPAPUOYEG OVTEC E£XOLV
UNOEVIKY] OVOYN GE GOAALATA, YIOVTO GAAMGTE AEITOLPYOVV TAV® OO TO TPWTOKOAAO

TCP 1o omoio amotehel pia aEdmoT VANPEGIK HETAPOPES.

4.2 lMopapetpor enelepyaociog (metrics)

Ot K0pleg MOPAUETPOL TOV HOG EVOLAPEPOLY OTNV KATO TNV  emeEepyacio TV
amotelecudTomv Tov Edmoay ot eéopolmoelg Tov oevapionv oto Network Simulator v2.27
glva o1 akOA0LOES:

o Yriypwoio ko péon kabvotépnon and dkpo o€ akpo (instant and mean end-to-

end delay in seconds)

100



4. Tleprypaon Zevopiov Kivnong

Aoppdavovtag dedopéva and 1o trace file (ypovikn oTypn AmooToANg Kot Ayng
KGOe TOKETOV) UTOPOVUE VO, VITOAOYIGOVHE TOGO TNV CTIYHLaio OGO Kot TNV HéEoN
KaBvotépnon and dKpo Ge aKpo.

e Yriypwoio xou péon owokdpoavon kabvotépnong (instant and mean end-to-end
delay variation — jitter in seconds)
Aoppdavovtag dedopévo amd to trace file Onw¢ mopoamdve, pmopovue vo
vroloyicovpe 1060 T oTrypaio 660 Kot T péon dakdpoven kabvotépnon and
dKpo o€ aKpo.

o Mcéon emPapuvon Adyw onuatodociog oe Kbps (mean signalling overhead in
Kbps)
Bpiokovtag moco moakéto éxovv evBviakwbel, mollomioacialovroc pe to 20
(bytes IP maxétov evBvuAdxkmong) kot dtupaviag pe to xpdvo g eopoimong,
Bpiokovpe ™ péom emPapovvon Aoyw onpatodosiog o€ bps.

o  Méomn T kabvotépnong Adyw dwaumopnng (mean handoff delay in seconds)
A] Ilepintwon Mobile IP: Q¢ ypovo dwomounr|g oto Mobile IP vroAoyicape to
YPOVIKO dtdotnuo omd Tn oTiyp] Tov 0 Kvntdg KOuPog avtilaupdveror 0Tt £xet
e10éA0el og o véa meployn néxpt va evnuepaocet tov [pdxtopa Emokentdov kot
tov [Ipdxtopa Owelowv yio v oddayn dievbuvong IP.
B] Hepintwon SIP: Qg ypdévo owmounng oto SIP vmoloyicope 10 Ypovikd
dldotnuo amd T OTIYUN Tov 0 Kvntdg kouPog aviihapPdvetar 6t £xel eloéAbel
o€ o Ve TTEPLOYN HEYPL VO EVNUEPOGEL TOV KOUPO pe Tov omoio dlatnpel pia
ovvdeon Yo TV aAlayr oevBuvong IP (dniadn péypt va AdPet o correspondent
host to pivopa (re-)INVITE).
H xaBvotépnon Loyw dwamounrg oto SIP e€aptdton and v andostacn t@v 60O
TEPLOTIKAOV GLOKELAOV TOL AAUPAVOLY UEPOG GE o GVVOEST Amtd AKPO GE AKPO,
evad oto Mobile 1P, e€aptdtar amd v amdcTocn Tov KOUPOL — TPOOPIGHOV Ao

tov [Ipaktopa Owkeimv Tov.
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4. Tleprypaon Zevopiov Kivnong

4.3 Tomoloyia cevapiov Kivnong

H tomoloyia méve omv omoia Pacictnkav ot eEopoidoelg 1660 6to Mobile IP 660 kot

oto [Ipwtdéxorrio ‘Evapéng Zvvodov mapovcstdletot o To KAT® oyfuato Eexmpiotd yio

t0 oevaplo Mobile IP ko Egywprotd yio to SIP.

The mobile node has moved to a Foreign Agent and
traffic is forwarded to it through it's Home Agent who
then tunnels it to the FA (MIP triangle).

\ !
\ /
. mobile agent's movement
\ ~ 2 Home Agent 7\ Foreigh Agent /\ Foreigh Agent /\
\Mobile Host <&
~ - ~ - ~ - ~
~ - _ - ~ - - ~ - ~

Tympa 14: Zevapo Mobile IP.

SIP

~
s { ~
After SIP signalling is completed \%
i 4 4.0.0 - N

data is forwarded directly to the the
mobile node's new position. No

triangulalar rooting takes place \‘
\
-~ T =< -~ T =< - |
e ~ - ~ e
s N s N s /
4 N 7 N7 J
p 0.0.0 X 1.0.0 N ,
/ = /A = /N 4
! ! \ / \ 7’
1 [ 1 \ -7
| | [ [ I
\ \ ] \ ]
N = \ ) = ~
v < mobile agent's movement S
N\ Proxy I\ Proxy I\ N\
’ N /N /N \
7 ~ s ~ 7 ~ \
- =~ -~ - - =~ -~ - - =~
- - - - - \
|
I
/
/
/
/7
I
e

Xyfqna 15: Zevapro SIP.
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4. Tleprypaon Zevopiov Kivnong

EmAéEape v mo mdve tomoloyia yio To AOYo OTL UTOPEL VO TOPOVCIACTEL LE TOV TO
TOPOCTOTIKO  TPOTO 1 OPOpPd  avAUESH O©TOVG 2 UNYOVICHOVS VTOGTNPENG
KvnTikotrog. Oswpodpe 6Tt 0 acvppatog Kivntog koppoc UAT Eexvd v kivnon tov
a6 v nepoyn 0.0.0 (n omoio amoterel Ko v okelo TepLoyn TOL) Kot KaTeLOHVETAL
npog v meproyn 5.0.0 otn mopeia mov kabopiletor and v mpdown dwdpour. Otav
otaoel otV eproyn 5.0.0, tote yupilel micw oy oweia Tov weproyn. Eniong Bewpovpe
011 0 acvppoTog axivntog kOpPog UA2 Bpioketal eviog TG OIKELOG TEPLOYNG TOV 1) OTTOid
etvan 1 4.0.0. Katd ™ dupketa mov o koppoc UAL Bpioketar péca oty nepoyn 2.0.0
apyilovv o1 autnoelg (gite and to UAL gite and 10 UA2) yia tnv gvepyomoinom kdmoimv
EQUPUOYADV Ol OTTOlEG VKoLV GE Kol omd TG mpoavapepPeioeg KAAOELS, avaioya pe
t0 oeviplo. Ot epappoyéc avtéc eivar evepyomomuéveg péxpt o kOpPoc UAT emotpéyet
otV owelo meployn Tov. Ot S1PopEg AVALESH GTOVG dVO UNYOVIGHOVG AVOUEVETOL VO
yivouv opatéc wWwitepa oy mepintmorn mov o UAL Ba Ppiocketoar otv mepoyn 5.0.0
o0mov otV mepintwon tov Mobile IP 1 xivnon mpoegpyoduevn amd tov UA2 6o
avaykaletor va akohovBel v kokkivn dtakekoppuévn oadpoun (BAére oynuo 14) evo
otV nepintoon tov SIP n xivnon and tov UA2 Ba dpoporoyeiton katevbeiov pécm g
KOKKIVNG dtakeKoppuéVNg dtadpoung (PAéme oynua 15).

Ta ocevdpla mov viomomoape Pacilopevol oty Mo TAVEO TOomoAOYio Gaivovial GTov

TOPOKATO TIVOKOL.

Xevapro Kidon Kivnong

Yevapuo 1 TC1 — Mobile IP
Xevaplo 2 TCI — SIP

Xevopo 3 TC2 — Mobile IP
Xevapro 4 TC2 — SIP

Xevaplo 5 TC3 — Mobile IP
Xevaplo 6 2 TC1 — Mobile 1P
Xevapro 7 2 TC1 — SIP

Xevoplo 8 2 TC2 — Mobile IP
Xevaplo 9 2 TC2 — SIP

Xevapro 10 2 TC3 — Mobile IP
Xevapo 11 TC1 + TC3 — Mobile IP
Xevapro 12 TC2 + TC3 — Mobile IP
Xevapro 13 TCI1 + TC2 — Mobile IP
Xevaplo 14 TC1 + TC2 — SIP

Mivaxag 7: Xevdpla kot KAAGELG Kivinong.
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4. Tleprypaon Zevopiov Kivnong

Mepikég onUaVTIKEG TAPAUETPOL TOV TOPOTAVED GEVOPiwV glval:
- Axtiva kdAvyng otabumv faong : 250m

- Link delay : 400msec

- Link Bandwidth : 200 Mbps

- Movement of UA1 : (171,205) = (1600,1) kot avtiotpopa

- Mrxoc¢ ovpdg iFqueue : 100
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5. Amortiunon Anoteheopdtov

5. Amotiunon ATOTELECUATOV

5.1 Xevapuo 1 -2

210 0evaplo avTod €yKaOOPLETOL o SOAOYIKY EMKOWV®VIO HETaED TV dV0 KOUP®V
UA1 ka1 UA2, onradn pa epappoyr VoIP n onoia avikel otnv kAdon TC1. v tpodt
TEPIMTOON TO GEVAPLO LAOTOlEiTon Yoo To Mobile IP katl ot dgvtepn mepintmwon yia 10

[Tpwtoéxoiro ‘Evapéng Zvvodov (SIP).

Y10 mopokdto oynuoata (oxynpo 16 kot 17) — ota onoia mapatifevior ot dvo pnyovicpol
VTOGTNPIENG KIVITIKOTNTOG O OVTIOOGTOAN, — TOPOVGIALOVTOL Ol GTIYMIOHEG TIES Ko M
péon T g kabvotépnong dcov apopd ™ Levén amd tov kivntd kopPo UAT (mobile)

1pog Tov axivnto képpfo UA2 (stationary).

Mmnopobpe va mapoatnproovpe 0Tl 1 otiypaio kol péon kabvotépnon maipvet Tig idieg
TIEG Ko otig dvo mepumtooelg (Mobile IP kot SIP) yw to Adyo o611 t00 mokéto
akoAovBovv ™ cvvtopdTepn Sadpoun amd tov UAT mpog to UA2. H khMpokwt| popen
TOV YPOPIKAOV TOPOSTAcGEDV opeileTon 610 Yeyovog 0Tt Kabwg o UAL «kivelton and
neproyn 2.0.0 mpog ) weproyn 3.0.0 ko apyotepa ) 5.0.0, tAnoidlel Tpog tov akivnto
koppo UA2 omodte n kabvotépnon otig neployés 3.0.0 ko 5.0.0 maipver v ehdyiom
TN NG Aol Ta TakETo £X0VV va dtacyicovv povo pia evevppotn (evén yua va ptacovv
otov 1eMk0 mpoopiopd. Ev ocvveyeio kabmg o xivntdg kopPoc UAL emotpépel otnv
oweto meproyn tov (0.0.0), amopoakpiveron amd tov kOpPo UA2 kou €161 ot TIEG NG
oTypaiog koBuotépnong avEdvovtal 0A0EVe Kol TEPIGGOTEPO LE OMOTEAEGHO VAL QTAGEL

™ péytotn T g 6tav o UAL pmel oty okela meployn tov.
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5. Amortiunon Anoteheopdtov

Delay - Mobile IP - One TC1
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Packets (packet ID)

Zympa 16: Kabvotépnon oe oevapio piag ovvdeong TC1 - Kivntog mpog otabepd - Mobile IP.

Delay - SIP - One TC1
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et

1.4 1

I
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064 ————

0.4 4

02 f oo

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Packets ( packet ID)

Xypa 17: Kabvotépnon oe oevdpio pag suvdeong TC1 - Kivnrtdg npog otabepd — SIP.

2116 OVo emdueveg Ypapkés mapaotdoels (oynuald xor oynual9) mapovcsialovtar ot
OTIYHoieG TWES Kot M Héom T ¢ dtokdpovong g kabvotépnong (jitter) yia tig dvo
neputtoel; (Mobile IP kot SIP) 6cov apopd ot Levén amd tov UAL mpog to UA2.
Elvar gpopavéc 61t or Tipéc autég eivanl mepimov ioeg kdtt mTov o@eidetal 6Tovg 1010V

Adyovg mov avapépape mo tave. H péon tipun g dwaxvpaveng g kabvotépnong eivoe
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5. Amortiunon Anoteheopdtov

emBuunTo vo Kopaivetotl YOpw 6To UNoEV, Xwpig ot oTiypoies TIES TG StoKOUAVONG Vo

TPOVCIALoVY HEYAAEG OMOKMOELS ad TN HLECGT TIUN.

Delay Variation (Jitter) - Mobile IP - One TC1

0.6

w
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22
c
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= —— Mobile2Stationary
= 2000 4000 6000 8000 10000 12000 14000 16000 14
S Median
> -0.2 1
>
o
8 044
IS
8
B 06 e
£

08 o]

-1

Packets (packet ID)

Yympa 18: Awaxdpavon Kabvotépnong oe oevapro pog odvvdeong TC1 — Kivntog mpog otabepd — Mobile
IP.

Delay Variation (Jitter) - SIP - One TC1
0.6

0.4 1

0.2 1

2000 4000 6000 8000 10000 12000 14000 16000 18000 20
o24- - - - - - - - - - ____

—— Mobile2Stationary
—— Median

04 1

064 ------ |

Instant Delay Variation (secs)

o8- ---—— |

Packets (packet ID)

Zypa 19: Awaxdpovon Kabvotépnong o oevapro pog odvdeong TC1 — Kivntog mpog otabepd — SIP.
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5. Amortiunon Anoteheopdtov

Yta emopevo oyfuata (oxnua 20 ko oynua 21) tapovotdlovtol ot oTrypoieg TYHES Kot
péom tun g kabvotépnong 0cov agopd ot (evén amd tov akivnto koppo UA2 mpog

tov kivntd kopPfo UAT.

Onwg pmopovpe gvkoia va dovue, 6cov apopd oto Mobile IP, 1 kaBvotépnon (Léom kot
oTIYHIOiES TIHEG) €XOVV OPKETO PEYOUADTEPEG TIUEG OO OLTEG OV TOPATIPOVUE Y10 TNV
0w (evén oto SIP. Avtd Ntav avapevopevo and tn otypr] mov oto Mobile IP €yovpue
Tpryovikny dpopordynon mokétov. Etor o kéuPfoc UA2 otéhvel 1o moKETo TOL
angvfvvovror otov UA1, mpog tov owkeio mpdaktopa tov UAT mov eivan o kopupog pe 1P
0.0.0 ka1 owTOg e T oEPA TOL POV eVBVAUK®OGEL TO KAOE TOKETO, TO OPOLOAOYEL TPOG
TOV TPAKTOPU EXICKENTAOV TNG TEPLOYNG TOL PpioKeTal KAOE YPOVIKY] GTLYUN O KIVOOUEVOG
koppoc UAL. H dadwcacio avth ow&avel Ty KaBuotépnon HeTapopis eVOC TakETov and
TNV TN TPOG ToV TPooptopd. Kabdg o kivoduevog kopfog minotalel otnyv meployn tov,
UTOPOVUE VO TOPATNPTGOVUE OTL N KABVOTEPN O UEUDVETOL QTAVOVTOS GTNV EAN(IOTN

Tiun ¢ 0tav o UA1 e16éA0el oty okela meployn tov.

And v dAAn, 6cov aeopd 1o SIP, 1 katdotoon sivor eviedAdg Swopopetikn. Ot
oTiypaieg TES TG Kabvotépnong kabmg Kot 1 HEoT TN S, elval apKeTd KpOTEPES
amd T avtioTolyeg TWES oty mepintwon tov Mobile IP yuo to Adyo 6t1 T TakéTa
axoAlovBovv mavtote T cvvtopdtepn dadpoun amd tov UAT mtpog to UA2. Avtd yiveton
ywti oto SIP, o k6puPog mov kveiton Ko aAralel meproyn, evnuepdvetl tov dAlo kOpPo
v ) véa devbuvon [P oty omoia Ba déxetan Ta TokéTa TG Kivnong, omoTE To TOKETA
dpoporoyovvion amevbeiag ympig vo mnyaivovv mpog 10 okelo oiktvo. Omdte GTNV
nepimtwon ovt) tov SIP, 1 KMUOK®TY HOPPN NG YPOPIKNG EXEL OVTIOTPOON
oLUTEPLPOPE ooV M KaBvoTEPNOoN pewdveTal otV eAdyotn TN ¢ kabog o UAL
Bpioketar otig meproyég tov kOuPov 3.0.0 kot 5.0.0, kot av&dvetor KaOdG eMOTPEQEL
OTNV OKElD TEPLOYN TOV, YWPIG OUMS VAL PTAVEL TN KEYIOTN TN NG KabvuoTtépnong mov

eyyape oto Mobile IP.
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Delay - Mobile IP - One TC1
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Packets ( packet ID)

Typa 20: Kabvotépnon oe cevapro piag cvvdeong TC1 — Etabepog npog kivntd — Mobile 1P.

Delay - SIP - One TC1
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Packets ( packet ID)

Iympa 21: KaBvotépnon og oevapio piag ovvdoeong TC1 — Xtabepdc mpog kivntd — SIP.

Ocov apopd ot dakvpavon e kabvotépnong (oynpa 22 kot oynua 23) yo v o
Cevén, umopovpe KOT’ apynv VO TOPOTNPNCOVUE OTL KOl GTIS dVO TEPUTTOOELS 1 HEGT
T etvor unoév. Avtd dev elvar kot’ ovaykn KoAO yuoti mpEmel var EXOVHE KPEG
OTOKAMGOELS TOV OTIYHOI®OV TGOV omd TN HEST TIUN, KATL TOVv OT®G Qaivetol cvuPaivel

poévo oty mepintwon tov SIP. Xt mepintwon tov Mobile IP, ot aroxiicelg amd ™ péon
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5. Amortiunon Anoteheopdtov

T eTavouv akopa kot ta 0.8 devtepodrenta av avtiBéoet pe to SIP 6mov ot anokAicelg

Kopaivovral ota 0.4 devtepdrenta.

Delay Variation (Jitter) - Mobile IP - One TC1
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04— M e ewewewessesswseel _______________________
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Packets (packet Id)

Xympa 22: Awxdpovon Kabvotépnong o cevapro pag odvdeonsg TCL — Etabepdg mpog kivntd — Mobile
IP.

Delay Variation (Jitter) - SIP - One TC1
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Zyfpa 23: Awokopoven Kabooetépnong oe cevapio pag oovdeong TC1 — Ztabepdg mpog kivnto — SIP.

Ocov apopd 10 oevaplo 1 mov eumiékel to Mobile IP, vmdpyer emPdpovvon Aoywm

ONMOTO00G10G, 0oV 6T0 KAOE TaKeETd TOV PTAVEL GTOV O1KEID TPAKTOPA OO TOV KOO
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5. Amortiunon Anoteheopdtov

UA2 pe mpoopiopd tov kopPfo UAL, mpootiBevtan 20bytes (emkeparidoo maxétov IP)
AOY® evBuAdKmong Kt Tov dev cvpPaivel oto SIP. Xta mapokdto oynuoata (oynuo 24
Kol oynua 25) mapovctdleton o pvOudc petadoons avd (eHén oe cLVOLAGUO HE TNV

emPapovvon oe Kbps yia to Mobile IP kaBmg xat o puBudc petddoong yo to SIP.

Inuetdveton 0tL M pon mAnpoopiog Eekva tn ypovikn otrypr] 120sec ko teppatiCeton

™ XPoVviKT otyun S50sec.

Bandwidth and Signalling Overhead - Mobile IP - One TC1

= \lobile2Stationary BW
10 4 e Stationary2Mobile BW
3 Stationary2Mobile Overhead

Bandwidth (Kbps)

0 100 200 300 400 500 600

Simulation time (secs)

Tympa 24: PuOuog petadoong kot emPdpuven onpatodociog o€ oevdpio piag ovvoeong TC1 — Mobile IP.
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Bandwidth - SIP - One TC1

12 4 = \lobile2Stationary BW
= Stationary2Mobile BW

Bandwidth (Kbps)

0 100 200 300 400 500 600

Simulation Time (secs)

Tympa 25: Pubuog petddoong o cevdpto piag ovvoeong TC1 — SIP.

Onwg mapatnpovpe oto oyfuo 24 mov agopd v mepintwon Mobile IP, o pvOuodg
petdooong mAnpoeopiog otn (evén and tov képPo UA2 (otabepdg) mpog to kopupfo UAL
(xovmrog), stvan yopw ota 21Kbps oniadn peyordtepo amd 10 pvOud pe TOV OMoio
exméunetor mAnpoeopia and 1 mnyn (UA1) mov eivar 16Kbps. Avtd oeeidetor oto
yeyovog 6t o puBudg tv 21Kbps dev elvar puBuog petdooong kabapng mAnpopopiog
aALG cvumeptAapPavel kot v Tpdchetn emidpuvon mov lcdyetal o KAOE TAKETO TOV
dpoporoyeitar mpog tov UAL Otav avtdg Ppioketor extdg TG okelog meployns Tov. 1o
010 oynua mapatnpovpe O6tL N emPdpvvon onuatodociog (20 bytes/packet dtav o
Kivntog kopPog Ppioketon ektodg TG owkelag meployng tov) sivon mepinmov 5.4Kbps katd
péco Opo. X mepintwon ovvoécewv kAdong TCl o6mov 1o maxéto. UDP  mov
amootélhovtar Eyovv péyebog 48 bytes, n mpocHnkn dAlwv 20 bytes Tpochitel apreTd
peydan emPdapovon ev aviiBéoer pe v kAdon TC3 o6mov ta mokéto TCP mov
amootélhovtor £yovv péyebog 1000bytes, ondte  mpocHnkm 20bytes dev ta emiPapdvel

1000.

Av agpapéocovpe Tovg dVo avtovg pLOROVE, aVTd TOV TPOKHTTEL Eivanl 0 UEGOG PLOUOG
petddoong kabapng mAnpogopiog kot givar mepimov 15.6Kbps. O pécog pvOuodg
petdooong mAnpogopiog otn Levén and 1o otabepd kopPo UA2 otov kivnto kéupo UAT
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elvar gddytota peyoldtepog amd tov avtictoyyo péco pvlud ot Cevén amd tov képupo
UA1 oto UA2 mov npoceyyilel ta 15.4Kbps. Avto mbBavmg va opeihetal 6to yeyovog Ot

N {ebén amd otabepd TPOC KIvNTo lval MO VAAMTN 68 OMMAELEG AOY® TOL OTL KIveitol o

TPOOPIoHOG (KvnToOG KOUPOG).

> mepintoon tov SIP (BAéne oynua 25) dev vrdpyet emPapuvon onUatodociog Kot o
puécog puOudg petadoong ot (evén tov kvntov KOUPov mpog 10 otabepd, mpoceyyilet
oV puOUd amocTtoAng mAnpoopiag mov eivar 16Kbps. Xty avtiBetn (evén o pvOudg
mnpoeopiag eivar yopm ota 13.7Kbps. [Moapatnpodue 61t ot Levén awty|, amd tov
axivnro kopPo UA2 mpog tov xivntd koppo UAT eivor pikpodtepog o pésog puludg
petadoonc mAnpoopioc. Avtd oeeileton mBavoév oto yeyovog OTL YAvovtol TOAD
nePLocOTEPO ToKETO 0T CeVEN awvt Yot o kopPoc UAT kwveiton cvveymdg aArdlovtag

TEPLOYES, VO 0 kOUPog UA2 mapapével axivntog (otabepdg).

Ocov apopd 10 Héco ypdvo damounng, oto SIP givar mepimov 4.2 devtepOAENTO EVAD GTO
Mobile IP eivon 7.7 devtepdrenta. O ypdvog Slomounng vroAoyicTNKE He TO TPOTO TOL

AVOQPEPALE GTO TPOTYOVLEVO KEPAAULO.

To mocootd andielog makétwv oto SIP givar 0.06% yio ™ (evén amd Tov Kivntd koo
UA1 mpog 1o otaBepd UA2 wor 13.8% vy v avtiBetn Cevén kdtt mov nrav
avopevopevo pag kor o kopPoc UAD xweitoar ovveyds aAldlovtag meploxés e
AMOTELECA TOL TOKETO TOV KOTELOVVOVTOL TPOG AVTOV VO, KIVOLVEDOLV TEPIGGOTEPO VO
amoiesobv. Avtd NTav epeovég Kot amd 10 puKpoOTEPO PpLOUO TANPOPOPING TAV® GTN

Cevén vt OTOG EMONUAVOLLE GTIV TPOTYOVLEVT] TOPEYPAPO.

Ao v dAAN TAEVPA TO TOGOGTO ammAELNG TakET®V 6to Mobile IP ivon 3.88% yia
Cevén amd tov kivntd koppo UAT mpog 10 otabepd UA2 kon 3.01% vy v avrtifetn
Cevén. [opampode apketd KPOTEPO TOCOCTO AMMAELNG TOKET®V otV (eOEN amd Tov
otafepd mpog tov kivnTo KOpPo. Avtd cvpPaiverl yati oto Mobile IP, n aAloyn otabpod
Baong yivetar 610 PECO NG EMKAALTTOUEVNG TTEPLOYNG HeTAED dVo oTabudY Pdong, 1ot

To. woKETo, oL Katevhvvovtol otov kKvntd kOpPo pécwm tov moAoh otafuod Pdong
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KATOQEPVOLY VO OTAGOLV G ATV Yot cuveyilel va Bpioketal eviog g euPéretag Tov.
Amo v &dAAn oto SIP, n oaAlayn otabuod Pdong kor dpo M evnuUEP®OM TOV
correspondent kKOpupov yiveror a@otov Pyer o Kivntog kKOuPog €€ amd ™ mEpLoy TOv
oAV 6tafpod Baong. Omodte Ta makéta mov anevdhvovtar TPog Tov Kivntd KOUPo HEcw
oV AoV otabuov Paong (tpotol evnuepwBel o correspondent kKOUPOC), ydvovTor Kot

dpa 0dNyoOHOOTE GE PHEYOAO TOGOGTO aMMAELNG 6T (EVEN avT.

5.2 Xevaprwa 3 — 4

210 ovykekpluéva oevapilo eykadidpvetor pa video streaming £Qoppoy”, 1 omoio aviKel
otV KAdon TC2. Kat mdit otnv mpdtn mepintwon to cevéplo viomoteitor yio to Mobile
IP wou ot devtepn mepinmtwon yw 10 Ilpwtoéxorro Evoapéng Zuvvodov (SIP). Zta
mapokdto oynuato (PAéme oyfuo 26 ko oynuo 27) — oto omoia mapatiBevior ot 600
unNyaviopol vTooTNPIENG KIVNTIKOTNTOG G OVTIOWGTOAN — TaPOoLGLALOVTOL Ol GTUYOIES
TIWES Ko M péom T s Kabvotépnong 6cov apopd ™ (evén amd tov kvntd koOuPo
UA1 (mobile) mpog tov axivnto xoppfo UA2 (stationary), n omoio €ivor avtfy pe to
younio pvbud 2Kbps (uplink). Onwg edxora PAémer kovelg m otrypadio Kot péon
KaBvotépnon maipvovv oyeddv Tic 1d1eg TYES Ko oTig 6vo mepurtmoelg (Mobile 1P kot
SIP). O Adyog elvon Ko TdAL OTL TOL TOKETOL AKOAOVOOVV T1 GLVTOUOTEPT OLAOPOUN AUTTO
tov UA1 mpog 10 UA2. Eved 1 KMUAK®OOT TOV YPOOIKOV TAPUCTACEDV OPEIAETAL Kot

TOAL TNV GAAOYT|] TEPLOYDV OO TOV KIvNTo KOUPO.
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Xympa 26: Kabvotépnon oe oevapio pioag ouvdeong TC2 — Uplink (2Kbps) amd kivntd mpog otabepd —
Mobile IP.
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Typa 27: Kabvotépnon oe oevapio piag cuvdeong TC2 — Uplink (2Kbps) amd kivntd mpog otabepd —
SIP.

Ot dvo emdpeves ypagikés mapootdoels (PAéme oyfua 28 ko oynua 29) o6mov
TPOVCIALoVTaL Ol OTIYHOAES TIHEG Kot 1) éom TN NG dtakOpaveng g Kabvuotépnong

(jitter) yia tic 6v0 mepintwoelg (Mobile IP kot SIP) 6cov apopd ™ (evén amd tov UAI
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npog 10 UA2 €yovv kot avtéc ioeg TIHEG KATL TOL 0PeileTol oTOVS 1d10VG AdYOVE TTOL
avagépape o move. H péon tyun mg dokdpaveong g kabvotépnong eivor emBountod
Vo Kopoaivetonr yopw o©To pNnodév, ywpig ot oTiyplaieg TEG NG OLOKVLUAVONG Vo

TaPoVGLALoVV HeYOIAES OMOKAIGELS Ao TN LEST TIUN.

EmnmAéov, pia a&oonpeiotn owopoporoinon eivar o onuoavtikd peyoAlvtepog aptBudg
TokETwV mov mapatnpeital oto SIP kot opeidetan dnwg yiveror avTiAnmtod Kot amd OAeg
TIG TPOGOUOLDGCELS GTO OTL TO YOUEVO TAKETO Elvar TOAD Aydtepa Otav ypnoiomoteiton

to SIP.

Delay Variation(Jitter) - Mobile IP - one TC2
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o
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S
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S
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Packets (packet ID)

Tyfpa 28: Atakdpoven g kabvotépnong oe cevapto pog ovvoeong TC2 — Uplink (2Kbps) and kivntod
npog otafepd — Mobile 1P
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Delay Variation(Jitter) - SIP - One TC2
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Tympa 29: Awkbpavon e kafuotépnong oe cevépto pag cbvdeong TC2 — Uplink (2Kbps) omtd kvitd
npog otafepd - SIP.

Y10 oynuota mov akolovbovv (oynua 30 kol oynua 31) mapovsidlovion ta oo peyEtn
ocov apopd ™ Levén and tov axivnro kopPo UA2 mpog 1o kivntd koppfo UAT, dnradn
avty pe v vynAn toyvtto 100Kbps (downlink). Onwg pmopovpe gdxolo v SovUE,
6cov apopd oto Mobile IP,  kabBvotépnon (Héon Kot oTiypoies TYHES) €YOVV OPKETA
UEYOAVTEPES TIES OO ALTEG TOL TaPATNPOVLE Yo TV 1010 {evén oto SIP. H attia eivon
Kot A ) emmAéov kaBuotépnon mov emPAALEL M| TPLY®VIKY OpOopOAdYNOT. ATO TNV
AL, 6cov apopd to SIP, ot otiypaieg Tipég g kabBvoTépnong Kabdg Kot 1 Héor Tiun
™G, elval apkeTd WKPOTEPES amd TIG OvTioTOES TYWEG Tov Mobile IP 16Tt Tar makéTa
axolovBovv mdvtote T cvvtopdtepn odpoun. Eved BéPara n kKhpdkwon ogeileTon Ko
TéM oTic aAlayég meploy@v. 1o pev Mobile IP 1 kAipdkwon yivetoar mpog ta mévew 660
QOUOKPLVONOCTE amd TOV owkelo mAnpe&ovoo e&ummpett), oto de SIP 6co

amopoKpOvVoVTOL 01 KOUPOL HETAED TOVS, TPOG OOdNTTOTE Kotevhuvon.
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Delay - Mobile IP - One TC2
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Zympa 30: Kabvotépnon og oevapio piag ouvdeong TC2 — Downlink (100Kbps) amd kivntd npog otabepd
— Mobile IP
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Typa 31: Kabvotépnon og oevapio piog cvvdeong TC2 — Downlink (100Kbps) omd kivntd mpog otabepd
— SIP.

BéPaia ovykpivovtag kot TG YPOOIKECS TOPOCTACGES KOL Yo Tr OLNKOUOVOT TNG
kaBvotépnong (PAéme oynua 32 kol oynua 33) mapatnpovpe ot to SIP vreptepel. Avto
yoti TopOAO TOV Kot GTIG OVO0 TEPIMTMOGELS 1| LEST TN TS OlaKvuavenS eivat mepimov

unodevikn otV nepintwon tov Mobile IP, ot amoxAicelg and ) péon Tiun Tavouy akopo
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kot o 1,5sec evd oto SIP o1 amokicelg kopaivovtor ota 0.5sec. Kot otn cuykekpuévn
nepintwon pong video (video streaming) katadafaivovpe 6Tt ToO onuavTikd gival va pumv
CTOAOVTMOVETOY CTUOVTIKA 1 KaBvotépnon mopd va eivar pkpr|. Omote kotaiafaivovpe

ywti To SIP o mheovekToVGE OMUOVTIKG GE [ol TETOWO TEPITTOOT).

s Delay Variation(Jitter) - Mobile IP - One TC2
1.0
w05
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s 10 20000 30000 40000 5 60000 70000 80000 90000 100000
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'l.o lr' T l '
-1.5
Packets (packet ID)

Tympa 32: Awaxdpovon g kabvotépnong o oevdpio piag ovvoeong TC2 — Downlink (100Kbps) and

Kwvntd Tpog otabepd — Mobile IP.

Delay Variation(Jitter) - SIP - One TC2
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Zympa 33: Awaxdpovon g kabvotépnong o oevdpio piag ovvoeong TC2 — Downlink (100Kbps) and

KNt pog otabepd — SIP.
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2to mapokdato oynuote (oyxnuae 34 kot oynuo 35) mapovcidletor o puOUOS HeTddoong
ava (evén oe ocvvdvacud pe v emPapovvon o Kbps yio to Mobile IP kabdg kat o

pLOudg petddoong yro to SIP yuo v mepimtwon pog odvoeong TC2.

Bandwidth and Signalling Overhead - Mobile IP - One TC2
120
100 +--------"-"—“"“"F - """ oo
™ 80 == \lobile2Stationary BW
JE' = Stationary 2Mobile BW
g 60 4 Stationary2Mobile Overhead
=]
E
o
8
[as] 40 4
0+-—--"""""""f" "
O - T T T T T
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Simulation Time (secs)

Zympa 34: PuBuog petadoong kot emPapuven onpatodociog o€ oevdpio piag ovvoeong TC2 — Mobile IP.
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Zympa 35: PuBuog petddoong o oevdpio piag ovvoeong TC2 — SIP.
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Onwg mapatnpodpe oto oynua 34 mov apopd v mepintwon Mobile IP, o pvOuog
petadoons manpogopiag ot {evén and 10 otabepo koppfo UA2 mpog tov Kivntod KOupo
UA1 (downlink), eivor yopw ota 106Kbps onladn peyardtepo amd to pubud pe tov
omoio ekméunetar mAnpopopia amd v Ny (UAL) mov eivor 100Kbps. Avtd opeiletan
Omwg &yovpe mpoovaeEpel oy emPdpovvon onuotodociag tov Mobile IP. Xto 1610
oynua opatnpovue 6Tl N emPdpvvon onpatodociog sivar mepimov 24Kbps katd péco
0po. Av a@opéocovpe Tovg dV0 avTovg PLOUOVE, AVTO TOV TPOKVTTEL €ivol O HEGOG
pLOuog petdooong kabapng mAnpopopiag kot givor mepimov 82Kbps. Xt {evén and tov
kivnto koppo UAL mpog 10 otabepd kopuPo UA2 (uplink), o pécog pvBuog petddoong
mnpoeopiag ivor 1.7Kbps.

X nepintoon tov SIP (BAéne oynpa 35) dev vapyet enPapvvon onpotodociog Kot o
pécog pubuog petddoong oe Kabe Levén mpooeyyilel ta 78Kbps evd ot {evén and tov
akivnro kopuPo UA2 mpog tov wxwwmtd wopPo UAIL, o pécog puBuodg petadoong
nAnpogopiag givar 1.96Kbps. ITapatnpodue 6t 0 puOudS petddoong mAnpoeopiag 6to
downlink eivar ghdytota pkpdtepog and 6Tt 610 Mobile IP, aAAd oty mepintmon Tov
SIP, ot amokAicelg TV oTiypiciov TIHdV ¢ dtekdpaveng g kabvotépnong (jitter) amd
™ péom T etvor moAd pikpoTteEPEG OTTMG €1daE O TV, KoL oVTH €ivol To Kpicyn

TOPALUETPOS GE TETOLEG EPAPLOYEC.

Ocov agopd 10 péco xpoévo dwmounne, oto SIP givor mepimov 6.5 devtepoOrenta. Xn

nepintwon tov Mobile IP, o pécoc ypdvog dromopnng eivan 4.8 devtepdrenta.

To mocoot6 anwielog makétwv oto SIP givar 1.8% ywo ™ Levén and tov Kivntd koppo
UA1l mpog 10 otabepd UA2 wxor 21.72% vy v oavtiBetn Cevén kdatt mov nrav
avapevopevo pog kot o kopPog UAL xweitow ovvexdg aAlalovtog meployés He
OTOTEAEGHO TO TOKETO TOV KATELOVVOVTOL TPOG AVTOV VO KIVOVVEDOLY TTEPIGGOTEPO VL

onAecOovv.
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Ao Vv dAAN TAevpd TO0 TOGOOTO amMAEnG TakéTmv oto Mobile IP givar 15% yuo ™

Cevén amd tov kivnto kopPo UAT mpog 10 otabepd UA2 ko 18.42% vyia v avriBetn
Cevén.

H gppavog peyardtepn anmielo mokétov katd to downlink ({evén 100Kbps) t6c0 oty
nepintoon tov SIP 6c0 kot oty mepintwon tov Mobile IP dwatoloyeitor amd to
YEYOVOG OTL GTEAVETOL LEYOADTEPT TOCOTNTA TAKETWV OTN HLOVAOX TOV YpOVOL amd OTL
oto uplink (Cevén 2Kbps), vy’ avtd GAA®GTE VIAPYEL LEYOADTEPT) TOAVOTNTO OTDOAELOG

TOKETOV.

5.3 Xevapro 5

210 6evaplo avtd o1 Ovo ypnoteg eykabidpvovy o kivnon petafint pvduod (VBR).
Yvykekpyéva, 1mn egopoiwon avt) agopd FTP wwéve oamd TCP. O upnyoviouodg
VIOGTNPENG KivnTkdttag mov peietdror eivor to Mobile IP. O évag amd tovg 600
YPNOTES KAVEL oitnom yio peTapopd €vog apyeliov v ypovikn otiyun 120. Onwmg
eoivetal otV mopokdTe® ypoewkn mopdotactn (PAEme oynua 36) apywd o pvludg
petopopdc (bandwidth) eivon apketd vymAds. QotdGO, TOPATNPOVUE L GNUOVTIKY
emPpadvven Tov pLOROY dESOUEVOV TOV TPOKOAEITOL 0T TIG SOMOUTEG TTOL GvUPaivouv
kaBdg Kiveital o évag xpnots. Avto gival avopevopevo yiati £totl omontel 1 Agttovpyia
tov TCP- 6tav mapovciactel pa ekmvon xpdvov ( OnA. ta makéto ACK dev £xovv pTacel

OTNV AP0 TOVG) UEIOVETAL O PLOUOS TOL 0 ATOGTOAENG GTEAVEL TaL dedouéva Tov ( peimon

TapaBOPOL GLUPEOPNONG COLPMOVO, LE TOV AAYOPIOLO TNG aPYNS aPYNS)-

Inueltdveton Ot 6€ TETO10V €100VG KIvIoElS mov Tpéyovy oto mapacknvio (WEB, FTP)
dev evdlpepopaote yuoo v kobvotépnon (delay) ko v dwakvpoavorn kabvotépnong
(jitter) oe ovtifeom pe TIG KIWVNOES TPAYUOTIKOD YPOVOL TOL TETONL TEIPOUOTIKY
dedopéva elvar molv ypnoua. I'a avtd 10 AdYO0, 6TO GEVEPL TOV apopovv Kivieelg TC3

dgv €xel VONULOL 1] TOPOLGIOCT TOV HETPICEDV OVTMV GE YPOUPIKES TOPOUCTAGELS.

Emiong, aypelaotn eivor ko 1 mAnpopopia Yo T0 TOGOGTO YOUEVOV TOKETOV aPoD TO

TCP Aertovpyel pe emPePoardoetg (moaxéta ACK) pe amotéleocpo vo omotehel éva
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a&10moTo TPWTOKOALO e To omoio dev ydvovtor dedopéva. Tlapd to yeyovdg dpmg Ot
dgv yaveTOL TANPOPOPIO, TO TOKETO TOV YAVOVTIOL GE EVA TEPIPAALOV OIGVPLOTOV OIKTVOV
KOl TPETEL VAL EMOVOUETAO000VV 031 Y0HV, OTTMOC EYOvpE NOT TTEL, GTNV Pelwon Tov puOov

HETOPOPALG.

H empapvvon onuotodociog eivor eddyiom aeov ta maxéto TCP mov petadidovron
&xovv péyebog 1000bytes omdte M mpocsONKn dAhwv 20bytes katd tnv evOLAGK®OON o€
dnpovpyet 1060 peydro mpoPAnua dnwc otn nepintmon noketwv UDP ta omoio &yovv

péyebog 48bytes.

O péoog xpdvog dlamounng ot mepintwon avtn givar 7.1 devtepdienta.

Téhog, avagépovpe OtL dev tpé&ope kdmolo oevapo pe kivnon TC3 kot pnyoviopd

kwvntwkotrag SIP, ywati ov TCP ovvdéoelg koPovror otav aArdler m [P d1e06vvon

KOO0V YPNOT.

Bandwidth - Mobile IP - One TC3
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Xympa 36: PuOuog petddoong og FTP kivnon.
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5.4 Xevapwa 6 —7

210 6eviplo avtd eykaddpvovtat 600 tavtdypoves cuvoéaels Tvmov TCL. Onwg paiveton
and TG MO KAT® Ypaeikés moapooctdoelg (PAéme oynuo 37 wor oynuo 38) mov
aneikoviCouv v kaBvotépnon twv mokétmv ot (evén amd Tov kivntd kopPo UAT mpog
10 otafepd kouPo UA2, dev mapatnpodpe PEYAAES SLAPOPES OTIG TIUES OL0TL TOL TOKETOL
aKoAovBovV TAvTa. TN GLUVTOUOTEPT] SLOPOUN TPOG TOV TPOOPIGUO KOl OTIG OLO

neputtooels (MIP,SIP).

Delay - Mobile IP - Simultaneous TC1
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1.4 1 Mobile2Stationary1 - MIP
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0.2 . . . . . . .
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Packets ( packet ID)

Xympa 37: Kabvotépnon oe oevapia tavtdypovng TC1 — Kivntdg mpog 6tabepd — Mobile IP.
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Delay - SIP - Simultaneous TC1
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Zympa 38: Kabvotépnon oe oevapia tavutdypovng TC1 — Kivntdg npog otabepd — SIP.
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Xympa 39: Kabvotépnon oe oevapiao tavtdypovng TC1 — Ztabepdg mpog kivntd — Mobile IP.
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Delay - SIP - Simultaneous TC1
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Yympa 40: Kabvotépnon og oevapia towtdypovng TC1 — Ztabepdg mpog kivntd — SIP.

Ocov apopd v avtictpoen Levén and 1o otabdepd kOUPo mpog tov Kivntod kOpuPo (PAéne
oynua 39 kot oynpa 40) TopatnpPovUE HEYOADTEPEG GTIYLOUES TILEG OTNV TEPITTMON TOV
Mobile IP and 611 ot0 SIP. Xvykekpyéva, n avénuévn kabvotépnon mov £YovUE GTO
Mobile IP ogeileton katd KOp1o AOY0 otV amocstoAn dedopuévav amd tov UA2 (akivntog
koppoc) otov UAT (kivntdg xopupoc) péow tov owkeiov mphxktopa tov UAL. H kivnon
tov UA1l og &éva vmodiktva mpokoAel v evOLAGK®OTN TV TOKETOV KAODS avtd
epvovy amd tov okelo mpdrktopa tov UAL kTt mov avédvel kol v emPapuvon Tov

dwtvov (PAEne oyfua 39).

Ao TIC YPOQIKEG TOPOCTACEIS TOPATNPOVUE EMIONG TN YOPOKINPIOTIKY KAUAK®OT|

KaBMOG 0 Ktvovpevog ypnotng pratvofyaivel e EEva vTodiKTLAL.

Ocov apopd t dwkdpaven kabvotépnong (jitter), oto SIP (BAéne oynpa 42) petpnoaple
TAPOUOLEG TIHEG OwG kol oto Mobile IP (BAéne oynuodl) 6cov agopd oty mepinTmon
™m¢ Cevéng amd to Kivntd mpog tov otabepd kOpPo. Ocov agopd ™ Levén tov ctadepon
TPOG TOV KIvnTo KOUPo mapatnpovpe pukpotepeg kKabvotepnoelg oto SIP (BAéme oynuoa
44) am6d o601t oto Mobile IP (BAéne oyqua 43). Avtd eivon avapevopevo kot yiveton

KOADTEPO AVTIANTTO av oKe@ToVE TO Gevaplo (oe Mobile IP) 610 omoio £vag Kivovpevog
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5. Amortiunon Anoteheopdtov

YPNOTNG TNYovoépyetol omd to okelo Tov diktvo o éva E€vo vmodiktvo. Znv
nmepimton avtn M kabvotépnon mapadoong mokétmv Ba elvar moAD peyoAvTEPN oTNV
nepinmton mov o ypnotns Pploketal oy EEvn meployn. Oa mapatnpodoape £TGt Ho
oLVEYN EVOALOYT] OVALESH GE HEYAAES KOt LKPES KOBVOTEPNGELS TPAYLLO TTOL 1GOdVVAUET
pe peyohdtepn Swkbdpovon (jitter) omd avtiv mov Bo mopatnpodoole e €va

movopoldtumo cevaplo SIP.

Delay Variation (Jitter) - Mobile IP - Simultaneous TC1

0.6

Mobile2Stationary 1

Medianl

2000 4000 6000 8000 10000 12000 14000 Mobile2Stationary2
-0.2

Median2

B o e g

06+ - -

Instant Delay Variation (secs)

X T

Packets (packet ID)

Tympa 41: Awaxdpovon kabvotépnong o oevapia tantodypovng TC1 - Kivntdg npog otabepd - Mobile IP.
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5. Amortiunon Anoteheopdtov

Delay Variation (Jitter) - SIP - Simultaneous TC1
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Packets (packet ID)

Tympa 42: Awxdpovon kabvotépnong oe oevdpia tavutodypovng TC1 - Kivntog mpog otabepd — SIP.

Delay Variation (Jitter) - Mobile IP - Simultaneous TC1

1
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0.6
~ 0.4
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g 0
5 16er0
> -0.2 1
g
kol Stationary 2Mobile1
A -0.4

Medianl
06 1 Stationary 2Mobile2
-0.8 1 Median2
-1

Packets (packet Id)

Tyfpa 43: Atokopoven kabvotépnong o cevapla tavtdypovng TC1 — Xtabepdg mpog kivntd - Mobile IP.
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5. Amortiunon Anoteheopdtov

Delay Variation (Jitter) - SIP - Simultaneous TC1

1
(R I e e e e
o6 L -] Stationary2Mobile1l
Medianl
v ey, Stationary2Mobile2
@’i Median2
c
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"@‘ T T
§ 14000 16000 18000
oy
8 04 -
064+ --—--- - e
084 ------ -
-1

Packets (packet Id)

Tympa 44: Awxdpovon kabovotépnong o oevapia tavtodypovng TC1 — Xtabepdg mpog kivntd — SIP.

Ocov agopd oto cevipro 6 mov eumiékel to Mobile IP, vrdpyer emPapvvon Aoyw
oNUaTod0G10G, KATL ToL dev cupPaivel oto SIP onwg eidape kot oy mapdypago 5.1.
Y10 mopakdto oynuate (oxfua 45 ko oyfuoa 46) mapovoidletal o pvOUdS petdooomng
avd (evén oe cvvovacud pe v emPapvvon oe Kbps yia to Mobile IP kaBdg kot o
puOude petadoong ywo to SIP yu ™ po pévo chvdeon piag Kot To idio amoteAEcAT

1oYVLOLV KOl Yl TNV GAAN GUVIEDT).
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5. Amortiunon Anoteheopdtov

Bandwidth and Signalling Overhead - Mobile IP - Simultaneous TC1

20

18 4
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14 1

12 4

04+ e e - -
== \lobile2Stationary BW

< = Stationary2Mobile BW
Stationary2Mobile Overhead

Bandwidth (Kbps)

0 \ \ \ \ \
0 100 200 300 400 500 600

Simulation time (secs)

Yympa 45: PuOuog petddoong kot emipdpuven onpatodociog 6€ 6evaplo tontdypoveoy cuvoécewy TC1 —
Mobile IP.

Bandwidth - SIP - Simultaneous TC1
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o I Y SH (WA
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12 4
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Bandwidth (Kbps)

0 100 200 300 400 500 600
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Tympa 46: PuBpog petddoong o cevdplo tavtdypovav cvvdécewv TC1 — SIP.

[Topatnpdvtog To TO TAVE GYNUOTO UTOPOVUE VO SOMIGTMOGOVIE 10YVOVY TEPITOV TA
o cvumepdopata Omwc kot oty mepintwon pwg ovvdoeong TCl mov avardOnke

deEodkd ot mapdypoeo 5.1.
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5. Amortiunon Anoteheopdtov

Yrépyovv Opmg Kol KAToleg HKPES dLopopEs Kuplwg 6Gov apopd To Mobile IP 6nmg to
yeYovog OTL 0 GUVOAMKOG HEGOG pLOUOG TANpoPopiag Thve otn Levén and tov otabepd
koppo UA2 mpog to UAT (koOxkivn mapdotact oto oynua 45) etvat aicntd pkpdtepog
amd Tov avtioTor o cLVOAMKO LEGO pLOUO TANPOPOPiaG OTN TEPITTMON UG GVVIESTG
TC1 (BAéme oynua 24). Avtd mbavog va ogeihetar otnv avénuévn emPapuvon tov

OKTHOL AOY® TNG TOVTOYPOVNG LETAGOONC OVO GLVOEGEMY TAV® At TO 1010 KaVAAL.

Oocov apopd 610 HEGO Ypdvo damounng, oto SIP givon mepimov 7.5 dgvteporenta dSnAaon
e dLoTo. LEYOADTEPOG OO TO HEGO YPOVO SOMOUTNG TOV EIYOUE GTNV TEPIMTMOOTN HLOG

ouvdeonc TC1 evod oto Mobile IP givat 6.4 devteporenta.

Ocov apopd ™ mp®dTN GHVIEST, TO TOGOCTO AMMAELNG TOKETOV 010 Mobile TP eivan
23.75% v ™ (evén amd tov kivntd kopuPo UAT mpog 10 otabepd UA2 kan 14.9% yia
v avtiBetn (evén. T T devTEPN GUVIEDT €YOVILE TOGOGTO AMMAELNG TaKETOV 23.97%
vy ™ evén amd tov kivnto koppo UAL mpog 10 otafepd UA2 ko 15.04% ywo v
avtifetn Cevén. Ot Tiég avtég gival ooOnNTd peyoddtepes amd ovTég mov iGyvaV TNV
nepintoon pog ocvvoeong TCL (PAéme §5.1) kou pumopodv va ditkooroynBovv amd 1o
yeyovog OTL 10 KOvOAL glval meplocdtepo emPapnuévo AOy®m TV 2 TOVTOHYPOVAOV

GUVOLGEMV.

Ao Vv dAAn mhevpd t0 T0600Td andAstog mokétwv 6to SIP givar 0.078% yia ) Levén
and tov kvntd kopPo UAT mpog 1o otabepd UA2 ko 12.02% yw v avtiBetn Cevén.
[Ma ) dedtepn obvdeon €xovpe mocootd andiewog makeétov 0.085% ywo t (evén and
tov Kvnto kOpupo UA1L mpog 1o otabepd UA2 kor 11.8% yio v avtiBetn Cedén. Ot tyég
avTég elvar Tepimov ot 1d1eg OTwg ot mepintwon omAng cvvoeong TC1. Eniong n {evén
otabepov kouPov mpog Kivntd KOUPo mapovstalel coOnTd PEYOADTEPEG AMMAEIES OGS

OVOPEPOLLE TTPOTYOLUEVAG,.
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5. Amortiunon Anoteheopdtov

5.5 Xevapuo 8 -9

210 oevaplo avtd gykabidpvovtal dVo TavTdypoves cuvdEoelg g kKAdong TC2 petady
tv 0Vo kouPaov UAT kot UA2 6mov o kabe kopupog kdvel po aitnomn mpog tov GALo Yo

gvepyomoinon pong video (video streaming). Ot dV0 cLVIESELS EEKIVOUY TNV 1010 XPOVIKT

oTyun.

Onwc eaivetal amd TIG YPOEIKES TAPUCTACELS TOV 0KOAOLOOVV, N KoBvGTEPNON TOL
epepaviletoan oty mepintwon tov SIP givol ToAd mo pikpn and avtv Tov TapaTPEiTOL
o610 Mobile IP t6c0 omv mepintwon tov downlink (100Kbps) 660 ko otV mepintmon
tov uplink (2Kbps). Av cuykpivovpe tpocektikd ta oyfua 47 — 50 Ba dovpe 6t péon

TN g Kabvotépnong oto Mobile IP givat oyeddv durhdacio amd avtv tov SIP.

Delay - Mobile IP - Simultaneous TC2

FAV A i o e i
1
624+---—-——————-——-Htf-— - — — 1 - -
2kbps - Mobile2Stationary - MIP
5ol }hJ» 77777777777777777777777777 Medianl
2kbps - Stationary2Mobile - MIP
' Median2

42 4+ -} ,LM J!

E2E Delay (secs)

0 100 200 300 400 500 600 700 800 900
Packets ( packet ID)

Xympa 47: KaBvotépnon oe oevapia tavtdypovng TC2 — Uplink (2Kbps) amd kivntd mpog 6tabepod kot to
avamodo — Mobile IP.
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Delay - SIP - Simultaneous TC2
F A i
2kbps - Mobile2Stationary - SIP
e Medianl
rg 5o b o ____________ 2kbps - Stationary2Mobile - SIP
;g/ Median2
7 42
[
a)
W 3.2 4
w
2.2 1 ,
! o
7 vowr ] 7R UL B e
1.2 | AR ’V'T‘.W’Y'H Yy ____
0.2 : : : : : : : : :
0 100 200 300 400 500 600 700 800 900 1000
Packets ( packet ID)

Iympa 48: Kobvotépnon oe oevapia tavtoypovng TC2 — Uplink (2Kbps) amd kivntd npog otafepd ko to

ovamnodo —SIP.

Delay - Mobile IP - Simultaneous TC2

100kbps - Mobile2Stationary - MIP
Medianl
100kbps - Stationary2Mobile - MIP
Median2

E2E Delay (secs)

0.2

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
Packets ( packet ID)

Typa 49: Kabvotépnon oe oevapia tantdypovng TC2 — Downlink (100Kbps) and kivntd mpog tabepd

Kot To ovamodo — Mobile IP.
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Delay - SIP - Simultaneous TC2

6.2 4
100kbps - Mobile2Stationary - SIP
5.2 1 Medianl
> 100kbps - Stationary2Mobile - SIP
o
& Median2
g
©
832t H -
W
N
L

30000 40000 50000 60000

Packets ( packet ID)

Yympa 50: Kabvotépnon oe oevapia tavtdypovng TC2 — Downlink (100Kbps) amd kivntd npog otabepd

KoL 7o ovamodo — SIP.

Emnpdcbeta, oto Mobile 1P vmbpyer peyorvtepn Swkdupovon kabouotépnong

(BAéme oyqua 51 — 54). Kértt tétolo kdver to Mobile IP akatdAinio yio epoappoyég

TPAYHOTIKOD XpOvoV Kot Wiaitepa video streaming.
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Delay Variation (Jitter) - Mobile IP - Simultaneous TC2

2kbps - Mobile2Stationary

Instant Delay Variation (secs)

Medianl
2kbps - Stationary2Mobile

Median2

Packets (packet ID)

Xympa 51: Awxdpovon kabvotépnong oe oevapia tavtodypovng TC2 — Uplink (2Kbps) amd kivntd mpog

o100gp0 Kot To avanodo — Mobile IP.

Delay Variation (Jitter) - SIP - Simultaneous TC2

1000

2kbps - Mobile2Stationary

Instant Delay Variation (secs)

Medianl

2kbps - Stationary2Mobile

Median2

Packets (packet ID)

Tympa 52: Awaxdpoveon kabvotépnong oe oevapia tavtodypovng TC2 — Uplink (2Kbps) amd kivntd mpog

ot0fepo Kot to avimodo — SIP.
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Delay Variation (Jitter) - Mobile IP - Simultaneous TC2
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100kbps - Mobile2Stationary
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Median2
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w
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Packets ( packet ID)

Xyfpa 53: Awkopaveon kabvotépnong o oevapia tavtoypovns TC2 — Downlink (100Kbps) and kivntod

mpog otafepd Kat o avamodo — Mobile IP.

Delay Variation (Jitter) - SIP - Simultaneous TC2

1
0 M. ‘
— 40000 5000 60000
3
8 4]
c
2
'g B e 100kbps - Mobile2Stationary
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T
g -3 100kbps - Stationary2Mobile
Median2
A _________
-5

Packets ( packet ID)

Tyfpa 54: Awxdpavon kabvotépnong oe cevapia tavtoypovng tavtoypovig TC2 — Downlink (100Kbps)

amd Kwvntod mpog otabepod ko To avamodo - SIP.

Téhog, pi GAAN ONUOVTIKY TopoTHpnoTn &ivar OTL Egovpe LYNAOTEPN HEOT TUN

kabvotépnong (toco oto downlink 660 kat oto uplink) 6e oyéon e AV TOV EiYOLE GTO
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oevapro pe pov TC2. Avtd ogeiletar oty avEnpévn emPBapovvon Tov SIKTHOL AOY® TNG

TAVTOYPOVIG LETADOOTG dVO podv video.

Bandwidth and Signalling Overhead - Mobile IP - Simultaneous TC2

70

60 fF---—-—-——-——- E——

o ] -

Mobile2Stationary TC2 2Kbps
Stationary2Mobile TC2 100Kbps
Stationary2Mobile TC2 100Kbps Overhead
Mobile2Stationary TC2 100Kbps

e Stationary 2Mobile TC2 2Kbps
Stationary2Mobile TC2 2Kbps Overhead

B0 4 -
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10— oo
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Simulation Time (secs)

Tympa 55: PuBudg petddoong kat extapuvon onpotodociog oe oevdplo toutdypoveoy cuvdécemv TC2 —
Mobile IP.

[Hopatnpodvtag 1o mo whveo oynuo (PAEre oynua 55) pmopolue vo OOMIGTOCOVUE
1oYVLOLY TEPIMOL Ta {d10. GVUTEPAGHOTO OTOC KOl otV Tepintwon o ovvoeong TC2

7oV avoAvOnke 61e£0d1kd otV Tapdypapo 5.2 yio to Mobile IP.

Ymépyovv OL®G Kol KATOLES LKPES d1apopEs Kupiwg 6Gov apopd oto Mobile IP émwg to
YEYOVOS OTL 0 GUVOAIKOG HEGOG pLOUOG TANpoopiag mave otn (eHEN and 10 oTabepod
kopPo UA2 mpog to UAI (k6kKivn mopdotacn oto oynua S55) xkabdg kot m péon
emPdapovon (oe Kbps) £xovv aebntd pikpotepec TWES amd TIG OVTIOTOLXES TILES OTNV
nepintowon pwog ovvoeong TC2 (PAéne oynua 34). Avtd mbavog va opeiletal otnyv
avénpévn emPapovvon Tov SKTHOL AGY® TNG TAVTOYPOVNG UETASOCNG OVO GLVOECEWMV

pong video mhve amd To 1010 KoVAAL.

Emiong pmopodpe vo emonudvovpe 6tt 0 GLVOMKOG HECOG pLOUOG HETAdOOMG
TAnpoeopiag otV mepimtmwon mov N cvvdeon twv 100Kbps (downlink) Bpickeror movem
ot (evén amd tov kvt koépPo UAT mpog 1o otabepd xoppfo UA2, givor pikpoTtepOg

Ao TOV aVTIoTOYO0 HEGO PLOUO otV Tepimtmon mov 1 cuvdeon Twv 100Kbps Bpicketat
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5. Amortiunon Anoteheopdtov

o (ebén amd 10 otabepd kouPo UA2 otov kivntd kopufo UAL mov mbavadg va
opeiletal 0to YEYOVOS OTL KaBmG 0 Kivntog KOUPOS aALALEL TEPLOYES KO KAVEL OLOTTOUTES
amd tov ToA otafud Pacng oto vEo, xdvel TEPICCOTEPH TOKETO WLE OMOTEAEGHO VO

LEWOVETAL 0 LEGOS pLOUOC TANpOoPOpiag.

Bandwidth - SIP - Simultaneous TC2
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N R —

7777777777 ‘77777777777777777777777777777777777777 == \obile2Stationary TC2 2Kbps
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Zympa 56: PvBuog petddoong o oevdplo tavtdypovev cvvdécewv TC2 — SIP.

[Mapampovtog 1o mo maveo oyfuoa (PAére oynuo 56) vy ™ mepimtwon tov SIP,
UTOpoVUE Vo OOMIGTOCOVUE OTL 1oXOOLVY TO. 10100 CLUTEPAGHOTO OT®G KOl GTNV
nepintoon tov Mobile IP 6cov agopd otn cOykpion pe 1o cevapro pog kivnong TC2
(Bréme §5.2). Extdég owtov, pmopovpe va dobpe 0Tt 0 pécog pubudg peTddoomg
TAnpoopiag oy mepintwon g cvvdeons twv 100Kbps and 1o ctabepd kéupo otov
Kvntd kopPo (~58Kbps) oto SIP eivor peyordtepog amd 10 péco puvOuod petdooong
kaBapng mAnpopopiag oto Mobile IP (60 — 6.4 = 53.6Kbps), evd otnv GAAN cOvdeon TV
100Kbps amd tov kKivntd kéuPo mpog 1o otabepd koOpPo €xovue peyaAvtepo pvbud
petdooong kabapng minpogopiag otnv mepintwon tov Mobile IP (51Kbps) évavtt tov
SIP (47.7Kbps).

Ocov apopd 10 péco ypdvo dromounng, oto SIP givon mepimov 4.8 devtepdienta dnAaon
eldyLoTo. LEYOADTEPOG OO TO HEGO YPOVO SOMOUTNG TTOV EIYOUE GTNV TEPIMTMOON HLOG

ouvdeonc TC2 evod oto Mobile IP givar 8.1 devtepodrenta.
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Ocov apopd otV TPAOTN GLVOEST, TO TOCOGTO ANMAELNS TAKET®OV 6T0 Mobile IP givan
64.25% v ) (evén amd Tov kKivntd képPpo UAT mtpog 10 otabepd UA2 (cuvdeon 2Kbps)
ka1 51.28% (ovvoeon 100Kbps) yia v avtiBetn Levén. T ) devtepn chvdeon Exovpe
T0600TO anMAElNG ToKETMV 48.26% v T (evén and tov kivntd koéppo UAL mpog to
otafepd UA2 (ovvdeomn 100Kbps) kot 52.49% yuo tnv avtiBetn {evén (ovvdeom 2Kbps).
Ot Tipég avtég eivar aontd PeyoAdTepeg amd aLTEG TOV {oYLOV OTN TEPITTOON HLOG
ouvdeong TC2 (BAéme §5.2) ko pmopovv va dwkotorloynBovv oamd 10 yeyovog OTL 10

KavaAl gtvon Tepiocdtepo emPapnuévo AGY® TV 2 TOVTOYPOVOV GUVOEGEMV.

Amo Vv dAAN TAELPA TO TOG00TO anmAstog mokétwv 6to SIP givar 49.9% yio ) (evén
amo tov kvnto koppo UAL mpog 1o otabepd UA2 (obvoeon 2Kbps) kot 41.52% yia v
avtifetn Cevén (obvoeon 100Kbps). o ™ 0e0TEP GVUVOEST £YOLUE TOCOGTO AMMAELNG
o€tV 50.3% yuo ™ Levén and tov kivnto kopPfo UAT mpog 10 otabepd UA2 (cvvdeon
100Kbps) kot 61.6% vy v avtiBetn (ev€n (ovvdeon 2Kbps). Ot tég avtéc sivor

a1oONTé pHeyaAbTEPES OO TIC OVTIOTOLXEG OTN TTEPIMT®OT amAng cvvdeong TC2.

5.6 Xevapro 10

To cevapro avtd podlel apketd pe to cevaplo 5 (VBR) poévo mov oty cuykexpiuévn
nepintoon €govpe dV0 KWWNGELG HETAPANTOV pLOUOY, pio amd Kot pio TPOg ToV Kivntod
KOpPo. Qg yvootév o puludg dedopévav dev eivar otabepdc kabdg téToov €idovg
epapuoyés (my. FTP) eivon daitepa expnktikés pe petafaAntd pvbud petdooons. Edm
ndAl peietodpe povo to Mobile IP ywati oto SIP Oa énpeme va yivetar doxomn g
kivnong kabe @opd mov o Kwntdg ypnotNg oAAdlel meployn, emewdn ondve ot TCP
ocuvdéoelg Aoyo aliayng IP dievbvvong mpoopiopod kot amooToAg HUNVOUOTOG Te-
INVITE, ondte Ba ftav avovsio va to peietioovpe. Kat t€Aoc, kotd TG O10moUTES,
Omwg €ldape Kol o6to oevdpo 5, o pvBudc pewdvetow onuaviikd ywoti yivoviot

AVOUETAOOGELG.

I'vopiCovtag 6t n wAnpoeopia yw Kabvotépnomn, OSlakvpavorn kabvotépnone Kot

TOGOCTO YOUEVOV TOKET®V glval ovodolo Yo TETOOL €100G €QUPUOYEG, TOPOKATM
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mapovstaletal povo o puouds dedopévav Kot avtdg g emapuveong and 1o MIP Adyw

evBurlakwong.
Bandwidth - Mobile IP - Simultaneous TC3

450
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Xympo 57: PuBuog petadoong kot overhead oe FTP kivnon.

Yy mepintmon avt OT®G Kol 6To GeVApLo 5, emPdpvvon onupatodociag ivor edylom

Kot 0 pEGOG ¥povog dromounng etvar 8.1 devtepdienta.

5.7 Xevapuo 11

210 mopdv oevhplo eykabidpdeton Tavtdypove pe TV Kivnon g KAdong TCl
(m.x. VoIP) xar o xivnon g wxidong TC3 (my. FTP). I'a axdéun po @opd
TOPOTNPOVUE PEYOADTEPT KaBVOTEPNON O0TO TOKETO TOV peTadidoovtor omd tov UA2 otov
UAL1 (BAéme oymuasS8). Avtd opeihetor 6TV TPLY®VIKY| dPOUOAGYNGT OV dnpovpyeitot
o010 Mobile IP 6tav o UA2 (ctabepdc ypnotng) otélvel makéta otov Owelo [pdxtopa
tov UA1 (ktvntdg ypnotng) Kot ouTtog 0T cLVEXELD Ta TPomBel evBLAOK®UEVA TPOG TOV

UAL.
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Delay - Mobile IP - One TC1+One TC3
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Packets ( packet ID)

Zympa 58: Kabvotépnon g kivnong TC1 og oevipio TC1 kot TC3 — Kivntdg mpog otabepd kot
avtioTpopa — Mobile IP.

Delay Variation (Jitter) - Mobile IP - One TC1+One TC3
1
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Packets (packet ID)

Tympa 59: Awaxdpovon g kabvotépnon g kivnong TC1 og oevipio TC1 kot TC3 — Kivntdg mpog

o100gpo Kot avtioTpopa — Mobile IP.

Mo mv xivmon FTP kot ™ ovumepipopd e ¢ mpog 0 pubud petddoong

OO TAOVOLHE OTL PETA TNV OpyIKN Tpoomdhelo Y petddooon o€ vynAovg puOuong
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TOPOTNPEITAL piot ONUOVTIKY Heiwon Tov puBuod avtov (PAérme oynua 61). Avtd, dnmg
E&xovpe Eavamel, ovpPaivel AOy® TNG €KTVONG TOL YPOVOL TOPUANPNG TOV TOKETMV
emPePainong (mokéto ACK — alydpiBuog apyng apyng) amd v mAevpd TOL OTOGTOALC.

Tétoteg ekmvoég yivovion cuviBmg KaTd T SLIPKELN OLOTOUTNG OO Lo TEPLOYY GE GAAN.

Bandwidth and Signalling Overhead - Mobile IP - One TC1 + One TC3

20
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16 4 — - o m e o

14

12

== \obile2Stationary BW
Stationary2Mobile BW
Stationary2Mobile Overhead

10

Bandwidth (Kbps)

0 100 200 300 400 500 600

Simulation Time (secs)

Xymqpo 60: Pubuog petddoong kot emiPdpouveon onpotodosiog oe oevipo pag ovvoeong TCL kot pog
ovvoeong TC3.

Bandwidth - Mobile IP - One TC1+One TC3
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Zympa 61: PuBuog petddoong FTP kivnong - Zevapio TC1 ko TC3.
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Ocov a@eopd otn ypaeilkn mopdotacy Tov HEGOL PLBUOD UETAOOONG GULVOAIKNG
nAnpogopiag otn (eVéN and Tov otabepd kKOUPo UA2 mpog to kvntd kopPo UAT (oynpo
60), Tapotnpovpe vrepPaivel Tov avtictoryo pEco pvhud ot TepinTmon mov giyope dVO
tavtoypoveg ovvdéoels TCL (BAéme §5.4 oynua 45) evd vroleineton T0L AVTIGTOLOL
pésov puOpov oty mepintmon mov iyape poévo pia TC1 cvvdeon (PAéne §5.1 oynua 24)
KATL TOL €lvol OVOPEVOLEVO HOG KOl otV TTp®dTN mepimtwon (tavtdypoveg TC1)
cuvLTapYovV kKo’ OAN TN JdpKEL TG GVVOESTG Ol OVO KIVIGELS KATL TOVL EMPapOvel
nePLocoTePo TIG Levlelg evd otnv devtepn mepintwon (e TC1) vmhpyer povo o
Kivnon. Ztn mepInTon mTov UEAETOVUE €0, VTAPYOLV OCTAUOTO KOTO TO Omoic
cuVLTAPYOLVY OVO0 €10M Kiviioewv — OtTav £yovpe putég dedopévov FTP — evd vrdpyovv

dloTNUaTO KATA ToL omoia vdpyetl povo n kivnon TCI.

H 1y tov pécov xpodvov damounng ot mepintmon avth eivar 8.5 devtepdienta.

Oocov agpopd ot cvvoeon TC1, 10 060016 anmdAielag nakétmv gtvor 10.1% ywo ™ (edén
amd tov kvnto kopPo UAT mpog 10 6t00epd UA2 war 7.97% vy v avriBetn Levén. Ot
TIéEG avtéc eivor aohntd pkpotepec amd ovtég mov ioyvov ot mepintwon 2
tavtoypovov cvvoécewv TCl (BAéme §5.4) xou pmopovv va Owkooroynfovv amd 1o
yeyovdg OTL 0T TEPIMTOON TOV TOVTOYPOVEOV GLVOECEWMV OLOKIVEITOL HEYOADTEPT
mocodTNTAL TANpoPopiag omote elvar avénuévn kar 1 mOavoétnTo omdAElng. Av
EMEPNCOLE L0 GUYKPION He TNV Tepintwon Omov elyape povo pa ovvdeon TC1
(Bréme §5.1) Bo dSomoTO®GOLHE OTL TO. TOGOOTO OMMAELNG TOKETOV NTOV UIKPOTEPO
(xovtd 610 3% o1 KaOe (eHEN) amd aVTA TOV VIOAOYIGULE GTNV TAPAYPOPO OVTY. AVTO
Ntav KaBOAN avaUEVOLEVO LLOG KO OTNV TEPITTMOT TOL UEAETOVUE TOPO, WOHTEPO OTN
Cevén and otabepd mpog Kivntd kOpuPo dtaktvodviat TePlocdHTEPA TOKETA (APOD £XOVLE
kot FTP oovoeon) and 611 oty nepintowon pog cvvdeong TCL ondte avénuévn Ba eivon

Ko 1 TOAVOTNTO OTMOAELNG TOKETWV.
Amd v GAAN TAELPA TO TOGOGTO AMMAENG TOKETOV OV aviiKovv ot ovvdeon TC3

elvar undevikd pog kot o yopéva (M un empPeforopéve TokETo) ETAVOUETAOIO0VTOL.

Ady® OU®G TNG HEYAANG ATOAELNG TAKETOV YIVOVTOL TOAAEG ETOVOAUETAOOGELS TOV 1010V
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TOKETOV Ue amoTéAecpa va kabvuotepel apketd n HETAO0ON EVOG GLUYKEKPIUEVOL OYKOL

TANPOPOPING.

5.8 Xevapro 12

Y10 mapdv ocevaplo eykabpvetoar towtoypova pe v Kivnon g kidong TC2
(m.x. video streaming) kot po kivnon g kAdong TC3 (my. FTP). IMapatnpodue
peyaAvtepn kabvotépnon ota wokéta mov petadidovror and tov UA2 otov UAL (BAéne
oynpno 62). Avtd ogeiletal TNV TPIYOVIKT OPOUOAOYNOT TTOL dnpovpyeitol oto Mobile
IP 6tav o UA2 (ot00epdg xpnotng) otéivel maxéta otov Owelo Ilpdxtopa tov UA1

(KtvnTog ¥pMoTNG) Kot avTdS 6T GLVEKELD To TpomBel evBviakwpéva mpog tov UAT.

Delay - Mobile IP - One TC2+One TC3
2.5
2 | —— Mobile2Stationary - MIP
——— Median

- ——
3 1.5
L
8
©
[a}
TS T [
N
L

0 : : : :

0 500 1000 1500 2000 2500
Packets ( packet ID)

Yympa 62: Kabvotépnon g kivnong TC2 og oevapio TC2 kot TC3 - Kivntdg mpog otabepd kot
avtioTpopa — Mobile IP.
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Delay Variation (Jitter) - Mobile IP - One TC2+One TC3

0.6

2000 2500

—— Mobile2Stationary
-0.6 —— Median

.08 8 L et i e o

Instant Delay Variation (secs)

17

-14

Packets (packet ID)

Zypa 63: Awaxdpovon g kabvotépnon g kivnong TC2 og oevipro TC2 kot TC3 - Kivntdg mpog

o10fgpo Kot avtioTpopa — Mobile IP.

To evdlpépov amoTEAEGO TOV AVTAOVHE OO aLTO TO GEVAPLO EIvaL 1) OVIKAVOTNTO TOV
Mobile IP va vrootnpi&el kot 11 dvo Kvnoelg tovtdypova. Onwg dakpivovpe and to
napokdtw oynuo (PAéme oynuo 65), o pvbudg petddoong g FTP xivmong elvan
UNOEVIKOG GTO HEYOADTEPO UEPOC TOL YPOVIKOD OLOGTNUOTOS GTO OTOI0 Ol dVO KIVNGELG
ocuvvumdapyovv. Attia yuo avtd givor 1o yeyovog 0Tt ot emPefarmoelg (takéta ACK) mov
otélvovtar and tov mapainmn UAL dev pBdvouv otov UA2 pe amotéhespa avtog vo
avafdriel cvuveydg TV amootoln mokétwv kiviong FTP. O mbavotepog Adyog mov
nmpokarel v anmAieio tokétov ACK givar n cvoppdpnon mov copPaivel 6to acHpUaTo

puépog tov diktvov eEattiag Ko g kivnong TC2.
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Bandwidth and Signalling Overhead - Mobile IP - One TC2 + One TC3
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100 - ------———"—“"F -~~~ - ——mmmmmm — m o m e — o m— —————— - -
- 801
s
X == \obile2Stationary BW
£ 60 == Stationary 2Mobile BW
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g
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Zympa 64: PuBuog petddoong kot emPdpuvon onpatodociog og oeviplo piag ovvoeonsg TC2 ko piog
ovvoeong TC3.

Bandwidth - Mobhile IP - One TC2+One TC3
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Xympa 65: PuBuodg petddoong FTP kivnong - Zevdpio TC2 ko TC3.

Ocov agopd ot ypaeikn mopdotacn Tov HECOL pLOUOD HETASOONG GULVOMKNG
nAnpogopiag ot Cevén and tov otabepd kouPo UA2 mpog tov kivntd koupo UAIL
(oyMua 64), mapatmpodpe vrepPaivel Tov aviictoyo péco pvOud oV TEPINTOON TOL

elyape 6o tavtdypoves cuvdéoelg TC2 (PAéme §5.5 oynua 55) evad €xetl mepimov T1g 1d1eg
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TIWES pe TV mepintmon mov elyape povo po TC2 odvdeon (PAéne §5.2 oynua 34) kdtt
7oL €ivoil AVOUEVOLIEVO L0G KO TNV TP Ttepintmon (tavtdypoveg TC2) cuvumdpyovv
Ka®’ OAn ™ ddpkeLn TG GHVOEGNG Ol OVO KIVIOELG KATL TOV EMPAPVVEL TEPIGGOTEPO TIG
Cevelg eva oty dgbtepn mepintwon (cvykpion pe po TC2) PAémovpe moapdpoo
CLUTEPLPOPE AOY® TOL OTL GTNV TEPIMTOOT TOV UEAETAUE TAOPOA VITAPYEL TOAD UEYAAO
YPOVIKO dtdotnua 6to omoio n ovvdoeon FTP givan ovclaotikd adpovig kot otn (eHén

vrdpyel povo n ovvoeon TC2.

H i tov pécov xpodvov damounng ot mepintmon avty eivat 3.9 devtepdienta.

Oocov agopd ™ cvvoeon TC2, 10 060616 andreiag maketov elvar 12.77% vy ) (evén
and Tov kivntd kopPo UAT mpog 10 otabepd UA2 (cvvdeon uplink 2Kbps) kor 18.33%
v v avtifetn (ev&n (ovvoeon downlink 100Kbps). Ot tipég avtég sivor oaobnrtd
UIKPOTEPES OO ALTEG OV ioyLAV OTN TTEPIMTOON 2 TavTdYpoveV cuvdécemv TC2 (BAéne
§5.5) ko pmopodv va OwooAoynBovv amd TO YEYOVOS OTL OTNV TMEPIMTMON TV
TOVTOYPOVOV GUVIECEMV OOKIVEITOL UEYOADTEPT TOCOHTNTO TANPOPOpiog omdTe elvor
aLENUEV Kot 1 TOOVOTNTO OTOAENG. AV ETLYEPTCOVLE L0 GUYKPLOT| LE TNV TEPITTOON
omov elyape povo pwo ovvdeon TC2 (BAéne §5.2) Oa SmIoTOCOLUE OTL TO. TOGOGTA
andAewng Kot ot dvo Cevelg eivon oyedov tavtoonua (15% oto uplink kou 18.42%
downlink). Ztnv mepintoon mov peietdpe £0m, ol anmieleg oto downlink givor eAappig

AaLENUEVES Yol TO AOYO OTL LITdpyoLV Kot dedopéva amd tn cvuvoeon FTP mov tagidevovv

ot Cevén avtn.

ATO TV AAAN TAELPE TO TOGOOTO ATMAENS TOKETWOV TOV oviiKovv otn ovvoeon TC3

elvat undevikd Ommg TPOOVAPEPULLE GTT TPONYOVLEVO TTAPAYPUPO.

5.9 Xevapua 13 - 14

Yto tedevtaio avtd oevdplo eykabidpvetal Tavtdypova e po Kivnon g kidong TC1
Ko poe ktvnon ¢ kAdong TC2. Ocov agpopd v kabBvotépnon, mopatnpovue OTL Kot
ndAL oty mepintwon tov Mobile IP mov o UA2 (ctabepds kopPoc) otédver otov UAL

(ktvnTog kOpPOg) N KaBvoTéPnomn oL ElcdyeTon £ival TOAD PEYOADTEPN GE OXECN LE VTN
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nov &yovpe oto SIP. H kaBvotépnon eivarl id1o Kot 6Tig dVO TEPMTOGES LOVO OTOV
TpoKeLToL Yo amootoAr] mokétov and tov UAT (kivntdg koppog) otov UA2 (otabepodg
KOpPoc) (PAEne oynua 66 — 69). Avti N TOPATHPNOT APOPA TOGO TNV Kivnor ¢ KAAomNg
TC1 600 kot v kivnon g kAdong TC2.

Eniong, ota oevapia avtd OSwakpivovpe pio pukpn ovénom g HEOMS TWNG NG
kaBvotépnong, 16co oto Mobile IP 660 kat oto SIP, oty KatehBvvon por|g TakéTmv g
KAéong TC1 and tov UA2 mpog tov UAL o€ oyéomn pe avtn mov giyape oto cevapo 1 Ko

2. Autia yuo awtd glvar 1 amooToAn o€ avT TV KotevBuvon tov video streaming.

Delay - Mobile IP - One TC1+One TC2

16kbps - IMobiIeZStationary - MIP
Medianl
16kbps - Stationary2Mobile - MIP
Median2

— 2kbps - Mobile2Stationary - MIP
Median3

E2E Delay (secs)

-1500 500 2500 4500 6500 8500 10500
Packets ( packet ID)

Iympa 66: Kabvotépnon oe oevapio TC1 ko TC2 — Kivnon TC1 ko uplink (2Kbps) g TC2 — Mobile
IP.
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Delay - SIP - One TC1+One TC2

E2E Delay (secs)

16kbps - Mobile2Stationary - MIP

Medianl
16kbps - Stationary2Mobile - MIP
Median2

e—— 2kbps - Mobile2Stationary - MIP
Median3

-1500

4500
Packets ( packet ID)

10500

Iympa 67: Kabvotépnon oe oevapia TC1 ko TC2 — Kivnon TC1 ko uplink (2Kbps) tg TC2 — SIP.

Delay - Mobile IP - One TC1+One TC2

E2E Delay (secs)

1.2 4

0.7 1

0.2

10000

30000 40000

Packets ( packet ID)

20000

50000 60000

Xypa 68: Kabvotépnon oe oevdpia TC1 ko TC2 — Downlink (100Kbps) g TC2 — Mobile IP.
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Delay -SIP - One TC1+One TC2
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Packets ( packet ID)

Yympa 69: Kabvotépnon og oevapia TC1 ko TC2 — Downlink (100Kbps) tng TC2 — SIP.

AT TIG YPOPIKES TAPACTAGELG TNG Olakvpaveng kabdvotépnong (PAEre oynuata 70 — 73)
napatnpovpe 6tL oto SIP &rovpe pikpOTEPES TIHEG GE GYEON UE AVTEG TOL EYOVUE GTO
Mobile IP. 'Eva onuovtik6tepo cvumépacua eivar peyaAdtepo jitter mov mapatnpeiton
oto Mobile IP og avtd ta cevapla oe oyéon pe 10 oevaplo 3. Mo té€toto dtakvpavon
oV TN ¢ kabvotépnong vrodnimver 6Tt to Mobile IP 3¢ pmopel va vmootnpi&et

TOLOTIKG QapuoyEC video streaming Kol QOVNG TAVTOYPOVOL.
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Delay Variation (Jitter) - Mobile IP - One TC1+One TC2
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Packets ( packet ID)

Zyfpa 70: Awoxopavon kabvotépnong oe oevapia TC1 ko TC2 — Kivnon TCI1 kon uplink (2Kbps) g
TC2 — Mobile IP.

Delay Variation (Jitter) - SIP - One TC1+One TC2

Il

-1% 10500

16kbps - Mobile2Stationary
Medianl

16kbps - Stationary2Mobile
Median2

e 2kbps - Mobile2Stationary
Median3

Instant Delay Variation (secs)

Packets ( packet ID)

Xypa 71: Awkopovon kabvotépnong o cevapia TC1 xar TC2 — Kivnon TC1 kon uplink (2Kbps) ¢
TC2 — SIP.
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Delay Variation (Jitter) - Mobile IP - One TC1+One TC2
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30000 40000 50000 60000

—— 100kbps - Stationary2Mobile
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Delay Variation (secs)

-25

Packets ( packet ID)

Typa 72: Awaxdpovon kabvotépnong o oevépla TC1 xoar TC2 — Downlink (100Kbps) g TC2 —
Mobile IP.

. Delay Variation (Jitter) - SIP - One TC1+One TC2
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Packets ( packet ID)

Tympa 73: Awaxdpovon kabvotépnong o oevapia TC1 koar TC2 — Downlink (100Kbps) g TC2 — SIP.
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Bandwidth and Signalling Overhead - Mobile IP - One TC1 + One TC2
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e 74: Pudpoc perddoong kat miBapuvon onpatodosiog oe cevaplo piag covdeonc TC1 ko pag
covdeong TC2.

Ocov agopd otn YpaglKn TOPACTACT] TOL HEGOL PLOUOL petddoons kobapng
mAnpogopiag ywn ™ ovvoeon TCI (oynuo 74), mapatnpodue 0Tt eivarl pkpdtepog (Kot
otig dvo Cevtelg) and tov avtictoyo mov eldape oty mepintwon pag cvvdeong TC1
(BAéme § 5.1) aAld cvykpvopevog pe TV Tepintwon 000 tavtdypovev cuvdécemv TC1
(BAéme §5.4) o6e mapovcidlovion peydreg dopopés. Edikdtepa pmopovpe vo do0pe OTL 0
puécog pubudc petdooong kaboapng TANPOPOPING OTNV TEPIMTOON OV UEAETAUE TOPO,
etvar peyolvtepog amd Ot oy mepintwon dvo TCI doov apopd ™ Cevén and tov
Kivntod kopPo mpog 10 otabepd yati mave oty dw Levén (kivntd mpog to oTabepd
kO6pupo) vmapyer ko to uplink g ovvdeon TC2, tng omoiag 0 PLOUOS HETASOONC
nAnpogopiag eivor apketd pkpdg (~1.6Kbps) ev avtiBéoer pe v mepintwon 2 TC1
GLVOECEMV OTTOV 0 PLOUOG LETAOOONG Ko TV 000 GLVOECEMV TTdve otV 1ot {evén elvar
peyorvtepog (12 — 13Kbps). IHapatnpodvrog ) (eOEN and otabepd mpog Kivntd koupo,
PAémovpe 0Tl otV mepinTmon pag o puludg petdadoong Kabapng mAnpogopiog eivat
nepimov  7.6Kbps omAadr| oapkKeTd KPOTEPOS OO TNV TEPITTOON TAVTOYPOVOV
ovvdéoewv TC1 o6mov o avtiototryog pvOudc etvar mepimov o dimAdorog (13.6Kbps). Avto
opeiletor o010 yeyovdg Ot otV mepimtwon pag, vmdpyet ovvdeon 64Kbps kabapng
mnpoeopiag (Adyw pong video) mive oty 1o (evEn kdétt mov de ovuPaiver dtav

&yovpe Tawtoypoveg cvvoéoelg TCI.
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[Mapampovtog ™ Ypaekn mapdotacn Tov pécov pvluod petddoong kaboprg
mAnpogopiag yw ™ ovvoeon TC2 (oynuo 74), mapatnpodue 0Tt elvarl pkpdtepog (Kot
oT1g 0o Cevelc) amd tov avtiotoyo mov eidape otn mepintoon pag cvvdeong TC2
(BAéme §5.2) aAld GLYKPIVOUEVOG e TN TEPITT®OT dV0 TOVTOXPOVAOV GuvdEécewv TC2

(BAéme §5.5) eivon apretd peyoldtepog.

Ocov agopd otn ovvoeon TCI, 10 m0cootd andArelag mokeéTmv eivar 19.62% v
Cevén amd tov kvntd koépuPo UAL mpog to otabepd UA2 wor 34.64% yio v avtiBemn
Cevén. O tég avtég eivor aontd peyardtepec and avtég mov ioyvayv ot tepintmon 2
tavtoypovev cvvoécemv TCI (BAéne §5.4) wwaitepa ot (eHEn amd ctabepd mpog Kivnto
KOUPo Kot pUmopovv vo, OaoAoynBovv amd to YeYovOg OTL OTNV TEPIMTMOY OLTY|
dwakveitan peyodvtepn mocdHTTa TANPOPOpiag otnv Tpoavapepbeica (evén, ondte ivan
avEnuévn Kat 1 TOAvOTNTO ATOAELNG. AV ETLYEPNICGOVUE O GVYKPLON LE TNV TEPITTOON
omov elyape povo pwo ovvoeon TC1 (PAéne §5.1) Ba domicTd®OOLUE OTL TO. TOGOGTA
AmOAEWG TOKETOV NtV pikpotepa (kovid oto 3% ot kabe (evén) amd avtd mov
vroloyicape otV TAPAypaEo avt. AVTd NTav KOOOAN OVOUEVOUEVO HOG KOL OTHV
TEPIMTOON TOL UEAETOVUE TOPO, WOwitepa otn (eVén amd otabepd mpog Kivntd KOUPo
dtaktvovvtol TePLocOTEP TAKETA (apoD Exovpe kol por| video) amd 0Tl otV TEPinT®ON

pag ovvdeong TC1 ondte avénuévn Ba eivar Ko 1 THAVOTNTO ATOAELNS TOKETMV.

Ao Vv GAAN TAELPE TO TOGOGTO OMMAELNG TOKETMV TOL AVIKOLV ot cvuvoeon TC2
etva 20.28% yia ) Cevén amod tov kivnto koppo UAT wpog 10 otabepd UA2 kot 35% yia
mv avtifemn (eHén AOym Tov OTL dloKveital UEYOAVTEPT TOCOTNTO TANPOPOPING OTN
Cevén ovt. Ov Tpég avtég etvon ooOntd pkpdtepec and ovtég mov ioyvav otV
nepintoon 2 tavtdypovev cuvoécemv TC2 (BAéne §5.5) aAhd peyaAddrtepeg amd OTL

elyape oty mepintmon piog cvvdeong TC2 (PAEne §5.2).
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Zympa 75: PuBuog petddoong o oevdpro piag ovvoeons TC1 ko piog ovvdeong TC2.

[Mapampovtog 10 mo maveo oyfuoa (PAére oynuo 75) vy ) wepimtwon tov SIP,
UTOpOVUE Vo OOMIGTOCOVUE OTL 1oXOOLVV TO. 10100 CLUTEPAGHOTO OT®G KOl GTNV
nepintmwon tov Mobile IP 6cov apopd tig cuykpicelg pe ta Ao oyeTikd oevapia. Extog
QVTOV, UITOPOVLLE VO SOVUE OTL O HEGOG PLOUOC PEeTAOOON S TANPOPOPIaG OTNV TTEPITTOON
g ovuvoeong Tov 100Kbps and tov otabepd kopPfo oto Kivntd kouPo (~66Kbps) cto
SIP eivon Alyo peyoAdtepoc amd 10 péco pvbud petddoone kabopng mAnpoeopiog 6to
Mobile IP (75 — 11.2 = 63.8Kbps). Onwg eniong kot otn cuvoeon tov 64Kbps amd tov
otafepd wOUPo mpog TOV KVNTO Exovpe peYoAdTEPO pLOUd pETAd0oNG KaBaPNG

mnpoeopiag otnv mepintmon tov SIP (10.5Kbps) évavtt tov Mobile IP (12-4=8Kbps).

Ocov apopd 610 pHéco ypovo dramounng, oto SIP eivar mepinov 5.6 devtepodrento dNAaoT|
eMdoTo pHEYaAVTEPOG amd TO UEGO YPOVO SLOMOUTNG OV ElYAUE GTNV TEPITTOON HLOG

ovvdeong TC2 evd oto Mobile IP givar 6.3 devteporenta.

[Mapampovtag ™ ovvéeon TC1, PAénovpe 0Tl TO TOGOCTO AMMOAEWNG TOKET®V givor
5.05% yw ™ Cevén amd tov kivnto kopPo UAT mpog to otabepd UA2 ko 31.67% yuo
mv avtifetn Cevén. Ot Tyég avtég eivar aontd peyodlvtepeg omd avtéc mov ioyvav

otV mepintmon 2 tavutdypovav cvvdoécemv TC1 (PAéne §5.4) wiaitepa ot (evén amd
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otafepd mpog KvnTtod KOUPo OTmg Tponyovpévms, Ta 101 toyvovy Kot Yo TNV TePinTmon

omov siyape povo pa oovdoegon TC1 (PAéme §5.1).

Amd v GAAN TAELPA TO TOGOGTO AMAOAENS TOKETOV OV aviiKovy otn cvvdeon TC2
etvar 5.11% vy ™ (ed&n and tov kivntd képuPo UAT mpog 10 otabepd UA2 kan 31.87%
vy v avtifetn (eHEn Aoy Tov Ot dlakveital HEYAADTEPT TOGHTNTO TANPOPOPING OTN
Cevén avt. Ot Tipég autég elvar aontd pkpotepeg amd avtég mov ioyvav oIV
nepintoon 2 tavtdypovav cvvdécemv TC2 (BAére §5.5) aAld peyaddrtepec oamd OTL
elyapue otV mepintmon pog cvvoeong TC2 (PAérne §5.2) kbt mov elyape mapaTnpioEt

ka1 6to Mobile IP.
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6. Zvunepaocpata

d1avovtag 610 TEAOG TG dtadpoung Ba BEAMLE VO ATOTVTTMGOVIE TO. GUUTEPAGLLOTO KO
TIG YEVIKEG TOPATNPNOES TOL KAVOUE KOTA TN OPKENL TNG EKTOVIONG OVTNG TNG

OUTAOUOTIKNG EpYACTOC.

Apywa 6o pmopovoape vo movpe 6t 10 [lpmtoxorrio ‘Evapéng Xvvooov amoterel Evav
allOmoTo UNYavicpd LVIOGTAPIENG KIVNTIKOTNTOS OTO EMIMEDO EPOPUOYNG, O OMOI0G
ovykpwvopevog pe to Mobile TP mapovoidler kodvtepeg emddoel; 6Gov apopd otV
KaBvoTtépnon HETAO0oNG TOKETOV Kot TN dlakvpavon e Kabvotépnong and dxpo o€
dipo. Avtd dAL®OTE OMOdEIKVOETOL OO TOL OMOTEAEGUOTO EKTEAEGTC TOV GEVAPI®MV TOV
TOPOVGLACALE GTNV TPONYoLUEVT Tapdypao. Ot Wdmteg avtég tov IlpmtokdAiov
‘Evap&ng Xvvodov 1o kGO16TOUV KATAAANAO YloL EQOPLOYES TPAYUATIKOD YPOVOL OT™G

givon To Voice over IP.

Amd Vv GAAN, to Mobile IP mpocpépetar yio vanpecieg mov amattodv T dotpnon
evepymV oLuvoécemV (Tave omd to a&lomioto TpmToKoALlo TCP) kb’ 0An T dibpkela TG
Kivnong evog ypnot SOUECOL SAPOPETIKAOV OIKTVOV OT®G £ivol 1 LETOQOPE apyeiwv
(FTP). H dvvatotta vt tov Mobile IP opeiletan 610 611 1} addayn ¢ devbuvong 1P
elvar dapavng ota eninedo mov Ppickovior mive and to eminedo 3. Téroleg cLuVOEGELS
dvvatal va vrootnpryBodv kot and to SIP pe v npodmdbeon 611 B vAomoBel mhvw
and 10 WoAAG vmooyduevo mpwmtokoAlo SCTP, 1o omoio vmootnpiler v Vmopén

GLUVOECEMV OKOLO KL OV O1 YPNOTES KvouvTot Kal aAAdlovv dtevbiveoerg IP.

210 onueio awtd Bo NTav mopdietym va unv avaeepBodue oto Network Simulator, to
omoio cav &va apfpotd Kol ENEKTAGIUO TEPPAALOV TPOGOUOIWGNG SIKTV®V amodeiyOnke
N KOADTEPN EMIAOYY YO TNV EVOOUATMOON MG VENS ETEKTOONG OT®MG awTtng Tov SIP.
[Moporo ovth emewdn elvor AOYISHIKO OVOIKTOD KOOIKO «VOCED OPKETA GTO

documentation.
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Hopaptnua A — IHapovoiocon Komowka

O TpNS k®OOKOG OA®V TOV apyeiwv Tov dNUIOVPYNONKAY 1 TPOTOTOWONKAV KATA TN

OlapKeELDL OVTNG TNG OMAMUATIKNG epyaciag mapatifetor pe ektevi) oxOAl ava apyeio,

GTO TOPAPTNLLA AVTO.

Apyicd mopatiBevior to apyeio mov Ompovpyndnkov Kotd TN OSLIPKE OVTAG TNG

OUTAOUOTIKNG EPYACTOC.

Apyeto: sip.h
Evpetnpro: ~/ns2.27/apps/

#ifndef ns_sip_h
#define ns_sip_h

#include "agent.h"
#include "tclcl.h"

#include "packet.h"
#include "address.h"
#include "ip.h"

#include "udp.h"

#include <string>

#include <assert.h>
#include "classifier-addr.h"
#include "methods.h"

#define MAX_EL 30 // Maximum elements of every array

//Types of messages

typedef enum {

INVITE, / /call initialization

REGISTER, //USER AGENT -> PROXY/REGISTRAR -- User Agent is registered in the new region
MESSAGE,

BYE, / /call termination

ACK,

TRYING_100,

RINGING_180,

OK_200,

MOVED_302, //PROXY -> PROXY -- User Agent is far from its home region (Moved temporarily)
NOT_FOUND_404

} SipRegType;
struct hdr_sip {
int invite_; / /callee's IP address
int contact_;  //caller's IP address
int from_; / /caller's SIP URI;
int to_; / /callee's SIP URI
SipRegType type_; //type of the message
int index_; / /the index of the application

bool expires_; //true for removing binding (default value = false)
SipRegType cseq_;

/ /Header access methods
static int offset_; //required by PacketHeaderManager
inline static hdr_sip* access(const Packet *p) {

return (hdr_sip*)p->access(offset_);

5

//TIMER
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I class SimpleTimer : public TimerHandler { Il

I public: ]

SimpleTimer(Agent *a) : TimerHandler() {a_=a; }
protected:

inline void expire(Event *) { a_->timeout(0); }
Agent *a_;

5

//USER AGENT
class SipUAgent : public Agent {
public:
SipUAgent();
int command(int argc, const char*const* argv);
void recv(Packet*, Handler*);
void timeout(int);

protected:

/ /method that sends REGISTER message whenever a User Agent changes region

void sendRegister(int newlp);

/ /method that removes binding whenever a USER AGENT goes out of bounds of his visited PROXY

void removeBinding();

//method that checks if the node is inside the area that a Proxy Agent covers; it is executed periodically

bool isinBounds(double x,double y);

SimpleTimer timer_;

string names[MAX_EL]; //this array holds the name of the node and the names of agents that are attached on this node (except for the sip agent)
/ /Proxy Agent coordinates that the User Agent gets as soon as it receives the REG_OK

double xProxy_;
double yProxy_;
MobileNode *node_;
private:

int mySipUri_; //Well known User Agent's SIP URIL
int dstSipUri_; / /destination's SIP URI

int communication;

b

//ptr to my mobilenode

//PROXY AGENT - REGISTRAR AGENT
class SipPAgent : public Agent {
public:
SipPAgent(); //constructor
~SipPAgent(); //destructor
int command(int arge, const char*const* argv);
void recv(Packet*, Handler*);
protected:
MobileNode *node_;
NsObject *ragent_; //pointer to the routing agent -- e.g DSDV
};

Apyeio: sip.cc

Evpempro: ~/ns2.27/apps/

#include <template.h>
#include <random.h>
#include <mobilenode.h>
#include <iostream>
#include <sip.h>
#include <address.h>
#include <fstream>
#include <sstream>
#include <string.h>
#include <cmath>
#include <random.h>

#define SIP_PORT 5060 // well-known SIP port

#define RANGE 250 // Base station range of coverage

#define CURR_TIME Scheduler::instance().clock() // Current time
#define CRREGFILE(a,b) AgentMethods::instance().crRegFile(a,b)

#define GETDOMAIN(a) AgentMethods::instance().getDomain(a)

#define WRITEIP(a) AgentMethods::instance().writeIP(a,b)

#define GETPROXY(a) AgentMethods::instance().getProxy(a)
#define GETVISPROXYADDR(a) AgentMethods::instance().getVisProxyAdd(a)
#define GETVISADDR(a) AgentMethods::instance().getVisAdd(a)
#define FINDFREEIP(a) AgentMethods::instance().findfreelp(a)
#define GETFREEIP(a) AgentMethods::instance().getfreelp(a)

#define INSMOVEDAG(a,b) AgentMethods::instance().insMovedAg(a,b)
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#define FREEIP(a) AgentMethods::instance().freelp(a)

#define FINDCOORD(a,b) AgentMethods::instance().findCoord(a,b)

#define CREATECOORDFILE(a,b,c) AgentMethods::instance().crCoordFile(a,b,c)

#define ERASECOORDFILE(a) AgentMethods::instance().eraseCoordFile(a) I ]
#define ERASEREGFILE(a) AgentMethods::instance().eraseRegFile(a)

#define ISPROXY(a) AgentMethods::instance().isProxy(a)

#define PRINTADDR(a) Address::instance().print_nodeaddr(a)

#define STR2ADDR(a) Address::instance().str2addr(a)

using namespace std;

string appl[MAX_EL][2];
//the application that the user wants to start
int indexx=0; / /related with index_ of hdr_sip

int hdr_sip::offset_;
static class SipHeaderClass : public PacketHeaderClass {
public:
SipHeaderClass() : PacketHeaderClass("PacketHeader/Sip",sizeof(hdr_sip)) {
bind_offset(&hdr_sip::offset_);

}
} class_siphdr;

static class SipUAClass : public TclClass {
public:
SipUAClass() : TclClass("Agent/SipUA") §
TclObject* create(int, const char*const*) {
return (new SipUAgent());
}

} class_sipua;

SipUAgent::SipUAgent() : Agent(PT_SIP),timer_(this),
node_(0),mySipUri_(0),dstSipUri_(0),xProxy_(0.0),yProxy_(0.0),communication(0)
{

}

bind("packetSize_", &size_);

int SipUAgent::command(int argc, const char*const* argv) I

if (arge == 2) {
//this command is executed at the beginning of every User Agent
if (strcmp(argv[1], "open") == 0) {

Tcl& tcl = Tcl::instance();

// Create a new packet

Packet* pkt = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// Initializing USER AGENT'S SIP URI and IP address
mySipUri_ = Address::instance().get_nodeaddr(addr());
dstSipUri_ = Address::instance().get_nodeaddr(daddr());

if(node_) {
if(STR2ADDR((GETPROXY(PRINTADDR(addr()))).c_str())==FINDCOORD(node_->X(),node_->Y())->ip ) {
if(FINDCOORD(node_->X(),node_->Y())->ip != node_->base_stn())
node_->set_base_stn(FINDCOORD (node_->X(),node_->Y())->ip);

else { // User Agent's Proxy != User Agent's base station
// Packet to the VISITED PROXY requesting registration
if(FINDCOORD(node_->X(),node_->Y())->ip != node_->base_stn())
node_->set_base_stn(FINDCOORD (node_->X(),node_->Y())->ip);

// Changing the nessesary addresses
string newlp = FINDFREEIP(PRINTADDR(FINDCOORD (node_->X(),node_->Y())->ip));
addr() = STR2ADDR((newlp).c_str());
sprintf(tcl.buffer(), "$%s addr %s",(names[0]).c_str(),newlp.c_str());
tcl.eval();
sprintf(tcl.buffer(), "[$%s get_ragent] addr %s",(names[0]).c_str(),newlp.c_str());
tcl.eval();
sprintf(tcl.buffer(), "[$%s get_ragent] sip %d",(names|[0]).c_str(),mySipUri_);
tcl.eval();
sprintf(tcl.buffer(),"$%s move-dmux %s %s",(names|0]).c_str(),newlp.c_str(), PRINTADDR(addr()));
tcl.eval();

/ /setting the destination of all transport agents that are connected on this node
for(int i=1; i<MAX_EL; i++) {
if(namesli] =
sprintf(tcl.buffer(), "$%s set agent_addr_ %d", (namesli]).c_str(), addr() );
tcl.eval();
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}

// Initializing headers
hdrip->saddr() = addr();

hdrip->sport() = port(); [ |

hdrip->daddr() = node_->base_stn();

hdrip->dport() = SIP_PORT;

hdrsip->type_ = REGISTER;

hdrsip->from_ = mySipUri_; / /the sender of the request

hdrsip->to_ = mySipUri_; / /contains the SIP URI of the USER AGENT that is being resistered
hdrsip->contact_ = addr();

send(pkt,0);

xProxy_ = FINDCOORD (node_->X(),node_->Y())->x;
yProxy_ = FINDCOORD(node_->X(),node_->Y())->y;

timer_.resched(0.1);

return(TCL_OK);
}
}
else if (arge == 3) {
if (stremp(argv[1], "invite") == 0) {

// Create a new packet

Packet* pkt = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// 1P Header

hdrip->saddr() = addr();

hdrip->sport() = port();

hdrip->daddr() = node_->base_stn(); //Visited Proxy Agent IP address

hdrip->dport() = SIP_PORT; / /Visited Proxy Agent's well known SIP port
// SIP Header

hdrsip->contact_ = addr(); //Caller's IP Address

hdrsip->from_ = mySipUri_; //Caller's SIP URI | END to END USER AGENTS

hdrsip->to_ = dstSipUri_; //Callee's SIP URI | MUST BE CONNECTED
hdrsip->invite_= dstSipUri_; //Callee's IP Address

hdrsip->type_ = INVITE; / /INVITE message

hdrsip->index_ = indexx; / /Application index

appl[indexx][0] = argv[2];

appl[indexx++][1]= "none"; //in case of ftp -- simplex connection

//send the packet
send(pkt,0);
cout << "USER AGENT " << PRINTADDR(addr()) << " sends an INVITE message at " << CURR_TIME << end]l;

// return TCL_OK, so the calling function knows that the
// command has been processed
return(TCL_OK);

}

if (strcmp(argv([1], "bye") == 0) { / /it is an end-to-end method

Tcl& tcl = Tcl::instance();

// Create a new packet

Packet* pkt = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// IP Header

hdrip->saddr() = addr();

hdrip->sport() = port();

hdrip->daddr() = daddr(); / /Visited Proxy Agent IP address
hdrip->dport() = SIP_PORT; / /Visited Proxy Agent's well known SIP port

// SIP Header

hdrsip->from_ = mySipUri_;

hdrsip->to_ = dstSipUri_;

hdrsip->type_ = BYE; / /BYE message

// find the index of the application that will be terminated
for(int i=0; i<MAX_EL; i++) {
if{(appl[i][0] == argv[2]) | | (appl[i][1] == argv[2])) {
if(appl[i][0] == argv(2])
appl|i][0] = "none";
else

appl[i][1] = "none";
hdrsip->index_ = i;
break;
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}

communication--; //a connection will be terminated

sprintf(tcl.buffer(), "$%s stop", argv[2] );

tcl.eval();

cout << "The session that this SipUAgent has terminated at " << CURR_TIME << " is: " << argv[2] << endl;

//send the packet
send(pkt,0);
cout << "USER AGENT " << PRINTADDR(addr()) << " sends a BYE message at " << CURR_TIME << endl;

// return TCL_OK, so the calling function knows that the
// command has been processed
return(TCL_OK);

}

if(strcmp(argv(1], "message") == 0) {
int length;
length=strlen(argv[2]);

// Create a new packet

Packet* pkt = allocpkt(length);

// Access the IP header for the new packet:
unsigned char *data = pkt->accessdata();

hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// Access the common header for the new packet:
hdr_cmn* hdremn = hdr_cmn::access(pkt);

// IP Header

hdrip->saddr() = addr();

hdrip->sport() = SIP_PORT;

hdrip->daddr() = STR2ADDR((GETPROXY (PRINTADDR(daddr()))).c_str());
hdrip->dport() = SIP_PORT;

// SIP Header

hdrsip->contact_ = addr();  //Caller's IP Address

hdrsip->from_ = mySipUri_; //Caller's SIP URI | END to END USER AGENTS

hdrsip->to_ = dstSipUri_; //Callee's SIP URI | MUST BE CONNECTED

hdrsip->invite_= daddr();

hdrsip->type_ = MESSAGE; //MESSAGE message
memcpy (data, argv[2], length);

hdremn->size() += length;

cout << "USER AGENT " << PRINTADDR(addr()) << " sends a MESSAGE at " <<CURR_TIME<<end];
send (pkt, 0);

return(TCL_OK);

}
else if(stremp(argv[1], "node") == 0) {
/ /obtain reference to a MobileNode object so as to use functions of the class MobileNode -- eg set_base_stn()
node_ = (MobileNode*)TclObject::lookup(argv(2]);
if(node_ == 0) {
fprintf(stderr,"%s: %s lookup of %s failed\n",__FILE__,argv|1],argv|2]);
return(TCL_ERROR);
}

return(TCL_OK);
}
}
else if ((argc == 4) && (stremp(argv([2],"agents") != 0)) {
if (stremp(argv[1], "invite") == 0) {

// Create a new packet

Packet* pkt = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the new packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// IP Header

hdrip->saddr() = addr();

hdrip->sport() = port();

hdrip->daddr() = node_->base_stn(); //Visited Proxy Agent IP address
hdrip->dport() = SIP_PORT; / /Visited Proxy Agent's well known SIP port

// SIP Header

hdrsip->contact_ = addr(); //Caller's IP Address

hdrsip->from_ = mySipUri_; //Caller's SIP URI | END to END USER AGENTS
hdrsip->to_ = dstSipUri_; //Callee's SIP URI | MUST BE CONNECTED
hdrsip->invite_= dstSipUri_; //Callee's IP Address

hdrsip->type_ = INVITE; //INVITE message

hdrsip->index_ = indexx; / /Application index

appl[indexx][0] = argv[2];

appl[indexx++][1]= argv[3];  //in case of cbr -> duplex connection

//send the packet
send(pkt,0);
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cout << "USER AGENT " << PRINTADDR(addr()) << " sends an INVITE message at " << CURR_TIME << endl;

// return TCL_OK, so the calling function knows that the
// command has been processed
return(TCL_OK);
}
}
else { // command with many arguments
names[0] = argv[1]; //the first argument => name of the node

I for(int i=3; i<argc; i++)  //the rest of the arguments (beyong the word agents) => names of the agents II

namesl[i-2| = argvl[i];
return(TCL_OK);

// If the command hasn't been processed by SipUAgent()::command,
// call the command|() function for the base class
return (Agent::command (argc, argv));

}

void SipUAgent::recv(Packet* pkt, Handler*)

{
/ /Access the instance -- reference to the instance
Tcl& tcl = Tcl::instance();

// Access the IP header for the received packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the received packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// Create a new packet

Packet* pktret = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdripret = hdr_ip::access(pktret);

// Access the SIP header for the new packet:
hdr_sip* hdrsipret = hdr_sip::access(pktret);

Packet* pktret2 = allocpkt();
hdr_ip* hdripret2 = hdr_ip::access(pktret2);
hdr_sip* hdrsipret2 = hdr_sip::access(pktret2);
// Access the IP header for the new packet:
unsigned char *data;
switch(hdrsip->type_) {
case INVITE:
if(ISPROXY (PRINTADDR (hdrip->saddr()))) { //if the sender is a proxy send 180 RINGING and 200 OK messages
cout << "USER AGENT " << PRINTADDR(addr()) << " received an INVITE message/sends RINGING message at "
<<CURR_TIME<<end]l;
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->contact_ = addr();
hdrsipret->invite_ = hdrsip->contact_;
hdrsipret->type_ = RINGING_180;
send(pktret,0);

//sending OK message

cout << "USER AGENT " << PRINTADDR(addr()) << " sends OK message at " << CURR_TIME << endl;
hdripret2->daddr() = hdrip->saddr();
hdripret2->dport() = hdrip->sport();
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->contact_ = addr();
hdrsipret2->from_ = hdrsip->from_;
hdrsipret2->to_ = hdrsip->to_;
hdrsipret2->invite_= hdrsip->contact_;
hdrsipret2->type_ = OK_200;
hdrsipret2->cseq_ = INVITE;
hdrsipret2->index_ = hdrsip->index_;
send(pktret2,0);

//if a mobile that changed region USER AGENT sends INVITE
if(daddr() != hdrsip->contact_) {
daddr() = hdrsip->contact_;

/ /setting destination address of sip agent and all agents that are connected on this node
for(int i=1; i<MAX_EL; i++) {

if(namesl|i] 1= "") {
sprintf(tcl.buffer(), "$%s set dst_addr_ %d", (namesli]).c_str(),hdrsip->contact_ );
tcl.eval();

}

}

}
else { //this message re-INVITE comes from a USER AGENT that changed region and this USER AGENT must send 200 OK
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/ /directly to the correspondent USER AGENT

cout << "USER AGENT " << PRINTADDR(addr()) << " has been informed and sends 200 OK at " << CURR_TIME << endl;
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = INVITE;
send(pktret,0);

| ] |
Packet::free(pktret2);

}
Packet::free(pkt);

break;
case BYE:
cout << "USER AGENT " << PRINTADDR(addr()) << " received BYE message at " << CURR_TIME << endl;
communication--; //connection will be terminated
//find out which application will be terminated
if((appl[hdrsip->index_][0] != "none") | | (appl(hdrsip->index_][1] != "none")) {
if(appl[hdrsip->index_][O] != "none") {
sprintf(tcl.buffer(), "$%s stop", (appl[hdrsip->index_][0]).c_str() );
tcl.eval();
cout << "The session that this SipUAgent has terminated at " << CURR_TIME << " is: " << appl[hdrsip->index_][0] << endl;
appl[hdrsip->index_][0] = "none";
}
else {
sprintf(tcl.buffer(), "$%s stop", (appl[hdrsip->index_][1]).c_str() );
tcl.eval();
cout << "The session that this SipUAgent has terminated at " << CURR_TIME << " is: " << appl[hdrsip->index_|[1] << end];
appl[hdrsip->index_][1] = "none";
}
}
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = BYE;
send(pktret,0);
Packet::free(pktret2);
Packet::free(pkt);
break;
case OK_200:

switch(hdrsip->cseq_) {
case REGISTER:
cout << "USER AGENT " <<PRINTADDR(addr())<<" received 200 OK (REG) at "<<CURR_TIME<<endl;
//There are two posibilities:
//(a)receive 200 OK from HOME PROXY if this USER AGENT re-entered inside his region => do nothing at all
//(b)receive 200 OK from VISITED PROXY => must send REGISTER to his HOME PROXY to bind his new IP with his SIP URI
//but if we are in the middle of a call then firstly USER AGENT must send INVITE to the correspondent USER AGENT
//and sends REGISTER to his HOME PROXY for binding afterwards
if(hdrsip->contact_ != 1) {
if(communication != 0) { / /Inform the Correspondent USER AGENT that this USER AGENT changed region
cout <<"At " << CURR_TIME <<" USER AGENT'S NEW IP " << PRINTADDR(addr()) << endl;
cout << "USER AGENT " <<PRINTADDR(addr())<<" informs the correspondent USER AGENT at "<<CURR_TIME<<endl;
hdripret->daddr() = daddr();
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->type_ = INVITE;
hdrsipret->contact_ = addr(); //this is USER AGENT'S new IP address
send(pktret,0);

else { //if there is no connection
cout <<"At " << CURR_TIME <<" USER AGENT'S NEW IP " << PRINTADDR(addr()) << endl;
if(hdrip->saddr() 1= STR2ADDR((GETPROXY (PRINTADDR(mySipUri_))).c_str())) { //(b)
cout << "USER AGENT " << PRINTADDR(addr()) << " sends REGISTER to his HOME PROXY at "<<CURR_TIME<<endl;
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->from_ = mySipUri_;
hdrsipret->to_ = STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str()); //to HOME PROXY
hdrsipret->type_ = REGISTER;
hdrsipret->contact_ = addr(); //this is USER AGENT'S new IP that sends to his HOME PROXY
send(pktret,0);
}
}
}
break;
case INVITE:
cout << "USER AGENT " << PRINTADDR(addr()) << " received 200 OK and sends ACK at " << CURR_TIME << endl;
hdripret->daddr() = hdrip->saddr();
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hdripret->dport() = hdrip->sport();

hdripret->saddr() = addr();

hdripret->sport() = port();

hdrsipret->from_ = hdrsip->from_;

hdrsipret->to_ = hdrsip->to_;

hdrsipret->contact_ = addr();

hdrsipret->invite_= hdrsip->contact_;

hdrsipret->index_ = hdrsip->index_;

hdrsipret->type_ = ACK;

hdrsipret->cseq_ = INVITE;

send(pktret,0);

ifISPROXY(PRINTADDR (hdrip->saddr()))) { //if it is not an OK 200 after re-INVITE
communication++; //new connection will be established

if(daddr() != hdrsip->contact_) { //if the callee moves in a visited region, caller must change its destination addr II

/ /setting destination address of sip agent and all agents that are connected on this node
for(int i=1; i<MAX_EL; i++) {

if(namesl[i] !="") {
sprintf(tcl.buffer(), "$%s set dst_addr_ %d", (namesl[i]).c_str(),hdrsip->contact_);
tcl.eval();

}

}
daddr() = hdrsip->contact_;
}
}
else { //sends REGISTER to HOME PROXY in order to bind USER's URI with its new ip address
if( STR2ADDR((GETPROXY (PRINTADDR(addr()))).c_str()) != STR2ADDR((GETPROXY (PRINTADDR(mySipUri_))).c_str())) {
cout << "USER AGENT " << PRINTADDR(addr()) << " sends REGISTER to his HOME PROXY at "<<CURR_TIME<<endl;
hdripret2->daddr() = node_->base_stn();
hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->from_ = mySipUri_;
hdrsipret2->to_ = STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str()); //to HOME PROXY
hdrsipret2->type_ = REGISTER;
hdrsipret2->contact_ = addr(); //this is USER AGENT'S new IP that sends to his HOME PROXY
send(pktret2,0);
}
}

break;

case BYE:
cout << "USER AGENT " << PRINTADDR(addr()) << " received 200 OK at " << CURR_TIME <<endl;
Packet::free(pktret);
Packet::free(pktret2);

break;

case MESSAGE:
cout<<"USER AGENT "<<PRINTADDR(addr())<<" received an OK_200 \"INSTANT MESSAGE\" MESSAGE at

"<<CURR_TIME<<end];

Packet::free(pktret);

Packet::free(pktret2);

break;

default:
Packet::free(pktret);
Packet::free(pktret2);
break;

Packet::free(pkt);
break;
case MESSAGE:
data = pkt->accessdata();
data[pkt->datalen()] = '\0';
printf("USER AGENT %s received MESSAGE %s",PRINTADDR(addr()),data);
cout << " at " << CURR_TIME << end];
hdripret->daddr() = STR2ADDR((GETPROXY (PRINTADDR (hdrsip->contact_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = SIP_PORT;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->contact_;
hdrsipret->contact_ = addr();
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = MESSAGE;
send(pktret,0);
Packet::free(pkt);
Packet::free(pktret2);
break;
case TRYING_100:
cout << "USER AGENT " << PRINTADDR(addr()) << " received 100 TRYING message at " << CURR_TIME << endl;
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;
case RINGING_180:
cout << "USER AGENT " << PRINTADDR(addr()) << " received 180 RINGING message at " << CURR_TIME << endl;
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;
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}

case ACK:
cout << "USER AGENT " << PRINTADDR(addr()) << " received ACK message at " << CURR_TIME << endl;
if(ISPROXY (PRINTADDR (hdrip->saddr()))) {
communication++; //new connection will be established
if(appl[hdrsip->index_|[1] == "none") {
sprintf(tcl.buffer(), "$%s start", (appl[hdrsip->index_][0]).c_str() );
tcl.eval();
cout << "The session that this SipUAgent has established at " <<CURR_TIME<<" is: " << appl[hdrsip->index_|[0] << endl;
}

else {
sprintf(tcl.buffer(), "$%s start", (appl[hdrsip->index_][0]).c_str() );
tcl.eval();
sprintf(tcl.buffer(), "$%s start", (appl[hdrsip->index_][1]).c_str() );
tcl.eval();

cout << "The session that this SipUAgent has established at " <<CURR_TIME<<" is: " << appl[hdrsip->index_][0] << endl;
cout << "The session that this SipUAgent has established at " <<CURR_TIME<<" is: " << appl[hdrsip->index_][1] << end]l; II

}

}
else { //ACK message after re-INVITE
/ /setting destination address of sip agent and all agents that are connected on this node
for(int i=1; i<MAX_EL; i++) {
if(namesl|i] 1= "") {
sprintf(tcl.buffer(), "$%s set dst_addr_ %d", (names][i]).c_str(),hdrsip->contact_);
tcl.eval();

}

}
daddr() = hdrsip->contact_;
}
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;

case NOT_FOUND_404:
cout << "USER AGENT " << PRINTADDR(addr()) << " received 404 NOT FOUND message at " << CURR_TIME << endl;
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;

default:

Packet::free(pktret);
Packet::free(pktret2);
break;

Packet::free(pkt); I

//Checks if User Agent is in or out of Proxy Agent's range
bool SipUAgent::isinBounds(double x,double y)

{

}

//RXThresh_ default value is 3.652e-10 W. Using /indep-utils /propagation/threshold.cc we
//can evaluate the default range of the base-station which is 250m -- for TwoRayGround model
if(xProxy_ == 0.0) && (yProxy_ == 0.0)) return true; //initial state
if( sqrt( pow(xProxy_-x,2) + pow(yProxy_-y,2) ) < RANGE )

return true; //User Agent is in bounds
else

return false; //User Agent is out of bounds

/ /Every given period of time this function is invoked
void SipUAgent::timeout(int)

{

Tcl& tcl = Tcl::instance();
string newlp, oldIp;

if(lisinBounds(node_->X(),node_->Y())) {
cout << "USER AGENT "<<PRINTADDR(addr())<<" enters in region "<< PRINTADDR(FINDCOORD(node_->X(),node_->Y())->ip) << " at "

<< CURR_TIME <<end];

oldIp = PRINTADDR(addr()) ;

//User agent's new ip address
//check if the USER AGENT entered inside his home region
if(STR2ADDR((GETPROXY(PRINTADDR(mySipUri_))).c_str()) != FINDCOORD(node_->X(),node_->Y())->ip)
newlp = FINDFREEIP(PRINTADDR(FINDCOORD(node_->X(),node_->Y())->ip));
else
newlp = PRINTADDR(mySipUri_);

//1f USER AGENT gets outside of a region which is not his home region

if(node_->base_stn() = STR2ADDR((GETPROXY (PRINTADDR(mySipUri_))).c_str()))

//Send REGISTER message with expires_ = true to his old visited PROXY AGENT so as to remove binding
removeBinding();

//USER AGENT changes base station
node_->set_base_stn(FINDCOORD (node_->X(),node_->Y())->ip);

// Get the coordinates of the closest PROXY AGENT - Base station
xProxy_ = FINDCOORD(node_->X(),node_->Y())->x;

yProxy_ = FINDCOORD(node_->X(),node_->Y())->y;

// Changing the nessesary addresses
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// 1.Changing the addr_ of this sip agent

addr() = STR2ADDR(newlp.c_str());

// 2.Changing the address_ of this node

sprintf(tcl.buffer(), "$%s addr %s",(names[0]).c_str(),newlp.c_str());

tcl.eval();

// 3.Changing myaddr_ of DSDV routing agent

sprintf(tcl.buffer(), "[$%s get_ragent] addr %s",(names|[0]).c_str(),newlp.c_str());
tcl.eval();

// 4.Sending update to the new base station

sprintf(tcl.buffer(), "[$%s get_ragent] sip %d",(names|[0]).c_str(),mySipUri_);
tcl.eval();

// Moving the dmux of this node from the old IP address to the new IP address
sprintf(tcl.buffer(), "$%s move-dmux %s %s",(names[0]).c_str(), newlp.c_str(), oldIp.c_str());
tcl.eval();

/ /setting the destination of all transport agents that are connected on this node
for(int i=1; i<MAX_EL; i++) {

) if(namesl[i] !="") { [ |

sprintf(tcl.buffer(), "$%s set agent_addr_ %d", (namesli]).c_str(), addr() );
tcl.eval();
}
}

//USER AGENT wants to register with his new PROXY AGENT
sendRegister(STR2ADDR(newlp.c_str()));
}

timer_.resched(0.1);

}

//Function that sends a REGISTER message whenever the USER AGENT changes region
void SipUAgent::sendRegister(int newlp)
{

Packet *pkt = allocpkt();

hdr_ip *hdrip = hdr_ip::access(pkt);

hdr_sip *hdrsip = hdr_sip::access(pkt);

//Find the IP address of the Proxy Agent which is near from this USER AGENT

hdrip->saddr() = addr();

hdrip->sport() = port();

hdrip->daddr() = FINDCOORD(node_->X(),node_->Y())->ip; //function that returns the IP address of the closest PROXY AGENT
hdrip->dport() = SIP_PORT; //well-known sip port that the PROXY AGENT listens for requests

hdrsip->contact_ = newlp; / /Register with the new IP address
hdrsip->from_ = mySipUri_;

hdrsip->to_ = mySipUri_;

hdrsip->type_ = REGISTER;

send(pkt,0);
}

void SipUAgent::removeBinding()
{
Packet *pkt = allocpkt();
hdr_ip *hdrip = hdr_ip::access(pkt);
hdr_sip *hdrsip = hdr_sip::access(pkt);
//USER AGENT sends a REGISTER message to his visited PROXY AGENT requesting removing of the previous binding
hdrip->saddr() = addr();
hdrip->sport() = port();
hdrip->daddr() = node_->base_stn(); //FINDCOORD(node_->X(),node_->Y())->ip;
hdrip->dport() = SIP_PORT;

hdrsip->from_ = mySipUri_;
hdrsip->contact_ = addr();
hdrsip->expires_ = true;
hdrsip->type_ = REGISTER;

FREEIP(PRINTADDR (addr()));

// send(pkt,0);
}

//PROXY AGENT - REGISTRAR AGENT
static class SipPAClass : public TclClass {
public:
SipPAClass() : TclClass("Agent/SipPA") {
TclObject* create(int, const char*const*) {
return (new SipPAgent());
}

} class_sippa;

SipPAgent::SipPAgent() : Agent(PT_SIP),node_(0),ragent_(0)

bind("packetSize_", &size_);
}

SipPAgent::~SipPAgent()
{ // Each Proxy erases its RegFl_ and its coordinates and ip address from coordFl file
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}

{

}

{

/

ERASEREGFILE (atoi((GETDOMAIN(PRINTADDR(addr())).c_str()));
ERASECOORDFILE (atoi((GETDOMAIN(PRINTADDR(addr()))).c_str()));

int SipPAgent::command(int argc, const char*const* argv)

// Initialization of coordFl file -- each Proxy appends its coordinates and ip address
if (arge == 2) {
if (stremp(argv[1], "open") == 0) {
CREATECOORDFILE(node_->X(),node_->Y(),atoi((GETDOMAIN(PRINTADDR(addr()))).c_str()));
return TCL_OK;
}
}

if (arge == 3) {
// Initialization of the Registration File with 9 available ip addresses
if (stremp(argv[1], "initialize") ==
CRREGFILE( atoi((GETDOMAIN (argv|2])).c_str()) ,9);
return TCL_OK;

} ] |

if(strcmp(argv[1], "node") == 0) {
// Obtain reference to a MobileNode object so as to use functions of the class MobileNode
node_ = (MobileNode*)TclObject::lookup(argv[2]);
if(node_ == 0) {
fprintf(stderr,"%s: %s lookup of %s failed\n",__FILE__,argv|1],argv|2]);
return(TCL_ERROR);

}
return(TCL_OK);
}
// Bind routing agent and sip agent
if(strcmp(argv[1], "ragent") == 0) {
ragent_ = (NsObject*)TclObject::lookup(argv(2]);
return(TCL_OK);

// If the command hasn't been processed by SipUAgent()::command,
// call the command|() function for the base class
return (Agent::command(argc, argv));

void SipPAgent::recv(Packet* pkt, Handler*) I

Tcl& tcl = Tcl::instance();

// Access the IP header for the received packet:
hdr_ip* hdrip = hdr_ip::access(pkt);

// Access the SIP header for the received packet:
hdr_sip* hdrsip = hdr_sip::access(pkt);

// Access the Common header for the received packet:
hdr_cmn* hdremn = hdr_cmn::access(pkt);

// Create a new packet

Packet* pktret = allocpkt();

// Access the IP header for the new packet:
hdr_ip* hdripret = hdr_ip::access(pktret);

// Access the SIP header for the new packet:
hdr_sip* hdrsipret = hdr_sip::access(pktret);

Packet* pktret2 = allocpkt();
hdr_ip* hdripret2 = hdr_ip::access(pktret2);
hdr_sip* hdrsipret2 = hdr_sip::access(pktret2);

Packet* pktret3;
hdr_ip* hdripret3;
hdr_sip* hdrsipret3;
hdr_cmn* hdrcmnret3;

// Access the IP header for the new packet:
unsigned char *data,*data2;
int length;

switch(hdrsip->type_) {
case REGISTER:
if(hdrsip->expires_) {//Removing binding
if(STR2ADDR((GETPROXY (PRINTADDR(hdrsip->from_))).c_str()) == addr()) {
FREEIP(PRINTADDR(hdrsip->contact_));
cout << "PROXY " << PRINTADDR(addr()) << "is removing binding" << endl;
Packet::free(pktret);
Packet::free(pkt);
break;
}
else { // REGISTER packet was sent to the visited PROXY thus send REGISTER with expires_ to
//HOME PROXY
hdripret->daddr() = STR2ADDR((GETPROXY (PRINTADDR(hdrsip->from_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
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hdrsipret->from_ = hdrsip->from_;
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->expires_ = hdrsip->expires_;
hdrsipret->type_ = REGISTER;
send(pktret,0);

Packet::free(pkt);

}
3/
cout << "PROXY " << PRINTADDR(addr()) << " received a REGISTER message at " << CURR_TIME << endl;
/ /preparing the new packet to be sent
hdripret->saddr() = addr();
hdripret->sport() = port();
if(hdrsip->from_ == hdrsip->to_) {
//PROXY AGENT updates the registration file - database
GETFREEIP(PRINTADDR(hdrsip->contact_));
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = SIP_PORT;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = REGISTER;
send(pktret,0);

else {
if(hdrsip->to_ == addr()) {

//PROXY AGENT binds the new ip of the USER AGENT with his SIP URI —
/ /registration on behalf of visited Proxy
INSMOVEDAG (PRINTADDR(hdrsip->from_),PRINTADDR (hdrsip->contact_));
hdripret->daddr() = hdrip->saddr(); //send REG_OK to visited PROXY
hdripret->dport() = hdrip->sport();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = REGISTER;

else {
//send the REGISTER message that has just arrived from new USER AGENT to
//USER AGENT's HOME PROXY
hdripret->daddr() = hdrsip->to_;
hdripret->dport() = SIP_PORT;
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = REGISTER;

}
send(pktret,0);

}
Packet::free(pkt);
Packet::free(pktret2);
break;
case INVITE:
cout << "PROXY " << PRINTADDR(addr()) << " received an INVITE message at " << CURR_TIME << endl;
/ /Proxy must check if the callee belongs to its region and if it is inside
if (STR2ADDR((GETPROXY (PRINTADDR(hdrsip->invite_))).c_str()) == addr()) { //Callee belongs to this Proxy
/ /check if callee has his device closed - not registered to the network
if(GETVISPROXYADDR(PRINTADDR(hdrsip->invite_)) == "not_found") {
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = NOT_FOUND_404;
send(pktret,0);

}
else if(STR2ADDR((GETVISPROXYADDR(PRINTADDR (hdrsip->invite_))).c_str()) == addr()) {

//Callee is inside Proxy's region

/ /preparing to send the new packet to the User Agent that is inside Proxy's region
cout << "PROXY " << PRINTADDR(addr()) << " sends INVITE to " << PRINTADDR(hdrsip->invite_) << " at " << CURR_TIME << endl;

hdripret->daddr() = hdrsip->invite_;

hdripret->dport() = SIP_PORT;

hdripret->saddr() = addr();

hdripret->sport() = port();

hdrsipret->contact_ = hdrsip->contact_;

hdrsipret->from_ = hdrsip->from_; //caller's SIP URI

hdrsipret->to_ = hdrsip->to_; //callee's SIP URL

hdrsipret->invite_= hdrsip->invite_;

hdrsipret->type_ = INVITE;

hdrsipret->index_ = hdrsip->index_;

send(pktret,0);

//Send Trying 100 to caller or to caller's Proxy
cout << "PROXY " << PRINTADDR(addr()) << " sends 100 TRYING to " << PRINTADDR(hdrip->saddr())<< " at " << CURR_TIME <<end];
hdripret2->daddr() = hdrip->saddr();
hdripret2->dport() = SIP_PORT;
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hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->type_ = TRYING_100;
send(pktret2,0);

else {//Callee is inside other Proxy's region
//The sender of the INVITE is a UA or a PA?
//(a) PA then send the new packet MOVED to the caller's Proxy Agent
//(b) UA relay the INVITE message to callee's Proxy Agent
if( ISPROXY(PRINTADDR (hdrip->saddr())) ) { //(a)
hdripret->daddr() = hdrip->saddr();
hdripret->dport() = hdrip->sport();
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = STR2ADDR((GETVISADDR(PRINTADDR(hdrsip->invite_))).c_str());
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->contact_;
hdrsipret->type_ = MOVED_302;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);
}

I else { //(b) ] |

hdripret->daddr() =
STR2ADDR((GETVISPROXYADDR(PRINTADDR (hdrsip->invite_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= STR2ADDR((GETVISADDR(PRINTADDR (hdrsip->invite_))).c_str());
hdrsipret->type_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);
//Send Trying 100 to caller
cout << "PROXY " << PRINTADDR(addr()) << " sends 100 TRYING to " << PRINTADDR(hdrip->saddr())<< " at " <<CURR_TIME<<endl;
hdripret2->daddr() = hdrip->saddr();
hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->type_ = TRYING_100;
send(pktret2,0);

}

else { //The callee does not belong to Proxy's region
//Send the new packet to the Proxy Agent of the callee
cout<<"PROXY "<<PRINTADDR(addr())<<" sends INVITE to "<<GETPROXY(PRINTADDR(hdrsip->invite_))<< " at " << CURR_TIME<<endl;
hdripret->daddr() = STR2ADDR((GETPROXY (PRINTADDR (hdrsip->invite_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);
//send TRYING to caller
cout << "PROXY " << PRINTADDR(addr()) << " sends 100 TRYING to " << PRINTADDR(hdrip->saddr())<< " at " << CURR_TIME<< endl;

hdripret2->daddr() = hdrip->saddr();
hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->type_ = TRYING_100;
send(pktret2,0);

}

Packet::free(pkt);

break;

case RINGING_180:

cout << "PROXY " << PRINTADDR(addr()) << " received 180 RINGING message at " << CURR_TIME << endl;

if(STR2ADDR((GETPROXY(PRINTADDR(hdrsip->invite_))).c_str()) == addr()) {
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = RINGING_180;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);

171



[Mopdpnpo A

else {
hdripret->daddr() = STR2ADDR((GETPROXY (PRINTADDR(hdrsip->invite_))).c_str();
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = RINGING_180;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);

}

Packet::free(pkt);

break;

case MOVED_302:
if(STR2ADDR((GETPROXY (PRINTADDR(hdrsip->contact_))).c_str()) != addr()) {
cout << "PROXY " << PRINTADDR(addr()) << " received a 302 MOVED TEMPORARILY message at " << CURR_TIME << end]l;

hdripret->daddr() = STR2ADDR((GETPROXY(PRINTADDR(hdrsip->contact_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->invite_;

hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
] hdrsipret->invite_= hdrsip->contact_; [ |

hdrsipret->type_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);

//send ACK to HOME PROXY
hdripret2->daddr() = hdrip->saddr();
hdripret2->dport() = SIP_PORT;
hdripret2->saddr() = addr();
hdripret2->sport() = port();
hdrsipret2->contact_ = hdrsip->invite_;
hdrsipret2->type_ = ACK;
hdrsipret2->cseq_ = MOVED_302;
send(pktret2,0);

hdripret->daddr() = hdrsip->to_;

hdripret->dport() = SIP_PORT;

hdripret->saddr() = addr();

hdripret->sport() = port();

hdrsipret->contact_ = hdrsip->invite_;
hdrsipret->from_ = hdrsip->from_; //caller's SIP URI
hdrsipret->to_ = hdrsip->to_; //callee's SIP URI
hdrsipret->invite_= hdrsip->contact_;
hdrsipret->type_ = INVITE;

hdrsipret->index_ = hdrsip->index_;

send(pktret,0); //send the packet through the routing agent

}
else { //the callee is inside this PROXY's region I

}
Packet::free(pkt);
break;/ /preparing the send the new packet MOVED to the caller's Proxy Agent
case OK_200:
switch(hdrsip->cseq ) {
case REGISTER:
cout << "PROXY " << PRINTADDR(addr()) << " received a 200 OK (REG) message at " << CURR_TIME << endl;
hdripret->daddr() = hdrsip->contact_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = REGISTER;
hdrsipret->contact_ = 1;//flag in order for the USER AGENT to understand that the
/ /received a OK from his HOME PROXY
send(pktret,0);
Packet::free(pkt);
break;
case INVITE:
cout << "PROXY " << PRINTADDR(addr()) << " received a 200 OK (INVITE) message at " << CURR_TIME << endl;
/ /Proxy must check if the caller belongs to its region and if it is inside
if (STR2ADDR((GETPROXY (PRINTADDR(hdrsip->invite_))).c_str()) == addr()) {
//Caller belongs to this Proxy
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);

else { //The caller does not belong to Proxy's region
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//Send the new packet to the Proxy Agent of the caller

hdripret->daddr() = STR2ADDR((GETPROXY (PRINTADDR (hdrsip->invite_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->type_ = OK_200;
hdrsipret->cseq_ = INVITE;
hdrsipret->index_ = hdrsip->index_;
send(pktret,0);

}
Packet::free(pkt);
break;
case MESSAGE:
// forward the message OK_200 to the instant message sender
cout << "PROXY " << PRINTADDR(addr()) << " received 200 OK message at " << CURR_TIME << endl;
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = SIP_PORT;
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->type_ = hdrsip->type_;

I hdrsipret->cseq_ = hdrsip->cseq_;

send(pktret,0);
Packet::free(pkt);
break;
default:
Packet::free(pktret);
Packet::free(pkt);
break;
}
break;
case ACK:
cout << "PROXY " << PRINTADDR(addr()) << " received an ACK message at " << CURR_TIME << end];
switch(hdrsip->cseq_) {
case INVITE:
if(STR2ADDR((GETPROXY (PRINTADDR (hdrsip->invite_))).c_str() == addr()) {
hdripret->daddr() = hdrsip->invite_;
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->index_ = hdrsip->index_;
hdrsipret->type_ = ACK;
send(pktret,0);
}
else {
hdripret->daddr() = STR2ADDR((GETPROXY (PRINTADDR (hdrsip->invite_))).c_str());
hdripret->dport() = SIP_PORT;
hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->contact_ = hdrsip->contact_;
hdrsipret->from_ = hdrsip->from_;
hdrsipret->to_ = hdrsip->to_;
hdrsipret->invite_= hdrsip->invite_;
hdrsipret->index_ = hdrsip->index_;
hdrsipret->type_ = ACK;
hdrsipret->cseq_ = INVITE;
send(pktret,0);
}
break;
case MOVED_302:
Packet::free(pktret);
break;
default:
Packet::free(pktret);
break;
}
Packet::free(pkt);
break;
case TRYING_100:
cout << "PROXY " << PRINTADDR(addr()) << " received 100 TRYING message at " << CURR_TIME << endl;
Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;
case NOT_FOUND_404:
cout << "PROXY " << PRINTADDR(addr()) << " received 404 NOT FOUND message at " << CURR_TIME << endl;
hdripret->daddr() = hdrsip->from_;
hdripret->dport() = SIP_PORT;
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hdripret->saddr() = addr();
hdripret->sport() = port();
hdrsipret->type_ = NOT_FOUND_404;
send(pktret,0);
Packet::free(pkt);
Packet::free(pktret2);
break;

case MESSAGE:
data=pkt->accessdatay);
length=pkt->datalen();
pktret3 = allocpkt(length);
hdripret3 = hdr_ip::access(pktret3);
hdrsipret3 = hdr_sip::access(pktret3);
hdremnret3 = hdr_cmn::access(pktret3);
data2=pktret3->accessdata();
// IP Header
hdripret3->saddr() = addr();
hdripret3->sport() = SIP_PORT;
hdripret3->daddr() = hdrsip->invite_;
hdripret3->dport() = SIP_PORT;
// SIP Header

hdrsipret3->from_ = hdrsip->from_; //Caller's SIP URI | END to END USER AGENTS
hdrsipret3->to_ = hdrsip->to_; //Callee's SIP URI | MUST BE CONNECTED
hdrsipret3->type_ = MESSAGE; //MESSAGE message

memcpy (data2, (char*)data, length);
hdremnret3->size() = hdremn->size();
cout <<"PROXY " << PRINTADDR(addr()) <<" has received the message.(forwarding...) at " << CURR_TIME << end]l;
send(pktret3,0);
Packet::free(pkt);

] Packet::free(pktret); ] |

Packet::free(pktret2);
break;
default:

Packet::free(pkt);
Packet::free(pktret);
Packet::free(pktret2);
break;

Apyeio: methods.cc
Evpempro: ~/ns2.27/apps/

#include "methods.h"
#include "address.h"

AgentMethods* AgentMethods::instance_;
//Empty Constructor

AgentMethods::AgentMethods() {
}

COMMONLY USED FUNCTIONS

It creates the registar files with addrNo free ips.
At first it has the ips(k.0.m) that are given to noone(x)

void AgentMethods::crRegFile(int domain,int addrNo)
{

ostringstream hlpStream;

string fINam,domString,fileLnString,iString;

// tha file name is RegFil_<domain>

hlpStream << domain;

domString=hlpStream.str();
fINam="RegFl_"+domString;

// it opens the file empty for reading and writing
ofstream fl(fINam.c_str(),ios_base::trunc |ios_base::in | ios_base::out);
for (int i=1;i<addrNo+1;i++)
{
// empry the stream first
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hlpStream.str("");

hlpStream << i;

iString=hlpStream.str();

// make the string that will be put in the file
fileLnString=domString+".0."+iString+";x\n";

// writes in the file
fl.write(fileLnString.c_str(),fileLnString.length());

}
// close the stream,thus the file
fl.close();

}

It finds the proxy server of the assigned ip given the home ip address
in some registar file.If it finds x, it returns "closed"
/

string AgentMethods::getVisProxyAdd(string homelp)

{

char buff[32];

string InString;
// open the relevant file of the home ip's registar
string fIlNam="RegFl_"+getDomain(homelp);
ifstream regFl(flNam.c_str(),ios_base::in);
// it searches all the lines

while (IregFl.getline(buff, 32).eof())

{

InString.assign(buff);
// if it finds the ip

if ( InString.find(homelp, 0 ) != string::npos )

{

// it keeps the assigned ip in the visited registar

] InString=InString.substr(InString.find(';',0)+1,InString.length()-InString.find(';',0)-1); I ]

break;
}

regFl.close();

/ /returns error if it didn't find a valid ip
if (InString.find('.', 0 ) == string::npos)
return "not_found";

/ /else it returns the domain proxy's ip
else

return getProxy(InString);

}

It finds the foreign assigned ip given the home ip address
in some registar file.If it finds X, it returns "closed"

string AgentMethods::getVisAdd(string homelp)

{
char buff[32];
string InString;
// open the relevant file of the home ip's registar
string fINam="RegFl_"+getDomain(homelp);
ifstream regFl(flNam.c_str(),ios_base::in);
// it searches all the lines
while (IregFl.getline(buff, 32).eof())
{
InString.assign(buff);
// if it finds the ip
if ( InString.find(homelp, 0 ) != string::npos )

// it keeps the assigned ip in the visited registar
InString=InString.substr(InString.find(';',0)+1,InString.length()-InString.find(';',0)-1);
break;
}
}
regFl.close();
/ /returns error if it didn't find a valid ip
if (InString.find('.', 0 ) == string::npos)
return "not_found";
/ /else it returns the domain proxy's ip
else
return InString;

}

It gets the proxy's ip given the ip address,ex 2.0.9->2.0.0
/

string AgentMethods::getProxy(string ip)

return getDomain(ip)+".0.0";

It finds the first free ip of the registar of a domain given the relevant
proxy's ip
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string AgentMethods::findfreelp(string proxylp)

{

char buff[37];

string InString;

// open the relevant file of the home ip's registar

string fINam="RegFl_"+getDomain(proxylp);

ifstream regFl(flNam.c_str(),ios_base::in |ios_base::out);

// it searches all the lines

while (IregFl.getline(buff, 37).eof())

{
InString.assign(buff);

// if it finds the first free ip,thus the ip with X' beside the ';'
if ( InString.find('x', 0 ) != string::npos )

// it keeps the free ip
InString=InString.substr(0,InString.find(';',0));
break;

}

regFl.close();
return InString;

}

It gets the free ip given updating the relevant registar file

void AgentMethods::getfreelp(string newlp)
{

int line;

int Incount=1;

char buff[32];

string InString;

// open the relevant file of the home ip's registar
string fINam="RegFl_"+getDomain(newlp);
ifstream regFl(fINam.c_str(),ios_base::in);

// it searches all the lines
while (IregFl.getline(buff, 32).eof())

{
InString.assign(buff);
// if it finds the first free ip,thus the ip with X' beside the ';'
if ( InString.find(newlp, 0 ) != string::npos )
line=Incount;
Incount++;

regFl.close();
writeIP(fINam,line,newlp);

}

It gets the domain number of an ip address. It's onle defined to be used
in the getVisProxyAdd&findfreelp functions
/

string AgentMethods::getDomain(string Ip)
{

string dom;

// keep the substring until the first "'
dom=Ip.substr(0,Ip.find_first_of('.",0));
return dom;

}

It informs the home registar file about the new ip address
assigned from the visited registar

/
void AgentMethods::insMovedAg(string homelp,string nlp)
{

int line;
int Incount=1;
char buff[32];
string InString;
// open the relevant file of the home ip's registar
string fINam="RegFl_"+getDomain(homelp);
ifstream regFl(flNam.c_str(),ios_base::in);
// it searches all the lines
while (IregFl.getline(buff, 32).eof())
{
InString.assign(buff);
// if it finds the first free ip,thus the ip with 'x' beside the ';'
if ( InString.find(homelp, 0 ) != string::npos )
line=Incount;
Incount++;

regFl.close();
writeIP(flNam,line,nlp);
}
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/

It frees one of the given ips in a reg file

void AgentMethods::freelp(string hlp)

{
insMovedAg(hlp,"x");

}
/

It writes in a specified file, to the line told the ip given in
the position of assigned ip.It is only defined to be used by
getfreelP&insMovedAg

void AgentMethods::writeIP(string file,int lin,string ip)

char c;
int line=1;
string leadString,leftString;
// first get the string that will be kept,following the written string
ifstream iregFl(file.c_str(),ios_base::in);
// keep the leading string
while (line<lin) {
iregFl.get(c);
leadString+=c;
if (c=="\n) line++;

while (c!=";') {
iregFl.get(c);
leadString+=c;
}
// ignore until you get to the next line
while (c!="\n')

iregFl.get(c);
leftString+="\n';
// keep the left string
while (iregFl.get(c)) 1] |
leftString+=c;
iregFl.close();

fstream oregFl(file.c_str(),ios_base::out|ios_base::out);
/ /write thea leading string
oregFl.write(leadString.c_str(),leadString.length());
// write the ip
oregFl.write(ip.c_str(),ip.length());
// write the string you have kept
oregFl.write(leftString.c_str(),leftString.length());
oregFl.close();

}
/

Given the coordinates of the mobile node it looks in
the coordFl file and retrns the ip of the closest proxy

// write to the positions what you want I

/
coordInfo* AgentMethods::findCoord(double x,double y){
// the output
coordInfo *out;
coordInfo coinfo;
out=&coinfo;

char buff[100];

string InString,x0Str,y0Str;

string fINam="coordF1";

// the minimum distance is huge in the beginning
double minDist=1000000;

double x0,y0;

// open the file for reading

ifstream coordFl(fINam.c_str(),ios_base::in);

while (!coordFl.eof())

{

// read the nect line of the file
coordFl.getline(buff,100);
InString.assign(buff);

// get the coordinates
x0Str=InString.substr(0,InString.find(’,',0));
x0=atof(x0Str.c_str());
yOStr=InString.substr(lnString.find(',',0)+1,InString.find(';',0)-InString.find(',',0)-1);
yO=atof(yOStr.c_str());

// if the new proxy is closer

if (minDist>(x-x0)*(x-x0)+(y-y0)*(y-y0))

{

// udate the closest proxy's info and the minimum distance

minDist=(x-x0)*(x-x0)+(y-y0)*(y-y0);

out->x=x0;

out->y=yO0;
out->ip=Address::instance().str2addr((InString.substr(InString.find(';',0)+1,InString.length()-InString.find(';',0)-1)).c_str());
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// close the stream,thus the file
coordFl.close();
return out;

I

Function that decides if the given ip address
belongs to a Proxy Agent

/
bool AgentMethods::isProxy(string ipstr)

{
int last = ipstr.size();
int loc = ipstr.find_last_of(".");
if(ipstr.substr(loc+1,last-(loc+1)) == "0")
return true;
else false;
}

Given the coordinates of the proxy an its ip it adds this
information in the coordFl file

/
void AgentMethods::crCoordFile(double x,double y,int domain)

ostringstream hlpStream;

string domString,xString,yString, fileLnString;
string fIlNam="coordF1";

// the file name is RegFil_<domain>
hlpStream << domain;
domString=hlpStream.str()+".0.0";
// empty the stream
hlpStream.str("");

hlpStream << x;
xString=hlpStream.str();

// empty the stream
hlpStream.str("");

hlpStream << y;

yString=hlpStream.str();

// the line to be inserted in the file
fileLnString=xString+','+yString+';'+domString+'\n';
// open the Coord File for appending

ofstream fl(fINam.c_str(),ios_base::app | ios_base::out);
// writes in the file
fl.write(fileLnString.c_str(),fileLnString.length());

// close the stream,thus the file

fl.close();

}

Given the coordinates of the proxy it erases its record from
the Coord File

/

void AgentMethods::eraseCoordFile(int domain)

{
char buff[100];
ostringstream hlpStream;
string domString,InString,x0Str,y0Str;
string outStr="";
string fINam="coordF1";
// the file name is RegFil_<domain>
hlpStream << domain;
domString=hlpStream.str()+".0.0";
// the minimum distance is huge in the beginning
// open the file for reading
ifstream coordFl(flNam.c_str(),ios_base::in);
while (!coordFl.getline(buff,100).eof())
{
InString.assign(buff);
// get the coordinates
// x0Str=InString.substr(0,InString.find(',',0));
// yOStr=InString.substr(lnString.find(',',0)+1,InString.find(';',0)-InString.find(',',0)-1);
if (!(InString.substr(InString.find(';',0)+1,InString.length()-InString.find(';',0)-1)==domString))
outStr+=InString+'\n';

coordFl.close();

// open the file for output to the positions what you want
ofstream oregFl(fINam.c_str(),ios_base::out);

/ /write the string
oregFl.write(outStr.c_str(),outStr.length());

oregFl.close();

Erase the Reg File of the proxy given its domain

void AgentMethods::eraseRegFile(int domain)
{

ostringstream hlpStream;
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string flNam,domString;

// the file name is RegFil_<domain>
hlpStream << domain;
domString=hlpStream.str();

fINam="RegFl_"+domString;
remove(flNam.c_str());

}

Apyelo: methods.cc
Evpetnpro: ~/ns2.27/apps/

#include <template.h>
#include <iostream>
#include <fstream>
#include <sstream>
#include <string.h>
#include <cmath>

/* the struct that will include the information for the closest proxy */
struct coordInfo {

double x;

double y;

int ip;

15

class AgentMethods {

public:
static AgentMethods& instance() { return (*instance_); }
AgentMethods();

/
COMMONLY USED FUNCTIONS
DEFINITIONS --

/
void crRegFile(int,int); ] |

string getDomain(string);

void writelP(string,int,string);
string getProxy(string);

string getVisProxyAdd (string);
string getVisAdd(string);

string findfreelp(string);

void getfreelp(string);

void insMovedAg(string,string);

void freelp(string);

coordInfo* findCoord(double,double); // returns the coordinates of the closest proxy
bool isProxy(string);

void crCoordFile(double,double,int);
void eraseCoordFile(int);

void eraseRegFile(int);

/1
protected:
static AgentMethods* instance_;

3

Apyeio: ns-sip.tel
Evpetipro: ~/ns2.27/tcl/lib/

#Sip Proxy Agent initialization
Agent/SipPA instproc init { node args } {
eval $self next $args

$self node $node ;# pointer to MobileNode
$self initialize [$node node-addr] ;# file initialization

}

#Sip User Agent initialization
Agent/SipUA instproc init { node args } {
eval $self next $args
$self node $node ;# pointer to MobileNode
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Ta mapokdto apyeio, mpobmnpyov oto NSv2.27, aAld tpomomom|Onkav £Tol OGTE va
vrootnpilovv T AertovpywkOTnTo. Ko TV opOn extéleon g €Qappoyns pHog. Ae
TapoTifeTal 0 TANPNG KOOKOS TOV OpPXEl®V OVTOV Topd HOVO Ol YPOUUES TOL

TPOCTEOMKAY GE AVTA Y10 AOYOVG ATAOTNTOG.

Apyelo: dsdv.cc
Evpetnpro: ~/ns2.27/dsdv/

int update_type;

{
rtable_ent *prte;
rtable_ent rte;

/
Function that changes variables myaddr_
here_.addr_ and makes a periodic update
/
void DSDV_Agent::sipUpdate(int dst)
prte = table_->GetEntry(dst); I
rte = *prte;

rte.dst = myaddr_;

rte.hop = myaddr_;

I table_->AddEntry(rte); II

addr() = myaddr_; I

// make a periodic update
update_type = 1;

Packet *p = makeUpdate(update_type);
target_->recv(p, (Handler *)0);

}

/ /

int
DSDV_Agent::command (int argc, const char *const *argv)

{

else if (argc == 3) {

if (strcasecmp (argv[1], "sip") == 0) {
sipUpdate(atoi(argv(2]));
return TCL_OK;

Apyeio: dsdv.h
Evpetipio: ~/ns2.27/dsdv/

1

// fuction declaration

void sipUpdate(int dst);
/!
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Apyelo: arp.cc
Evpempro: ~/ns2.27/mac/

int
ARPTable::arpresolve(nsaddr_t dst, Packet *p, LL *1I)
{

if(llinfo->count_ >= ARP_MAX_REQUEST_COUNT)

/ /for SIP protocol
hdr_cmn* hdr = HDR_CMN(t);
if(hdr->ptype_ == PT_SIP) {
// printf("TRYING TO DROP PT_SIP at %.5f\n",Scheduler::instance().clock());
return O;

*

* If we have SIP signalling and traffic running on a single node we don't want to lose the
* first SIP packet because of arp request failure, so we keep the first SIP packet
* and drop the rest of the packets
*
hdr_cmn* hdremn;
llinfo->count_++;
if(llinfo->hold_) { //drop pending packet if it is not SIP packet
hdrcmn = HDR_CMN(llinfo->hold_);
if(hdremn->ptype_ == PT_SIP) {/* do nothing at all -- hold the first SIP packet */}

else {
drop(llinfo->hold_, DROP_IFQ_ARP_FULL);
// printf("Dropping packet from node %d at %.5f\n",node_->address(),Scheduler::instance().clock());
}
} i
] hdr_cmn* hdremn2 = HDR_CMN(p); 1 ]
if(hdremn2->ptype_ == PT_SIP) | ]
llinfo->hold_ = p;
else {
if((hdremn) && (hdremn->ptype_ == PT_SIP)) {

drop(p, DROP_IFQ_ARP_FULL);
}
else {

llinfo->hold_ = p;

}

Apyeio: priqueue.cc

Evpetipio: ~/ns2.27/queue/

void
PriQueue::recv(Packet *p, Handler *h)

{
struct hdr_cmn *ch = HDR_CMN(p);
if(Prefer_Routing Protocols) {

switch(ch->ptype()) {

case PT_SIP: // high priority for signalling packets (sip)
recvHighPriority(p, h);
break;

Apyeio: packet.h
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Evpetipio: ~/ns2.27/common/

enum packet_t {

/ /SIP packet

PT_SIP,

PT_NTYPE // This MUST be the LAST one
class p_info {

public:
p_info() {

// SIP packet
name_[PT_SIP|= "sip";

Apyelo: ns-mobilenode.tcl

Evpetnpro: ~/ns2.27/tcl/lib/

SIP CODE

#

#

#

Node/MobileNode instproc makemip-NewSipPA {} {
$self instvar regagent_ agents_ id_

set dmux [new Classifier/Port/Reserve]
$dmux set mask_ Ox7fffffff

$dmux set shift_ 0

$self install-demux $dmux

set regagent_ [new Agent/SipPA $self]
$self attach $regagent_ [Node/MobileNode set SIP_PORT] ;# attach sip proxy agent in port 5060
}

Node/MobileNode instproc makemip-NewSipUA { {
$self instvar regagent_

set dmux [new Classifier/Port/Reserve]
$dmux set mask_ Ox7fffffff

$dmux set shift_ 0

$self install-demux $dmux

set regagent_ [new Agent/SipUA $self]

$self attach $regagent_[Node/MobileNode set SIP_PORT] ;# attach sip user agent in port 5060

$regagent_ set mask_ [AddrParams NodeMask 1]

$regagent_ set shift_ [AddrParams NodeShift 1]
# $regagent_ set dst_addr_ [expr (~0) << [AddrParams NodeShift 1]]
# $regagent_ set dst_port_ O

$regagent_ node $self
}
#Bind routing agent and sip agent if existing basestation address setting
Node/MobileNode instproc sip-call {ragent} {

$self instvar regagent_

if [info exists regagent_] {

$regagent_ ragent $ragent ;# command ragent in SipPAs

}

}
Node/MobileNode instproc sipag { {
return [$self set regagent_] ;# returns an instance to the sip agent

}
Node/MobileNode instproc set_ragent {ragent} {
$self instvar my_ragent_

$self set my_ragent_ $ragent

}

Node/MobileNode instproc get_ragent { {
return [$self set my_ragent_]|

}

#Add a new route from the new address to the dmux_ and delete route from the old address to the dmux_

182



[Mopdpnpo A

Node/MobileNode instproc move-dmux {newaddr oldaddr} {
$self instvar dmux_
$self delete-route $oldaddr $dmux_
$self add-route $newaddr $dmux_

end of SIP CODE

I el

Apyeio: ns-default.tcl
Evpempro: ~/ns2.27/tcl/lib/

Node/MobileNode set SIP_PORT
#Sip packet size

Agent/SipUA set packetSize_ 48
Agent/SipPA set packetSize_ 48

Apyeio: ns-packet.tcl
Evpetmpro: ~/ns2.27/tcl/lib/

foreach prot {

#for SIP application

Apyelo: ns-lib.tcl
Evpetmpro: ~/ns2.27/tcl/lib/

source ns-sip.tcl

#
Simulator instproc SIP {val} {$self set SIP_ $val}
#

Simulator instproc get-nodetype { {

# Sip agents
if { [Simulator set sip_] } {
if { $val == "Base" &8& $wiredRouting == "ON" } {
set val SipPA
}
if { $val == "Base" && $wiredRouting == "OFF" } {
set val SipUA

}
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Simulator instproc node-config args {
$self instvar addressType_ ... SIP_ ...

# set SIP flag
if { [info exists SIP_] && $SIP_ == "ON"} {
Simulator set sip_ 1

}else {
if { [info exists SIP_] } {
Simulator set sip_ 0
}
}

Simulator instproc create-wireless-node args {

if { [info exist wiredRouting | && $wiredRouting == "ON"} {
if { $routingAgent_ != "DSR" } {
$node mip-call $ragent
$node sip-call $ragent

Simulator instproc create-dsdv-agent { node } {

# SIP protocol
if [Simulator set sip_] {
$ragent port-dmux [$node demux]

}

Ext6¢ and tic tpomonom|celg ota mapandve apyeia, yioo va oAokANpwbel 1 dtadikacio
EI0AYWYNG ™G €pappoyns pog oto NSv2.27, Ba mpénel va tpomomombel 1o apyeio
Makefile.in mov Bpicketor 610 gupetnplo ~/ns2.27/ OTMG PoiveTol TAPUKAT® Kol LETE VoL

EKTEAESTOVV 01 EVTOAEG J/configure kot make yo va yiver compile 6Ao o NS.

OBJ_CC = \

apps/methods.o apps/sip.o \

NS_TCL_LIB =\

tel/lib/ns-sip.tcl \
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Hopaptnuo B — Hapaosrypa og Tcl

‘Eva mopddetypo tomkod oevapiov mov viomomOnke oe Tcl oto NS mopatifetor mo
KOT®. 10 TOpAderypo avtd Onpovpyeital éva dikTvo 610 0moio 1 onpatodocia yivetol
pe Paon 1o Ipwtokoiro ‘Evapéng Xvvooov (SIP). Onwg eaiveror kot 6to mo KAT®
oynua, vedpyovv dvo Kwntoi kOUPol ot omoiol €YOVV EVEPYOTOMGEL TOVG TPAKTOPES
¥pNOTN oL akovve ot Bupa 5060 yio TBavEG aitnoelg amd GALOVG TPAKTOPEG YPNOTN 1|
and mAnpegovoiovg eEumnpettéc. Extog and toug kivnrodg kopfovg, vmapyovv Kot 6
otafpol Bdong ot omoiol Asttovpyovv TO60 cav TANPEEOHSI0L EELTINPETNTEG OGO KOl GOV
eEUINPETNTES EYYPAPOV GTIS TTEPLOYES HEGA OTIG omoieg £dpevovv. Ot devBuveelg mov
Bpiokoviar mave oamnd kdbe képPo, avrmpocwrnevovv T devbBivoelg [P tov Kkdbe
kopPov. O évag yprotng UAT (pe IP 0.07) o omoiog Ppicketor kdtm aplotepd 6TO GYNUA,
Eexvd va kwveiton Kotd puiKog g mpdoivng odpouns eved o diiog UA2 (ue IP 4.0.1)
nopapével péca otnv mepoyn] tov. Kabbg o UAl ewcépyeton ommv meployn Tov
mnpegovorov eumnpetn pe IP 1.0.0 (ota 75 sec) otélvel pa aitnom mpog tov UA2
(mvopa INVITE) pe okomd va evepyomomoet o apgidpoun (bi-directional) ocvvdeon
otabepov pvOuov 16Kbps (m.y. kAnon VolP) kot emniong (oto 80 sec) otédvel por GAAN
aitnon npog 10 UA2 pe oxomd va gvepyomomoet pio ovvdeon video streaming (100Kbps
download kot 2Kbps upload) ot omoieg yivovtat amodextég kot £To1 apyilovv o1 GLVOIECELS
ol omoieg dwpkovv péxpt o UAL emavérBer péocm g avtiotpoeng Sodpoung otnv

nepLoyn Tov mAnpeEovotov eEummpetntn pe 1P 0.0.0.

185




[Mopdpuo B

- ~ . - ~ . - ~
s N s N s
\
/ X 1.0.0 /N
/ 7\ S A
! i \ ! \
I I \ I \
| | | | |
\ \ I} \ !
\ C \ \
\ \;‘; 7 Y- mobile agent's movement
\ Mobilé Hoslimxy( 7\ Proxy I\ Proxy
/ N\ 7/ N\
N 7 N rd N
~ ~ - _ - -~ ~ -~ _ - ~ ~ - _ - -~
Tyfqpa 76: Ioapadetypo tomoroyiog.
#
# Define options
#
set opt(chan) Channel/WirelessChannel ;# channel type
set opt(prop) Propagation/TwoRayGround ;# radio-propagation model
set opt(netif) Phy/WirelessPhy ;# network interface type
set opt(mac) Mac/802_11 ;# MAC type
set opt(ifq) Queue/DropTail/PriQueue ;# interface queue type
set opt(ll) LL ;# link layer type
set opt(ant) Antenna/OmniAntenna ;# antenna model
set opt(ifglen) 100 ;# max packet in ifq
set opt(nn) 2 ;# number of mobilenodes
set opt(adhocRouting) DSDV ;# routing protocol
set opt(x) 3300 ;# x coordinate of topology
set opt(y) 3300 ;# y coordinate of topology
set opt(seed) 0.0 ;# seed for random number gen.
set opt(stop) 420 ;# time to stop simulation
set num_bs_nodes 6
#

# check for boundary parameters and random seed
if { $opt(x) == 0 | | $opt(y) == 0} {
puts "No X-Y boundary values given for wireless topology\n"

}

if {$opt(seed) > O} {
puts "Seeding Random number generator with $opt(seed)\n"
ns-random $opt(seed)

}

# create simulator instance

set ns_ [new Simulator]

# set up for hierarchical routing

$ns_ node-config -addressType hierarchical

AddrParams set domain_num_ 6 ;# number of domains

lappend cluster num 111111 ;# number of clusters in each domain

AddrParams set cluster_num_ $cluster_num

lappend eilastlevel 8 555 10 3 ;# number of nodes in each cluster
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AddrParams set nodes_num_ $eilastlevel ;# of each domain

set tracefd [open scenario.tr w]
$ns_ trace-all $tracefd
set namtrace [open scenario.nam w]
$ns_ namtrace-all-wireless $namtrace $opt(x) $opt(y)
# Create topography object
set topo [new Topography]|
# define topology
$topo load_flatgrid $opt(x) Sopt(y)
# create God
create-god [expr $opt(nn) + $num_bs_nodes]|
# configure for base-station node
$ns_ node-config -adhocRouting $opt(adhocRouting) \
-lIType $Sopt(ll) \
-macType $opt(mac) \
-ifqType Sopt(ifq) \
-ifqLen $opt(ifglen) \
-antType $opt(ant) \
-propType $opt(prop) \
-phyType Sopt(netif) \
-channelType $opt(chan) \
-topolnstance $topo \
-SIP ON \
-wiredRouting ON \
-agentTrace ON \
-routerTrace OFF \
-macTrace OFF \
-movementTrace OFF
HEHHHBHHHHH R R
#create base-station node
set BS(0) [$ns_ node 0.0.0]
$BS(0) random-motion O ;# disable random motion
#provide some co-ord (fixed) to base station node
$BS(0) set X_171.0
$BS(0) set Y_201.0
$BS(0) set Z_ 0.0
HEHHH BRI HH R R
#create base-station node
set BS(1) [$ns_ node 1.0.0]
$BS(1) random-motion O ;# disable random motion
#provide some co-ord (fixed) to base station node
$BS(1) set X_586.0
$BS(1) set Y_201.0
$BS(1) set Z_0.0
HEHAHHHH R R R R R R R
#create base-station node
set BS(2) [$ns_ node 2.0.0]
$BS(2) random-motion 0 ;# disable random motion
#provide some co-ord (fixed) to base station node
$BS(2) set X_1001.0
$BS(2) set Y_201.0
$BS(2) set Z_0.0
HEHAHHHH R R R R R R R
#create base-station node
set BS(3) [$ns_ node 3.0.0]
$BS(3) random-motion O ;# disable random motion
#provide some co-ord (fixed) to base station node
$BS(3) set X_1416.0
$BS(3) set Y_201.0
$BS(3) set Z_ 0.0
HEHHHEH R R R
#create base-station node
set BS(4) [$ns_ node 4.0.0]
$BS(4) random-motion O ;# disable random motion
#provide some co-ord (fixed) to base station node
$BS(4) set X_1616.0
$BS(4) set Y_401.0
$BS(4) set Z_ 0.0
HEHHHAH R R R
#create base-station node
set BS(5) [$ns_ node 5.0.0]
$BS(5) random-motion O ;# disable random motion
#provide some co-ord (fixed) to base station node
$BS(5) set X_1616.0
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$BS(5) set Y_ 1.0

$BS(5) set Z_ 0.0

HEHAHHHH R R R R R R
# create mobilenodes

#configure for mobilenodes

$ns_ node-config -wiredRouting OFF

set node_(0) [$ns_ node 0.0.7]
$node_(0) base-station [AddrParams addr2id [$BS(0) node-addr]]
set node_(1) [$ns_ node 4.0.1]
$node_(1) base-station [AddrParams addr2id [$BS(4) node-addr]]

#create links between BS nodes

$ns_ duplex-link $BS(0) $BS(1) 200Mb 400ms DropTail
$ns_ duplex-link $BS(1) $BS(2) 200Mb 400ms DropTail
$ns_ duplex-link $BS(2) $BS(3) 200Mb 400ms DropTail
$ns_ duplex-link $BS(3) $BS(4) 200Mb 400ms DropTail
$ns_ duplex-link $BS(3) $BS(5) 200Mb 400ms DropTail
$ns_ duplex-link $BS(4) $BS(5) 200Mb 400ms DropTail
#

#Get instances of sip agents
for {set i 0} {$i < $opt(nn) } {incr i} {
set sipU($i) [$node_($i) sipag]

for {set i 0} {$i < $num_bs_nodes } {incr i} {
set sipP($i) [$BS($i) sipag]

First Traffic

B e

set udpO [new Agent/UDP]

set nullO [new Agent/Null]

set udpl [new Agent/UDP]|

set nulll [new Agent/Null]

$ns_ attach-agent $node_(0) $udp0O

$ns_ attach-agent $node_(0) $nulll

$ns_ attach-agent $node_(1) $udpl

$ns_ attach-agent $node_(1) $null0

#Create a CBR traffic source and attach it to a node
set cbrO [new Application/Traffic/ CBR]

$cbrO set packetSize_ 48

$cbr0 set rate_ 16kb

$cbr0 attach-agent $udp0

set cbrl [new Application/Traffic/ CBR]

$cbrl set packetSize_ 48

$cbrl set rate_ 16kb

$cbrl attach-agent $udpl

$ns_ connect $udpO $null0

$ns_ connect $udp1 $nulll

#
# Second Traffic
#
set udp2 [new Agent/UDP]|

set null2 [new Agent/Null]

set udp3 [new Agent/UDP]

set null3 [new Agent/Null]

$ns_ attach-agent $node_(0) $udp2

$ns_ attach-agent $node_(0) $null3

$ns_ attach-agent $node_(1) $udp3

$ns_ attach-agent $node_(1) $null2

#Create a CBR traffic source and attach it to a node
set cbr2 [new Application/Traffic/CBR]

$cbr2 set packetSize_ 48

$cbr2 set rate_ 2kb

$cbr2 attach-agent $udp2

set cbr3 [new Application/Traffic/CBR]

$cbr3 set packetSize_ 48

$cbr3 set rate_ 100kb

$cbr3 attach-agent $udp3

$ns_ connect $udp2 $null2

$ns_ connect $udp3 $null3

$ns_ connect $sipU(0) $sipU(1)

$udpO set class_ 1
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$udpl set class_ 2
$udp?2 set class_ 3
$udp3 set class_ 4
$ns_ color 1 Blue
$ns_ color 2 Red
$ns_ color 3 Green
$ns_ color 4 Yellow
#
# Agents names on single node
#
$sipU(0) node_(0) agents udpO nulll udp2 null3
$sipU(1) node_(1) agents null0 udpl null2 udp3
#
# SIP agents initialization
#
for {set i 0} {$i < $num_bs_nodes} {incr i} {
$ns_ at 0.0 "$sipP($i) open”

¥
for {set i 0} {$i < $opt(nn) } {incr i} {
$ns_ at [expr $i + 1] "$sipU($i) open"

Traffic Scenario

3 3

$ns_at 75.0 "$sipU(0) invite cbrO cbrl"”
$ns_ at 80.0 "$sipU(0) invite cbr2 cbr3"
$ns_at 410.0 "$sipU(0) bye cbr2"
$ns_at 415.0 "$sipU(1) bye cbrl"
#$ns_at 19.0 "$sipU(0) message THRYLE_THEE_MOU"
#$ns_ at 200.0 "$sipU(1) message OLYMPIAKE_MOU"
#
$ns_ at 5.000000000000 "$node_(0) setdest 1416.00 205.00 8.0"
$ns_ at 170.0000000000 "$node_(0) setdest 1600.00 1.0000 7.0"
$ns_ at 210.0000000000 "$node_(0) setdest 1416.00 205.00 7.0"
$ns_ at 250.0000000000 "$node_(0) setdest 171.000 205.00 8.0"
$node_(0) set Z_ 0.0000
$node_(0) set Y_ 205.00
$node_(0) set X_171.00
$node_(1) set Z_ 0.0000
$node_(1) set Y_501.00
$node_(1) set X_1716.0
# Define initial node position in nam
for {set i 0} {$i < $opt(nn)} {incr i} {
# 20 defines the node size in nam, must adjust it according to your
# scenario
# The function must be called after mobility model is defined
$ns_ initial_node_pos $node_($i) 20
¥
# Sip agents and nodes' termination
for {set i 0} {$i < $opt(nn) } {incr i} {
$ns_ at $opt(stop).0 "$node_($i) reset";
$ns_ at $opt(stop).0001 "delete $sipU($i)"
}
for {set i 0} {$i < [expr $num_bs_nodes + O |} {incr i} {
$ns_ at $opt(stop).0 "$BS($i) reset”;
$ns_ at $opt(stop).0001 "delete $sipP($i)"
}
$ns_ at $opt(stop).0003 "puts \"NS EXITING...\" ; $ns_ halt"
$ns_ at $opt(stop).0002 "stop"

proc stop § {
global ns_ tracefd namtrace
$ns_ flush-trace
close $tracefd
close $namtrace
exec nam scenario.nam &

exit O
}
# informative headers for CMUTracefile
puts $tracefd "M 0.0 nn $opt(nn) x $opt(x) y $opt(y) rp $opt(adhocRouting)"
puts $tracefd "M 0.0 prop $opt(prop) ant $opt(ant)"
puts "Starting Simulation..."
$ns_ run
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Hoapaptnuo I' — Xprowueg Oonyieg

Ye outd 10 TOopdptnpo divovtal odnyieg yw TOo WOG £vag YPNOTNG UTOpEL va
ypnowonomoetr ko vo onuovpynoet oe script TCL tovg SIP Agents mov £yovpe

EVOOUOTMOGEL 6TO TEPIPAALOV TpOocOopoimwong Tov NS-2.

o  Apyd mpémnel va opicovpe og kébe mpog dnuovpyia képPo 6t Ba ypnoomotet To
npwtokorro SIP. Avtd yivetar Bétovtag v emdoyn SIP oe ON, poli pe ta dAla

YOPOKTNPIOTIKAE TV KOUPOV, OTOC poiveTol TO KATW:

# node configuration

$ns_ node-config -adhocRouting $opt(adhocRouting) \
-UType $opt(ll) \
-macType $opt(mac) \
-ifgType $opt(ifg) \
-ifgLen $opt(ifglen) \
-antType $optlant) \
-propType $opt(prop) \
-phyType Sopt(netif) \
-channelType $opt(chan) \
-topolnstance $topo \
-SIP ON \
-wiredRouting ON \
-agentTrace ON \
-routerTrace OFF \
-macTrace OFF

e Xpnowonowdvrag v tcl cuvaptmon sipag divovue Eva 0molodNqmoTe Gvopa 6€ Eval
SIP Agent Yo Vo UTOPEGOVLE GTN GLVEYELD VO XPT|CUYLOTOMGOVLE TIG GUVOPTIGELS
tov. H gvtoAn mov PAémovpe mapakdto diver to dvopa sipUO otov SIP Agent mov

onuovpynonke otov k6o node(0).

set sipU0 [$node_(0) sipag]
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Xpnowonowwvtag v tcl cuvdptnon agents opilovpe yia molovg Agents kivnong
(m.x. UDP agent, TCP agent ) eivar vrevBuvog o kéBe SIP Agent. Onwg €xovpe
avaeépel Exovpe daywpicel 1o eminedo onuatodociog (Control Plane) oamd to
eninedo ypnot (User Plane) oe xkaBe xopPo. "Etor | mo kbt eviod] opilel 6TL 0
SIP Agent pe évopa sipUO (onpatodocia) mov Ppioketar miveo otov kKOpPo node (0)

etvar vevBuvog Yo Tovg agent udp0 kon nulll(kivnon).

$sipU0 node_(0) agents udpO nulll

IMa va Béoovpe oe Aettovpyio tov kéBe SIP Agent, eite mpdkeirton yuo Proxy eite

User, ypetdletar va ektehécovpe v tcl cuvéptnon open.

#agent initialization

$ns_ at 0.0 "$sipP0O open”

INa va Eekvnoovpe kamolo kiviion ypnoonmotovpe v tel cuvaptnon invite. Xto
nopakdto mapddstypa oto ypdvo 120.0 apyiler n onporodosio SIP yio v kivnon

cbrl. Otav ohokAnpwbel n onpatodocio Ba apyicel n kivnon cbrl.

$ns_ at 120.0 "$sipU0 invite cbrl"

o vo tepuaticovpe o kivion ypnoipomolovpe tnv tcl ovvdptnon bye. 1o
nopakdTo wapddstypa oto xpovo 200.0 apyilet n onuatodocio SIP yia va teppoticet

v kivnon cbrl.
$ns_ at 200.0 "$sipU0 bye cbrl"

INa va oteilovpe kamowo otrypaio pnvopa (Instance Message) ypnoYLOTOLOVUE THV

tel cuvdptnon message.

$ns_ at 200.0 "$sipUl message Hello_ World"
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e O teppartiopog tov SIP Agents yivetan pe tnv tel cuvaptnon delete.

#SIP agents termination
$ns_ at 250.0 "delete $sipPO"

e Ocov apopd TIg 61eVBVVGES TOV UTOPOVUE VO, OIVOVUE GTOVG SLAPOPOVS KOUPOVG

onuewvov e To ENG:

1.

AxolovBole 1epapytkn TPV emmEdwV d1evBuveidtoddtnon (hierarchical
addressing) tpudv emmédwv, dnradn g popeng X.Y.Z. To X etvan yuo ta
domains, 10 Y a@opd ta clusters mov Ppiockovior péco oe €va
ovykekpipuévo domain kot 1o Z yopoktnpiler toug host péca oe €va
cluster.

Ot devBidvoelg mov mpéner va divovrar otovg Proxy-Registrar Servers
npénet va gtvan g popoeng X.0.0. Kavape avty ™ oopPaocn (mov Bopilet
TIG YVOOTEG HOG O1EVBVVOELS DTOJTKTV®V OV TEAELOVOLV E UNOEVIKE GTO
KAoowo Internet) yio va €yovpe mavro vwoyn ot évag Proxy-Registrar
Server givar vevOLVOG YL OAOVS TOVG YPNOTES OTNV TEPLOYN-VTOSIKTVLO
TOV.

Eniong, yw tic dievboveeig mov pmopovv vo Exovv ot SIP User Agents
woyvetl o0t 0<Z<10. Avtictorya, £vag evolbpecog KOUPog mov amid Kavel
opopordoynon IP (6e Ba evoopoatdver SIP User Agent v Proxy Server)
umopet va éyel omoladnmote d1evBvvon ya v onoior Z>10 1 dev avnket

oto domain kdmolov vapyovtog SIP Proxy Server.

e Téhog, OAeg o1 mpocsopoiwsels SIP opeilovv va ypnoyomowovy DSDV Routing

Agent.
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